
One Health 13 (2021) 100246

Available online 8 April 2021
2352-7714/© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

CAFOs, novel influenza, and the need for One Health approaches 

Thomas C. Moore *, Joseph Fong, Ayeisha M. Rosa Hernández, Kristen Pogreba-Brown 
The University of Arizona, Mel and Enid Zuckerman College of Public Health, Department of Epidemiology and Biostatistics, USA   

A R T I C L E  I N F O   

Keywords: 
Influenza 
CAFO 
Swine 
Poultry 
One Health 

A B S T R A C T   

Concentrated animal feeding operations (CAFOs) present highly efficient means of meeting food demands. 
CAFOs create unique conditions that can affect the health and environment of animals and humans within and 
outside operations, leading to potential epidemiological concerns that scale with operational size. One such 
arena meriting further investigation is their possible contribution to novel influenzas. CAFOs present opportu-
nities for cross-species transmission of influenza as demonstrated by reports of swine flu and avian influenza 
outbreaks. Conditions and pathways leading to novel influenza strains are complex and require varied prevention 
and intervention approaches. Current challenges for prevention of respiratory viruses entering or leaving swine 
and poultry CAFOs are multifaceted and include adherence of personal safety measures, lack of training and 
safety provisions for personnel, and incomplete standardized federal, state, and/or county regulation and 
enforcement coverage across agricultural systems. This report acknowledges that any proposed CAFO-associated 
influenza intervention should be cross-organizational, and no single intervention should be expected to provide 
full resolution. Proposed interventions affect multiple components of the One Health triad, and include seasonal 
human influenza immunization, PPE regulation and adherence, alternative waste management, general bio-
security standardization and an industry best practices incentive program. Due to the complexity of this problem, 
multiple anticipated communication, enforcement, and logistical challenges may hinder the full implementation 
of proposed solutions. General and operation-specific (swine and poultry) biosecurity practices may mitigate 
some of the risks associated with influenza virus reassortment across species. Education and advocacy can help 
protect workers, communities, veterinarians and consumers from CAFO-associated influenza virus. To achieve 
this, there must be more complete communication between CAFOs, governing agencies, health services, animal 
services, researchers, and consumers to better explore the potential health outcomes associated with CAFOs.   

1. Introduction 

Increasing demands for animal-based protein necessitate innovative 
production and supply methods. Concentrated animal feeding opera-
tions (CAFOs) have proved efficient means of meeting demands, with 
the United States heavily reliant on CAFOs for cattle, poultry, pork, milk, 
and egg production. An estimated 99.9% of U.S. poultry and livestock 
are CAFO-raised [1]. Under current USDA regulations, CAFOs are 
defined as animal feeding operations contributing some form of 
discharge to natural or man-made waterways, regardless of size; or 
housing at least 1000 animal units. Increasing CAFO sizes create unique 
conditions that can affect the health of animals, humans and the envi-
ronment within and outside operations [2]. Further research in CAFOs is 
necessary to better understand the impacts and interactions with 
human, animal and environmental health. 

1.1. Novel influenza viruses in CAFOs 

Novel influenzas pose a significant threat to human populations; 
three pandemics in the 20th century were caused by influenza [3]. 
Wildlife reservoirs may introduce influenza into CAFO populations [4]. 
As influenza spreads throughout the CAFO, risk of antigenic shift 
(described below) increases, increasing the risk of further transmission 
to new species, including humans. In 2009 at a Mexican village, La 
Gloria, the world witnessed emergence of a new pandemic influenza, 
H1N1. Cases spread outside the village; by June 11, 2009, the WHO 
classified H1N1 a pandemic [5]. Significant risk has been seen in other 
animals as well. In 2014, an outbreak of highly pathogenic avian 
influenza (HPAI) is believed to have originated from contact between 
wild migratory birds and backyard flocks, traveling to larger commercial 
poultry farms [6]. While no transmission to humans is known to have 
occurred, thousands of animals were culled, resulting in huge financial 

* Corresponding author. 
E-mail address: tcmoore07@gmail.com (T.C. Moore).  

Contents lists available at ScienceDirect 

One Health 

journal homepage: www.elsevier.com/locate/onehlt 

https://doi.org/10.1016/j.onehlt.2021.100246 
Received 20 November 2020; Received in revised form 2 April 2021; Accepted 4 April 2021   

mailto:tcmoore07@gmail.com
www.sciencedirect.com/science/journal/23527714
https://www.elsevier.com/locate/onehlt
https://doi.org/10.1016/j.onehlt.2021.100246
https://doi.org/10.1016/j.onehlt.2021.100246
https://doi.org/10.1016/j.onehlt.2021.100246
http://crossmark.crossref.org/dialog/?doi=10.1016/j.onehlt.2021.100246&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


One Health 13 (2021) 100246

2

losses to the poultry industry. 
Novel zoonotic influenza strains may be introduced to human pop-

ulations through close interactions between animals, CAFO employees, 
and their communities [7]. Workers can also transmit human adapted 
influenza strains to animals [4]. Subtle respiratory symptoms of influ-
enza A in swine may be undetected and allow higher probability of 
animal-animal or animal-human transmissions [8,9]. 

A core component of novel influenzas is their ability to “jump” from 
one species to another, following genetic change by background muta-
tion or reassortment (usually referred to as genetic drift and shift). 
Influenza A surface proteins Hemagglutinin (HA) and neuraminidase 
(NA) are common sites for antibody binding; small changes in these 
regions may substantially alter the host range or immune response to the 
individual strain [10]. This phenomenon is the primary reason vaccines 
must be reassessed and distributed annually [10–12]. Coinfection of a 
host with multiple virus strains may result in new viruses with surface 
proteins from both viruses, allowing for cross-species transmission op-
portunities, as seen in reports of bird-pig-human swine flu transmission 
[13,14]. 

Emergence of novel influenza strains in humans are possible through 
either of two events: 1) spillover of swine and/or avian influenza strains 
entering human populations or 2) mixing of human, swine and avian 
influenza strains within a host [15]. During mixing events, human 
influenza strains may spillover into swine populations, which subse-
quently act as mixing vessels for influenza viral segments [16,17]. Swine 
may be an ideal mixing vessel, because they can be infected by both 
avian and human influenzas [18]. Reassortment may allow influenzas to 
evade vaccines, as seen in swine H3N2 transmission to turkeys vacci-
nated to H1N1 [19]; farmers believed their birds were safe, but birds 
were still infected by a novel influenza strain. In other cases, animal 
influenza mutation outpaces the vaccines used against them. Some 
zoonotic influenzas are so diverse and mutable that vaccinations have 
low efficacy in preventing transmission and infection among swine [20]. 
Wildlife may not require direct interaction with livestock for cross- 
species transmission to occur. Avian influenza shed through feces may 
contaminate animal food and water sources and infect animals [21]. 
Though methods and practices may be in place to limit exposure of 
CAFO animals with local wildlife, proximity and interactions between 
avian and swine CAFOs may promote novel influenza emergence [22]. 
Influenza strains may circulate in farm and feral populations for long 
time periods prior to detection [23]. Strains related to the 2009 H1N1 
pandemic were found to have been present in local CAFO populations 
for up to a decade before transmission to humans [24]. 

1.2. Occupational and welfare challenges in CAFOs 

CAFOs may be reluctant to share operation procedures [25]. How-
ever, this can be justifiable: under the current system, farmers are 
economically disincentivized to share detailed production information 
such as feed composition, vaccination schedules, and biosecurity mea-
sures not directly required by law, as these are considered trade secrets. 
Support for novel influenza surveillance is limited as well. To our 
knowledge, few programs actively support or collect in-depth data on 
the epidemiology of influenza in animal populations. Additionally, there 
can and have been massive financial and economic costs for organiza-
tions that are tied to a novel influenza. The 2009 H1N1 pandemic 
resulted in an estimated $1.3 billion in lost sales [26]. The 2014 HPAI 
outbreak saw even greater losses to the poultry industry, with an esti-
mated $3.3 billion in costs associated with culling, lost production, and 
disinfection [6]. This may have been a result of poor reporting, fear-
mongering, poor public health communication, or many other reasons 
[25]. Lack of financial incentives and harsh market backlash may create 
unfavorable environments for CAFO-specific disease surveillance. 

Occupational exposures present significant opportunities for addi-
tional intervention. There can be significant gaps in protocol that 
overlook employees and present opportunities for animal-human 

transmission in employees and communities in which they reside 
[27,28]. Multi-level infection prevention plans may have gaps in any 
layer of the prevention plan. For example, PPE may be provided to a 
visitor, however if PPE is not sterilized, visitors may still be exposed. 
Potential routes of transmission via fomites have been described in re-
ports from the 2014 HPAI outbreak [6]. Lastly, vaccination plans, while 
effective [29], have yet to see standardized rollout and incentivization to 
support regular vaccination of workers. 

Workers may be more vulnerable and victims of systemic issues. In 
2018, the Bureau of Labor Statistics reported that the median annual 
wage for farmworkers working with animals was $26,560, well below 
the all-occupation median wage of $38,640 [30]. Generally, employees 
tend to be lower-income, minority populations [31]. These operations 
present a multitude of psychologically and physically stressful jobs for 
the entire community [32]. Psychological and physical stresses related 
to low socioeconomic status and demanding jobs can subsequently 
create vulnerabilities to infections and disease [33], though to our 
knowledge no studies have focused on stress-related influenza in CAFO 
workers and their communities. 

Current regulations target human and environmental factors, but 
animal welfare has been comparatively neglected. Even though states 
have animal welfare protections, they are variable and non-standardized 
[34]. Further, animal welfare laws designed to protect animals from 
abuse often fail protection against neglect [35]. Aside from moral im-
plications surrounding animal neglect and mistreatment, physiological 
outcomes manifest from these stressful environments. Like humans, 
animals experiencing chronic stress become vulnerable to infection and 
illness [36]. 

The problems surrounding CAFOs, summarized in Fig. 1, are multi-
faceted and complex. The closed-door nature of CAFOs creates signifi-
cant barriers to approaching the above issues from a One Health 
perspective. There are also not enough incentives and regulations to 
encourage CAFOs to be more transparent about practices and protocols 
surrounding influenza outbreaks. Surveillance can provide a better 
picture of the conditions surrounding a potential outbreak, but sur-
veillance alone cannot prevent future pandemics. This review aims to 
identify current practices in place, assess their strengths and limitations, 
and offer potential solutions and recommendations. We hope that the 
implementation of One Health perspectives opens new avenues for in-
terventions to explore new stakeholders while strengthening existing 
relationships. 

2. Current practices 

2.1. Regulations 

Currently, regulations for CAFOs are generally decentralized. These 
facilities have various practices that impact the environment, workers, 

Fig. 1. Pyramid diagram of current challenges of preventing respiratory viruses 
from entering or emerging from swine and poultry CAFOs. 
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consumers, and nearby communities in different ways. Therefore, rules 
are imposed by relevant agencies for each of these areas. Many major 
federal regulations for CAFOs come from the Environmental Protection 
Agency (EPA) through the Clean Water Act of 2008 (CWA) under the 
CAFO rule [37]. The purpose of the act is to establish regulations for 
pollutant discharge in water systems in the U.S. and ensure quality 
standards in surface waters [38]. Animal feeding operations (AFOs) 
were first included in the CWA in 1972 when they were recognized as 
point-sources for pollution [39]. Any AFO that discharges wastewater or 
manure into a natural or human-made ditch, regardless of its size, is 
considered a CAFO by the EPA [31]. CAFOs must possess appropriate 
permits required by the National Pollutant Discharge Elimination Sys-
tems (NPDES), and meet effluent limitations and standards limiting 
waste discharge into water systems and requiring adherence to best 
management practices [39]. 

2.2. Compliance 

There are several ways the EPA and state authorities (where allowed 
by the EPA) can inspect CAFOs to monitor compliance. They may check 
AFOs to determine if they are making unauthorized discharges, which 
would make the facility a CAFO [39], requiring appropriate permits. 
Both AFO and CAFO inspections can result from reports or complaints 
from the community, random selection, or the states’ targeting system 
[39]. However, the USDA and EPA rely on self-audit of CAFOs, which 
may lead to several hazards if CAFOs are not in compliance [37,39]. 
Additionally, AFOs that do not fall under the CWA might have increased 
oversight. State authorities vary in broadness or strictness of rules that 
go beyond federal requirements. Other federal regulations, like the 
Clean Air Act (CAA), have driven states to regulate other activities in the 
agriculture industry that may harm human health. However, these 
regulations are indirectly applied to CAFOs; the CAA only has an Air 
Quality Conservation Reference Guide for poultry and livestock opera-
tions [40]. No centralized air quality rules have been created for feed-
lots. Therefore, it would seem there needs to be further examination of 
potential regulations to protect human or animal health from respiratory 
illnesses, such as influenza. 

There are several challenges as a result of limited regulation. Air 
pollutants or aerosolization of pathogens are not accounted for in the 
CWA, the CAA only has guidelines, and no other federal laws are in place 
to prevent these potential health hazards. Aside from citizen complaint 

reports, community stakeholders are not engaged in policy and decision- 
making regarding nearby CAFOs. Historically, the most common 
resource for affected stakeholders has been legal action. This process 
does not remain feasible due to right-to-farm laws, which protect 
farmers from unreasonable regulations before CAFOs were common. 
This dynamic complicates intervention by public health workers. 
Currently, the best approach is mediation through local boards of health 
to resolve the conflicts between affected communities and non- 
complying CAFOs [41]. 

2.3. Biosecurity 

The USDA has numerous recommendations for animal management 
that vary for each type of industry. Generally, the ultimate goals of these 
recommendations are to ensure animal welfare and product quality. 
However, there are also general biosecurity measures that are universal 
across all CAFOs, such as the use of personal protective equipment 
(PPE), and vaccination programs for both employees and animals, as 
illustrated in Fig. 2 [42,43]. A study of swine farms evaluated by Min-
nesota veterinarians found that only 9.7% of employees had with cer-
tainty been vaccinated against seasonal influenza, and only 7.9% of 
growing pigs were vaccinated [29]. The industry relies upon the 
implementation of these company-specific biosecurity measures to 
prevent the spread of pathogens within their operations, or to other 
settings, which could be ineffective if there is no compliance [28]. The 
same Minnesota study found that workers in the swine CAFOs reported 
specialized footwear as the most commonly used PPE and were less 
likely to use other PPE like masks and gloves [29]. Additionally, washing 
hands before and after handling animals was not widely encouraged 
across swine farms [29]. Neglecting to implement and enforce bio-
security measures could reflect on a significant scale in outbreaks and 
epizootics, having major detrimental health and economic effects. 

3. Proposed interventions 

Though this review has outlined existing and potential influenza- 
related health risks associated with CAFOs, it is important to acknowl-
edge that these agricultural operations fulfill a significant role in food 
production globally [44]. It also should be strongly noted that this report 
recognizes the uniqueness of every agricultural system and that some 
organizations may already be utilizing heightened biosecurity and 

Fig. 2. Structural and operational levels of general biosecurity measures that can be observed across all CAFOs.  
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occupational health procedures. Any proposed CAFO-associated influ-
enza intervention should follow a cross-organizational One Health 
model, managed by organizations stretched across human, animal, and 
environmental health with no single intervention expected to provide 
full resolution. Instead, CAFO-associated influenza prevention should be 
considered multifaceted, requiring a layered approach of multiple in-
terventions [45,46]. The following proposed interventions affect mul-
tiple components of the One Health triad, such as seasonal human 
influenza immunization (human/animal), regulation and adherence of 
respiratory PPE (human/animal), alternative waste management 
(human/animal/environment), biosecurity standardization (human/ 
animal/environment), and an industry best practices incentive program 
that address emerging pathogens, including novel influenza from 
poultry and swine in CAFO settings (human/animal/environment) as 
illustrated in Fig. 3. 

3.1. Seasonal human immunization 

There is currently no mandate for agricultural systems to recommend 
seasonal influenza vaccination among employees. Though seasonal 
influenza vaccines are not specific to influenza strains currently circu-
lating among swine and poultry populations, mathematical simulations 
have shown that vaccine uptake as low as 50% in CAFO employees can 
mitigate or prevent amplification of a novel influenza within an opera-
tion between humans and swine and decrease the number of human 
influenza cases among employees [29]. An additional study showed 
seasonal influenza vaccination provided moderate cross-protection 
against pandemic influenza circulating between 2007 and 2010 [45], 
potentially reducing severity of novel influenza infecting CAFO em-
ployees. System-wide influenza vaccination implementation across 
agricultural organizations may also reduce the percentage of lost 
workdays among employees [47], making such a policy economical in 
addition to protecting workers and livestock. Agricultural systems may 
provide incentive programs for employees who receive vaccination 
annually or provide on-site vaccination clinics to increase uptake [48] as 

seen in healthcare systems for employees [49]. 

3.2. Regulation and adherence of respiratory PPE 

While many reports have illustrated proper PPE use, the need for 
systemic regulation and compliance of PPE should also be considered 
and highlighted here. There are no current Occupational Safety and 
Health Administration (OSHA) standards specific for avian or swine 
influenza in agriculture workers. This can leave the interpretation of 
these threats subject to the discretion of CAFOs health risk assessments 
[50]. The National Pork Board has instructed swine producers and 
veterinarians to use N-95 respirators for people who have already 
developed influenza illness and are necessary for operation function 
[51]. In a survey conducted among immigrant swine workers from a 
CAFO in Missouri, 92.5% of employees indicated the agricultural system 
provided respirators as part of their PPE. However, only 30.4–42.9% of 
employees indicated they use respirators all the time while working 
[52]. Another survey for PPE use was administered to veterinarians and 
pork producers across Minnesota and only 2.9% of swine farms reported 
they always use respiratory PPE [29]. There is a wide disconnect be-
tween federal and organizational regulations and personal adherence to 
respiratory PPE policies with little guidance provided by the U.S. federal 
government regarding respiratory illnesses, particularly influenza, for 
the agricultural industry. There is also an uneven implementation of 
respiratory PPE policies across CAFOs. However, even when such pol-
icies are in place, there are adherence concerns for PPE use among 
employees. This is a systematic challenge that needs rectification to 
prevent future zoonotic influenza transmission and may be achieved 
through new policy implementation and education among organizations 
and their employees. Government agencies may create standardized PPE 
regulations across agricultural systems with instructions pertaining PPE 
apparel, how to don and doff required PPE, and when to wear required 
PPE for protection from swine and avian influenza. Enforcement of such 
policies would require annual or semi-annual audits determining 
compliance. Federal and state agencies may also utilize a multi-level 

Fig. 3. Diagram of the One Health triad with illustration of where proposed interventions may impact intersections between human, animal, and/or environ-
mental health. 
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award system for successful PPE policy compliance among agricultural 
systems. At the organization-level, compliance award programs, health 
education and PPE training may take place at time of hiring with annual 
or semi-annual follow-up training by trained health education providers 
from local public health authorities. 

3.3. Wastewater management 

CAFO manure lagoon systems may potentially be environments 
conducive to influenza virus reassortment and other pathogen survival 
and transmission. These waste systems are typically located outside of 
the facility, exposed to the environment and wildlife [28]. Fecal matter 
and wastewater traveling from the CAFO facility to manure lagoons can 
contain influenza virus shed from infected animal hosts. The primary 
route of influenza transmission among mammalian species is airborne 
infection via influenza virus aerosolization [53], however spread be-
tween avian species [54] and spillover to swine species can be facilitated 
by fecal-oral route [55]. Migratory waterfowl or feral swine exposed to 
manure lagoons may be susceptible to influenza infection through 
influenza virus contaminated open waste systems [20,54,56–59]. 
Though the lagoon may not directly put human populations at risk of 
influenza, infected wildlife from contaminated lagoons may spread 
infection to nearby human and animal communities. 

There are alternative waste storage and management techniques 
available, different from traditional manure lagoons. For example, in 
2019, Holzem and Katers evaluated the effectiveness and financial 
plausibility of an alternative waste management system for dairy CAFOs 
in Wisconsin [60]. The fecal matter and wastewater from the CAFO fa-
cilities were pumped into an anaerobic digester system, producing 
biogas. The biogas product would flow to a generator, creating elec-
tricity that can be sold to local utilities. The remaining waste is sepa-
rated, with the solid fraction entering a drying system and the liquid 
fraction entering a two-stage lagoon. The solid fraction of the waste can 
be stored and used for agriculture crop bedding. The two-stage lagoon 
separates the liquid waste, creating partitions between nitro-
gen‑phosphorus nutrient concentrations. The waste liquids are used for 
land nutrient management. Though this system demands initial sub-
stantial financial costs, this alternative would provide a financial pay 
back in less than 20 years [60]. Similar alternative waste management 
systems have been adapted for swine manure produced from CAFOs 
[61]. Replacement of traditional CAFO manure lagoons with advanced 
alternatives would provide a source of energy, nutrient adjusted fertil-
izer and prevent the potential exposure of influenza virus to wildlife. 

3.4. General biosecurity protocol standardization 

The goals of CAFO biosecurity are to address all aspects of infectious 
agents on the premises. This includes minimizing the impact of endemic 
pathogens and reducing the emergence of novel pathogens among 
livestock through policies regarding location of animals, facilities and 
flow of operations, human access, waste management, and sick animal 
procedures. There are currently a wide range of self-assessment check-
lists from multiple government agencies, academic institutions and 
swine/poultry advocate groups [62–64]. Most self-assessment surveys 
and guidelines have many overlapping practices, but there is no clear 
indication which set of guidelines is the gold standard. Inconsistency in 
biosecurity practices among agricultural systems calls for a universal 
governing body within the U.S. to manage and support standardization 
of biosecurity policies. Such biosecurity policies would necessitate 
consideration of species, production size and type of production system 
(e.g., closed air, open air, backyard etc.). Regulations need balance be-
tween clarity without ambiguous interpretation and yet adaptive such 
that the regulations are realistic and specific to varying production 
systems. Efforts toward building trust would need to be made between 
all governing bodies, poultry/pork producers, and the scientific com-
munity to achieve harmonious implementation of any proposed 

intervention for this complexity, therefore this report proposes that the 
universal governing body be formulated as a council with members 
stretched across government, industry and the scientific community. 

3.5. Industry best practices incentive program 

Presently, there are multiple incentive-assistance programs in place 
for agricultural producers to combat climate change and increase envi-
ronmental sustainability [65]. Furthermore, there are best practices 
programs to address emerging pathogens and antimicrobial resistance in 
livestock, such as the USDA Process Verified Program One Health 
Certified [66]. However, neither of these holistic efforts address novel 
influenza. There may already be partnerships that exist between public 
health and food industry producers, but there are no publicly docu-
mented existing incentive-assistance programs that address the emer-
gence of novel influenza viruses in U.S. agriculture. This review has 
identified the need for incentive or assistance programs that encourage 
complete collaboration between pork and poultry food producers and 
public health efforts, with holistic efforts to prevent all potential infec-
tious diseases including novel influenza virus emergence. This report 
proposes a two-fold voluntary incentive and assistance program, 
designed to guide, encourage and provide assistance to CAFOs in plan-
ning and implementing best One Health practices in preventing devel-
opment and spread of novel influenza. This incentive and assistance 
program aims to increase community and industry participation in One 
Health efforts and incentivize collaboration between CAFOs and gov-
ernment agencies. Funding of this program would optimistically be the 
result of joint efforts between federal departments or agencies whose 
missions are preserving human, animal or environmental health and 
safety. 

The first objective of the proposed program would focus on estab-
lishing best practice procedures for CAFOs and include providing 
guidance and encouraging CAFOs to be stronger stewards of animal, 
human and environmental health as it pertains to operation function. 
This report recommends a consortium of government agencies (county, 
state, and federal), academic institutions, swine/poultry advocacy 
groups, veterinarians, and pork/poultry producers to collaborate and 
create a unified best practices “checklist.” The principle aims of the 
consortium would be organizing sets of guidelines through prioritization 
of necessities, recommendations and suggestions to secure the health 
and welfare of animals, humans, and the environment and reducing the 
risk of novel influenza from entering into or emerging from CAFOs. 

The second objective of the proposed program would provide 
financial assistance to CAFOs for planning and implementing in-
terventions that strengthen One Health infrastructure and achieve the 
proposed One Health best practices. The program would be available to 
all eligible CAFOs in the U.S. Eligibility for financial assistance requires 
the CAFO show willingness to achieve One Health best practices through 
establishing partnerships with local and/or state health, agricultural, 
and environmental authorities. Such partnerships would provide CAFOs 
with technical assistance and planning for human health safety pro-
tocols, animal welfare, and environmental health safety. 

4. Potential challenges 

Due to the complexity of this problem, there are anticipated chal-
lenges that may prevent implementation of the proposed solutions. 
Obstacles may include difficulty navigating government legislation, 
from lobbying forces and political agendas. Establishing a regulatory 
standard would require the coordination of federal, state and local ju-
risdictions. Governing bodies, including government agencies (county, 
state, and federal) and swine/poultry advocate groups, currently remain 
siloed, creating communication, enforcement, and logistical issues. 
Many missing organization-government partnerships may be described 
by overall lack of One Health perspectives in legislative and regulatory 
bodies. CAFOs influence humans, animals, and the environment, 

T.C. Moore et al.                                                                                                                                                                                                                                



One Health 13 (2021) 100246

6

necessitating interdisciplinary multi-organizational collaborations that 
may be difficult to form. Furthermore, qualified human resources may 
be difficult to engage. As of 2019, direct on-farm employment only 
accounted for 1.3% of U.S. employment [67]. Policy makers, regulators 
and compliance inspectors may not have necessary training or intricate 
knowledge of food animal production to develop and implement pro-
posed solutions. It is unclear what expectations are for control and 
prevention of such a complex issue as novel influenza viruses emerging 
in CAFOs. Therefore, more research is needed to explore the ecology of 
novel influenza pathways and their involvement with CAFOs. It is un-
derstood that proposed intervention costs may be substantial for all 
stakeholders, including governing bodies, producers, and consumers. 
Aging swine/poultry production equipment and facilities may be too 
expensive to retrofit for producers at any level. Agricultural system costs 
may trickle down to consumers, increasing the cost for poultry and pork. 
Finally, transparency between agricultural systems, governing bodies, 
and the general public may be a challenge leading to limited commu-
nication or miscommunication pertaining to the emergence of novel 
influenza. 

5. Conclusion 

One Health approaches to identify and implement interventions are 
necessary to address the complexities and challenges posed by CAFOs, 
including the potential emergence of novel influenza viruses. There is 
great need for collaboration between veterinary medicine, diagnostic 
services, and epidemiology. Furthermore, general and operation- 
specific (swine and poultry) biosecurity practices may mitigate some 
of the risks associated with influenza virus reassortment across species. 
Education and advocacy can help protect workers, communities, and 
consumers from CAFO associated influenza virus. We must move toward 
greater transparency and open communication between CAFOs, gov-
erning agencies, health services, animal services, researchers, and 
consumers. 
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