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Introduction 
 
The global climate is changing in terms of average temperature, sea level rise, and the frequency 
and severity of extreme weather events. These inevitable changes will be significantly 
heightened without an earnest, coordinated, international mitigation strategy. In the realm of 
food safety, long-term deviations in climate will exacerbate what is already a globally uneven 
challenge of combating foodborne disease.  
 
While academic and governmental researchers have made various policy suggestions to bolster 
foodborne disease prevention in light of climate change predictions, the ability and willingness 
of legislators to prioritize this issue is hampered by various forces. In addition, countries with 
different levels of socioeconomic resources face qualitatively divergent challenges to the 
implementation of proactive policy. The interaction of regulation, investment, and technology on 
a global scale complicates the implementation of necessary preventative actions to the extent that 
a clear path forward for the food safety profession has yet to emerge. Research in the fields of 
food safety and risk management suggests that a coordinated international prevention and 
monitoring system utilizing advanced pathogen identification techniques will be the most 
productive use of available resources to mitigate the negative impacts of climate change on 
foodborne illness incidence. 
 
Climate Predictions 
 
Climate change has become a political controversy in the United States. However, there are 
authoritative voices on both sides of the dichotomy calling for serious attention to the issue. In a 
2014 senate hearing on climate change mitigation, four former EPA leaders under Republican 
presidents spoke in favor of stronger climate-related policy. William Reilly, who served under 
President G.W. Bush from 1989 – 1993, defended the robustness of climate change models in his 
opening statement:  

 
“Today the models are far more reliable and they are buttressed by literally thousands of 
credible scientific studies documenting changes underway.…Change is underway, and 
we can expect to see many more disruptions: more intense storms, more wildfires, the 
spread of pests and diseases—Dengue fever will arrive in America—storm surges that 
overwhelm coastal communities, heat waves and other impacts on our health, water 
resources, and food production, and on other sectors of our economy. The longer we 
delay, the more adverse the impacts will be, and the more expensive it will be to address 
it,” (CSPAN 2014). 

 
The Intergovernmental Panel on Climate Change (IPCC) asserts that greenhouse gas (GHG) 
emissions are driving these changes; the level of anthropogenic GHG emissions from 2000 -2010 
was not only the highest in human history, but grew at a higher rate than in the three previous 
decades. Authors point to a doubling of CO2 emissions in that time, which accounts for 76% of 
total GHG emissions, as a major contributor to the increases (IPCC 2014). 
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From a temperature standpoint, the change underway over the next 75 years is predicted to reach 
between 3.7°C – 4.8°C (6.7°F – 8.6°F) in global mean surface temperatures increases compared 
to pre-industrial levels (IPCC 2014). This stark estimate is based on current growth in the global 
population and economic activity assuming no additional mitigation efforts are made by the 
international community. Year-to-year extreme temperature recordings are also on the rise. In 
2012, 15.3% of the earth’s surface experienced a 1st, 2nd, or 3rd warmest year on record, while 
no area experienced a 1st, 2nd, or 3rd coldest year (BAMS 2014).  
 
Temperature change alone is only one of the expected impacts to be felt due to climate change. 
An increase of extreme weather events is also anticipated, although to date it has been difficult to 
directly attribute severe weather to specific climactic shifts (BAMS 2014). Meteorologists use 
complex analytical models to evaluate which extreme weather events can be considered directly 
related to climate change. Complicating such analyses, some extreme weather events can be seen 
as both globally common and globally rare. For example, a “100-year” heat wave will be rare for 
a given location, but in an average year 1% of the earth’s surface would be expected to 
experience such record-breaking heat. In contrast, the occurrence of an EF-5 tornado is globally 
rare for a given year, and changes such as sea ice loss are extreme but limited to a specific region 
(BAMS 2014). Furthermore, some weather events, which would not be considered rare in 
themselves, may cause more severe outcomes due to underlying climate shifts. The American 
Meteorological Society points to heavy rainfall in Northern China in 2012, which was not 
historically severe but led to extreme flooding due to the significant climactic drying trend seen 
in that region since 1970’s (BAMS 2014).  
 
Climate and Foodborne Illness 
 
Infectious Disease and the Agricultural Environment 
 
From an epidemiological perspective, the prevalence of infectious disease can be viewed as a 
product of host, agent, and environment. Therefore, any significant change in the food 
production environment should be expected to create change in foodborne disease incidence and 
spread (Jacxsens et al., 2010, Hedberg 2011). Global temperature increases, sea level rise, and 
extreme weather events are all likely to impact the geographic range of infectious diseases, 
including those that are foodborne. Since agriculture is intrinsically and dependently linked to 
climate, water and foodborne pathogens are of particular concern.  
 
Comprehensive review within the academic community has identified potential increases and 
geographic shifts in the prevalence of foodborne illnesses due to the effects of climate change 
(Altizer et al., 2013, Lal et al., 2013, Sterk et al., 2013, Semenza et al., 2011, Tirado et al., 2010, 
Boxall et al., 2009, Miraglia et al., 2009, Koopmans and Duizer, 2004, Patz et al., 2000). This 
includes bacterial contaminants such as Salmonella, Campylobacter, and Vibrio spp., 
arboviruses, parasitic agents, and even chemical hazards including mycotoxin production, 
increases in agricultural chemical use, and nutrient runoff (Tirado et al., 2010, Boxall et al., 
2009). 
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Climate and Biological Hazards 
 
Seasonal temperature changes are known to influence incidence of many biological foodborne 
hazards, such as disease-causing Salmonella spp.; researchers anticipate global temperature 
change to have a similar effect (Patz et al., 2000). On a regional scale, salmonellosis rates have 
also been shown to increase at warmer temperatures, responding with a 5 – 10% upsurge in 
illnesses for each one-degree Celsius increase in weekly average temperature (Kovats et al., 
2004). 
 
Runoff leading to biological contamination of agricultural water sources and land is of concern 
in the context of the increasing intensity of rain events documented as the climate changes. 
Flooding and heavy rain can overwhelm water treatment systems and lead to biological 
contamination of crop fields and waterways (Boxall et al., 2009). 
 
Pathogens that are spread via blood-feeding arthropods are also extremely sensitive to change in 
weather and climate due to the reliance on cold-blooded vectors in their spread (Gubler et al., 
2001). Additional transmission factors have also been found to be effected by temperature, for 
example dengue virus replication within the vector species (Gubler et al., 2001). Vector-borne 
diseases of concern include malaria, yellow fever, dengue fever, West Nile Virus and other types 
of vector-borne viral encephalitis.  
 
Notably, malaria was a common disease in the United States in the 19th century until it was all 
but eliminated by 1950 due to urbanization and improved infrastructure, nutrition, and access to 
health care (Gubler et al., 2001). Since malaria continues to be a significant health issue in other 
parts of the world, this points to the importance in infrastructure and public health measures in 
stemming disease spread in the future.  
 
Climate and Chemical Hazards 
 
The impacts of agricultural chemical hazards are expected to increase with climate change, due 
to changes in pest and disease range, severe rain events, and use of antibiotics in livestock 
(Boxall et al., 2009).   
 
Svobodová et al. (2014) found a significant geographic shift in crop pest activity by 2055 across 
Europe by modeling expected changes in temperature and humidity. Such shifts may lead to an 
increase in the use of agricultural pesticides, herbicides, and fungicides. Some researchers 
predict pesticide exposure by humans will increase in terms of spray and transfer drift (aerial), 
drinking water, and from food. (Boxall et al., 2009). However, the reaction of farmers to a 
changing environment in regards to pesticide application will undoubtedly vary depending on 
their resources. High income countries have generally decreased pesticide applications over the 
past twenty years after peak usage in the 1980’s, while middle-income countries have imported 
and applied rapidly increasing amounts (Schreinemachers and Tipraqsa, 2012).  
 
Pesticide use varies greatly within economic categories as well. For example, pesticide imports 
in Central America from 2000 – 2004 ranged from 1.0 kilograms active ingredient per cultivated 
hectare in Nicaragua to 20.3 in Costa Rica. The annual average across Central American 
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countries within that time was 4.3 kg/ha (Bravo et al., 2011). Meanwhile, in the high income 
bracket, the reduction in use from the 1980’s through the 2000’s included a 23% lowering for the 
United States versus an impressive 68% by Sweden (Fernandez-Cornejo et al., 2014, Bravo et 
al., 2011).   
 
The dryer summers, increasingly severe weather events, and rising atmospheric carbon dioxide 
levels anticipated as a result of climate change will likely affect farmers’ approach to agricultural 
chemicals, but only within the existing context of current pesticide use. Unfortunately, the 
governments of the developing economies experiencing a surge in use today typically provide 
fewer resources towards tracking and regulating agricultural chemicals, which can lead to 
inappropriate use and exacerbate negative impacts (Schreinemachers and Tipraqsa, 2012, Bravo 
et al., 2011, Garcia-Santos et al., 2010). 
 
In addition, increased agricultural runoff due to heavy rains can exacerbate nutrient pollution, 
even without an increase of application. The use of nutrient addition (fertilizer) is not anticipated 
to increase in response to climate change. However, runoff and concentration within stressed 
waterways can increase the level of pollution caused by these applications (Boxall et al., 2009). 
 
As weather conditions become warmer or more extreme, livestock health will be increasingly 
strained either by outdoor conditions or by being increasingly housed indoors (Cogliani et al., 
2011). This could exacerbate widespread use of antibiotics in animal production. Although 
antibiotics are an important tool in animal and human health care, the overuse of antibiotics can 
select for antibiotic-resistant pathogens, which can be an issue in human disease as well as 
livestock disease (Cogliani et al., 2011; Oliver et al., 2011).  
 
Global Distribution of Foodborne Diseases 
 
Few statistics are currently available on average annual incidences of specific foodborne diseases 
on a global scale. In 2006, the World Health Organization launched an international research 
agenda to estimate the global burden of foodborne disease in an effort to support evidence-based 
policy making on the issue (WHO, 2014). The full report, due out in 2015, will be extremely 
valuable in assessing the global distribution of foodborne illness in annual cases and deaths, 
serving as a critically needed first step in tracking the progression of these diseases and relative 
vulnerability of different populations.  
 
As an illustration, preliminary results include global assessments of the distribution of 
nontyphoidal Salmonella gastroenteritis. Authors estimated that 80.3 million of 93.8 million 
(85.6%) of annual Salmonella gastroenteritis cases are foodborne, and approximately 155,000 
(0.17%) of total cases led to death (Majowicz et al., 2010). The distribution of cases skews 
heavily to Eastern/Southeastern Asia and Central Europe, with 1.49% and 0.95% of the entire 
population, respectively, suffering from the illness in a given year. This is compared to only 
0.24% in Western Europe and 0.51% in North America. While consequently the number of 
deaths due to nontyphoidal Salmonella is a smaller percentage of the population in the latter 
regions, the rate of death per number of cases is equivalent across the four areas, ranging from 
0.164% across Asia to 0.167% in Western Europe (adapted from Majowicz et al., 2010). 
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Mitigating Negative Impacts 
 
Nearly 10 years of research under the WHO Global Burden of Foodborne Disease agenda will 
hopefully shed new light on foodborne illness challenges across diverse regions. Understanding 
the current realities of illness distribution, which reflect dynamic interactions of climate, 
infrastructure, and health policy, will provide a basis for evaluating the potential impacts of 
climate change on foodborne illness in the future.  
 
Directions for Policy 
 
Need Areas and Institutional Obstacles  
 
The potential economic and social impact of climate change-related disease risk is taken so 
seriously by international institutions that even the World Bank has commissioned research on 
the subject (World Bank, 2014). The resulting policy suggestions focus on improvement of 
surveillance systems as key to both outbreak response and predictive modeling. Additional 
recommendations on need areas from academic researchers include development of predictive 
epidemiological models, increased epidemiological surveillance, improvement of detection 
methods to aid in monitoring, and improved collaboration among agencies and services (Tirado 
et al. 2010, Quested et al. 2010, World Bank 2014). The exact results of changing relationships 
between environment, agents, and hosts will not be completely predictable and will vary greatly 
from region to region. This reinforces the importance of a focus on surveillance and detection in 
food safety policy.  
 
However, policymakers must consider climate and environmental risks within the interrelated 
contexts of social, economic, political, and technological factors. Quested et al. (2010) predicted 
impacts of various regulatory and technologic developments on microbial-based foodborne 
illness, finding the most salient approach for reducing future foodborne disease burdens lays in 
the development—and effective implementation—of control measures for pathogens within the 
food system (see figure below). In this analysis, detection and monitoring are put to best use in 
assisting the development of these control measures. The authors underscore the importance of 
investment to develop these methods as well as food risk management systems including Hazard 
Analysis Critical Control Point (HACCP).    
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Visual representation of the key factors likely to impact on foodborne disease. Whether factors are likely to increase 
or decrease the global burden of foodborne disease is plotted against the certainty of their impact. (Quested, et al., 
2010).  
 
Obstacles facing governments in the development and implementation of food safety policies can 
include lack of expertise and infrastructure—such as water treatment facilities or well-equipped 
monitoring labs—domestic pressures of a civil, political, or economic nature, other 
overwhelming public health challenges, or even widespread noncompliance to existing food 
safety regulations (Akhtar et al. 2014, Zach et al., 2012, Quested et al., 2010). Furthermore, the 
socioeconomic status of a population can be determinant of overall vulnerability to foodborne 
disease. While these challenges are more prevalent in nations with developing economies and 
infrastructures, so-called “developed” countries suffer from unique impediments in ensuring the 
safety of their food systems.  
    
In the United States, eight agencies within no less than three separate administrative departments 
(USDHS, USDHHS, and USDA) have some role in monitoring the safety of imported foods on 
the federal level alone. The inspection rates and level of enforcement authority vary greatly 
between these agencies, and coordination of information and resources is insufficient to meet the 
challenges inherent to a piecemeal regulatory system. Examples of this lack of coordination 
include the failure to share relevant inspection results among and even incompatible computer 
systems (Zach et al., 2012). 
 
Food Safety Policy in the 21st Century 
 
However, major regulatory change is on the horizon in the US. Once implemented, the Food 
Safety Modernization Act of 2011 (FSMA) will be the most comprehensive overhaul to food 
safety legislation in seventy years. While enforcement improvements are included in this law, 
such as granting the FDA the mandatory recall authority, changes do not extend to the point of 
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consolidating the food safety regulatory or inspection framework in the country (FDA 2014, 
“Food Safety Legislation Key Facts”). Broadly, the currently proposed rules under the FSMA 
focus on field hygiene and water testing in produce production, and hazard-based (HACCP or 
similar to HACCP) written safety plans for food processors.  
 
As global trade in food has increased over the past decade, other nations with developed 
economies have moved to consolidate their food safety regulatory activities in contrast to the US 
approach. The political will for these changes in Europe may have been bolstered by consumer 
perceptions that the deadly outbreaks of Bovine Spongiform Encephalitis (“mad cow disease”) in 
the 1990s were mishandled due to fragmentation of the food safety regulatory system at that time 
(Zach et al., 2012).  
 
These events led to the establishment of both an independent European Food Safety Authority 
and an official rapid alert system to communicate potential outbreaks across the EU. Since 2006, 
the European Union has also mandated that foods for human consumption meet microbial 
standards based on scientific risk assessments (Cocolin, 2011). The strengths of the European 
rapid alert system (Rapid Alert System for Food and Feed, or RASFF) include mandatory recall 
authority, the ability to share information among  governments, industry, and consumers across 
member states, and an emphasis on product testing as part of an active monitoring regime for 
contaminants (Zach et al., 2012). 
 
Food safety legislation in the European Union, United States, and that authored by the 
International Standards Organization over the past ten years has emphasized the importance of 
consistent batch traceability throughout the food supply chain (Ruiz-Garcia et al., 2010). 
Accordingly, researchers have proposed new web software and tracking technology including 
RFID systems. However, regulations proposed enforcing the latter have met resistance among 
some farmers especially in the US (USDA 2010, USDA APHIS 2014). 
 
Notably, livestock traceability rules under the FSMA in the US have been reduced in scope due 
to industry skepticism. According to the USDA (USDA 2010): 
 

“the basic tenets of an improved animal disease traceability capability in the United 
States…will:  

• Only apply to animals moved in interstate commerce;  
• Be administered by the States and Tribal Nations to provide more flexibility; 
• Encourage the use of lower-cost technology; and  
• Be implemented transparently through federal regulations and the full rulemaking 

process.” 
 
This represents a drastic cut in the reach of the initially published rules, which would have 
applied the National Animal Identification System (NAIS) to intrastate producers as well as 
interstate commerce. While enforcing recalls in future outbreaks will surely be hampered by the 
lack of mandatory livestock trace back, the change reflects controversy within and outside of 
meat producing industries. Concerns among farmers and ranchers ranged from property rights to 
the expense of electronic tagging, while meat systems with existing traceability industries such 
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as pork and turkey production, expressed support for a mandatory national livestock 
identification system (USDA APHIS, 2009).  
 
On a wider global scale, the World Health Organization has released a three-pronged, decade-
long plan to address international foodborne and zoonotic disease risks (WHO 2013). This is in 
addition to the undergoing Global Burden estimate described above. The strategic plan strives to 
reduce the impact of these diseases among member states by providing scientific advice and 
guidance, increasing risk communication and health promotion efforts, and encouraging the 
development of risk-based food safety systems within member nations. Specific activities 
planned under this project include risk assessments, policy guidance, and support for food safety 
inspections (WHO 2013). 
 
Market-Based Initiatives 
 
An alternative to reliance on governmental regulation of food safety is retailer-mandated 
certification systems, which are in place across Europe and North America. Such market-based 
programs provide safety certifications to farms abiding by food safety guidelines. The voluntary 
Good Agricultural Practices (GAP) program in the US may be seen as a combination of the 
governmental and market models; guidelines are provided by the USDA but certification to date 
has been voluntary. On an international level, retailers in developed economies may also use 
these certification programs to validate the safety of imported foods. Herzfeld et al. (2011) found 
that among importers from developing economies, the number of farms certified by programs 
such as GlobalGAP and BRC Food Technical Standard is positively correlated with an exporting 
nation’s strength of institutions and the presence of existing trade relations with the home 
country of the standards. While no evidence was found to suggest developing nations were 
excluded from such agreements with international retailers, the certification of farms was not 
randomly or even distributed across potential exporting nations (Herzfeld et al., 2011). 
 
Developments in Technology 
 
There are many support technologies for the identification and tracking of pathogens throughout 
a food production system or following an illness outbreak. As governments, institutions, and 
businesses weigh investment priorities, advancements in these technologies is slowly making 
them accessible to a broader set of applications. International organizations will also need to 
evaluate technologies in the context of balancing the sensitivity, scope, and utility of a method 
with its expense and infrastructure requirements (World Bank 2014). 
 
Pathogen Identification  
 
The World Bank describes key attributes of a successful surveillance system as having high 
detection sensitivity and specificity, simplicity, adaptability to be scaled to event impact, and 
cost-efficiency. In addition, the geographic reach of surveillance in practice can be improved by 
field diagnostic kits now available for some diseases, while active monitoring programs can be 
assisted with geospatial and information technology (World Bank 2014). 
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Traditionally, testing of foods for pathogens has relied on growing cultures from food samples 
on selective media plates. This method has drawbacks however, such as the relatively long time 
necessary to culture and analyze organisms, the potential to provide false negative results if 
pathogen cells are stressed, and a low sensitivity if cell numbers are very small. This can pose a 
risk of missing pathogens that may have a very low infective dose and still cause a public health 
problem even if not observed in culture (Cocolin, 2011). To address some of these limitations, 
much attention has been brought to developments in molecular methods such as polymerase 
chain reaction (PCR). This DNA-detection method does not require isolation and culturing of 
cells for identification (Cocolin, 2011).  
 
A major advantage of PCR is the ability to identify the presence of the target organism whether 
or not the population was active at the time of sampling. This avoids the risk of false negative 
results possible with culture-dependent methods (Cocolin, 2011). However, this benefit must be 
considered in the context of the target pathogen; if the presence of only dead cells does not pose 
a public health risk, a positive PCR result may be misleading. It is also relatively quick compared 
to culturing, and can be very specific (i.e. low risk of false positive result) to a target organism if 
executed with the correct primers (Cocolin, 2011).  
 
Innovations in PCR technology such as the additional ability to quantify target organisms and 
monitor specific genes that indicate an organism’s reactions to environmental stimuli have 
greatly increased the technique’s potential applications in food safety monitoring. The method 
ameliorates but does not completely solve the issue of identifying pathogens present in small 
numbers (Cocolin, 2011). Furthermore, Real-Time PCR is one of the only means of identifying 
enteric viruses as there is no effective culturing method. However, identification of viral and 
parasitic pathogens in food has yet to expand far beyond research laboratories (Jacxsens, 2010).  
 
While the benefits of a rapid, sensitive, and specific diagnostic method have the potential to 
advance the monitoring of foodborne illness outbreaks, the demands of cost and training will be 
prohibitive in many countries. Major investments would be necessary by governments to 
incorporate qPCR in a comprehensive monitoring regime, and may serve to further concentrate 
the availability of lab services as opposed to making them more accessible in underserved 
regions (Cocolin, 2011).  
 
Risk Assessment  
 
Science-based risk assessments of agriculture and food processing systems have received 
attention and research over the past few years, including high priority status in the US FSMA. It 
has already become common practice in many regulatory organizations; agencies including the 
EPA, FDA, and OSHA commission risk assessments for various relevant hazards (Haas, 2014).  
 
Quantitative Microbial Risk Assessment (QMRA) utilizes the risk assessment framework in the 
identification of potential microbial hazards in a given food system (Haas et al., 2013). QMRA 
models are developed to be site- and pathogen-specific. This includes identifying potential 
hazards, evaluating the health effects of varying levels of the hazard, and determining the 
probable exposure in the human population.   
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Other researchers, such as Schijven et al. (2013) have developed pathogen-specific modeling 
tools that evaluate infection risk in the context of current and projected climates. The Schijven et 
al. research was funded by the European Center for Disease Prevention to develop a risk 
evaluation tool to aid professionals in agriculture and water treatment in long-term decision-
making. Founded in QMRA principles, the tool incorporates climate attributes of annual 
temperature and precipitation ranges, as well as number of heavy precipitation events. For 
example this system can evaluate the increased risk of Norovirus infection in a wastewater 
treatment system by incorporating projected annual flooding capable of system overflow, among 
other variables.  
 
QMRA is inherently dependent on solid predictive microbiology estimates (Haas et al., 2013).  
While this will be available for many scenarios of known pathogens in agriculture in the current 
environment, a more complex analysis is necessary to adapt these predictive models to estimate 
exposure under novel climate conditions. 
 
Modeling for Food Safety Management 
 
Researchers including the IPCC have been grappling with the balance of developing adequately 
comprehensive climate scenario risk models with those that can be flexible enough to also reflect 
various levels of climate change in response to mitigation activities (Jacxsens, 2010).  
 
Jacxsens, et al. (2011) developed and have made publicly available online software to support 
food producers in maintaining and validating food safety management plans. The diagnostic 
function of the tool set helps the producer evaluate the level of risk inherent in the food or 
processing environment, and matches that risk to a suggested level of pathogen monitoring. The 
authors even suggest the implementation of their diagnostic program by governments to evaluate 
the potential impacts of specific regulations on the risk level of a given food chain. These tools 
were validated themselves by implementation in meat, dairy, and produce production systems 
(Jacxsens, et al. 2010, 2011). 
 
The software described by Jacxsens et al. (2010, 2011) was developed as part of a five-year, €11 
million international food safety project commissioned by The European Commission from 2005 
to 2010. The project funded research to “design new molecular-based methods to detect, predict 
and characterise pathogens along the entire food chain,” (European Commission, 2005). Now, in 
2014, the Commission’s programming is centered around a “European Bioeconomy” with much 
less emphasis on food safety projects (European Commission 2014). 
 
Conclusion 
 
While countries with few socioeconomic resources suffer from significant challenges in 
preventing the spread of foodborne disease, such as lacking infrastructure and pre-existing heavy 
infectious disease burdens, nations that do possess the assets to lead innovation in the field must 
often first overcome domestic challenges including fragmented food safety systems and political 
resistance. Technologies and tracking software are continuously advancing and adapted to use in 
foodborne disease prevention, but implementation of such methods on a global scale appears all 
but impossible under the current unequal distribution of relevant infrastructure. The focused 
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efforts underway by international institutions to track the global distribution of these diseases 
and coordinate a food safety response are perhaps the most promising collaborations to move 
decision-making on the topic forward on a global scale.  

11 
 



Bibliography   Hutchins, Franya 

“Addressing Climate Change | Video | C-SPAN.org.” 2014a. Accessed July 24. http://www.c-
span.org/video/?320038-1/addressing-climate-change. 

 
Akhtar, Saeed, Mahfuzur R. Sarker, and Ashfaque Hossain. 2014. “Microbiological Food Safety: A 

Dilemma of Developing Societies.” Critical Reviews in Microbiology 40 (4): 348–59. 
doi:10.3109/1040841X.2012.742036. 

 
Altizer, S., R. S. Ostfeld, P. T. J. Johnson, S. Kutz, and C. D. Harvell. 2013. “Climate Change and 

Infectious Diseases: From Evidence to a Predictive Framework.” Science 341 (6145): 514–19. 
doi:10.1126/science.1239401. 

 
Boxall, Alistair B.A., Anthony Hardy, Sabine Beulke, Tatiana Boucard, Laura Burgin, Peter D. 

Falloon, Philip M. Haygarth, et al. 2009. “Impacts of Climate Change on Indirect Human 
Exposure to Pathogens and Chemicals from Agriculture.” Environmental Health Perspectives 
117 (4): 508–14. doi:10.1289/ehp.0800084. 

 
Bravo, Viria, Teresa Rodríguez, Berna van Wendel de Joode, Nonato Canto, Gloria Ruth Calderón, 

Miguel Turcios, Luis Armando Menéndez, et al. “Monitoring Pesticide Use and Associated 
Health Hazards in Central America.” International Journal of Occupational and Environmental 
Health 17, no. 3 (July 2011): 258–69. doi:10.1179/107735211799041896. 

 
Bulletin of the American Meteorological Society. 2014. “Explaining Extreme Events of 2012 | 

National Climatic Data Center (NCDC).” Accessed July 18. 
http://www.ncdc.noaa.gov/news/explaining-extreme-events-2012-climate-perspective. 

 
Cocolin, Luca, Andreja Rajkovic, Kalliopi Rantsiou, and Mieke Uyttendaele. 2011. “The Challenge 

of Merging Food Safety Diagnostic Needs with Quantitative PCR Platforms.” Trends in Food 
Science & Technology 22 (November): S30–S38. doi:10.1016/j.tifs.2011.02.009. 

 
Cogliani, C., H. Goossens, and C. Greko. 2011. “Restricting Antimicrobial Use in Food Animals: 

Lessons from Europe.” Microbe 6 (6): 274–79. 
 
FDA, “Food Safety Modernization Act (FSMA): Food Safety Legislation Key Facts,” July 12, 2011. 

Food: Guidance and Regulation. Accessed July 21, 2014. 
http://www.fda.gov/Food/GuidanceRegulation/FSMA/ucm237934.htm. 

 
FDA, “Food Safety Modernization Act (FSMA): FSMA Proposed Rule for Preventive Controls for 

Human Food.” 2011. Food: Guidance and Regulation. Accessed July 21, 2014.  
http://www.fda.gov/food/guidanceregulation/fsma/ucm334115.htm#summary. 

 
FDA, “Food Safety Modernization Act (FSMA): FSMA Proposed Rule for Produce Safety.” 2011. 

Food: Guidance and Regulation. Accessed July 21, 2014. 
http://www.fda.gov/Food/guidanceregulation/FSMA/ucm334114.htm#summary. 

 



Bibliography   Hutchins, Franya 

Fernandez-Cornejo, Jorge, Richard Nehring, Craig Osteen, Seth James Wechsler, Andrew Martin, and 
Alex Vialou. “Pesticide Use in U.S. Agriculture: 21 Selected Crops, 1960-2008.” USDA, 
Economic Research Service, May 2014. 

 
García-Santos, Glenda, Dominik Scheiben, and Claudia R. Binder. “The Weight Method: A New 

Screening Method for Estimating Pesticide Deposition from Knapsack Sprayers in Developing 
Countries.” Chemosphere 82, no. 11 (March 2011): 1571–77. 
doi:10.1016/j.chemosphere.2010.11.058. 

 
Gubler, Duane, Paul Reiter, Kristie L. Ebi, Wendy Yap, Paul Nasci, and Jonathan A. Patz. 2001. 

“Climate Variability and Change in the United States: Potential Impacts on Vector-and Rodent-
Borne Diseases.” Environmental Health Perspectives 109 (Supplement 2). 

 
Haas, Charles N. 2014. Quantitative Microbial Risk Assessment. Second edition. New York: John 

Wiley & Sons, Inc. 
 
Hedberg, Craig W. “Food Safety.” In: Occupational and Environmental Health: Recognizing and 

Preventing Disease and Injury, 170- 180. Levy, B., Wegman, D., Baron, S., and Sokas, R., eds. 
6th ed. New York: Oxford University Press, 2011.  

 
Herzfeld, Thomas, Larissa S. Drescher, and Carola Grebitus. 2011. “Cross-National Adoption of 

Private Food Quality Standards.” Food Policy 36 (3): 401–11. 
doi:10.1016/j.foodpol.2011.03.006. 

 
Intergovernmental Panel on Climate Change. 2014. “Fifth Assessment Report - Mitigation of Climate 

Change.” Accessed July 18. http://www.ipcc.ch/report/ar5/wg3/. 
 
Jacxsens, L., P.A. Luning, W.J. Marcelis, T. van Boekel, J. Rovira, S. Oses, M. Kousta, E. Drosinos, 

V. Jasson, and M. Uyttendaele. 2011. “Tools for the Performance Assessment and Improvement 
of Food Safety Management Systems.” Trends in Food Science & Technology 22 (November): 
S80–S89. doi:10.1016/j.tifs.2011.02.008. 

 
Jacxsens, L., P.A. Luning, J.G.A.J. van der Vorst, F. Devlieghere, R. Leemans, and M. Uyttendaele. 

2010. “Simulation Modelling and Risk Assessment as Tools to Identify the Impact of Climate 
Change on Microbiological Food Safety – The Case Study of Fresh Produce Supply Chain.” 
Food Research International 43 (7): 1925–35. doi:10.1016/j.foodres.2009.07.009. 

 
Koopmans, Marion, and Erwin Duizer. 2004. “Foodborne Viruses: An Emerging Problem.” 

International Journal of Food Microbiology 90 (1): 23–41. doi:10.1016/S0168-1605(03)00169-
7. 

 
Kovats, R. S., S. J. Edwards, S. Hajat, B. G. Armstrong, K. L. Ebi, and B. Menne. 2004. “The Effect 

of Temperature on Food Poisoning: A Time-Series Analysis of Salmonellosis in Ten European 
Countries.” Epidemiology and Infection 132 (3): 443–53. doi:10.1017/S0950268804001992. 

 



Bibliography   Hutchins, Franya 

Lal, Aparna, Michael G. Baker, Simon Hales, and Nigel P. French. 2013. “Potential Effects of Global 
Environmental Changes on Cryptosporidiosis and Giardiasis Transmission.” Trends in 
Parasitology 29 (2): 83–90. doi:10.1016/j.pt.2012.10.005. 

 
Majowicz, Shannon E., Jennie Musto, Elaine Scallan, Frederick J. Angulo, Martyn Kirk, Sarah J. 

O’Brien, Timothy F. Jones, Aamir Fazil, and Robert M. Hoekstra. 2010. “The Global Burden of 
Nontyphoidal Salmonella Gastroenteritis.” Clinical Infectious Diseases 50 (6): 882–89. 
doi:10.1086/650733. 

 
Miraglia, M., H.J.P. Marvin, G.A. Kleter, P. Battilani, C. Brera, E. Coni, F. Cubadda, et al. 2009. 

“Climate Change and Food Safety: An Emerging Issue with Special Focus on Europe.” Food 
and Chemical Toxicology 47 (5): 1009–21. doi:10.1016/j.fct.2009.02.005. 

 
Patz, J. A., Thaddeus K. Graczyk, Nina Geller, and Amy Y. Vittor. 2000. “Effects of Environmental 

Change on Emerging Parasitic Diseases.” International Journal for Parasitology 30 (12-13): 
1395–1405. doi:10.1016/S0020-7519(00)00141-7. 

 
Patz, JA, M A McGeehin, S M Bernard, K L Ebi, P R Epstein, A Grambsch, D J Gubler, P Reither, I 

Romieu, J B Rose, J M Samet, and J Trtanj. 2000. “The Potential Health Impacts of Climate 
Variability and Change for the United States: Executive Summary of the Report of the Health 
Sector of the U.S. National Assessment.” Environ Health Perspect. 108 (4): 367–76. 

 
Quested, T.E., P.E. Cook, L.G.M. Gorris, and M.B. Cole. 2010. “Trends in Technology, Trade and 

Consumption Likely to Impact on Microbial Food Safety.” International Journal of Food 
Microbiology 139 (May): S29–S42. doi:10.1016/j.ijfoodmicro.2010.01.043. 

 
“Reducing Climate-Sensitive Disease Risks (English) | The World Bank.” 2014. Accessed July 18. 

http://documents.worldbank.org/curated/en/2014/04/19567115/reducing-climate-sensitive-
disease-risks. 

 
Ruiz-Garcia, L., G. Steinberger, and M. Rothmund. 2010. “A Model and Prototype Implementation 

for Tracking and Tracing Agricultural Batch Products along the Food Chain.” Food Control 21 
(2): 112–21. doi:10.1016/j.foodcont.2008.12.003. 

 
Schijven, Jack, Martijn Bouwknegt, Ana Maria de Roda Husman, Saskia Rutjes, Bertrand Sudre, 

Jonathan E. Suk, and Jan C. Semenza. 2013. “A Decision Support Tool to Compare Waterborne 
and Foodborne Infection And/or Illness Risks Associated with Climate Change: Climate Change 
Tool for Food- &amp; Waterborne Infection Risk.” Risk Analysis 33 (12): 2154–67. 
doi:10.1111/risa.12077. 

 
Schreinemachers, Pepijn, and Prasnee Tipraqsa. “Agricultural Pesticides and Land Use Intensification 

in High, Middle and Low Income Countries.” Food Policy 37, no. 6 (December 2012): 616–26. 
doi:10.1016/j.foodpol.2012.06.003. 

 



Bibliography   Hutchins, Franya 

Semenza, Jan C., Jonathan E. Suk, Virginia Estevez, Kristie L. Ebi, and Elisabet Lindgren. 2011. 
“Mapping Climate Change Vulnerabilities to Infectious Diseases in Europe.” Environmental 
Health Perspectives 120 (3): 385–92. doi:10.1289/ehp.1103805. 

 
Sterk, Ankie, Jack Schijven, Ton de Nijs, and Ana Maria de Roda Husman. 2013. “Direct and Indirect 

Effects of Climate Change on the Risk of Infection by Water-Transmitted Pathogens.” 
Environmental Science & Technology 47 (22): 12648–60. doi:10.1021/es403549s. 

 
Svobodová, Eva, Miroslav Trnka, Martin Dubrovský, Daniela Semerádová, Josef Eitzinger, Petr 

Štěpánek, and Zdeněk Žalud. 2014. “Determination of Areas with the Most Significant Shift in 
Persistence of Pests in Europe under Climate Change: Determination of Areas with the Most 
Significant Shift.” Pest Management Science 70 (5): 708–15. doi:10.1002/ps.3622. 

 
Tirado, M.C., R. Clarke, L.A. Jaykus, A. McQuatters-Gollop, and J.M. Frank. 2010. “Climate Change 

and Food Safety: A Review.” Food Research International 43 (7): 1745–65. 
doi:10.1016/j.foodres.2010.07.003. 

 
USDA, “USDA Announces New Framework for Animal Disease Traceability,” USDA Newsroom, 

February 5, 2010. Accessed July 22 2014: 
http://www.usda.gov/wps/portal/usda/usdahome?contentidonly=true&contentid=2010/02/0053.x
ml. 

 
USDA Animal and Plant Health Inspection Service, “Animal Disease Traceability” USDA APHIS | 

Animal Health,” June 27, 2014. Accessed July 22 2014: 
http://www.aphis.usda.gov/wps/portal/aphis/ourfocus/animalhealth?1dmy&urile=wcm%3apath
%3a%2FAPHIS_Content_Library%2FSA_Our_Focus%2FSA_Animal_Health%2FSA_Traceabi
lity%2F 

 
USDA Animal and Plant Health Inspection Service, “National Animal Identification System 

Roundtable Discussion.” Published transcript of meeting, Washington, DC, April 15, 2009. 
Accessed August 8, 2014: 
http://www.aphis.usda.gov/traceability/newsroom/documents/Secretary_Vilsack_NAIS_Roundta
ble_Transcript.pdf  

 
“WHO | Advancing Food Safety Initiatives: Strategic Plan for Food Safety Including Foodborne 

Zoonoses 2013-2022.” 2014. Accessed July 21. 
http://www.who.int/foodsafety/publications/strategic-plan/en/. 

 
“WHO | Estimation of the Global Burden of Foodborne Diseases.” 2014. Accessed July 23. 

http://www.who.int/foodsafety/foodborne_disease/ferg/en/. 
 
Zach, Lorna, M. Ellin Doyle, Vicki Bier, and Chuck Czuprynski. 2012. “Systems and Governance in 

Food Import Safety: A U.S. Perspective.” Food Control 27 (1): 153–62. 
doi:10.1016/j.foodcont.2012.03.013. 

 


	Hutchins_Project Report
	Hutchins_Project Bibliography

