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Prevention of Mother-to-Child HIV-1 Transmission—Why
We Still Need a Preventive HIV Immunization Strategy
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T

here has been dramatic progress in identiﬁcation of effective interventions to prevent
mother-to-child HIV-1 transmission (PMTCT) in low-resource countries and rapid scaleup to implement these interventions in the last 5 years.1–5 The proportion of pregnant women
tested for HIV-1 in low-resource countries has increased from 7% in 2005 to 26% in 2009,
and the proportion of HIV-1–infected pregnant women receiving antiretroviral prophylaxis
has increased from 15% in 2005 to 53% in 2009.6,7 A 24% reduction in estimated annual new
infant HIV-1 infections was observed between 2005 and 2009 in the 25 low-resource
countries, where approximately 91% of HIV-1–infected pregnant women reside.8 Joint
United Nations Program on HIV/AIDS (UNAIDS) has developed a plan for global virtual
elimination of mother-to-child HIV-1 transmission (MTCT), with a goal to reduce the number of new infant HIV-1 infections by 90% and MTCT to ,5% between 2009 and 2015.8,9
However, we remain far short of the goal of global MTCT elimination.8 In 2009,
there remained an estimated 347,000 new infant infections in the 25 countries discussed
above,8 with 40%–50% of these infections acquired through breastfeeding. Optimal prevention requires identiﬁcation of maternal HIV-1 infection early in pregnancy with prompt
initiation of antiretroviral drugs for treatment or prophylaxis,10 yet many women in lowresource countries access prenatal care late, only at delivery or do not deliver in medical
settings. Provision of the infant PMTCT antiretroviral prophylaxis component remains
low, with coverage increasing only slightly from 32% in 2008 to 35% in 2009.6 Although
current World Health Organization guidelines now recommend breastfeeding for 12
months with concurrent infant or maternal antiretroviral prophylaxis,5 new reports suggest
weaning before age 18 months is associated with elevated morbidity and mortality and that
reduced risk of diarrhea-related morbidity and mortality among HIV-1–exposed uninfected
children is associated with continuing breastfeeding after age 12 months even when
replacement and complementary foods and counseling are provided.11,12 Thus, interventions to allow safe breastfeeding longer than 12 months are important to optimize infant
survival. Finally, HIV-1 seroconversion rates of 3%–10% in uninfected pregnant or lactating women have been reported in HIV-1 endemic settings, which are associated with
high risk of MTCT13–16; it is estimated that 40% of new infant infections in Botswana are
due to acute maternal infection during pregnancy or lactation.17
Although antiretroviral prophylaxis signiﬁcantly reduces MTCT, effective implementation is complicated by need for prolonged drug administration and adherence, potential
toxicities leading to continued monitoring requirements, potential for drug resistance, and
inadequate health-care infrastructure. Additionally, even with maternal triple-drug prophylaxis, most studies demonstrate cumulative residual MTCT rates of 2%–5% at age
6 months.4,18–20 Thus, continued investigation of preventive immunologic interventions
including maternal and/or infant passive/active immunization to reduce MTCT remains
important. Although antiretroviral prophylaxis is the foundation for PMTCT, immunization
strategies could provide a safe and durable adjunctive intervention to prevent transmission,
particularly during breastfeeding. Immunization strategies, if found to be efﬁcacious, have
the advantage of being less reliant on patient adherence and health-care infrastructure than
are drug interventions.
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Immunization is successful strategy for prevention of
perinatal hepatitis B virus transmission. Hepatitis B vaccine
given as soon as possible after birth leads to a 70% reduction
in transmission, and addition of passive immunization with
hepatitis B immune globulin results in 94% protection.21 The
ideal immune-preventive regimen for HIV-1 MTCT would
combine passive immunization at birth with antibodies possessing potent and broad HIV-1 neutralization capacity and
long half-life to allow the immature immune system time to
respond to active HIV-1 immunization added at or sometime
after birth. In combination, this platform would optimally
provide durable protection against multiple daily low-dose
viral exposures throughout breastfeeding.
Passive immunization experiments in nonhuman primates have demonstrated human neutralizing anti-HIV-1
polyclonal and monoclonal antibodies can protect against
intravenous, vaginal, rectal, and oral virus challenge, including
protection of neonatal rhesus macaques from oral challenge
with simian HIV.22–30 There are only 2 studies on passive
immunization to prevent MTCT in humans; both used polyclonal HIV-1 hyperimmune globulin products. One study,
PACTG 185, was conducted in 1993–1997 in the United States
among non-breastfeeding HIV-1–infected pregnant women
receiving zidovudine for their own health (10% received dual
combination drugs); it compared HIV-1 hyperimmune globulin, HIVIG, to immunoglobulin without HIV-1 antibody
(IVIG) infused monthly during pregnancy starting at 20 weeks
gestation and to the neonate at birth.31 The trial was inconclusive because transmission rates in both groups were lower than
anticipated, 4.1% in HIVIG and 6.0% in IVIG recipients
(P = 0.36). There was an intriguing ﬁnding that none of 9
infected HIVIG arm infants were infected in utero compared
with 5 of 13 infected IVIG arm infants (P = 0.05), suggesting
a possible biologic effect of HIVIG in reducing in utero but not
intrapartum transmission. The viral inoculum may be smaller
(and hence more easily prevented by neutralizing antibody)
during in utero than intrapartum exposure, when there is
intensive infant exposure to virus through mini-blood transfusions occurring during labor and from contact with infectious
genital secretions during passage through the birth canal.
This issue of JAIDS: Journal of Acquired Immune
Deﬁciency Syndromes reports on the other human trial conducted in a breastfeeding population in Kampala, Uganda, in
2004–2006.32 This study administered a single dose of HIV-1
hyperimmune globulin, HIVIGLOB, to HIV-1–infected pregnant women at 36–38 weeks gestation and to their newborns
within 18 hours of birth combined with single-dose nevirapine
(sdNVP) compared with sdNVP alone. Transmission rates were
higher in this breastfeeding population, but similar to PACTG
185, there was no signiﬁcant difference in transmission at age 6
months, 18.7% in the HIVGLOB/sdNVP arm versus 15.0% in
the sdNVP arm (P = 0.29). In contrast to PACTG 185, in utero
infection in the HIVIGLOB/sdNVP arm was signiﬁcantly
higher than the sdNVP arm, 9.1% versus 4.1% respectively
(P = 0.03). These data raise concern of possible antibodyenhanced risk of transplacental transmission with HIVIGLOB
secondary to immunoglobulin Fc-receptor-mediated uptake of
antibody–antigen complexes by antigen-presenting cells in the
placenta.33 However, this may be an artifact of the unusually
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low in utero transmission rate in the sdNVP control arm; the
HIVIGLOB/sdNVP in utero transmission rate was similar to
that reported in the HIVNET 012 trial and the control sdNVP
arm of the nevirapine and zidovudine trial in Malawi (in utero
transmission rate, 8.1%, in both studies).34,35
The products used in these studies were prepared from
whole blood from multiple asymptomatic HIV-1–seropositive
donors with CD4 count .400–500 cells per cubic millimeter
from the United States (HIVIG) or Uganda (HIVIGLOB),
fractionated into intravenous HIV-1 hyperimmune globulin
and rendered noninfectious for HIV-1.36,37 They contained
98% monomeric IgG with high HIV-1 p24 antibody titers.
Although both preparations were shown to neutralize some
primary patient isolates, polyclonal preparations may not contain sufﬁciently high concentrations of high-afﬁnity neutralizing antibodies with broad cross-reactivity to effectively
provide sterilizing immunity. HIVIGLOB, for example, was
shown to neutralize a small number of clade B, C, E, and A
isolates but not 2 Ugandan clade D isolates.37
A number of broadly neutralizing anti–HIV-1 monoclonal antibodies have been identiﬁed that were generated
from clade B–infected individuals (ie, 2G12, 2F5, b12, and
4E10).38 However, several of these monoclonals were tested
against clade C primary isolates from infected South African
children and 2G12, 2F5, and b12 were found to have none to
only limited neutralizing activity, and hence do not seem to be
relevant for passive immunization in most parts of the world
where clade B viruses are rare.39 Additionally, some weakly
interact with membrane components such as phospholipids,
raising concerns about potential autoreactivity.40,41
More recently, a number of new monoclonal antibodies with broad neutralization capacity have been identiﬁed.42 Using high-throughput neutralization screening of
activated memory B cells from a clade A–infected donor, 2
monoclonal antibodies (PG9 and P16) were identiﬁed with
broad neutralizing breadth and potential, neutralizing .70%
of 162 multiclade viral strains with median IC50 ,1 ug/mL.43
Two additional monoclonal antibodies, VRC01 and VRC02,
were identiﬁed using molecular probes with antigenic speciﬁcity for the structurally conserved initial site of CD4 attachment to gp120 to identify sera with neutralizing
antibody to the viral CD4-binding domain and isolate B cells
that produce potent neutralizing antibodies to this site.44,45
These antibodies neutralized 91% of 190 viral strains representing all major circulating HIV-1 clades and from acute
and chronic stages of HIV-1 infection, with geometric mean
IC50 0.33 ug/mL.45 Additionally, VRC01 does not display
signiﬁcant human antigen reactivity.44,46 Combination of
these new and more potent antibodies that target complementary sites on the HIV-1 spike protein may be needed to
provide maximal passive immunity against globally diverse
isolates of HIV-1.47,48
Identiﬁcation of these potent and broadly neutralizing
anti–HIV-1 monoclonal antibodies has revealed vulnerable targets on the virus that may be able to be exploited not only for
passive protection from infection but also for vaccine immunogen design.42,49 Nonhuman primate experiments with intramuscular administration of attenuated pox virus–based simian
immunodeﬁciency virus (SIV) vaccines [ALVAC-SIV and
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modiﬁed vaccine virus Ankara-SIV)] to newborn macaques
have shown partial protection against oral challenge and prolonged survival in infants who became infected50; oral administration of a recombinant replication-attenuated vesicular
stomatitis virus expressing multiple SIV genes followed by
an intramuscular boost with modiﬁed vaccine virus AnkaraSIV was immunogenic but did not protect neonatal macaques
from oral challenge.51,52 In humans, the Thailand RV114
HIV-1 vaccine trial (ALVAC-HIV vCP1521 plus booster
recombinant glycoprotein 120 AIDSVAZ B/E subunit vaccines) showed the vaccine regimen modestly reduced the risk
of transmission (primarily heterosexual) by 31%, providing
proof of principle that protection may be possible from an
HIV-1 vaccine.53 Clinical trials enrolling HIV-1–exposed
infants have been conducted evaluating multiple candidate
HIV-1 vaccines, including 3 different recombinant envelope
subunit and canarypox vaccines, using a variety of doses,
immunization schedules, and product combinations.54–60 These
trials demonstrate the feasibility and safety of such studies and
the ability of neonates to mount both cell-mediated and antibody responses to HIV-1 vaccines despite the presence of
potentially attenuating maternal antibody.60
Advantages of conducting passive and active HIV-1
immunization trials in the neonatal population include clear
potential beneﬁt; even with current more potent antiretroviral
prophylaxis regimens, there remains a residual transmission
risk as high as 5% at age 6–12 months in HIV-1–exposed
breastfeeding infants. Furthermore, transmission rates are
even higher in certain populations, such as women diagnosed
with HIV-1 around the time of delivery or with acute/recent
infection during pregnancy or lactation. Additionally, HIV-1
exposure timing is limited and well deﬁned, and maternal
viral quasi-species can be determined and transmitted and
nontransmitted viruses evaluated to understand correlates of
transmission. Immunization of infants to prevent infectious
diseases is part of the established health infrastructure of most
countries, making delivery of immunizations to infants easier
than in adults. Finally, vaccine response primed during
infancy could provide the basis for life-long HIV-1 immunity.
Although the PACTG 185 and HIVIGLOB/NVP
studies did not demonstrate efﬁcacy of polyclonal HIV-1
hyperimmune globulin to prevent MTCT, they have demonstrated that such studies can be successfully conducted,
including in low-resource settings. New monoclonal antibody
candidates with broad neutralizing ability are now available
and should be assessed in these populations. Important targets
elucidated by these products could be exploited in the design
of future immunogens. Elimination of perinatal HIV-1
infection will not be possible with antiretroviral drugs
alone. Modeling has suggested that covering of $90% of
HIV-1–infected women with World Health Organization–
recommended effective antiretroviral prophylaxis through
delivery and breastfeeding, halving new HIV-1 infections
among reproductive age women, eliminating unmet need
for contraception, and reducing the duration of breastfeeding
to 12 months will reduce MTCT risk to 8%.8 Although representing signiﬁcant progress, this would still fall short of the
goal of virtual perinatal HIV-1 infection elimination (ie,
90% reduction in new infections and MTCT rate ,5%). The
Ó 2011 Lippincott Williams & Wilkins
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development of a safe and effective active/passive HIV prophylaxis regimen to prevent MTCT should be a priority.
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