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Abstract

Independently, HIV infection and heavy alcohol use increase microbial translocation of gut 

products into systemic circulation. Microbial translocation and consequent immune response have 

been linked to chronic inflammation and a host of negative health outcomes in individuals living 

with HIV. However, previous research has not systematically investigated the immune correlates of 

heavy drinking specifically within the HIV-positive population. This pilot study investigated 

microbial translocation and immune activation as a function of alcohol use in 21 HIV-positive men 

who met NIAAA criteria for heavy drinking. Participants averaged 46.7 ± 8.5 (mean ± standard 

deviation) years of age, 12.2 ± 9.2 years since HIV diagnosis, 337 ± 158 CD4 nadir, and 643 

± 245 current CD4 count. All participants were virologically suppressed on antiretroviral therapy. 

Data on alcohol use and immune function were collected at baseline and three-month follow-up. 

Plasma concentrations of markers of microbial translocation and immune activation 

[lipopolysaccharide (LPS), soluble CD14 (sCD14), endotoxin core antibody immunoglobulin M 

(EndoCAb)] were measured using enzyme-linked immunosorbent assays. Generalized estimating 

equation models tested alcohol use variables as predictors of LPS, sCD14, and EndoCAb levels. 

Greater quantity and frequency of drinking significantly predicted higher sCD14 levels (p’s <.01). 

Conversely, longer duration of abstinence from alcohol significantly predicted lower sCD14 levels 

(p <.001). These results remained significant after controlling for age, HIV duration, smoking 

status, current CD4 count, CD4 nadir, and antiretroviral drug type. In addition, participants with 

≥50% relative reduction in drinks per week showed a significant decrease (p <.05) in sCD14 from 

baseline to three-month follow-up. This pilot study provides preliminary evidence that heavy 

drinking may increase a key inflammatory marker in HIV-infected individuals with suppressed 

infection.
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Introduction

Among the 1.2 million people living with HIV infection (PLWH) in the United States, 65% 

used alcohol in the past year, and 15% reported binge drinking in the past month (Centers 

for Disease Control and Prevention, 2014). Alcohol use is associated with HIV progression 

and increased mortality, yet the biological mechanisms have been difficult to elucidate 

(Hahn & Samet, 2010). Both heavy drinking and HIV infection promote microbial 

translocation (MT), the movement of gut microbial products into systemic circulation 

(Brenchley & Douek, 2012). In HIV infection, MT may be a consequence of gut CD4 cell 

depletion, altered microbiota composition, and/or epithelial damage (for review, see 

Marchetti, Tincati, & Silvestri, 2013). Gut immune dysfunction and MT are linked to 

chronic immune activation, a defining feature of HIV infection that predicts disease 

progression independent of viral load (Brenchley et al., 2006; Deeks et al., 2004). Chronic 

immune activation, characterized by elevated turnover of T cells and high levels of 

proinflammatory cytokines in circulation, leads to persistent systemic inflammation 

(Marchetti et al., 2013). At the same time, alcohol and its metabolites cause MT by 

increasing gut permeability and promoting oxidative stress (Szabo & Bala, 2010). This pilot 

study investigated associations among alcohol use, MT, and immune activation in PLWH.

A widely used measure of MT is plasma concentration of lipopolysaccharide (LPS). LPS is 

a component of cell walls of Gram-negative bacteria and an endogenous antigen for toll-like 

receptor 4 (TLR4) and its co-receptor, cluster of differentiation 14 (CD14) (Park & Lee, 

2013). LPS in circulation stimulates monocytes to secrete soluble CD14 (sCD14), a protein 

that mediates inflammatory response to LPS (Kitchens, Thompson, Viriyakosol, O'Keefe, & 

Munford, 2001). Endotoxin core antibody immunoglobulin M (EndoCAb) is an antibody 

that binds to and clears LPS (Barclay, 1995). In short, both sCD14 and EndoCAb levels 

reflect MT-associated immune activation.

Perturbations of LPS, sCD14, and EndoCAb appear to exhibit similar profiles in HIV 

infection and heavy drinking. Compared to healthy controls, PLWH consistently show 

elevated plasma LPS and sCD14 and lower EndoCAb (Ancuta et al., 2008; Brenchley et al., 

2006; Dinh et al., 2015). Antiretroviral treatment (ART) does not fully normalize these 

biomarkers, possibly due to ongoing T-cell depletion in the gut (Brenchley et al., 2004). 

Moreover, elevated LPS and sCD14 are induced by acute alcohol exposure and are reported 

in early alcohol withdrawal (Bala, Marcos, Gattu, Catalano, & Szabo, 2014; Frank, Witte, 

Schrodl, & Schutt, 2004; Leclercq et al., 2012). In a community sample, consuming ≥5 

drinks one or more times per week was associated with lower EndoCAb (Kazbariene, 

Krikstaponiene, & Monceviciute-Eringiene, 2006).

These parallels point to the possibility for heavy drinking to potentiate MT and immune 

activation in PLWH, yet previous research on this topic is sparse. Ancuta and colleagues 

(2008) found higher plasma LPS in PLWH who had alcohol use disorders than PLWH 
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without substance use disorders. Cioe and colleagues (2015) reported that smoking, but not 

heavy drinking, was associated with elevated plasma sCD14 in PLWH. However, systematic 

investigation of MT and immune activation in relation to alcohol use has not been conducted 

among PLWH with virologic suppression (i.e., undetectable viral load). This pilot study 

investigated LPS, sCD14, and EndoCAb levels over a three-month interval in heavy-

drinking men with treated HIV infection.

Method

Participants

Participants were 21 men who have sex with men, enrolled in a randomized, controlled trial 

of a brief alcohol intervention. Briefly, male heavy drinkers living with HIV were recruited 

from an urban health center with extensive experience providing HIV clinical care (for 

details see Kahler et al., 2014). Participants were randomized either to treatment-as-usual or 

to a brief motivational intervention to reduce alcohol use plus treatment-as-usual. Behavioral 

and biomedical outcomes were measured at several points over a twelve-month follow-up 

period. Inclusion criteria were (1) male; (2) ≥18 years of age; (3) heavy drinking in the past 

month, following NIAAA guidelines [≥5 drinks per day, on one or more days; or >14 drinks 

per week, on average (Dawson, 2011)]; (4) confirmed diagnosis of HIV; (5) self-reported sex 

(insertive or receptive, oral or anal) with a male partner in the past 12 months. Participants 

on ART were stable on their current regimen for at least three months. Exclusion criteria 

were (1) current intravenous drug use; (2) current psychosis, suicidality, or mania, 

determined with the Structured Clinical Interview for DSM-IV-TR Axis I Disorders (First, 

Spitzer, Gibbon, & Williams, 1995); (3) treatment within past three months for an HIV-

related opportunistic infection; (4) current psychotherapeutic or pharmacologic treatment for 

alcohol or drug use; (5) score >7 on Clinical Institute Withdrawal Assessment for Alcohol 

[CIWA-Ar (Sullivan, Sykora, Schneiderman, Naranjo, & Sellers, 1989)]. Participants were 

asked to abstain from alcohol for 24 hours before assessment, and zero breath alcohol 

content was confirmed using a handheld digital breath analyzer. Participants provided 

informed consent in a format approved by Institutional Review Boards.

The current analysis retrospectively selected a subsample of participants from the parent 

study for biomarker testing on cryogenically preserved plasma samples. Selection was based 

on alcohol use at three-month follow-up [actual days to follow-up =90±16 (mean±standard 

deviation)]. Participants with differential drinking outcomes were selected using clinical and 

empirical guidelines for significant change in alcohol use (European Medicines Agency, 

2010; Falk, Litten, Anton, Kranzler, & Johnson, 2014). Specifically, the analysis utilized 

plasma samples from participants who either had maintained heavy drinking (Maintainers, 

n=10) or reported ≥50% relative reduction in drinks per week (Reducers, n=11).

Alcohol use assessment

The Timeline Followback Interview [TLFB (Sobell & Sobell, 1992)] was used to assess the 

number of standard alcoholic drinks (12 oz. of beer, 5 oz. of wine, 1.5 oz. 80-proof liquor) 

consumed each day and other drug use.
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Plasma assays

Blood samples were collected into endotoxin-free tubes, processed, and stored at −80 °C. 

Commercially available enzyme-linked immunosorbent assays for LPS (MyBiosource), 

sCD14 (Enzo LifeSciences), and EndoCAb (Hycult) were performed in duplicate following 

manufacturer instructions. Data were available for 18/21 participants for LPS and 20/21 

participants for sCD14 and EndoCAb.

Statistical analysis

We hypothesized that heavier and more recent alcohol consumption would be linked with 

higher LPS, higher sCD14, and lower EndoCAb at both time points. LPS was non-normally 

distributed and was log-transformed. Generalized estimating equations [GEE (Zeger, Liang, 

& Albert, 1988)] in SPSS v.22 (IBM Corp, Released 2013)) tested whether the time-varying 

effect of alcohol use was associated with biomarker outcomes, while accounting for non-

independence of observations within individuals. Alcohol use variables (average drinks per 

week, number of drinking days, number of heavy drinking days, drinks per drinking day, and 

days since last drink) were tested in separate models. Age, years since HIV diagnosis, 

current CD4, nadir CD4, smoking status, and ART type [protease inhibitor (PI)-based vs. PI-

sparing] also were tested as predictors. Correlations among biomarkers were tested using 

non-parametric Spearman’s rho.

Differences between Maintainer and Reducer groups at follow-up were evaluated using the 

Mann-Whitney U test for LPS and independent t-tests for sCD14 and EndoCAb. Within-

group changes were analyzed with Wilcoxon signed rank tests on LPS and paired t-tests on 

sCD14 and EndoCAb.

Results

Descriptive characteristics

Participants averaged 46.7±8.5 years of age and 12.2±9.2 years since HIV diagnosis. 

Participants were virologically suppressed on ART (HIV RNA ≤75 copies/ml) and had 

moderately high current and nadir CD4 counts. Two-thirds reported smoking. One 

participant had hepatitis C. Table 1 presents full clinical, demographic, and biomarker data. 

Regarding relationships across biomarkers (Table 2), LPS was significantly correlated with 

EndoCAb.

Associations of alcohol use with biomarkers

In GEE models, past 30-day alcohol quantity, frequency, and abstinence duration 

significantly predicted sCD14 levels (Table 3; Figure 1). Controlling for clinical and 

demographic variables did not change results. Alcohol use did not predict LPS or EndoCAb.

ART type was a significant predictor of LPS, Wald χ2(1)=5.56, p=.018. Being on a PI-based 

regimen was associated with higher LPS levels than a PI-sparing regimen. Because a PI-

containing regimen typically is not first-line treatment, we considered that illness history 

might differ for these groups. Post-hoc t-tests showed that current CD4, nadir CD4, and age 
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did not differ, but duration of infection was significantly longer in those receiving PI-based 

ART (16.7 years) compared to PI-sparing ART (7.6 years), t(18)=2.41, p=.027.

Biomarker change by group

At follow-up, 11/21 participants (Reducers) had reduced intake by an average of 79%, or 

19.2 drinks per week. The remaining 10/21 (Maintainers) continued heavy drinking. A 

paired t-test showed that average sCD14 decreased significantly in Reducers from baseline 

(8046 ng/ml) to follow-up (7102 ng/ml), t(10) =2.33, p =.042, Cohen’s d =.37 (Figure 2). 

Change within Maintainers was not significant, t(8) =1.09, p =.308 (baseline, 8578 ng/ml; 

follow-up, 8165 ng/ml). Between-group tests were not significant (p’s >.20).

Discussion

This pilot study linked greater quantity and frequency of drinking in PLWH to elevation in 

plasma sCD14, a marker of monocyte activation. Conversely, longer abstinence from alcohol 

predicted lower sCD14: abstaining from alcohol for one week predicted sCD14 decrease of 

approximately 10%. In addition, participants who reduced drinking by ≥50% at follow-up 

showed a significant decrease in sCD14. This preliminary evidence suggests that alcohol use 

contributes to systemic immune activation in PLWH. Because sCD14 independently predicts 

all-cause mortality and cognitive impairment in PLWH, associations of alcohol use with 

sCD14 are noteworthy (Marcotte et al., 2013; Sandler et al., 2011). With increased life 

expectancy for PLWH on ART (Nakagawa, May, & Phillips, 2013), the presence of chronic 

immune dysfunction despite virologic suppression could have serious implications for long-

term health.

These pilot results require replication in a full-scale study. Although having an all-male 

sample removed variability due to sex differences in alcohol pharmacokinetics (Erol & 

Karpyak, 2015), generalizability is limited by this factor and by the sample’s high current 

CD4 and nadir CD4. Null findings for LPS and EndoCAb in the current study may be 

attributable to limited power. Although liver damage did not appear to be a major 

contributor, it is possible that other health conditions not assessed in this study may have 

affected biomarker levels. Differences from previous studies, which included PLWH with 

detectable viral loads (Ancuta et al., 2008; Cioe et al., 2015), may have arisen because the 

current investigation assessed PLWH who were all heavy drinkers with virologic 

suppression. sCD14 is not specific to LPS and is induced by other TLR ligands (Shive, 

Jiang, Anthony, & Lederman, 2015). Interestingly, studies have shown that alcohol 

modulates LPS activation of TLR4 on monocytes (Mandrekar, Bala, Catalano, Kodys, & 

Szabo, 2009) and that pro-inflammatory effects of alcohol in the central nervous system are 

mediated by TLR4 on glia, independent of LPS (Fernandez-Lizarbe, Pascual, & Guerri, 

2009).

For PLWH with virologic suppression, there currently are no established methods to reduce 

chronic immune activation, a key predictor of cognitive impairment and mortality. Findings 

suggest that reducing drinking may have beneficial effect on immune status. Finally, sCD14 

may have potential as a biomarker to monitor alcohol-related immune consequences in 

PLWH.
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Figure 1. 
Associations of sCD14 with A) average drinks per week (baseline and three-month follow-

up shown); B) heavy drinking days (baseline and follow-up shown); C) total drinking days 

(baseline and follow-up shown); D) days since last drink at follow-up.
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Figure 2. 
Change in sCD14 levels for Maintainer and Reducer groups at three-month follow-up. Bars 

represent mean ± standard error. The Reducer group showed a significant decrease in sCD14 

[t(10) = 2.33, p = .04], whereas change in the Maintainer group was not significant.
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Table 1

Demographic and clinical characteristics of men living with HIV (N = 21)

Baseline
(M ± SD or %)

3-Month Follow-up
(M ± SD)

Age 46.7 ± 8.5 ----

Years since HIV diagnosis 12.2 ± 9.2 ----

CD4 nadir cell count 337 ± 158 ----

CD4 current cell count 643 ± 245 ----

Viral load ≤ 75 copies/ml 100% ----

ART type

  PI-based 48% ----

  NRTI plus non-NRTI 33% ----

  NRTI plus INSTI 10% ----

  Type not reported 10% ----

Hepatitis C positive 5% ----

Race

  White 52% ----

  African American 24% ----

  Multiracial 14% ----

  Race not reported 10% ----

Ethnicity

  Hispanic or Latino 24% ----

  Not Hispanic or Latino 76% ----

Current smoker 67% ----

Other drug use*

  Cannabis 43% ----

  Methamphetamine 5% ----

  Cocaine 19% ----

  Poppers/inhalants 14% ----

Alcohol use

  Average drinks per week 22.1 ± 16.0 17.1 ± 24.9

  Number of drinking days 17.2 ± 7.8 12.3 ± 10.7

  Number of heavy drinking days 8.0 ± 5.8 5.2 ± 7.8

  Drinks per drinking day 6.2 ± 4.1 5.3 ± 3.3

  Days since last drink 2.3 ± 3.2 5.0 ± 6.3

Liver enzymes

  Alanine aminotransferase (ALT, units/L) 28.8 ± 8.9

  Aspartate aminotransferase (AST, units/L) 28.7 ± 12.2

Biomarker concentrations

  LPS (pg/ml) 36.2 ± 14.7 42.2 ± 25.6

  sCD14 (ng/ml) 8285.5 ± 2162.0 7580.3 ± 2493.1

  EndoCAb (MMU/ml) 45.1 ± 19.1 47.2 ± 22.1
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*
Percent of sample reporting any use on 30-day TLFB.
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