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Abstract

Although healthy plants are vital to human and animal health, plant health is often overlooked in the One Health
literature. Plants provide over 80% of the food consumed by humans and are the primary source of nutrition for
livestock. However, plant diseases and pests often threaten the availability and safety of plants for human and
animal consumption. Global yield losses of important staple crops can range up to 30% and hundreds of billions of
dollars in lost food production. To demonstrate the complex interrelationships between plants and public health,
we present four case studies on plant health issues directly tied to food safety and/or security, and how a One
Health approach influences the perception and mitigation of these issues. Plant pathogens affect food availability
and consequently food security through reductions in yield and plant mortality as shown through the first case
study of banana Xanthomonas wilt in East and Central Africa. Case studies 2, 3 and 4 highlight ways in which the
safety of plant-based foods can also be compromised. Case study 2 describes the role of mycotoxin-producing
plant-colonizing fungi in human and animal disease and examines lessons learned from outbreaks of aflatoxicosis in
Kenya. Plants may also serve as vectors of human pathogens as seen in case study 3, with an example of
Escherichia coli (E. coli) contamination of lettuce in North America. Finally, case study 4 focuses on the use of
pesticides in Suriname, a complex issue intimately tied to food security though protection of crops from diseases
and pests, while also a food safety issue through misuse. These cases from around the world in low to high income
countries point to the need for interdisciplinary teams to solve complex plant health problems. Through these case
studies, we examine challenges and opportunities moving forward for mitigating negative public health
consequences and ensuring health equity. Advances in surveillance technology and functional and streamlined
workflow, from data collection, analyses, risk assessment, reporting, and information sharing are needed to improve
the response to emergence and spread of plant-related pathogens and pests. Our case studies point to the
importance of collaboration in responses to plant health issues that may become public health emergencies and
the value of the One Health approach in ensuring food safety and food security for the global population.
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Background: plant health as part of one health
Although plant health is currently part of the definition
of One Health [1], plants have typically not been well in-
tegrated into discussions of One Health approaches [2,

3]. However, plant health is vital to sustain human and
animal health and a critical component of the complex
interactions among the environment, humans, and ani-
mals. Recognizing the key role of plants in public health,
the United Nations declared the year 2020 to be the
International Year of Plant Health (IYPH) [4, 5]. The
overarching purpose of the IYPH was to raise awareness
of plant health and its effects on society [4]. Maintaining
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plant health has important consequences for human and
animal health as an important driver of food security
and safety, as a source of livelihoods in plant-based agri-
culture, as a source of pharmaceuticals, and as part of
healthy environments [3, 6–9].
Plants provide over 80% of the food consumed by

humans and are the primary source of nutrition for live-
stock [5]. Food security—the state of having reliable ac-
cess to sufficient, safe, affordable, and nutritious food at
all times—is necessary to have healthy and productive
societies [7, 10]. Food security is also a crucial aspect of
One Health and is a pillar of the United Nations Sus-
tainable Development Goals (SDGs) [11, 12]. The UN
definition of food security identified four key pillars: 1)
availability, 2) access (both economic and socio-
cultural), 3) utilization, including food preparation and
safety, and 4) lastly the stability of these three pillars
[13]. Food security thus reflects a complex value chain
of production, food processing and distribution, and
food access, beginning with plant health in the field.
Employing a One Health approach to ensure the safety
and continuity of this value chain will result in the pro-
tection and advancement of public health.
Plant diseases and pests influence the availability and

safety of plants for human and animal consumption, re-
duce crop yield and detrimentally affect quality [9, 14].
Measures to prevent or treat diseases, including applica-
tion of pesticides, may adversely impact the health of
agricultural workers and consumers, as well as drive the
development of antimicrobial and antifungal resistance
in pathogens [15, 16]. In addition, food plants may serve
as carriers of human pathogens and harmful microbial-
based toxins. For example, foodborne illnesses pose a
serious global burden on human health, reportedly af-
fecting 600 million people or 33 million Disability Ad-
justed Life Years (DALYs) in a single year [17]. Although
international food standards, such as the Codex Alimen-
tarius, are implemented to protect consumers’ health
and fair trade, foodborne illnesses continue to affect
high-, middle-, and low-income countries around the
world [17, 18]. Plants are important origins of foodborne
outbreaks, including fresh vegetables and fruits irrigated
with, washed with, or exposed to water and soil contam-
inated with pathogens of animal or human origin. More
than half (51%) of outbreak-associated illnesses in the
US were traced to plant-foods over a 10-year period,
higher than any other food commodity, such as meat,
fish, and dairy products [19]. Additionally, antibiotic re-
sistant bacteria and resistance genes originating from
animal feces can also contaminate fresh produce and
pose health risks for humans [20]. Therefore, a key as-
pect of food security is timely and effective management
of plant pathogens and pests and other microbes associ-
ated with plants that can cause foodborne illnesses, often

disproportionately impacting the most vulnerable and
health disparate populations locally and globally.
The emergence of new variants of pathogens and

pests, as well as the expansion of the geographic range
of known ones, can cause significant disruption in food
production and pose a burden on the global economy.
Global yield losses of important staple crops to patho-
gens and pests can range up to 30% with estimated costs
to the global economy due to lost food production in
the hundreds of billions of dollars [7]. Effective pest and
disease management approaches, including pesticide
management strategies, are required to successfully pre-
vent and mitigate these issues. Recognition of and action
to address the need for quantification of crop losses and
their impact on humans, plants, animals, and land use
are critically important [2, 10, 21]. Traditional surveil-
lance strategies are often expensive and associated with
a delay in problem recognition and access to actionable
data. The lack of time-sensitive responses to foodborne
outbreaks negatively impacts public health and the food
service industry.
To show the complex interrelationships between

plants and public health, and to demonstrate the value
of the One Health approach, we review four cases stud-
ies. One study shows the relationship between plant
health and food security. Two case studies involving a
naturally-occurring pathogen (one plant-based and one
animal-based) show the relationship between plant food
safety and human health. The final case study involving
a man-made toxin represents a study of both food secur-
ity and food safety. Through these case studies, we
examine challenges and opportunities moving forward
for mitigating negative public health consequences and
ensuring health equity.

Case studies
Case study 1: plant pathogens and food availability:
banana Xanthomonas wilt in east and Central Africa,
2001-present (Fig. 1; Fig. 2-1)
Based on currently available data, up to 30% of global
staple food crops are lost annually due to plant pests, in-
cluding diseases, insects, and weeds, but excluding abi-
otic factors such as drought, excessive water, or poor
soils [7]. When diseases severely affect staple crops in
low income or under-resourced regions of the world,
food availability is threatened, potentially resulting in
malnutrition and population-based famine in severe
cases. In addition, loss of income from cash crops sold
by small commercial farms can have a cascading effect,
exacerbating poverty among populations who depend
upon farmers to purchase goods and services from the
rural non-farm sector.
Bananas (Musa spp.), including dessert banana, plan-

tain, and cooking banana, comprise the eighth most
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important food crop in the world and the fourth most
important in low- and middle-income countries in terms
of gross production value [22]. Bananas are a staple crop
and important source of protein, starch, vitamins, and
minerals in East and Central Africa, ranging from 20%
of household food consumption each day in Uganda to
80% in Rwanda [23]. Bananas historically had been
among the least expensive of the staple crops to produce
[24]. They have multiple uses in crop production

systems, such as cycling carbon and soil nutrients, pre-
venting soil erosion, and providing shade for understory
crops [23]. Additionally, bananas are a source of food for
livestock and used for the production of goods such as
baskets, carpets, and shoes [23].
Banana Xanthomonas wilt (BXW) is an invasive bac-

terial disease first observed in Uganda in 2001, where it
developed into a severe epidemic within 4 years of emer-
gence and spread to the Democratic Republic of the
Congo, Rwanda, Kenya, Tanzania, and later to Burundi
[22]. BXW is caused by Xanthomonas campestris patho-
var musacearum, a gram-negative rod-shaped bacterium
that enters the plant through wounds or natural open-
ings, colonizes the plant’s vascular system, and causes
wilting, fruit rotting, and plant death [22]. The disease is
spread by planting infected banana pseudostems, by vari-
ous insects that visit the male flowers, by wind-driven
rain, and by using contaminated cutting tools [22].
During the peak of the 2000–2010 epidemic in heavily

affected areas of Tanzania, Burundi, and Rwanda, there
were significant harmful effects on food production,
availability, and subsequently, household consumption
practices [25]. For example, the production of banana
beer and juice declined approximately 60%, and the
number of banana bunches sold and consumed declined
35 and 25% respectively, compared to pre-BXW levels.
Importantly, the BXW epidemic greatly affected the
availability of bananas, because the price of banana
bunches increased by 46% compared to pre-BXW levels.

Fig. 1 Rotting banana fruit caused by the bacterial phytopathogen
Xanthomonas campestris pathovar musacearum in Uganda. The
disease (banana Xanthomonas wilt) also causes wilting and death of
banana plants and significant reductions in availability of this staple
food in East and Central Africa (source S. Miller)

Fig. 2 Case studies and linkages to One Health as discussed in the text. The studies illustrate different examples of the interconnectedness of
plant, animal and human health, and the negative consequences of plant health problems to public health
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As a result of reduced banana availability and higher
prices, households coped by eating fewer meals than
usual, eating smaller meals than needed, or substituting
bananas with other available food items, such as maize,
cassava, or sweet potatoes. Increased food prices have a
disproportionate influence on low income households,
often already struggling to meet basic needs. Loss of ba-
nanas from cropping systems may also result in damage
to the environment (soil erosion) and reduced crop
productivity (loss of shade) [26]. Long-term impacts of
BXW epidemics on human nutrition and health, poverty,
the environment and cultural practices in East and Cen-
tral Africa have not yet been determined.
There are no effective antibiotics or other pharmaceut-

ical treatments available for BXW. However, the disease
can be managed by adoption of specific farming prac-
tices, including removing the male flower buds to reduce
insect transmission of the pathogen, removing or burn-
ing affected plant pseudostems, decontaminating farm
tools after each use, and using disease-free planting ma-
terials [26]. The cost and complexity of these disease
management practices pose barriers to adoption by
farmers [27]. Deployment of BXW-resistant varieties
would be a significant step forward in managing this dis-
ease locally and reducing its spread. However, banana
breeding is extremely slow and difficult, and sources of
resistance to BXW have not been found in cultivated ba-
nana. Musa balbisiana is the only known source of re-
sistance but is not preferred for breeding due to genome
configuration differences [28]. Genetically engineered
(GE) bananas resistant to BXW have been developed
and tested extensively in field trials [22, 29]. In Uganda,
which has been particularly hard-hit by BXW, it has
been estimated that adoption of GE bananas could bene-
fit farmers by $15 million and consumers by $10 million
annually and could result in 55,000 people escaping pov-
erty each year. BXW-resistant GE banana varieties may
be available for distribution by 2023, if an appropriate
biosafety regulatory system is in place. However, for
Uganda and other countries affected by BXW, political
considerations based on public perceptions of GMO
foods may delay or even stop the implementation of the
necessary regulatory systems [30]. In the meantime, in-
creased adoption of BXW cultural management prac-
tices can be better facilitated by effective training
programs such as farmer field schools and refining dis-
ease management strategies into more feasible and easy-
to-implement recommendations. These include limiting
removal of BXW-affected plants to dry periods when the
disease is least likely to spread, covering cut plant stems
with soil and sterilizing tools in fire pits within banana
fields [26]. Furthermore, leveraging advances in technol-
ogy to track transmission patterns by using innovative
citizen science strategies as well as collaboration

between scientists and farmers to improve training, can
accelerate progress toward prevention of BXW. Specific-
ally, citizen science and information communication
technologies can accelerate the identification of new out-
breaks, information sharing can enable rapid decision
making among farmers, and enhanced connectivity
among stakeholders can create networks for collective
action [31].

Case study 2: food safety and mycotoxins: aflatoxicosis
outbreak in Kenya, 2004–2005 (Fig. 2-2)
Aflatoxin B1 is a type of mycotoxin produced by Asper-
gillus flavus and A. parasiticus [32]. Mycotoxins, which
are small molecular-weight fungal metabolites, are pro-
duced on a wide array of food plants and are toxic to an-
imals and humans [33]. Aflatoxins can contaminate
human foods such as cereals, roots, nuts, and pulses
under favorable conditions such as high temperatures,
high humidity, and drought stress, which lead to plant
colonization by the A. flavus and A. parasiticus molds
[32]. In 2004–2005, aflatoxin contamination of maize—a
major staple food in Kenya—was found to be the cause
of a severe outbreak of acute liver disease in eastern
Kenya, resulting in 317 cases, including 125 deaths [33].
The primary risk factor for aflatoxicosis in this event
was the consumption of homegrown maize, followed by
storage of wet grain in the home [33]. Aflatoxin B1 con-
centrations in stored maize in affected households were
up to 50 times the limit prescribed for food in Kenya
[33]. Chronic aflatoxin B1 contamination is a risk factor
for acute liver damage, which may lead to chronic ill-
nesses including liver cancer and immune system sup-
pression [32].
The toxicity, morbidity, and potentially lethal effects of

aflatoxin, as observed in the Kenya outbreak, highlight
the significance of aflatoxin as an important public
health challenge. Humans are exposed to aflatoxins
through contaminated food crops or by consuming
products from animals that have been exposed to con-
taminated feed. Aflatoxin contamination threatens the
health and wellbeing of already vulnerable populations,
such as children and individuals with hepatitis B virus
(HBV) and hepatitis C virus (HCV) infections [32]. Chil-
dren are especially susceptible to aflatoxins and can suf-
fer short- and long-term effects such as malnutrition
and stunting [32]. Additionally, chronic exposure to afla-
toxins disproportionately affects low-resourced popula-
tions, with an estimated 5 billion people in low- and
middle-income countries (LMICs) at risk of chronic ex-
posure to aflatoxins [34].
Chronic exposure to aflatoxins has detrimental effects

on animal health and can cause growth inhibition and
immune suppression [32]. Consequently, health risks to
animals and humans alike and compounding impacts on

Rizzo et al. One Health Outlook             (2021) 3:6 Page 4 of 9



livelihoods result when aflatoxicosis is not prevented.
Limited availability of food, lack of regulatory systems
for monitoring and controlling aflatoxin, and environ-
mental conditions that favor fungal development in
crops are some of the common factors that increase the
likelihood of aflatoxin poisoning [32]. Therefore, pre-
venting and mitigating aflatoxin poisoning requires
employing a One Health approach to protect human,
plant, and animal health.
Ultimately, prevention and mitigation of aflatoxin con-

tamination of food and feed, particularly in LMICs that
often lack the expertise and infrastructure to effectively
prevent and interdict aflatoxin contamination, require
multi-pronged, economically-feasible, integrated ap-
proaches supported by private and public sector entities.
For example, the appropriate and recommended use of
irrigation and insecticides during the pre-harvest period
and hand sorting of grains and effective rodent control
during the post-harvest period could mitigate risks of af-
latoxin contamination. Increasing awareness of the bur-
den of aflatoxin exposure on public health is critical to
encourage implementation of these strategies. In re-
sponse to the deadly 2004–2005 outbreak in Kenya,
Kenyan government agencies investigated the cause and
established the National Food Safety Coordinating Com-
mittee in 2006, active at the policy level and coordinat-
ing mycotoxin testing in food and feed, inspection,
enforcement, education, and program monitoring and
evaluation [35]. A holistic, coordinated approach includ-
ing plant, animal, and public health research and prac-
tice is necessary to address the gaps in knowledge,
technology and education to prevent aflatoxicosis. These
include insufficient documentation of human exposure,
lack of measurements of economic impacts of aflatoxin
contamination throughout various value chains and ana-
lyses of long-term impacts of aflatoxin mitigation ap-
proaches, inadequate sampling of grains on smallholder
farms and storage facilities, lack of consumer awareness
of the attributes associated with aflatoxin contamination
and absence of economic incentives for the production
and/or marketing of low-aflatoxin grain [35, 36].

Case study 3: human pathogens associated with plants
and food safety: E. coli O157:H7 outbreak caused by
romaine lettuce in the United States and Canada, 2018–
2019 (Fig. 2-3)
Between October 2018 and January 2019, a foodborne
outbreak of Shiga-toxin producing E.coli O157:H7
(STEC) resulted in 91 illnesses and 35 hospitalizations,
including four cases of hemolytic uremic syndrome
(HUS) but no deaths, in multiple areas of the United
States (US) and Canada [37, 38]. Fortunately, the out-
break was detected in its early stages by US and Canad-
ian surveillance systems, including FoodNet and

PulseNet, and on November 1, 2018 the US Food and
Drug Administration (FDA), CDC, Canadian Food In-
spection Agency (CFIA), and Public Health Agency of
Canada initiated a multi-agency outbreak investigation.
On November 20, FDA issued a public health advisory
warning to consumers not to eat romaine lettuce until
further notice, a bold and atypical advisory against a type
of produce without identifying its farm of origin. In
Canada, CFIA advised industry not to import, distribute,
or sell romaine lettuce during the investigation. Ultim-
ately, trace back of suspected food ingredients, field
visits, and laboratory testing, including whole-genome
sequencing, determined that the cause of the outbreak
was in fact romaine lettuce produced on a farm in Santa
Barbara, California, whose irrigation system was impli-
cated as the contamination source for E. coli O157:H7.
Genetic characterization of the pathogens revealed that
the DNA footprints of the E. coli strains in this outbreak
were genetically closely linked among cases, as well as
related to a previous E. coli outbreak that affected the
US and Canada in December 2017 [37–39]. By early
January 2019, despite its extensive geographical spread,
the outbreak was contained and declared over within 11
to 14 weeks since the recognition of illness in the initial
cases in both the US and Canada.
By employing One Health approaches to food surveil-

lance, public health, and animal health, and taking rapid
actions as demonstrated during this outbreak, public
health officials will be better able to understand the
source of foodborne illnesses, rapidly enabling and
informing prevention and mitigation measures for future
outbreaks. It is important to consider that the intestinal
tracts of healthy ruminant animals are reservoirs of E.
coli O157:H7, and cattle feces are believed to be a major
source for human illness [40]. Shedding of E. coli O157:
H7 by cattle is influenced by seasonality, food produc-
tion strategies, and life stage of cattle. In addition, the
pathogen can persist in the environment, such as in
water troughs, in animal feces that are not removed ex-
peditiously, and on feedlots [41]. In this outbreak, there
was no conclusive evidence that the water was contami-
nated from domestic ruminant feces. However, the final
investigation highlighted that ruminant intestinal tracts
are well-established reservoirs for E. coli O157:H7. Wild-
life and humans can also be sources of bacterial contam-
ination of the food supply, and investigators noted
“evidence of extensive wild animal activity, including
waterfowl, rodents, coyotes, etc., and animal burrows
near the contaminated reservoir sediment,” likely war-
ranting intensive exploration in future outbreaks, includ-
ing water supplies. In California, this and other
foodborne outbreaks have highlighted the importance of
complying with, and accelerated the implementation of,
local and national produce safety practices, such as the
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Produce Safety Rule under the Food Safety
Modernization Act of the FDA which came into effect in
2016 [42, 43]. Farmers are required to reduce the likeli-
hood of direct or indirect contamination of produce with
wildlife fecal material through soil, water, vehicles, and
other means of transmission and have taken an active
role in preventing foodborne illnesses as integral stake-
holders for protecting public health.
The successful rapid containment of this large-scale

STEC outbreak can be attributed to early detection of
the event through robust surveillance systems, swift
multi-agency coordination with an employment of the
One Health approach, use of whole genome sequencing
for E. coli characterization, and timely and appropriate
issuance of a broad public health advisory. Plant, envir-
onmental, animal, and human health experts will likely
continue to be challenged by the burden of foodborne
illnesses, which should be addressed by continuing to
coordinate multi-agency prevention, detection, response,
and containment strategies; incorporating state-of-the
art technologies to identify pathogens; and balancing the
benefits of protecting the health of populations with the
economic cost of issuing prompt public safety advisories.

Case study 4: pesticide use in plant-based agriculture and
food security and safety in Suriname, 2010–2015 (Fig. 2–
4; Fig. 3)
Suriname, a middle-income country located on the
northeastern coast of South America, has one of the
highest pesticide use rates per area crop land in the
Caribbean (8.8 kg/ha). Pesticides are intended for pre-
venting, destroying, repelling, or mitigating any pest
[44]. They can be classified according to the target or-
ganism (most commonly: insecticides, herbicides, and
fungicides), or molecular structure (such as insecticides

categorized as organophosphates, carbamates, organo-
chlorines, pyrethroids, and neonicotinoids). The term
pesticide in this case study will refer to chemical pesti-
cides that are used for agricultural purposes.
Agriculture is a developing sector in Suriname, which

contributes approximately 9% to the Gross Domestic
Product (GDP) and employs 17% of the population [45,
46]. Screening data from the Dutch Food and Consumer
Product Safety Authority (NVWA) from 2010 to 2015
consistently showed pesticide residues in crops imported
from Suriname [47]. The Caribbean Consortium for Re-
search in Environmental and Occupational Health
(CCREOH) is examining the association of pesticide ex-
posure to birth outcomes in 1000 mother/child dyads
[48]. CCREOH’s preliminary environmental assessment
showed pesticide residues in Surinamese produce, in-
cluding the insecticides endosulfan and lindane in the
leafy vegetable Xanthosoma brasiliense (tannia). Accord-
ing to an interviewer-assisted dietary survey, which was
administered to assess dietary exposure to pesticides in
Surinamese women (including 696 pregnant women),
women living in non-urban districts and less educated
women were more likely to have a higher tannia intake
rate compared to those living in urban districts and
women who received higher levels of education [47].
This disparity in exposure to tannia illustrates how pesti-
cide use can have inequitable consequences for food
safety based on region and education level.
Pesticides play an important role in food security by

protecting crops from pests and diseases, leading to im-
proved productivity. However, the misuse of pesticides
may lead to residues in produce, potentially compromis-
ing food safety [49]. In addition, the use of banned pesti-
cides continues to be a problem in low-income
countries. Due to financial constraints and lack of policy
and enforcement, less favorable (older, more toxic and
environmentally persistent) pesticides are being used in
these countries [50].
Chronic low-level pesticide exposures, such as through

diet, are harmful to human health and have been associ-
ated with depression and neurodegenerative disease in
adults [51, 52]. Furthermore, exposure during gestation
and the early postnatal period has been associated with a
lower birth weight, decreased gestational age, and
neuro-developmental toxicity that can lead to motor-
and neurocognitive developmental delays in children
[53, 54]. In addition, the presence of pesticide residues
in plants and the environment has been linked to the
emergence of antimicrobial resistant organisms [15]. Re-
cently, the use of triazole fungicides in certain horticul-
tural systems in Europe has been linked to the
emergence of azole-resistant environmental isolates of
Aspergillus fumigatus and subsequent fatal human asper-
gillosis cases [55]. Especially in the case of Suriname, the

Fig. 3 Manual application of pesticides (center) with potential
exposure of workers during manual crop maintenance operations in
Southeast Asia (Source: S. Miller)
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greenest country in the world with biodiverse and
unique flora and fauna, it is important to consider the
possible negative consequences of pesticides on wildlife,
such as loss of species and declines in diversity [56–58].
Appropriate use of pesticides is important for safe-

guarding food security, food safety, and health equity.
While pesticide use is highly regulated in high income
countries, there is an urgent need in LMICs to formulate
policies on pesticide residues in plants and the environ-
ment, such as monitoring and reporting levels of pesti-
cide residues. In Suriname, the development and
implementation of national pesticide policies are limited,
and the country does not monitor pesticide residues in
crops. Although there is currently no policy on the
emergence and spread of resistance in plant pathogens
associated with pesticides, guidance exists for developing
comprehensive action plans to address these potential
threats.
Training farmers to use pesticides correctly and

screening pesticide residues in crops are pivotal to redu-
cing human risk of pesticide exposure. In addition, ap-
proaches to reduce the use of pesticides should be
implemented. A well-known strategy is Integrated Pest
Management (IPM), which prioritizes the use and inte-
gration of multiple cultural, biological, and host resist-
ance strategies, while reducing pesticide use, to manage
pests and diseases of plants and animals [59]. IPM is
geared toward improving economic benefits of produc-
tion systems and reducing human health risks and ad-
verse environmental effects of pesticide use. Ultimately,
implementation of IPM, development and enforcement
of international recommendations and national policies,
and equipping of farmers with the knowledge and means
to use pesticides appropriately will minimize pesticide
residues in food and the environment and enable eco-
nomically sustainable food production while reducing
adverse health effects in people.

Conclusions
Threats to plant health pose challenges to population
health, productivity, and prosperity across the globe.
Efforts to protect plants from emerging and endemic
pathogens and pests help to not only increase food
security and safety to ensure healthy lives, but also to
alleviate poverty, promote equity, confront the impact
of climate change, protect the environment, boost
economic development, and strengthen global part-
nerships. Establishing a much closer partnership
among advocates for One Health, including experts in
sustainable agriculture, and public health practitioners
will lead to promoting a safe, sustainable, and nutri-
tious diet for families worldwide.
The case studies presented above demonstrate how

management practices aimed at reducing crop losses

and ensuring food safety would benefit from employ-
ment of a One Health approach. Outbreaks of emerging
pathogens can be mitigated by mobilizing experts and
resources from all arms of One Health to elevate inte-
grated research and development in human, animal, and
plant health. For example, protecting bananas from the
harmful effects of banana Xanthomonas wilt and allevi-
ating the shortage of food caused by the disease involves
a framework that highlights the interaction and inter-
dependence of physical and socio-cultural factors across
all levels of a health problem [60]. This involves effective
integrated training on individual and organizational
levels; collaboration with plant, environmental, and ani-
mal health specialists on the interpersonal level; and im-
plementation of feasible policies on the community and
society levels. Similar approaches can be utilized in en-
suring food safety, as evidenced in the cases of aflatoxi-
cosis, E. coli, and pesticide use. The 2004 case of
aflatoxicosis in Kenya resulted in an intervention on the
societal and policy levels with positive effects observed
by individuals, communities and organizations. Suri-
name’s case of pesticide use and safety concerns exhibits
a need for societal policy interventions that lead to posi-
tive cascading effects on the economy and other parts of
society.
The relationship between plant health and human

health is especially important in public health and illus-
trates a need for research specifically focused on the dir-
ect and indirect effects of compromised plant health to
human populations. Research and development that al-
lows for inclusion of multiple potential causes for public
health concern, including plant diseases and pests that
endanger human and animal health and wellbeing, is
vital for holistically preventing and mitigating the effects
of public health threats. To successfully and effectively
protect plant health and address food security, there will
need to be a stronger regulatory framework, effective
surveillance and monitoring systems, feasible disease
management practices, and effective training of food
production professionals in protecting plant, animal, en-
vironmental, and human health. Our case studies also
point to the importance of interagency coordination in
facilitating rapid responses to public health emergencies,
benefits of technological advances that facilitate data
sharing, and the value of the One Health approach in
ensuring food safety and food security for the global
population.
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