AIDS Behav
DOI 10.1007/s10461-008-9358-4

ORIGINAL PAPER

Population Levels of Psychological Stress,

Herpesvirus Reactivation and HIV

Allison E. Aiello - Amanda M. Simanek -
Sandro Galea

© Springer Science+Business Media, LLC 2008

Abstract Nearly 40,000 Americans are newly infected
with Human Immunodeficiency Virus (HIV) each year.
Recently, studies have demonstrated associations between
group-level characteristics and the prevalence and inci-
dence of HIV/Acquired Immune Deficiency Syndrome
(AIDS) and other sexually transmitted diseases. Two
mechanisms previously posited to explain these associa-
tions are neighborhood effects on risk behaviors and social
or institutional policies. In this paper, we hypothesize that
adversity at the population level, such as neighborhood
poverty, also influences HIV risk through stress-mediated
aberrations in immunological susceptibility by reviewing
existing data examining each of these pathways. In par-
ticular, we review the evidence showing that: (1)
Neighborhood ecologic stressors influence neighborhood-
and individual-levels of mental health, psychosocial stress,
and HIV/AIDS risk, (2) Individual-level psychosocial
stressors influence progression from HIV to AIDS through
stress-related hormonal changes, and (3) Individual-level
psychosocial stressors influence HIV acquisition via stress-
related reactivation of latent herpesviruses, specifically
EBYV and HSV-2. Our review indicates that further studies
are needed to examine the joint pathways linking neigh-
borhood-level sources of psychosocial stress, stress-related
reactivation of HSV-2 and EBV, and increased acquisition
rates of HIV. We suggest using a multi-level framework
for targeting HIV prevention efforts that address not
only behavioral risk factors, but structural, political, and
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institutional factors associated with neighborhood disad-
vantage, levels of psychosocial stress, and prevention or
treatment of HSV-2 and EBV.
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Introduction

Approximately 40,000 Americans are newly infected with
human immunodeficiency virus (HIV) each year (Centers
for Disease Control and Prevention 2006). Extensive
research on risk factors for incident HIV infection has
primarily focused on identifying individual-level, and to
some extent network-level, determinants of HIV risk.
These individual-level risk factors include but are not
limited to: socioeconomic status, gender, race/ethnicity,
culture, genetic markers, drug use, risk-networks, and high
risk sexual behaviors (Astemborski et al. 1994; Kottiri
et al. 2002; Latkin et al. 1995; Latkin 1995; Saracco et al.
1989; Zapka et al. 1993). While these insights are impor-
tant, several recent studies have demonstrated relationships
at the neighborhood-level, such as the association between
ecologic stressors with incidence of HIV/Acquired
Immune Deficiency Syndrome (AIDS) and other sexually
transmitted diseases (STDs), even after controlling for
individual-level risk behaviors, such as sexual behavior
and socioeconomic status (Brugal et al. 2003; Cohen et al.
2000; Zierler et al. 2000).

Ecologic stressors (e.g. stressors operating at the neigh-
borhood or census level) include determinants such as
concentrated disadvantage, unequal income distribution,
residential segregation, institutionalized racism, and poor
quality of the built environment. These factors represent
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compositional measures (i.e. an aggregate or average of the
individual-level characteristics) or contextual measures (i.e.
group-level attribute(s) for which there is no individual-
level equivalent). For example, concentrated disadvantage
is a compositional factor that is comprised of an average of
individual-measures of personal income, employment sta-
tus, occupational level, and educational attainment. Income
distribution, on the other hand, is a contextual factor to
which there is no individual equivalent measure, such as
high income disparity among individuals residing in a
given neighborhood. Unequal income distribution can lead
to increased inter-individual tension, violence, decreased
social trust, loss of social capital and decreased investment
in material and institutional/health resources for the
community. Policies that limit the availability of HIV pre-
vention and treatment services are an example of a
contextual determinant that has been shown to increase risk
of HIV transmission within a community, independent of
individual behavior or characteristics (Rhodes et al. 2005;
Takahashi et al. 2001; Wallace et al. 1994).

Another contextual factor is residential segregation,
which represents the separation of racial/ethnic or socio-
economic groups into different geographic areas.
Segregation can lead to restricted socioeconomic attain-
ment because it determines access to educational and
employment opportunities, health-related resources and
enforces social HIV risk networks/behaviors. Similarly,
institutionalized racism is a contextual factor that could
increase risk of HIV transmission within populations by
limiting access to care and treatment as well as other
resources (Anonymous 2006; Foster 2007; Zamboni and
Crawford 2007). The quality of the built environment is
also a contextual factor. Built environment characteristics
include the amount of litter, crime, vandalism, and
abandoned buildings in an area. Such adverse built envi-
ronmental features may lead to locations and circumstances
that foster participation in HIV risk behaviors.

Galea et al. (2003), suggest that in areas characterized
by adverse characteristics (e.g., poverty, substantial social
disorder and lack of safety) people engage in dispropor-
tionately more risk behaviors, which influences the risk of
transmission of HIV and of STDs (Galea et al. 2003).
There is evidence supporting a relationship between these
types of ecologic stressors and HIV and STDs (Cohen et al.
2000; Friedman et al. 2005; Zierler et al. 2000). For
example, Cohen et al. (2000) found a significant relation-
ship between poor quality built environment features such
as broken windows and higher gonorrhea rates in census
block groups in New Orleans, even after adjusting for other
relevant covariates like demographic composition, age
distribution, and neighborhood poverty levels (Cohen et al.
2000). Friedman et al. (2005), showed that metropolitan
areas with higher levels of income inequality also have
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higher rates of HIV prevalence (Friedman et al. 2005).
Importantly, these associations are often maintained after
controlling for individual-level risk factors (Cohen et al.
2000; Zierler et al. 2000). For example, Zierler et al.
(2000), found that after controlling for sex, race/ethnicity
and individual socioecoconomic status, the lowest inci-
dence of AIDS occurred among white women in the least
impoverished neighborhoods (Zierler et al. 2000).

One way in which ecologic stressors may influence
behavioral risk factors for HIV is through detrimental
effects on mental health. Numerous studies have suggested
an association between ecologic stressors, such as neigh-
borhood disadvantage and poor mental health outcomes,
including depression and anxiety- all of which may impact
HIV risk behaviors (Aneshensel and Sucoff 1996; Hill
et al. 2005; Kubzansky et al. 2005; Latkin and Curry 2003;
Ross and Mirowsky 2001; Silver et al. 2002). Mental
health has been shown to increase HIV/AIDS risk through
changes in sexual and drug use risk behaviors (Blumberg
and Dickey 2003; Sterk et al. 2006; Stevens et al. 2003;
Stiffman et al. 1992). Factors such as poverty, substantial
social disorder and lack of safety may lead to an increase in
risk behaviors that enhance transmission of HIV and of
STDs (Galea et al. 2003).

Although risk behaviors are likely to represent a key
component of the effects of ecologic stressors on HIV/
AIDS risk, we review the literature that supports a bio-
logical mechanism that may also explain the association
between ecologic stressors and risk of HIV/AIDS. We
hypothesize that neighborhood stressors influence likeli-
hood of HIV acquisition through stress-related aberrations
in immunological susceptibility among populations
exposed to HIV (see Fig. 1). Indeed, there is abundant
evidence that chronic stressors directly influence the
immune system, including enhanced susceptibility to viral
and bacterial infections among individuals exposed
during human challenge trials and vaccination (Biondi and
Zannino 1997; Bonneau et al. 2007; Miller et al. 2004;
Morag et al. 1999). If ecologic stressors, such as
concentrated disadvantage and segregation, determine the
distribution of psychological stress in a community, then it
is likely that stress-related changes in immune function
may also vary by neighborhood context. As a result, the
rate of acquisition and progression of HIV upon exposure,
which is affected by immune function, would also vary by
neighborhood characteristics. In particular, we review the
evidence showing that: (1) Neighborhood stressors influ-
ence mental health, psychosocial stress, and HIV/AIDS
risk, (2) Individual-level stressors enhance progression
from HIV to AIDS through stress-related hormonal chan-
ges, and (3) Individual-level stressors influence HIV
acquisition via stress-related reactivation of latent herpe-
sviruses, specifically EBV and HSV-2.
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Fig. 1 Pathways between ecological stressors, mental health, risk
behaviors, EBV, HSV-1, and HIV. EBV, Epstein Barr Virus; HSV-2,
Herpes Simplex Virus Type-2; HIV, Human Immunodeficiency Virus.
Path 1 (sececeee »): Ecologic stressors may lead to mental health
changes which cause increased sexual and drug-use risk behaviors and
consequent increased exposure to HSV-2 and EBV, future reactivation
of HSV-2 and EBV and subsequent increased risk of HIV acquisition
and progression. Path 2 (=————p): Ecologic stressors may cause
increased reactivation of HSV-2 and EBV directly, which subse-
quently increases risk for HIV acquisition and progression. Path 3
(== == =p): Ecologic stressors may cause endocrine/hormonal
changes which lead to reactivation of HSV-2 and EBV and subsequent
increased risk for HIV acquisition and progression

Neighborhoods, Psychosocial Stress, and Disease

Neighborhood characteristics, such as poverty, crime, sta-
bility and unemployment have been shown to influence
psychosocial stress (Boardman 2004; Steptoe and Feldman
2001). For example, a study conducted by Steptoe and
Feldman (2001) demonstrated that litter in the streets,
smells and fumes, noise, traffic, vandalism and other neg-
ative characteristics were associated with significantly
higher levels of psychological distress, even after adjusting
for individual-level factors such as age, sex, and socio-
economic status (Steptoe and Feldman 2001). In another
study, neighborhood characteristic of residential stability,
measured as the proportion of residents owning their own
home and proportion of residents residing in same dwelling
five years earlier, were examined in relation to levels of
psychosocial stress (Boardman 2004). An interaction was
identified between neighborhood instability and stress such
that stress had a greater impact on self-rated health among
those in less stable neighborhoods, compared to those in
more stable neighborhoods (Boardman 2004). After con-
trolling for individual-level characteristics such as age, sex,
race, and socioeconomic status, variation in levels of stress
across neighborhoods still explained a significant propor-
tion of self-rated health outcomes (Boardman 2004). These
studies suggest that ecologic stressors can influence psy-
chosocial stress and furthermore, the extent of psychosocial
stress experienced across neighborhoods may partially
account for differences in health between neighborhoods.

Population based studies have shown large socioeco-
nomic and race/ethnic disparities in several STDs, including
HSV-2 and HIV (Espinoza et al. 2007; Fleming et al. 1997;
McQuillan et al. 2004; Smith et al. 2000). Importantly, a
variety of disease outcomes, including STDs, has also been
identified at the neighborhood level among disadvantaged
areas and race/ethnic groups (Chaix et al. 2007; Cohen et al.
2000; Cozier et al. 2007; Ross and Mirowsky 2001; Roca
et at. 1995; Sampson et al. 2002; Wallace 1990). Several
studies have found a higher prevalence of STDs in areas
with greater socioeconomic deprivation (Brugal et al. 2003;
Das et al. 2005; Monteiro et al. 2005; Winter et al. 2000;
Zierler et al. 2000). For example, Das et al. (2005), showed
that incidence rates of co-infection with Chlamydia and
gonorrhea were 2.49 times as high for those living in areas
with high material deprivation scores compared to those
living in low or moderate levels of deprivation (Das et al.
2005). Similarly, Monteiro et al. (2005) found that genital
herpes infections, genital warts, Chlamydia, and Gonorrhea,
clustered in more deprived central urban areas of Leeds,
UK, even after controlling for individual-level factors such
as sex, age, ethnicity and socioeconomic position. The
mediating factors that relate neighborhood deprivation and
the distribution of sexually transmitted diseases in certain
geographic areas were not specifically explored in these
studies, but are likely to include high risk behaviors. It is
also possible that stress-related immune susceptibility to
infection may partially account for the relationship between
neighborhood deprivation and STD prevalence, since dis-
advantage is related to higher -levels of psychosocial stress
(Table 1.) (Boardman 2004; Boardman et al. 2001; Steptoe
and Feldman 2001).

Psychosocial Stress and HIV

Various measures of psychosocial stress have been shown to
directly influence susceptibility to viral and bacterial
infections, including the common cold, influenza, Toxo-
plasma, Salmonella (Biondi 2001; Biondi and Zannino
1997). Chronic stress has also been shown to influence
immune response to vaccination (Biondi 2001; Biondi and
Zannino 1997). Given the strong link between stress,
immune suppression, and enhanced susceptibility to multi-
ple infections, it is likely that a susceptible host’s
immunological condition at the time of HIV acquisition may
moderate parameters such as viral replication and the ability
of HIV to infect cells (Solomon et al. 1991). Although there
are many studies examining the effect of psychosocial stress
on progression to AIDS and other HIV-related immuno-
logical parameters (Antoni et al. 1990; Carrico et al. 2005;
Solomon et al. 1991), there are fewer prospective studies
that have attempted to directly asses the relationship
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between psychosocial stress and increased susceptibility to
primary infection with HIV among exposed populations.

Stress and Progression from HIV to AIDS

It has been well established that stress enhances progression
to HIV through several pathways (Antoni et al. 1990;
Glaser et al. 1987; Solomon et al. 1991). One pathway is via
the central nervous system (CNS) activation of the hypo-
thalamic-pituitary-adrenal axis (HPA) and sympathetic
nervous system (SNS) (Glaser and Kiecolt-Glaser 2005).
Activation of the HPA and SNS modulate the release of
hormones such as cortisol, epinephrine, and norepineph-
rine, which can lead to qualitative and quantitative changes
in immune functioning (Glaser and Kiecolt-Glaser 2005).
For example, Cole et al. found that norepinephrine accel-
erated HIV-1 replication by as much as 11-fold in
peripheral blood mononuclear cells (Cole et al. 1998). A
recent review conducted by Leserman (2003), outlines the
mechanisms by which stress hormones impact HIV pro-
gression, such as increased cytokine production and
enhanced viral replication (Leserman 2003). Others have
suggested that excessive glucococorticoid levels along with
decreased dehydroepiandrosterone influences cytokine
production, increases HIV viral replication, and is associ-
ated with decreased CD4 cell counts (Christeff et al. 1997,
Clerici et al. 1997; Maggi et al. 1994). These hormonal
imbalances cause suppression of Th-1 cytokines which are
associated with HIV progression (Clerici et al. 1997,
Norbiato et al. 1997). Leserman et al. (2002), showed that a
3 pg/dl increase in cumulative average cortisol (equal to
one standard deviation change) resulted in a 40% increased
risk of progression to AIDS, using blood samples gathered
from a cohort of HIV-positive men (Leserman et al. 2002).
This study also examined the relationship between number
of stressful life events and progression to AIDS, finding for
each one point increase in cumulative average stressful life
events, the risk of progressing to AIDS increased by 14%
(Leserman et al. 2002).

Given the relationships between stress, immune sup-
pression, and progression to AIDS, it is also plausible that
stress could influence a susceptible host’s immunological
condition at the time of HIV exposure and hence likelihood
of acquisition of primary infection. Stress-related changes
in immune function during exposure may moderate HIV
susceptibility parameters such as viral replication and the
ability of HIV to infect cells (Solomon et al. 1991).

Stress and Acquisition of HIV

A mechanism by which psychosocial stress may impact
acquisition of HIV is through stress-mediated reactivation

of prior herpesvirus infection. Data suggests that stress
influences herpesvirus reactivation, including herpes sim-
plex virus type-2 (HSV-2) and Epstein Barr virus (EBV)
among generally health populations (Glaser et al. 2005;
Longo and Koehn 1993; Sainz et al. 2001). Increased
antibody response to herpesviruses has been considered one
of the strongest and most consistent immunological markers
of stress (Glaser et al. 2005; Herbert and Cohen 1993). The
biological pathway by which stress may lead to an increased
herpesvirus antibody response includes release of stress
hormones, such as gluccocorticoids, which have been
shown to increase viral replication (Glaser et al. 1994).
Psychosocial, physical, and environmental stressors can
trigger increased antibody response to latent herpesviruses,
including HSV-2 and EBV (Kennedy 1996). Many psy-
chosocial stressors have been found to significantly increase
antibody titers to herpesviruses, including negative life
events, chronic stress associated with caring for a family
member with Alzheimer’s Disease, poor marital quality,
academic stress, depression, loneliness, vigor and mood
after housing relocation, stress disclosure, and status and
lifestyle incongruity (Glaser et al. 1985; Glaser et al. 1994;
Glaser et al. 1991; Glaser et al. 1985; Kiecolt-Glaser et al.
1987a; Kiecolt-Glaser et al. 1987b; Lutgendorf et al. 1994;
Lutgendorf et al. 2001; McDade 2002; McDade et al.
2000). In addition to these individual-level stressors,
neighborhood deprivation has also been correlated with
herpesvirus reactivation as indicated by a higher prevalence
of herpes genital ulcers among individuals living in more
economically deprived urban areas (Monteiro et al. 2005).

Stress-related reactivation of HSV-2 and EBV may
impact risk of HIV acquisition in several ways, including
increased occurrence of HSV-2 related genital ulcer dis-
ease (GUD), enhancement of HIV-1 replication by
infection with HSV-2 and/or EBV, transactivation of HIV-
1 by EBV, and CD4 receptor binding similarities with EBV
(Carbonari et al. 1989; Corey et al. 2004; Klatzmann et al.
1984; Lin 1993; Scala et al. 1993). Indeed, both epidemi-
ological and laboratory findings support a role for ongoing
HSV-2 reactivation as a risk factor for HIV-1 acquisition
(Corey et al. 2004). In a large review of epidemiological
studies, Corey et al. (2004) found a significant risk of HIV
acquisition among individuals infected with HSV-2 in
cohort, case-control and cross-sectional studies (Corey et
al. 2004). It is important to note that this review identified a
significantly elevated risk of HIV across studies, even after
the studies had carefully controlled for sexual behaviors
(Corey et al. 2004). Given the breadth of the study popu-
lations examined and consistent results, it is unlikely that
residual confounding associated with sexual behaviors
accounts for the association between HSV-2 and HIV-1
acquisition, suggesting that other mechanisms, possibly
immunological susceptibility, may partially explain the
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observed relationships (Corey et al. 2004). In a recent
study, HSV-2 +/HIV- women showed an increase in genital
mucosal target cells populations that are known to enhance
HIV infection, even in the absence of genital ulceration or
HSV2 reactivation (Rebbapragada et al. 2007). Kaul et al.
has reviewed the evidence for negative mucosal synergy
between HIV and HSV-2 (Kaul et al. 2007). They conclude
that the evidence supporting synergy between HSV-2 and
HIV as factors driving acquisition and transmission is
strong (Kaul et al. 2007). Importantly, research examining
whether suppressing HSV-2 can prevent HIV acquisition is
now underway (Kaul et al. 2007).

Infection with EBV has also been associated with
enhanced HIV acquisition. For example, studies conducted
among cohorts of homosexual men have reported that
elevated EBV antibody titers were detected in blood sam-
ples obtained prior to HIV seroconversion (Margalith et al.
1990; Rahman et al. 1991; Schattner et al. 1991). One
of these studies reported that 26.6% of HIV positive
homosexual men had higher titers of EBV prior to sero-
conversion as compared with only 2.5% of HIV negative
homosexual men (Schattner et al. 1991). Another study
tested EBV antibody levels for five weeks before and after
HIV tests results were administered to a group of homo-
sexual men (Esterling et al. 1992). This study found that
those who were seropositive for HIV had higher levels of
EBV-viral capsid antigen antibody titers than those that
were seronegative at all times before and after result
notification (Esterling et al. 1992). Of note, increased
EBV antibody titers have been shown to be uncorrelated
with number of partners or sexual behaviors among healthy
HIV- negative homosexual men, suggesting that the virus
is not simply a marker of increased number of sexual
partnerships and may therefore have effects on immune
susceptibility (Nerurkar et al. 1987).

There are biological mechanisms that may explain why
stress-related reactivation of HSV-2 and EBV may influ-
ence HIV acquisition. The main biological mechanism by
which infection and reactivation of HSV-2 has been sug-
gested to contribute to HIV-1 acquisition is through clinical
manifestation of GUD. HSV-2 has been demonstrated as
the major cause of GUD in developed and developing
countries (Corey et al. 2004). Mucosal disruption due to
reactivation of HSV-2 leads to ulcers and concomitant
infiltration of activated CD-4 cells may increase the num-
ber of target cells for HIV-1 infection (Corey et al. 2004).
In the Rakai study by Gray et al., (2001), overall trans-
mission probability of HIV-1 increased from 0.0011
without genital ulceration to 0.0041 with genital ulceration
(Gray et al. 2001). There is also evidence supporting EBV
as a cofactor in the pathophysiology of HIV infection. EBV
DNA polymerase has been shown to influence the trans-
activation of HIV-1 which promotes HIV-1 replication and
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thus contributes to progression to AIDS (Lin 1993; Scala
et al. 1993). Furthermore, infection with EBV may influ-
ence the expression of HIV because B cells transformed by
EBV have the CD4 receptor to which HIV binds (Klatz-
mann et al. 1984). More recently, studies have suggested
that increased susceptibility to HIV by EBV infection may
be related to greater expression of CCRS on CD4 lym-
phocytes (Moriuchi and Moriuchi 2003; Moriuchi et al.
2000; Tassan Din et al. 2007). In addition, HIV has been
shown to infect and multiply within B cells infected with
EBV (Carbonari et al. 1989). Thus, it is possible that
infection with EBV assists in the acquisition and progres-
sion of HIV infection. Further research is needed to
examine whether stress-related reactivation of HSV-2 and
EBV as measured by an increase in serum antibody titers
partially explains the relationship between ecologic
stressors and acquisition of HIV, even after controlling for
sexual risk behaviors, drug use, and other individual-level
covariates.

Discussion

Our review provides evidence that: (1) ecologic stressors
are associated with levels of psychosocial stress, (2) eco-
logic and individual-level stressors influence HSV-2 and
EBV reactivation, and (3) stress-related reactivation of
HSV-2 and EBV may increase HIV-1 acquisition and
progression. As depicted in the figure pathways, we suggest
that ecologic stressors may contribute to neighborhood
differences in HIV acquisition by impacting immunologi-
cal functioning and reactivation of HSV-2 and EBV
infections in high risk groups and/or neighborhoods. The
close link between psychosocial stress and immunological
functioning may partly explain observed variability in HIV
risk by neighborhood disadvantage, even after controlling
for sexual risk behaviors. Further studies are needed to
assess whether ecologic stressors directly influence reacti-
vation of herpesviruses as shown in our pathway figure and
to identify whether stress-related reactivation leads to
increased HIV acquisition. It is also likely that stress-
related reactivation of HSV-2 and EBV may modify the
influence of drug and sex risk behaviors on HIV acquisi-
tion. For example, individuals with poor mental health,
increased anxiety and stress, and a higher number of
partners may be at greater risk of HSV-2 and EBV reac-
tivation and therefore heightened susceptibility to HIV
infection upon exposure. For these reasons, large pro-
spective population based studies among diverse race/
ethnic populations that include information on ecologic
stressors, drug and sex risk behaviors, individual-level
psychosocial stress measures, GUD assessments, HSV-2/
EBV antibody levels, and incident HIV infection are
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needed to examine the pathways described here and shown
in the Fig. 1.

If ecologic stressors influence immune function, reacti-
vation of herpesviruses, and HIV acquisition, there are
many potential points of intervention that might be con-
sidered. For example, decreasing ecologic stressors may
reduce individual-levels of psychosocial stress and thereby
reduce reactivation and risk of HIV acquisition. Interven-
tions that lower an individual’s level of psychosocial stress
may help reduce the per-contact probability of HIV-1
acquisition in high risk groups such as those that are at
greater risk of reactivation of HSV-2 and EBV. Studies
have shown that relaxation training reduced antibody titers
to HSV and increased natural killer cell activity (Glaser
et al. 2005). Another study found that EBV antibodies were
reduced over the course of ten weeks in HIV-positive and
HIV-negative subjects participating in a cognitive behav-
ioral stress management program (Esterling et al. 1992).

Directly targeting political policies and addressing
social justice issues that aim to mitigate ecologic stressors,
such as concentrated disadvantage, residential segregation,
institutionalized racism, and poor quality of the built
environment may improve mental health and reduce psy-
chosocial stress as well as HIV risk behaviors. For
example, policies that increase the availability of mental
health treatment services, community centers, and job
opportunities in disadvantaged areas and among at-risk
race/ethnic groups as well as improving the built environ-
ment by reducing litter, abandoned buildings, and crime,
are all factors that may lead to reductions in psychosocial
stress. Indeed, some have suggested that interventions
addressing the underlying economic, racial, and social
tensions through improving the built environment,
employment opportunities, and other structural resources,
are likely to reduce health disparities to a greater extent
compared to programs that use more specific individual-
level targeting of health/disease outcomes (Mechanic
2005). As applied to the argument here, reducing ecolog-
ical stressors may not only attenuate reactivation of HSV-2
and EBV, but ultimately susceptibility to HIV and pro-
gression to AIDS.

Another important potential intervention pathway is
neighborhood-level prevention and treatment of HSV-2
and EBV. Neighborhood-based interventions focused on
behavioral risk-reduction such as condom use, STD edu-
cation and/or increasing the availability of treatment have
been shown to decrease the transmission and spread of
herpesviruses (Patel and Rompalo 2005; Wald et al. 2005).
There is also evidence to suggest that the development of a
vaccine against HSV-2 and EBV would have an impact on
HIV infection rates and treatment for herpesvirus has been
shown to lower HIV-1 viral load (Nagot et al. 2007).

Taken together, these data suggest a multi-level frame-
work for targeting prevention of HIV, ranging from the
ecologic or neighborhood level to individual level risk
factors including behaviors, mental health, psychosocial
stress, and prevention or treatment of HSV-2 and EBV.
Further longitudinal studies are needed to directly assess
whether ecologic stressors influence stress-related reacti-
vation of HSV-2 and EBV and ultimately influences
neighborhood and group-level disparities in HIV
acquisition.
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