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SUMMARY

Vibrio vulnificus is a halophilic Gram-negative bacillus found worldwide in warm coastal waters. The
pathogen has the ability to cause primary sepsis in certain high-risk populations, including patients with
chronic liver disease, immunodeficiency, iron storage disorders, end-stage renal disease, and diabetes
mellitus. Most reported cases of primary sepsis in the USA are associated with the ingestion of raw or
undercooked oysters harvested from the Gulf Coast. The mortality rate for patients with severe sepsis is
high, exceeding 50% in most reported series. Other clinical presentations include wound infection and
gastroenteritis. Mild to moderate wound infection and gastroenteritis may occur in patients without
obvious risk factors. Severe wound infection is often characterized by necrotizing skin and soft-tissue
infection, including fasciitis and gangrene. V. vulnificus possesses several virulence factors, including the
ability to evade destruction by stomach acid, capsular polysaccharide, lipopolysaccharide, cytotoxins,
pili, and flagellum. The preferred antimicrobial therapy is doxycycline in combination with ceftazidime
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and surgery for necrotizing soft-tissue infection.

1. Introduction

Vibrio vulnificus is a halophilic, motile, Gram-negative bacillus
capable of causing severe to life-threatening infection in suscepti-
ble individuals. The spectrum of illness can vary from gastroen-
teritis to ‘primary sepsis’ and necrotizing fasciitis. The case-fatality
rate has been reported to exceed 50% in primary sepsis. Infection
may result from consuming or handling contaminated seafood
(usually shellfish such as oysters) or from exposing open wounds
or broken skin to contaminated salt or brackish water.!>

V. vulnificus is usually found worldwide in coastal or estuarine
environments with water temperatures from 9 to 31 °C. The
organisms preferred habitat, however, is considerably more
selective and has been reported to be water temperatures in
excess of 18 °C and salinities between 15 to 25 parts per thousand
(ppt).5® However, salinities at or greater than 30 ppt will
substantially reduce the burden of V. vulnificus regardless of the
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water temperature.® As a result, most cases of infection can be
traced to tropical or subtropical sources. Even so, small outbreaks
related to local seawater or seafood exposure have occurred in
temperate climates as far north as Denmark during the summer
months.® A recent report from Israel described several cases of
soft-tissue infection resulting from the handling and processing of
fish (tilapia or carp) raised in freshwater aquaculture ponds.®

Three biotypes of V. vulnificus are known to cause severe
human disease. Biotype 1 is found worldwide in salt or brackish
water. Biotype 2 occupies a more specific niche and is found in
saltwater used for eel (genus Anguilla) farming in the Far East and
Western Europe.®’ Biotype 3 is the strain associated with
freshwater fish farming in Israel. Genomic analyses of biotype 3
indicate it is a hybrid of biotypes 1 and 2.° Biotype 1 is the most
common strain and is responsible for the entire spectrum of
illness, including the primary sepsis associated with the often-
quoted fatality rate in excess of 50%. Biotype 2 is usually a serious
pathogen of eels, but on rare occasions may cause wound
infections in humans.>®7 Although biotype 3 can cause severe
soft-tissue infections requiring amputation, the mortality rate
appears to be less than 8%.°
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Most reported cases of infection with V. vulnificus have occurred
in patients with chronic liver disease, immunodeficiencies, or
hematological disorders characterized by elevated iron levels.!~7-9~
12 Contamination with V. vulnificus can be difficult to detect
because the organism has no effect on the appearance, taste, or
odor of seafood, particularly raw oysters.'? Because V. vulnificus is
ubiquitous in warm marine environments, water quality also has
little impact on the risk of infection.!?

In this report, we describe a severe case of soft-tissue infection
and review much of the current literature concerning V. vulnificus.
We also provide recommendations for treatment and prevention in
populations at high risk of infection.

2. Illustrative case

A 53-year-old male was admitted to the emergency department
(ED) with a 2-day history of pain in both arms, which he
characterized as 10/10. The patient also complained of subjective
chills and fever. Vital signs on admission included a temperature of
37.2 °C, heart rate of 73/min, respiratory rate of 20/min, blood
pressure of 75/51 mmHg, and an oxygen saturation of 100% on
room air. The patient was noted to be grimacing but alert, and
oriented times 3 and cooperative. The left arm was erythematous
with petechiae to the medial aspect of the lower arm. The right arm
was erythematous to the anterior forearm with serosanginous
bullae.

Pertinent laboratory data included a white blood cell count
(WBC) of 8.6 x 10°/1 with 54% segmented neutrophils, 27% band
neutrophils, 8% lymphocytes, 11% monocytes; hemoglobin of
11.5 g/dl (7.1 mmol/l), hematocrit of 34.1%, platelet count of
30 x 10%/1; prothrombin time (PT) of 15.7s; activated partial
thrombin time (aPTT) of 35.1s; international normalized ratio
(INR) of 1.6; fibrinogen of 831 mg/dl (24.4 pmol/l), D-dimer of
6.3 mg/l FEU (fibrinogen equivalent units); serum creatinine of
5.8 mg/dl (512.7 pmol/l); blood urea nitrogen (BUN) of 52 mg/dl
(18.6 mmol/l), sodium of 121 meq/1 (121 mmol/l); potassium of 5.8
meq/l (5.8mmol/l); bicarbonate (HCO3~) of 11 mmol/l; glucose of
84 mg/dl (4.7 mmol/l); total bilirubin of 1.3 mg/dl (22.2 wmol/l);
albumin of 2.6 g/dl; alkaline phosphatase of 203 U/l; acetamino-
phen of 47.6 pg/ml (315.1 wmol/l); pH of 7.25; pCO, of 21 mmHg;
and a B-type natriuretic peptide (BNP) of 1007 pg/ml. Blood and
blister fluid cultures were collected and sent to the laboratory for
Gram stain, culture, and susceptibility testing.

Upon questioning, the patient provided no history of exposure
to saltwater. He was placed on vancomycin 1g every 12 h. Past
medical history included hepatitis C (presumably from multiple
transfusions), chronic renal insufficiency, cirrhosis, hypertension,
congestive heart failure, and ethanol abuse (stopped 2.5 years prior
to admission). The patient’s toxicology screen was negative. While
in the ED, he was given a bolus followed by a maintenance infusion
of normal saline. The patient was also placed on a norepinephrine
infusion and titrated to maintain a systolic blood pressure >90
mmHg.

He was transferred to the intensive care unit (ICU). Vancomycin
was discontinued the next day following a nephrology consult and
was replaced with clindamycin 900 mg every 8 h. Ertapenem
500 mg every 24 h was also added to the patient’s antimicrobial
regimen. Hemorrhagic bullae appeared within the first 24 h and
the affected integument extended from both hands to the elbows,
with the right hand (Figure 1) more involved than the left
(Figure 2). Eventually much of the area encompassing both
forearms became necrotic. The presumptive diagnosis was
necrotizing fasciitis. Blood cultures were negative; however blister
fluid cultures were positive at 48 h for V. vulnificus. The bacterium
was susceptible at 72h to ampicillin, ampicillin-sulbactam,
aztreonam, cefazolin, ciprofloxacin, gentamicin, imipenem, piper-

Figure 1. Right arm about 24 h after admission.

Figure 2. Left arm about 24 h after admission.

acillin-tazobactam, and trimethoprim-sulfamethoxazole. When
questioned about the laboratory finding, the patient admitted to
shucking and eating at least 8 raw oysters a few days prior to
admission. The antimicrobial regimen was changed to doxycycline
100 mg intravenous (IV) every 12 h and ceftazidime 1 g every 24 h
(adjusted to renal function).

The patient’s hypotension, metabolic acidosis, and thrombocy-
topenia responded to treatment and norepinephrine was discon-
tinued by 48 h after admission. Hemodialysis was also initiated. A
plastic surgery consult was requested when the patient stabilized,
and debridement was performed on hospital days 6 and 15. The
operative report indicated the infection was limited to the skin and
subcutaneous fat and did not involve the fascia. The final diagnosis
was therefore changed to necrotizing cellulitis. Skin grafts were
performed on hospital days 36 and 39. The patient continued to
improve, although he remained on hemodialysis post-discharge.
He was discharged in stable condition on hospital day 40.

3. Epidemiology

V. vulnificus is found on all coastlines of the USA where water
temperatures are sufficiently warm to support growth. It is one of
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several species of the family Vibrionaceae found in US waters
documented to cause human disease. Other important pathogenic
species include Vibrio parahaemolyticus, Vibrio alginolyticus, Vibrio
fluvialis, Photobacterium (Vibrio) damsela, nontoxigenic Vibrio
cholerae, and the rare toxigenic (cholera toxin-producing) ser-
ogroup (01) of V. cholerae.>'4~1¢ In 2007, the last complete year of
data, 95 cases of V. vulnificus infection were reported to the US
Centers for Disease Control and Prevention (CDC). The outcome
was known for 83 of these 95 cases; 30 patients (36%) died. This
corresponds to 83% of all Vibrio-related deaths. The 95 cases
accounted for 107 isolates. Most isolates were obtained from blood
(64%) and wound (29%) cultures. V. vulnificus was the most
common (34%) cause of Vibrio-related illness in the Gulf Coast
states (Texas, Louisiana, Mississippi, Alabama, and Florida), but
accounted for only 17% of cases nationwide. Most cases of V.
vulnificus-related illness reported to the CDC since reporting
became mandatory have either occurred along the Gulf Coast or
can be traced to a Gulf Coast origin. The latter would include
contaminated seafood sold in other regions of the USA. Most cases
have occurred in the warm months from April to October.!>

The spectrum of illness caused by V. vulnificus essentially
manifests in three syndromes: gastroenteritis, ‘severe sepsis’, and
skin and soft-tissue infection. As mentioned previously, ‘sepsis or
severe sepsis’ appears to have the worst outcome (>50% mortality)
and may be the most common presentation of infection.
Gastroenteritis and primary septicemia usually result from the

Table 1

consumption of contaminated seafood, especially raw oysters. Skin
and soft-tissue infection typically results from handling contami-
nated seafood or from exposure of open wounds to water in which
the organism thrives. As mentioned previously, reports from Israel
indicate freshwater fish may harbor the organism. However, in the
USA, all reported cases have been traced to an organism acquired
from a marine environment or brackish inland lakes. Biotype 1 is
by far the predominant cause of human infection and presumably
the likely etiology of all reported cases in the USA.57:16

The prominent risk factor for V. vulnificus infection is chronic
liver disease, especially cirrhosis due to alcoholism or chronic
hepatitides such as hepatitis B or C.!=7-9-1216.17 Alcohol consump-
tion of as little as 30 ml/day was shown to increase the risk of
infection in one study.!” Other risk factors include immunodefi-
ciencies involving macrophage and neutrophil dysfunction, such as
those due to underlying cancers or immunosuppressive chemo-
therapy (e.g., for cancer and arthritis), acquired immunodeficiency
syndrome, end-stage renal disease (especially patients receiving
parenteral iron), gastrointestinal disorders (e.g., surgery, ulcers,
achlorhydria), diabetes mellitus, and hematological disorders
characterized by elevated iron levels such as hemochromato-
sis!-710-1216.18 (T3ple 1). Other potential contributing factors
include chronic disease, especially heart disease, and advanced age
(>60 years). As noted later in this discussion, the vast majority of V.
vulnificus-related illness has occurred in males. The bacterium
grows rapidly when transferrin saturation exceeds 70%.'%1°

Percentage (%) of patients with risk factors by clinical syndrome and epidemiologic study

Study, year [Ref.]

Risk factors Blake et al., Tacket et al., Klontz et al., Paik et al., Shapiro et al., Dechet et al.,
1979 [11] 1984 [5] 1988 [1] © 1995 [70] 1998 [4] 2008 [2]
Gastrointestinal n=7 n=23
Liver disease 14
Alcoholism 14
Diabetes mellitus 5
Gastrointestinal 11
disease/surgery*®
Heart disease 10
Hematological disorder 0
Immunodeficiency® 5
Malignancy 16
Renal disease 14 5
Any chronic disease 28 35
Primary septicemia n=24 n=18 n=38 n=92 n=181
Liver disease 75 66 79 80
Alcoholism 73 65
Diabetes mellitus 4 35
Gastrointestinal 18
disease/surgery?®
Heart disease 26
Hematological disorder 18
Immunodeficiency® 10
Malignancy 17
Renal disease 7
Any chronic disease 96 89 97
Wound infection n=15 n=9 n=17 n=189 n=428
Liver disease 0 22 20
Alcoholism 32 22
Diabetes mellitus 20 23
Gastrointestinal 10 7
disease/surgery*®
Heart disease 34 34
Hematological disorder 8 6
Immunodeficiency® 9 7
Malignancy 10 12
Renal disease 7 16
Any chronic disease 33 56 68 74

¢ Includes gastritis, pancreatitis, regional enteritis, peptic ulcer disease, ischemic bowel disease.
b Includes HIV; patients receiving chemotherapy or immunosuppressive drugs (including chronic corticosteroid use) for cancer, organ transplantation, rheumatoid

arthritis, SLE, or other autoimmune disorders; and leukopenia or neutropenia.
¢ Includes <12 total patients listed in Tacket et al. data, Ref. 5.
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Chronic liver disease is associated with impaired iron metabolism,
which may partially explain the pathophysiologic mechanism
associated with V. vulnificus and this disorder.'? It has been
estimated that susceptible individuals correspond to between 7%
and 16% of the adult population in the USA.'? ‘Healthy patients’,
i.e,, patients with no identifiable risk factors for V. vulnificus
infection, are believed to account for < 5% of all reported US cases
of primary sepsis.'? Individuals with chronic liver disease or
various immunodeficiencies have been reported to be up 80 times
more likely to develop primary sepsis than healthy individuals.?°

The various estimates of the population at risk assume all
susceptible individuals are truly at risk. However, fairly recent data
suggest that chronic liver disease or even cirrhosis is not an
absolute risk factor for V. vulnificus infection. This observation is
supported in part by the apparent low attack rate in individuals
with liver disease, the largest high-risk group. It has been
estimated that less than one case of V. vulnificus-related illness
occurs in 10 000 meals of raw oysters served to individuals with
liver disease.'? It is also quite possible that only a subset of this
group constitutes the true high-risk population. The other
possibility is that not all environmental strains are equally
virulent. Additional evidence supporting an unequal risk within
the liver disease population comes from a pilot study designed to
establish biomarkers for determining individuals at risk for V.
vulnificus infection.?’"?? In the study, the investigators exposed
peripheral blood mononuclear cells (PBMCs) collected from donors
with liver disease to the bacterium. The authors reported that
levels of proinflammatory cytokines elicited by the PBMCs in
response to V. vulnificus had no association with serum levels of
aspartate aminotransferase (AST), alanine aminotransferase (ALT),
or the AST/ALT ratio obtained at baseline from the PBMC donors.
However, PBMC glutathione levels, a measure of cellular oxidative
stress, correlated directly and highly significantly with the release
of proinflammatory cytokines. PBMC glutathione is inversely
proportional to the oxidative stress. Oxidative stress is a common
denominator for many of the high-risk populations. The authors
concluded that individuals with biomarkers for oxidative stress
have an increased susceptibility to V. vulnificus sepsis.?!

4. Pathophysiology

V. vulnificus possesses multiple virulence determinants.>?? The
organism has the ability to evade destruction in highly acidic
environments such as the stomach. It is believed that this is
accomplished by two different mechanisms.? In the presence of
low pH and secondary oxidative stress, V. vulnificus can up-regulate
production of lysine decarboxylase and manganese superoxide
dismutase (MnSOD).232° Lysine decarboxylase converts lysine to
cadaverine, which functions as both an acid neutralizer (through
deamination) and a superoxide radical scavenger.3?* The other
inducible enzyme, MnSOD, also contributes to acid neutralization
and reduction of oxidative stress, however, the exact mechanism
involved in acid neutralization has not been elucidated.?*?>
Current evidence suggests superoxide generation rather than acid
stress may be the initial triggering event for expression of both
enzymes.> This observation is based on a study reporting poor
survival of V. vulnificus when exposed to low pH under laboratory
conditions.2® However, another study reported dramatically
improved survival if the organism was exposed to slightly acid
pH prior to low pH.2’ This observation would support the
argument that oxidative stress or possibly even other stress
responses must be active to provide the bacterium protection from
low pH.2

Once V. vulnificus evades the upper gastrointestinal tract
defenses, it can penetrate the intestinal wall and enter the
bloodstream. One of the first innate immune mechanisms the

organism encounters is complement. Complement activation and
opsonization are necessary for phagocytosis of V. vulnificus by
polymorphonuclear leukocytes?® As described later in more
detail, the exact role, or perhaps more precisely the relative
contribution, of polymorphonuclear leukocytes or neutrophils in
eliminating the bacterium is not known. However, current
evidence indicates neutrophils like macrophages secrete cytokines
that recruit additional leukocytes to the site of infection following
complement-mediated phagocytosis.?® Several of these cytokines
are believed to mediate the systemic inflammatory response
syndrome so often seen with V. vulnificus-associated disease.
Among the proinflammatory cytokines specifically induced and
expressed in patients infected with the bacterium are interleukin
(IL)-1B, IL-6, IL-8, and tumor necrosis factor alpha (TNF-a).21-29:30
Although these mediators are likely promoters of the sepsis
syndrome, deficiencies of proinflammatory cytokines such as those
found in some patients with V. vulnificus infection and chronic liver
disease are paradoxically associated with poor outcomes.?! This
would suggest that either extreme, i.e., inadequate cytokine
expression or overactive cytokine induction, may be or is a major
contributing factor to the high mortality associated with the
organism. Cytokine release in response to the bacterium may be
facilitated in part by the interaction of ‘pathogen-associated
molecular patterns’ with toll-like receptors found on intestinal
epithelial cells and macrophages.?'~33 A surface lipoprotein and
flagellin, a subunit of the flagellum, have been identified as the
‘pathogen-associated molecular patterns’ associated with V.
vulnificus.>?

An in vitro study demonstrated that survival of V. vulnificus in
human blood is inversely correlated with neutrophil phagocyto-
sis.>* The blood of patients with chronic liver disease appears to
have decreased neutrophil activity in comparison to blood of
normal volunteers. The response of neutrophils has been
implicated as a disease determinant for V. vulnificus.>* The
organism has shown the ability to reduce the number of
lymphocytes and macrophages through apoptotic activity.3!-3>36
However, it does not appear to have an impact on the quantity or
the activity of neutrophils.31-36

Surface expression of capsular polysaccharide (CPS) is another
virulence factor V. vulnificus uses to survive the immune response.
This is accomplished in at least three different ways. CPS provides
resistance to opsonization by complement and subsequent
phagocytosis by macrophages, it confers resistance to the
bactericidal effects of serum, and finally, encapsulation masks
immunogenic structures that would normally activate nonspecific
host responses.>?2

As mentioned previously, hematological disorders character-
ized by elevated iron levels are a risk factor for V. vulnificus
infection. The exact relationship between serum iron and virulence
for the bacterium remains unclear. However, serum iron levels
have been shown to correlate directly with the infectious dose of V.
vulnificus injected into laboratory mice.?” Iron is believed to
facilitate V. vulnificus infection by enhancing growth of the
organism and possibly by reducing the activity of neutrophils.>®
V. vulnificus has been shown to produce at least two siderophores:
vulnibactin (a catechol) and an unnamed hydroxamate side-
rophore. Vulnibactin is the primary siderophore for acquiring iron
from media and for scavenging iron from transferrin and holo-
transferrin.>?2 Deferoxamine, a hydroxamate siderophore derived
from Streptomyces pilosus, has clinical utility as a chelating agent in
acute iron intoxication and chronic iron overload disorders. It has
been shown to promote iron uptake and growth of V. vulnificus and
other ferrophilic organisms in vitro.>® Deferoxamine has been
reported to be a risk factor for Yersinia enterocolitica sepsis and
mucormycosis (Rhizopus sp, Cunninghamella) when used as a
therapeutic agent for chronic iron or aluminum overload disorders
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(e.g., hemochromatosis, sideroblastic anemia, thalassemia, dialy-
sis).3*"43 The significance of the threat posed by the drug in
patients with excess iron is not known because Y. enterocolitica
sepsis and mucormycosis may occur in this population with or
without the use of deferoxamine. Nevertheless, it would seem
reasonable to conclude the drug adds some degree of risk for V.
vulnificus infection independent of the patients iron stores.*>*
Other iron chelators such as deferiprone and deferasirox appear to
inhibit growth of V. vulnificus in vitro and may even possess
antibacterial properties.®>*4 In addition to siderophore-mediated
uptake, the bacterium has the ability to trap unbound iron through
a heme receptor (HupA).>?24>

In addition to the mechanisms described above, V. vulnificus
elaborates an exotoxin - hemolysin (VvhA) - a protein that
facilitates the release of iron from hemoglobin. VvhA may contribute
to the bacterium’s virulence not only through hemolytic activity but
also through other cytotoxic effects.?? Intradermal injection of
purified toxin into mice resulted in acute cellulitis with extensive
extracellular edema, damaged or necrotic fat cells, capillary
endothelial cells, and muscle cells, and mild inflammatory infiltra-
tion.*® On a more microscopic level, other studies of affected tissues
have demonstrated increased vascular permeability, apoptosis of
endothelial cells, induction of inducible nitric oxide synthase
activity, increased nitric oxide production, and possibly increased
neutrophil recruitment.>?? The toxin causes cell death by pore
formation in the cellular membrane.*” Despite all the potentially
deleterious effects, the relative contribution of hemolysin to V.
vulnificus-associated disease is not known. There is also data
suggesting the toxin may play a minor or even insignificant role in
the infectious process. This observation is based on an in vivo study
in mice using a wild strain and a mutant strain without the gene
(vvhA) for hemolysin production. When both were injected
intraperitoneally into iron-loaded mice, the mutant strain produced
overall tissue damage and necrosis comparable to the wild strain.*®
There was also no difference in median lethal dose (LDsg). However,
in another study using a hemolysin-deficient mutant, there was a
small difference in mortality favoring the wild type when both
strains were force-fed to mice. Histological examination of the
stomach and intestinal mucosa revealed severe necrotizing enteritis
in the mice fed the wild strain.*® These results would suggest that
VvhA may not be responsible for the lethality of V. vulnificus and may
be only a relative contributor to the tissue damage seen with the
organism. The most likely role of hemolysin in the disease process
would be facilitating bloodstream invasion following oral ingestion
of V. vulnificus.*® Another possible explanation for the contradictory
body of evidence may be that the toxin is not usually expressed in
vivo; however other studies have not shown this to be the
case.?24650 Thus, hemolysin may play a greater role in environmen-
tal survival than human infection.?

Another toxin previously believed to contribute to the
bacterium'’s virulence is VvpE, an extracellular metalloprotease.
Purified VvpE has been shown to cause tissue necrosis, increased
vascular permeability leading to edema, and bullous lesions, all
characteristic of systemic disease caused by V. vulnificus.>?? The
increased vascular permeability caused by the enzyme is
associated with the generation of bradykinin.??>>! Bradykinin, a
vasodilator, appears to be essential for dissemination of the
organism.?>°2 Other effects of VvpE include degradation of type IV
collagen and activation of procaspase 3. The former is a structural
component of basement membranes and the latter is involved in
cellular apoptosis.>®! Despite all these deleterious effects, like
hemolysin, there appears to be controversy concerning the
enzyme’s contribution to V. vulnificus-associated disease. Studies
of experimental infection using mutant strains deficient in VvpE
showed no difference in LDsq in comparison to the parent strain in
local and systemic infections.?224°

As mentioned previously, mutant V. vulnificus strains unable to
produce either hemolysin or VvpE were similar in cytotoxicity to
the wild strains. To further help define the role of these toxins, a
double mutant was created, one without VvpE (vvpE) and
hemolysin (vvhA) genes.>*%5354 In mice, HEp-2 cells, and Hela
cells, this strain was also found to be highly cytotoxic.*® This would
suggest another toxin is primarily responsible for the severe
disease seen with V. vulnificus. Currently, the strongest evidence
supports RtxAl (VvRtxA) as that other toxin.>”#55 RtxA1l is a
member of the RTX family of toxins and is 80% to 90% homologous
with RtxA, an accessory toxin found in V. cholerae.>*>* At this time,
RtxA1 appears to be the key determinant responsible for the
characteristic cytotoxicity seen with V. vulnificus.3>>4>° The toxin is
believed to trigger excessive production of reactive oxygen species
(ROS) by the host, leading to necrotic cell death and apoptosis.>> To
further define the role of RtxA1, mutant strains deficient only in the
toxin were found to be clearly less cytotoxic than the wild strain.>*

Studies of various mutants exposed to HeLa cells have
reinforced our knowledge of the contribution of the previously
described toxins to V. vulnificus infection. Mutants without all
three toxins (RtxA1, VvpE, hemolysin) and double mutants without
RtxA1 and hemolysin were found to be totally devoid of
cytotoxicity.>>3

Lipopolysaccharide (LPS), a known pyrogen, is believed to
mediate the endotoxic shock associated with severe disease. Direct
intraperitoneal (i.p.) injection of LPS endotoxin from V. vulnificus
into laboratory rodents resulted in dramatic decreases in mean
arterial pressure and rapid death of the animals.3>° The effect of
lipopolysaccharide on blood pressure appears to be mediated
through nitric oxide synthetase activity.?> Interestingly, low-
density lipoprotein (LDL) cholesterol and estrogen may be
protective against LPS. In the animal model, mice pretreated with
LDL cholesterol demonstrated lower or delayed mortality follow-
ing exposure to LPS than controls.® The evidence for estrogen is
observational. Males disproportionately outnumber females in
terms of cases of V. vulnificus-related infection.>®

Other virulence factors affect attachment and motility. Cell to
cell contact with adherence and production of pili is essential for
the cytotoxic effects of V. vulnificus.>?%>3 Mutants with the
inability to encode for either the pili structural protein (gene
pilA) or prepilin peptidase (gene pilD) demonstrated a loss of
attachment and slight increases in LDsg in comparison to the
parent strain.”>’ Furthermore loss of pilD resulted in an overall
reduction of cytotoxicity.>??°7 Two other membrane proteins,
OmpU and IlpA, are also believed to contribute to the virulence of
V. vulnificus. OmpU is an outer membrane protein capable of
binding fibronectin, while IIpA, a surface lipoprotein, appears to be
an immunostimulant.>>>® Studies of mutants devoid of either
protein and injected i.p. into mice showed reduced cytotoxicity but
only a sight increase in LDsg in comparison to the wild strain.338
This would suggest both proteins contribute primarily to local
tissue effects but are not essential for lethality.? In V. vulnificus, the
flagellum is not only an organelle responsible for motility but also
appears to enhance pathogenesis. Loss of motility may lead to
decreased adhesion to the host cells and an inhibition of cytotoxin
delivery.>>°

5. Clinical presentation

As mentioned previously, V. vulnificus-related infections usually
manifest as one of three clinical syndromes: gastroenteritis,
primary sepsis, and wound infection. Rare cases of spontaneous
bacterial peritonitis,°® pneumonia,®! endometritis,? meningitis,®*
septic arthritis,®* osteomyelitis,®> endophthalmitis,®%%” and kera-
titis®” have also been reported and should be considered atypical
presentations. Gastroenteritis is characterized by complaints (in
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descending order of frequency) of abdominal pain or cramps,
nausea, vomiting, diarrhea, fever, and chills."* The bullous skin
lesions observed with other forms of V. vulnificus-related disease
do not occur with gastroenteritis. Gastrointestinal symptoms are
typically described as mild to moderate or even self-limited and
may occur in individuals without the previously identified risk
factors for the organism.! Death is rare, but has been reported in
one series as high as 9%. It is likely that most if not all fatalities
associated with V. vulnificus gastroenteritis resulted from undiag-
nosed sepsis.*

Severe sepsis in some series has been described as the most
common presentation of V. vulnificus-associated disease or at the
very least, a close second to wound infection.!*>!! Primary sepsis
is usually characterized by bacteremia without an obvious focus of
infection. Positive tissue culture (bullous lesion or exudate
collected during debridement) without evidence of open wounds
on presentation would also be included in this category. The portal
of entry is believed to be the small intestine or the proximal colon
(cecum) with the ileum as the most likely site.® Symptoms
typically occur within 7 days, although they may be delayed up to
14 days in cases of the ingestion of raw or undercooked seafood.®®
The most common source of infection in the USA is consumption of
raw oysters from the Gulf Coast.* All Gulf Coast oysters are
reported to harbor V. vulnificus during the summer months.
Primary sepsis typically presents with an abrupt onset of fever and
chills. Metastatic infection characterized by cutaneous lesions such
as bullae, cellulitis, ecchymosis, or even ‘generalized macular or
maculopapular eruptions’ are common and usually occur on the
lower extremities or the trunk. Gastrointestinal complaints such as
nausea, vomiting, and abdominal pain often precede fever, chills,
and cutaneous manifestations. Cutaneous lesions may progress to
necrotic ulcers, necrotizing fasciitis, necrotizing vasculitis, or
myonecrosis.*5 116970 Septic shock (systolic blood pressure <90
mmHg) was reported in almost two-thirds of patients in one
series.* Hypotension during the first 12 h or leukopenia is often
associated with a very poor prognosis.! Another series reported
mental status changes characterized by obtundation, lethargy, or
disorientation in half the patients.!* Thrombocytopenia is also
very common and in an early study by the CDC, the frequency of
disseminated intravascular coagulation (DIC) was only slightly less
than the previously mentioned mortality rate of 50%.! At least one
report has described a case complicated by purpura fulminans.”!

Wound infection often differs from primary sepsis only in the
presence of a cutaneous portal of entry. Infection may result from
entry of V. vulnificus into pre-existing wounds or from inoculation
of traumatic injuries. Pre-existing wounds may become infected by
simply swimming or wading in environments containing the
bacterium. The types of traumatic injuries most commonly
associated with V. vulnificus infection include puncture wounds,
lacerations, scratches, or abrasions sustained while handling
contaminated shellfish, finfish, knives (or other devices used in
the cleaning or processing of seafood), or fishhooks and those
sustained while stepping on or handling sharp objects or marine
organisms (e.g., crustaceans or possibly stingray spines) in
contaminated water.">*>11 The severity of infection may vary
from mild and self-limited to severe. Like gastroenteritis, mild to
moderate wound infection may affect ‘normal’ individuals, i.e.,
those not characteristic of a previously mentioned high-risk
group.>*> 11 Similar to primary sepsis, symptoms usually occur
within 7 days, although could be delayed as long as 12 days
following exposure.’*® 1! More serious infection is characterized
by cutaneous lesions such as bullae, cellulitis, or ecchymosis
surrounding the site of inoculation. Intense pain and swelling are
also present. Skin manifestations may progress to necrotizing
fasciitis, necrotizing vasculitis, or gangrene.!>*>%11 In contrast to
primary sepsis, skins lesions are limited to the affected limb or area

of inoculation; metastatic infection is not observed. Bacteremia
and secondary sepsis is common with more severe wound
infection. Systemic effects include fever, hypotension or shock,
chills, and mental status changes.!>*>611 Leukocytosis is com-
mon, however thrombocytopenia and DIC appear to be limited to
the more severe cases.'"”?~74 Vomiting and diarrhea are also far
less common than in other forms of V. vulnificus infection
regardless of severity!>>11 (Table 2).

6. Treatment

V. wvulnificus is usually susceptible in vitro to multiple
antimicrobial agents. Among the classes of antimicrobial
drugs reliably active against the organism are third-generation
cephalosporins (cefotaxime, ceftriaxone, or ceftazidime), beta-
lactam-beta-lactamase inhibitors (piperacillin-tazobactam), car-
bapenems (imipenem-cilastatin), tetracyclines (minocycline or
doxycycline), aminoglycosides (gentamicin or amikacin), fluor-
oquinolones (ciprofloxacin, moxifloxacin, or levofloxacin), and
miscellaneous agents such as trimethoprim-sulfamethoxazole or
chloramphenicol.”>~8! The CDC recommends treatment of wound
infections in adults with ceftazidime 1 to 2 g I[V/intramuscular (IM)
every 8 h in combination with doxycycline 100 mg IV/peroral (PO)
twice daily (7 to 14 days). The literature consensus for primary
sepsis is similar, with ceftazidime 2 g IV every 8 h in combination
again with doxycycline 100 mg IV/PO every 12 h. Combination
antimicrobial therapy appears to be the preferred regimen for
serious infection, although some animal studies suggest mono-
therapy (e.g., fluoroquinolone) may be just as effective. An
alternative regimen in adults includes cefotaxime 2 g every 8 h
in combination with ciprofloxacin 400 mg every 12 h. Ciprofloxa-
cin and cefotaxime can also replace doxycycline and ceftazidime,
respectively, in the preferred or consensus regimen. Although rare
in children, the CDC recommends trimethoprim-sulfamethoxazole
and an aminoglycoside for pediatric patients with wound
infections.®2

Surgical intervention should be considered absolutely essential
for patients with a severe soft-tissue infection such as necrotizing
fasciitis.®>~-8> Antimicrobial therapy alone is usually ineffective and
may not achieve therapeutic levels at the site of infection due to
thrombosis of the blood vessels supplying the affected area.
Aggressive surgical debridement is necessary to remove necrotic
tissue and reduce the bacterial burden. Survival with necrotizing
fasciitis has been shown to improve dramatically when adequate
debridement and fasciotomy are performed early.”> Another non-
pharmacologic intervention, hyperbaric oxygen, has been advo-
cated as adjunctive therapy to aggressive antimicrobial therapy.5®
One anecdotal report suggested this combined approach may have
eliminated the need for grafting in a patient with necrotic lesions of
the right hand, arm, and shoulder.®°

7. Prevention

The CDC has published recommendations for preventing V.
vulnificus infections. These are especially applicable to individuals
with liver disease or those who are immunocompromised. The
recommendations are listed below and can be found on the CDC
website  (http://www.cdc.gov/nczved/divisions/dfbmd/diseases/
vibriov/):

1. Do not eat raw oysters or other raw shellfish.

2. Cook shellfish (oysters, clams, mussels) thoroughly.

3. For shellfish in the shell, either (a) boil until the shells open and
continue boiling for 5 more minutes, or (b) steam until the shells
open and then continue cooking for 9 more minutes. Do not eat
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Table 2
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Percentage (%) of patients with various signs and symptoms by clinical syndrome and epidemiologic study

Study, year [Ref.]

Blake et al., Tacket et al., Klontz et al., Paik et al., Shapiro et al., Dechet et al.,
1979 [11] 1984 [5] 1988 [1]° 1995 [70] 1998 [4] 2008 [2]
Gastrointestinal n=7 n=23
Nausea 71
Vomiting 29 68
Diarrhea 100 84
Fever 57 59
Chills 43
Mortality 0 9
Primary septicemia n=24 n=18 n=38 n=92 n=181
Nausea 58 59 58
Vomiting 21 54 42 25 54
Diarrhea 17 58 42 33 58
Abdominal pain/cramps 53 34 26 53
Fever 92 91 92 47 91
Chills 82 53 43
Mental status change 49 50 49
Bullae 37 57
Ecchymosis 32
Cellulitis 50
Fasciitis 18
Myonecrosis 5
Hypotension?® 38 64 32 52 64
Mortality 46 61 55 58 61
Wound infection n=15 n=9 n=17 n=189 n=428
Nausea 38 38
Vomiting 20 50 6 26
Diarrhea 0 13 6 18
Abdominal pain/cramps 0 0 11
Fever 80 88 65 76 72
Chills 46 100 29
Mental status change 18
Bullae 41 48
Ecchymosis 18
Cellulitis 88 91 85
Fasciitis
Myonecrosis 12
Hypotension® 14 22 12 30 25
Mortality 22 24 17 17

@ Systolic blood pressure <90 mmHg for Klontz et al. (Ref. 1), Shapiro et al. (Ref. 4), and Dechet et al. (Ref. 2); <85 mmHg for Tacket et al. (Ref. 5); <80 mmHg for Blake et al.

(Ref. 11); not defined for Paik et al. (Ref. 70).
> Includes <12 total patients listed in Tacket et al. data, Ref. 5.

those shellfish that do not open during cooking. Boil shucked
oysters at least 3 minutes, or fry them in oil at least 10 minutes
at 375 °F.

4. Avoid cross-contamination of cooked seafood and other foods
with raw seafood and juices from raw seafood.

5. Eat shellfish promptly after cooking and refrigerate leftovers.

6. Avoid exposure of open wounds or broken skin to warm salt or
brackish water, or to raw shellfish harvested from such waters.

7. Wear protective clothing (e.g., gloves) when handling raw
shellfish.

8. Wear protective footwear (e.g., wading shoes) when wading in
warm salt or brackish water.?”

8. Final comments about the illustrative case

The case presented earlier describes a patient with a necrotizing
soft-tissue infection and sepsis. The patient had shucked and eaten
raw oysters a few days prior to admission. The hands were never
examined closely for lacerations or other skin breaks. Although not
mentioned in the case, the patient was admitted in mid-July when
water temperatures and V. vulnificus colony counts are typically
high.*® The oysters were purchased from a vendor along the upper
Gulf Coast, however the source or location of harvest was not known.
The patient had chronic liver disease, a well-recognized risk factor
for V. vulnificus infection. The lack of an obvious wound and a history
of raw oyster ingestion would suggest a diagnosis of primary sepsis.

However, this case may be more of a medical enigma than it appears.
A more complete analysis of potential portals of entry suggests the
site may not be limited to the gastrointestinal tract. It is also quite
possible the organism entered through both hands, or even a
combination of both hands and the gastrointestinal tract. The
uniform and symmetric distribution as well as the ascending
progression of the soft-tissue injury suggests a cutaneous portal of
entry, presumably from both hands. Various contact points on oyster
shells are typically razor sharp and easily capable of inflicting fine
painless lacerations. The failure to use gloves or some type of
protective device in the shucking process may have resulted in
abrasions or lacerations that were not particularly conspicuous on
admission. Oysters are usually shucked by holding the bivalve in a
protected hand and inserting an oyster knife (or any similar dull,
tapered, thin, and flat device) between the shells adjacent to or
directly into the ‘hinge’. The ‘hinge’ is the fibrous connection
between the valves (shells) and is located at the narrow end of the
oyster.8889 Cases of spontaneous cellulitis associated with V.
vulnificus have been reported on limbs without an obvious portal
of entry.>7383:90-93 Thjs would suggest that visible skin breaks or
wounds are not absolutely necessary for cases of soft-tissue
infection of limbs exposed to contaminated water or seafood.
Therefore, it seems likely V. vulnificus may be capable of invading and
producing disease through micro-injury of the skin.

Alternatively, the portal of entry could have been the
gastrointestinal tract since, to the best of our knowledge, the
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oysters were eaten raw. It would be easy to conclude this was a
case of primary sepsis. On admission, the patient was in septic
shock and had obvious skin involvement including bullae. Both
hands were extremely painful. Cutaneous lesions, particularly
bullae, are common and considered blood-borne or metastatic
sequelae of primary sepsis. The usual sites of skin manifestations
are one or both lower extremities and the trunk.>!'16%94 In
contrast to wound infection, cutaneous lesions associated with
primary septicemia occur less frequently on the arms and
especially the hands. To the best of our knowledge, all case
reports of upper extremity involvement have been characterized
by either diffuse distribution involving bilateral upper and lower
extremities or a single limb.'""°>°7 The distribution of metastatic
skin manifestations with the same bilateral symmetry seen in
our patient has not been described in other series. The presumed
sources of the infection, i.e., raw oysters, were probably in close
contact with the affected integument. The blood cultures were
also negative. The patient did not receive any antibiotics prior to
the collection of blood cultures. Although the presence of the
organism in the blood is not an absolute requirement for the
diagnosis of primary septicemia, many reported cases with
cutaneous involvement have been characterized by bacter-
emia.!>!! The patient also reported no gastrointestinal symp-
toms prior to admission.

The bacterium could have entered our patient through the
hands and the gastrointestinal tract. It would be very difficult or
even impossible to determine the likelihood of this happening.
This would require the presence of manifestations unique to
primary sepsis as well as those unique to severe wound infection.
Unfortunately, there is considerable overlap with the signs and
symptoms associated with both syndromes. Literature analyses of
either primary septicemia or wound infection excluded patients
with more than one potential access point for the organ-
ism.!*1117 As a result, there is very little information describing
the spectrum of illness in patients with more than one possible
portal of entry.

9. Conclusions

V. vulnificus is a motile, halophilic, Gram-negative bacillus
found worldwide, primarily in warm coastal waters. The
bacterium is capable of causing illness ranging from mild
gastroenteritis to necrotizing soft-tissue infection and septic
shock. Severe infection occurs primarily in patients with chronic
liver diseases, immunodeficiency, and iron storage diseases.
Despite the large number of individuals at risk for infection, the
reported number of cases of V. vulnificus-related disease is
relatively small. Most infections in the USA occur from April to
October when bacterial counts are higher. Most cases result from
ingestion or handling of raw contaminated seafood (usually raw
oysters in the USA) or from exposure of open wounds to seawater.
The organism possesses several virulence determinants including
resistance to stomach acid, exotoxins, capsular polysaccharide,
siderophores, destruction of macrophages and lymphocytes
through apoptosis, lipopolysaccharide, pili, and flagellum. V.
vulnificus-related infection is usually characterized by three
syndromes: gastroenteritis, primary sepsis, and wound infection.
Primary sepsis is caused by ingestion of raw or uncooked seafood
and has the worst prognosis with a case-fatality rate exceeding
50%. Several classes of antimicrobial agents are active in vitro
against V. vulnificus. Ceftazidime in combination with doxycycline
is the preferred antimicrobial regimen for hospitalized patients.
The CDC has published recommendations for preventing infection
with V. vulnificus. These recommendations are particularly
applicable to high-risk individuals with chronic liver diseases,
immunodeficiency, or iron storage diseases.

Conflict of interest

All authors report no conflicts of interest and received no
financial or other support in the preparation of this manuscript.

Acknowledgements

The authors would like to thank Dr Earl Matthew for his input in
writing the manuscript.

References

1. Klontz KC, Lieb S, Schreiber M, Janowski HT, Baldy LM, Gunn RA. Syndromes of
Vibrio vulnificus infections. Clinical and epidemiologic features in Florida cases,
1981-1987. Ann Intern Med 1988;109:318-23.

2. Dechet AM, Yu PA, Koram N, Painter ]. Nonfoodborne Vibrio infections: an
important cause of morbidity and mortality in the United States, 1997-2006.
Clin Infect Dis 2008;46:970-6.

3. Jones MK, Oliver ]D. Vibrio vulnificus: disease and pathogenesis. Infect Immun
2009;77:1723-33.

4. Shapiro RL, Altekruse S, Hutwagner L, Bishop R, Hammond R, Wilson S, et al. The
role of Gulf Coast oysters harvested in warmer months in Vibrio vulnificus
infections in the United States, 1988-1996. Vibrio Working Group. J Infect Dis
1998;178:752-9.

5. Tacket CO, Brenner F, Blake PA. Clinical features and an epidemiological study of
Vibrio vulnificus infections. J Infect Dis 1984;149:558-61.

6. Oliver JD. Wound infections caused by Vibrio vulnificus and other marine
bacteria. Epidemiol Infect 2005;133:383-91.

7. Strom MS, Paranjpye RN. Epidemiology and pathogenesis of Vibrio vulnificus.
Microbes Infect 2000;2:177-88.

8. Motes ML, DePaola A, Cook DW, Veazey JE, Hunsuler JC, Garthright WE, et al.
Influence of water temperature and salinity on Vibrio vulnificus in Northern Gulf
and Atlantic Coast oysters (Crassostrea virginica). Appl Environ Microbiol
1998;64:1459-65.

9. Zaidenstein R, Sadik C, Lerner L, Valinsky L, Kopelowitz ], Yishai R, et al. Clinical
characteristics and molecular subtyping of Vibrio vulnificus illnesses, Israel.
Emerg Infect Dis 2008;14:1875-82.

10. Hlady WG, Klontz KC. The epidemiology of Vibrio infections in Florida, 1981-
1993. J Infect Dis 1996;173:1176-83.

11. Blake PA, Merson MH, Weaver RE, Hollis DG, Heublein PC. Disease caused by a
marine Vibrio. Clinical characteristics and epidemiology. N Engl ] Med
1979;300:1-5.

12. World Health Organization. Risk assessment of Vibrio vulnificus in raw oysters:
interpretative summary and technical report. Geneva: World Health Organi-
zation; 2005.

13. Centers for Disease Control and Prevention. Vibrio vulnificus general informa-
tion: What can be done to improve safety of oysters? Atlanta, GA: CDC; 2009.
Available at: http://www.cdc.gov/nczved/divisions/dfbmd/diseases/vibriov/
#oysters (accessed June 5, 2010).

14. Janda JM, Powers C, Bryant RG, Abbott SL. Current perspectives on the epide-
miology and pathogenesis of clinically significant Vibrio spp. Clin Microbiol Rev
1988;1:245-67.

15. Centers for Disease Control and Prevention. Summary of human Vibrio cases
reported to CDC, 2007. Atlanta, GA: CDC; 2007. Available at: http://www.cdc.gov/
nationalsurveillance/PDFs/CSTEVibrio2007.pdf (accessed June 10, 2010).

16. Morris Jr JG. Cholera and other types of vibriosis: a story of human pandemics
and oysters on the half shell. Clin Infect Dis 2003;37:272-80.

17. Johnston JM, Becker SF, McFarland LM. Vibrio vulnificus. Man and the sea. JAMA
1985;253:2850-3.

18. Barton JC, Acton RT. Hemochromatosis and Vibrio vulnificus wound infections. |
Clin Gastroenterol 2009;43:890-3.

19. Brennt CE, Wright AC, Dutta SK, Morris Jr JG. Growth of Vibrio vulnificus in
serum from alcoholics: association with high transferrin iron saturation. J Infect
Dis 1991;164:1030-2.

20. Centers for Disease Control and Prevention. Vibrio vulnificus infections associ-
ated with raw oyster consumption—Florida, 1981-1992. MMWR Morb Mortal
WKkly Rep 1993; 42:405-7.

21. Powell JL, Strauss KA, Wiley C, Zhan M, Morris Jr JG. Inflammatory cytokine
response to Vibrio vulnificus elicited by peripheral blood mononuclear cells
from chronic alcohol users is associated with biomarkers of cellular oxidative
stress. Infect Immun 2003;71:4212-6.

22. Gulig PA, Bourdage KL, Starks AM. Molecular pathogenesis of Vibrio vulnificus. ]
Microbiol 2005; 43 Spec No:118-31.

23. Kim JS, Choi SH, Lee JK. Lysine decarboxylase expression by Vibrio vulnificus is
induced by SoxR in response to superoxide stress. J Bacteriol 2006;188:8586-92.

24. KangIH, Kim ]S, Lee JK. The virulence of Vibrio vulnificus is affected by the cellular
level of superoxide dismutase activity. ] Microbiol Biotechnol 2007;17:1399-402.

25. Kim JS, Sung MH, Kho DH, Lee JK. Induction of manganese-containing super-
oxide dismutase is required for acid tolerance in Vibrio vulnificus. ] Bacteriol
2005;187:5984-95.

26. Koo ], DePaola A, Marshall DL. Effect of simulated gastric fluid and bile on
survival of Vibrio vulnificus and Vibrio vulnificus phage. J Food Prot
2000;63:1665-9.


http://www.cdc.gov/nczved/divisions/dfbmd/diseases/vibriov/
http://www.cdc.gov/nczved/divisions/dfbmd/diseases/vibriov/
http://www.cdc.gov/nationalsurveillance/PDFs/CSTEVibrio2007.pdf
http://www.cdc.gov/nationalsurveillance/PDFs/CSTEVibrio2007.pdf

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

M.A. Horseman, S. Surani/International Journal of Infectious Diseases 15 (2011) e157-e166

Rhee JE, Rhee JH, Ryu PY, Choi SH. Identification of the cadBA operon from Vibrio
vulnificus and its influence on survival to acid stress. FEMS Microbiol Lett
2002;208:245-51.

Musher DM, Hansen MV, Goree A, Gyorkey F, Chapman AJ, Baughn RE. Emer-
gence of bactericidal and opsonizing antibody to Vibrio vulnificus following
bacterial infection. J Clin Microbiol 1986;23:411-5.

Shin SH, Shin DH, Ryu PY, Chung SS, Rhee JH. Proinflammatory cytokine profile
in Vibrio vulnificus septicemic patient’s sera. FEMS Immunol Med Microbiol
2002;33:133-8.

Powell JL, Wright AC, Wasserman SS, Hone DM, Morris Jr JG. Release of tumor
necrosis factor alpha in response to Vibrio vulnificus capsular polysaccharide in
in vivo and in vitro models. Infect Immun 1997;65:3713-8.

Kashimoto T, Ueno S, Hayashi H, Hanajima M, Yoshioka K, Yoshida K, et al.
Depletion of lymphocytes, but not neutrophils, via apoptosis in a murine model
of Vibrio vulnificus infection. | Med Microbiol 2005;54(Pt 1):15-22.

Lee SE, Kim SY, Jeong BC, Kim YR, Bae SJ, Ahn OS, et al. A bacterial flagellin, Vibrio
vulnificus FlaB, has a strong mucosal adjuvant activity to induce protective
immunity. Infect Immun 2006;74:694-702.

Goo SY, Ham YS, Kim WH, Lee KH, Park S]. Vibrio vulnificus llpA-induced cytokine
production is mediated by Toll-like receptor 2. J Biol Chem 2007;282:27647-58.
Hor LI, Chang TT, Wang ST. Survival of Vibrio vulnificus in whole blood from
patients with chronic liver diseases: association with phagocytosis by neu-
trophils and serum ferritin levels. J Infect Dis 1999;179:275-8.

Kashimoto T, Ueno S, Hanajima M, Hayashi H, Akeda Y, Miyoshi S, et al. Vibrio
vulnificus induces macrophage apoptosis in vitro and in vivo. Infect Immun
2003;71:533-5.

Tsuchiya T, Mitsuo E, Hayashi N, Hikita Y, Nakao H, Yamamoto S, et al. Vibrio
vulnificus damages macrophages during the early phase of infection. Infect
Immun 2007;75:4592-6.

Wright AC, Simpson LM, Oliver JD. Role of iron in the pathogenesis of Vibrio
vulnificus infections. Infect Immun 1981;34:503-7.

Hor LI, Chang YK, Chang CC, Lei HY, Ou JT. Mechanism of high susceptibility of
iron-overloaded mouse to Vibrio vulnificus infection. Microbiol Immunol
2000;44:871-8.

Kim CM, Park Y], Shin SH. A widespread deferoxamine-mediated iron-uptake
system in Vibrio vulnificus. | Infect Dis 2007;196:1537-45.

Daly AL, Velazquez LA, Bradley SF, Kauffman CA. Mucormycosis: association
with deferoxamine therapy. Am J Med 1989;87:468-71.

Adamkiewicz TV, Berkovitch C, Krishnan C, Poisonelli C, Kermack D, Olivieri NF.
Infection due to Yersinia enterocolitica in a series of patients with (3-thalasse-
mia: incidence and predisposing factors. Clin Infect Dis 1998;27:1362-6.
Neupane GP, Kim DM. Comparison of the effects of deferasirox, deferiprone, and
deferoxamine on the growth and virulence of Vibrio vulnificus. Transfusion
2009;49:1762-9.

Kim CM, Park Y], Choi MH, Sun HY, Shin SH. Ferrophilic characteristics of Vibrio
vulnificus and potential usefulness of iron chelation therapy. J Infect Dis
2007;195:90-8.

Neupane GP, Kim DM. In vitro time-Kill activities of ciprofloxacin alone and in
combination with the iron chelator deferasirox against Vibrio vulnificus. Eur |
Clin Microbiol Infect Dis 2010;29:407-10.

Litwin CM, Byrne BL. Cloning and characterization of an outer membrane
protein of Vibrio vulnificus required for heme utilization: regulation of expres-
sion and determination of the gene sequence. Infect Immun 1998;66:3134-41.
Gray LD, Kreger AS. Mouse skin damage caused by cytolysin from Vibrio
vulnificus and by V. vulnificus infection. J Infect Dis 1987;155:236-41.

Kim HR, Rho HW, Jeong MH, Park JW, Kim ]S, Park BH, et al. Hemolytic
mechanism of cytolysin produced from V. vulnificus. Life Sci 1993;53:571-7.
Wright AC, Morris Jr JG. The extracellular cytolysin of Vibrio vulnificus: inacti-
vation and relationship to virulence in mice. Infect Immun 1991;59:192-7.
Fan JJ, Shao CP, Ho YC, Yu CK, Hor LI. Isolation and characterization of a Vibrio
vulnificus mutant deficient in both extracellular metalloprotease and cytolysin.
Infect Immun 2001;69:5943-8.

Lee SE, Ryu PY, Kim SY, Kim YR, Koh JT, Kim O], et al. Production of Vibrio
vulnificus hemolysin in vivo and its pathogenic significance. Biochem Biophys Res
Commun 2004;324:86-91.

Miyoshi N, Miyoshi S, Sugiyama K, Suzuki Y, Furuta H, Shinoda S. Activation of
the plasma kallikrein-kinin system by Vibrio vulnificus protease. Infect Immun
1987;55:1936-9.

Maruo K, Akaike T, Ono T, Maeda H. Involvement of bradykinin generation in
intravascular dissemination of Vibrio vulnificus and prevention of invasion by a
bradykinin antagonist. Infect Immun 1998;66:866-9.

Kim YR, Lee SE, Kook H, Yeom JA, Na HS, Kim SY, et al. Vibrio vulnificus RTX toxin
kills host cells only after contact of the bacteria with host cells. Cell Microbiol
2008;10:848-62.

Chung KJ, Cho EJ, Kim MK, Kim JR, Kim SH, Yang HY, et al. RtxAl-induced
expression of the small GTPase Rac2 plays a key role in the pathogenicity of
Vibrio vulnificus. ] Infect Dis 2010;201:97-105.

Lee JH, Kim MW, Kim BS, Kim SM, Lee BC, Kim TS, et al. Identification and
characterization of the Vibrio vulnificus rtxA essential for cytotoxicity in vitro
and virulence in mice. ] Microbiol 2007;45:146-52.

Merkel SM, Alexander S, Zufall E, Oliver JD, Huet-Hudson YM. Essential role for
estrogen in protection against Vibrio vulnificus-induced endotoxic shock. Infect
Immun 2001;69:6119-22.

Paranjpye RN, Strom MS. A Vibrio vulnificus type IV pilin contributes to biofilm
formation, adherence to epithelial cells, and virulence. Infect Immun
2005;73:1411-22.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

e165

Goo SY, Lee HJ, Kim WH, Han KL, Park DK, Kim SM, et al. Identification of OmpU
of Vibrio vulnificus as a fibronectin-binding protein and its role in bacterial
pathogenesis. Infect Immun 2006;74:5586-94.

Lee JH, Rho JB, Park K], Kim CB, Han YS, Choi SH, et al. Role of flagellum and
motility in pathogenesis of Vibrio vulnificus. Infect Immun 2004;72:4905-10.
Wongpaitoon V, Sathapatayavongs B, Prachaktam R, Bunyaratvej S, Kurathong
S. Spontaneous Vibrio vulnificus peritonitis and primary sepsis in two patients
with alcoholic cirrhosis. Am J Gastroenterol 1985;80:706-8.

Kelly MT, Avery DM. Lactose-positive Vibrio in seawater: a cause of pneumonia
and septicemia in a drowning victim. J Clin Microbiol 1980;11:278-80.

Tison DL, Kelly MT. Vibrio vulnificus endometritis. J Clin Microbiol 1984;20:185-
6.

Katz BZ. Vibrio vulnificus meningitis in a boy with thalassemia after eating raw
oysters. Pediatrics 1988;82:784-6.

Johnson RW, Arnett FC. A fatal case of Vibrio vulnificus presenting as septic
arthritis. Arch Intern Med 2001;161:2616-8.

Vartian CV, Septimus EJ. Osteomyelitis caused by Vibrio vulnificus. J Infect Dis
1990;161:363.

Jung SI, Shin DH, Park KH, Shin JH, Seo MS. Vibrio vulnificus endophthalmitis
occurring after ingestion of raw seafood. J Infect 2005;51:e281-3.

Penland RL, Boniuk M, Wilhelmus KR. Vibrio ocular infections on the U.S. Gulf
Coast Cornea 2000;19:26-9.

Chen Y, Satoh T, Tokunaga O. Vibrio vulnificus infection in patients with liver
disease: report of five autopsy cases. Virchows Arch 2002;441:88-92.

Haq SM, Dayal HH. Chronic liver disease and consumption of raw oysters: a
potentially lethal combination—a review of Vibrio vulnificus septicemia. Am |
Gastroenterol 2005;100:1195-9.

Paik KW, Moon B, Park CW, Kim KT, Ji MS, Choi SK; et al. Clinical characteristics of
ninety-two cases of Vibrio vulnificus infections. Korean J Infect Dis 1995;27:355-65.
Choi HJ, Lee DK, Lee MW, Choi JH, Moon KC, Koh JK. Vibrio vulnificus septicemia
presenting as purpura fulminans. ] Dermatol 2005;32:48-51.

Wang SM, Liu CC, Chiou YY, Yang HB, Chen CT. Vibrio vulnificus infection
complicated by acute respiratory distress syndrome in a child with nephrotic
syndrome. Pediatr Pulmonol 2000;29:400-3.

Kuo YL, Shieh SJ, Chiu HY, Lee JW. Necrotizing fasciitis caused by Vibrio
vulnificus: epidemiology, clinical findings, treatment and prevention. Eur J Clin
Microbiol Infect Dis 2007;26:785-92.

Vinh DC, Mubareka S, Fatoye B, Plourde P, Orr P. Vibrio vulnificus septicemia
after handling Tilapia species fish: a Canadian case report and review. Can J
Infect Dis Med Microbiol 2006;17:129-32.

Tang HJ, Chang MC, Ko WC, Huang KY, Lee CL, Chuang YC. In vitro and in vivo
activities of newer fluoroquinolones against Vibrio vulnificus. Antimicrob Agents
Chemother 2002;46:3580-4.

Han F, Walker RD, Janes ME, Prinyawiwatkul W, Ge B. Antimicrobial suscepti-
bilities of Vibrio parahaemolyticus and Vibrio vulnificus isolates from Louisiana
Gulf and retail raw oysters. Appl Environ Microbiol 2007;73:7096-8.

Chuang YC, Liu JW, Ko WC, Lin KY, Wu JJ, Huang KY. In vitro synergism between
cefotaxime and minocycline against Vibrio vulnificus. Antimicrob Agents Che-
mother 1997;41:2214-7.

Muldrew KL, Miller RR, Kressin M, Tang YW, Stratton C. Necrotizing fasciitis
from Vibrio vulnificus in a patient with undiagnosed hepatitis and cirrhosis. J
Clin Microbiol 2007;45:1058-62.

Torres L, Escobar S, Lopez Al, Marco ML, Pobo V. Wound infection due to Vibrio
vulnificus in Spain. Eur J Clin Microbiol Infect Dis 2002;21:537-8.

French GL, Woo ML, Hui YW, Chan KY. Antimicrobial susceptibilities of halo-
philic vibrios. | Antimicrob Chemother 1989;24:183-94.

de Araujo MR, Aquino C, Scaramal E, Ciola CS, Schettino G, Machado MC. Vibrio
vulnificus infection in Sao Paulo, Brazil: case report and literature review. Braz J
Infect Dis 2007;11:302-5.

Centers for Disease Control and Prevention. Vibrio vulnificus general informa-
tion: How is V. vulnificus treated? Atlanta, GA: CDC; 2009. Available at: http://
www.cdc.gov/nczved/divisions/dfbmd/diseases/vibriov/#treatment (accessed
June 5, 2010).

Hsueh PR, Lin CY, Tang HJ, Lee HC, Liu JW, Liu YC, et al. Vibrio vulnificus in
Taiwan. Emerg Infect Dis 2004;10:1363-8.

Park KH, Jung SI, Jung YS, Shin JH, Hwang JH. Marine bacteria as a leading cause
of necrotizing fasciitis in coastal areas of South Korea. Am J Trop Med Hyg
2009;80:646-50.

Halow KD, Harner RC, Fontenelle L]. Primary skin infections secondary to
Vibrio vulnificus: the role of operative intervention. ] Am Coll Surg 1996;183:
329-34.

Wang ], Corson K, Mader J. Hyperbaric oxygen as adjunctive therapy in Vibrio
vulnificus septicemia and cellulitis. Undersea Hyperb Med 2004;31:179-81.
Centers for Disease Control and Prevention. Vibrio vulnificus general informa-
tion: How can I learn about V. vulnificus? Atlanta, GA: CDC; 2009. Available at:
http://www.cdc.gov/nczved/divisions/dfbmd/diseases/vibriov/#learn
(accessed June 10, 2010).

MarylandInfo.Com. Food and drink: How to shuck oysters. Maryland, USA:
MarylandInfo.Com. Available at: http://www.marylandinfo.com/sponsorships/
how_to_shuck_oysters.html (accessed June 10, 2010).

Silver Point Oysters. How to shuck a live oyster the easy way? Oregon, USA:
Silver Point Oysters; 2004. Available at: http://www.silverpointoysters.com/
easyshuck.html (accessed June 10, 2010).

Ulusarac O, Carter E. Varied clinical presentations of Vibrio vulnificus infections:
a report of four unusual cases and review of the literature. South Med ]
2004;97:163-8.


http://www.cdc.gov/nczved/divisions/dfbmd/diseases/vibriov/
http://www.cdc.gov/nczved/divisions/dfbmd/diseases/vibriov/
http://www.cdc.gov/nczved/divisions/dfbmd/diseases/vibriov/
http://www.cdc.gov/nczved/divisions/dfbmd/diseases/vibriov/
http://www.cdc.gov/nczved/divisions/dfbmd/diseases/vibriov/
http://www.marylandinfo.com/sponsorships/how_to_shuck_oysters.html
http://www.marylandinfo.com/sponsorships/how_to_shuck_oysters.html
http://www.silverpointoysters.com/easyshuck.html
http://www.silverpointoysters.com/easyshuck.html

€166

91.

Chuang YC, Yuan CY, Liu CY, Lan CK, Huang AH. Vibrio vulnificus infection in
Taiwan: report of 28 cases and review of clinical manifestations and treatment.
Clin Infect Dis 1992;15:271-6.

92. Joynt GM, Gomersall CD, Lyon DJ. Severe necrotising fasciitis of the extremities

93.

caused by Vibrionaceae: experience of a Hong Kong tertiary hospital. Hong Kong
Med ] 1999;5:63-8.

Tacket CO, Barrett T], Mann JM, Roberts MA, Blake PA. Wound infections caused
by Vibrio vulnificus, a marine Vibrio, in inland areas of the United States. J Clin
Microbiol 1984;19:197-9.

94.

95.

96.
97.

M.A. Horseman, S. Surani/International Journal of Infectious Diseases 15 (2011) e157-e166

Kim ]J, Yoon K], Yoon HS, Chong Y, Lee SY, Chon CY, et al. Vibrio vulnificus
septicemia: report of four cases. Yonsei Med | 1986;27:307-13.

Barton JC, Coghlan ME, Reymann MT, Ozbirn TW, Acton RT. Vibrio vulnificus
infection in a hemodialysis patient receiving intravenous iron therapy. Clin
Infect Dis 2003;37:e63-7.

Inoue H. Vibrio vulnificus infection of the hand. J Orthop Sci 2006;11:85-7.
Kikawa K, Yamasaki K, Sujiura T, Myose H, Chinen M, Tsutsumi K, et al. A
successfully treated case of Vibrio vulnificus septicemia with shock. Jpn ] Med
1990;29:313-9.



	A comprehensive review of Vibrio vulnificus: an important cause of severe sepsis and skin and soft-tissue infection
	Introduction
	Illustrative case
	Epidemiology
	Pathophysiology
	Clinical presentation
	Treatment
	Prevention
	Final comments about the illustrative case
	Conclusions
	Conflict of interest
	Acknowledgements
	References


