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Human immunodeficiency virus 
(HIV) infection continues to 
be a major global health prob-

lem, with an estimated 33 million peo-
ple infected as of 2007. In the United 
States, more than 1.1 million people 
are infected with HIV (Centers for 
Disease Control and Prevention 2009). 
Although effective treatment of HIV 
infection has substantially decreased 
HIV-related mortality, HIV still is the 
sixth leading cause of death for adults 
aged 25–44 in the United States (http:// 
www.cdc.gov/hiv/topics/surveillance/ 
resources/slides/mortality/slides/ 
mortality.pdf). 

Recent data indicate that new HIV 
cases have not decreased in recent 
years and may actually be increasing 
in men who have sex with men, a 
trend observed both in North America 
and in Asia (http://www.unaids.org/ 
en/KnowledgeCentre/HIVData/Glob 
alReport) (Hall et al. 2009). 

Alcohol is the most commonly 
abused substance in the United States, 
and people with HIV are more likely 
to use alcohol than the general popu-

lation. Whereas the rate of alcohol 
abuse is approximately 4.6 percent in 
the general U.S. population (Grant et 
al. 2004), 8 percent of HIV-infected 
individuals in U.S. cohorts can be 
classified as heavy drinkers (Galvan 
et al. 2002). The prevalence of haz­
ardous drinking in HIV-infected U.S. 
veterans is 20 percent, with 67 per-
cent considered to drink “too much” 
at some point by their health care 
providers (Conigliaro et al. 2003). The 
rate is even greater among homosexu-
al/bisexual men (41 percent) (Lefevre 
et al. 1995). Heavy drinking in HIV 
patients correlates with illicit drug 
use (cocaine and heroin), lower edu­
cational status, and male gender 
(Galvan et al. 2002). 

Given the high prevalence of sub-
stance abuse in the HIV population, 
deciphering the effects of alcohol 
and other drugs on HIV transmission, 
disease progression, and treatment 
response is a high research priority. 
This article will review evidence 
showing that excessive alcohol con-
sumption is detrimental to the HIV-

infected patient in several aspects (see 
figure 1). Topics discussed include 
the effect of alcohol abuse on HIV 
transmission, viral replication, host 
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immune system, and efficacy of treat­
ment to keep HIV levels low (i.e., 
antiretroviral [ARV] therapy [ART]). 
The article also will present data 
showing the effect of alcohol intake 
on simian immunodeficiency virus 
(SIV) pathogenesis in rhesus macaques, 
the animal model of choice for HIV 
infection. Finally, the article will discuss 
potential research avenues in nonhu­
man primate (NHP) animal models 
that can be used to further our 
understanding of the role of the alco­
hol in the natural history of acquired 
immune deficiency syndrome (AIDS). 

Alcohol’s Role in HIV 
Transmission 

As stated above, alcohol intake increases 
the rate of HIV transmission through 
multiple mechanisms, as reviewed 
below and shown in figure 2. 

Behavioral Effects 
Alcohol use causes disinhibition and 
diminished perception of risk, which 
increase the likelihood that a person 
would put him or herself (or his/her 
partner) at risk for HIV infection by 
engaging in unsafe sexual practices, 
such as having multiple sex partners, 
unprotected intercourse, sex with high-
risk partners (e.g., injection drug users, 
prostitutes), and exchanging sex for 
money or drugs (Kresina et al. 2002; 
Windle 1997). However, this issue still 
is being debated (Raj et al. 2009; Seth 
et al. 2008; Theall et al. 2007). 

Sexual promiscuity triggered by 
alcohol abuse also increases the risk of 
acquiring other sexually transmitted 
diseases (STDs) (Windle 1997), and 
people with STDs are at risk for both 
transmitting and acquiring HIV 
(Wasserheit 1992). STDs appear to 
increase susceptibility to HIV infec­
tion by two mechanisms. Ulcerative 
STDs such as syphilis, herpes, or 
chancroid cause breaks in the genital 
tract lining or skin, creating a portal 
of entry for HIV. Genital ulcers or 
nonulcerative STDs such as chlamy­
diosis, gonorrhea, and trichomoniasis 
induce inflammation in the genital 
tract, thus increasing the concentra­

tion of cells in genital secretions that 
can serve as targets for HIV (e.g., 
CD4+ T-cells, a type of white blood 
cell involved in cell-mediated immu­
nity which also serve as host cells that 
aid HIV in replication). STDs also 
appear to increase the risk of an HIV-
infected person transmitting the 
virus, as people with HIV who pre­
sent with other STDs are shedding 
more HIV in their genital secretions 
than are those who are infected with 
HIV only (Kiviat et al. 1990; Moss et 
al. 1995). Moreover, the concentra­
tion of HIV in semen is significantly 
higher in patients coinfected with the 
bacteria responsible for gonorrhea 
(Plummer et al. 1991). 

Physiological Effects 
Aside from behavioral impacts, alcohol 
abuse may increase host transmissibility 
through other mechanisms. By increas­
ing viral replication in HIV-infected 
patients, alcohol may increase the virus 
concentration in the semen and in the 
vagina and thus facilitate HIV trans­
mission. Thus, moderate to heavy alcohol 
consumption is positively correlated 
with vaginal shedding of HIV in patients 
on ART, even after adjusting for medi­
cation compliance (Theall et al. 2008). 
By interacting with diverse compo­

nents of the immune system, alcohol 
may increase immune activation and 
inflammation in the HIV-infected 
patient and thus increase the pool of 
HIV target cells systemically and at 
transmission sites. In addition, alcohol 
may be responsible for changes in vagi­
nal flora, which may induce inflamma­
tion and thus increase the rates of HIV 
transmission (Coleman et al. 2007; 
Rebbapragada et al. 2008). 

Other factors that may contribute 
to the increased spreading of HIV–– 
such as high levels of viral replication 
and resistance, increased levels of 
immune activation, and accelerated 
disease progression––have been reported 
to occur in medication noncompliant 
HIV-infected patients that abuse 
alcohol. 

Altogether, these data clearly sug­
gest that alcohol consumption has a 
negative effect on HIV transmission 
and that specific interventions should 
be developed for substance abuse 
treatment in the HIV population. 
These interventions should particu­
larly target women and teenagers, the 
segment of the population in which 
most of the new cases arise and in 
which alcohol plays an important role 
in HIV transmission. 

Figure 1 Overall impact of alcohol consumption on human immunodeficiency virus 
(HIV) pathogenesis. 
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Alcohol’s Effects on HIV 
Pathogenesis 

Although earlier studies did not find an 
association between alcohol consumption 
and markers of HIV disease progression 
(Kaslow et al. 1989), recent research 
has found a significant association 
between heavy alcohol consumption 
and lower levels of CD4+ T-cells 
among HIV-infected alcoholic patients 
not receiving ART (Samet et al. 2007). 
This effect was not observed among 
moderate drinkers, however, or among 
patients adherent to ART. Additionally, 
alcohol consumption was not associ­
ated with higher viral levels in plasma 
(a blood component). 

In women, recent alcohol con­
sumption was significantly associated 
with the presence of HIV in vaginal 
secretions (Theall et al. 2008). Plasma 
viral levels were not associated with 
recent alcohol consumption, and 
associations between alcohol use and 

levels of HIV in the genitals were not 
observed among women taking ART. 

Although these observational studies 
provide evidence that alcohol use 
affects viral replication or HIV disease 
within a host, they also highlight 
the complexities of study design and 
of assessing human behavior over a 
lengthy and variable disease course. 
To more clearly delineate the associa­
tions between alcohol use and HIV 
disease, investigators have turned to 
studies using controlled laboratory 
environments (in vitro) as opposed to 
studies in living organisms (in vivo). 

Virus Entry and Replication 
In a study of blood cells taken from 
HIV-positive study participants, 
researchers found that the virus repli­
cates to higher levels in cells taken after 
alcohol consumption compared with 
cells obtained before alcohol was con­
sumed (Bagasra et al. 1993). The cells 
obtained after alcohol ingestion also 

displayed a reduced capacity for pro­
ducing interleukin (IL)-2, a molecule 
that carries signals between cells (i.e., 
a cytokine) important in immunity. 
The increased in vitro HIV replication 
in blood cells from alcohol users also 
was associated with the inhibition of 
CD8+ T-cells, which attack infected 
cells (Bagasra et al. 1996). 

HIV strains can bind with two specific 
molecules on the cell surface (i.e., 
receptors): the chemokine coreceptors 
CCR5 and CXCR4. Alcohol expo­
sure increases the number of cells 
with the CXCR4 coreceptor, resulting 
in enhanced early replication of viral 
subtypes that use CXCR4 as a core­
ceptor (Liu et al. 2003). The number 
of cells expressing the coreceptor 
CCR5 decreases following alcohol 
exposure, and, consequently, alcohol 
treatment of blood cells does not 
affect the early replication of CCR5­
utilizing HIV subtypes, compared 
with controls. Similarly, in vitro 

Figure 2 Alcohol consumption may facilitate human immunodeficiency virus (HIV) transmission through risky sexual behavior, 
increased HIV shedding, and increased inflammation at mucosal sites. 

NOTES: STD, sexually transmitted disease. 
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exposure of human skin cells from 
the mouth to alcohol increases sur­
face expression of CXCR4 and 
enhances in vitro replication of HIV 
in these cells (Chen et al. 2004). 
These in vitro studies identified pos­
sible mechanisms by which alcohol 
may affect the dynamics of HIV 
infection and replication in the body. 

Alcohol’s Effects on the 
Immune System 
Alcohol consumption affects various 
components of the immune system, 
with both chronic and acute alcohol 
consumption disrupting immune func­
tions (Cook 1998; Goral et al. 2008; 
Lau et al. 2009; McClain et al. 1993; 
Molina et al. 2003; Nelson and Kolls 
2002; Szabo and Mandrekar 2009). 
However, little is known regarding the 
direct interactions between alcohol-
induced immunological changes and 
those induced by HIV infection.  

Acute and chronic alcohol con­
sumption have differential effects 
on the nonspecific (i.e., innate) and 
acquired (i.e., adaptive) arms of the 
immune system (Goralet al. 2008). 

Effects of Acute Alcohol Exposure. 
Acute alcohol exposure suppresses 
the production of proinflammatory 
cytokines, including tumor necrosis 
factor (TNF)-α and IL-1β both in 
the cells that ingest foreign material 
in tissues (i.e., macrophages) in the 
lungs and in the white blood cells 
important in immunity (i.e., mono­
cytes) (Goral et al. 2004, 2005, 2008; 
Imhof et al. 2001; Nelson et al. 1989; 
Pruett et al. 2004; Szabo et al. 1996a, 
b; Verma et al. 1993). Suppression of 
these immune responses impairs the 
recruitment of immune cells to sites 
of infection, and the significance of 
these immune deficits is well estab­
lished in the development of bacterial 
pneumonia and associated disease 
(Boehm et al. 2003; Kolls et al. 1995; 
Nelson et al. 2003).  

Acute alcohol use also impairs the 
ability of monocytes and macrophages 
to bind with molecules that stimulate 
an immune response (i.e., antigens), 
thus affecting the efficient production 

of adaptive immune responses 
(Mandrekar et al. 2004; Szabo et 
al. 2004). 

Effects of Chronic Alcohol Exposure. 
In contrast, chronic alcohol exposure 
is associated with increased levels of 
proinflammatory cytokines, including 
increased TNF-α production by 
macrophages (Kishore et al. 2004; 
McClain et al. 1993). Research with 
macrophages taken from mice chron­
ically exposed to alcohol shows that 
these cells have increased levels of the 
proteins that provide a signal neces­
sary for T-cell activation and survival 
and that they secrete higher levels of 
proinflammatory cytokines. Research 
with mice also has shown that chron­
ic alcohol consumption is associated 
with more severe lung disease from 
respiratory syncytial virus (Jerrells et 
al. 2007). Similarly, chronic alcohol 
exposure increases the severity of 
influenza virus–induced disease in 
the lungs of mice, with increased white 
blood cell recruitment to the lung, 
resulting in more severe lung tissue 
damage and progressive loss of CD8+ 

T-cell function (Meyerholz et al. 2008). 
Chronic alcohol consumption, as 

well as in vitro alcohol exposure, also 
has been shown to inhibit cytokine 
production and the functioning of 
immune cells known as myeloid den­
dritic cells that process antigen mate­
rial and present it on the surface to 
other cells of the immune system 
(Laso et al. 2007). Recent research 
(Siggins et al. 2009) has shown that 
chronic alcohol exposure decreases 
the number of myeloid dendritic cells 
in both the bone marrow and circulat­
ing throughout the body. Additionally, 
the expression of proteins important 
in immune system signaling is sup­
pressed, potentially attenuating antigen 
presentation and T-cell activation. 

Alcohol also inhibits the immune 
response by decreasing T-cell prolifer­
ative responses in vitro and in vivo 
(Brodie et al. 1994; Chang and Norman 
1999; Kaplan 1986), reducing the 
numbers of CD4+ and CD8+ T-cells, 
as well as of immune cells known as 
natural killer (NK) cells, and altering 
cell-mediated immunity and cytokine 

production (Cook 1998; Mandrekar 
et al. 2004; Meadows et al. 1992; 
Shellito and Olariu 1998; Song et 
al. 2002; Starkenburg et al. 2001). 

Recent studies in mice on the 
effects of chronic alcohol exposure 
on the proliferative responses of both 
CD4+ and CD8+ T-cells to specific 
bacteria antigens showed that chronic 
alcohol did not affect CD4+ T-cell 
responses but significantly reduced 
the number of CD8+ T-cells responsive 
to the bacteria and reduced CD8+ 

T-cell proliferation in vivo and in 
vitro (Gurung et al. 2009).  

Increased levels of antibodies have 
been observed in chronic alcoholics 
and are associated with increased 
incidence of autoimmunity. However, 
the overall number and function of 
B-cells, which produce antibodies, do 
not appear to be affected by alcohol 
(Cook et al. 2007; Paronetto 1993). 
Collectively, these studies demon­
strate that alcohol alters the number 
and function of immune-cell subsets 
that play an important role in HIV 
pathogenesis and thus identify several 
possible mechanisms through which 
alcohol consumption may interfere 
with the natural history of HIV. 

Alcohol’s Effects on 
ARV Treatment 

The development and widespread use 
of highly active ARV therapy (HAART)1, 
in which several ARV drugs are taken 
in combination, has substantially 
reduced morbidity and mortality from 
AIDS and transformed the lives of 
many HIV-infected people around 
the globe (http://www.unaids.org/en/ 
KnowledgeCentre/HIVData/GlobalRe 
port/2008/). However, HAART effi­
cacy is influenced by multiple viral and 
host factors. The influence of alcohol 
use on HIV treatment is not yet com­
pletely understood and is the subject 
of intense investigation. 

As shown in figure 3, alcohol may 
effect ART efficacy through diverse 

1 The acronym HAART now is used interchangeably with the term 
antiretroviral therapy (ART). Initially, the term HAART was coined 
to describe the use of a combination of drugs versus a single 
drug during treatment. Today, all treatments use a combination 
of drugs; therefore, HAART and ART are equivalent. 
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mechanisms, including (1) decreasing 
patient adherence to treatment; (2) 
altering liver function and ARV drug 
metabolism; (3) accelerating liver dis­
ease in hepatitis C and B, frequent 
comorbidities in HIV-infected patients; 
and (4) increasing viral replication or 
inducing immune activation, which 
may contribute to a poor HAART 
response. 

Alcohol and Treatment Compliance 
When HAART was first introduced, 
it became clear that strict compliance 
to treatment regimens was necessary to 
achieve undetectable viral loads in 
HIV-infected patients (Friedland and 
Williams 1999). Because of the high 
turnover and mutation rate of HIV 
and the short half-life of the ARV 
drugs in use, it is estimated that HIV-
infected patients must take 95 percent 
of their medication in order to avoid 
the rapid emergence of drug-resistant 
HIV strains (Kresina et al. 2002).  

HIV patient compliance to ART is 
a function of numerous parameters, 

including heath insurance, age, 
socioeconomic status, gender, drug 
abuse, anger, persistent symptoms, 
mental problems, and complexity of 
treatment (Mills et al. 2006). Given 
the historical association of alcohol 
abuse with failure to comply with 
medical treatment, it is not surprising 
that several studies have demonstrated 
that alcohol consumption is associated 
with failure to adhere to prescribed 
ART (Cook et al. 2001; Lucas et al. 
2002; Samet et al. 2004). Drinkers 
have an almost ninefold increase in 
medication noncompliance compared 
with sober patients, and the risk of 
noncompliance correlates with regi­
men complexity (Palepu et al. 2003; 
Parsons et al. 2008). In the backdrop 
of ART nonadherence by alcohol 
abusers, it is particularly difficult to 
directly assess the effect of alcohol 
on the virologic (and host immune 
recovery) response to ART (Miguez 
et al. 2003). Although some studies 
have shown lower virologic response 
to ART in drinkers, other studies 
failed to demonstrate that alcohol 

modulates ART efficacy (Fabris et al. 
2000; Samet et al. 2007). Studies in 
nonhuman primate (NHP) models of 
AIDS can address this question by 
allowing the prospective investigation 
of alcohol-fed, SIV-infected animals 
treated continuously or intermittently 
with ARVs during the entire course 
of SIV infection (acute and chronic) 
until progression to AIDS. 

Alcohol and Drug Metabolism 
Many ARV drugs undergo significant 
metabolism in the liver, and there is 
substantial opportunity for alcohol to 
disrupt drug bioconversion in HIV 
patients. Alcohol and other drugs are 
metabolized by the same enzymes that 
are involved in the biotransformation 
of the ARV drugs into toxic intermedi­
ates (i.e., by phase 1 enzymes, such as 
alcohol dehydrogenase, aldehyde dehy­
drogenase, xantine oxidase, epoxide 
hydrolase, and cytochrome P450). 
The toxic compounds are further inac­
tivated by phase 2 enzymes, such as 
gluthathione S-transferase, N-acetyl-

Figure 3 Mechanisms of the alcohol-induced impairment of the efficacy of antiretroviral therapy (ART). 
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transferases, sulfotransferases, UDP­
glucuronosyltransferases, and methyl-
transferase (Kresina et al. 2002). Thus, 
alcoholic HIV-infected patients treated 
with ARV drugs are at risk for drug– 
drug interactions that may either 
decrease or inappropriately increase 
the effect of HAART. For example, the 
plasma concentration of the ARV drug 
abacavir, which is extensively metabo­
lized by alcohol dehydrogenase, 
increases up to 41 percent (McDowell 
et al. 2000). Another potential conse­
quence of drug– drug interactions is 
increased toxicity and development of 
liver damage in patients who already 
are at risk for developing liver disease 
because of the direct toxicity of alcohol. 

The type of alcohol (i.e., ethanol) 
found in beverages, especially in com­
bination with another type of alcohol 
(i.e., isopentanols) (which also are 
found in many alcoholic beverages), 
induces activity of the enzyme 
cytochrome P4503A4 CYP3A4 in 
the liver both in vivo and in vitro 
(Kostrubsky et al. 1995; Louis et al. 
1994). This phase 1 enzyme is 
responsible for the metabolism and 
degradation of the majority of the 
drugs included in HAART. Two types 
of ARV drugs––nonnucleoside reverse 
transcriptase inhibitors (NNRTIs), 
including delavirdine, nevirapine and 
efavirenz, and protease inhibitors 
(PIs), such as ritonavir, nelfinavir, 
lopinavir, saquinavir, and indinavir–– 
are all susceptible to increased liver 
metabolism as a result of alcohol-
mediated induction of the CYP3A4 
enzyme system. Increased metabolism 
of the HAART components will 
result in subtherapeutic drug levels in 
HIV patients actively abusing alcohol, 
and this could then readily lead to 
suboptimal viral control. This scenario 
is likely underestimated because the 
routine monitoring of ARV levels is 
not common in HIV treatment settings. 

Given the finding that variability in 
CYP3A4 activity already is greater in 
HIV patients than in uninfected control 
subjects (even in patients not receiv­
ing drugs that alter CYP3A4 activity) 
(Slain et al. 2000), it is clear that 
active alcohol abuse in HIV infection 
is a common and highly relevant factor 

capable of altering the pharmacoki­
netics of ARVs. 

Chronic alcohol abuse frequently 
leads to liver dysfunction and loss of 
liver tissue (i.e., cirrhosis), such that 
drugs normally metabolized by the 
liver may induce liver toxicity because 
of impaired conversion. Two ARV 
drugs well-known to cause liver toxicity 
are ritonavir and nevirapine, and 
practitioners should use caution when 
prescribing these drugs to alcoholics 
with liver disease (Martinez et al. 
2001; Sulkowski et al. 2000). In 
the case of PIs, chronic alcohol use 
induces additive stress in the endo­
plasmic reticulum (ER), an organelle 
with known involvement in PI-induced 
liver toxicity (Ji 2008). All ART agents 
(particularly PIs) should be used with 
caution, and liver function should be 
frequently monitored in HIV patients 
with alcohol use disorders. 

Effect of Alcohol on Coinfections 
An additional risk for alcohol use to 
complicate HAART is coinfection with 
viral hepatitis. Approximately 30 per­
cent of HIV patients are coinfected 
with the hepatitis C virus (HCV), and 
approximately 10 percent are coinfected 
with the hepatitis B virus (Soriano et 
al. 2005, 2007). Heavy alcohol use is 
an additional risk factor for scarring of 
the liver (i.e., fibrosis) and cirrhosis in 
these patients (Benhamou et al. 2001; 
Di Martino et al. 2001). The incidence 
of ART liver toxicity is increased in 
coinfected individuals (den Brinker et 
al. 2000; Sulkowski et al. 2000, 2002), 
and alcohol is an independent risk factor 
for liver injury during ART initiation, 
especially in HIV patients infected 
with HCV (Nunez et al. 2001). Also, 
compared with HIV infection alone, 
the efficacy of ART in HIV/HCV 
coinfected patients is impaired in its 
ability to restore blood CD4+ T-cell 
counts (Greub et al. 2000).  

Other Effects of Interactions 
Between Alcohol and ARV Drugs 
A well-known complication of the 
ARV drug didanosine in alcoholic 
HIV-infected patients is inflammation 
of the pancreas (Whitfield et al. 1997; 

Yarchoan et al. 1990). This medication 
therefore should be eliminated from 
the ART regimens in patients who are 
actively drinking. 

Damage to the parts of the nervous 
system that carry information 
throughout the body (i.e., peripheral 
neuropathy) is another complication 
of chronic alcohol abuse and, given 
their neuropathic side effects, limits 
the use of the NRTIs zalcitabine and 
stavudine in alcoholics (Moyle and 
Sadler 1998). Alcohol also increases 
heart disease risk among patients on 
ART (Miguez-Burbano et al. 2009). 

Effects of Alcohol on Viral Replication 
and Host Immune System 
Alcohol may increase viral replication, 
per se, and thus contribute to therapy 
failure. Also, by activating CD4+ T-
cells, alcohol may fuel viral replication 
by increasing the number of target cells 
and impairing the recovery of CD4+ T-
cells circulating in the body and cells in 
mucosal sites (e.g., inside the mouth or 
nose) after ART, even when controlling 
for ART compliance (Samet et al. 2003). 

Given the central role of HAART 
in HIV disease management, a more 
robust understanding of the direct 
role that alcohol plays in disturbing 
host and pathogen responses to treat­
ment is clearly needed to better 
address the needs of these patients. 
NHP models of AIDS may help 
define all the facets of alcohol’s effects 
on ART. 

Animal Models for 
Studying Alcohol Use 
and HIV Infection 

Although mouse and rat models have 
been used intensively to investigate 
alcohol’s effects on innate and adaptive 
immune responses (Boe et al. 2001, 
2003; Brown et al. 2007; Edsen-Moore 
et al. 2008; Gurung et al. 2009; Heinz 
and Waltenbaugh 2007; Joshi et al. 
2005; Lau et al. 2007; Ma et al. 2006; 
Meyerholz et al. 2008; Ness et al. 
2008; Quinton et al. 2005; Zhang and 
Meadows 2005; Zhu et al. 2004), such 
models cannot be used to investigate 
the role of alcohol in the natural his-
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tory of HIV. Mice immunodeficiency 
models do not faithfully reproduce 
HIV pathogenesis. NHPs, which are 
genetically close to humans and can be 
infected with retroviruses related to 
HIV, may therefore be more valuable 
models for deciphering the role of alco­
hol in transmission, pathogenesis, and 
treatment of retroviruses. This section 
will present the NHP models currently 
available for the study of alcohol’s 
effects on HIV pathogenesis, their 
characteristics, and their potential use 
in studies modeling the effect of alco­
hol in HIV infection. 

NHP Models for Pathogenic 
SIV Infection 
SIV was discovered a few years after the 
discovery of HIV (Daniel et al. 1985; 
Letvin et al. 1985). SIV infection in 
rhesus macaques closely mimics HIV’s 
pathogenesis, virology, immunology, 
and pathology in humans, and the pro­
gression to AIDS also is similar. 

Research Applications 
Over the years, this model has been 
used for vaccine research (Desrosiers 
1990) and to demonstrate some of the 
key features of HIV infections (Smit-
McBride et al. 1998b; Veazey et al. 
1998). Recently, researchers also have 
studied virus transmission and dissemi­
nation from the mucosal sites of entry 
in macaques (Keele et al. 2009; Ma et 
al. 2009). Therapeutic studies in 
macaques were used to develop several 
classes of ARV drugs (Van Rompay et 
al. 1998). Macaques infected with a 
subtype of SIV, SIVsmm, also served as 
an animal model for transmission of 
virus during breastfeeding (Amedee et 
al. 2004). Finally, macaque studies per­
mit invasive approaches of selective 
depletion of specific components of the 
immune system to investigate the cor­
relates of disease progression (Gaufin et 
al. 2009; Schmitz et al. 1999, 2003). 

SIV Pathogenesis 

Similar to HIV infection in humans, 
SIV in rhesus macaques progresses to 
AIDS in a variable time frame (Hirsch 

and Johnson 1994). The hallmarks of 
pathogenic infection are (1) massive, 
continuous viral replication (Ho et al. 
1995; Perelson et al. 1996; Wei et al. 
1995), with the amount of HIV in the 
blood after stabilizing (i.e., viral load 
set point) predicting the time of pro­
gression to AIDS (Mellors 1998; 
Mellors et al. 1996, 1997); (2) contin­
uous depletion of CD4+ T-cells in the 
bloodstream (Brenchley et al. 2006; 
Grossman et al. 2006) that is more 
pronounced at mucosal sites 
(Brenchley et al. 2004; Li et al. 2005; 
Mattapallil et al. 2005; Mehandru et 
al. 2004; Picker et al. 2004; Veazey et 
al. 1998); and (3) high levels of T-cell 
immune activation (Giorgi et al. 1999; 
Sousa et al. 2002), the magnitude of 
which has been reported to be predic­
tive of disease progression (Giorgi et al. 
1999; Sousa et al. 2002). The interac­
tion among these factors cripples the 
immune system and eventually results 
in severe immunodeficiency and death 
(Brenchley et al. 2006; Brenchley et al. 
2006; Grossman et al. 2006; Pandrea 
et al. 2008). 

Immune Responses 
HIV and SIV infections induce 
immune responses characterized by 
robust antibody-mediated (i.e., humoral) 
and cellular immune responses (Brander 
and Walker 2003; Derdeyn et al. 2004; 
Richman et al. 2003). However, the 
role of these responses in controlling 
viral replication still is unclear. Moreover, 
continuous immune escape (i.e., 
virus evasion from specific immune 
responses) is the hallmark of HIV/SIV 
infection in pathogenic models (Burns 
and Desrosiers 1994). Interestingly, 
during acute SIV/HIV infection, CD4+ 

T-cell levels in the blood show only 
modest decline. Numerous studies in 
the SIV macaque model (Li et al. 2005; 
Mattapallil et al. 2005; Smit-McBride 
et al. 1998a; Veazey et al. 1998) demon­
strated that a massive CD4+ T-cell 
depletion first occurs at the mucosal 
level, where the majority of lymphocytes 
(i.e., white blood cells, including T-cells) 
reside. More recent studies (Li et al. 
2005; Mattapallil et al. 2005) investi­
gated the mechanism of T-cell destruc­

tion during acute infection, including 
destruction of a subset of CD4+ T-cells 
that recognize and respond to a particu­
lar antigen (i.e., CD4+ memory T-cells). 
Together, these reports document a 
massive destruction of CD4+ memory 
T-cells at multiple tissue sites during 
acute infection. 

Following HIV/SIV infection, height­
ened immune activation commonly is 
manifested and associated with increased 
rates of T-cell destruction, and, as a con­
sequence, increased rates of cell prolifer­
ation, increased expression of factors 
that support programmed cell death (i.e. 
apoptosis), and disruption of lymphoid 
and bone marrow architecture resulting 
in reduced T-cell regenerative capacity 
(Giorgi et al. 1999; Grossman et al. 
2002; Muro-Cachoet al. 1995; Sousa et 
al. 2002). It recently was suggested that 
because of compromised mucosal 
immunity, a greater number of symbiotic 
and opportunistic bacteria can enter the 
lymphatic system and blood of the SIV-
infected macaques and HIV-infected 
humans. This theory (known as the micro­
bial translocation hypothesis) is based 
on recent studies that identified elevated 
levels of the endotoxin lipopolysaccha­
ride (LPS) in the plasma of HIV-infected 
patients and SIV-infected macaques 
(Brenchley et al. 2006). Microbial 
translocation is the most compelling 
hypothesis put forth to explain the 
high levels of immune activation in the 
pathogenic SIV/HIV infections. This 
hypothesis centers on the role of a type 
of receptor that recognizes specific 
molecules derived from microbes (i.e., 
toll-like receptors) in the induction of 
the increased systemic immune activa­
tion observed in these progressive infec­
tions (Brenchley et al. 2006). Chronic, 
heightened levels of immune activation 
during SIV/HIV infection result in the 
dysfunction of numerous immune cell 
types (Alter et al. 2005; Braun et al. 
1988; Cameron et al. 1994; Chia et al. 
1995; Kabelitz and Wesch 2001; Leng 
et al. 2002; Mariani et al. 2001) that 
contribute to AIDS progression. 

Advantages 
Because of its close similarity to HIV 
infection, the model of SIV infection 
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of rhesus macaques offers several 
advantages in identifying the role of 
alcohol consumption in the natural 
history of AIDS. These include the 
ability to (1) control the time and 
route of infection; (2) monitor and 
control nutritional and behavioral vari­
ables; (3) manipulate and control the 
timing and quantity of alcohol con­
sumption; (4) conduct longitudinal 
studies because the duration of infection 
from its inception to terminal disease 
with virulent strains of SIV typically is 
less than 2 years, with greater than 50 
percent of the animals euthanized with 
AIDS within 1 year of inoculation if 
they are not treated with ARV drugs; 
and (5) perform studies with and with­
out antiviral therapy. These advantages 
and the ability to administer alcohol to 
rhesus macaques makes this model ideal 
for studying the biomedical impact of 
alcohol on HIV disease transmission, 
progression to AIDS, and treatment. 

Research Findings From an 
SIV Alcohol Model 

To study the effect of alcohol on SIV 
infection in rhesus macaques, the 
authors developed a model in which 
intoxicating amounts of alcohol are 
delivered via a permanently implanted 
stomach tube (Bagby et al. 2003; 
Winsauer et al. 2002). This alcohol– 
rhesus macaque model has been used 
to study the impact of alcohol on (1) 
SIV disease progression (Bagby et al. 
2006); (2) SIV expression in mucosally 
inoculated macaques (Poonia et al. 
2005); (3) intestinal lymphocyte sub­
sets and turnover before and during 
SIV infection (Poonia et al. 2006); (4) 
nutritional, metabolic, and immune 
alterations during asymptomatic SIV 
infection (Molina et al. 2006); (5) SIV-
associated weight loss (Molina et al. 
2008); (6) myeloid dendritic cell func­
tion (Siggins et al. 2009); (7) adaptive 
host defense response to SIV infection; 
(8) lung SIV expression during pneu­
mococcal pneumonia; (9) neuropsy­
chological deficits during SIV infection 
(Winsauer et al. 2002); and (10) the 
development of an ART model. Together, 

these studies have shown that alcohol 
has significant impact on SIV infection. 

Alcohol and Disease Progression 
In a major longitudinal study, 
researchers found that alcohol adminis­
tration to SIV-infected rhesus macaques 
resulted in accelerated progression to 
end-stage disease (see figure 4). Thus, 
median time of survival decreased from 
900 days in sucrose-treated animals 
to 374 days in alcohol-administered 
animals (Bagby et al. 2006). 

Alcohol and Viral Replication 
In two separate animal studies, 
researchers reported increased plasma 
viral loads in alcohol-treated SIV-
infected rhesus macaques compared 
with sucrose-treated animals (Bagby et 
al. 2006; Poonia et al. 2005). Alcohol 
administration increases virus levels in 
plasma by 10- to 100-fold at viral load 
set point, and SIV was associated with 
more rapid disease progression in rhe­
sus macaques inoculated either intra­
venously (see figure 5) or mucosally. 
Poonia and colleagues (2006) also 
found consistent increases in viral 

expression in lymphoid tissue and the 
intestine in alcohol-treated animals. In 
a recent study (Poonia et al. 2005), SIV 
RNA levels were higher in the fluid 
obtained from the lungs of alcohol-
treated animals compared with con­
trols. An additional study by Kumar 
and colleagues (2005) also demon­
strated increased viral replication in the 
plasma of chronically simian-human 
immunodeficiency virus (SHIV)/SIV­
infected rhesus macaques after a 7­
week period of alcohol consumption. 
The same study reported higher viral 
loads in the brains of the alcohol-
dependent animals compared with 
control animals. In this study, the 
increased viral replication was associ­
ated with significantly higher CD4+ 

T-cell loss in the alcohol-treated ani­
mals (Kumar et al. 2005). Thus, the 
increased viral turnover in plasma and 
tissues may explain the accelerated 
progression to AIDS in the rhesus 
macaque model. 

Figure 4 Alcohol administration impacted survival in simian immunodeficiency 
virus (SIV)-infected rhesus macaques. 

NOTE: Reproduced with permission from Bagby et al. 2006. 
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Alcohol and T-Cell Subsets 

A recent study on subsets of T-cells 
(Poonia et al. 2006) has shown that 
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the percentage of CD8+ T-cells in the 
small intestine of alcohol-consuming 
macaques was significantly lower than 
in sucrose-consuming macaques both 
before infection as well as in the early 
postinfection period. Also, the percent­
age of CD4+CD3+ lymphocytes in the 
intestine was significantly higher in 
alcohol-consuming macaques before 
infection. To understand the possible 
reasons behind the increased viral repli­
cation, researchers further investigated 
the effects of chronic alcohol consump­
tion on the percentages of different 
kinds of lymphocytes in the blood, 
lymph nodes, and intestine. Although 
minimal differences were detected in 
blood and lymph nodes, there were 
significantly higher percentages of 
memory T-cells in the intestines from 
alcohol-receiving animals before infec­
tion compared with controls. In addi­
tion, higher percentages of antigen-
naïve T-cells as well as CXCR4+CD4+ 

T-cells were detected in intestines of 
alcohol-treated macaques. Moreover, 
alcohol consumption resulted in signif­
icantly lower percentages of a subtype 
of memory CD8+ T-cell that stimulates 
other cells (i.e., effector memory cells) 
as well as activated Ki67+CD8+ cells 
in the intestine. Central memory 
CD4+ lymphocytes were significantly 
depleted in intestines and mesenteric 

lymph nodes from all alcohol animals 
at 8 weeks postinfection (Poonia et 
al. 2006). 

These findings suggest that a high­
er percentage of SIV target cells 
(memory CD4+ T-cells) in the gut, 
coupled with lower percentages of 
effector CD8+ T-cells (which could 
be important in controlling virus 
replication), may be responsible for 
the higher SIV loads observed in 
alcohol-consuming macaques (Poonia 
et al. 2006). 

Using a SIV–macaque model of 
chronic alcohol self-administration, 
Marcondes and colleagues (2008) 
also have observed several immuno­
logic changes during the acute phase 
of infection. These included reduced 
percentages of circulating memory 
CD4+ T-cells in alcohol-treated ani­
mals 7 days after infection, as well as 
increased levels of CCR5-expressing 
monocytes 12 days after infection in 
alcohol-treated animals compared 
with controls. These data also suggest 
that alcohol has detrimental effects 
on the host immune system by 
increasing depletion of CD4+ T-cells 
and inducing immune activation of 
other cell subsets that may serve as 
target cells (Marcondes et al. 2008). 

Thus, changes in the circulating 
and mucosal immune compartments 

in response to alcohol likely are the 
major reasons behind higher replica­
tion of SIV and rapid disease progres­
sion observed in these animals. 

Poonia and colleagues (2006) have 
reported a positive correlation between 
the number of blood CD4+ T-cells 
and viral load in alcohol-treated animals 
but not in sucrose-treated control 
animals. More work is needed, but 
these observations support the hypoth­
esis that alcohol increases virus pro­
duction by activating CD4+ T-cells. 

Figure 5 Alcohol administration results in an increase of simian immunodeficiency 
virus (SIV) replication in rhesus macaques. 

SIV, Alcohol, and Body Weight 
Bagby and colleagues (2006) reported 
that body weight loss was more fre­
quently observed in alcohol-fed 
macaques with end-stage disease than 
it was in control animals. In other 
research, Molina and colleagues (2006) 
observed greater decreases in caloric 
intake and nitrogen balance in alcohol-
receiving monkeys prior to developing 
AIDS. Although this was not associated 
with decreased muscle protein synthe­
sis at a relatively early stage of disease, 
genetic material for the proinflamma­
tory cytokine TNF−α was increased in 
muscle from alcohol-fed macaques 
compared with sucrose-treated animals, 
indicative of a proinflammatory state 
that might be conducive to later mus­
cle wasting. Such wasting was observed 
when alcohol-treated animals were fol­
lowed to end-stage disease (Molina et 
al. 2008). In this study, alcohol-treated 
animals with AIDS had significantly 
lower body weights and limb muscle 
than did control animals. Research sug­
gests that muscle wasting results from 
a proinflammatory state, leading to 
increased muscle weakening via enzy­
matic breakdown of proteins. These 
changes in alcohol-fed animals may be 
in part responsible for their accelerated 
disease progression during SIV infection. 

Perspectives 

Altogether, these results show that 
alcohol severely affects the natural his­
tory of AIDS. Data suggest that the 
increased SIV levels observed in alcohol-
consuming animals may represent an 
increase in virus production as opposed 

Vol. 33, No. 3, 2010 211 



33.3_9.1.10.qxd  9/12/10  5:54 PM  Page 212

to a decrease in host defense. Results 
also suggest that changes in nutritional 
balance and metabolism as a possible 
consequence of a proinflammatory state, 
together with increased virus production 
in animals consuming alcohol, accelerate 
SIV and possibly HIV disease progression. 
More studies using the animal model 
are necessary in order to determine 
whether mucosal adaptive immune 
responses are altered by alcohol. 

Mucosal cytotoxic CD8+ T-cell 
responses are important to viral control 
during SIV infection (Kim et al. 2008; 
Veazey et al. 2008). The administra­
tion of ART to animals early in the 
course of SIV infection is associated 
with the development of SIV-specific 
CD8+ T-cells that secrete IL-2, a 
response that may support gut CD4+ 

T-cell recovery (Verhoeven et al. 2008). 
In addition, ART is associated with 
decreased markers of CD8+ T-cell 

proliferation/activation, which may 
decrease the overall inflammatory 
milieu of the mucosa. Because ethanol 
is known to cause mucosal injury/ 
inflammation and decreases mucosal 
CD8+ T-cell populations (Poonia et al. 
2006), it is possible that chronic alco­
hol feeding could detrimentally affect 
the quality and quantity of cytotoxic 
mucosal CD8+ T-cells during ART. 

Alcohol may increase viral replica­
tion either by directly increasing the 
activity of nuclear factor κB, which 
regulates genes involved in the immune 
response, or by increasing cell immune 
activation and thus the pool of target 
cells (see figure 6). 

Figure 6 Potential mechanisms of the immune dysfunction induced by alcohol consumption. 

NOTE: LPS=lipopolysaccharide; NFkB=nuclear factor KB; Tregs=Regulatory T-cells 
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Alcohol and Intestinal 
Inflammation 

Chronic ethanol intake is associated 
with increased intestinal inflammation, 

decreased expression of proteins that 
form fluid-impermeable barriers (i.e., 
tight junction proteins), and impaired 
barrier integrity (Tang et al. 2008). 
Research with humans indicates that 
alcoholics have “leaky” small bowel, 
and this defect may drive both local 
and systemic inflammation (Bjarnason 
et al. 1984). Epigenetic consequences 
of alcohol abuse may mediate increases 
in gut permeability. Colonic biopsies 
from alcoholics (with liver disease) 
demonstrate increased expression of a 
microRNA species (i.e., miR-212) that 
targets transcripts for a specific tight 
junction protein (Tang et al. 2008). 
The same study showed that miR-212 
expression directly correlates with 
intestinal epithelial permeability. 
Alcohol also may contribute to loss of 
gut integrity by reducing the numbers 
of intestinal Th17 cells, a T-cell subset 
reported to play an important role in 
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maintenance of mucosal epithelial 
integrity (Favre et al. 2009) (see figure 6). 

Increased gut permeability also 
has been described during SIV/HIV 
infection progression and may play a 
role in increasing systemic inflammation 
and virus spread. Thus, the additional 
alcohol–induced gut injury may directly 
accelerate progression to AIDS through 
additional increases in immune acti­
vation (see figure 6). Alcohol also may 
induce immune activation through 
modifications in the numbers of 
T–regulatory cells, which inhibit the 
activation and proliferation of T-cells 
(see figure 6). 

Alcohol and Immune Activation 
By increasing levels of immune activation, 
alcohol may contribute to increased 
levels of virus replication and consequently 
accelerated and more pronounced 
CD4+ T-cell depletion at mucosal sites. 
Hence, the data obtained using the 
alcohol–rhesus macaque model clearly 
demonstrates the adverse effects of 
ethanol consumption on SIV infection. 

NHP studies have shown that ART, 
when given soon after SIV infection, 
can protect intestinal memory CD4+ 

T-cells from rapid depletion (Lifson 
et al. 2003). Moreover, additional 
studies demonstrated the ability of 
ART to permit reconstitution of gut 
CD4+ T-cell populations when given 
7 days after SIV infection (Verhoeven 
et al. 2008). However, recent studies 
of HIV patients who started ART rel­
atively soon after HIV infection sug­
gested that early ART treatment may 
have a limited impact on recovery of 
gut memory CD4+ T-cells (Mehandru 
et al. 2006). The disparity between 
ART studies in HIV-infected patients 
and SIV-infected NHPs raises the 
question whether additional factors 
in human infection, such as alcohol 
abuse and/or medication compliance, 
lessen the efficacy of ART. Alcohol 
abusers are frequently noncompliant 
with therapy, and this behavior may 
be at least partially responsible for 
observations of decreased benefits 
from ART treatment in this group 
(Samet et al. 2003; see also the article 
by Samet in this issue). It also is plau­

sible that increases in viral replication 
associated with chronic ethanol abuse 
will increase the number of CD4+ T-
cells directly destroyed by the virus. 
Alcohol also may increase CD4+ T-
cell destruction through increasing 
immune activation and apoptosis (a 
mechanism that was reported to be 
responsible for the death of the 
majority of CD4+ T-cells in HIV-
infected humans and SIV-infected 
macaques). Thus, alcohol may directly 
interfere with ART capacity to control 
viral replication and allow CD4+ T-
cell recovery (see figure 6). 

The alcohol–rhesus macaque 
model is thus ideal to investigate the 
role of alcohol in modulation of viral 
replication, mucosal adaptive immune 
responses, levels of immune activation, 
levels of apoptosis, numbers of 
mucosal CD4+ T-cells, and ART 
efficacy because it allows (1) multiple 
invasive procedures that are necessary 
to recover gut tissue, (2) sampling at 
defined time points during the SIV 
infection, and (3) precisely monitored 
treatment with ART. 

In summary, there is substantial 
scientific evidence on the adverse 
consequences of alcohol abuse on 
HIV infection. The behavioral, 
virologic, pharmacologic, and 
immunologic effects of ethanol 
combine to result in suboptimal 
treatment responses and the more 
rapid development of AIDS. Future 
studies are necessary to decipher the 
precise mechanisms through which 
alcohol alters the virus biology and 
the host immune responses. ■ 

Financial Disclosure 

The authors declare that they have no 
competing financial interests. 

References 

ALTER, G.; TEIGEN, N.; DAVIS, B.T.; ET AL. 
Sequential deregulation of NK cell subset distribu­
tion and function starting in acute HIV-1 infec­
tion. Blood 106(10):3366–3369, 2005. PMID: 
16002429 

AMEDEE, A.M.; RYCHERT, J.; LACOUR, N.; ET AL. 
Viral and immunological factors associated with 

breast milk transmission of SIV in rhesus macaques. 
Retrovirology 1:17, 2004. PMID: 15253769 

APETREI, C.; KAUR, A.; LERCHE, N.W.; ET AL. 
Molecular epidemiology of simian immuno­
deficiency virus SIVsm in U.S. primate centers 
unravels the origin of SIVmac and SIVstm. Journal 
of Virology 79(14):8991–9005, 2005. PMID: 
15994793 

AVINS, A.L.; WOODS, W.J.; LINDAN, C.P.; ET AL. 
HIV infection and risk behaviors among heterosex­
uals in alcohol treatment programs. JAMA: Journal 
of the American Medical Association 
271(7):515–518, 1994. PMID: 8301765 

BAGASRA, O.; BACHMAN, S.E.; JEW, L.; ET AL. 
Increased human immunodeficiency virus type 1 
replication in human peripheral blood mononuclear 
cells induced by ethanol: Potential immunopathogenic 
mechanisms. Journal of Infectious Diseases 173(3): 
550–558, 1996. PMID: 8627016 

BAGASRA, O.; KAJDACSY-BALLA, A.; LISCHNER, 
H.W.; AND POMERANTZ, R.J. Alcohol intake 
increases human immunodeficiency virus type 1 
replication in human peripheral blood mononu­
clear cells. Journal of Infectious Diseases 
167(4):789–797, 1993. PMID: 8450242 

BAGBY, G.J.; STOLTZ, D.A.; ZHANG, P.; ET AL. The 
effect of chronic binge ethanol consumption on the 
primary stage of SIV infection in rhesus macaques. 
Alcoholism: Clinical and Experimental Research 
27(3):495–502, 2003. PMID: 12658116 

BAGBY, G.J.; ZHANG, P.; PURCELL, J.E.; ET AL. 
Chronic binge ethanol consumption accelerates pro­
gression of simian immunodeficiency virus disease. 
Alcoholism: Clinical and Experimental Research 
30(10):1781–1790, 2006. PMID: 17010145 

BENHAMOU, Y.; DI MARTINO, V.; BOCHET, M.; ET 

AL. Factors affecting liver fibrosis in human 
immunodeficiency virus- and hepatitis C virus­
coinfected patients: Impact of protease inhibitor 
therapy. Hepatology 34(2):283–287, 2001. PMID: 
11481613 

BJARNASON, I.; PETERS, T.J.; AND WISE, R.J. The 
leaky gut of alcoholism: Possible route of entry for 
toxic compounds. Lancet 1(8370):179–182, 1984. 
PMID: 6141332 

BOE, D.M.; NELSON, S.; ZHANG, P.; AND BAGBY, 
G.J. Acute ethanol intoxication suppresses lung 
chemokine production following infection with 
Streptococcus pneumoniae. Journal of Infectious 
Diseases 184(9):1134–1142, 2001. PMID: 
11598836 

BOE, D.M.; NELSON, S.. ZHANG, P.; ET AL. 
Alcohol-induced suppression of lung chemokine 
production and the host defense response to 
Streptococcus pneumoniae. Alcoholism: Clinical 
and Experimental Research 27(11):1838–1845, 
2003. PMID: 14634502 

BOEHM, S.L. 2ND; PEDEN, L.; CHANG, R.; ET AL. 
Deletion of the fyn-kinase gene alters behavioral 
sensitivity to ethanol. Alcoholism: Clinical and 
Experimental Research 27(7):1033–1040, 2003. 
PMID: 12878908 

Vol. 33, No. 3, 2010 213 



33.3_9.1.10.qxd  9/12/10  5:54 PM  Page 214

 

BOSCARINO, J.A.; AVINS, A.L.; WOODS, W.J.; ET 

AL. Alcohol-related risk factors associated with HIV 
infection among patients entering alcoholism treat­
ment: Implications for prevention. Journal of 
Studies on Alcohol 56(6):642–653, 1995. PMID: 
855889 

BRANDER, C., AND WALKER, B.D. Gradual adapta­
tion of HIV to human host populations: Good or 
bad news? Nature Medicine 9(11):1359–1362, 
2003. PMID: 14595431 

BRAUN, D.P.; KESSLER, H.; FALK, L.; ET AL. 
Monocyte functional studies in asymptomatic, 
human immunodeficiency disease virus (HIV)­
infected individuals. Journal of Clinical Immunology 
8(6):486–494, 1988. PMID: 3146585 

BRENCHLEY, J.M.; PRICE, D.A.; SCHACKER, T.W.; 
ET AL. Microbial translocation is a cause of systemic 
immune activation in chronic HIV infection. 
Nature Medicine 12(12):1365–1371, 2006. PMID: 
17115046 

BRENCHLEY, J.M.; SCHACKER, T.W.; RUFF, L.E.; 
ET AL. CD4+ T-cell depletion during all stages of 
HIV disease occurs predominantly in the gastroin­
testinal tract. Journal of Experimental Medicine 
200(6):749–759, 2004. PMID: 15365096 

BRODIE, C.; DOMENICO, J.; AND GELFAND, E.W. 
Ethanol inhibits early events in T-lymphocyte activa­
tion. Clinical Immunology and Immunopathology 
70(2):129–136, 1994. PMID: 8299228 

BROWN, L.A.; PING, X.D.; HARRIS, F.L.; AND 

GAUTHIER, T.W. Glutathione availability modu­
lates alveolar macrophage function in the chronic 
ethanol-fed rat. American Journal of Physiology. 
Lung Cellular and Molecular Physiology 
292(4):L824–L832, 2007. PMID: 17122355 

BURNS, D.P., AND DESROSIERS, R.C. Envelope 
sequence variation, neutralizing antibodies, and pri­
mate lentivirus persistence. Current Topics in 
Microbiology and Immunology 188:185–219, 1994. 
PMID: 7523031 

CAMERON, M.L.; GRANGER, D.L.; MATTHEWS, 
T.J.; AND WEINBERG, J.B. Human immunodefi­
ciency virus (HIV)-infected human blood mono­
cytes and peritoneal macrophages have reduced 
anticryptococcal activity whereas HIV-infected 
alveolar macrophages retain normal activity. 
Journal of Infectious Diseases 170(1):60–67, 1994. 
PMID: 8014521 

Centers for Disease Control and Prevention (CDC). 
HIV/AIDS Surveillance Report, 2007. Vol. 19. 
Atlanta: U.S. Department of Health and Human 
Services, 2009. 

CDC. HIV prevalence estimates—United States, 
2006. MMWR Morbidity and Mortality Weekly 
Report 57(39):1073–1076, 2008. PMID: 18830210 

CHANDER, G.; JOSEPHS, J.; FLEISHMAN, J.A.; ET AL. 
Alcohol use among HIV-infected persons in care: 
Results of a multi-site survey. HIV Medicine 
9(4):196–202, 2008. PMID: 18366443 

CHANG, M.P., AND NORMAN, D.C. Ethanol 
impairs major histocompatibility complex (MHC) 
class II molecule-mediated but not MHC class I 

molecule-mediated T cell response in alcohol-con­
suming mice. Immunopharmacology and 
Immunotoxicology 21(1):65–87, 1999. PMID: 
10084331 

CHEN, H.; ZHA, J.; GOWANS, R.E.; ET AL. Alcohol 
enhances HIV type 1 infection in normal human 
oral keratinocytes by up-regulating cell-surface 
CXCR4 coreceptor. AIDS Research and Human 
Retroviruses 20(5):513–519, 2004. PMID: 15186526 

CHIA, W.K.; FREEDMAN, J.; LI, X.; ET AL. 
Programmed cell death induced by HIV type 1 
antigen stimulation is associated with a decrease in 
cytotoxic T lymphocyte activity in advanced HIV 
type 1 infection. AIDS Research and Human 
Retroviruses 11(2):249–256, 1995. PMID: 7742039 

COATES, R.A.; FAREWELL, V.T.; RABOUD, J.; 
ET AL. Cofactors of progression to acquired immun­
odeficiency syndrome in a cohort of male sexual 
contacts of men with human immunodeficiency virus 
disease. American Journal of Epidemiology 
132(4):717–722, 1990. PMID: 2403112 

COLEMAN, J.S.; HITTI, J.; BUKUSI, E.A.; ET AL. 
Infectious correlates of HIV-1 shedding in the 
female upper and lower genital tracts. AIDS 
21(6):755–759, 2007. PMID: 17413697 

CONIGLIARO, J.; GORDON, A.J.; MCGINNIS, K.A.; 
ET AL. How harmful is hazardous alcohol use and 
abuse in HIV infection: Do health care providers 
know who is at risk? Journal of Acquired Immune 
Deficiciency Syndrome 33(4):521–525, 2003. 
PMID: 12869842 

COOK, C.C.; TARBET, H.; AND BALL, D. Classically 
intoxicated: Correlations between quantity of alco­
hol consumed and alcohol related problems in a 
classical Greek text. BMJ 335(7633):1302–1304, 
2007. PMID: 18156239 

COOK, R.L.; SEREIKA, S.M.; HUNT, S.C.; ET AL. 
Problem drinking and medication adherence 
among persons with HIV infection. Journal of 
General Internal Medicine 16(2):83–88, 2001. 
PMID: 11251758 

COOK, R.T. Alcohol abuse, alcoholism, and dam­
age to the immune system: A review. Alcoholism: 
Clinical and Experimental Research 
22(9):1927–1942, 1998. PMID: 9884135 

DANIEL, M.D.; LETVIN, N.L.; KING, N.W.; ET AL. 
Isolation of T-cell tropic HTLV-III-like retrovirus 
from macaques. Science 228(4704):1201–1204, 
1985. PMID: 3159089 

DEN BRINKER, M.; WIT, F.W.; WERTHEIM-VAN 

DILLEN, P.M.; ET AL. Hepatitis B and C virus co­
infection and the risk for hepatotoxicity of highly 
active antiretroviral therapy in HIV-1 infection. 
AIDS 14(18):2895–2902, 2000. PMID: 11153671 

DERDEYN, C.A.; DECKER, J.M.; BIBOLLET-RUCHE, 
F.; ET AL. Envelope-constrained neutralization-sen­
sitive HIV-1 after heterosexual transmission. 
Science 303(5666):2019–2022, 2004. PMID: 
15044802 

DESROSIERS, R.C. The simian immunodeficiency 
viruses. Annual Review of Immunology 8:557–578, 
1990. PMID: 2188674 

DESROSIERS, R.C. Prospects for an AIDS vaccine. 
Nature Medicine 10(3):221–223, 2004. PMID: 
14991035 

DESROSIERS, R.C.; DANIEL, M.D.; AND LI, Y. HIV-
related lentiviruses of nonhuman primates. AIDS 
Research and Human Retroviruses 5(5):465–473, 
1989. PMID: 2556170 

DI MARTINO, V.; RUFAT, P.; BOYER, N.; ET AL. 
The influence of human immunodeficiency virus 
coinfection on chronic hepatitis C in injection drug 
users: A long-term retrospective cohort study. 
Hepatology 34(6):1193–1199, 2001. PMID: 
11732009 

EDSEN-MOORE, M.R.; FAN, J.; NESS, K.J.; ET AL. 
Effects of chronic ethanol feeding on murine den­
dritic cell numbers, turnover rate, and den­
dropoiesis. Alcoholism: Clinical and Experimental 
Research 32(7):1309–1320, 2008. PMID: 
18540909 

FABRIS, P.; TOSITTI, G.; MANFRIN, V.; ET AL. Does 
alcohol intake affect highly active antiretroviral 
therapy (HAART) response in HIV-positive 
patients? Journal of Acquired Immune Deficiciency 
Syndromes 25(1):92–93, 2000. PMID: 11064510 

FAVRE, D.; LEDERER, S.; KANWAR, B.; ET AL. 
Critical loss of the balance between Th17 and T 
regulatory cell populations in pathogenic SIV infec­
tion. PLoS Pathogens 5(2):e1000295, 2009. PMID: 
19214220 

FRIEDLAND, G.H., AND WILLIAMS, A. Attaining 
higher goals in HIV treatment: The central impor­
tance of adherence. AIDS 13(Suppl. 1):S61–S72, 
1999. PMID: 10546786 

FULTZ, P.N.; MCCLURE, H.M.; ANDERSON, D.C.; 
ET AL. Isolation of a T-lymphotropic retrovirus 
from naturally infected sooty mangabey monkeys 
(Cercocebus atys). Proceedings of the National 
Academy of Sciences of the United States of America 
83(14):5286–5290, 1986. PMID: 30145432 

GALVAN, F.H.; BING, E.G.; FLEISHMAN, J.A.; ET AL. 
The prevalence of alcohol consumption and heavy 
drinking among people with HIV in the United 
States: Results from the HIV Cost and Services 
Utilization Study. Journal of Studies on Alcohol 
63(2):179–186, 2002. PMID: 12033694 

GAUFIN, T.; GAUTAM, R.; KASHETA, M.; ET AL. 
Limited ability of humoral immune responses in 
control of viremia during infection with 
SIVsmmD215 strain. Blood 113(18):4250–4261, 
2009. PMID: 19168789 

GIORGI, J.V.; HULTIN, L.E.; MCKEATING, J.A.; ET 

AL. Shorter survival in advanced human immunod­
eficiency virus type 1 infection is more closely asso­
ciated with T lymphocyte activation than with 
plasma virus burden or virus chemokine coreceptor 
usage. Journal of Infectious Diseases 
179(4):859–870, 1999. PMID: 10068581 

GORAL, J., AND KOVACS, E.J. In vivo ethanol expo­
sure down-regulates TLR2-, TLR4-, and TLR9­
mediated macrophage inflammatory response by 
limiting p38 and ERK1/2 activation. Journal of 

Alcohol Research & Health 214 



33.3_9.1.10.qxd  9/12/10  5:54 PM  Page 215

 

Alcohol’s Role in HIV Transmission and Disease Progression 

Immunology 174(1):456–463, 2005. PMID: 
15611271 

GORAL, J.; CHOUDHRY, M.A.; AND KOVACS, E.J. 
Acute ethanol exposure inhibits macrophage IL-6 
production: Role of p38 and ERK1/2 MAPK. 
Journal of Leukocyte Biology 75(3):553–559, 2004. 
PMID: 14634061 

GORAL, J.; KARAVITIS, J.; AND KOVACS, E.J. 
Exposure-dependent effects of ethanol on the 
innate immune system. Alcohol 42(4):237–247, 
2008. PMID: 18411007 

GRANT, B.F.; DAWSON, D.A.; STINSON, F.S.; ET 

AL. The 12-month prevalence and trends in DSM­
IV alcohol abuse and dependence: United States, 
1991-1992 and 2001-2002. Drug and Alcohol 
Dependence 74(3):223–234, 2004. PMID: 
15194200 

GREUB, G.; LEDERGERBER, B.; BATTEGAY, M.; ET 

AL. Clinical progression, survival, and immune 
recovery during antiretroviral therapy in patients 
with HIV-1 and hepatitis C virus coinfection: 
The Swiss HIV Cohort Study. Lancet 356(9244): 
1800–1805, 2000. PMID: 11117912 

GROSSMAN, Z.; MEIER-SCHELLERSHEIM, M.; PAUL, 
W.E.; AND PICKER, L.J. Pathogenesis of HIV infec­
tion: What the virus spares is as important as what 
it destroys. Nature Medicine 12(3):289–295, 2006. 
PMID: 16520776 

GROSSMAN, Z.; MEIER-SCHELLERSHEIM, M.; 
SOUSA, A.E.; ET AL. CD4+ T-cell depletion in HIV 
infection: Are we closer to understanding the cause? 
Nature Medicine 8(4):319–323, 2002. PMID: 
11927927 

GURUNG, P.; YOUNG, B.M.; COLEMAN, R.A.; ET 

AL. Chronic ethanol induces inhibition of antigen-
specific CD8+ but not CD4+ immunodominant T 
cell responses following Listeria monocytogenes 
inoculation. Journal of Leukocyte Biology 
85(1):34–43, 2009. PMID:18820175 

HALL, H.I.; GEDULD, J.; BOULOS, D.; ET AL. 
Epidemiology of HIV in the United States and 
Canada: Current status and ongoing challenges. 
Journal of Acquired Immune Deficiency Syndrome 
51(Suppl. 1):S13–S20, 2009. PMID: 19384096 

HEINZ, R., AND WALTENBAUGH, C. Ethanol con­
sumption modifies dendritic cell antigen presenta­
tion in mice. Alcoholism: Clinical and Experimental 
Research 31(10):1759–1771, 2007. PMID: 
17850646 

HINGSON, R.W.; STRUNIN, L.; BERLIN, B.M.; AND 

HEEREN, T. Beliefs about AIDS, use of alcohol and 
drugs, and unprotected sex among Massachusetts 
adolescents. American Journal of Public Health 
80(3):295–299, 1990. PMID: 2305908 

HIRSCH, V.M., AND JOHNSON, P.R. Pathogenic 
diversity of simian immunodeficiency viruses. Virus 
Research 32(2):183–203, 1994. PMID: 8067053 

HO, D.D.; NEUMANN, A.U.; PERELSON, A.S.; ET 

AL. Rapid turnover of plasma virions and CD4 
lymphocytes in HIV-1 infection. Nature 
373(6510):123–126, 1995. PMID: 7816094 

IMHOF, A.; FROEHLICH, M.; BRENNER, H.; ET AL. 
Effect of alcohol consumption on systemic markers 
of inflammation. Lancet 357(9258):763–767, 
2001. PMID: 11253971 

JERRELLS, T.R.; PAVLIK, J.A.; DEVASURE, J.; ET AL. 
Association of chronic alcohol consumption and 
increased susceptibility to and pathogenic effects of 
pulmonary infection with respiratory syncytial virus 
in mice. Alcohol 41(5):357–369, 2007. PMID: 
17889312 

JI, C. Dissection of endoplasmic reticulum stress 
signaling in alcoholic and non-alcoholic liver 
injury. Journal of Gastroenterology and Hepatology 
23(Suppl. 1):S16–S24, 2008. PMID: 18336657 

JOSHI, P.C.; APPLEWHITE, L.; RITZENTHALER, J.D.; 
ET AL. Chronic ethanol ingestion in rats decreases 
granulocyte-macrophage colony-stimulating factor 
receptor expression and downstream signaling in 
the alveolar macrophage. Journal of Immunology 
175(10):6837–6845, 2005. PMID: 16272341 

KABELITZ, D., AND WESCH, D. Role of gamma 
delta T-lymphocytes in HIV infection. European 
Journal of Medical Research 6(4):169–174, 2001. 
PMID: 11309229 

KAPLAN, D.R. A novel mechanism of immunosup­
pression mediated by ethanol. Cell Immunology 
102(1):1–9, 1986. PMID: 3100053 

KASLOW, R.A.; BLACKWELDER, W.C.; OSTROW, 
D.G.; ET AL. No evidence for a role of alcohol or 
other psychoactive drugs in accelerating immunod­
eficiency in HIV-1-positive individuals: A report 
from the Multicenter AIDS Cohort Study. JAMA: 
Journal of the American Medical Association 
261(23):3424–3429, 1989. PMID: 2524608 

KEELE, B.F.; LI, H.; LEARN, G.H.; ET AL. Low dose 
rectal inoculation of rhesus macaques by 
SIVsmE660 or SIVmac251 recapitulates human 
mucosal infection by HIV-1. Journal of 
Experimental Medicine 206(5):1117–1134, 2009. 
PMID: 19414559 

KIM, E.Y.; VEAZEY, R.S.; ZAHN, R.; ET AL. 
Contribution of CD8+ T cells to containment 
of viral replication and emergence of mutations 
in Mamu-A*01-restricted epitopes in Simian 
immunodeficiency virus-infected rhesus monkeys. 
Journal of Virology 82(11):5631–5635, 2008. 
PMID: 18367519 

KISHORE, R.; MCMULLEN, M.R.; COCUZZI, E.; 
AND NAGY, L.E. Lipopolysaccharide-mediated sig­
nal transduction: Stabilization of TNF-alpha 
mRNA contributes to increased lipopolysaccharide-
stimulated TNF-alpha production by Kupffer 
cells after chronic ethanol feeding. Comparative 
Hepatology 3(Suppl. 1)S31, 2004. PMID: 14960183 

KIVIAT, N.B.; PAAVONEN, J.A.; WOLNER-HANSSEN, 
P.; ET AL. Histopathology of endocervical infection 
caused by Chlamydia trachomatis, herpes simplex 
virus, Trichomonas vaginalis, and Neisseria gonor­
rhoeae. Human Pathology 21(8):831–837, 1990. 
PMID: 2387574 

KOLLS, J.K.; XIE, J.; LEI, D.; ET AL. Differential 
effects of in vivo ethanol on LPS-induced TNF and 

nitric oxide production in the lung. American 
Journal of Physiology 268(6 Pt. 1):L991–L998, 
1995. PMID: 7541951 

KOSTRUBSKY, V.E.; STROM, S.C.; WOOD, S.G.; ET 

AL. Ethanol and isopentanol increase CYP3A and 
CYP2E in primary cultures of human hepatocytes. 
Archives of Biochemistry and Biophysics 
322(2):516–520, 1995. PMID: 7574728 

KRESINA, T.F.; FLEXNER, C.W.; SINCLAIR, J.; ET AL. 
Alcohol use and HIV pharmacotherapy. AIDS 
Research and Human Retroviruses 18(11):757–770, 
2002. PMID: 12167267 

KUMAR, R.; PEREZ-CASANOVA, A.E.; TIRADO, G.; 
ET AL. Increased viral replication in simian immun­
odeficiency virus/simian-HIV-infected macaques 
with self-administering model of chronic alcohol 
consumption. Journal of Acquired Immune 
Deficiciency Syndromes 39(4):386–390, 2005. 
PMID: 16010157 

LASO, F.J.; VAQUERO, J.M.; ALMEIDA, J.; ET AL. 
Chronic alcohol consumption is associated with 
changes in the distribution, immunophenotype, 
and the inflammatory cytokine secretion profile of 
circulating dendritic cells. Alcoholism: Clinical and 
Experimental Research 31(5):846–854, 2007. 
PMID: 17386065 

LAU, A.H.; SZABO, G.; AND THOMSON, A.W. 
Antigen-presenting cells under the influence of 
alcohol. Trends in Immunology 30(1):13–22, 2009. 
PMID: 19059005 

LAU, A.H.; THOMSON, A.W.; AND COLVIN, B.L. 
Chronic ethanol exposure affects in vivo migration 
of hepatic dendritic cells to secondary lymphoid tis­
sue. Human Immunology 68(7):577–585, 2007. 
PMID: 17584579 

LEFEVRE, F.; O’LEARY, B.; MORAN, M.; ET AL. 
Alcohol consumption among HIV-infected 
patients. Journal of General Internal Medicine 
10(8):458–460, 1995. PMID: 7472704 

LEIGH, B.C.; SCHAFER, J.; AND TEMPLE, M.T. 
Alcohol use and contraception in first sexual experi­
ences. Journal of Behavioral Medicine 18(1):81–95, 
1995. PMID: 7595954 

LEIGH, B.C.; TEMPLE, M.T.; AND TROCKI, K.F. 
The relationship of alcohol use to sexual activity in 
a U.S. national sample. Social Science & Medicine 
39(11):1527–1535, 1994. PMID: 7817217 

LENG, Q.; BENTWICH, Z.; MAGEN, E.; ET AL. 
CTLA-4 upregulation during HIV infection: 
Association with anergy and possible target for 
therapeutic intervention. AIDS 16(4):519–529, 
2002. PMID: 11872994 

LETVIN, N.L.; DANIEL, M.D.; SEHGAL, P.K.; ET AL. 
Induction of AIDS-like disease in macaque mon­
keys with T-cell tropic retrovirus STLV-III. Science 
230(4721):71–73, 1985. PMID: 2412295 

LI, Q.; DUAN, L.; ESTES, J.D.; ET AL. Peak SIV 
replication in resting memory CD4+ T cells 
depletes gut lamina propria CD4+ T cells. Nature 
434(7037):1148–1152, 2005. PMID: 15793562 

Vol. 33, No. 3, 2010 215 



33.3_9.1.10.qxd  9/12/10  5:54 PM  Page 216

LIFSON, J.D.; PIATAK, M. JR.; CLINE, A.N.; ET AL. 
Transient early post-inoculation anti-retroviral 
treatment facilitates controlled infection with spar­
ing of CD4+ T cells in gut-associated lymphoid tis­
sues in SIVmac239-infected rhesus macaques, but 
not resistance to rechallenge. Journal of Medical 
Primatology 32(4-5):201–210, 2003. PMID: 
14498980 

LIU, X.; ZHA, J.; NISHITANI, J.; ET AL. HIV-1 infec­
tion in peripheral blood lymphocytes (PBLs) 
exposed to alcohol. Virology 307(1):37–44, 2003. 
PMID: 12667812 

LOUIS, C.A.; WOOD, S.G.; KOSTRUBSKY, V.; ET AL. 
Synergistic increases in rat hepatic cytochrome 
P450s by ethanol and isopentanol. Journal of 
Pharmacology and Experimental Therapy 
269(2):838–845, 1994. PMID: 8182553 

LOWENSTINE, L.J.; PEDERSEN, N.C.; HIGGINS, J.; 
ET AL. Seroepidemiologic survey of captive Old-
World primates for antibodies to human and 
simian retroviruses, and isolation of a lentivirus 
from sooty mangabeys (Cercocebus atys). 
International Journal of Cancer 38(4):563–574, 
1986. PMID: 2428760 

LUCAS, G.M.; GEBO, K.A.; CHAISSON, R.E.; AND 

MOORE, R.D. Longitudinal assessment of the 
effects of drug and alcohol abuse on HIV-1 treat­
ment outcomes in an urban clinic. AIDS 
16(5):767–774, 2002. PMID: 11964533 

MA, A.; KOKA, R.; AND BURKETT, P. Diverse func­
tions of IL-2, IL-15, and IL-7 in lymphoid home­
ostasis. Annual Review of Immunology 24:657–679, 
2006. PMID: 16551262 

MA, Z.M.; STONE, M.; PIATAK, M. JR.; ET AL. 
High specific infectivity of plasma virus from the 
pre-ramp-up and ramp-up stages of acute simian 
immunodeficiency virus infection. Journal of 
Virology 83(7):3288–3297, 2009. PMID: 
19129448 

MANDREKAR, P.; CATALANO, D.; DOLGANIUC, A.; 
ET AL. Inhibition of myeloid dendritic cell accessory 
cell function and induction of T cell anergy by 
alcohol correlates with decreased IL-12 production. 
Journal of Immunology 173(5):3398–3407, 2004. 
PMID: 15322204 

MARCONDES, M.C.; WATRY, D.; ZANDONATTI, 
M.; ET AL. Chronic alcohol consumption generates 
a vulnerable immune environment during early 
SIV infection in rhesus macaques. Alcoholism: 
Clinical and Experimental Research 32(9):1583– 
1592, 2008. PMID: 18616669 

MARIANI, F.; GOLETTI, D.; CIARAMELLA, A.; ET AL. 
Macrophage response to Mycobacterium tuberculo­
sis during HIV infection: Relationships between 
macrophage activation and apoptosis. Current 
Molecular Medicine 1(2):209–216, 2001. PMID: 
11899072 

MARTINEZ, E.; BLANCO, J.L.; ARNAIZ, J.A.; ET AL. 
Hepatotoxicity in HIV-1-infected patients receiving 
nevirapine-containing antiretroviral therapy. AIDS 
15(10):1261–1268, 2001. PMID: 11426070 

MATTAPALLIL, J.J.; DOUEK, D.C.; HILL, B.; ET AL. 
Massive infection and loss of memory CD4+ T 
cells in multiple tissues during acute SIV infection. 
Nature 434(7037):1093–1097, 2005. PMID: 
15793563 

MCCLAIN, C.; HILL, D.; SCHMIDT, J.; AND DIEHL, 
A.M. Cytokines and alcoholic liver disease. 
Seminars in Liver Disease 13(2):170–182, 1993. 
PMID: 8337603 

MCDOWELL, J.A.; CHITTICK, G.E.; STEVENS, C.P.; 
ET AL. Pharmacokinetic interaction of abacavir 
(1592U89) and ethanol in human immunodefi­
ciency virus-infected adults. Antimicrobial Agents 
and Chemotherapy 44(6):1686–1690, 2000. PMID: 
10817729 

MCEWAN, R.T.; MCCALLUM, A.; BHOPAL, R.S.; 
AND MADHOK, R. Sex and the risk of HIV infec­
tion: The role of alcohol. British Journal of 
Addiction 87(4):577–584, 1992. PMID: 1591511 

MEADOWS, G.G.; WALLENDAL, M.; KOSUGI, A.; ET 

AL. Ethanol induces marked changes in lymphocyte 
populations and natural killer cell activity in mice. 
Alcoholism: Clinical and Experimental Research 
16(3):474–479, 1992. PMID: 1626648 

MEHANDRU, S.; POLES, M.A.; TENNER-RACZ, K.; 
ET AL. Primary HIV-1 infection is associated with 
preferential depletion of CD4+ T lymphocytes 
from effector sites in the gastrointestinal tract. 
Journal of Experimental Medicine 200(6):761–770, 
2004. PMID: 15365095 

MEHANDRU, S.; POLES, M.A.; TENNER-RACZ, K.; 
ET AL. Lack of mucosal immune reconstitution dur­
ing prolonged treatment of acute and early HIV-1 
infection. PLoS Medicine 3(12):e484, 2006. PMID: 
17147468 

MELLORS, J.W. Viral-load tests provide valuable 
answers. Scientific American 279(1):90–93, 1998. 
PMID: 9648302 

MELLORS, J.W.; MUNOZ, A.; GIORGI, J.V.; ET AL. 
Plasma viral load and CD4+ lymphocytes as prog­
nostic markers of HIV-1 infection. Annals of 
Internal Medicine 126(12):946–954, 1997. PMID: 
9182471 

MELLORS, J.W.; RINALDO, C.R. JR.; GUPTA, P.; ET 

AL. Prognosis in HIV-1 infection predicted by the 
quantity of virus in plasma. Science 272(5265): 
1167–1170, 1996. PMID: 8638160 

MEYERHOLZ, D.K.; EDSEN-MOORE, M.; MCGILL, 
J.; ET AL. Chronic alcohol consumption increases 
the severity of murine influenza virus infections. 
Journal of Immunology 181(1):641–648, 2008. 
PMID: 18566431 

MIGUEZ-BURBANO, M.J.; LEWIS, J.E.; AND 

MALOW, R. Alcohol and race/ethnicity elicit differ­
ent changes in lipid profiles in HIV-infected indi­
viduals receiving highly active antiretroviral ther­
apy. Journal of the Association of Nurses in AIDS 
Care 20(3):176–183, 2009. PMID: 19427595 

MIGUEZ, M.J.; SHOR-POSNER, G.; MORALES, G.; 
ET AL. HIV treatment in drug abusers: Impact of 
alcohol use. Addiction Biology 8(1):33–37, 2003. 
PMID: 12745413 

MILLS, E.J.; NACHEGA, J.B.; BANGSBERG, D.R.; ET 

AL. Adherence to HAART: A systematic review of 
developed and developing nation patient-reported 
barriers and facilitators. PLoS Medicine 3(11):e438, 
2006. PMID: 17121449 

MOLINA, P.E.; HOEK, J.B.; NELSON, S.; ET AL. 
Mechanisms of alcohol-induced tissue injury. 
Alcoholism: Clinical and Expermental Research 
27(3):563–575, 2003. PMID: 12658123 

MOLINA, P.E.; LANG, C.H.; MCNURLAN, M.; ET 

AL. Chronic alcohol accentuates simian acquired 
immunodeficiency syndrome-associated wasting. 
Alcoholism: Clinical and Expermental Research 
32(1):138–147, 2008. PMID: 18028526 

MOLINA, P.E.; MCNURLAN, M.; RATHMACHER, J.; 
ET AL. Chronic alcohol accentuates nutritional, 
metabolic, and immune alterations during asymp­
tomatic simian immunodeficiency virus infection. 
Alcoholism: Clinical and Expermental Research 
30(12):2065–2078, 2006. PMID: 17117972 

MOSCA, J.D.; BEDNARIK, D.P.; RAJ, N.B.; ET AL. 
Herpes simplex virus type-1 can reactivate tran­
scription of latent human immunodeficiency virus. 
Nature 325(6099):67–70, 1987. PMID: 3025748 

MOSS, G.B.; OVERBAUGH, J.; WELCH, M.; ET AL. 
Human immunodeficiency virus DNA in urethral 
secretions in men: Association with gonococcal ure­
thritis and CD4 cell depletion. Journal of Infectious 
Diseases 172(6):1469–1474, 1995. PMID: 
7594704 

MOYLE, G.J., AND SADLER, M. Peripheral neuropa­
thy with nucleoside antiretrovirals: Risk factors, 
incidence and management. Drug Safety 
19(6):481–494, 1998. PMID: 9880091 

MURO-CACHO, C.A.; PANTALEO, G.; AND FAUCI, 
A.S. Analysis of apoptosis in lymph nodes of HIV-
infected persons: Intensity of apoptosis correlates 
with the general state of activation of the lymphoid 
tissue and not with stage of disease or viral burden. 
Journal of Immunology 154(10):5555–5566, 1995. 
PMID: 7730654 

MURPHEY-CORB, M.; MARTIN, L.N.; RANGAN, 
S.R.; ET AL. Isolation of an HTLV-III-related retro­
virus from macaques with simian AIDS and its pos­
sible origin in asymptomatic mangabeys. Nature 
321(6068):435–437, 1986. PMID: 3012358 

NELSON, S., AND KOLLS, J.K. Alcohol, host defence 
and society. Nature Reviews. Immunology 
2(3):205–209, 2002. PMID: 11913071 

NELSON, E.J.; HELLEVUO, K.; YOSHIMURA, M.; 
AND TABAKOFF, B. Ethanol-induced phosphoryla­
tion and potentiation of the activity of type 7 
adenylyl cyclase: Involvement of protein kinase C 
delta. Journal of Biological Chemistry 
278(7):4552–4560, 2003. PMID: 12454008 

NELSON, S.; BAGBY, G.; AND SUMMER, W.R. 
Alcohol suppresses lipopolysaccharide-induced 
tumor necrosis factor activity in serum and lung. 
Life Sciences 44(10):673–676, 1989. PMID: 
2648095 

NESS, K.J.; FAN, J.; WILKE, W.W.; ET AL. Chronic 
ethanol consumption decreases murine Langerhans 

Alcohol Research & Health 216 



33.3_9.1.10.qxd  9/12/10  5:54 PM  Page 217

Alcohol’s Role in HIV Transmission and Disease Progression 

cell numbers and delays migration of Langerhans 
cells as well as dermal dendritic cells. Alcoholism: 
Clinical and Experimental Research 32(4):657–668, 
2008. PMID: 18241312 

NUNEZ, M.; LANA, R.; MENDOZA, J.L.; ET AL. Risk 
factors for severe hepatic injury after introduction 
of highly active antiretroviral therapy. Journal of 
Acquired Immune Deficiciency Syndromes 
27(5):426–431, 2001. PMID: 11511818 

OHTA, Y.; MASUDA, T.; TSUJIMOTO, H.; ET AL. 
Isolation of simian immunodeficiency virus from 
African green monkeys and seroepidemiologic sur­
vey of the virus in various non-human primates. 
International Journal of Cancer 41(1):115–122, 
1988. PMID: 2447023 

OSTROW, D.G.; VANRADEN, M.J.; FOX, R.; ET AL. 
Recreational drug use and sexual behavior change 
in a cohort of homosexual men: The Multicenter 
AIDS Cohort Study (MACS). AIDS 4(8):759– 
765, 1990. PMID: 2261132 

PALEPU, A.; TYNDALL, M.W.; LI, K.; ET AL. Alcohol 
use and incarceration adversely affect HIV-1 RNA 
suppression among injection drug users starting 
antiretroviral therapy. Journal of Urban Health 
80(4):667–675, 2003. PMID: 14709714 

PANDREA, I.; GAUFIN, T.; BRENCHLEY, J.M.; ET AL. 
Experimentally-induced immune activation in nat­
ural hosts of simian immunodeficiency virus 
induces significant increases in viral replication and 
CD4+ T cell depletion. Journal of Immunology 
181(10):6687–6691, 2008. PMID: 18981083 

PARONETTO, F. Immunologic reactions in alcoholic 
liver disease. Seminars in Liver Disease 13(2):183– 
195, 1993. PMID: 8393215 

PARSONS, J.T.; ROSOF, E.; AND MUSTANSKI, B. The 
temporal relationship between alcohol consumption 
and HIV-medication adherence: A multilevel 
model of direct and moderating effects. Health 
Psychology 27(5):628–637, 2008. PMID: 18823189 

PERELSON, A.S.; NEUMANN, A.U.; MARKOWITZ, 
M.; ET AL. HIV-1 dynamics in vivo: Virion clear­
ance rate, infected cell life-span, and viral genera­
tion time. Science 271(5255):1582–1586, 1996. 
PMID: 8599114 

PICKER, L.J.; HAGEN, S.I.; LUM, R.; ET AL. 
Insufficient production and tissue delivery of 
CD4+ memory T cells in rapidly progressive simian 
immunodeficiency virus infection. Journal of 
Experimental Medicine 200(10):1299–1314, 2004. 
PMID: 15545355 

PLUMMER, F.A.; SIMONSEN, J.N.; CAMERON, 
D.W.; ET AL. Cofactors in male-female sexual trans­
mission of human immunodeficiency virus type 1. 
Journal of Infectious Diseases 163(2):233–239, 1991. 
PMID: 1988508 

POL, S.; ARTRU, P.; THEPOT, V.; ET AL. 
Improvement of the CD4 cell count after alcohol 
withdrawal in HIV-positive alcoholic patients. 
AIDS 10(11):1293–1294, 1996. PMID: 8883595 

POONIA, B.; NELSON, S.; BAGBY, G.J.; AND 

VEAZEY, R.S. Intestinal lymphocyte subsets and 
turnover are affected by chronic alcohol consump­

tion: Implications for SIV/HIV infection. Journal 
of Acquired Immune Deficiciency Syndromes 
41(5):537–547, 2006. PMID: 16652027 

POONIA, B.; NELSON, S.; BAGBY, G.J.; ET AL. 
Chronic alcohol consumption results in higher 
simian immunodeficiency virus replication in 
mucosally inoculated rhesus macaques. AIDS 
Research and Human Retroviruses 21(10):863–868, 
2005. PMID: 16225413 

PRUETT, S.B.; SCHWAB, C.; ZHENG, Q.; AND FAN, 
R. Suppression of innate immunity by acute 
ethanol administration: A global perspective and a 
new mechanism beginning with inhibition of sig­
naling through TLR3. Journal of Immunology 
173(4):2715–2724, 2004. PMID: 15294990 

QUINTON, L.J.; NELSON, S.; ZHANG, P.; ET AL. 
Effects of systemic and local CXC chemokine 
administration on the ethanol-induced suppression 
of pulmonary neutrophil recruitment. Alcoholism: 
Clinical and Experimental Research 29(7):1198– 
1205, 2005. PMID: 16048875 

RAJ, A.; REED, E.; SANTANA, M.C.; ET AL. The 
associations of binge alcohol use with HIV/STI risk 
and diagnosis among heterosexual African 
American men. Drug and Alcohol Dependence 
101(1-2):101–106, 2009. PMID: 19117698 

REBBAPRAGADA, A.; HOWE, K.; WACHIHI, C.; ET 

AL. Bacterial vaginosis in HIV-infected women 
induces reversible alterations in the cervical 
immune environment. Journal of Acquired Immune 
Deficiency Syndromes 49(5):520–522, 2008. PMID: 
18989228 

RICHMAN, D.D.; WRIN, T.; LITTLE, S.J.; AND 

PETROPOULOS, C.J. Rapid evolution of the neutral­
izing antibody response to HIV type 1 infection. 
Proceedings of the National Academy of Sciences of the 
United States of America 100(7):4144–4149, 2003. 
PMID: 12644702 

SAMET, J.H.; CHENG, D.M.; LIBMAN, H.; ET AL. 
Alcohol consumption and HIV disease progression. 
Journal of Acquired Immune Deficiency Syndromes 
46(2):194–199, 2007. PMID: 17667330 

SAMET, J.H.; HORTON, N.J.; MELI, S.; ET AL. 
Alcohol consumption and antiretroviral adherence 
among HIV-infected persons with alcohol prob­
lems. Alcoholism: Clinical and Experimental Research 
28(4):572–577, 2004. PMID: 15100608 

SAMET, J.H.; HORTON, N.J.; TRAPHAGEN, E.T.; ET 

AL. Alcohol consumption and HIV disease progres­
sion: Are they related? Alcoholism: Clinical and 
Experimental Research 27(5):862–867, 2003. 
PMID: 12766632 

SARAVOLATZ, L.D.; CERRA, R.F.; POHLOD, D.J.; 
AND SMERECK, S. The effect of alcohol on HIV 
infection in vitro. Progress in Clinical and Biological 
Research 325:267–271, 1990. PMID: 2105508 

SCHMITZ, J.E.; KURODA, M.J.; SANTRA, S.; ET AL. 
Control of viremia in simian immunodeficiency 
virus infection by CD8+ lymphocytes. Science 
283(5403):857–860, 1999. PMID: 9933172 

SCHMITZ, J.E.; KURODA, M.J.; SANTRA, S.; ET AL. 
Effect of humoral immune responses on controlling 

viremia during primary infection of rhesus mon­
keys with simian immunodeficiency virus. Journal 
of Virology 77(3):2165–2173, 2003. PMID: 
12525651 

SETH, P.; WINGOOD, G.M.; AND DICLEMENTE, 
R.J. Exposure to alcohol problems and its associa­
tion with sexual behaviour and biologically con­
firmed Trichomonas vaginalis among women living 
with HIV. Sexually Transmitted Infections 
84(5):390–392, 2008. PMID: 18524841 

SHELLITO, J.E., AND OLARIU, R. Alcohol decreases 
T-lymphocyte migration into lung tissue in 
response to Pneumocystis carinii and depletes T-
lymphocyte numbers in the spleens of mice. 
Alcoholism: Clinical and Experimental Research 
22(3):658–663, 1998. PMID: 9622447 

SIGGINS, R.W.; BAGBY, G.J; MOLINA, P.; ET AL. 
Alcohol exposure impairs myeloid dendritic cell 
function in rhesus macaques. Alcoholism: Clinical 
and Experimental Research 33(9):1524–1531, 2009. 
PMID: 19485975 

SLAIN, D.; PAKYZ, A.; ISRAEL, D.S.; ET AL. 
Variability in activity of hepatic CYP3A4 in 
patients infected with HIV. Pharmacotherapy 
20(8):898–907, 2000. PMID: 10939550 

SMIT-MCBRIDE, Z.; MATTAPALLIL, J.J.; 
MCCHESNEY, M.; ET AL. Gastrointestinal T lym­
phocytes retain high potential for cytokine 
responses but have severe CD4(+) T-cell depletion 
at all stages of simian immunodeficiency virus 
infection compared to peripheral lymphocytes. 
Journal of Virology 72(8):6646–6656, 1998a. 
PMID: 9658111 

SMIT-MCBRIDE, Z.; MATTAPALLIL, J.J.; VILLINGER, 
F.; ET AL. Intracellular cytokine expression in the 
CD4+ and CD8+ T cells from intestinal mucosa of 
simian immunodeficiency virus infected macaques. 
Journal of Medical Primatology 27(2-3):129–140, 
1998b. PMID: 9747954 

SONG, Y.S.; PARK, E.H.; HUR, G.M.; ET AL. 
Ethanol extract of propolis inhibits nitric oxide syn­
thase gene expression and enzyme activity. Journal 
of Ethnopharmacology 80(2-3):155–161, 2002. 
PMID: 12007705 

SORIANO, V.; PUOTI, M.; BONACINI, M.; ET AL. 
Care of patients with chronic hepatitis B and HIV 
co-infection: Recommendations from an HIV­
HBV International Panel. AIDS 19(3):221–240, 
2005. PMID: 15718833 

SORIANO, V.; PUOTI, M.; SULKOWSKI, M.; ET AL. 
Care of patients coinfected with HIV and hepatitis 
C virus: 2007 updated recommendations from the 
HCV-HIV International Panel. AIDS 
21(9):1073–1089, 2007. PMID: 17502718 

SOUSA, A.E.; CARNEIRO, J.; MEIER-SCHELLERSHEIM, 
M.; ET AL. CD4 T cell depletion is linked directly 
to immune activation in the pathogenesis of HIV-1 
and HIV-2 but only indirectly to the viral load. 
Journal of Immunology169(6):3400–3406, 2002. 
PMID: 12218162 

SPIES, J.B.; ALLISON, S.; FLICK, P.; ET AL. Polyvinyl 
alcohol particles and tris-acryl gelatin microspheres 

Vol. 33, No. 3, 2010 217 



33.3_9.1.10.qxd  9/12/10  5:54 PM  Page 218

for uterine artery embolization for leiomyomas: 
Results of a randomized comparative study. Journal 
of Vascular and Interventional Radiology 
15(8):793–800, 2004. PMID: 15297582 

STALL, R.; MCKUSICK, L.; WILEY, J.; ET AL. Alcohol 
and drug use during sexual activity and compliance 
with safe sex guidelines for AIDS: The AIDS 
Behavioral Research Project. Health Education 
Quarterly 13(4):359–371, 1986. PMID: 3781860 

STARKENBURG, S.; MUNROE, M.E.; AND 

WALTENBAUGH, C. Early alteration in leukocyte 
populations and Th1/Th2 function in ethanol-con­
suming mice. Alcoholism: Clinical and Experimental 
Research 25(8):1221–1230, 2001. PMID: 
11505054 

SULKOWSKI, M.S.; THOMAS, D.L.; CHAISSON, R.E.; 
AND MOORE, R.D. Hepatotoxicity associated with 
antiretroviral therapy in adults infected with human 
immunodeficiency virus and the role of hepatitis C 
or B virus infection. JAMA: Journal of the American 
Medical Association 283(1):74–80, 2000. PMID: 
10632283 

SULKOWSKI, M.S.; THOMAS, D.L.; MEHTA, S.H.; 
ET AL. Hepatotoxicity associated with nevirapine or 
efavirenz-containing antiretroviral therapy: Role of 
hepatitis C and B infections. Hepatology 
35(1):182–189, 2002. PMID: 11786975 

SZABO, G., AND MANDREKAR, P. A recent perspec­
tive on alcohol, immunity, and host defense. 
Alcoholism: Clinical and Experimental Research 
33(2):220–232, 2009. PMID: 19053973 

SZABO, G.; CATALANO, D.; WHITE, B.; AND 

MANDREKAR, P. Acute alcohol consumption 
inhibits accessory cell function of monocytes and 
dendritic cells. Alcoholism: Clinical and 
Experimental Research 28(5):824–828, 2004. 
PMID: 15166660 

SZABO, G.; GIROUARD, L.; MANDREKAR, P.; AND 

CATALANO, D. Acute ethanol treatment augments 
interleukin-12 production in activated human 
monocytes. Annals of the New York Academy of 
Sciences 795:422–425, 1996a. PMID: 8958973 

SZABO, G.; MANDREKAR, P.; GIROUARD, L.; AND 

CATALANO, D. Regulation of human monocyte 
functions by acute ethanol treatment: Decreased 
tumor necrosis factor-alpha, interleukin-1 beta and 
elevated interleukin-10, and transforming growth 

factor-beta production. Alcoholism: Clinical and 
Experimental Research 20(5):900–907, 1996b. 
PMID: 8865966 

TANG, Y.; BANAN, A.; FORSYTH, C.B.; ET AL. Effect 
of alcohol on miR-212 expression in intestinal 
epithelial cells and its potential role in alcoholic 
liver disease. Alcoholism: Clinical and Experimental 
Research 32(2):355–364, 2008. PMID: 18162065 

THEALL, K.P.; AMEDEE, A.; CLARK, R.A.; ET AL. 
Alcohol consumption and HIV-1 vaginal RNA 
shedding among women. Journal of Studies on 
Alcohol and Drugs 69(3):454–458, 2008. PMID: 
18432389 

THEALL, K.P.; CLARK, R.A.; POWELL, A.; ET AL. 
Alcohol consumption, ART usage and high-risk sex 
among women infected with HIV. AIDS and 
Behavior 11(2):205–215, 2007. PMID: 16897350 

VAN ROMPAY, K.K.; MARTHAS, M.L.; LIFSON, J.D.; 
ET AL. Administration of 9-[2-(phospho­
nomethoxy)propyl]adenine (PMPA) for prevention 
of perinatal simian immunodeficiency virus infec­
tion in rhesus macaques. AIDS Research and 
Human Retroviruses 14(9):761–773, 1998. PMID: 
9543376 

VEAZEY, R.S.; ACIERNO, P.M.; MCEVERS, K.J.; ET 

AL. Increased loss of CCR5+ CD45RA- CD4+ T 
cells in CD8+ lymphocyte-depleted Simian 
immunodeficiency virus-infected rhesus monkeys. 
Journal of Virology 82(11):5618–5630, 2008. 
PMID: 18367534 

VEAZEY, R.S.; DEMARIA, M.; CHALIFOUX, L.V.; ET 

AL. Gastrointestinal tract as a major site of CD4+ T 
cell depletion and viral replication in SIV infection. 
Science 280(5362):427–431, 1998. PMID: 
9545219 

VERHOEVEN, D.; SANKARAN, S.; SILVEY, M.; AND 

DANDEKAR, S. Antiviral therapy during primary 
simian immunodeficiency virus infection fails to 
prevent acute loss of CD4+ T cells in gut mucosa 
but enhances their rapid restoration through central 
memory T cells. Journal of Virology 
82(8):4016–4027, 2008. PMID: 18272585 

VERMA, B.K.; FOGARASI, M.; AND SZABO, G. 
Down-regulation of tumor necrosis factor alpha 
activity by acute ethanol treatment in human 
peripheral blood monocytes. Journal of Clinical 
Immunology 13(1):8–22, 1993. PMID: 8445046 

WASSERHEIT, J.N. Epidemiological synergy: 
Interrelationships between human immunodefi­
ciency virus infection and other sexually transmit­
ted diseases. Sexually Transmitted Diseases 
19(2):61–77, 1992. PMID: 1595015 

WEI, X.; GHOSH, S.K.; TAYLOR, M.E.; ET AL. Viral 
dynamics in human immunodeficiency virus type 1 
infection. Nature 373(6510):117–122, 1995. 
PMID: 7529365 

WHITFIELD, R.M.; BECHTEL, L.M.; AND STARICH, 
G.H. The impact of ethanol and Marinol /mari­
juana usage on HIV+/AIDS patients undergoing 
azidothymidine, azidothymidine/ dideoxycytidine, 
or dideoxyinosine therapy. Alcoholism: Clinical and 
Experimental Research 21(1):122–127, 1997. 
PMID: 9046384 

WINDLE, M. The trading of sex for money or 
drugs, sexually transmitted diseases (STDs), and 
HIV-related risk behaviors among multisubstance 
using alcoholic inpatients. Drug and Alcohol 
Dependence 49(1):33–38, 1997. PMID: 9476697 

WINSAUER, P.J.; MOERSCHBAECHER, J.M.; 
BRAUNER, I.N.; ET AL. Alcohol unmasks simian 
immunodeficiency virus-induced cognitive impair­
ments in rhesus monkeys. Alcoholism: Clinical and 
Experimental Research 26(12):1846–1857, 2002. 
PMID: 12500109 

YARCHOAN, R.; PLUDA, J.M.; THOMAS, R.V.; ET 

AL. Long-term toxicity/activity profile of 2’,3’­
dideoxyinosine in AIDS or AIDS-related complex. 
Lancet 336(8714):526–529, 1990. PMID: 
1975038 

ZHANG, H., AND MEADOWS, G.G. Chronic alcohol 
consumption in mice increases the proportion of 
peripheral memory T cells by homeostatic prolifera­
tion. Journal of Leukocyte Biology 78(5):1070–1080, 
2005. PMID: 16260584 

ZHU, X.; COLEMAN, R.A.; ALBER, C.; ET AL. 
Chronic ethanol ingestion by mice increases expres­
sion of CD80 and CD86 by activated 
macrophages. Alcohol 32(2):91–100, 2004. PMID: 
15163560 

Alcohol Research & Health 218 


