
Vibrio vulnificus and Rising 
Ocean Temperatures: 

A Threat to Human and 
Marine Life

Professor Carmen Amaro
Dr Carla Hernández-Cabanyero 



Climate Change and Food Security

Climate change is arguably the biggest 
challenge facing humanity. Climate 
change can be defined as the long-
term changes seen in temperatures 
and weather patterns across the globe. 
Human activities are driving these 
changes by producing large amounts of 
heat-trapping gases in the atmosphere.

It is widely recognised that climate 
change is having a clear and significant 
impact on people’s lives worldwide. The 
consequences include the loss of homes 
and the displacement of individuals due 
to rising sea levels and extreme weather 
events like hurricanes and wildfires. 
Moreover, increasing temperatures 
are influencing water availability and 
public health. Climate change also has 
implications for global food security, 
as changes in temperature and rainfall 
patterns contribute to crop failures. 
Additionally, rising sea temperatures 
have had repercussions on fish and 
shellfish stocks, affecting their habitats 
and enabling the spread of some of its 
natural pathogens, such as the emerging 
pathogen Vibrio vulnificus (V. vulnificus), 
into new areas.

Vibrio vulnificus: An Emerging 
Zoonotic Pathogen and Marker of 
Climate Change

V. vulnificus is a type of bacteria found in 
temperate coastal ecosystems around 
the world. It can infect and cause 
disease in a range of hosts, including fish 
and humans. Moreover, it is considered 
a zoonotic pathogen because it can 
be transmitted between species from 
animals – usually infected fish – to 
humans. 

Humans can be infected with V. vulnificus 
by eating raw seafood or by having an 
open wound that comes into contact 
with seafood or seawater containing 
the bacteria. Infection results in severe 
gastroenteritis or dangerous wound 
infections, both of which can lead to 
sepsis – an overwhelming immune 
reaction to a bloodstream infection. 
These infections can be life-threatening, 
particularly in people with high iron 
levels in their blood due to underlying 
disease. When infections lead to sepsis, 
there is a mortality rate of 50%, and the 
majority of these deaths occur within 48 
hours of infection. 

Due to V. vulnificus’s requirement for 
a warm habitat, increases in ocean 
temperatures caused by climate change 
have allowed this bacterium to spread 
from its traditional habitat, resulting in 
increased infections of both fish and 
humans. In the Eastern United States, 
wound infections caused by V. vulnificus 
have increased eight-fold between 1988 
and 2018, and the bacteria have recently 
been found much further north than 
ever before – a phenomenon which 
has officially been attributed to climate 
change. V. vulnificus is now considered 
a biological marker of climate change 
as the number of human and animal 
infections increase simultaneously 
and proportionately with increases in 
seawater temperature.

VIBRIO VULNIFICUS 
AND RISING OCEAN 
TEMPERATURES:  
A THREAT TO HUMAN  
AND MARINE LIFE
Vibrio vulnificus is a bacteria found in warm aquatic ecosystems 
around the world, capable of infecting and killing both humans 
and fish. As global ocean temperatures rise, the habitat of this 
organism is extending, and so are the numbers of infections it causes.  
Dr Amaro and Dr Hernández-Cabanyero from the University of 
Valencia are working to understand the biology and lifecycle of this 
organism so that we can control its growth and virulence to protect 
fish stocks and human lives. 
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Dr Carmen Amaro, Dr Carla Hernández-Cabanyero, and a team 
of researchers from the University of Valencia in Spain are 
experts in the biology, evolution and host-pathogen interactions 
of Vibrio bacteria, including V. vulnificus. They have conducted 
research into factors that influence the lifecycle of V. vulnificus 
as well as the mechanisms that allow V. vulnificus to infect and 
cause sepsis in two very different hosts: humans and fish.

The Impact of Environment on Lifecycle 

In humans, the severity of V. vulnificus infection is linked to levels 
of iron in the blood, and people who have abnormally high levels 
of blood iron (due to conditions such as haemochromatosis, 
cirrhosis and other liver diseases) are more likely to develop 
sepsis and die from the disease.

This led Dr Amaro and Dr Hernández-Cabanyero to question 
what impact iron was having on the biology of V. vulnificus. They 
conducted a series of experiments to analyse the response of V. 
vulnificus to changes in iron levels, whereby the bacteria were 
exposed to different levels of iron, and compared the expression 
of different genes. Analysis showed that around 25% of V. 
vulnificus’s genes, mostly those related to bacterial metabolic 
activity, motility, protection against stress, including host 
immunity, and virulence factors such as toxins, are impacted by 
iron, with different effects seen at high and low concentrations. 
These results confirmed that iron plays a critical role in both the 
environmental survival and virulence of V. vulnificus. 
Iron levels serve as a distinctive indicator, enabling bacteria to 

identify their surroundings and activate specific genes necessary 
for their survival and reproduction. Environmental waters 
typically contain low levels of free iron, inducing the bacteria 
into dormant or resistant states (biofilms, for example). On the 
contrary, in fish farm environments, the water typically contains 
moderate levels of iron, facilitating bacterial mobility and their 
ability to locate and adhere to fish or human skin, especially 
in open wounds. Upon entering the bloodstream, the bacteria 
detect a shift in iron levels, which is different depending on the 
host (high in susceptible humans and low in fish), triggering the 
production of virulence factors responsible for causing diseases. 
In the case of humans, the greater the presence of iron in the 
blood (i.e., susceptible patients), the higher the capacity of V. 
vulnificus to survive, multiply, and generate virulence factors.

Medical reports and data from fish farms have suggested that 
the severity of V. vulnificus infection is strongly influenced by 
water temperature, especially in the case of fish, with bacteria 
recovered from warmer water causing more extreme disease. 
To understand the role of temperature in the generation of a 
virulent phenotype in V. vulnificus, the team grew bacteria at 
four different temperatures and then compared gene expression 
and different physical markers of virulence. They grew bacteria 
at 200C as no infections have been linked to this temperature, 
at 250C as this is the temperature that moderate outbreaks in 
fish farms take place, at 280C as this is the temperature at which 
high levels of mortality are seen at in fish outbreaks, and 370C to 
represent human infection. 

Clinical signs of human and fish vibriosis caused by V. vulnificus.
Human vibriosis: A patient showing typical clinical signs of primary and secondary sepsis caused by V. vulnificus: swelling, erythema, 
development of vesicles or bullae and tissue necrosis. Image credit to Dr Ching-Chuan Liu, Department of Pediatrics, National Cheng 
Kung University Hospital, National Cheng Kung University, Tainan City, Taiwan). Eel vibriosis: haemorrhagic septicaemia caused by 

contact (A) or by the oral route (B). Image credit to C. Amaro and B. Fouz.
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The team found that higher 
temperatures led to an increase in the 
expression of cell functions which help 
the bacteria infect a host and cause 
disease. At higher temperatures, bacteria 
grow more quickly, which allows for 
higher numbers in water and greater 
ability to move, helping them reach 
suitable hosts, produce a protective 
layer to shield themselves from the 
host immune system, and produce 
molecules that break down host cells 
and tissues allowing them to colonise 
body sites. These results complement 
existing knowledge and highlight the 
role environmental temperature plays 
in determining the biology and life cycle 
of V. vulnificus. At low temperatures, the 
bacteria are not able to infect humans or 
fish. Increasing water temperature leads 
to changes in the bacteria that make it 
better for infecting hosts and more likely 
to cause severe disease.

The combination of this study of 
temperature and the team’s previous 
work on the impact of iron come 
together to show that both factors 
influence the lifestyle and virulence of V. 
vulnificus. Whilst some virulence factors 
are influenced by temperature (growth 
ability and motility, for example), the 
main toxins and enzymes that are 
known to lead to death from sepsis are 
both influenced by iron levels but not 
temperature. Higher ocean temperatures 
caused by climate change allow the 
bacteria to be in higher concentrations 
in the environment, increasing the 

probability of infection and, at the 
same time, activating traits allowing 
them to more effectively infect fish and 
humans. Then, iron concentration in 
the host blood (low in healthy fish and 
high in susceptible humans) leads to the 
production of factors which, together, 
cause sepsis.

How One Type of Bacteria Can Infect 
Two Very Different Hosts

Very few pathogens can cause similar 
diseases in evolutionary distant host 
species. V. vulnificus can cause sepsis in 
both fish and humans – two very different 
organisms. To understand this, Dr Amaro 
and Dr Hernández-Cabanyero compared 
the genes expressed by a zoonotic 
strain of V. vulnificus, known to be able 
to infect both eels and humans, in the 
blood of both species. They discovered 
that high levels of iron were needed for 
infection only in human blood, showing 
that different mechanisms are activated 
in different host organisms, and 
highlighting the role of iron as a marker 
that triggers host-specific virulence.

When in human blood containing high 
levels of iron (susceptible humans), V. 
vulnificus produces an envelope with 
a thick protective capsule – a layer of 
slime that protects the bacteria from 
the host immune system and produces 
toxins that aggravate sepsis. When in 
human blood without high iron levels 
(healthy humans), the bacteria were not 
able to produce this thick capsule layer 

Global temperature trend from the year 2000 to 2022. Warm colours reflect an increase 
in the average temperature compared to the year 2000 while cold colours reflect a 

decrease. Obtained from: https://data.giss.nasa.gov/gistemp/maps/ on 05 January 2023

and were unable to grow in blood. This 
is why sepsis is more likely to occur in 
people with high blood iron.

In contrast, when V. vulnificus infected 
eels, it produced an envelope which 
contained two outer membrane proteins 
specific for fish. The researchers have 
described these two outer membrane 
proteins as a ‘survival in fish blood kit’, 
as they protect the bacteria from the fish 
immune system, allowing it to replicate 
within the fish bloodstream, and then 
cause severe disease symptoms.

Other scientists’ work has shown that 
these zoonotic strains cause rapid death 
in mammals by cytokine storm sepsis, 
but little is known about V. vulnificus 
disease development in fish. Cytokines 
are proteins produced by immune cells, 
such as leukocytes, to help regulate and 
coordinate the body’s defence against 
infection. In a cytokine storm, too 
many cytokines are produced, and this 
damages tissues and can ultimately lead 
to organ failure. 

To understand how V. vulnificus kills fish, 
the team again used an eel model. They 
found that V. vulnificus triggers a strong 
but unusual inflammatory response 
in which red blood cells seem to play 
an active role. As well as providing 
information on disease progression, 
this study informed the design of a 
diagnostic assay for the early detection 
of V. vulnificus sepsis in fish, which could 
be very helpful in preventing the spread 
of the disease in fish farms – frequent 
‘hotspots’ for V. vulnficus outbreaks.

The Future of Vibrio vulnificus

Dr Amaro’s and Dr Hernández-
Cabanyero’s work on V. vulnificus has 
provided important information on its 
survival, both in the environment and 
host, and its ability to cause disease. As 
our oceans grow warmer, V. vulnificus will 
be able to infect fish and humans across 
an even broader geographical range, 
with important ramifications for both 
food security and public health. The 
more we understand about this unique 
pathogen, the better equipped we are to 
prevent and treat the disease. 
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