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Human immunodeficiency virus (HIV) may be transmitted through either cell-free virions or leukocytes har-
boring intracellular HIV in bodily fluids. In recent years, the early initiation of combination antiretroviral ther-
apy leading to virological suppression has resulted in decreased HIV transmission to uninfected partners.
Additionally, the efficacy of primary chemoprophylaxis with oral or topical antiretroviral regimens containing
tenofovir (with or without emtricitabine) has been demonstrated. However, the efficacy of these approaches may
be compromised by suboptimal adherence, decreased drug concentrations in mucosal compartments in women,
and genital inflammation. Furthermore, in vitro studies on the effects of tenofovir on cell-associated HIV trans-
mission have produced conflicting results. Preclinical studies suggest that combination preventive approaches
may be most effective in stopping the transmission of HIV after mucosal exposure. Since the development of
antibodies were found to correlate with protection in the only effective HIV vaccine trial, the administration of
preformed mucosal and systemic antibodies may inform the development of safe and effective antibody-based
oral, topical, and/or systemic preexposure prophylaxis agents and provide guidance in the development of HIV
vaccines that effectively block cell-associated HIV transmission.
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Despite an increasing number of human immunodefi-
ciency virus (HIV)–infected people receiving antiretro-
viral therapy, the HIV epidemic continues to grow. At
present, there are 35 million people living with HIV,
less than one third of whom are receiving antiretroviral
therapy. There still are around 2 million new HIV infec-
tions per year [1]. Since individuals may remain vulner-
able to cell-associated HIV transmission despite current
approaches to HIV prevention, this mode of transmis-
sion should be addressed in the development of emerg-
ing strategies. Potential agents to block cell-associated
HIV transmission include membrane disrupters, acidify-
ing agents, entry inhibitors, virologic synapse inhibitors,
reverse transcriptase inhibitors, and other antiretroviral

agents. A number of these approaches have been evalu-
ated for their ability to block cell-associated HIV trans-
mission in animal models and in vitro assays [2].
Unfortunately, none of the nonspecific approaches
(membrane disrupters and acidifying agents) have
demonstrated efficacy in human clinical trials, and
the level of protection by antiretrovirals drugs against
cell-associated transmission is uncertain. Further, few
candidate HIV vaccines have been designed to block
cell-associated transmission. This review will focus on
antiretroviral and antibody-based strategies to prevent
HIV infection, with a specific focus on cell-associated
HIV transmission.

ANTIRETROVIRALS

Animal studies have long suggested that administration
of systemic or topical antiretrovirals shortly before or
after an animal is exposed to a retroviral challenge re-
sults in protection [3]. The highest levels of protection
were afforded when antiretroviral medication was ad-
ministered prior to exposure, so that there would be suf-
ficient time to have the agent achieve high intracellular
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levels [3].Recent clinical studies have demonstrated that the oral
administration of antiretrovirals for primary [4] or secondary
prevention [5–8] may make HIV transmission less likely be-
tween serodiscordant intimate partners. The first proof of the
efficacy of oral chemoprophylaxis study was from the iPrEx
study, which enrolled men who have sex with men and trans-
gender women in the United States, Peru, Ecuador, Brazil, Thai-
land, and South Africa and found a 44% decrease in HIV
acquisition among those participants who had been randomly
assigned to receive oral tenofovir/emtricitabine (TDF/FTC) on
a daily basis [5]. Subsequent studies demonstrated the efficacy of
oral TDF/FTC in heterosexual serodiscordant couples in Kenya
and Uganda [6], young heterosexual adults in Botswana [7], as
well as Thai injection drug users [8]. Two other studies did not
demonstrate decreased transmission in female participants as-
signed to receive tenofovir-based chemoprophylaxis [9, 10].
However, subsequent analyses of drug levels among partici-
pants in these studies showed a clear dose-response relation-
ship: participants who had drug levels consistent with daily
medication use were most likely to be protected against HIV
acquisition [11].

Because decreased efficacy was correlated with low levels of
daily medication adherence in several studies in high-risk
populations, researchers have begun evaluations of whether
longer-duration agents may be beneficial. Studies are currently
evaluating a vaginal ring that can be inserted once monthly and
contains dapivirine, a nonnucleoside reverse transcriptase
inhibitor, with or without maraviroc, a CCR5 inhibitor [12].
There are 2 efficacy studies underway in Africa to see whether
this approach may provide a higher level of protection for
women than agents relying on daily or pericoital pill use [13].
Two long-acting antiretroviral drugs, a nanosuspension of rilpi-
virine and a new integrase inhibitor, GSK744, are being evalu-
ated for the possible use as injectable chemoprophylactic agents,
which might be able to be administered as infrequently as every
3 months [14].

Despite the efficacy of many antiretroviral compounds stud-
ied for chemoprophylaxis, their level of virological suppression
may not be as effective in preventing cell-to-cell HIV transmis-
sion, compared with their inhibition of cell-free virus transmis-
sion. It appears that some of these compounds have differential
activity in specific types of genital tract cells and secretions, with
the most dominant cells in semen and cervicovaginal secretions
being monocyte/macrophages [2].One study, which used cocul-
ture, found that TDF was not as effective in protecting against
cell-to-cell HIV transmission as it was against cell-free challen-
ges [15]. Another study [16], found that the protease inhibitors
lopinavir and darunavir had equal potency in inhibiting cell-
free and cell-associated virus but that the reverse transcriptase
inhibitors TDF and nevirapine were not as effective. Other
groups have found that antiretroviral drugs were able to block
viral DNA production and virus replication during cell-to-cell

viral transmission with efficacy comparable to that of their in-
hibition of cell-free virus infection [17]. A recent study found
that combinations of antiretrovirals offered higher levels of
protection than single agents against cell-cell HIV transmission
[18], suggesting that combination preventive approaches may
deserve further study to optimize the preventive efficacy of
chemoprophylaxis [19].

The first human study that demonstrated the efficacy of pre-
exposure antiretroviral chemoprophylaxis was the CAPRISA
004 study of almost 900 at-risk South African women that dem-
onstrated that pericoital use of topical TDF gel decreased HIV
acquisition by 39% [20].However, the activity of various antire-
troviral medications in the genital tract may be influenced by a
variety of different factors, ranging from the acidic pH of the
vagina, if commensal lactobacilli dominate, to the large number
of genital tract leukocytes that are present in most HIV-infected
and at-risk individuals, which may serve as reservoirs or targets
for cell-associated HIV transmission [21]. Additionally, it is
possible that certain drugs may have a lower or higher threshold
for the potential emergence of resistance because of the concen-
trations that they achieve in different mucosal cells [22]. For
example, TDF achieves high tissue concentrations in rectal
mucosa after ingestion, but concentrations are not as high in
cervicovaginal tissues [23]. Thus, women might need to have
a higher level of product adherence to achieve a comparable
level of protection when taking this drug orally for chemopro-
phylaxis. Maraviroc achieves a high level of tissue penetration in
cervicovaginal and rectal secretions [23] and is currently under
study by the HIV Prevention Trials Network (HPTN069) to see
whether it may be an alternative chemotherapeutic agent, used
alone or in combination with other antiretrovirals. HIV core-
ceptor antagonists that have been studied to date have failed
to inhibit cell-to-cell HIV transmission via virological synapses,
but new agents could potentially affect cell-associated transmis-
sion through other mechanisms, such as interfering with
CCR5-mediated chemotaxis. Among the integrase inhibitors,
raltegravir has been shown to have a higher concentration in
mucosal tissues, compared with blood plasma [22, 23]. Inte-
grase inhibitors could block cell-to-cell HIV transmission by
inhibiting HIV integration into target cells.

Since local factors in the genital tract milieu may affect HIV
transmission dynamics, they need to be addressed as new pre-
ventive modalities are developed [21]. It has been demonstrated
that individuals who are receiving highly effective antiretroviral
therapy may continue to express HIV in genital tract secretions
even after experiencing virological suppression for long periods
[24]. In one prospective study of 25 men who achieved virolog-
ical suppression for at least 16 weeks, HIV RNA was detected
in semen in almost half (48%), and high levels of HIV RNA
(>5000 copies/mL) were detected in 16%, despite HIV not
being detected in blood. In addition, several individuals’ who
had undetectable plasma HIV RNA had seminal specimens
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that grew infectious virus [24]. These findings were corroborat-
ed by a French study that followed 304 men over several years
and found that the overall rate of detection of seminal HIV
RNA was 6.6% [25]. Another study from the United States fol-
lowed a cohort of 101 highly active antiretroviral therapy
(HAART)–receiving HIV-infected men who have sex with
men, and one quarter who had virological suppression in the
blood had HIV detected in semen. Multivariate analyses
found that individuals who have sexually transmitted infections
were 30 times as likely to have HIV detected in semen despite
having virological suppression in the blood, and high levels of
polymorphonuclear leukocytes and tumor necrosis factor
(TNF) in semen were associated with HIV detection even in
the absence of documented sexually transmitted infections.
This study detected HIV-infected cells and free HIV virions
in semen from men whose virus was systemically suppressed
during HAART [26]. Last, it is possible that in addition to an
inflammatory milieu causing increased HIV expression in the
genital tract of a potential infecting partner, inflammation
may also increase susceptibility of HIV-uninfected individuals
to HIV acquisition [21]. In the CAPRISA 004 study, indepen-
dent of other factors (including random assignment to the
TDF gel arm of the trial), women who had high systemic levels
of TNF-α (a proinflammatory cytokine), interleukin 2, interleu-
kin 7, and interleukin 12p70 and activated natural killer cells
were much more likely to become HIV infected than those
without genital tract inflammation [27]. So, although subopti-
mal adherence may explain some of the suboptimal efficacy
seen in studies of TDF-based preexposure prophylaxis, it is
also conceivable that limited activity against cell-associated
HIV transmission was responsible for some of the new infec-
tions among participants assigned to TDF-containing arms.
Thus, the efficacy of antiretrovirals for chemoprevention may
be attenuated by systemic and/or local mucosal inflammation
(see paper by Anderson in this series).

VACCINES

For several decades, investigators have attempted to develop safe
and effective anti-HIV vaccines, but no major vaccine efficacy
trials have yet shown a sufficiently robust protective effect.
The RV144 study used a combination of a canarypox virus vec-
tor boosted by antigens designed to generate neutralizing anti-
bodies (ALVAC HIV and AIDSVAX B/E) and was conducted
among >18 000 Thais recruited from the general population
[28]. The vaccine combination resulted in a 31% decrease in
HIV acquisition [28], which was a statistically significant result
but not at a sufficient level to warrant immediate licensure and
wider use. Subsequent analyses of the immune correlates of pro-
tection in the RV144 trial identified features of the vaccine-
induced immune response that were associated with differential
risks of infection or protection, including a beneficial effect of

antibody responses targeting the V1/V2 region of the HIV en-
velope [29]. The protective effect of RV144 was also associated
with the selective induction of antibodies of the immunoglobu-
lin G3 (IgG3) subclass, which mediate multiple functions
(ie, antibody-dependent cellular cytotoxicity [ADCC], anti-
body-dependent cellular phagocytosis [ADCP], and antibody-
mediated release of cytokines/chemokines) that are effective
against infected cells [30, 31].Measures of vaccine protective ef-
ficacy that move beyond antibody concentration alone and as-
sess variables such as antibody subclass and functional activity
may provide critical new insights into the potential antiviral ac-
tivity of antibodies that extend beyond virus neutralization [30].
Most vaccine studies in animal models and human clinical trials
have not been focused on blocking cell-associated HIV trans-
mission, so the antibody mechanism of protection at the site
of infection remains unclear. Studies of passive immunization
with mucosal and systemic antibodies may provide guidance
in the development of vaccines that block cell-associated HIV
transmission.

PASSIVE IMMUNIZATION

Several anti-HIV IgG monoclonal antibodies have prevented
new infections in macaques when systemically administered be-
fore a cell-free SHIV mucosal challenge [32–34]. An injected
immunoglobulin A (IgA) version of a broadly neutralizing an-
tibody prevented mucosal transmission of HIV in humanized
mice [35], and a dimeric IgA1 (which captures virus particles
and prevents their transcytosis across mucosal cells) has
shown rectal protection in macaques [36]. However, only a
subset of HIV broadly neutralizing antibodies (bnAbs) can ef-
ficiently prevent HIV type 1 (HIV-1) cell-to-cell transmission
[37]. The concentrations required to inhibit cell-to-cell trans-
mission are often 10–20-fold higher than for cell-free HIV.
Similarly, the serum concentrations of bnAbs required to inhib-
it infection in mouse or monkey models of HIV-1 infection are
also 1–2 logs higher than in cell-free assays. Studies of cell-to-
cell transmission may therefore provide a reliable method to
predict the potency of bnAbs in vivo. Antibodies that target
either the CD4-binding site (eg, NIH45-46 and 3BNC60) or
the glycan/V3 loop (eg, 10–1074 and PGT121) on HIV-1
gp120 and that act at low concentrations by inhibiting multiple
steps of viral cell-to-cell transmission are effective at blocking
cell-associated viral transmission [37] (Table 1).

Antibodies to host cell antigens, such as CCR5 and CD4 re-
ceptors, may affect cell-associated HIV transmission and are
currently in clinical trials. The intravenous use of the anti-
CD4 antibody ibalizumab has demonstrated safety and efficacy
for treatment of HIV-1 infection (clinical trials registration
NCT00784147). A phase 1 study of ibalizumab given by subcu-
taneous injection to healthy volunteers has been completed
(clinical trials registration NCT01292174). To further enhance
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the efficacy and acceptability of ibalizumab, variants are being
evaluated that have increased ADCC activity and longer system-
ic residence time. The systemic half-life of antibodies can be
increased to 3 months via point mutations to the Fc region.
This results in increased affinity for the neonatal FcRn receptor,
which protects IgG from catabolism in endothelial cells [38].
A phase 2a, randomized, double-blind, placebo-controlled
study of PRO140 (targeting CCR5) by subcutaneous adminis-
tration in HIV-infected subjects has been completed (clinical
trials registration NCT00642707). A phase 2b trial of PRO140
as an adjunct to a new, optimized oral antiretroviral regimen
is planned (clinical trials registration NCT01272258). Although
VRC01 (targeting gp120) was found to be only partially effec-
tive in blocking cell-cell transmission in one study [37], this
bnAb is currently in phase 1 trials to study its safety and
pharmacokinetics when administered subcutaneously or
intravenously to healthy adults (clinical trials registration
NCT01993706).

While the use of antiretrovirals to prevent mother-to-child
transmission (MTCT) of HIV is effective, implementation is
challenging in resource-constrained epidemic epicenters. Addi-
tional modalities are urgently needed, especially in the develop-
ing world, where breast-feeding is critical for neonatal health.
As described in the review article by Milligan and Overbaugh
in this supplement, cell-associated HIV transmission may
play a major role in MTCT of HIV via infected cells in the ma-
ternal genital tract or breast milk. VRC01 is currently under
consideration for trials to prevent MTCT of HIV [39], but
this approach might benefit from the use of a combination of
antibodies, including those that strongly inhibit cell-to-cell
HIV transmission.

Vectored immunoprophylaxis (VIP) has been developed
with the use of systemic adeno-associated virus (AAV)–vectored
antibodies [40]. A single intramuscular injection of an

AAV-vector containing an anti-HIV antibody gene resulted in
long-lasting and high expression of the antibody and protected
humanized mice against intravenous challenge with cell-free
HIV. By use of similar technology, anti-HIV antibody frag-
ments were produced in cervicovaginal epithelial stem cells
and were protective against cell-free HIV in vitro [41]. Recently,
it was demonstrated that VIP is also capable of protecting
humanized mice from vaginal challenge with diverse HIV
strains despite repeated exposures [42]. To determine whether
the VIP approach is effective against cell-associated HIV trans-
mission, the currently used antibody/vector system could be
used in humanized mouse or macaque models of cell-associated
HIV transmission (as described in review articles by Moench
and Le Grand et al in this issue of the JID supplement). For bet-
ter efficacy against cell-associated HIV transmission, antibodies
with strong inhibitory activity in cell-to-cell HIV transmission
assays [37] could be incorporated into AAV vectors and evalu-
ated in animal models of cell-associated HIV transmission.

Antibodies differ from other therapeutic and prophylactic
modalities for HIV in several important respects [43] since
they can neutralize the pathogen directly and have the potential
to clear the virus and infected cells through engagement of
innate effector responses. Immune complexes produced by pas-
sively transferred antibodies may stimulate enhanced immunity
to HIV-1, and antibodies have longer half-lives (21 days for
IgG1) in serum than commercially available antiretroviral
drugs. In addition, multipurpose prevention technologies [44]
can be created using antibody combinations to target an array
of sexually transmitted pathogens and sperm [45].

Despite the central importance of Env in mediating HIV-1
binding and fusion, there are on average only 8–10 irregularly
spaced Env spikes on the surface of a virion [46]. This low Env
density results in a virion surface that is largely composed of
host-derived molecules and opens up the possibility that non-
virally encoded factors may also play important roles in virus
interactions with target cells. The viral machinery exploits the
host cell to facilitate many aspects of the viral life cycle. In
doing so, these host molecules are manipulated in a manner
that differs remarkably from their normal function in nonin-
fected cells. Host antigens found on both cell vectors and free
virus [47] may be targets in evaluating antibodies that block
cell-associated transmission. For example, anti-CD36 (a mem-
ber of the scavenger receptor family of cell surface proteins)
antibodies inhibit release of virions from HIV-1–infected mac-
rophages and the transmission of virus to CD4+ T cells [48].
Pretreatment of cells with an anti-LFA-1/CD11a chain antibody
that blocks binding to ICAM-1 prevented HIV-1 transmission
[49]. HIV bound to CD4− cells was more infectious than the
same amount of cell-free virus for T cells in cocultures, but
CD18 (integrin beta-2) antibody reduced virus replication in
T cells, suggesting blocking during cell-cell adhesion [50].
TSG101 (a cytoplasmic molecule that functions as a component

Table 1. Potential Antibody Targets to Block Cell-Associated
Human Immunodeficiency Virus (HIV) Transmission

Target Class Specific Targets (Antibodies)

HIV-specific antigens CD4 binding site (NIH45-46,
3BNC60, VRC01)

glycan/V3 loop (10–1074, PGT121)
gp41 (10E8, 4E10)

HIV binding sites on CD4+ T
cells

CD4 (ibalizumab)
CCR5 (PRO140)

CD4-negative cell-bound virus CD18

Host derived antigens on both
free virus and cells

CD36
LFA-1/CD11a (MEM30)
TSG101 (CB8-2)
GM3 (DH2)
ICAM-1

Uninfected dendritic cells CD169
Reproductive-tract-coating
antigens

SAGA-1, male-tract-specific
glycoform of CD52 (H6-3C4,
S19)
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of the vesicular protein-sorting machinery and is co-opted by
the HIV-1 Gag protein to facilitate virus assembly) is exposed
on the outer membrane of cells that have been infected with
HIV; TSG101-specific antibodies can reduce virus production
in infected cells [51]. GM3 is a host-derived glycosphingolipid
responsible for mediating the Env-independent interaction be-
tween HIV-1 and mature dendritic cells (DCs) [52]; increasing
amounts of anti-GM3 Fab competitively inhibited mature DC
capture of HIV particles.

As described in the review article by Gummuluru in this
supplement, preexposure to a CD169 (siglec-1; sialoadhesin)
antibody blocked virus capture and transinfection of autologous
CD4+ T cells by immature and mature DCs, while a DC-SIGN
antibody had modest inhibitory effects in immature DCs and
failed to block HIV-1 capture by mature DCs [53]. Antibody
to ICAM-1 can disrupt cell-associated HIV-1 transmission
across the cervical epithelium in mouse models [54].

Antibodies to surface-coating antigens on seminal cells
may trap cell-associated HIV by coagglutination with sperm
and by so-called muco-trapping (ie, preventing HIV from
entering potential host cells but binding it in mucus) [55, 56].
An antibody against a unique glycoform of CD52 found only
in the human male reproductive tract, SAGA-1 [57–58], has
been shown to coagglutinate 100% of human sperm and
other seminal cells (eg, white blood cells) in <30 seconds at
100 µg/mL [59].

SUMMARY AND CONCLUSIONS

Antiretrovirals have been demonstrated to decrease HIV trans-
mission and acquisition in diverse populations when used orally
or topically for chemoprophylaxis. However, protection has not
been perfect in these studies, with optimal outcomes mitigated
by inadequate medication adherence, suboptimal medication
penetration into key mucosal target cells, and, possibly, the
presence of genital tract inflammation in high-risk participants.
Data on efficacy of these approaches against cell-associated HIV
transmission is inconclusive. More-effective future HIV preven-
tion approaches may benefit from combinations of antiretrovi-
rals and immunoprophylactic agents to improve efficacy.

Nonneutralizing antibodies against HIV were found to corre-
late with protection in the only (partially) effective HIV vaccine
trial, suggesting that antibody-dependent cellular mechanisms
such as ADCC and ADCP, which target HIV-infected cells,
are critical components of HIV vaccine efficacy [60]. Although
several antibodies to HIV and host antigens have been shown to
block cell-cell HIV transmission in vitro and ex vivo (Table 1), it
is essential to evaluate these vaccine candidates for efficacy in
relevant animal models that are vaginally or rectally challenged
with cell-associated virus, to ensure their effectiveness at sites of
transmission [2, 61]. Although less advanced than antiretroviral
strategies, antibody-based strategies to block cell-associated

HIV transmission could target HIV antigens (eg, the glycan/
V3 loop on gp120), host antigens on infected cells (eg,
TSG101), host antigens on uninfected cells (eg, CD4 binding
site or LFA-1/ICAM-1 adhesion molecules involved in the for-
mation of virological synapses), or cell-coating antigens in
semen (eg, CD52 glycoform). Moreover, bioengineered broadly
neutralizing antibodies may be able to be administered monthly
or quarterly, obviating the need for daily medication adherence.
Further studies may lead to the development of safe and effec-
tive antibody-based oral, topical, and/or systemic preexposure
prophylaxis agents and to more-effective HIV vaccines.

Notes

Acknowledgments. We thank Andrea Karis for assistance in prepara-
tion of the manuscript.
Financial support. This work was supported by the National Institute

of Allergy and Infectious Disease (NIAID), National Institutes of Health
(NIH; grant U19AI096398); and the Harvard Center for AIDS Research
(grant P30AI06354 from the NIAID, NIH).
Potential conflicts of interest. K. J. W. is an owner of Mapp

Biopharmaceutical. K. H. M. has received unrestricted research grants
from Gilead, Bristol-Myers-Squibb, and Merck for studies of antiretrovirals
for prevention of HIV infection.
Both authors have submitted the ICMJE Form for Disclosure of Potential

Conflicts of Interest. Conflicts that the editors consider relevant to the con-
tent of the manuscript have been disclosed.

References

1. UNAIDS. Global AIDS response progress reporting 2014: construction
of core indicators for monitoring the 2011 UN political declaration on
HIV/AIDS. Geneva, Switzerland: UNAIDS, 2014.

2. Anderson DJ, Politch JA, Nadolski AM, Blaskewicz CD, Pudney J,
Mayer KH. Targeting Trojan Horse leukocytes for HIV prevention.
AIDS 2010; 24:163–87.

3. Tsai CC, Emau P, Follis KE, et al. Effectiveness of postinoculation (R)-9-
(2-phosphonylmethoxypropyl) adenine treatment for prevention of
persistent simian immunodeficiency virus SIVmne infection depends
critically on timing of initiation and duration of treatment. J Virol
1998; 72:4265–73.

4. Cohen MS, Chen YQ, McCauley M, et al. Prevention of HIV-1 infection
with early antiretroviral therapy. N Engl J Med 2011; 365:493–505.

5. Grant RM, Lama JR, Anderson PL, et al. Preexposure chemoprophylax-
is for HIV prevention in men who have sex with men. N Engl J Med
2010; 363:2587–99.

6. Baeten JM, Donnell D, Ndase P, et al. Antiretroviral prophylaxis for
HIV prevention in heterosexual men and women. N Engl J Med
2012; 367:399–410.

7. Choopanya K, Martin M, Suntharasamai P, et al. Antiretroviral prophy-
laxis for HIV infection in injecting drug users in Bangkok, Thailand
(the Bangkok Tenofovir Study): a randomised, double-blind, placebo-
controlled phase 3 trial. Lancet 2013; 381:2083–90.

8. Thigpen MC, Kebaabetswe PM, Paxton LA, et al. Antiretroviral preex-
posure prophylaxis for heterosexual HIV transmission in Botswana. N
Engl J Med 2012; 367:423–34.

9. Van Damme L, Corneli A, Ahmed K, et al. Preexposure prophylaxis for
HIV infection among African women. N Engl J Med 2012; 367:411–22.

10. Marrazzo J, Ramjee G, Nair G. Pre-exposure prophylaxis for HIV in
women: daily oral tenofovir, oral tenofovir/emtricitabine or vaginal te-
nofovir gel in the VOICE study [abstract MTN 003]. Presented at: 20th
Conference on Retroviruses and Opportunistic Infections, Atlanta,
Georgia, 2013.

S678 • JID 2014:210 (Suppl 3) • Whaley and Mayer



11. Anderson PL, Glidden DV, Liu A, et al. For the iPrEx Study T. Emtri-
citabine-tenofovir concentrations and pre-exposure prophylaxis efficacy
in men who have sex with men. Sci Transl Med 2012; 4:151ra125.

12. Romano J, Variano B, Coplan P, et al. Safety and availability of dapivir-
ine (TMC120) delivered from an intravaginal ring. AIDS Res Hum Ret-
roviruses 2009; 25:483–8.

13. International Partnership for Microbicides. http://www.ipm.org. Ac-
cessed 26 March 2014.

14. Spreen W, Williams P, Margolis D, et al. First study of repeat dose co-
administration of GSK1265744 and TMC278 long-acting parenteral
nanosuspensions: pharmacokinetics, safety and tolerability in healthy
adults. Presented at: 7th IAS Conference on HIV Pathogenesis, Treat-
ment and Prevention, Kuala Lumpur, Malaysia, 2013.

15. Duncan CJ, Williams JP, Schiffner T, et al. High-multiplicity HIV-1 in-
fection and neutralizing antibody evasion mediated by the macrophage-
T cell virological synapse. J Virol 2014; 88:2025–34.

16. Sigal A, Kim JT, Balazs AB, et al. Cell-to-cell spread of HIV permits
ongoing replication despite antiretroviral therapy. Nature 2011; 477:
95–8.

17. Titanji BK, Aasa-Chapman M, Pillay D, Jolly C. Protease inhibitors ef-
fectively block cell-to-cell spread of HIV-1 between T cells. Retrovirol-
ogy, 2013; 10:161.

18. Permanyer M, Ballana E, Ruiz A, et al. Antiretroviral agents effectively
block HIV replication after cell-to-cell transfer. J Virol 2012;
86:8773–80.

19. Perno CF, Svicher V, Schols D, Pollicita M, Balzarini J, Aquaro S. Ther-
apeutic strategies towards HIV-1 infection in macrophages. Antiviral
Res 2006; 71:293–300.

20. Abdool Karim Q, Abdool Karim SS, Frohlich JA, et al. Effectiveness and
safety of tenofovir gel, an antiretroviral microbicide, for the prevention
of HIV infection in women. Science 2010; 329:1168–74.

21. Mayer KH, Venkatesh KK. Interactions of HIV, other sexually trans-
mitted diseases, and genital tract inflammation facilitating local patho-
gen transmission and acquisition. Am J Reprod Immunol 2011; 65:
308–16.

22. Cohen MS, Muessig KE, Smith MK, Powers KA, Kashuba AD. Antiviral
agents and HIV prevention: controversies, conflicts, and consensus.
AIDS 2012; 26:1585–98.

23. Thompson CG, Cohen MS, Kashuba AD. Antiretroviral pharmacology
in mucosal tissues. J Acquir Immune Defic Syndr 2013; 63(suppl 2):
S240–247.

24. Sheth PM, Kovacs C, Kemal KS, et al. Persistent HIV RNA shedding in
semen despite effective antiretroviral therapy. AIDS 2009; 23:2050–4.

25. Lambert-Niclot S, Tubiana R, Beaudoux C, et al. Detection of HIV-1
RNA in seminal plasma samples from treated patients with undetect-
able HIV-1 RNA in blood plasma on a 2002–2011 survey. AIDS
2012; 26:971–5.

26. Politch JA, Mayer KH, Welles SL, et al. Highly active antiretroviral ther-
apy does not completely suppress HIV in semen of sexually active HIV-
infected men who have sex with men. AIDS 2012; 26:1535–43.

27. Naranbhai V, Abdool Karim SS, Altfeld M, et al. Innate immune acti-
vation enhances HIV acquisition in women, diminishing the effective-
ness of tenofovir microbicide gel. J Infect Dis 2012; 206:993–1001.

28. Rerks-Ngarm S, Pitisuttithum P, Nitayaphan S, et al. Vaccination with
ALVAC and AIDSVAX to prevent HIV-1 infection in Thailand. N Engl J
Med 2009; 361:2209–20.

29. Haynes BF, Gilbert PB, McElrath MJ, et al. Immune-correlates analysis
of an HIV-1 vaccine efficacy trial. N Engl J Med 2012; 366:1275–86.

30. Chung AW, Ghebremichael M, Robinson H, et al. Polyfunctional Fc-ef-
fector profiles mediated by IgG subclass selection distinguish RV144
and VAX003 vaccines. Sci Trans Med 2014; 6:228ra38.

31. Yates NL, Liao H-X, Fong Y, et al. Vaccine-induced Env V1-V2 IgG3
correlates with lower HIV-1 infection risk and declines soon after vac-
cination. Sci Trans Med 2014; 6:228ra39.

32. Mascola JR, Lewis MG, Stiegler G, et al. Protection of macaques against
pathogenic simian/human immunodeficiency virus 89.6PD by passive
transfer of neutralizing antibodies. J Virol 1999; 73:4009–18.

33. Hessell AJ, Poignard P, Hunter M, et al. Effective, low-titer antibody
protection against low-dose repeated mucosal SHIV challenge in ma-
caques. Nat Med 2009; 15:951–4.

34. Hessell AJ, Rakasz EG, Tehrani DM, et al. Broadly neutralizing mono-
clonal antibodies 2F5 and 4E10 directed against the human immunode-
ficiency virus type 1 gp41 membrane-proximal external region protect
against mucosla challenge by simian-human immunodeficiency virus
SHIV Ba-L. J Virol 2010; 84:1302–13.

35. Hur EM, Patel SN, Shimizu S, et al. Inhibitory effect of HIV-specific
neutralizing IgA on mucosal transmission of HIV in humanized
mice. Blood 2012; 120:4571–82.

36. Watkins JD, Sholukh AM, Mukhtar MM, et al. Anti-HIV IgA iso-
types: differential virion capture and inhibition of transcytosis are
linked to prevention of mucosal R5 SHIV transmission. AIDS 2013;
27:F13–20.

37. Malbec M, Porrot F, Rua R, et al. Broadly neutralizing antibodies
that inhibit HIV-1 cell to cell transmission. J Exp Med 2013; 210:
2813–21.

38. Zalevsky J, Chamberlain AK, Horton HM, et al. Enhanced antibody
half-life improves in vivo activity. Nat Biotechnol 2010; 28:157–9.

39. Global Vaccine Enterprise. Prevention trials in the population of
infants born to HIV-infected mothers: meeting report. http://www.
vaccineenterprise.org/content/prevention-trials-infants. Accessed 24
July 2014.

40. Balazs AB, Chen J, Hong CM, Rao DS, Yang L, Baltimore D. Antibody-
based protection against HIV infection by vectored immunoprophy-
laxis. Nature 2012; 481:81–4.

41. Abdel-Motal UM, Sarkis PT, Han T, et al. Anti-gp120 minibody gene
transfer to female genital epithelial cells protects against HIV-1 virus
challenge in vitro. PLoS One 2011; 6:e26473.

42. Balazs AB, Ouyanga Y, Hong CM, et al. Vectored immunoprophylaxis
protects humanized mice from mucosal HIV transmission. Nat Med
2014; 20:296–300.

43. Klein F, Halper-Stromberg A, Horwitz JA, et al. HIV therapy by a com-
bination of broadly neutralizing antibodies in humanized mice. Nature
2012; 492:118–22.

44. Harrison PF, Hemmerling A, Romano J, Whaley KJ, Young Holt B. De-
veloping multipurpose reproductive health technologies: an integrated
strategy. AIDS Res Treat 2013; 2013:790154.

45. Whaley KJ, Zeitlin L. Antibody-based concepts for multipurpose pre-
vention technologies. Antivir Res 2013; 100:S48–53.

46. Zhu P, Chertova E, Bess J, et al. Electron tomography analysis of enve-
lope glycoprotein trimers on HIV and simian immunodeficiency viri-
ons. Proc Nat Acad Sci U S A 2003; 100:15812–17.

47. Lawn SD, Roberts BD, Griffin GE, Folks TM, Butera ST. Cellular com-
partments of HIV1 replication: determination by virion-associated host
proteins and the impact of opportunistic infection in vivo. J Virol 2000;
74:139–45.

48. Berre Sm Gaudin R, Cunha de Alencar B, Desdouits M, et al. CD36-spe-
cific antibodies block release of HIV-1 from infected primary macro-
phages and its transmission to T cells. J Exp Med 2003; 210:2523–38.

49. Bounou S, Giguere J-F, Cantin R, et al. The importance of virus-associ-
ated host ICAM-1 in human immunodeficiency virus type 1 dissemina-
tion depends on the cellular context. FASEB J 2004; 18:1294–6.

50. Olinger GG, Saifuddin M, Spear GT. CD4-negative cells bind human
immunodeficiency virus type 1 and efficiently transfer virus to
T cells. J Virol 2000; 74:8550–7.

51. Diaz L, Mao H, Zhou Y, et al. TSG101 exposure on the surface of HIV-1
infected cells: implications for monoclonal antibody therapy for HIV/
AIDS. Am J Transl Res 2010; 2:368–80.

52. Puryear WB, Yu X, Ramiraez NP, Reinhard BM, Gummuluru S. HIV
incorporation of host-cell-derived glycosphingolipid GM3 allows for
capture by mature dendritic cells. Proc Nat Acad Sci U S A 2012;
109:7475–80.

53. Puryear WB, Akiyama H, Geer SD, et al. Interferon-inducible mecha-
nism of dendritic cell-mediated HIV-1 disseminataion is dependent on
Siglec-1/CD169. PLoS Path 2013; 9:e1003291.

Preventing Cell-Associated HIV Transmission • JID 2014:210 (Suppl 3) • S679

http://www.ipm.org
http://www.ipm.org
http://www.vaccineenterprise.org/content/prevention-trials-infants
http://www.vaccineenterprise.org/content/prevention-trials-infants
http://www.vaccineenterprise.org/content/prevention-trials-infants


54. Chancey CJ, Khanna KV, Seegers JFML, et al. Lactobacilli-expressed
single-chain variable fragment (scFv) specific for intercellular adhesion
molecule 1 (ICAM-1) blocks cell-associated HIV-1 transmission across
a ceervical epithelial monolayer. J Immun 2006; 176:5617–36.

55. Cone RA, Whaley KJ. Monoclonal antibodies for reproductive
health: Part I. Preventing sexual transmission of disease and preg-
nancy with topically applied antibodies. Am J Reprod Immunol
1994; 32:114–31.

56. Wang Y-Y, Kannan A, Nunn KL, et al. IgG in cervicovaginal mucus
traps HSV and prevents vaginal Herpes infections. [Epub ahead of
print]. Muc Immun 2014; doi: 10.1038/mi.2013.120.

57. Diekman AB, Norton EJ, Westbrook VA, Klotz KL, Naaby-Hansen S,
Herr JC. Anti-sperm antibodies from infertile patients and their cognate

sperm antigens: a review. Identity between SAGA-1, the H6-3C4 anti-
gen, and CD52. Am J Reprod Immunol 2000; 43:134–43.

58. Kirchhoff C, Schroter S. New insights into the origin, structure and role
of CD52: a major component of the mammalian sperm glycocalyx. Cell
Tis Org 2001; 168:93–104.

59. Whaley KJ, Hiatt A, Zeitlin L. Emerging antibody products and Nico-
tiana manufacturing. Hum Vac 2011; 7:349–56.

60. Excler J-L, Ake J, Robb ML, Kim JH, Plotkin SA. Nonneutralizing func-
tional antibodies: a new ‘old’ paradigm for HIV vaccines. Clin Vac
Immun 2014; 21:1023–1036.

61. Salle B, Brochard P, Bourry O, et al. Infection of macaques after vaginal
exposure to cell-associated simian immunodeficiency virus. J Infect Dis
2010; 202:337–44.

S680 • JID 2014:210 (Suppl 3) • Whaley and Mayer



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


