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Host Factors Involved in Low Susceptibility to HIV Infection
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Abstract

There are individuals who despite being exposed to HIV, in some cases repeatedly and over long
periods, remain without HIV seroconversion. These individuals are called HIV-exposed seronegatives,
and have been reported among commercial sex workers, men having sex with men, injection drug
users, hemophiliacs who received contaminated blood preparations, healthcare workers with accidental
percutaneous exposure to HIV-infected blood, infants born to HIV-infected mothers, and individuals
having HIV-positive heterosexual partners. Genetic and immunological mechanisms have been involved
in the production of this resistance to HIV acquisition. Genetic factors have been linked to genes
encoding chemokine receptors and their natural ligands as well as genes of the major histocompatibility
complex. Inmunological factors are grouped within both innate and adaptive immunity. The study of
HiV-exposed seronegatives provides a unique opportunity to understand the mechanisms of natural
protection against HIV infection. The better understanding of this protection may lead to novel preventive

and immunotherapeutic approaches, including vaccines. (AIDS Rev. 2011;13:30-40)
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|ntroduction

There is a considerable variation in susceptibility to
HIV infection. Despite multiple and repeated unpro-
tected exposure to HIV, some individuals remain HIV
seronegative!. These exposed but seronegative indi-
viduals (ESN) include commercial sex workers?, men
having sex with men?, injection drug users*, hemo-
philiacs who received contaminated blood products?®,
healthcare workers with accidental percutaneous ex-
posure to infected blood®, infants born to HIV-infected
mothers’, and individuals with HIV-infected heterosexual
partners®™0. There is no clear explanation for this low
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susceptibility to HIV infection. Studies of these ESN
individuals have documented a number of probable
host factors, including coreceptor susceptibility and
innate and adaptive immunity!'. However, none of
these has identified a single genetic or immunological
mechanism to explain this phenomenon fully.

The ESN individuals represent a model to study po-
tential host factors associated with viral control, which
can be used for the design of immunotherapeutic
agents for the control of infection in infected subjects.
This review will focus on the genetic and immunological
factors that have been associated with the phenomenon
of low susceptibility to infection observed in different
cohorts of ESN individuals.

Genetic factors involved
in low susceptibility to HIV infection

Human leukocyte antigen polymorphisms
and killer inmunoglobulin-like receptors

Human leukocyte antigen (HLA) genes are highly
polymorphic loci encoding for cellular surface molecules



that present antigens to T-cells. The efficiency of this
process is different between individuals because of the
high number of allelic variants of HLA class | (A, B, C)
and class Il (DR, DQ, DP) genes. In viral infections,
HLA class | process and present antigens to CD8*
T-cells, which subsequently eliminate infected cells by
direct lysis or by cytokine production. Killing of in-
fected cells by CD8* T-cells, following recognition of
HIV epitopes presented by HLA-I molecules, is funda-
mental for immune control of HIV, and mutation of the
presented epitopes allows HIV to escape this control'?.
In this context, a particular HLA class | allele may be
deleterious or beneficial to HIV infection, depending on
the ability of the virus to escape recognition by this
allele and on the fitness of escape mutant. Specific
HLA class | alleles, by differential HIV epitope binding,
influence the effectiveness of the immune response
and, as a consequence, HIV progression™s,

The role of HLA alleles in the development of resis-
tance to infection has been described in healthy new-
borns of HIV-infected mothers and in sexually exposed
seronegative subjects. Sharing of HLA alleles between
mothers and newborns or maternal HLA class | homozy-
gosity both increased the risk of mother-to-child trans-
mission™15. The HLA homozygosity decreases the
number of HLA alleles, thus decreasing the number of
different epitopes presented and the extent of mutation
needed to escape presentation. However, not all homozy-
gotes are at a disadvantage since, in the case of protec-
tion from AIDS, homozygosity for HLA-Bw4-bearing B
alleles is associated with a significant advantage'®.

Regarding supertypes of HLA molecules, character-
ized by functional and structural similarity, MacDonald,
et al. found an association between the HLA A2/6802
supertype molecule and reduced perinatal HIV infec-
tion risk'’, as well as an association of this same su-
pertype with a decreased risk of seroconversion in
commercial sex workers'8. Other authors found that the
presence of HLA-Bw4 alleles in HIV-infected men was
associated with a decreased risk of male-to-female HIV
transmission, which suggests that these alleles reduce
the infectivity of HIV'®. Tang, et al., in an analysis of a
group of 429 heterosexual discordant couples, found
that several HLA class | variants in index partners were
associated with contrasting rates and incidence of HIV
transmission; in particular the A*30-Cw*B-57 haplo-
type in the index partner was the most favorable
marker of HIV non-transmission®. More recently it
has been shown that HLA-B polymorphisms that af-
fect the rate of progression to AIDS may also alter
HIV infectivity, but they did not appear to protect
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against infection in a cohort of ESN female partners
from HIV-infected subjects?®'.

Non classical HLA class | (HLA-G and HLA-E) can
act as powerful modulators of the innate immune re-
sponse through interaction with natural killer (NK) cells.
A group of researchers showed that the HLA-E*0103
allele alone or the combination of the HLA-EG homozy-
gote and HLA-G*0105N heterozygote genotypes had
a decreased risk of HIV infection in African women
compared with women carrying neither genotype?®.

Regarding HLA class Il molecules, which have a key
role in presenting antigens to CD4+ T-cells, Hardie, et al.
reported several HLA-DP genotypes associated with
HIV susceptibility in a group of sex workers. Among
these, the DPA1*010301 genotype was the most as-
sociated with HIV resistance and a slower rate of se-
roconversion®. Another study investigating the role of
HLA-DQ genes in the differential susceptibility to HIV in-
fection in an ESN sex workers cohort found an associa-
tion of DQB1*0603 and DQA1*010201-DQB1*0603 hap-
lotype with resistance in this group. The authors
emphasize the importance of the HLA-DQ genes in the
natural resistance to HIV infection®.

Human leukocyte antigen class | molecules are li-
gands for the killer immunoglobulin-like receptors (KIR).
The KIR-repertoire is preferentially expressed at the
surface of NK cells and regulates their activation status
through inhibitory or activating signaling. Certain KIR/HLA
combinations have been found to protect against HIV
disease progression. A study analyzing KIR/HLA inter-
action in group of ESN African sex workers suggested
that resistance to HIV infection is associated with in-
hibitory KIR in the absence of their HLA ligand?®.
Ravet, et al. found that the presence of some activating
KIR genes (or the absence of the inhibitory KIR3DL1)
could contribute to the increased level of NK cell
activation in ESN?. Homozygosity for the activating
NK receptor KIR3DS1 was recently reported to con-
tribute to heightened NK cell function in ESN indi-
viduals and to their relative resistance to HIV infection
compared to individuals with HIV primary infection®.
Another study from the same group showed that the
co-expression of KIR3DL1*h and HLA-B*57, which
has been associated with a reduced risk of progression
to AIDS, also was associated with a reduced risk of
infection in ESN subjects®.

Chemokines and their receptors

Chemokines are chemoattractant cytokines pro-
duced by a variety of cell types including T-cells,
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macrophages, NK cells, B-cells, and masts cells.
These molecules are involved in cell trafficking and
immunomodulation of inflammation and immune re-
sponses. In some cases their receptors serve as entry
of pathogens into target cells to establish infection.
The binding characteristics of chemokine receptors
are determined by a specific gene that encodes for
the receptor. In certain instances mutations or poly-
morphisms affect the binding characteristics of the
receptor, and the existence of these polymorphisms
has been associated with the phenomenon of resis-
tance to infection and with the rate of progression in
infected patients, which make sense, considering
that some of these receptors are used preferentially
by the HIV (primarily CCR5 and CXCR4). Multiple
polymorphic variations have been described in the
gene encoding CCR5 receptor. Of these, the CCR5-A32
variant, a natural deletion of 32 bases that introduce
a premature stop codon resulting in a truncated pro-
tein product, has been the most extensively studied®.
This deletion in homozygous state provides complete-
ly restricted HIV entry?® and delayed disease progres-
sion in heterozygote patients®. However, the infre-
quent inheritance of homozygosity for the CCR5-A32
allele cannot explain the majority of persons who are
repeatedly exposed to HIV but remain seronegative.
A previous study has shown that CCR5-A32 heterozy-
gosity and the CCR5 promoter polymorphism —2459 A/G
genotype combination offers an advantage in resis-
tance to HIV sexual transmission in a group of ESN
subjects®!,

Another coreceptor used by HIV strains is CCR2,
but this is uncommon. A polymorphism at position
64 of the CCR2 gene (CCR2-64l) has also been
shown to be important in the transmission and pro-
gression of HIV disease. One study suggests that
people who are homozygous for the CCR2-64! allele
have some level of natural resistance to the sexual
transmission of HIV32,

Variations in the genes encoding for chemokines
have also been studied in different populations in relation
to susceptibility to HIV infection. The genetic polymor-
phisms of chemokines MIP-1a, (CCL3), MIP-18 (CCL4),
RANTES (CCL5), and MIP-1aP (CCL3L1) may be im-
plicated in HIV acquisition and disease progression.
Single nucleotide polymorphisms (SNP) in the MIP-1o;
gene are found at higher frequencies in ESN individuals
compared with HIV-infected subjects®. In a study
performed on the MACS cohort, the RANTES-403A
polymorphism was identified as a risk factor for HIV trans-
mission and as a protective factor for HIV progression®.

It has been suggested that because CCL3L1 is a potent
ligand of CCR5, its copy number and thus its expression
might influence entry of the virus. Gonzélez, et al.
showed that CCL3L1 secretion levels are directly as-
sociated with gene copy number and inversely related
to CCR5 expression on CD4* T-cells in a cohort of
HIV-infected and -uninfected individuals of different
ethnicities. The authors indicated that copy number
variations in CCL3L1 could be associated with suscep-
tibility to HIV infection®. These results are consistent
with a study of HIV-infected pregnant women, which
found a strong association between higher infant
CCL3L1 gene copies and reduced susceptibility to HIV
in the absence of maternal nevirapine®®. In contrast,
more recently other authors found no significant effect
of CCL3L1 copy number variation on HIV-infection and
argued that natural variation in CCL3L1 gene copies
does not appear to have any important effect on the
control of HIV®7.

The genetic factors associated with low susceptibility
to HIV infection are summarized in table 1.

Immunological factors involved
in low susceptibility to HIV infection

Innate immunity

Only a few studies have addressed the role of innate
immunity in the low susceptibility to HIV in ESN. It has
been reported that the abundant presence of macro-
phages, dendritic cells, and NK cells in the mucosa
could be involved in protection against HIV infection®.
Scott-Algara, et al. have shown that NK cells producing
interferon-y (INF-y), tumor necrosis factor-o. (TNF-c),
and chemokines CCL3, CCL4, and CCL5 were increased
in a cohort of ESN intravenous drug users (IDU), either
after in vitro activation or without stimulation compared
to HIV-infected IDU, suggesting that NK cells contribute to
the protection against HIV infection®. Other authors
found, in a group of sexually HIV-exposed seronegative
subjects, a significantly higher expression of IFN-y by
NK cells compared with healthy controls and suggest
that IFN-y production by cells of the innate immune
system may play a major role in natural resistance to
HIV infection,

A role for HIV-specific NK cell responses in the pre-
vention of maternal-infant HIV transmission has been
suggested. A recent study has shown that mothers and
infants who have NK cells that respond to HIV peptides
are substantially less likely to transmit and acquire in-
fection, respectively*'.
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Table 1. Genetic factors involved in the low susceptibility to HIV infection in HIV-exposed seronegative subjects

Gene variants References
Human leukocyte antigen (HLA)
HLA-I discordance 14, 15
HLA supertype A2/6802 17
HLA-Bw4 19
HLA-A*30-Cw*B-57 haplotype 20
Combination of the HLA-E® homozygote and HLA-G*015N heterozygote genotypes 22
HLA-E@ (the HLA-E*0103 allele) 22
HLA-DPB*3001 23
HLA-DPA*010301 23
KIR3DL1 in the absence of HLA-Bw4 25
KIR3DS1 homozygotes 27
Co-expression of KIR3DL1*h/*y and HLA-B*27 28
Chemokine coreceptors and their ligands

CCR5A32 in homozygous state 29
Combination of CCR5-2459 A/G y CCR5A32 31
CCR264! in homozygous state 32
Polymorphisms in B-chemokines 33, 34
Increased copy number of CCL3L1 35

Defensins have also been involved in low suscepti-
bility to HIV infection in ESN subjects. The number of
o-defensin-producing CD8* T-cells is augmented both
in the genital and in the peripheral blood of ESN, and
o-defensin mRNA is also increased in peripheral blood
mononuclear cells (PBMC) and in cervical biopsies
of ESN individuals compared to healthy controls*.
In contrast, Levinson, et al. showed that despite sig-
nificant HIV inhibitory activity, cervicovaginal levels
of a-defensins and the cathelicidin LL-37 were as-
sociated with increased HIV acquisition, and suggest-
ed that this perhaps is due to the existence of sexu-
ally transmitted bacterial infections inducing the
production of these defensins*. Regarding B-defensins,
mainly produced by epithelial cells, it has been dem-
onstrated that vaginal mucosa of ESN subjects had
higher levels of human B-defensin mRNA than sero-
positive individuals*4. Ricci, et al. found that in children,

some B-defensin-1 SNP had a protective role against
HIV infection and suggest a critical role of innate
immunity in pediatric HIV infection?.

A study performing transcriptome and proteome
analyses on T-cells and plasma from ESN individuals,
their HIV-infected partners, and healthy controls re-
ported that compared to HIV-positive and healthy
controls, activated T-cells from ESN subjects overpro-
duce several proteins involved in the innate immune
response, principally those including high levels of
peroxiredoxin I, NK-enhancing factor B and interleu-
kin-22 (IL-22), a cytokine involved in the production of
acute-phase proteins®.

Chemokines and other proteins with antiviral activity
have also been investigated in different cohorts of
ESN. High levels of secretory leukocyte protease in-
hibitor (SLPI) in vaginal secretions of HIV-infected moth-
ers has been associated with reduced HIV transmission
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during childbirth and higher saliva levels in infants with
reduced HIV acquisition through breastfeeding. How-
ever, a study in serodiscordant men having sex with
men (MSM) couples showed no association of SLPI
levels with neutralizing activity of saliva in ESN part-
ners. The neutralizing activity was instead associat-
ed with increased levels of B-chemokines (CCL2,
CCL4, CCL5, CCL11)¥. Igbal, et al. found that the
cervicovaginal levels of CCL5 were increased ten-
fold in ESN sex workers compared with HIV-unex-
posed controls*®. In contrast, Kault, et al. demonstrated
that increased genital levels of RANTES could reflect
an increased HIV susceptibility, as indicated by the num-
ber of HIV-susceptible target cells present in the cervi-
cal mucosa*. When a proteomics approach was used
to characterize mucosal proteins potentially associated
with HIV resistance, the antimicrobial protein elafin/trap-
pin-2 as a novel innate immune factor was found elevat-
ed in a group ESN women, and the prospective asso-
ciation of elevated cervicovaginal levels of this protein
with protection from HIV acquisition was then con-
firmed in a independent cohort of high-risk female sex
workers®0,

The C-type lectins, DC-SIGN (expressed primarily on
dendritic cells) and DC-SIGNR (DC-SIGN-related mol-
ecule) function as trans-receptors for HIV. It has been
shown that genetic variants in these molecules have a
significant effect on protection against HIV infection in
ESN subjects®%3, However, the role of these variations
in protecting from HIV infection has yet not been fully
elucidated.

The innate immune response mediated
by human cellular restriction factors

Recent reports have suggested that some ESN in-
dividuals have low T-cell permissiveness to HIV infec-
tion in vitro®%®, In recent years several host factors
have been described that can restrict HIV replication
and thereby block the establishment of infection after
entry into the host cell. The discovery of intracellular
proteins with innate antiviral activity has led to consid-
eration of the possibility that these proteins may be
involved in protection against HIV infection in ESN
individuals. The APOBEC3G protein is a host antiviral
factor. It is a cytidine deaminase that induces G—A
hypermutation in newly synthesized retroviral DNA, re-
sulting in instability of the nascent viral transcripts
or lethal mutations®®. A recent study has suggested
that exposure to HIV may trigger APOBEC3G ex-
pression in PBMC in the absence of infection in ESN

subjects. Additionally, cessation of exposure is associ-
ated with decreased APOBEC3G expression®”. Biasin,
et al. demonstrated that high expression of APOBEC3G
is significantly increased in peripheral PBMC (mainly
monocytes) and in cervical tissue of ESN subjects,
both basal and after stimulation with IFN-o,, compared
with a group of HIV-unexposed individuals. High ex-
pression of this protein correlated with a reduced in
vitro susceptibility of PBMC to infection with a R5 HIV
strain%®,

Another intracellular antiviral factor, tripartite interaction
motif 50 (TRIMb5ay), restricts the replication of some
retroviruses through its interaction with the viral capsid
protein, leading to abortive infection. One study of the
effects of TRIM5a, polymorphisms on HIV infection was
conducted in a cohort of HIV-infected and -uninfected
MSM. The authors found that TRIM5a. haplotype con-
taining R136Q mutation exhibited increased frequency
among HIV-infected subjects compared with ESN?.
In contrast, a second study found an apparently pro-
tective effect of R136Q in a different cohort of ESN
subjects. The different ethnic origins and the different
routes of exposure might explain these contradictory
results®. More recently it has been found that high
expression of TRIM5a. is associated with reduced sus-
ceptibility to HIV-1 infection®!.

Adaptive immunity
Humoral immune response

Humoral responses encompass a family of B-cell
secreted, antigen-specific immunoglobulins (IgA, IgD,
IgE, 1gG, and IgM) that show differential localization
and functions®. Among the different immunoglobulin
subtypes, the most relevant in the settings of HIV trans-
mission are IgA and IgG. While IgA is the predomi-
nant immunoglobulin found in mucosa (genital tract
and gut) and colostrum, which are relevant locations
for HIV transmission, IgG is the main isotype found in
serum and provides systemic protection. Both isotypes
may also contribute to the protection of the fetus or
newborn, as in some cases IgG is able to cross pla-
cental barriers and, along with IgA, be secreted in
colostrum®, Although the exact contribution of humor-
al responses in progression to AIDS is still unclear®*,
the effective pressure of humoral responses on HIV
evolution has been clearly demonstrated®. Therefore,
several studies have also addressed the role of hu-
moral responses in protection against HIV infection in
ESN. According to the group of ESN analyzed and



the mechanisms of transmission involved, several im-
munoglobulin subtypes and specificities have been
analyzed. Among these, anti-gp41 IgA and anti-CD4/
gp120 complex IgG were reported as better predictors
of HIV exposure®.

By definition, ESN are seronegative, and this fact rules
out the development of an overt, systemic, 1gG-based
anti-HIV response (seroconversion) leading the initial
characterization of ESN to cellular immunity bases
(see below)7 88 |n fact, initial evidence for a role of
humoral immunity in protecting exposed individuals
did not come from the analysis of HIV-specific respons-
es but from data on autoantibodies, whose detection
is usual in HIV-positive individuals®®7°. Autoantibodies
against CD4 were identified in sexually exposed ESN
in 19967". Although these antibodies were unable to
block the binding of gp120 to CD4, they efficiently in-
hibited HIV-induced membrane fusion, potentially inter-
rupting transmission’!. Further work expanded the
range of autoantibodies involved in protection against
HIV transmission, describing the higher prevalence of
anti-HLA273 and anti-CCR5 autoantibodies in ESN7475,
The link between the existence of autoantibodies and
exposure to HIV is still unclear; however, their protec-
tive role in vertical, sexual, and systemic exposures
has been highlighted by analyzing geographically
separate cohorts of newborns’®, heterosexuals, or in-
travenous drug users®,

Despite the seronegative status of ESN, the exis-
tence of adaptive HIV-specific humoral responses
has been widely studied. In fact, a very interesting
report described the presence of systemic anti-HIV
IgG in seronegative hemophiliacs repeatedly ex-
posed to HIV7. Although these responses were low,
transient, and mainly focused on gag antigens, this
observation confirmed the elicitation of systemic re-
sponses against HIV by repeated inoculums, a phe-
nomenon that could also occur at mucosal level
during sexual or postpartum HIV transmission. Fo-
cusing on mucosal immunity, HIV-specific IgA re-
sponses have been described in European ESN
heterosexual cohorts® and in a Vietnamese ESN DU
cohort® and for HIV-2 infection in an African hetero-
sexual ESN cohort’®. Noteworthy, Nguyen, et al. de-
scribe the presence of anti-HIV antibodies as the main
factor of protection from sexual HIV transmission in a
Cambodian cohort’. Most of these analyses were per-
formed using plasma or serum samples, in which IgA
represents a small proportion of total immunoglobulins.
However, analysis of mucosal secretions has widely
confirmed these initial observations: HIV-specific IgA
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has been found in saliva of HIV-1-exposed African
infants® or European MSM8'! and seminal fluid and
urethral swabs from European heterosexual ESN&. Fur-
thermore, systemic IgG has been found in ESN that
recognizes cryptic CD4 epitopes exposed by the
binding of gp120 to CD4 in different cohorts®. Sev-
eral factors have been associated with the elicitation
of specific humoral responses in ESN, such as the
route of exposure to HIV and viral load of infected
partners®’. Despite the failure to detect consistent
HIV-specific responses reported in nonhuman primate
models of HIV transmission®, further development of
these models could help in defining these factors. Re-
cently it has been reported, using infant macaques,
that the presence of suboptimal non-protective quanti-
ties of neutralizing antibodies before oral SHIV chal-
lenge could enhance the development of a protective
neutralizing humoral response®. These results may
have important repercussions in the context of verti-
cally exposed newborns.

Cellular immune response

HIV-specific cellular response has been studied in
ESN subjects, evaluating cytokine and chemokine
production following HIV-specific antigen stimula-
tion. Many authors suggest that HIV-specific cyto-
toxic T-lymphocyte response is fundamental for resis-
tance to HIV infection. The presence of HIV-specific
CD8* T-cell response and its functional activity medi-
ated by IFN-y production was detected in a group of
ESN sex workers from Kenya in both cervical mucosa®
and peripheral blood®. HIV-specific CD8* T-cell re-
sponses have been also demonstrated in ESN sexual
partners of HIV-infected individuals®®. Similar results
were found in a group of ESN who had parenteral
exposure to high HIV viremia®”. Moreover, both par-
enteral and mucosal exposure to HIV can elicit HIV-
specific CD8* T-cell responses with similar character-
istics®. A recent study demonstrated that HIV
exposure through oral sex is sufficient to induce sys-
temic HIV-specific T-cell responses in some ESN indi-
viduals®. Non-cytotoxic CD8* T-cell anti-HIV response
has also been found in ESN individuals, suggesting
that non-cytotoxic CD8* T-cell-mediated mechanisms
maybe play an important role in resistance to HIV
infection®,

Regarding the specificity of the CD8* T-cell immune
responses, some researchers have found that CD8*
T-cells from ESN individuals recognize different
epitopes than those recognized by lymphocytes from
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HIV-infected patients, and the maintenance of response
in ESN subjects appears to be dependent on persis-
tent HIV exposure®-23. Erickson, et al. showed a mul-
tifunctional response of CD8* T-cells able to lyse
cells presenting cognate epitopes in ESN homosex-
ual men. These results suggest that low susceptibility
to HIV infection in ESN individuals may be due to the
quality rather than quantity of the cellular immune
response®.

Several reports have shown the relevance of CD4*
T-cells in the induction and maintenance of the host
immune response against HIV in ESN individuals. In
two independent studies, ESN individuals have shown
significantly increased HIV-specific CD4+ T-cell re-
sponses compared with HIV-unexposed subjects, as
determined by IL-2 production following stimulation
with HIV peptides®9%. Other results demonstrated
spontaneous and antigen-induced chemokine produc-
tion in ESN partners of HIV-infected individuals®. HIV-
specific, IFN-y producing, CD4* peripheral lympho-
cytes were present in a group of ESN men compared
to HIV-infected and unexposed individuals®%%. In
contrast, another study reported IFN-y production by
HIV-specific CD4* T-cells from ESN subjects, but at
lower levels compared to HIV-positive subjects?.

Most studies of HIV-specific immune response con-
ducted in ESN have used cross-sectional designs.
Thus, the interpretation of results in terms of a protec-
tive role of immune responses on resistance to HIV
infection is often difficult. In this regard, the demon-
stration of HIV-specific immune responses cannot
be considered as a proof of resistance to infection
as it can only reflect exposure to the virus. Some
authors consider that the presence of HIV-specific
T-cell responses in ESN subjects may be associated
with repeated sexual exposure to HIV2? rather than
resistance to HIV infection. In a group of 24 serodiscor-
dant couples we observed a high prevalence of
HIV-specific T-cell responses in ESN subjects with
low HIV exposure (frequent unprotected sexual in-
tercourse with HIV-infected partner with plasma HIV
RNA < 50 copies/ml) compared to ESN subjects
with high HIV exposure (frequent unprotected sexual
intercourse with HIV-infected partner with plasma
HIV RNA > 50 copies/ml). The results of this study
suggest that low but persistent HIV exposure is able
to induce virus-specific T-cell response in a high pro-
portion of ESN individuals and support that real virus
exposure occurs, even in conditions of maximal viral
suppression under antiretroviral therapy in the infected
partner®.

To elucidate if the HIV-specific immune response is
really implicated in the resistance to HIV infection or if
its presence in ESN subjects is merely a consequence
of viral exposure, longitudinal studies are necessary.
Only a few works have analyzed the prospective sig-
nificance of HIV-specific immune responses in ESN
subjects and the results are controversial. Makedo-
nas, et al. showed that ESN subjects who developed
HIV-specific effector responses were at reduced risk
for seroconversion compared with ESN who did not
develop this type of immunity4. Other authors ob-
served that genital HIV-neutralizing IgA and systemic
HIV-specific proliferative responses were prospec-
tively associated with maintenance of seronegative
status in a group of ESN sex workers compared to
sex workers without HIV-specific immune response®.
Although all these observations support the hypoth-
esis that HIV-specific immune responses play an im-
portant role in the prevention of HIV infection, Kaul, et
al. found that cytotoxic T-lymphocytes were associated
with recent HIV exposure in ESN sex workers, but not
prospectively associated with protection in a multivari-
able model that included HIV exposure and duration
of sex work'®". Moreover, in another study by the same
group it was found that late seroconversion may occur
in ESN sex workers despite preexisting HIV-specific
CD8* T-cell responses and considered that this sero-
conversion could be related to the waning of HIV-
specific CD8* responses due to reduced antigenic
exposure'®. Interestingly, a recent study found that
the presence of a previous broad HIV-specific CD8*
T-cell response in an ESN subject was not able to
prevent the subsequent acquisition of HIV infection,
even though the infecting viruses were not particularly
distant from the virus that may have elicited the initial
response’®,

The immunological factors associated with low sus-
ceptibility to HIV infection are summarized in table 2.

Other immunological abnormalities
in HIV-exposed but seronegative
individuals

Different studies have analyzed the phenotype of
T-lymphocytes in ESN subjects, focusing on cellular
activation and maturation stage of T-cells. A reduction
in the proportion of naive T-cells and an increase of
memory lymphocytes has been detected in several
studies on different cohorts of ESN subjects’0104.105,
This phenomenon was explained as a result of viral
exposure in ESN subjects and indicated that this exposure
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Table 2. Immunological factors involved in low susceptibility to HIV infection in HIV-exposed seronegative subjects

Immunological factors References
Innate immunity

High activity of NK cells 38, 39
HIV-specific NK cell responses 41
Increased production of a-defensins by T-cells 42
Higher levels of human B-defensins mRNA 44
Increased levels of IL-22 46
Elevated levels of elafin/trappin-2 50
High expression levels APOBEC3G mRNA 57
High expression of TRIM5a. 61

Adaptive immunity
Autoantibodies against CD4+ T-cells 71
Anti-HLA and anti-CCR5 antibodies 73, 74,75
Systemic anti-HIV IgG 77
HIV-specific IgA responses in mucosa and saliva 66, 79, 80, 81
Increased production IFN-y by mucosal and blood CD8+ T-cells 84, 85, 86, 93
Recognition of peculiar epitopes 91
Polyfunctional activity from 94
HIV-specific CD8+ T-cells
High proportion of CD4+ producing IFN-y and IL-2 8,9, 95, 96, 98

NK: natural killer; TRIM: tripartite interaction motif; IL: interleukin;
IFN: interferon.

is enough to modulate the memory/naive ratio'®. Others
authors found that ESN subjects had high levels of
systemic and mucosal immune activation compared
with healthy unexposed controls and suggested that
active HIV infection is not required for T-cell activa-
tion196.107 Syy, et al. found that the changes in mem-
ory and activated T-cells in ESN subjects were di-
rectly correlated with plasma viral load of their
HIV-infected partners, whereas changes in naive
and CD4+CD28* T-cells were inversely related with
viral load of the HIV-infected partners™. A study on
discordant couples conducted in our laboratory showed
high levels of activation in various subpopulations of
CD4+ and CD8* T-lymphocytes in ESN individuals
similar to those found in HIV-infected partners, suggest-
ing that these immune alterations are a consequence

of exposure to virus and not necessarily a phenomenon
associated with resistance to infection®. In contrast,
these results were not confirmed by other studies that
found low levels of T-cell activation in ESN subjects, sug-
gesting that this phenomenon may contribute to the pro-
tection against HIV acquisition in these individuals'%8109,
Card, et al. found reduced frequencies of T-cell activation
in a group of ESN sex workers and elevated frequen-
cies of regulatory T (Treg) cells compared to control
subjects, suggesting that Treg cells may contribute to HIV
resistance by minimizing the pool of cells susceptible
to infection'©,

A more recent study showed that different patterns
of sexual behavior could help explain the discrepancy
observed in the abovementioned studies. The authors
found lower levels of CD4* T-cell activation in ESN
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subjects compared to control subjects; however, this
appeared to be associated with a high degree of con-
dom use among ESN subjects compared to control
subjects. Also, markedly higher levels of T-cell activation
in women compared with men, irrespective of sexual
behavior, were observed. These results question the
relevance of low-level CD4 T-cell activation in resistance
to HIV infection and underscore the need to take into
account gender and sexual behavior characteristics of
ESN subjects when analyzing correlates of protective
immunity ',

Conclusion

Several studies have highlighted the role played by
host factors in the low susceptibility to HIV infection in
ESN individuals. However, most of these factors might
be a consequence of exposure to the virus instead of
resistance to infection. Future studies using large cohorts
of ESN followed over time are necessary to elucidate
the real impact of all these genetic and immunological
factors in the probability of seroconversion. This may
have important implications in the design of future
immune-based therapeutic interventions aimed at
controlling or preventing HIV infection.
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