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ESCHERICHIA COLI

Escherichia coli or E.coli is 
one of the most widely 

known foodborne pathogens. 
E.coli are motile, gram-negative 
facultative anaerobes from the 
phylum Proteobacteria. While 
most strains are harmless, some 
are pathogenic and can cause 
mild to severe diarrhea when 
ingested. Combined, strains of 
diarrheagenic E.coli have been 
estimated to cause over 200,000 
cases of foodborne illness and 
close to 2,500 hospitaliza-
tions annually.5,6 Some strains 
also produce cytotoxic factors 
called verotoxins or shiga tox-
ins which can lead to serious 
complications like hemorrhagic 
colitis, kidney failure, or even 
death.8 E.coli reservoirs are most often found in undercooked 
meat and raw fruits and vegetables due to improper process-
ing, handling, or via groundwater. The pathogenic strains are 
typically transmitted via the fecal-oral route of direct trans-
mission and are then unknowingly ingested by humans.8 
Numerous studies have found that the changing weather 
patterns predicted by climate change models will promote 
the survival and persistence of E.coli bacteria in the environ-
ment. Phillipsborn et al. (2016) found that diarrheagenic E. 
coli bacteria incidence demonstrated seasonality, with the 
highest incidence in the warmer months, lowest incidence in 
cooler months, and modest increases of incidence in months 
of higher average rainfall. Another study examined the effect 
of meteorological variables on E.coli persistence in livestock 
feces. They found that increased temperature and drought-
like conditions significantly enhanced persistence of the bac-
teria in fecal samples, which has implications for its survival 
and transmission potential.14 Both studies underscored the 
importance of taking proactive steps to prevent the trans-
mission of pathogenic E.coli in the face of increasing global 
temperatures. 

SALMONELLA

Another common foodborne infection comes from the 
Salmonella species. Salmonella is another motile, facul-

tative gram-negative anaerobe from the phylum Proteobacte-
ria. There are multiple strains of Salmonella, which are almost 
all pathogenic. Salmonella attacks and infects human cells in 
order to produce toxins, and the infection is characterized by 
diarrhea, fever, and abdominal cramps.7 Salmonella species 
are the leading cause of foodborne illness, hospitalization, 
and death among bacterial pathogens in the U.S., with over 
1 million cases annually.5,6 Salmonella strains are widespread 
in nature; they are present in pond-water sediment and can 
colonize the intestinal tracts of livestock, wildlife, domestic 
pets, and even humans. Due to its ability to colonize intesti-
nal tracts, the bacteria is most commonly found in poultry, 

field.17,23 Precipitation patterns also have a variety of effects on 
foodborne pathogens. Rainfall can increase the incidence of 
water-borne diseases, particularly after a drought. Droughts, 
on the other hand, lead to lower water levels, but the remain-
ing water may become more highly concentrated with mi-
crobes. Other environmental factors including changes in 
humidity, sunshine, and wind patterns have all been shown to 
alter microbial survival.23 

Additionally, the distribution and dispersal methods of 
foodborne pathogens may be affected by climate change. 
Pathogenic bacteria can be transmitted directly via droplet 
contact, physical contact, air-borne transmission, or fecal-oral 
transmission.  Changes in temperature, rainfall patterns, and 
humidity have been shown to alter infectious disease trans-

mission.23 Wind and dust 
storms will become more fre-
quent as the climate changes, 
promoting the transmission 
of pathogens across wide-
spread regions through the 
air.23 Furthermore, extreme 
weather events, such as heat-
waves, droughts, floods, hur-
ricanes, and cyclones have 
all been associated with in-
creased incidence of infec-
tious diseases in humans.23 

Foodborne pathogens are most often transmitted indirectly, 
when a human ingests food or water from a source contain-
ing the pathogenic organism. They can also be transmitted 
indirectly by vectors or other living hosts. Insects and animal 
vectors for infectious diseases are highly sensitive to changes 
in temperature and precipitation conditions, which can either 
promote or inhibit their survival depending on the organ-
ism. Climate change is already causing ecosystem degrada-
tion, which decreases agricultural productivity  — potentially 
leading to crop failure, malnutrition, starvation, population 
displacement, and resource conflict.17 These expected conse-
quences of climate change will impair human immunity and 
increase susceptibility to disease, including foodborne illness. 
The environmental and societal changes resulting from cli-
mate change will foster the growth, survival, and dispersal 
of foodborne pathogens. Almost all microorganisms will be 
affected in some way by climate change, but this article will 
outline four of the most well-studied foodborne pathogens 
affecting humans.
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THE MOST RECENT REPORT ISSUED BY THE  
United Nations Intergovernmental Panel on Climate 
Change (I.P.C.C.) alarmed scientists and the public 

alike, warning that the world is almost out of time to avoid 
catastrophic consequences resulting from climate change. It 
describes a planet faced with extreme heat, rising sea levels, 
droughts, and disastrous weather events as soon as 2040 if 
warming is not limited immediately. Climate change refers to 
long-term statistical shifts in weather patterns and extreme 
weather events, and the report emphasizes the role of humans 
in causing and preventing this phenomenon. Humans con-
tribute to the changing climate through burning fossil 
fuels, deforestation, intensive agricultural operations, and 
food production systems. If action is not taken on a global 
scale to limit such practices, 
weather-related and non-
weather related devastation 
such as mass extinctions, 
forced migration/displace-
ment, spread of infectious 
disease, and major food 
shortages could occur within 
the lifetime of the current 
population.17

The potential for food 
shortages is often discussed 
in climate negotiations, as 
the changing climate and extreme weather events will alter 
growing conditions and the success of agricultural produc-
tion. However, future food shortages may also result from 
an increase in foodborne pathogens, which pose a signifi-
cant threat to the food supply and human health. The World 
Health Organization estimates that at least 600 million cases 
of foodborne illness occur every year resulting in 420,000 as-
sociated deaths. The true numbers are likely higher due to 
underreporting of mild foodborne illnesses to doctors and 
public health systems.22 Foodborne illness originates from 
the consumption of food contaminated with harmful micro-
organisms, including bacterial pathogens. The growth and 
survival of these species are dependent on specific environ-
mental conditions including temperature, water availability, 
oxygen availability, and pH. Microorganisms can only grow 
and survive in select temperature ranges. In general, higher 
temperatures promote shorter incubation periods for micro-
bial pathogens, therefore speeding up their reproductive cycle. 
The I.P.C.C. report predicts extended periods of hot weather 
in the future. This would increase both the temperature of 
water bodies and the surrounding land, providing more con-
ducive environments for microbial growth in water and in the 
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meats, and eggs. Non-typhoidal Salmonella is a bacterium that 
will likely thrive as the climate changes as it highly resistant to 
dramatic environmental changes. It can adapt to survive in a 
wide range of temperatures, pH ranges, and even if frozen or 
dried. Studies have supported this notion and have found that 
Salmonella can proliferate in temperatures anywhere between 
7-48 degrees Celsius. The bacteria use acid shock proteins 
to survive in and colonize environments of wide pH ranges 
(4.05-9.5), a range which encompasses the acidic conditions 
of the human stomach. Salmonella infections have also shown 
seasonality: an increase in ambient temperature has been pos-
itively correlated with incidence of human Salmonella cases.24 
There is consistent evidence that gastrointestinal infection 
with Salmonella is positively correlated with ambient temper-
ature, as warmer temperatures enable more rapid replication 
of the species.1 

As mentioned, Salmonella is commonly transmitted via 
contaminated food or water sources, but in addition to being 
present in intestinal tracts it can also be found on the surface 
of fresh produce. The phyllosphere of fresh produce growing 
in the field exposes bacteria to high doses of oxygen, UV light, 
and variable temperature conditions, which is starkly differ-
ent from the environment of the gut microbiome where Sal-
monella typically is found. Yet Salmonella has been shown to 
adapt to variable phyllosphere conditions and survive.7 The 
adaptability of the Salmonella species will allow for its contin-
ued survival as the climate changes..

CAMPYLOBACTER

C ampylobacter is a motile, gram-negative proteobacteria 
with a similar disease profile to that of Salmonella. Cam-

pylobacter infections are the third leading cause of hospital-
izations from foodborne illness in the U.S. They are also the 
second leading cause of foodborne infections, with an esti-
mated 845,000 cases annually.5,6 There are many species of 
Campylobacter, but Campylobacter jejuni is responsible for 
about 90% of human illness.5,6 It has a similar intracellular 

Image Source: Wikimedia Commons

“The environmental and societal 
changes resulting from climate 
change will foster the growth, 

survival, and dispersal of 
foodborne pathogens.”



 Spring 2019 • Volume 18, Issue II |  TuftScope 13 12 TuftScope  | Spring 2019 • Volume 18, Issue II

used machine learning and text matching to analyze the data-
bases, concluding that these online platforms could be useful 
to respond to suspected foodborne illness reports and spur 
restaurant inspections to promote food safety.11 Online illness 
reports via TripAdvisor.com, Yelp.com, or other foodservice 
review websites could complement traditional surveillance 
systems by providing close to real-time information on food-
borne illness and implicated foods/locations.12

Although the scientific community has developed many 
novel surveillance solutions, some of the most effective meth-
ods to fight against foodborne illness start at home. Practic-
ing proper food, surface, and hand hygiene, avoiding cross 
contamination, cooking foods to the right temperature, and 
proper refrigeration are all essential and effective to reduce the 
transmission of foodborne illness to humans.3 With the rap-
idly progressing threat of climate change, society will become 
more reliant on these detection and mitigation mechanisms 
to prevent the transmission of foodborne illness.

CONCLUSION

F ood safety is closely tied to public health, but it is an issue 
that is often overlooked. Yet recent events have started 

to increase public awareness and concern about the role of 
microorganisms in human health and well being. In Novem-
ber of 2018, the CDC advised all U.S. consumers to stop con-
sumption of and to throw away all Romaine lettuce products 
due to a multistate outbreak of Shiga toxin-producing E.coli. 
The fact that Romaine lettuce is a standard household food 
item, combined with the major media and online coverage 
the event received, brought the issue of food safety to the 
attention of many Americans. Luckily the sources of the con-
tamination have since been identified, but future outbreaks 
can and will occur especially if actions are not taken to miti-
gate climate change and improve surveillance.4 

There is a substantial body of evidence demostrating that 
foodborne illness causing microorganisms like E.coli, Salmo-
nella, Campylobacter, and Vibrio will proliferate as the climate 
changes.  Future climate change models predict warmer tem-
peratures, altered precipitation patterns, and extreme weather 
events: environmental patterns which will allow these 
microbes to thrive. Their transmission pathways may also 
be affected, with climate change and extreme weather events 
promoting disease transmission, and altering the distribution 
of insect and animal vectors. The societal consequences of cli-
mate change like food shortages and climate forced migration 
could affect human immunity and susceptibility to disease, 
further promoting the danger and spread of these pathogens.  
Climate change will affect everything from the environment, 
to the weather, to animals, to humans, and as evidenced, even 
the planet’s smallest inhabitants: bacteria and other microor-
ganisms. It is imperative that the government, farmers, food 
producers, food distribution facilities, and consumers all take 
precautions to ensure the safety and security of the food sup-
ply in the ever changing climate.  

spend more time near the ocean.8 Rising sea temperatures are 
some of the most predictable effects of climate change, so the 
fishing and aquaculture industry must be extra cautious dur-
ing all steps of their food production chain to avoid Vibrio 
contamination as temperatures rise.

POTENTIAL SOLUTIONS

The main mechanism of preventing and controlling out-
breaks of foodborne illness is through active surveil-

lance programs. In the U.S., The Center for Disease Control 
and Prevention (CDC) employs several surveillance systems 
in order to monitor reports of food and waterborne illness. 
These include the Foodborne Disease Active Surveillance 
Network, the National Outbreak Reporting System, and 
PulseNet.3 These surveillance networks are based in local and 
state health departments as well as laboratories around the 
nation. PulseNet, a molecular subtyping network of labora-
tories nationwide, has shown great promise in identifying 
and responding to outbreaks caused by bacterial foodborne 
pathogens. An economic evaluation of PulseNet estimated 
that the program has prevented at least 275,000 illnesses and 
leads to savings of at least $500 million in medical and pro-

ductivity costs annually 
in the United States.15 
Laboratories around 
the world (like those 
involved in PulseNet) 
employ phenotyping 
and DNA sequencing 
technologies in order 
to identify the source, 
microorganism, and 
site of foodborne ill-
ness outbreaks. These 
facilities utilize various 
molecular subtyping 

methods including ribotyping, PCR, pulsed field gel elec-
trophoresis, multilocus sequence typing, and whole genome 
sequencing, which all have varying degrees of efficacy and 
accuracy.9 

Other unique strategies are emerging which take advan-
tage of the growing number of internet and social media 
users to enhance surveillance of foodborne illness. A team of 
South Korean researchers assessed the relationship between 
internet search query data for foodborne illness related 
search terms and bacterial foodborne-illness associated inpa-
tient hospital stays. They compiled data from the five most 
popular Korean search engines and from Health Review and 
Assessment Service Inpatient Stay Reports during a two-year 
period. The researchers found a strong temporal correlation 
between foodborne illness related search queries and inpa-
tient hospital stays, concluding that this is a viable approach 
to assist foodborne illness surveillance.2 Other groups have 
found similar success using social media posts and other user 
generated content to detect for foodborne illness. Nsoesie et. 
al. (2016) compiled a database of 1.5 million food service (i.e. 
Yelp.com) reviews and 742 million location-inferred tweets 
to compare with a database of foodborne illness reports. They 

mode of infection to Salmonella and causes similar symp-
toms: mainly diarrhea, abdominal pain, fever, and vomiting. 
Campylobacter typically resides in the gastrointestinal tract 
of warm-blooded animal hosts and is most often found in 
poultry. Outbreaks of Campylobacter have been associated 
with animal products including improperly handled or pre-
pared poultry, lamb, pork, and raw milk products. Like Sal-
monella, Campylobacter displays seasonality: more human 
infections occur during the warmer months and infections 
are positively correlated with increases in ambient tempera-
ture.13,24  Studies on Campylobacter present in broiler chicken 
environments have had mixed results, although warmer daily 
mean temperatures, use of private (and therefore more likely 
contaminated) water supplies, and heavy rainfalls have been 
found to increase their presence.8,10 Additionally, Campylo-
bacter bacteria can spread via insect vectors, specifically flies. 
Fly activity increases with increasing temperatures, thus pos-
ing an additional risk for increased Campylobacter transmis-
sion due to climate change.10

VIBRIO

Vibrio parahaemolyticus, vulnificus, and cholerae are three 
bacterial species 

naturally occurring 
in marine and coastal 
environments. Vibrio 
species are gram-neg-
ative facultative anaer-
obes of the phylum 
Proteobacteria which 
all have different symp-
tom profiles. Vibrio 
parahaemolyticus and 
Vibrio cholerae mainly 
cause gastrointestinal 
symptoms, while Vib-
rio vulnificus can cause sepsis. Vibrio vulnificus infection is 
rare, but it has the highest case-fatality rate among foodborne 
pathogens.5,6,7 Due to its presence in oceans, Vibrio is most 
commonly found in seafood or unsafe reservoirs of drinking 
water. 

There is strong evidence that climate change is increasing 
Vibrio outbreaks and prevalence worldwide.21 Vezzulli et al. 
(2016) found that the trend in sea surface temperature warm-
ing was likely responsible for the long term increase in oce-
anic Vibrio over the past 54 years. This increase in Vibrio pres-
ence is associated with increase in Vibrio associated diseases, 
especially in Northern Europe and along the U.S. Atlantic 
coast. Phytoplankton abundance and communal structure 
shifts caused by the rising temperatures may have also con-
tributed to these events, as phytoplankton may serve as a vec-
tor for Vibrio transmission.21 Trends in Vibrio infection rates 
and its oceanic bioavailability have also been positively corre-
lated with the Northern Hemisphere Temperature and Atlan-
tic Multidecadal Oscillation climatic indices.21 Similar trends 
are documented throughout the scientific literature and have 
found that Vibrio infections increase during the spring and 
summer months, where humans likely eat more fish and 

“It is imperative that the government, 
farmers, food producers, food 

distribution facilities, and consumers 
all take precautions to ensure the 

safety and security of the food supply 
in the ever changing climate.”
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RESEARCH HIGHLIGHT 
STEM CELL REGENERATION OF HEART TISSUE
Kurtis Chien-Young

Yassi Khorsandian is a first-year student studying Biomedi-
cal Engineering at Tufts University. She worked with the 
Myocardial Regeneration Lab at Worcester Polytechnic In-
stitute to study stem cell regeneration of heart tissue.

Tell us about your cardiology research project.
The main goal of the project was to bioengineer a blood 
vessel using stem cells. Because heart attacks are the lead-
ing cause of death in both the US and the rest of the world, 
many scientists have tried to approach this problem from 
a bioengineering angle. However, blood vessels are really 
the root of the problem, so I decided that for this project, I 
would try to bioengineer blood vessels that could then be 
transplanted into individuals with myocardial infarction 
to deliver blood and stem cells to damaged portions of the 
heart. All of the plant cellular material was removed from 
spinach stems in a thorough decellularization process, 
leaving only their extracellular matrices that were used as 
fast and inexpensive bioscaffolds for the stem cells to grow 
on. A novel fibrin-based mechanism was also developed 
to adhere the cells to the scaffold. The technique that I de-
veloped in my project seems to be a promising solution 
that could permanently treat heart attacks.

Why did you choose spinach as a medium to grow on?
Other than being accessible and inexpensive, spinach 
leaves have very large petioles (leafstalks) compared to 
other leaves that are easily available worldwide. Due to 
this large petiole size, spinach is the best candidate to be-
come a scaffold for the stem cells to grow on because it 
most accurately resembles the size of our blood vessels.

How do you think the findings of your project will be 
applied to real life therapeutic techniques?
The low cost and international accessibility of spinach al-
lows bioengineers all around the world to use the method 
developed in my study as a novel tissue regeneration tech-
nique. Fibrin also has an extensive potential as a cell de-
livery technique because of its natural adherence quality 
as well as its degradation in the cells’ waste products. This 
protein can be easily produced in vitro and it does not 
cause complications if transplanted into a patient because 
it degrades over time. This method can be easily adapted 
to various organs. By varying the type of decellularized 
plant and the kind of stem cells used, researchers can use 
this novel technique to bioengineer other organs through-
out the body.  


