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Vibrio vulnificus is the leading cause of death in the United States associated with the consumption of raw
seafood, particularly oysters. In epidemiological studies, primary septicemia and inflammation-mediated sep-
tic shock caused by V. vulnificus is strongly associated with liver disease, often in the context of chronic alcohol
abuse. The present study was undertaken to determine whether clinical biomarkers of liver function or cellular
oxidative stress are associated with peripheral blood mononuclear cell inflammatory cytokine responses to
V. vulnificus. Levels of interleukin-1� (IL-1�), IL-6, IL-8, and tumor necrosis factor alpha elicited in response
to V. vulnificus and measured in cell supernatants were not associated with the liver biomarkers aspartate ami-
notransferase (AST) or alanine aminotransferase (ALT) or the AST/ALT ratio. In contrast, reduced glutathi-
one (GSH) levels were associated with the release of all four cytokines (IL-1� [R2 � 0.382; P � 0.006], IL-6
[R2 � 0.393; P � 0.005], IL-8 [R2 � 0.487; P � 0.001], and TNF-� [R2 � 0.292; P � 0.021]). Those individuals
with below-normal GSH levels produced significantly less proinflammatory cytokines in response to V. vulni-
ficus. We hypothesize that persons with markers for cellular oxidative stress have increased susceptibility to
V. vulnificus septicemia.

Vibrio vulnificus is a gram-negative bacterium found com-
monly in marine and estuarine environments. In the United
States, it predominates in the warm waters of the Gulf and
Atlantic Coasts (25, 27, 28). Despite not being a notifiable
disease, each year there are 20 to 50 reported cases of V. vul-
nificus primary septicemia in the United States, occurring most
often following the consumption of naturally contaminated
raw oysters (2, 14). V. vulnificus also has the ability to cause
gastroenteritis, which is generally self-limiting, and wound in-
fections in otherwise healthy individuals (17, 32). Primary sep-
ticemia is seen almost exclusively in people with an underlying
condition affecting their immune system. In epidemiological
studies, primary septicemia caused by V. vulnificus is most
often associated with preexisting liver disease, although other
conditions, such as diabetes mellitus, hemochromatosis, im-
munodeficiency, or malignancy, may also increase susceptibil-
ity to this organism (2, 14, 17, 24, 41). The impairment of iron
metabolism and resultant iron overload associated with many
of these conditions is thought to support increased V. vulnificus
growth and reduced immune clearance (1, 15, 16). Primary
septicemia caused by V. vulnificus appears to follow a classical
septic shock pathway, including an overwhelming inflamma-
tory cytokine response followed by multiorgan failure and
death. Presently, there is no effective treatment for V. vulnifi-
cus once someone has developed primary septicemia, and
death usually ensues. It should be noted that V. vulnificus has
many similarities with other gram-negative, encapsulated, op-

portunistic bacterial pathogens and likely exploits similar host
susceptibility pathways that could be targeted for intervention.

To date, the majority of V. vulnificus studies have focused on
the bacterial factors involved in disease (41). Therefore, while
much is now known about some of the bacterial factors in-
volved in the disease process, little is understood about host
cellular factors leading to susceptibility. It has been previously
shown that V. vulnificus has the ability to elicit inflammation-
associated cytokines from primary human cells in vitro and
from animals in vivo (10, 33). A recent study from Korea is the
first to report significant increases in the levels of pro-inflam-
matory cytokines tumor necrosis factor alpha (TNF-�), inter-
leukin-1� (IL-1�), and IL-6 in serum from V. vulnificus-in-
fected patients compared to healthy individuals, confirming a
role for dysregulation of the cytokine response (39). Autopsy
reports from Japanese V. vulnificus cases also show a wide-
spread inflammatory response characterized by a generalized
neutrophil influx (3).

The effects of chronic alcohol use on the immune system
have been extensively studied in both human and animal mod-
els. Results from the published literature are conflicting, sug-
gesting that long-term alcohol abuse can lead to both over-
stimulation and depression of specific inflammatory cytokine
responses (5, 11, 29, 42, 47). Differences in assay design, in cell
populations studied, and in antigens may account for much of
the confusion. The length of ethanol exposure and the degree
of organ damage also appear to be associated with immune
response. However, strong evidence remains that chronic alco-
hol use leads to increased peripheral circulation of proinflam-
matory cytokines and suppression of specific innate and cellu-
lar immune responses (5, 11, 29, 42, 47).
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From a public health standpoint, education remains the
most effective way to protect those at risk from becoming
infected with V. vulnificus. People with liver disease, includ-
ing individuals with chronic alcohol use, hemochromatosis,
diabetes, organ transplants, and human immunodeficiency
virus (HIV) infection, should be warned of the dangers of
eating raw shellfish, especially oysters (21, 37, 44). However,
even individuals with the known risk factors are not equally
susceptible to becoming infected after exposure to V. vulni-
ficus. It would be valuable, therefore, to have a clinical
biomarker(s) that allowed susceptible individuals from at-
risk populations to be identified. To further elucidate un-
derlying cellular mechanisms and as a first step in selecting
markers for possible use in subsequent clinical testing, we
looked at the relationship between candidate biomarkers
and in vitro inflammatory response to V. vulnificus in a
group of individuals with chronic alcohol abuse.

Participants for this study were drawn from among outpa-
tients attending the substance abuse program at the Veterans
Affairs Medical Center (VAMC) Baltimore. To be eligible,
each participant was identified as having alcohol as their pri-
mary substance being abused and being in need of treatment
for their addiction. Participants were 21 years of age or older
and otherwise generally in good health. All participants gave
informed consent, and the study protocol, including the con-
sent process, was approved by the VAMC Committee for Hu-
man Subjects Research and University of Maryland School of
Medicine Institutional Review Board. All biomarkers, except
glutathione, were measured in the clinical laboratory at the
Baltimore VAMC by using standardized protocols. Reduced
glutathione (GSH) and oxidized glutathione (GSSG) levels in
peripheral blood mononuclear cells (PBMCs) were measured
via reverse-phase high-performance liquid chromatography as
previously described (22, 35). Briefly, whole blood was drawn
from each study participant, and PBMCs were isolated as de-
scribed previously (33). Cells (106) were resuspended in 1 ml
of perchloric acid (PCA)-diethylenetriaminepentaacetic acid
(DEPA) (2.5% vol/vol PCA, 2 mM DEPA, 0.2 M boric acid,
5 mg of cresol red dye/liter). To completely disrupt the cells,
each sample was subjected to two cycles of being snap-frozen
in liquid nitrogen followed by rapid thawing at 37°C; the freeze
and thaw were then repeated once. Lysates (300 �l) were
derivatized by the addition of 30 �l of iodoactic acid (25 mM
prepared fresh with sterile water) and 30 �l of 5 �M �-gluglu
(internal standard). Lithium hydroxide (2 M) was added drop-
wise until the pH reached 8.0 to 8.5. The samples were then
placed in the dark at room temperature for 30 min before the
addition of an equal volume (430 �l) of dansyl chloride (1
mg/ml in acetonitrile). After incubating in the dark overnight
at room temperature, each sample was briefly centrifuged be-
fore injection onto an aminopropyl silica high-performance
liquid chromatography column. Sample constituents were
fluorescently detected at an emission wavelength of 540 nm and
an excitation wavelength of 330 nm and normalized to an
internal �-gluglu standard. Quantitation of GSH and GSSG
was made against commercially available standards.

A listing of the demographic and clinical characteristics of
the study participants (n � 18) in this pilot study revealed a
wide range of measures. Some of the participants, while need-
ing treatment for their current chronic alcohol use, had not

reached a point where clinical endpoints were markedly af-
fected, while others had measures outside of normal healthy
range (Table 1). Many of our participants had elevated liver
enzymes aspartate aminotransferase (AST) (50%) and/or ala-
nine aminotransferase (ALT) (44.4%) (Table 1). However,
when we determined their AST/ALT ratios, only two partici-
pants had a ratio of �2.0, suggestive of liver disease that may
make them susceptible to infection by V. vulnificus (46). Inter-
estingly, all participants except two had AST/ALT ratios of
�1.0, suggestive of liver cirrhosis, indicating that some level of
liver damage was prevalent among our study population (46).

To investigate the release of proinflammatory cytokines
from these volunteers, PBMCs were incubated with live bac-
teria at a multiplicity of infection of 5:1 at 37°C and 5% CO2

for 1 h and then killed with gentamicin (400 �g/ml). The
PBMCs were incubated for a further 7 h, and then the cell
supernatants were collected for cytokine analysis. Escherichia
coli O5:B55 lipopolysaccharide (LPS) (10 ng/ml) and culture
medium alone were included in all assays as positive and neg-
ative controls, respectively. Cytokine levels (IL-1�, IL-6, TNF-
�, and IL-8) were determined by capture enzyme-linked im-
munosorbent assay according to the manufacturer’s instruction
(PharMingen, San Diego, Calif.). Each cytokine measure (pico-
grams per milliliter) was determined as the mean of results for
six assay wells. The cytokine data were first analyzed using a
variety of exploratory techniques, including stem and leaf
plots, box plots, and simple linear regression. Exploratory data
analysis revealed that the main outcome measures, namely,
IL-1�, IL-6, IL-8, and TNF-� (in picograms per milliliter),
were highly skewed, and therefore the data were log trans-
formed to improve normality of the measure. The transformed
data was used as the outcome measures for the regression
analyses. Multiple linear regression models were used to adjust
for potential confounding due to age and race of study partic-
ipants. Comparisons of groups based on clinical cut points
were performed using the nonparametric Wilcoxon test for
small sample sizes. Two-sided P values are reported, and all
statistical analyses were performed using SAS Release 8.2
(SAS Institute Inc., Cary, N.C.).

TABLE 1. Demographic and clinical characteristics
of study participants (n � 18)

Variable Normal
range

Mean � SD
(range)

No. outside
normal range

(%)

Age (yr) 44.3 � 5.6 (33–54)
Race (% black) 56
White blood count

(103/cm3)
4.8–10.8 6.3 � 2.6 (2.4–12.1) 7 (38.9)

Hemoglobin count
(g/dl)

14–18 14.4 � 1.3 (10.6–16.8) 7 (38.9)

Hematocrit (%) 42–52 42.1 � 3.5 (32.4–48.4) 9 (50.0)
Platelet count

(103/cm3)
140–440 252 � 80 (112–395) 2 (11.1)

Bilirubin (mg/dl) 0–1.3 0.6 � 0.4 (0.3–1.6) 1 (5.6)
AST (U/liter) 0–37 63.4 � 59.9 (14–217) 9 (50.0)
ALT (U/liter) 0–47 48.9 � 38.1 (8–137) 8 (44.4)
AST/ALT ratio 1.32 � 0.39 (0.57–2.14) 2 (11.1)
Albumin (g/dl) 3.2–5.2 4.6 � 0.4 (3.9–5.1) 0
Creatinine (mg/dl) 0.5–1.1 0.9 � 0.2 (0.6–1.4) 2 (11.1)
GSH (pmol/106 cells) 800–1400 717.3 � 305.0 (358–1453) 13 (72.2)
GSSG (pmol/106 cells) 89.6 � 46.6 (35–198)
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Biomarkers of liver function and disease do not correlate
with release of cytokines in response to V. vulnificus. Liver
disease, particularly in the context of chronic alcohol use, has
been shown to be associated with increased susceptibility to
infection by V. vulnificus from raw oysters (14, 17, 43). How-
ever, not all individuals with liver disease are equally suscep-
tible, nor is liver disease the only condition that predisposes an
individual to infection. Other clinical conditions, including di-
abetes mellitus, hemochromatosis, immunosuppressive ther-
apy for organ transplant recipients, cancer, and HIV infection,
are also potential risk factors (6, 37). These conditions affect
the immune system and likely prevent individuals from eliciting
an appropriate innate immune response when they come in
contact with V. vulnificus. Part of that acute immune response
is the ability to produce the correct amounts of inflammatory
cytokines such as IL-1�, IL-6, IL-8, and TNF-� necessary for
cell signaling, leading to control and killing of the invading
bacteria (19, 40). The liver is an important target because it is
the first major organ encountered by bacteria entering the
body from the gastrointestinal tract.

To determine whether the liver enzyme markers AST and
ALT are independently predictive of acute inflammatory cyto-
kine release from human PBMCs in response to V. vulnificus
MO6-24/O, we first investigated the crude associations. Using
simple linear regression, we found no evidence of a linear
association between either AST or ALT levels and IL-1�, IL-6,
IL-8, or TNF-� release in response to V. vulnificus (Table 2).
Further, the models were not improved after adjusting for
potential confounding by age and race (data not shown). The
AST/ALT ratio can be predictive of alcoholic liver disease, and
when we analyzed our data for a linear relationship with cyto-
kine release in response to V. vulnificus, no association in ei-
ther the crude or the adjusted models was observed for each of
the cytokines (Table 2.).

Cytokine response to V. vulnificus is associated with biomar-
kers of cellular oxidative stress. Chronic alcohol use is known
to induce cellular oxidative stress resulting in the modulation
of cytokine gene transcription (9, 18, 20, 31). GSH and GSSG
were measured in PBMCs from all study participants to assess
the relative levels of cellular oxidative stress under individual
conditions of chronic alcohol use. GSH, GSSG, and the GSSG/
GSH ratio were assessed for a linear association with each of
the cytokines released in response to V. vulnificus. In contrast
to the results for liver enzymes, release of all four proinflam-
matory cytokines was associated with GSH levels, both in sim-
ple linear regression models (IL-1� [R2 � 0.382; P � 0.006],
IL-6 [R2 � 0.393; P � 0.005], IL-8 [R2 � 0.487; P � 0.001], and
TNF-� [R2 � 0.292; P � 0.021]) and after adjusting for age and

race (data not shown). As levels of GSH decreased, PBMCs
released lower levels of IL-1�, IL-6, IL-8, and TNF-� in re-
sponse to V. vulnificus. In addition, when individuals were
grouped based on whether they had normal levels of GSH
(� 800 pmol/106 PBMCs), we found that those with low levels
of GSH produced significantly less IL-6, IL-8, and TNF-� than
individuals with normal GSH levels (Fig. 1). Decreased levels
of IL-1� were also detected in cells from individuals with low
GSH, but the difference between the groups did not reach
statistical significance (Fig. 1). In regression models, levels of
IL-1�, IL-6, IL-8, and TNF-� elicited by PBMCs in response to
V. vulnificus MO6-24/O were not associated with the levels of
GSSG or the GSSG/GSH ratio (data not shown). Our results
suggest a role for thiol regulation in modulation of the acute
proinflammatory cytokine response to V. vulnificus.

The effect of chronic alcohol use on the primary peripheral
cell response to a variety of antigens has been controversial.
Studies using purified LPS (endotoxin) to elicit cytokine re-
sponses report that chronic alcohol use can result in both en-
hanced and depressed inflammatory responses (11, 26, 29). In
the present study, we determined the acute cytokine response
to live bacterial cells instead of purified LPS, as a more clini-
cally relevant exposure for V. vulnificus. We were also inter-
ested in determining the acute cytokine response to V. vulni-
ficus, which would be analogous to the initial cellular response
to this bacterium following bloodstream infection. Our results
suggest that those individuals with evidence of cellular oxida-
tive stress, characterized as reduced GSH levels, produce less
inflammatory cytokines in response to V. vulnificus. This in-
ability to elicit a strong primary response may result in the
bacterium not being cleared effectively from the bloodstream.
Our results are consistent with those of Sander et al. (38), who
recently reported that suppressed IL-6/IL-10 ratios were asso-
ciated with increased susceptibility to postoperative infections
in chronic alcoholics compared to that in nonalcoholics.

There are a several limitations with the present pilot study,
the most important being the small sample size. Participants
were selected from among individuals needing treatment for
their chronic alcohol use, and we anticipated that many would
have evidence of liver disease. Of our study participants, only
two (11.1%) had an AST/ALT ratio suggestive of organ dis-
ease. With only 18 participants, it is possible that the lack of
association we see between liver enzymes and cytokine level,
and the positive association between GSH and cytokine re-
lease, does not hold in a larger study population. There is also
the possibility of residual confounding due to other biological
or demographic covariates that we did not measure in the
present study. We were not able to accurately assess the length
of chronic alcohol abuse for each participant or the average
amount of alcohol consumed each day. Age was expected to be
an important confounder because as people age, their ability to
mount an immune response declines (23). Race may also be an
important confounder because there is evidence that V. vul-
nificus primary septicemia is seen mostly in white males (45a).
Despite these limitations, our results are consistent with other
reports in the literature describing immunosuppression of
acute inflammatory responses following chronic alcohol abuse
(26, 29, 47). It should also be noted that the association be-
tween GSH and cytokine response has biological plausibility.
GSH is part of the thiol regulation pathway within all human

TABLE 2. Measures of crude associations between serum liver
enzyme levels and the in vitro cytokine response elicited

by PBMCs, isolated from individuals with chronic
alcohol use, in response to V. vulnificus

Cytokine
AST ALT AST/ALT

R2 P value R2 P value R2 P value

IL-1� 0.072 0.280 0.098 0.207 0.076 0.268
IL-6 0.049 0.378 0.082 0.249 0.125 0.151
IL-8 0.098 0.207 0.081 0.253 0.016 0.619
TNF-� 0.066 0.304 0.046 0.391 0.002 0.846

4214 NOTES INFECT. IMMUN.



cells and is a biomarker of cellular oxidative stress (9, 12, 13).
Depleting immune cells of GSH modulates their ability to
produce cytokines to a variety of foreign antigens (9, 12, 13).
Our finding that human GSH depletion is associated with
decreased cytokine release from PBMCs in response to V.
vulnificus may be a first step in understanding the human
cellular mechanisms behind susceptibility to this bacterium.

Our finding that GSH levels were associated with cytokine
release in response to V. vulnificus has significance in terms of
other clinical conditions known to be associated with suscep-
tibility to V. vulnificus infection. While liver disease is not
generally a clinical feature of diabetes, HIV infection, immu-
nosuppressive therapy, or cancer, reduced levels of GSH are
often reported (4, 8, 34, 36, 45). Perhaps it is the modulation of
cellular thiol regulation and not liver disease per se that is
associated in part with increased susceptibility to V. vulnificus
among chronic alcohol users. Recent studies have suggested
that IL-6 is pivotal for first-line defense in bacterial clearance
during an E. coli sepsis model (7). IL-6-deficient mice suc-
cumbed to E. coli sepsis but were resistant to systemic LPS
challenge. The important role of thiol regulation in immune

homeostasis is gaining recognition, and recent studies have
investigated the benefit of increasing GSH levels during human
cases of septic shock (30). Further studies are required to fully
assess the association between GSH levels and susceptibility to
V. vulnificus infection. If a true association does exist, GSH
would provide an ideal biomarker to use to target at-risk in-
dividuals for specific public health education regarding the
dangers of consuming raw seafood and other potentially haz-
ardous food products.
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