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Summary

Sea level rise and the anthropogenic warming of the
world’s oceans is not only an environmental tragedy,
but these changes also result in a significant threat
to public health. Along with coastal flooding and the
encroachment of saltwater farther inland comes an
increased risk of human interaction with pathogenic
Vibrio species, such as Vibrio cholerae, V. vulnificus
and V. parahaemolyticus. This minireview examines
the current literature for updates on the climatic
changes and practices that impact the location and
duration of the presence of Vibrio spp., as well as the
infection routes, trends and virulence factors of these
highly successful pathogens. Finally, an overview of
current treatments and methods for the mitigation of
both oral and cutaneous exposures are presented.

Introduction

We are indeed in hot water! The Intergovernmental Panel
on Climate Change (IPCC), the United Nations body for
assessing the science related to climate change, recently
issued a new report focusing on the earth’s oceans and
cryosphere in which the Panel considered the physical,
chemical and biological effects of the well-documented
increases in atmospheric and oceanic temperatures
(IPCC, 2019). The news is not promising, as the combi-
nation of a warming ocean, a concomitant increase in
sea levels and increased human activity in coastal waters
set the stage for increased Vibrio–human interactions.
There have been previous reports and reviews of this

subject (Baker-Austin et al., 2016, 2017; Vezzulli et al.,
2016; Baker-Austin and Oliver, 2018; Deeb et al., 2018);
here we will use those previous studies as seminal points
of reference and provide updates from the current
literature.

Routes of infection

Although there are over 100 named Vibrio species, only
a small number have been isolated from humans, includ-
ing Vibrio cholerae, V. vulnificus, V. parahaemolyticus,
V. alginolyticus, V. fluvialis and V. anguillarum (Jacobs
Slifka et al., 2017; Sinatra and Colby, 2018; Bonnin-
Jusserand et al., 2019; Chowdhury et al., 2019; Miller
et al., 2019). A much larger number of Vibrio spp. are
pathogenic to fish and shellfish, but these will not be con-
sidered here. Our focus will be on the three that we con-
sider to be the most significant for their impact on human
health: V. cholerae, the etiologic agent of human cholera;
V. vulnificus, responsible for both gastroenteritis as well
as for horrifying infections of extremities; and V. para-
haemolyticus, more recently understood as a significant
player by those who study vibrioses (CDC, 2006).

These microorganisms can cause illness via ingestion
of untreated water or contaminated fish or shellfish and
are routinely isolated from warm coastal waters around
the world, including the United States (U.S.). Vibrio spp.
are susceptible to heat, so most food-related gastroenter-
itis cases result from eating either raw or undercooked
fish or shellfish. Ingestion of Vibrio spp. with food protects
the organism from the bactericidal effect of stomach acid,
so the infectious dose (ID) in contaminated water is con-
siderably higher than when consumed with food: for
example, 108–1011 of V. cholerae in water is required for
an ID in healthy human volunteers, versus 104–108 when
ingested with food (Nelson et al., 2009; Almagro-Moreno
and Taylor, 2013). Likewise, the use of over-the-counter
or prescription proton pump inhibitors designed to
decrease stomach acid results in a lower ID due to all-
owing increased numbers of viable organisms to reach
the intestines. Interestingly, V. cholerae can only cause
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cholera when carrying the Vibrio pathogenicity island
(VPI) that includes the toxin co-regulated pilus (TCP)
gene cluster, as well as the CTX bacteriophage, which
supplies the cholera toxin gene. The cholera exotoxin
starts a cascade in intestinal epithelial cells that results in
the dysfunction of the cystic fibrosis transmembrane con-
ductance regulator (CFTR) chloride channel, causing the
massive fluid loss from the intestines that is characteristic
of the disease (Kaper et al., 1995). The so-called ‘rice water
stool’ shed by cholera sufferers contains 1010–1012 V.
cholerae organisms per litre, and patients can lose up to 2 l
per day, rapidly causing fatal dehydration unless amelio-
rated (Nelson et al., 2009). Epidemic cholera is caused by
serogroups O1 or O139 if carrying the cholera toxin; how-
ever, non-toxigenic non-O1/non-O139 V. cholerae are con-
sidered opportunistic pathogens and can also cause bloody
diarrhoea and gastroenteritis as well as extraintestinal infec-
tions (Chowdhury et al., 2016). V. vulnificus is ubiquitous in
the coastal marine environment and is often associated with
fish and shellfish. However, this organism can also be a
lethal pathogen when ingested (Jones and Oliver, 2009). In
addition, this organism and certain other Vibrio spp. can
bypass the gastrointestinal route altogether by directly
infecting skin cuts or scrapes. Wound infections with V.
vulnificus can cause a bullous cellulitis resulting in cell
death that may require limb amputation and can progress
to an overwhelming septic shock that is often fatal due to
multiple organ failure (Bhat et al., 2019; Guillod et al., 2019;
Leng et al., 2019). The most susceptible populations for ful-
minant extraintestinal infections from either the oral or cuta-
neous route are those with a decreased immune response,
including patients with thalassemia, diabetes, HIV or liver
disease (cirrhosis or hepatitis) as well as those receiving
immunosuppressant drugs for other conditions (He et al.,
2019). Finally, V. parahaemolyticus can cause a seafood-
borne rapid-onset gastroenteritis. This illness is usually self-
limiting, with severe disease normally observed only in
immunocompromised individuals (Yang et al., 2019). It is
also associated with outbreaks, evidenced by a recent mul-
tistate event in the U.S. linked to eating fresh crab meat
imported from Venezuela (CDC, 2018). In addition, similar
to V. vulnificus, V. parahaemolyticus can cause cutaneous
infections of open wounds that can be devastating in some
patients (Guillod et al., 2019). Overall, those who cultivate,
harvest or shuck oysters and other shellfish for a living as
well as fish farmers and seafood factory workers have a
significantly increased risk of exposure to pathogenic vibrios
due to the nature of their work (Penland et al., 2000).

Vibrio virulence factors

Vibrio spp. maintain a number of virulence factors that
enhance their ability to cause disease in the host, includ-
ing siderophores for scavenging iron, haemolysins that

degrade erythrocyte and cellular membranes, capsular
polysaccharide that helps the organism resist
opsonisation and evade complement fixation, pili and sur-
face proteins to enhance adherence and attachment, and
flagella-mediated movement (Jones and Oliver, 2009;
Carda-Dieguez et al., 2018; Gao et al., 2018; Guanhua
et al., 2018; Duong-Nu et al., 2019; Li et al., 2019;
Yamazaki et al., 2019). Indeed, the darting motility of
these organisms contributed to their name of Vibrio,
which comes from the Latin word vibro, to vibrate or to
set in tremulous motion (Bergey and Holt, 1994). The
toxin co-regulated pilus (TCP) of V. cholerae facilitates
both adherence and biofilm formation in the environment
as well as in vivo (Yildiz and Visick, 2009). All three spe-
cies can form biofilms in the environment and within a
host during infection, and require flagellar motility to do
so (Jung et al., 2019). In addition, some Vibrio species
maintain type III secretion systems (T3SS) that enable
direct translocation of toxic effector proteins from the bac-
terium into the eukaryotic host cell via a structure that is
reminiscent of a hypodermic needle (Zeb et al., 2019).
For example, V. cholerae translocates a nucleator protein
that increases intestinal colonization using a T3SS (Tam
et al., 2007) and V. parahaemolyticus translocates effec-
tors that regulate the activity of mitogen-activated protein
kinase (MAPK) in host cells (Matlawska-Wasowska et al.,
2010). All three species also utilize various decar-
boxylases for acid neutralization to protect the organism
from conditions of low pH (Leng et al., 2019). Finally,
since Vibrio spp. are Gram-negative, each produces lipo-
polysaccharide (LPS) containing lipid A which can cause
polymorphonuclear leukocytes to secrete inflammatory
cytokines as well as nitric oxide, inducing vascular per-
meability, fever and hypotension that can lead to septic
shock during infections (Leng et al., 2019).

Environmental factors affecting Vibrio concentrations

Numerous studies have sought to correlate environ-
mental conditions with Vibrio abundance (Deeb et al.,
2018; Coutinho et al., 2019; Green et al., 2019; Liang
et al., 2019). V. cholerae, V. vulnificus and V. para-
haemolyticus have a temperature optimum of around
37�C, but infections can begin occurring at 15�C for
V. parahaemolyticus and at 20�C for V. vulnificus
(Ulitzur, 1974; Kelly, 1982; Kaspar and Tamplin, 1993;
Miles et al., 1997; FAO/WHO, 2005; McLaughlin et al.,
2005; Sedas, 2007; Martinez-Urtaza et al., 2010). Thus,
any increases in environmental temperature, whether
short or long-term, have significant effects on the con-
centrations of these pathogens in the water and in sea-
foods. Indeed, temperature is the factor most often
correlated with Vibrio presence, concentration and
infection rate (Takemura et al., 2014).

© 2020 Society for Applied Microbiology and John Wiley & Sons Ltd., Environmental Microbiology, 22, 4101–4111
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The second most common parameter reported for hav-
ing the greatest amount of influence is salinity. Together,
salinity and temperature are responsible for as much as
50% of the variation in Vibrio abundance (Wetz et al.,
2008; Nigro et al., 2011; Froelich et al., 2013, 2019). The
addition of other factors into descriptive models often only
results in smaller improvements (Takemura et al., 2014).
The three main pathogens, V. cholerae, V. vulnificus and
V. parahaemolyticus all have differing salinity require-
ments and tolerances, and thus local salinity changes
can modify the ratios of these three pathogens. A shift
from V. vulnificus and V. parahaemolyticus to V. cholerae
was seen when the Bonnet Carre Spillway was opened
in the state of Mississippi in the U.S., releasing a flood of
freshwater into the estuary (Griffitt and Grimes, 2013).
V. cholerae can survive in freshwater, whereas the
V. parahaemolyticus and V. vulnificus have strict salinity
requirements. Thus V. cholerae are often associated with
drinking-water-borne infections. V. parahaemolyticus
appears to be less affected by salinity than V. vulnificus,
with many studies finding weak or absent correlations.
On the other hand, although V. vulnificus is often limited
by salinity, it has also been shown to be more resistant to
higher salinities as the temperature increases (Randa
et al., 2004; Froelich et al., 2015).

Because these bacteria have such short generation
times (replicating in 20 min or even less), they are able to
react quickly to rapid changes in environmental condi-
tions such as flooding, freshening and heatwaves. Thus,
there is a potential for Vibrio blooms following these
changes, which would be a significant health risk to those
taking recreation in the area as well as consuming sea-
food harvested near that location.

Infections increasing with a changing climate

Infections with Vibrio spp. have been increasing in the
U.S. and around the globe, a trend that has been attrib-
uted to the warming of the ocean waters and is
predicted to be exacerbated by ongoing climate change
(Chowdhury et al., 2017; Logar-Henderson et al.,
2019). These infections are seasonal, with the majority
of cases occurring traditionally between May and
October (CDC, 2017). But the ‘Vibrio season’ is expan-
ding as warmer temperatures extend into the Fall
months. The ideal Vibrio spp. growth conditions are in
warm (>15�C) seawater with moderate salinity (<25‰).
Biweekly data collected from surface water at a sam-
pling site in the Neuse River Estuary in eastern North
Carolina, U.S. (Fig. 1) shows that the concentration of
Vibrio spp. remains above average beyond the normal
Vibrio season, increasing the risk of infections that may
occur by both aquatic exposure and via consumption of
contaminated seafood (Froelich et al., 2015).

Additionally, the organism can take advantage of heat
waves to appear in higher-latitude areas. For example, in
the summer of 2014, there were 89 infections with Vibrio
spp. in Sweden and Finland, with cases reported within
100 miles of the Arctic Circle (Baker-Austin et al., 2017).
This highlights the need for clinicians in northern regions
to be aware of possible domestically acquired vibriosis
and provides further proof-of-principle that changes in
coastal water surface temperature that expands the
range of Vibrio spp. even temporarily can happen swiftly
and have significant public health implications
(Chowdhury et al., 2017). Due to their preference for
warm, slightly salty water, the brackish water found in
estuaries as well as coastal floodwaters provide signifi-
cant opportunities for Vibrio spp. growth. In the U.S., the
Gulf coast region states of Texas, Alabama, Florida,
Mississippi and Louisiana have had the most reported
cases of vibriosis (CDC, 2005). For example, when the
floodwaters of Hurricane Rita and Katrina receded in
October 2005, the number of pathogenic vibrios
(V. cholerae, V. vulnificus and V. parahaemolyticus) in
samples taken from both Lake Pontchartrain near-shore
sites as well as from canals in New Orleans were highly
enriched. Twenty-two cases of Vibrio-related illnesses
were reported in the 2 weeks following Hurricane Katrina,
with five of these resulting in death (Morantz, 2005). As
expected for their preferred environmental niche, their
numbers decreased in samples with increasing distance
from shore (Sinigalliano et al., 2007).

The warming of coastal waters has increased both the
temporal range of Vibrio spp. as well as heightened the
potential for Vibrio–human interactions, as when waters

Fig. 1. Log concentration of Vibrio (red line, left axis) in the Neuse
River Estuary of North Carolina in 2011, compared with water tem-
perature (blue line, right axis). Vertical black lines represent the start
and end of ‘Vibrio season’, and shaded areas represent the
extended period of increased infection risk outside of the traditional
period. Horizontal black line is average Vibrio concentration.

© 2020 Society for Applied Microbiology and John Wiley & Sons Ltd., Environmental Microbiology, 22, 4101–4111
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are warmer, people spend more time recreating at the
beach. However, when there is increased flooding, non-
recreational contact with Vibrio-containing waters occurs
as well.
The increase in strength and number of named storms,

such as hurricanes, nor’easters and tropical storms and
cyclones due to elevated climatic energy can also affect
Vibrio infection risk in a variety of ways. The freshening
of coastal systems that result from increased rainfall can
extend the boundaries of these pathogens that are nor-
mally restricted by fully marine waters (Esteves et al.,
2015). Strong winds or storm surge can push the salinity
front further upstream than normal, exposing new areas
to the non-cholera vibrios, which have a minimal salinity
requirement (Fries et al., 2008; Hsieh et al., 2008).
Finally, the wind-driven mixing can bring sediments or
deeper waters to the surface, potentially exposing those
fishing, recreating, or performing rescue operations
(Wetz et al., 2008).
The climate crisis is also associated with an impending

rise in sea-levels, which will broaden the geographic
range of these pathogens. Sea level rise has been called
a greater facilitator of a rise in Vibrio infection rates than
even temperature increases. Predictions of V. vulnificus
concentrations were modelled by Deeb et al. (2018) to
the mid-21st century. These investigators reported that in
the future, infection risk could be as much as quadruple
the current conditions (Deeb et al., 2018).
The El Nino Southern Oscillation was used as a proxy

for future climate change, as this climatic event includes
changes in sea surface temperature, air temperature, as
well as wind and pressure anomalies. An increase in
U.S. vibriosis cases is seen with these events and can
be expected to double in the year after an El Nino
(Logar-Henderson et al., 2019). This indicates that it is
not only the high latitude regions of the world that are at
risk for increased Vibrio concentrations and infections.

Infection trends in the US

The US Centers for Disease Control and Prevention
(CDC) administers a system for reporting human infec-
tions caused by vibrios, termed the Cholera and Other
Vibrio Illness Surveillance (COVIS) system. COVIS was
initiated in 1988, but Vibrio infections only became a
nationally reportable disease in 2007. Twenty-one years
of reported annual non-cholera infections from 2008 to
2018 are shown in Fig. 2. Infections spike sharply in
2017 and 2018 (Fig. 2), and these increases classify Vib-
rio as an emerging infectious disease pathogen. This is
reflected in the data: between 2015 and 2018, the num-
ber of Vibrio infections diagnosed by culture or culture-
independent diagnostic tests increased by 311% in the
U.S. (Tack et al., 2019). Though again, these data should

be interpreted with caution as techniques for identifying
pathogenic Vibrio infections have also improved. Figure 3
shows that the US average annual temperature has been
increasing since record-keeping began in 1895, with an
average decadal increase of 0.11�F per decade. Further-
more, the 10 years between 2008 and 2018 are well
above average (Fig. 3). Figure 3 also shows three
extreme temperature spikes occurring between 2000 and
2008, with each being higher than the previous one.

Because only a few of the Vibrio infections require
medical treatment or hospitalization, many go unreported
and the CDC estimates that 80,000 infections occur
annually in the United States (Scallan et al., 2011). When
the cumulative data is compared for the last 6 years, it is
apparent that infections in 2017 were elevated earlier in
the year compared with past years, around week
10 (Fig. 4). While in 2018, the increase of infections
occurred in the middle of the year, near week 29 and
then proceeded to outpace even 2017 numbers. As
reported by the Morbidity and Mortality weekly report
(CDC, 2019), 2018 exhibited an increase of Vibrio inci-
dence by 109% and number of diagnosed infections by
311%, as compared to 2015–2017. It is too early to report
if 2019 will be on par with the last 2 years (Fig. 4). These
increases have been reported to be primarily driven by
increases in V. parahaemolyticus infections (Newton
et al., 2012). July 2018 was 1.9�F above the 20th-century
average, while August was 1.5�F higher than this aver-
age. These elevated temperatures likely contributed to
the sharp increase in Vibrio infections during this period.
In 2017, the annual average US temperature was 2.5�F
above the 20th-century average and was the third warm-
est year since record-keeping began. In March 2017,
when Vibrio cases displayed an earlier than normal

Fig. 2. Annual Vibrio (not including toxigenic cholera) infections in
the US. Source: Centers for Disease Control (www.data.cdc.gov).
[Color figure can be viewed at wileyonlinelibrary.com]

© 2020 Society for Applied Microbiology and John Wiley & Sons Ltd., Environmental Microbiology, 22, 4101–4111
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increase, the average US temperature was 4.7�F above
the 20th-century average. This early warmth likely con-
tributed to the early onset of cases occurring in that year
(NOAA, 2017).

Vibrio vulnificus infections are on the rise in the US,
with much of this increase being due to wound infections
(Newton et al., 2012; Baker-Austin and Oliver, 2018).
There was a reported 78% increase of infections
between 1996 and 2006, and a 272% increase between
2008 and 2018 (Fig. 2), although the increase from the
1990s to 2006 must be interpreted with caution as Vibrio
infections were not required to be reported to the CDC

until 2007. V. vulnificus infections related to shellfish
ingestion are on the rise as well, although this is in part
due to increased production and consumption. Controls
are being enacted to prevent these. For example, the
fishery located in Apalachicola Bay, FL, U.S. had the
daily harvest period for un-refrigerated harvest boats
reduced by 4 h to address the risk of pathogen replication
in contaminated shellfish (Alvarez et al., 2019).

A map of infections by U.S. state in 2013 and 2018 is
shown in Fig. 5. From these maps, it is apparent that
infections have increased nationally, but the various
regions of the U.S. have not been increasing at the same
rate. The Atlantic and Gulf Coast regions only had mar-
ginal increases, with much of the Atlantic increases
occurring in the South Atlantic offset by a reduced num-
ber of Northeast infections in 2018 compared to 2013
(Figs 5 and 6). The greatest increases have occurred in
the Pacific and, interestingly, in the non-coastal states
(Figs 5 and 6). Infections in non-coastal states have more
than doubled between these 2 years, and the Pacific
region now harbours the greatest number of
U.S. infections (Fig. 6). In 2018, the Pacific and Atlantic
regions showed far greater than normal average temper-
atures, while much of the non-coastal states exhibited lit-
tle or slight deviations from normal. Both the Pacific and
South Atlantic regions had annual temperatures that were
approaching records (Fig. 7). The high-temperature
extremes are likely driving much of the Vibrio infection
increases seen in coastal states between these periods,
while the moderate increases in non-coastal state infec-
tions could have been due to either generally warmer
temperatures or from the importation and consumption of
coastal shellfish.

Vibrio parahaemolyticus has been the causative agent
of several U.S. outbreaks recently. The most notable
began in 2012, in the U.S. Pacific Northwest (PNW)
region. Two serotypes of V. parahaemolyticus that had
previously caused PNW outbreaks in 1997 and 2004
(McLaughlin et al., 2005; Turner et al., 2013) were subse-
quently reported on the U.S. Atlantic Coast (Newton
et al., 2014; Martinez-Urtaza et al., 2016). V. para-
haemolyticus with identical genotypes were then eventu-
ally isolated on the coast of Spain as well and were
responsible for hundreds of illnesses (Martinez-Urtaza
et al., 2016).

Current treatments

Treatment for Vibrio infections depends upon the patho-
gen. For toxigenic V. cholerae, the standard of care is
oral rehydration therapy (ORT), consisting of sodium,
chloride, potassium and glucose in water, combined with
an appropriate oral antibiotic, such as doxycycline,
azithromycin or tetracycline. Antibiotic resistance in V.

Fig. 3. U.S. average July air temperature (black line with square
points) from 1895 to 2019. The decadal mean from 2008–2018 is
shown with the black horizontal line, and the overall trend is depicted
in red. Data obtained from NOAA National Centers for Environmental
Information Climate at a Glance: National Time Series, published
December 2019, retrieved on December 28, 2019 from https://www.
ncdc.noaa.gov/cag/.

Fig. 4. Cumulative Vibrio (excluding toxigenic cholera) infections in
the US by week. Year 2019 (black line) is limited by currently avail-
able data. Source: Centers for Disease Control (www.data.cdc.gov).

© 2020 Society for Applied Microbiology and John Wiley & Sons Ltd., Environmental Microbiology, 22, 4101–4111
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cholerae has been increasing in recent years and is
associated with the acquisition of mobile genetic ele-
ments, the uptake of which is facilitated by its remarkable
competence (Das et al., 2019). If dehydration is severe,
intravenous fluids are provided, and if the patient is under
the age of five, zinc is also given as an adjunctive ther-
apy (Hsueh and Waters, 2019). ORT is both safe and
effective, and its use has decreased the fatality rate of
cholera by 97%, but it is not always readily available in
some areas (Hsueh and Waters, 2019). Vaccination is
recommended for emergency or humanitarian workers in
direct contact with cholera patients (Varo et al., 2019).
There are currently three oral cholera vaccines that are
licensed by the World Health Organization and available
for global use: Dukoral, Shanchol and Euvichol (Burnett
et al., 2019). All require two doses with a 2-week delay

between doses for full protection for up to 3 years,
although a single dose can provide short-term protection
(Odevall et al., 2018). As well, while each includes killed
whole cells of V. cholerae, Shanchol is the first low-cost
oral vaccine prequalified by the World Health Organiza-
tion for international use (Hsiao et al., 2017). However,
since all require a cold chain for stockpiling and distribu-
tion, their usefulness may be limited in resource-poor
countries (Martin et al., 2014).

There is currently no approved vaccine available against
V. vulnificus. Therefore, approaches for V. vulnificus
wound infections include antibiotics such as quinolones
and tetracyclines as well as early debridement of dead tis-
sues and necessary amputations in cases of necrotizing
fasciitis (Leng et al., 2019). These rapidly progressing tis-
sue infections can lead to hypotension, shock and multiple

Fig. 5. Number of infections by U.S. state for
2013 (A) and 2018 (B). Red and blue numbers
in states on B represent increases or
decreases from 2013 respectively. Black num-
bers indicate no change.

© 2020 Society for Applied Microbiology and John Wiley & Sons Ltd., Environmental Microbiology, 22, 4101–4111
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organ failure, resulting in a 50% fatality rate within 48 h
(Bhat et al., 2019). In addition, V. vulnificus gastroenteritis
acquired by eating contaminated raw or undercooked shell-
fish can allow the pathogen to access the bloodstream,
causing septic shock (Jones and Oliver, 2009). A study of
the antibiotic resistance profiles of V. vulnificus and V. par-
ahaemolyticus isolated from oysters revealed higher rates
of resistance to single and multiple antibiotics in
V. vulnificus, with 48% resistant to two or more, although
both showed resistance to some antimicrobials used to
treat Vibrio infections (Elmahdi et al., 2018). One alterna-
tive approach that was investigated recently involved
treating experimental V. vulnificus infections with antimicro-
bial peptides in vivo. At least one of these peptides was
shown to provide protection when conjugated to a gold
nanoparticle-DNA aptamer and introduced intravenously in
mice (Lee et al., 2017). An added benefit of this tactic is
that these peptides are unlikely to contribute to increased
antimicrobial resistance.

Vibrio parahaemolyticus is the leading bacterial cause
of seafood-borne acute gastroenteritis in humans,
although this pathogen can also cause cutaneous wound

infections, and the development of sepsis is not rare
(Guillod et al., 2019). Since no vaccine has been
approved for use, treatment is centred on antimicrobials
(Wang et al., 2019). However, many clinical isolates have
been found to be resistant to multiple antibiotics, which
can further complicate both treatment and convalescence
(Li et al., 2019). A recent report of the success of V. para-
haemolyticus-infected oysters being decontaminated by
the application of a specific lytic bacteriophage could
potentially provide another avenue for both increased
food safety as well as the treatment of diseases caused
by this pathogen in the future (Zhang et al., 2018).

Concluding remarks

Global warming leading to a significant rise in planetary
ocean temperatures seems unavoidable at this point, and
most of the 220 coastal countries and territories of the
world have identified a negative cumulative impact of
increased anthropogenic stressors on their coastal
waters, including fishing, climate change and land-based
pressures (Halpern et al., 2019; IPCC, 2019). The overall
expansion of Vibrio–human interactions, both recreational
and non-recreational, will be facilitated by this global
change and likely result in an escalation of infections.
Likewise, the potential exists that since these infections
would increase the contact between pathogenic vibrios
and the human microbiome, the movement of mobile
genetic elements between microorganisms may be accel-
erated and could result in enhancing their antimicrobial
resistance capability. Besides being more aware of the
potential hazards, there are a number of prudent actions
that can be taken to decrease the risk of vibriosis. First,
limit exposure to possible Vibrio-containing waters and
ensure that drinking water has been treated and seafood
has been properly cooked. This is even more important
for the very young, the elderly or those who are immuno-
compromised by either comorbidities or chemotherapy
for other conditions, such as immunosuppressants taken
by transplant recipients. For raw seafood products, such
as oysters, increased support for research and develop-
ment of technologies that reduce harmful bacteria without
alteration of the product is recommended. In addition,
foot protection such as surf shoes should be worn when
wading in coastal waters or walking on the beach to
avoid cuts or scrapes from rocks and shells that could
potentially increase cutaneous exposure to pathogenic
vibrios. If contact with coastal floodwaters or brackish
water is unavoidable, personal protective equipment such
as rubber boots and gloves should be worn, and the han-
dling of raw seafood with cuts or scrapes should be
avoided. Utilization of proper hand hygiene after coming
into contact with floodwaters or any untreated water
(including during a day at the beach) prior to eating is a

Fig. 6. Number of infections (A) and per cent of total U.S. infections
(B) by region in 2013 (black bars) and 2018 (grey bars).
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sensible choice. Finally, education regarding the potential
risks, mitigation strategies and the importance of seeking
medical attention for any tissue redness and swelling fol-
lowing contact with potential Vibrio-containing water is
important. These efforts should be aimed at seafood con-
sumers, especially those who are part of the at-risk popula-
tion, commercial or recreational fishermen, aquaculturists,
beach-goers and people who live in coastal areas that are
affected by storms or floods. While none of these practices
will guarantee protection from possible vibriosis, informed
avoidance may be the best approach to maintain health.
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