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Vibrio vulnificus infection: a persistent threat to
public health

Na Ra Yun and Dong-Min Kim

Division of Infectious Disease, Vibrio vulnificus is a gram-negative bacterium that can cause serious, potentially
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fatal infections. V. vulnificus causes three distinct syndromes: an overwhelming
primary septicemia caused by consuming contaminated seafood, wound infec-
tions acquired when an open wound is exposed to contaminated warm seawater,
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50% for primary septicemia, and death typically occurs within 72 hours of hospi-
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talization. Risk factors for V. vulnificus infection include chronic liver disease, al-
coholism, and hematological disorders. When V. vulnificus infection is suspected,
appropriate antibiotic treatment and surgical interventions should be performed
immediately. Third-generation cephalosporin with doxycycline, or quinolone
with or without third-generation cephalosporin, may be potential treatment op-
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tions for patients with V. vulnificus infection.

Keywords: Vibrio vulnificus; Diagnosis; Therapeutics; Prognosis

INTRODUCTION

Vibrio vulnificus is a halophilic, gram-negative bacterium
belonging to the Vibrio genus and Vibrionaceae family.
Other members of this family include Vibrio cholera and
Vibrio parahaemolyticus, both of which cause acute gas-
trointestinal symptoms. However, unlike other species
of this family, V. vulnificus can cause serious and fatal
infections [1,2], such as gastroenteritis, skin and soft tis-
sue infections, and primary sepsis that may progress to
necrotizing fasciitis and death [1,2].

EPIDEMIOLOGY

V. vulnificus is a potentially fatal foodborne pathogen
[2,3]. The Centers for Disease Control and Prevention
(CDC) estimate that the average annual incidence of
all V. vunlificus infections increased by 41% between
1996 and 2005 in the United States [2,3]. In Taiwan, the
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number of cases attributed to V. vulnificus has increased
since 1985, when the first case was reported [4].

V. vulnificus infection in Korea peaks in September
and is prevalent between June and November every year
(Fig. 1), the period during which seawater temperature
increases. Most cases occur in areas close to the coast-
line in South Jeolla and South Gyeongsang provinces.
This infection is most prevalent when the seawater
temperature is = 18°C to 20°C and the salinity is ap-
proximately 25%o.

V. vulnificus can be transmitted through two channels:
one is the consumption of contaminated fish and shell-
fish, and the other is skin exposure to contaminated
seawater [5]. The sensitivity of the host is crucial for the
development of V. vulnificus infection, which common-
ly occurs in patients with chronic liver diseases, such
as alcoholic liver disease, liver cirrhosis, and chronic
hepatitis B or C, or who suffer from alcohol abuse with-
out documented liver disease. Moreover, patients with
chronic diseases such as diabetes mellitus, end-stage re-
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Figure 1. Monthly record on the number of patients with Vibrio vulnificus infections from 2015 to 2017 in South Korea.

nal disease, theumatoid arthritis, and hemochromatosis
are at high risk for serious V. vulnificus infection [6,7].
Cirrhotic patients often have immune system dys-
function, decreased complement levels and reduced
phagocytic and chemotaxis capacity; therefore, the vir-
ulence of V. vulnificus is difficult to counter in these pa-
tients [5,8]. Furthermore, V. vulnificus may directly enter
the portal system, bypassing the hepatic reticuloendo-
thelial system, in patients with portal hypertension [5,8].
According to a report on V. vulnificus sepsis in Korea, >
90% of patients with V. vulnificus sepsis had some form
of chronic disease, which included 66% with liver dis-
ease (43% with liver cirrhosis) and 75% with alcoholism (at
least 1 oz of alcoholic beverage consumed every day) [9].
Iron levels are frequently elevated in patients with
chronic liver disease and hemochromatosis, which
creates a predisposition to invasive V. vulnificus infec-
tions, because this microorganism uses iron stores for
bacterial overgrowth [5,8]. Wright et al. [10] reported
that V. vulnificus cannot proliferate in normal human
serum; they directly correlated its virulence with host
iron availability based on their observation that iron in-
jection in mouse models resulted in a reduction in 50%
lethal dose. Therefore, patients with hemochromatosis
are known to be susceptible to V. vulnificus infection.
Some cases of V. vulnificus sepsis occurred in patients
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with hemochromatosis. Deferoxamine, a standard iron
chelation agent widely used in treating patients with
iron overload, is a type of hydroxamate siderophore of
the Streptomyces species; in vitro experiments have re-
ported that deferoxamine facilitates the proliferation of
ferophilic organisms, such as V. vulnificus, Yersinia en-
terocolitica, and members of the order Mucorales [11]. In
contrast, administration of other iron-chelation agents
that are not siderophores, such as deferiprone or defer-
asirox, is reported to have an inhibitory effect on the
growth of V. vulnificus [12]. Therefore, when V. vulnificus
sepsis occurs in a patient with hemochromatosis who
may require iron chelation, using deferiprone or defer-
asirox may be more appropriate than deferoxamine.
Interestingly, men appear to have a much higher
risk for serious infection than women [13,14]. In South
Korea, 506 and 82 out of 588 V. vulnificus infection cases
were men (86.1%) and women (13.9%), respectively, from
2001 to 2010 [13]. In a study in Taiwan, the rates of V.
vulnificus infection were also higher in men than wom-
en [4]. The reason behind this difference in susceptibil-
ity is unclear. A study involving rats showed that after
the administration of V. vulnificus lipopolysaccharide
extracts, the 24-hour mortality rate was 82% in male
rats and 21% in female rats. However, the mortality rate
of female rats without ovaries increased to nearly 75%;
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Figure 2. Characteristic lesions of patients with Vibrio vulnificus infection. (A) Characteristic skin lesions of V. vulnificus infec-
tion presenting as hemorrhagic and serous bullae; ecchymoses on the lower leg. (B) Gram stain for specimens obtained from
bullae of a patient with V. vulnificus infection. Gram-negative curved bacilli isolated. (C, D) Magnetic resonance imaging for
necrotizing fasciitis on the lower leg of a patient with V. vulnificus infection.

subsequent estrogen administration reduced the mor-
tality rate to 38%. This demonstrates that estrogen has
protective effects against V. vulnificus sepsis [15].

CLINICAL MANIFESTATIONS

V. vulnificus causes three distinct syndromes: gastroin-
testinal tract limited infections, wound infections, and
primary septicemia [5,16]. Septicemia is one of the most
common clinical problems. It is often accompanied by
skin and soft tissue infections and has a > 50% mortal-
ity rate [16-18]. Atypical manifestations of V. vulnificus
infection include pneumonia, meningoencephalitis,
peritonitis, and pyogenic spondylitis [9,19,20].

Watery diarrhea, abdominal pain, nausea, vomiting,
fever, and chills without skin and soft tissue lesions
are the symptoms associated with gastrointestinal tract
limited infections caused by V. vulnificus, which may oc-
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cur in immunocompetent individuals; however, death
due to gastrointestinal tract limited infections is rare [5].
Moreover, gastrointestinal symptoms such as nausea,
vomiting, and abdominal pain are often preceded by
primary septicemia with skin and soft tissue infections
[2,21]. Therefore, distinguishing between simple gastro-
intestinal symptoms and premonitory symptoms that
can worsen to septicemia is important, especially in
individuals at high risk for V. vulnificus infection [22].
Patients with primary septicemia caused by V. vulnifi-
cus infection require hospitalization and are typically in
septic shock upon admission to the emergency room.
Primary septicemia is a bacteremia that usually has
no definite route of infection, with the portal of entry
presumably either at the small intestine or the prox-
imal colon [16,23]. It typically begins with an abrupt
fever, chills, and gastrointestinal symptoms; metastatic
infection appears as skin lesions that usually occur
in the lower extremities with bullae, ecchymosis, or
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maculopapular rash. Skin lesions are aggravated by ne-
crotic ulcer, necrotizing fasciitis or myonecrosis (Fig. 2)
[2,16,24,25].

Wound infections differ from primary septicemia
because of its portal of entry in the skin; V. vulnificus
enters through existing wounds or through areas of
traumatic damage. The extent of wound infection with
V. vulnificus varies from mild to severe. Wound infec-
tion can occur in immunocompetent individuals, such
as those with simple gastroenteritis. However, in severe
cases, more than half of patients suffer from severe
cellulitis accompanied by bullae or ecchymosis within
24 hours of symptom onset. Skin lesions can worsen to
necrotizing fasciitis or gangrene. In contrast to primary
septicemia, skin lesions are limited to the areas where V.
vulnificus is inoculated, and metastatic infections usual-
ly do not occur [2,5,16,24].

In a study on V. vulnificus infections in Florida from
1981 to 1987, 38 out of 62 patients had primary septice-
mia, 17 had wound infections, and seven had gastroin-
testinal illness without septicemia or wound infections
[22]. A study of V. vulnificus infections in Taiwan inves-
tigated clinical and epidemiologic features from 1995 to
2000; among the 84 total patients, 20 had primary septi-
cemia and 57 had wound infections. A similar previous
study in Taiwan found that no patients had gastroin-
testinal illness [4,17]. Most patients with gastroenteritis
or diarrheal illness in Taiwan do not seek care at the
large teaching hospitals; they also do not usually have a
stool culture, which might explain the lack of patients
with gastrointestinal illness attributable to V. vulnificus
[4,17] A study on V. vulnificus infections in South Korea
from 2000 to 2011 yielded clinical and epidemiological
findings similar to the studies in Florida and Taiwan
[18]. These three studies show a similar clinical profile,
although they were conducted at different times and
places (Table 1).

DIAGNOSIS

V. vulnificus infection is suspected based on clinical and
epidemiological findings and is confirmed by bacterio-
logical culture [16,26]. Because bacteremia is common,
routine blood cultures should be performed when V.
vulnificus infection is suspected. Gram stain and cul-
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ture of a specimen obtained from skin lesions such as
abscess or bullae is helpful to rapidly identify bacteria.
Stool cultures are occasionally useful, requiring thio-
sulfate-citrate-bile salts-sucrose agar for isolation [16].
Culture tests using blood or skin lesion samples is the
most important method for diagnosing V. vulnificus
sepsis. However, since V. vulnificus is highly sensitive
to antibiotic administration, it is necessary to check
whether any antibiotic has been administered prior to
performing the culture test.

Chart analysis of data from 23 patients with V. vul-
nificus subjected to blood culture tests, which were
performed after admission to the researcher’s hos-
pital, showed that even though the culture test was
performed approximately 24 hours after antibiotic ad-
ministration in eight patients, not even a single patient
tested positive for V. vulnificus. Therefore, if a patient
with suspected V. vulnificus sepsis undergoes a culture
test after antibiotic administration, V. vulnificus sepsis
may not be ruled out even if'it is not detected [27].

Microbiological culture provides high specificity, but
diagnosis takes a long time. Furthermore, V. vulnificus is
susceptible to many antibiotics; therefore, infection in
patients previously treated with antibiotics before cul-
ture is difficult to diagnose accurately [28]. Polymerase
chain reaction (PCR) is also useful for early diagnosis of
V. vulnificus infection, even in patients previously treat-
ed with antibiotics [28]. Using blood samples, the con-
ventional PCR and nested PCR assays showed specific-
ities of 100% and 73%, respectively. The real-time PCR
assay had 100% sensitivity and specificity as a positive
result using a cutoff value of < 38 cp [28]. The real-time
PCR assay to detect V. vulnificus-specific genes is not
only the most sensitive and specific diagnostic method
but also the most rapid technique [28]. In a recent study,
V. vulnificus DNA copy numbers were higher in tissue
samples than in blood samples from V. vulnificus-in-
fected patients, showing that skin lesions are more
useful than blood samples for PCR-based diagnosis of’
V. vulnificus-infected patients [27]. Real-time PCR using
serum samples collected from 14 patients at admission
showed a median V. vulnificus DNA load of 638.5 cop-
ies/mL of blood (interquartile range [IQR], 37 to 3,225),
while real-time PCR using the initial tissue specimen
at admission showed a median of 16,650 copies/mL of
tissue fluid (IQR, 4,419 to 832,500; p = 0.022). Compared
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Table 1. Demographic and clinical features of patients with primary septicemia and wound infections caused by Vibrio vulnificus

No. of patients (%)*

Variable
Florida, USA(n=55)  South Korea (n =34) Taiwan (n = 84)
Sex
Male 49 (89.1) 30(88.2) 61 (72.6)
Female 6 (10.9) 4(11.8) 23 (27.4)
Age, yr 61.8 (23-84) 57.3 (43-74) 60 (9-87)
Route of exposure
Consumption of seafood 35(63.6) 25(73.5) 2.(3.6)
Wound exposure to seawater 15 (27.3) 5(14.7) 18 (32.7)
Unknown 5(9.1) 4(11.8) 35 (63.6)
Underlying condition
Chronic liver disease 27 (49.1) 32(94.1) 45 (53.6)
Chronic alcoholism 27(79.4) 15 (17.8)
Hepatitis B or C virus 5 (14.7) 21 (25.0)
Other chronic disease without liver disease 15 (27.3) o 32(38.1)
Diabetes mellitus 13 (15.5)
Steroid use 10 (11.9)
Renal insufficiency 6(7.1)
Other malignancies 3(3.6)
None 13 (23.6) 2(5.9) 12 (14:3)
Signs & symptoms on admission
Any gastrointestinal symptom 29 (52.7) 12 (35.3) 20 (23.8)
Any skin and soft tissue lesion (69.1) 27(79.4) 57(67.9)
Bacteremia present 43 (78.2) 18 (52.9) 7(8.3)
Surgery performed (25.5) 15 (44.1) 49 (58.3)
Appropriate antibiotics received (67.3) 27(79.4) 67(79.8)
Outcome
Survived 30(54.5) 18 (52.9) 57(67.9)
Died 25 (455 16 (47.1) 25(29.8)
Unknown o 2.(2.4)

Values are presented as number (%) or median (range).

55 patients in Florida, USA, 1981 to 1987 [22] vs. 84 patients in Taiwan 1995 to 2000 [4] vs. 34 patients in South Korea, 2000 to

2011 [18].

with blood, DNA copies in tissue are less affected by
short-term antibiotic administration, and the number
of DNA copies actually increases in some patients after
antibiotic administration. Therefore, there are typical-
ly a larger number of DNA copies in the tissues than
in the blood of patients with V. vulnificus infection. In
patients who are admitted after receiving antibiotics
active against V. vulnificus, a PCR test using skin lesion
specimens may be more useful than blood samples.
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Since studies have shown that the number of DNA cop-
ies is higher in the tissues than in the blood, the actual
number of bacteria may be indirectly inferred to be
higher in the tissues than in the blood. Thus, the rate
of positive results in culture tests may be higher with
tissue specimens of the lesion than with blood, which
may require further studies [27].

Among the various marine isolates, V. vulnificus and
Vibrio cholerae characteristically show resistance against
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polymyxin B and colistin; thus, when susceptibility to
colistin is reported, the possibility of false identifica-
tion of V. vulnificus should be considered [29].

TREATMENT

Data on 62 cases of V. vulnificus infection reported by
Florida health authorities showed that the mortality
rate was 33% when antibiotics were administered with-
in 24 hours after admission, but increased to 63% and
100% when antibiotic administration was delayed to 48
to 72 and > 72 hours post-admission, respectively [22].
These results demonstrate the importance of timely
early antibiotic administration.

Case fatality rates for V. vulnificus infections have
been shown to increase with delays between the onset
of illness and administration of antibiotics. Therefore,
if'a patient is suspected to be infected with V. vulnificus,
appropriate antibiotic treatment should be immediate-
ly administered [2,5,16]. Furthermore, in many patients
with serious skin and soft tissue infections such as nec-
rotizing fasciitis, surgical interventions such as debride-
ment or fasciotomy are necessary in addition to antibi-
otics treatment to remove necrotic tissue and bacteria
[2,30,31]. A retrospective study on necrotizing soft-tissue
infections including V. vulnificus-related necrotizing
fasciitis in 65 patients demonstrated the importance of
early surgical intervention based on the time from ad-
mission to surgery (25 + 39 hours in the survival group
and 9o + 95 hours in the mortality group) [32].

A retrospective Taiwanese study on V. vulnificus-relat-
ed necrotizing fasciitis outcomes in 121 patients also re-
ported on the importance of early surgical intervention:
the group of patients who received surgical treatment
within 12 hours from admission had a significantly
lower mortality rate than patients who received similar
treatment 12 to 24 and > 24 hours post-admission [33].
However, since these studies were retrospective, the
possibility of selection bias may exist where surger-
ies were performed on patients with conditions mild
enough to actually undergo surgery. Therefore, future
prospective case-control studies are needed.

V. vulnificus is sensitive to most antibiotics in vitro,
except for colistin; antibiotics that are effective against
V. vulnificus in vitro are third-generation cephalosporins
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(ceftriaxone, cefotaxime, or ceftazidime), piperacillin-ta-
zobactam, carbapenems (imipenem or meropenem),
tetracyclines (doxycycline or tetracycline), aminogly-
coside (gentamicin or amikacin), fluoroquinolones
(ciprofloxacin, levofloxacin, or moxifloxacin), and sul-
famethoxazole-trimethoprime [31,34]. In most in vitro or
in vivo mouse model experiments on antibiotic suscep-
tibility, tetracyclines are reported to have significantly
higher efficacy than penicillin or cephalosporins. This
has been attributed to the fact that the tetracycline class
of antibiotics achieves better penetration into tissues
with poor perfusion when V. vulnificus infection occurs,
and has inhibitory effects against the synthesis of pro-
teins, such as various toxins and enzymes produced by
V. vulnificus [35).

A time-kill study on V. vulnificus demonstrated that
cefotaxime and minocycline have synergistic effects,
and a V. vulnificus mouse model experiment also report-
ed that the combined administration of the two drugs
showed statistically significant effects (p < 0.01) [36].

A study on the efficacy of quinolone also confirmed
that it was as effective as cefotaxime and minocycline;
quinolone was reported to be effective in mouse mod-
els, as its concentration was sufficiently maintained in
the necrotized interstitial fluid or blister and thrombo-
sis caused by V. vulnificus sepsis [37].

A time-kill study on ciprofloxacin and cefotaxime
confirmed their synergistic action, while an animal ex-
periment confirmed that the combined administration
of cefotaxime and ciprofloxacin offered greater survival
benefits than a combination of cefotaxime and minocy-
cline or cefotaxime alone [38,39)].

The CDC recommends doxycycline 100 mg intra-
venously or orally twice a day plus ceftazidime (or any
other third-generation cephalosporin) 1 to 2 g intrave-
nously every 8 hours for the treatment of V. vulnificus
infection [5,16,40]. In a retrospective study on 89 V.
vulnificus-infected patients, a third-generation cephalo-
sporin plus minocycline or ciprofloxacin with or with-
out minocycline was found to be more eftective than a
third-generation cephalosporin alone [41]. An animal
experiment suggested that the combination of cipro-
floxacin and cefotaxime is an effective treatment option
for V. vulnificus-infected people [39]. A recent study
suggested that cefepime combined with doxycycline or
ciprofloxacin should be initiated to cover gram-nega-
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tive-resistant organisms and V. vulnificus while awaiting
a microbiological diagnosis; once a diagnosis of V. vul-
nificus septicemia is confirmed, treatment can be safely
changed to ceftriaxone combined with doxycycline or
ciprofloxacin [42]. Another recent study suggested that
tigecycline alone might be a better therapeutic option
than a traditional combination regimen of ceftazidime
plus doxycycline in patients with V. vulnificus infection

[43,44].

PROGNOSIS

V. vulnificus infections are life-threatening, and favor-
able prognosis depends on early diagnosis and appro-
priate treatment. Several previous studies suggested a
marker for predicting prognosis among patients with
V. vulnificus infection. Acute Physiology And Chronic
Health Evaluation II (APACHE II) and Mortality in
Emergency Department Sepsis (MEDS) scores at hos-
pital admission were suggested as useful prognostic
indicators in primary septicemia or wound infections
caused by V. vulnificus [31,45,46]. In another study, the
level of V. vulnificus DNA loads were significantly cor-
related with mortality [47].

The median DNA copy upon admission was 2,300
copies/mL of blood (IQR, 558 to 11,350) in patients who
died of V. vulnificus sepsis, which was significantly high-
er than 316.5 copies/mL of blood (IQR, 51 to 705) in those
who survived (p = 0.011). When a patient is admitted for
V. vulnificus sepsis, using real-time PCR for the identi-
fication of V. vulnificus DNA copies in the serum as an
early prognostic indicator of mortality may be clinically
useful [47].

The level of V. vulnificus DNA was shown to be sub-
stantially higher in nonsurvivors than in survivors of
V. vulnificus septicemia, and the V. vulnificus DNA load
correlated with the APACHE II score [18,47]. Notably,
elevated tumor necrosis factor o (TNF-a) levels were
found in patients with V. vulnificus sepsis compared
to those in healthy individuals. The group of patients
who died of V. vulnificus sepsis showed a median TNF-a
level of 261.0 pg/mL (IQR, 101.0 to 376.0), which was
significantly higher than 69.5 pg/mL (IQR, 17.5 to 103.5)
in those who survived (p = 0.001). Such a difference
was also found in the blood test results, which were
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evaluated 6 to 48 hours post-admission and antibiotic
administration; the mortality group showed a signifi-
cantly elevated TNF-q level (p = 0.044). This confirmed
that checking the serum TNF-a level upon admission
as an early prognostic factor of mortality may be clini-
cally useful [48]. In a retrospective study in South Korea,
approximately half of the patients with V. vulnificus in-
fection died = 72 hours after hospital admission [18]. In
this study, patient survival differed significantly based
on pH level at hospital admission; in predicting death,
an optimal cutoff pH level of < 7.35 had a sensitivity of
100% and specificity of 83% [17]. This study showed that
the initial pH level of patients was the simplest and the
most accurate predictive marker of death [18].

CONCLUSIONS

V. vulnificus is capable of causing illness ranging from
mild gastrointestinal tract-limited infections to severe
septicemia with necrotizing fasciitis. Patients with a
presumptive diagnosis of V. vulnificus infection should
be immediately started on antibiotics therapy and
surgical interventions if needed. The recommended
antibiotics treatment regimen is ceftriaxone plus doxy-
cycline or ceftriaxone plus ciprofloxacin. pH level upon
admission, APACHE 1II score, and V. vulnificus DNA
load can help predict the prognosis for patients with V.
vulnificus infection.
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