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Abstract 

 

 Flea markets, trade days, and social media groups are used by backyard farmers 

to buy and sell poultry and provide a means of connection between members of these 

communities. Poultry are common reservoirs of zoonotic diseases; proper biosecurity 

practices are critical in preventing outbreaks of infectious disease among flocks and in 

humans. However, biosecurity regulations in these informal marketplaces range from 

marginal to nonexistent, and thus an exploration of current knowledge, biosecurity 

practices, and perceptions on regulation can be useful in developing policy and 

interventions to ensure good biosecurity and thereby protect animal and public health. 

This dissertation represents an exploration of the perceptions of regulation 

among producers and backyard poultry farmers, as well as a survey of current infectious 

disease and biosecurity knowledge and practices as they relate to selling poultry at 

informal markets. Formative qualitative research with 31 members of the agricultural 

provides insight into perceptions on regulation and the role of government in protecting 

human and animal health, demonstrating perceived sense of overregulation, distrust for 

the motives of policymakers, and a desire to be included in decision making.   

 These findings were extended through two studies that assessed the 

knowledge, attitudes, practices, and risk perceptions of poultry sellers at informal 

marketplaces. We conducted surveys (n=31) and supplemental interviews (n=5) with 

poultry sellers at flea markets in Texas, and then adapted the survey to backyard flock 

owners on social media poultry groups (n=83). In both groups, knowledge of infectious 
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disease was moderate, attitudes were positive toward biosecurity and were negative 

toward government; risk perceptions for infectious diseases were low; and biosecurity 

behaviors were moderately good, except for key practices such as vaccination and 

reporting notifiable diseases.  

This research represents a foundational step towards improved biosecurity in 

informal poultry marketplaces; the findings suggest that interventions might be more 

successful through 1) a combination of education, risk communication, and mentoring 

programs to address knowledge gaps in infectious disease and biosecurity, and 2) an 

appreciation of the lived experience of poultry vendors. In these ways, informal 

marketplaces can become safer venues for poultry sales that prioritize and protect 

animal and human health.  
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1.1 Introduction 

1.1.1 Informal Poultry Markets  

Informal marketplaces such as flea markets, trade days, and swap meets are 

valuable components of rural life in the United States; they are often social events 

where people come together to trade, sell, or barter for a wide variety of goods and 

thus have both economic and cultural importance to their communities. In addition to 

items like clothing, crafts, and antiques, some of these markets regularly sell live 

animals such as poultry, swine, rabbits, reptiles, cats, and dogs, and many vendors rely 

on flea market sales as their only source of income (Friedland, 2016). Live bird sales, 

defined by the Animal and Plant Health Inspection Service ([APHIS], 2020) of the United 

States Department of Agriculture (USDA) as “a place to purchase, sell, or barter live 

poultry or their eggs” include but are not limited to flea markets, swap meets, and 

auctions where poultry are sold. More recently, backyard farmers and small poultry 

producers have utilized social media groups and marketplaces as a convenient and low-

cost mechanism to buy, sell, and trade poultry and poultry products.  

1.1.2 Infectious Disease Risks in Informal Markets 

Despite the value of informal markets to vendors and community members, 

these markets can pose risks for zoonotic disease exposure to humans and animals alike 

if inadequate biosecurity practices permit the spread of pathogens through sale of 

infected poultry from one owner to another. 

Flea markets have not historically received attention in the press as centers of 

disease transmission, but spillover events and infectious disease outbreaks at flea 

markets and other public events where livestock are present are a past and present 



3 
 

possibility: as examples: an outbreak of Exotic Newcastle Disease in California in 2002 

was traced to backyard poultry sold at a flea market (American Veterinary Medical 

Association [AVMA], 2002), an outbreak of Monkeypox was caused by a sick prairie dog 

sold at a swap meet in 2003 in the midwestern United States (Centers for Disease 

Prevention and Control [CDC], 2003), a multistate Salmonella outbreak in 2015 was 

linked to the sale of small turtles at flea markets and street vendors (CDC, 2016), and a 

major swine flu outbreak in 2012 was linked to agricultural fairs in Ohio (Bowman et al., 

2014).  

Informal markets serve an important role to connect backyard farmers to one 

another and are the main mechanisms for interaction between backyard farms and live 

bird markets (Pepin et al., 2014). In addition, up to 46% of poultry owners in the United 

States move birds off their properties annually, with several primary goals: to attend 

bird shows; to sell birds at swap meets, auctions or flea markets; to take birds to 

slaughter or live bird markets; or to move birds to/from other backyard flocks (Smith et 

al., 2012). However, data are sparse on the precise rates and location of these 

movements (Pepin et al., 2014).  This uncertainty regarding the volume and flow of 

animal movement therefore establishes the importance of maintaining biosecurity at 

each node in the poultry food chain. However, the very nature of informal animal 

markets poses a unique challenge for biosecurity programs: while poultry producers and 

commercial markets are subject to rigorous and consistent testing and biosecurity 

inspections, those at flea markets, swap meets, and social media groups are not subject 

to the same requirements. In fact, backyard farmers who only use social media as a 
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marketplace are not subject to any biosecurity regulations that may apply to those 

vendors who sell poultry at a public location such as a flea market. Figure 1 provides a 

general illustration of how different poultry market and vendor types are subject to 

various levels of biosecurity requirements,1 and demonstrates how informal markets 

pose a unique threat compared to commercial producers and live bird markets, which 

are highly regulated. 

Figure 1.1. Biosecurity Requirements by Market Type 

 

Studies have indicated that biosecurity practices in live bird markets in the 

United States should be improved, especially regarding bird transport and bird sourcing, 

which may be through multiple outlets (Bulaga et al., 2003; Garber et al., 2007).  Unlike 

grocery stores, livestock markets, and pet stores where animals and animal products are 

sold more commonly, informal animal markets are not subject to the same degree of 

 
1 These requirements are presented generally for illustrative purposes, as requirements vary state-to-
state. 
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regulation as their commercial counterparts: only five states have laws that regulate flea 

markets, as indicated by a law review conducted in 2016 (Friedland). In efforts to reduce 

disease risk of the interstate sale of poultry, nearly all U.S. states require poultry 

shipments entering the states to be designated pullorum-typhoid clean, thus requiring 

participation in the U.S. Pullorum-Typhoid Clean program of the National Poultry 

Improvement Plan (USDA, 2020); fifteen states require turkeys to be Mycoplasma 

gallisepticum (MG) clean (APHIS, 2020). However, the designation of clean flocks based 

on interstate regulation does not necessarily apply to smaller producers who only sell 

poultry within their state, often at flea markets or trade days, or online using social 

media groups. Virtual markets utilizing social media are not regulated at all; only 

individuals selling poultry at a public location are required to maintain testing and 

inspection requirements, and these specific requirements vary state-to-state (Texas 

Animal Health Commission [TAHC], 2023). 

1.1.3 Using Social Science to Drive Biosecurity Compliance  

In response to these potential health security risks, there have been some 

attempts to ban or strictly limit the sale of live animals at flea markets and swap meets 

in the United States, and while some local ordinances have banned swap meets 

altogether, many of these efforts have been met with resistance based on the social and 

economic importance of live animal trade, making such bans politically untenable 

(Friedland, 2016). This suggests the importance of a focus on individual compliance with 

regulations and education on required and voluntary activities that can improve 

biosecurity and reduce the risk of infectious disease spread or zoonotic spillover. 
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Indeed, many of the governmental efforts to prevent disease spread at informal 

markets are dependent on vendors’ compliance with biosecurity recommendations 

which are intended to prevent and mitigate the spread of pathogens. Such practices 

include handwashing, flock separation, use of personal protective equipment, and 

reporting signs of infection or sudden death to local animal health authorities. While 

cooperative extension and state animal health agencies and agencies frequently provide 

online resources to producers that aim to educate on infectious disease and encourage 

these biosecurity behaviors, research indicates that education is necessary but not 

sufficient for changing behavior (Arlinghaus & Johnston, 2017); therefore, efforts to 

improve biosecurity behaviors among poultry vendors in this setting could be more 

effective through a strategy that combines education with other solutions including risk 

communication and mentoring or champion programs.  

As we suggest here, improved compliance with biosecurity regulations can be 

achieved in part by obtaining a deeper understanding of the perceptions of regulations 

among backyard farmers and other key informants from the agricultural sector through 

social research methods focused on the sociocultural values of the target population; 

this information can provide a foundation on which future policy and regulations can be 

developed in ways that are more acceptable, feasible, and appropriate, and therefore 

more likely to encourage compliance. In order to better address these gaps, this 

dissertation derives insight from ongoing work on the Practical Ethics study, which is 

currently examining the impact and unintended consequences of AMR legislation 

among U.S. agricultural producers. Interviews conducted by Innes et al. (2021) include a 
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detailed accounts of the perceptions of U.S. producers, veterinarians, government, and 

industry representatives on specific AMR policy such as the veterinary feed directive 

(which restricts over the counter sales of antibiotics and forbids antibiotic use for 

disease prevention) and also of “regulation” as a general concept. The first chapter 

reports on a secondary data analysis of these interviews as a starting point to 

understand how people who work in the agriculture sector perceive regulations and the 

government in its role in protecting animal and human health.  

Figure 1.2. Conceptual Framework for Research Topics and Use of Findings 

 

As illustrated by the conceptual model in Figure 2, this research aims to build on 

previous work on the perceptions of regulation among key informants from the 

agriculture sector and augment that data with surveys of the current knowledge, 

attitudes, and practices of poultry vendors in informal marketplaces. We situate this 

inquiry in two contexts: first, in in-person informal animal markets in the state of Texas, 

which is home to over 40 flea markets and trade days where animals are sold, and 
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secondly, in online groups on social media that exist to facilitate selling and buying 

poultry among members in the United States. Together, this research will aid in the 

improvement of poultry vendor biosecurity behaviors by examining 1) the lived 

experience and specific context of producers and poultry vendors and 2) the specific 

gaps and needs pertaining to knowledge, behavior, and risk perception. These findings 

should then inform the implementation approach and specific topics addressed by 

regulatory efforts, education, and outreach, respectively.  

1.2 Research Goal and Specific Aims 

The overarching goal of this research is to reduce the infectious disease risk from 

informal animal markets in the United States (including sales made at flea markets and 

through social media) by better understanding the knowledge, attitudes, behaviors, and 

perceptions among vendors and producers as they pertain to infectious disease, 

biosecurity, and relevant regulations. Focusing on the psychosocial drivers of behavior 

and compliance can provide valuable insight to regulators as they develop and 

implement policies and programs to improve biosecurity practices among these often-

overlooked groups of small producers and hobbyists—specifically, policies and programs 

that reflect their social, economic, and cultural realities.  

1.2.1 Research Aim 1: Describe perceptions of regulation among producers, regulators, 

and veterinarians. 

 The purpose of this aim was to understand how key informants from the animal 

agricultural sector (producers, regulators, and veterinarians) perceive government 

regulations within an implementation science framework, looking specifically at the 

constructs of acceptability, appropriateness, feasibility, and fidelity. Framing the 
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research through the implementation science lens will enable policymakers to more 

easily identify the specific ways that regulations can be developed or implemented in 

ways that are more aligned with key informants’ experiences; in other words, describing 

key informants’ attitudes toward and perceptions of regulation via these topics can 

contribute to a better understanding of factors that drive non-compliance behaviors 

among producers, and can be used to develop and implement animal health regulations 

that are better suited to social, economic, and political contexts. Aim 1 Research 

Questions included: 

1. What are perceptions of regulation pertaining to implementation outcomes, 

such as acceptability, appropriateness, feasibility, and fidelity? 

2. What is the difference between perceptions of “regulation” more broadly, versus 

specific regulations? 

1.2.2 Research Aim 2: Characterize the knowledge, attitudes, practices, and risk 

perception related to infectious disease risk among poultry vendors at flea markets in 

Texas. 

The purpose of this aim was to measure the knowledge, attitudes, practices, and 

risk perceptions pertaining to infectious disease risk and biosecurity practices among 

small-scale poultry sellers who utilize informal in-person markets and to relate these to 

existing biosecurity regulations. This was achieved via Knowledge, Attitudes, and 

Perceptions (KAP) surveys, supplemented with in-depth interviews among vendors who 

sell live poultry at flea market/trade days in Texas.  

In addition to general questions about knowledge, attitudes, and practices, the 

surveys assessed awareness and perceptions of the ongoing avian influenza outbreak in 
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the United States. Multiple facets of risk perceptions among vendors in both settings 

was described, including both cognitive and affective aspects. In-depth interviews were 

conducted to further explore results from the surveys and describe individual 

experiences and recommendations regarding biosecurity regulations and infectious 

disease from the point of view of poultry vendors. Results of this Aim can serve as a 

baseline against which future policy and behavioral interventions can be evaluated. The 

research questions for Aim 2 were as follows: 

1. What are the current knowledge, attitudes, and practices associated with 

infectious disease risk in flea markets among live animal vendors? 

2. What are the cognitive aspects (likelihood, severity) and affective aspects 

(anticipatory emotions, anticipated emotions) of risk perception among 

vendors related to infectious disease? 

1.2.3 Research Aim 3: Characterize the knowledge, attitudes, practices, and risk 

perception related to infectious disease risk among poultry vendors utilizing social 

media sell and swap groups. 

The purpose of this aim was to measure the knowledge, attitudes, practices, and 

risk perceptions pertaining to infectious disease risk and biosecurity practices among 

small-scale poultry sellers who utilize sell and swap groups on social media, and to 

relate these to existing biosecurity regulations. This was achieved via Knowledge, 

Attitudes, and Perceptions (KAP) surveys. As in Aim 2, the results from the surveys were 

situated within the context of the current HPAI outbreak. Inferential analyses were also 

conducted to explore the relationship between knowledge and select demographic 

variables. For Aim 3, the research questions were: 



11 
 

1. What are the current knowledge, attitudes, and practices associated with 

infectious disease risk in among virtual vendors? 

2. What is the relationship between age and/or years of experience selling 

poultry with biosecurity knowledge? 

Taken together, the aims of this research were to facilitate the improvement of 

biosecurity practices in informal poultry markets through an exploration of the factors 

that drive the behavior of poultry vendors. This was accomplished by 1) assessing the 

current knowledge, attitudes, and behaviors pertaining to biosecurity and 2) 

understanding the specific experiences of poultry vendors in preventing infectious 

disease and conforming to biosecurity requirements. Additional knowledge to support 

the implementation of biosecurity programs was further informed by 3) exploring the 

general perceptions of animal health regulations among producers and regulators 

within and beyond small-scale poultry producers using informal markets. 

By documenting multiple perspectives and specific factors that affect the 

adherence to and implementation of biosecurity programs and practices in informal 

poultry markets, results from this research can be used to develop risk communication, 

educational and behavioral interventions, and improvements to current poultry 

biosecurity programs.  
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2.1 Abstract 

Regulations restricting the use of antimicrobials have been implemented at the 

federal and state-level over the past decade, but producer compliance with these 

regulations is required to protect health security and address antimicrobial resistance as 

these regulations intend. Policy compliance is linked to the perceptions and attitudes of 

those being regulated, and thus an exploration of producer perceptions of these and 

other agricultural regulations is needed. This study investigates the perceptions of both 

“regulation” as a general concept, and specific regulations pertaining to antimicrobial 

use (AMU) among a broad set of key informants from the animal agriculture sector in 

the United States. Thirty-one (31) qualitative interviews were conducted and analyzed 

using an Implementation Science framework to understand aspects of acceptability, 

appropriateness, feasibility, and fidelity of new and proposed regulations pertaining to 

AMU, as well as related to regulations more generally. Results of this study revealed 

that producers generally acknowledge the need for regulation of their industries to 

protect animal and public health but criticize a perceived state of overregulation that is 

time-consuming, expensive, and politically motivated. In order to ensure acceptability, 

feasibility, and ultimately, compliance with future agricultural policy, regulations should 

be developed consultatively, be based on sound science, include incentives that foster 

compliance, and be reflective of producers’ experiences.  

2.2 Introduction 

In the United States agricultural sector, producers who raise livestock are subject 

to a broad array of evolving local, state, and federal regulations. Many of these 

regulations are intended to protect animal health, ecosystems, and public health, but in 
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order to be effective, they must adequately address the problem they are intending to 

solve and are reliant on the compliance of producers. Indeed, non-compliance with 

agricultural production regulations contributes to poor outcomes for animal health, 

conservation, and public health; the rise of antimicrobial resistance is a familiar and 

grave example of how over-and misuse of antimicrobials has resulted in devastating 

public health and economic impacts (Martin, Thottathill, and Newman, 2015). While 

regulations around antimicrobial use are intended to stem AMR, there are specific 

challenges to implementation of these regulations that have implications for health 

security as it relates to disease emergence and spillover tied to AMR.  

Specifically, this research explores agricultural production policies from the 

perspective of the individual; indeed, the compliance of individual actors is seen as the 

“final frontier” of policy implementation (Weaver 2009). In order to address non-

compliance, regulators must understand the factors that contribute to these behaviors. 

Studies have shown that compliance with regulations can be impacted by a variety of 

social and behavioral factors, including social norms, perceived fit between regulations 

and context, perceptions on the legitimacy of the regulations, and the behaviors of 

others (Thomas, Milfont, and Gavin 2016; Winter, Soren, and Peter 2001). If a given 

policy is not perceived as effective, feasible, or appropriate, compliance will be low. 

Therefore, when developing, implementing, and enforcing regulations, policymakers 

should explore and consider how to engage and consult affected individuals when 

developing proposed guidelines, regulations, and laws are perceived by the target 

population so that they have greater chances for success. 
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Previous work by Innes et al. (2021), a portion of an ongoing body of work titled 

“Practical Ethics”, examines the impact of AMR legislation on terrestrial agricultural 

producers in the United States, and the data collection and methods for this work serves 

as the foundation on which this analysis is based. Specifically, the goal of this work is to 

understand how regulations are perceived among actors in the agricultural sector. 

These perceptions included those of regulation generally, as well as specific regulations 

(in this case, new or forthcoming policies concerning AMR use in food-producing 

animals). These include, at the federal level, the Veterinary Feed Directive (VFD 2015), 

which requires a prescription from a veterinarian for medicated feed, and at the state 

level, California S.B. 27 (2015) and Maryland S.B. 422 (2017), which further restricts use 

of antimicrobials in food producing animals for disease prevention. To frame these 

findings in such a way that they can be used to drive compliance and thus be most 

useful to policymakers and regulators, an Implementation Science framework was 

applied to the analysis, which acknowledges and emphasizes the role of implementation 

in the achievement of the intended outcomes of an intervention, or in the case of this 

research, a policy or regulation (Proctor et al. 2010). Under this framework, 

implementation outcomes serve as preconditions for the success of an intervention. 

This analysis was accordingly framed around implementation outcomes that are most 

relevant to actors at the level of the individual, such as acceptability, appropriateness, 

feasibility and fidelity.  
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2.3 Methods  

2.3.1 Study Population 

 Key informants from the animal agriculture sector, for the purpose of this study, 

include producers, veterinarians, extension personnel, and representatives from 

government and industry who could provide a comprehensive understanding of 

perceptions toward new AMR legislation through the accounting of first-hand 

experience. Key informants were identified via purposive and snowball sampling 

through investigators’ networks, by approaching potential participants at academic and 

professional meetings, and through publicly available listings such as reports or websites 

that were relevant to AMR in animal production. Participants were further identified by 

establishing whether they were likely to have direct experience with new regulations 

that would restrict antimicrobial use. Eligible individuals were called or emailed and 

invited to participate in an in-person or virtual interview, depending on location and 

preference of the interviewee. 

2.3.2 Interviews 

A set of three semi-structured interview guides were developed to account for 

the slight differences in perspectives and experience of the study population, according 

to occupation or whether the participant lived in a state with or without new policy on 

antimicrobial use. The interview guides were developed according to a grounded theory 

approach (Charmaz, 2006). The questions focused on antimicrobial use, legislation and 

policy, and animal welfare.  

Interviews took place between February 2018 and February 2020, divided among 

a team of three interviewers, all of whom possessed expertise in animal production, 
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AMR, and veterinary medicine. Written or oral informed consent was obtained 

depending on whether the interview was in-person or virtual. Prior to each interview, 

participants completed a short online survey which collected information on 

demographics, occupation, and industry information, as described in Table 1. Interviews 

were recorded, either audio-only if the interview took place in-person, and audio/video 

if over Zoom. 

Table 2.1. Participant Demographics  

Study Population Total 

Producer/Farmer 10 

Veterinarian 5 

Government Representative 6 

Industry Representative 4 
Non-veterinarian educator 4 

Total 31 

Female 11 (35%) 

Key Informant Interviews 21 
Group Interviews 9 (4 groups) 

 

Interviewers followed the questions as indicated in the interview guide but 

included relevant probing questions where appropriate to be responsive to any 

unanticipated findings. Recruitment and interviewing continued until data saturation 

was achieved. Interviews lasted between 23 and 95 minutes. 

2.3.3 Data Analysis 

Interviews were transcribed verbatim using a third-party transcription service 

(Production Transcripts, Glendale, California) and reviewed for accuracy. Data was 

analyzed using NVivo software according to a set of a priori codes, as well as emergent 

codes that were developed as iterative analysis progressed. The a priori codes included 

topics such as regulation in general vs. specific regulation, positive vs. negative 
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perceptions, and implementation science outcomes, including acceptability, feasibility, 

appropriateness, relevance, cost, and adoption. JC conducted preliminary analysis and 

developed a codebook which was reviewed by MD. All incongruences between 

investigators were discussed and reconciled, and the codebook was finalized by JC. 

Transcripts were then recoded according to the final codebook. Content was 

synthesized into themes and subthemes which were agreed upon by both investigators, 

and subsequently reviewed by investigators from the original study to confirm 

consistency between data and findings. 

This manuscript was written in accordance with COREQ guidelines for qualitative 

research (Tong et al. 2007). 

2.4 Results 

2.4.1 Enrollment and Recruitment  

A total of 31 interviews were completed between February 2018 and February 

2020. Participant characteristics are described in Table 1. Participants included a mix of 

producers or farmers, veterinarians, non-veterinarian educators, government 

representatives, and industry representatives. Producers comprised the largest 

category, with 10 participants. Participants represented key agricultural sectors, 

including dairy, beef, swine, poultry, and aquaculture/shellfish. 

2.4.2 Major Themes 

Based on the primary framing of the analysis on implementation science 

outcomes, the analysis includes 1) implementation science outcomes as a key topic 
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area, but also includes 2) perception of general vs. specific regulation, and 3) perception 

of self vs. others. 

Table 2.2. Themes and Subthemes from Qualitative Data 

Topic Area 1: Implementation Science Outcomes 
Theme 1.1: 

Acceptability 
Theme 1.2: 

Appropriateness 
Theme 1.3: 
Feasibility 

Theme 1.4:  
Fidelity 

A necessary evil 
Basis of regulations 

Burdensome 
nature of 
regulations 

Inconsistency of 
implementation 

Understanding of 
agriculture Distrust and 

resistance to 
regulations 

Cost to producers 
Intention vs. 
implementation 
and enforcement 

Large vs. small 
producers 

 

Topic Area 2: Other Perceptions/Biases 

Theme 2.1:  
General vs. Specific 

Regulations 

Theme 2.2:  
Self vs. Others 

Negative perception 
of regulations in 
general 

Positive perceptions 
of self and own 
behavior 

Tempered 
perceptions of 
specific regulations 

Negative perceptions 
of others’ behavior 
and motivations 

 

2.4.3 Topic Area 1 – Implementation Science Outcomes 

The first topic area is the primary focus of the analysis, and was selected in order 

to capture and categorize the various elements of implementation that impact 

participants’ perceptions of regulations and policy. Themes were selected a priori based 

on the classification scheme of implementation outcomes as defined by Proctor et al. 

(2010), specifically, those outcomes which apply to the level of the “individual 

consumer,” or in this context, the population that is being regulated. Therefore, within 
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this topic area, the following themes are explored: acceptability, appropriateness, 

feasibility, and fidelity.  

2.4.3.1 Theme 1 - Acceptability 

In implementation science, “acceptability” refers to the perception that an 

intervention or innovation is agreeable (Proctor et. al 2010). Here, “acceptability” is 

used to frame participants’ overall attitudes towards regulations in terms of the degree 

to which they accept regulation as a part of life.  

2.4.3.1.1 Subtheme 1A – A Necessary Evil 

Around half of the participants felt that some regulations are necessary to 

protect public safety, health, and the environment. Many participants stated that 

regulations are “understandable,” are developed with good intentions, and provide 

societal benefits.  Some participants stated that some aspects of agriculture should be 

highly regulated, such as water quality. However, several of the same participants who 

stated that some regulation is necessary also stated, within the same breath, that 

society as a whole is overregulated and would benefit from streamlining: for example, 

when federal, state, and local jurisdictions regulate similar practices but separately, in 

different ways, thus placing burden on the producer.  

Government Representative: “I don’t think anyone likes to be told they 

can’t do something. But everyone likes to enjoy the benefits that come 

with order and roles that protect you and your investments and your 

public resources. And regulations are necessary for that protection.” 
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Producer: “I think we need rules to keep people safe, you know, and I 

know from personal experience that people will dump things and they will 

use things they shouldn’t.  And so, we need to have some regulations, but 

sometimes [it’s] just overkill.” 

2.4.3.1.2 Subtheme 1B – Distrust and Resistance 

Industry representatives and veterinary educators provided examples of 

producers’ suspicion and distrust of the government which illustrated low acceptability 

of regulations. In a specific example, SB 27 was perceived by some producers as an 

attempt by veterinarians to “get rich” off of the increased veterinary visits and 

prescriptions required under the bill. Other participants recounted how a general 

distrust of the government by producers can inhibit the implementation of regulations: 

Government Representative:  “…a beef producer, somebody who has 

been third, fourth-generation raising cattle, is not going to be very open 

to a legislator or a city person coming in telling them how to raise their 

animals. They are going to immediately be defensive. They've done it this 

way forever. Everything's fine. There's no reason to change. They're going 

to resist completely … I think [producers who raise] beef cattle in the Wild 

West of the U.S. are very independent, and they want to remain 

independent, so to… follow somebody else's laws and regulations just 

doesn't sit well with them” 
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2.4.3.2 Theme 2 – Appropriateness 

“Appropriateness” within the discipline of implementation science is defined as 

the perceived fit, relevance, or compatibility of an intervention within its setting or for a 

consumer (Proctor et. al 2010). When analyzing participants’ perceptions of regulation 

for appropriateness, the key focus was how participants perceive regulations as being 

fit-for-purpose, or applicable to the realities of their occupations. Three subthemes 

emerged: the basis on which regulations were based or the motivation association with 

origin, the context in which the regulations were developed or implemented, and the 

dichotomy of impact on small vs. larger producers.  

2.4.3.2.1 Subtheme 2A – Basis of Regulations 

 A common theme among participants, regardless of occupation, was the 

tendency to reflect on the origin, motivation, or basis on which regulations were 

created. This mainly applied when discussing specific regulations, rather than the 

concept of regulation in general. Participants acknowledged that regulations are 

developed in response to or anticipation of a broad set of factors and events, and that 

the process is complex, involving many groups. For several participants, reflecting on 

why a regulation was developed served to illustrate their perceptions of whether a 

regulation is effective in addressing the intended issue. In general, participants talked 

about the regulations falling into two camps: either based in reality such as “common 

sense” or “science” (“good” regulations), or based on the whims of politics or emotions 

(“bad” regulations).   
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 “Common sense” as a basis on which regulations are based was a common 

theme referenced by producers, extension, industry, and government participants. 

Here, “common sense” was typically short-hand for describing the types of regulations 

they felt were reasonable or unreasonable, in terms of whether the regulation fit with 

reality, or whether they perceived a regulation to be overly specific, burdensome, or 

simply not make any sense. 

Producer: “Well the bigger you get, the more regulated you are…Some of 

it is just insane where there's absolutely no common sense to it…We've 

got a good friend of ours who is large enough to be a CAFO and when 

they have their CAFO inspections, if any of the oat bedding is spotted 

outside of the barn, that could be a violation…if you've got an extension 

cord that's got a break in the insulation, it's a fine…If there's a ladder on a 

grain bin that doesn't measure exactly at least a minimum of 18 inches off 

the ground and it's 19 inches off the ground, it's a fine and I'm sorry but 

the difference between 18 and 19 inches is not a safety hazard.” 

 Scientific knowledge on antimicrobial resistance, animal health, and the 

environment was generally perceived as an acceptable basis on which to develop 

regulations. While some participants acknowledged that science can change rapidly and 

can be interpreted differently by various groups, most expressed a strong preference for 

using “the facts” to determine what rules and policies should be required by animal 

agriculturalists.  
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Producer: “I wouldn't have any problem if somebody told me "You know 

what, you really need to quit using Drug A because if you do that it's 

going to end up in the milk or in the beef if the proper withdrawals aren't 

observed, and then it's going to be ineffective when people go to the 

doctor." I don't have any problem with somebody giving me that 

information and making a law and saying "You know what, you can't use 

this, and here's why." And that's really what everybody wants. Everybody 

just wants scientific information instead of just the idea of they don't 

want beef from cows because they have two eyes.” 

Several participants talked about the roles that politics play in the development 

of regulations, and these perceptions were generally negative. Participants gave 

examples where, perhaps, the idea behind a policy was generally good for agriculture, 

but were poorly written or implemented due to a lack of understanding of the context 

in which producers work. Elsewhere, multiple participants gave examples of a bill or 

policy being drafted to satisfy specific groups rather than protect or advance public or 

animal health. Notably, several participants expressed their perceptions that the 

government was anti-industry, and that certain regulations were being enacted in order 

to eliminate the agricultural industry.  

Industry Rep: “So when it comes to typical proponents … that are for more 

restricted use of antibiotics…their goal was never to really I think focus on 

antimicrobial resistance, it was to take a shot at the industry. … they're 

not really focused on use so much as they're focused on gathering 
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information on what traditional practices are from the industry so they 

can publish that to the public. Again, I think a lot of that is really based 

on…the intent and desire for these… stakeholder groups to go out and 

really focus on this issue not as a way to, you know, decrease antibiotic 

resistance both in human and animal health but to really take a shot at 

an industry they don't like. And that's unfortunate.” 

Extension Rep: “Well, I think that the takeaway to share is what is the 

purpose of regulation, … there’s just more and more and more and more, 

and in general, the assumption is that they’re trying to make things 

better… and maybe that’s the public’s assumption, but when you talk to 

producers, they don’t feel like regulations are trying to make things 

better. They feel like the government is trying to put them out of 

business.” 

2.4.3.2.2 Subtheme 2B – Understanding Agriculture 

A key theme pertaining to the appropriateness of regulation among participants 

was the concern that some regulations lacked the context of the larger agricultural 

industry that is required for them to be most effective. In other words, policymakers 

don’t understand the practicalities of ranch or farm life, or make assumptions about 

agricultural practices that cause the problems that they are trying to solve.  

Producer: “The person who pushed the bill through and/or groups that 

pushed the bill through, I agree with their thought mentality. I don't think 

they did enough due diligence before they went and looked through the 
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bill, because what happens is people just think we're just wholeheartedly 

pouring Erythromycin on everything, and again it goes back to the quality 

of the producer. I would love to see the numbers where they think that 

was either in the meat or in the milk to justify this bill, either chicken, 

poultry, ducks, geese, any of that … I really think that that was a knee-jerk 

reaction to either something they saw or read or maybe one or two 

people that were idiots, and now the rest of us have to suffer.” 

Producer: “So there is an organization and I'm not going to say who they 

are because they treat us like gold that brings anywhere from one to four 

busloads of people here a year to show them what a manure pit looks 

like, to show them what a manure pit looks like.  These are the people 

that are writing the grants and overseeing the payments for stuff and I'm 

just flabbergasted.  And these people go, "Oh, this farm looks really great, 

how many more cows do you have?"  "No, it's sheep," and you try to 

explain to them about, "No, it's not a cow, it's a sheep."  And these people 

come out, and I'm not being mean, out of Washington, they were born 

and raised in the city or an urban area and they were never exposed to 

agriculture.  I do admit, there's only two percent of us that produce the 

food for the 98 percent and I understand that but my god, can they at 

least make them work on a farm as part of their job for a week, and I 

don't care if it's a dairy farm, a beef farm, a llama farm, in my opinion, if 
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you work for that department, you need to spend at least a week on a 

farm.” 

In addition, some participants discussed how regulations could be developed in 

“silos” that fail to consider the overlap of multiple jurisdictions, the perspectives of 

relevant groups, or of the variations in agricultural practices between states. As a result, 

legislators don’t understand the actual burdens or cost of regulations for producers 

overall, and these regulations are perceived as excessive, unfair, or nonsensical.  

Industry Rep: “You have too many siloed agencies… you have a farmer 

that's trying to make this thing work and they're having to dance around 

land use issues that's in one silo, health department issues that are in 

another silo, agricultural-- whether it be pest or herbicide or any kind of 

pesticide-type regulations that are in another silo, to environmental 

regulations that are in another silo agency.  And so you've got a farmer 

that's trying to make a living and trying to do-- Mother Nature's already 

hard enough to tackle, and then you've got half a dozen, a dozen agencies 

that have [an] open door policy, and makes it exceptionally difficult.  

Someone like myself who's worked in county government and watched 

state government work, yeah, I could probably figure out a way to 

navigate through it, but a farmer that basically has no government 

access, it's going to be virtually impossible, and they're not going to be 

able to afford the lawyers that it would take to be able to navigate 

through a lot of the regulatory process that's in place.” 
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Industry Rep: “An increasing problem that I'm recognizing is the tendency 

to view any given regulation in a vacuum. I was speaking with fee staff of 

the state water board yesterday, and they tend to focus on "Here is the 

burden or impact, in this instance actual cost in dollar amounts, of a 

particular regulation," and because they're looking at that regulation in a 

vacuum it's "How is this really going to be all that problematic for a 

businessman?" Well, you got to take into account the full gamut of state, 

local, federal regulations, the burden in terms of time, cost for 

compliance, and no regulatory agency is really going to do that. The 

water board's not going to focus on what CDFA is doing, the Department 

of Fish and Wildlife what federal US Fish and Wildlife Service, Forest 

Service, what have you, how they're impacting an operation. They're 

really just focused on this discrete regulation.” 

Industry Rep: “…my perspective, and again this is through my learning 

and watching through legal issues at animal agriculture, is through those 

state ballots that make changes, and then it makes that precedent set, 

and then the next state can easily pass the same regulation, and they 

might not have a large agricultural influence in their state, which is 

exactly how it starts, and of course we have urban-type states that aren't 

familiar with animal agriculture. They don't rely on it for their livelihood, 

so those regulations and laws are passed, and that makes it easier for it 

to snowball into other states, and then all of a sudden we've got 
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producers who can’t… sell eggs into California that aren't raised in the 

same manner that they require in their own state… it's unfair for those 

other states.” 

2.4.3.2.3 Subtheme 2C – Small vs. Large Producers 

 Producers also discussed the mismatch between regulations that seem as 

though they were developed with larger producers in mind, rather than smaller-scale 

producers. These incongruities have resulted and a lack of fit between the lived 

experience of farmers and what policymakers are presumably trying to achieve with 

specific regulations pertaining to AMR; many smaller producers do not have the means 

to navigate the complexity of regulatory requirements or to implement large and 

expensive infrastructure improvements that are required for farms, while larger 

operations possess more overhead and profitability to offset these costs. Some 

participants even stated that these regulations effectively make it unsustainable for 

smaller producers to grow their businesses or even maintain them: 

Government Rep: “Across the spectrum, the same regulations, the same 

standards, are held for the family farm to the industrial operation. And 

it’s very sometimes challenging for people without minimal high school 

education or college education to sometimes navigate the regulatory 

framework in coastal states. And when you talk about …aquaculture, it 

takes really intensive consulting firms to be able to assist people in 

developing applications for negotiating public trust and ocean space for 

aquaculture.” 
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Producer: “I would like to add meat birds and do very small-scale 

butchering, but it’s just not going to be possible on my small scale. Other 

farmers I’ve talked to, they need to send about 5,000 birds to the butcher 

in order to make it. So, it’s just not affordable for me to be able to offer 

that kind of service to people.”  

Producer: “It's going to hurt the little guy because you just don't have the 

overhead-- no, it's causing the overhead to go up and you don't have 

enough profitability to justify the overhead and that's why the guys get 

bigger.  And it's the same way with the dairy business, either shut up, get 

big and go home and that's the way it is.” 

Additionally, some perceive the requirement of repeated veterinary visits to 

obtain prescriptions for antibiotics as a significant added cost that disproportionally 

impacts smaller producers, as larger commercial farms often have veterinarians on staff.  

Producer: “In my opinion I think we just had a couple people that had 

their heart in the right place, but I think what was happening is they 

didn't do their homework, and the bigger producers, they run things 

totally different. I mean, there's a guy over the hill here that has a huge 

dairy farm, and he has a guy that does nothing but vet animals all day 

long, and he's a vet tech. That's all he does…the bigger guy gets to 

absorb it better, or girl or the bigger farmer. The bigger producer gets to 

absorb the cost a lot easier because you already have a full-time office 
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staff person that could shuffle a piece of paper and store something 

away and/or run the computer.” 

2.4.3.3 Theme 3 – Feasibility 

“Feasibility” refers to the extent to which an intervention can be carried out 

within a given setting (Proctor et. al 2010). While the concept of feasibility is typically 

used to refer to provider or organizational levels of analysis, in the context of this study, 

feasibility is described from the perspective of individuals working in animal agriculture 

that are being regulated to understand whether and to what extent regulations present 

challenges or barriers that make them difficult to implement.  Issues of feasibility were 

organized into two subthemes.  

2.4.3.3.1 Subtheme 3A – Burdensome nature of regulations 

 Nearly all producers interviewed made note of the additional burdens placed on 

them as new regulations are introduced, whether these pertained to additional work, 

paperwork, or time spent on compliance activities. Specifically, many producers referred 

to the added documentation requirements that are time consuming while at the same 

time, perceived as altogether unnecessary for those who are already following proper 

protocols.  

Producer: “…the food safety plan is extremely extensive, it's crazy amount 

of work, it reminds me of something that you're going to spend days and 

days and hours and hours on, you're going to have this pretty little binder 

book with all that information in it and it's going to sit and collect dust 

because when it comes down to it, it's not going to really impact me as 
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far as am I going to go back and look at that book to reference it, to run 

my dairy, I already know how to run my dairy.   

Producer: “it's not going to change the behavior for people who are doing 

it right, it is going to create a burden, but it makes you answerable to-- I 

mean it makes you able to answer to consumer non-participants who may 

be stakeholders or may be opinion formers or opinion modifiers.  And so, 

from that, I get it but yet it adds those kind of things then have a huge 

time burden and sometimes that means that that's less time that we're 

caring for the animals, that we're creating new ideas for how to care to 

the animals so then it becomes, it kind of drives the bus.” 

 Others discussed how convoluted the processes are for obtaining land-use 

zoning and permits to establish farms and practice agriculture; that these processes vary 

by jurisdiction and change over time, making it very difficult for a busy farmer to keep 

up with or understand. 

Industry Rep: “a farmer that basically has no government access, it's 

going to be virtually impossible, and they're not going to be able to afford 

the lawyers that it would take to be able to navigate through a lot of the 

regulatory process that's in place.…I think there are regulatory processes 

within the land use development that are highly, highly overregulated.  I 

think some of the stuff that they require a farmer to do is asinine, 

especially if you're not offering the location to the public.  I think land use 
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and zoning and permitting can most definitely be relaxed.  And it's not 

that the rules are bad, they just are one-size-fits-all.”   

Industry Rep: “Well, I mean, you think about it, if it takes a year or two to 

get a permit or if sometimes longer if there's public comment and 

opposition. There's some people I know that have permits that have 

submitted it back in 2011 [7 years prior]  and they still don't have final 

resolution. I would say the permitting process is probably one of the 

biggest hindrances to the growth of aquaculture within Maryland.” 

Additionally, the time required to contact a veterinarian and wait for antibiotic 

prescriptions to be filled is burdensome, when previously, producers could purchase 

antibiotics from feed stores.  

Producer: “I have to talk to my vet and I have to say, ‘Can you fill out a 

VFD and send it into my feed meal?’  And oh by the way, the feed meal 

doesn't carry AS-700 crumbles anymore because … they don't want to 

have to deal with the VFDs and so now it's extremely difficult for me.  And 

so now I have to go to actual antibiotics and I can't just treat a group of 

calves.  Actually, so for us it's made us had to use more antibiotics and 

injectable antibiotics instead of something that in my mind is much lower 

of an impact.” 

Producer: “I remember when I could buy a quart of penicillin for $7.95… 

there's certain drugs that I can't even order anymore online. So it went 



37 
 

from the store-- I could get it at the store-- to where they lowered the size 

volume down, so that was annoying enough, and then they tripled or 

quadrupled the price … then they made it so you could order the midsizes 

in catalogs, and then now it got to the point to where I can't even order 

them in the catalogs anywhere without having my vet call in because I 

think they think I'm making meth or something … it's annoying and a joke 

and takes up my time, and everyone thinks that we have all this dead 

time, and we don't.” 

2.4.3.3.2 Subtheme 3B – Costs to producers 

Producers also discussed the financial ramifications of added regulations, which 

included added costs of veterinarian visits, increased prices of antibiotics, the costs of 

infrastructure improvements to their farms, and fees for permitting.  

Producer: “…when you're already losing money because the cost of the 

product that you produce and the amount of your input cost plus the 

added regulations that you have to endure it's really-- makes it difficult to 

stay in business here.” 

Producer: “… the state said, "We are going to follow the PMO to the letter 

of the law," and they walked up and said, "You need a bathroom here 

now.’ …long story short, it's 60,000 dollars because we live on a rock just 

to put the field in, that doesn't include the piping, that doesn't include the 

bathroom, that doesn't include the building.  So you tell me, on two 
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percent profitability on a good year, how many years it's going to take me 

to pay off 60,000 dollars.”   

Additionally, there are downstream costs of added regulations around veterinary 

antibiotic use that also include the loss of productivity of the animals themselves. 

Producer: “ I wait until an animal gets sick instead of seeing the first signs 

of it and doing a prevention…  Sick enough to treat… If I had been able to 

use AS-700 crumbles I could have never gotten that far in the first place 

and those calves could never have missed a step instead of waiting for an 

animal to get sick.  And every time an animal gets sick…makes that much 

less milk that she's going to make when she's milking.” 

2.4.3.4 Theme 4 – Fidelity 

“Fidelity” is the degree to which an intervention was implemented as designed 

or intended (Proctor et. al 2010). On topics of agricultural regulation, the concept of 

fidelity is used to explore the degree to which policies or laws are interpreted, 

implemented, monitored, and enforced in alignment with how they were designed or 

written by policymakers, and how implementation of regulations may vary or overlap 

within and between jurisdictions.  In this study, themes pertaining to fidelity coalesced 

around two subthemes dealing with inconsistencies in implementation and differences 

in how regulations are interpreted by various groups. 
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2.4.3.4.1 Subtheme 4A – Inconsistency of Implementation 

 Many of the regulations that govern animal agriculture in the United States vary 

from state to state or even between counties and cities. In addition, these regulations 

may overlap in their application at the federal, state, county, and municipal level. This 

results in an often-confusing patchwork of policies that are difficult to navigate for the 

producer, not just in terms of how the policies are written, but in how they are 

implemented. Specific commodities may be regulated by multiple organizations and 

producers are then responsible for understanding and complying with those policies.  

Government Rep: “…a common misconception is that because we have 

federal regulation they’re interpreted and they’re enforced equally in all 

states and all regions. … there are differences around the country in how 

rules and regulations are interpreted by those federal agencies and 

there’s stark differences between state agencies and across the 

nation...IIn some places, state agencies are the barrier to aquaculture 

when the federal regulatories [sic] are not quite the burden as they are in 

other places. So, it literally is a state-by-state, case-by-case down at the 

office level.” 

Extension: “…oysters is interesting because it's one of the only food 

products that isn't controlled completely by FDA.  It's the Interstate 

Shellfish Sanitation Conference.  It's basically oysters and milk.  Milk is the 

other one, the Milk Board.  So FDA has got a very, very strong voice-- 

don't get me wrong-- in this process, but it involves a lot of others.” 
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In other cases, states may develop their own policies governing animal 

agriculture that exceed the requirements at the federal level, resulting in what some 

producers and government representatives perceive as unnecessary and overregulated. 

Government Rep: “I think what we've seen here recently is states trying to 

go above and beyond the federal regulations and they tend to be more 

one-off, more skewed and less science based and more the restrictions 

quite a bit way and above beyond what we see at the federal level and 

even within the international level.  And so we've seen some of those 

regulations come down from California, there's states like New York and a 

handful of other states and I do feel like those are going to create undue 

burden on the veterinarian, undue burden on the producer with very little 

to actually a negative impact on antimicrobial resistance because what 

we don't want to see is that animals are suffering and that we have 

reduced animal health and welfare as a result of these policies.” 

2.4.3.4.2 Subtheme 4B – Intention vs. Interpretation 

Many participants acknowledged that the “spirit” of regulations is often well-

meaning and that policymakers are making genuine effort to protect animal and public 

health. However, once these policies are codified, they may be interpreted differently or 

even misinterpreted due to the lack of knowledge or experience with specific types of 

agriculture on the part of the enforcing agency.  

Government Rep: “we work as scientists to produce science to help inform 

regulations that are necessary to protect the environment and then we 
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help use our science to translate information so that those regulations 

that are used to protect the environment aren’t too much of a regulatory 

burden … a lot of it comes down to interpretation... a lot of it comes down 

to the qualifications of those individuals that are doing the interpretations 

and whether or not they’re qualified or knowledgeable about a particular 

practice… So, aquaculture’s a new field. It’s a new area of agriculture... 

And a lot of times we have to use our science to translate … what 

regulations mean and how they relate to other kinds of coastal 

development activities.”  

Elsewhere, participants maintained that, while regulations may be developed 

with good intentions, the sheer number of regulations have combined to become 

untenable for the producer to adhere to, resulting in overregulation that does little to 

actually improve or protect the health of animals, humans, or the environment. 

Government Rep: “I think the regulations have very good intentions. I 

think that actually enforcing them is almost impossible in situations. I 

think that they're implemented using emotions instead of reasons at 

times, and I guess I really do focus on and I'm trying not to focus on 

animal laws, but that's really what comes to mind, but we could say that 

about all regulations in general.” 

Industry Rep: “If you look at each individual regulation, and you read the 

merit behind the regulation, there's always good merit to it, so a lot of it's 
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like safety merits.  I think there are regulatory processes within the land 

use development that are highly, highly overregulated.  I think some of 

the stuff that they require a farmer to do is asinine, especially if you're not 

offering the location to the public.  I think land use and zoning and 

permitting can most definitely be relaxed.  And it's not that the rules are 

bad, they just are one-size-fits-all. “  

2.4.4 Topic Area 2 – Other Perceptions  

During analysis, additional themes emerged that served to highlight the mental 

models that participants used to organize their perceptions of regulations and relevant 

behaviors across the agricultural production landscape. Specifically, participants 

differentiated between how they perceived specific regulations versus the general 

concept of regulation, and how they perceive their own behaviors and compliance as 

being different than that of others.  

2.4.4.1 Theme 5 – Perceptions of General vs. Specific Regulations 

 In the interviews, there was a marked difference in how participants perceived 

and reflected on “regulation” as a general concept and on specific regulations that had 

been implemented or were forthcoming. Generally speaking, it was common for 

participants to feel negatively about regulation, referencing overall government 

overreach being detrimental to the agricultural industry, to business writ large, or to 

individual liberty. There were decidedly political undertones to some of these 

statements.  
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Producer: “So since you’ve been in this area, … you know that… they’re 

pretty conservative, politically conservative areas, and so they-- yeah, 

they don’t like regulation. They don’t like it at all, and they find it 

burdensome. I think they find it insulting… From the politically 

conservative standpoint, regulation is government growth, regulation is 

government getting bigger, and that would be the opposite of a politically 

conservative standpoint, so yeah.” 

However, when the interviewer asked about their thoughts on a specific 

regulation or law, these broad statements denigrating the concept of regulation often 

became more tempered; while these regulations were not necessarily perceived as 

feasible or acceptable, the participants were more likely to express the sentiment that, 

even if they didn’t like a particular regulation, they were able to understand the purpose 

behind it, or acknowledge that it made sense, or seemed reasonable at face value.  

Producer: “I think it [regulation] sucks.  Yeah.  I mean, I think we need a 

certain amount, but I think we’re way overregulated in this country…So 

that Veterinary Feed Directive, what does it do?  It requires veterinary 

sign off…? So I would say that’s a good idea.” 

Industry Rep: “Obviously regulations are … designed to help mitigate out-

of-control practices, whether it be land development or to prevent health 

issues...  But at the same time, I also believe that there's regulations that 

are put in place to appease special interest groups, … are we actually 
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doing things that are really on behalf of human health or … are we 

actually doing it to cripple the ability for certain things to be done, under 

the umbrella or under the face of a human health impact or something 

like that… I think TMDLs [Total Maximum Daily Load] are actually very 

warranted.  I think they are actually something that says, "Okay, we've 

monitored this water and we see an impairment in the water … and the 

TMDL is a way to quantify how to address it… A TMDL says, "I need to 

clean it up to this level."  That's an attainable goal.”  

2.4.4.2 Theme 6 – Perceptions of Self vs. Others 

 Many participants made a distinction between their own behaviors and 

intentions versus those of others. Generally speaking, they acknowledged that some 

regulations were necessary or made sense, but only for other people who may be bad 

actors that would engage in unethical or noncompliant behavior. However, these 

participants were adamant that they wouldn’t ever engage in these practices, and thus 

the regulations were perceived as unnecessary, not feasible, or unacceptable (this 

finding may be related to selection bias wherein participants who perceive their own 

actions as good or compliant were more likely to participate in the interviews).  

Veterinarian: “And I would tell you very quickly that we do not use 

Enrofloxacins at all in our in our practice but I will tell you that there are 

areas in the country where there's kind of a history of usage in where the 

owners are very demanding of that.” 
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Veterinarian: “… it's not going to change the behavior for people who are 

doing it right, it is going to create a burden…  For the bad actors, then 

that does become a check and balance.” 

Producer: “We ourselves go through a vet. But I know other folks have not 

and now it's going to probably in my assumption make drugs harder to 

get and more expensive, so I think it's a little bit more over regulation.” 

Producer: “You always feel like you're being second-guessed by Big 

Brother, you're being second-guessed by the public when you know you're 

putting on a good, top-notch product and you don't want the animals to 

die, but yet you're not going to inject it full of three different type of drugs 

and then take it to the stockyard and just-- but I'm sure there's schmucks 

that do that, and that's where this problem comes up.“ 

Producer: “In general, I'm not a big fan of regulation, but I understand 

why we have them, because we need some regulation or people will 

abuse the earth and-- I mean, for the almighty dollar people, people will 

do anything to make a buck, and if it's not regulated, they'll ruin it.” 

One producer gave an example of how they use their own “good” behavior to 

justify noncompliance with certain regulations:  because they are doing everything right, 

or even going above and beyond, they perceive some of the regulations as being put in 

place for “other” people who are not as scrupulous, and therefore those regulations are 

unnecessary or not relevant to them.   



46 
 

Producer: “…my chickens are in such healthy conditions that-- and my 

eggs are processed so quickly, the turnaround rate is so quick getting 

directly to my customers, the day that they’re laid, that I don’t worry 

about the 45-degree temperature, because that bacteria is not really 

going to start growing from the research I’ve done until about 90 degrees. 

So, as long as I can keep them on a cooler I don’t really worry to much 

about keeping things at that 45-degree regulation.”  

2.5 Discussion 

This study explored the perceptions of regulations that govern animal agriculture 

across a range of participants that mainly focused on the perspectives of producers, but 

also included veterinarians, extension professionals, and representatives from industry 

and government. The qualitative study design was framed around implementation 

science outcomes of acceptability, appropriateness, feasibility, and fidelity, which 

allowed us to explore the facets of regulation which aid or hinder their acceptance and 

adherence among animal producers. In addition, we identified emergent themes 

pertaining to how producers view regulations as necessary for themselves compared to 

others, and their perceptions of regulation in general versus specific regulations 

specifically governing AMR (??).  

When it came to acceptability, most participants shared the sentiment that some 

regulations are necessary so that we can enjoy the benefits of living in an organized 

society. However, nearly all producers interviewed argued that there are too many 

regulations governing their agricultural practices; many producers expressed a distrust 



47 
 

of policymakers and the government. While some of these attitudes may be due to how 

participants align themselves on the political spectrum, the perceived lack of familiarity 

with the realities of agricultural occupations may also contribute to this distrust; fewer 

than 2% of Americans were employed as farmers or ranchers as of 2023 (USDA), and 

therefore make up a very small segment of society that may require concerted effort to 

reach or understand. Therefore, additional dialogue between policymakers and 

producers may help to cultivate a greater level of trust.   

It should be noted that passing the VFD was a governmental decision rather than 

a veterinary professional one (FDA 2021). Further, there is a nationwide shortage of 

food animal veterinarians to establish the veterinary-client-patient relationship between 

all producers (Weitzien 2023), and the American Veterinary Medical Association (AVMA) 

has actually voiced concerns on this requirement regarding the burden that would be 

placed on the limited veterinary workforce (Davis and Rutgow 2017). Despite these 

considerations, producers nevertheless feel as if they are being taken advantage of by a 

system they have no control over when they accuse the veterinary profession of 

attempting to realize financial gain at their expense. 

Additionally, participants may acknowledge that certain regulations are 

reasonable, but fail to see the purpose or justification for others, even if they are based 

in sound science. For example, the desire to continue to purchase antimicrobials over 

the counter and incorporate into a herd’s feed is counter to best practices for use of 

antimicrobials for preventive purposes (Manyi-Loh et al. 2018).  Additional education on 

regulatory process, as well as flock management and environmental health principles 
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could be beneficial, as well as providing producers with a knowledgeable, accessible 

resource—potentially through Extension agents—who can answer questions and correct 

any misunderstandings as new regulations are developed and rolled out. Yet another 

strategy may include education on these topics via peer-to-peer mentoring of 

experienced farmers with less experienced farmers; current programs and federal 

funding opportunities can foster a positive education-based environment for farmers to 

learn from each other (Michigan State University Extension 2023, NIFA 2023). 

Another interesting finding from this study was the tendency of several 

producers to view “regulation” as negative, but to be more receptive to specific 

regulations. It is possible that this pattern is an example of the mere-exposure effect 

(Zajonc 2001): while people may dislike the general concept of regulation, when they 

are repeatedly exposed to a specific form of it, such as the VFD, they become more 

familiar with it and thus begin to feel more positively about it.  Similarly, the tendency to 

perceive the self as compliant, knowledgeable, and more ethical than others, is an 

example of an illusory superiority bias (Giladi and Klar 2002). Both of these biases should 

be considered in the context of regulation pertaining to animal agriculture: policymakers 

and educators should adhere to well-researched communication principles in public 

health and risk sciences that aim to address cognitive and heuristic bias. For example, 

policymakers or educators should be credible, empathetic, and respectful in order to 

help producers feel knowledgeable and familiar with new policies in order to improve 

their perceptions of them (CDC 2014). Additionally, messages should be tailored to 

individuals or subgroups framed in specific ways to gain trust or illustrate the positive 
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impacts of compliance and utilize a narrative structure (McCormack et. al 2013). Again, 

this could be accomplished through increased public discussion or educational efforts.  

This study is not without limitations. First, the design of this study was targeted 

to states that had passed legislation to further restrict antimicrobial uses in food-

producing animals and similar states that were considering such legislation, but had not 

passed it. Therefore, expansion to a larger population of people working in animal 

agriculture would be needed to capture the breadth of perspectives across the United 

States. Next, this work is a secondary analysis of qualitative data that was collected 

previously; the first paper to be published using the data answered research questions 

that are different than those in this study. However, the original intent of the interview 

guide was to specifically probe about participants’ perceptions of government 

regulation, and this analysis aligns well with that aim. Finally, these interviews were 

conducted over a three-year period between 2018 and 2020; since then, many of the 

regulations that were explored as forthcoming have been implemented, and thus 

participants’ perceptions of these regulations may have evolved since that time based 

on lived experience. It is also possible that attitudes and practices around legislation 

could have been impacted by public health strategies implemented to address the 

COVID-19 pandemic; for example, the opinion of several participants that “science” 

should be the basis on which policy is developed may have been tempered by the 

experiencing government enforcement of stay-at-home orders, mask mandates, and the 

closure of businesses.  
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Future research should focus on specific modalities of consultation and 

communication that are effective in educating both producers and policymakers. One 

specific topic may address the science of AMR and the producers’ role in its prevention; 

another may provide an explanation of the key players and required steps in the policy 

development process that emphasizes its complexity. In this way, people who work in 

agriculture could obtain a clearer understanding of AMR and the U.S. agricultural system 

which may in turn temper negative attitudes towards government and regulations.  

Now that a few years have passed since regulations such as the VFD have been 

implemented, policy evaluations can be conducted to determine the impact of specific 

regulations in different contexts, and can more deeply explore reasons for their success 

and failures. Given how important the stewardship of antimicrobials is to protect public 

and animal health, efforts should be made to develop and implement regulations that 

are based on sound science, are feasible for producers and other people working in 

animal agriculture to implement, and perhaps most importantly, those regulations are 

based on consultative processes to ensure they are acceptable and appropriate, 

therefore increasing compliance and resulting in healthier livestock across the nation.  
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3.1 Abstract 

Regulations governing poultry biosecurity practices play a key role in the 

prevention of zoonotic and emerging infectious diseases that are related to the poultry 

trade. While federal and state level policies govern interstate transport of poultry and 

require strict biosecurity compliance at live bird markets and commercial production 

facilities, few of these regulations apply at informal markets, such as flea markets and 

trade days, where hobby and backyard farmers and breeders buy and sell poultry. 

Poultry vendors who utilize informal markets to sell poultry in the state of Texas were 

surveyed (n=31) regarding their knowledge, attitudes, practices, and risk perceptions 

pertaining to infectious disease, biosecurity, and regulations. Participants demonstrated 

a moderate level of knowledge on biosecurity and infectious disease topics (72% correct 

for all responses), and reported generally positive attitudes towards biosecurity (71% of 

all responses); however, self-reported biosecurity practices were fair (seven of the 10 

practices were reported as being performed “usually” or “always” by more than 50% of 

participants) and risk perceptions for infectious disease were low (50.9% of all responses 

were “low”). Supplemental qualitative interviews (n=5) with vendors were consistent 

with survey results, and further clarified these findings to illustrate the ways poultry 

sellers describe their community of poultry farmers and how they make decisions to 

balance regulatory requirements, the perceived efficacy of biosecurity practices, and the 

perceived risk of infectious disease. Preventing spillover and zoonotic disease 

transmission requires consistently good application of recommended biosecurity best 

practices at farms and markets of all sizes. The results of this study can be used to better 

inform and target education and outreach campaigns to further increase knowledge, 
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improve compliance with biosecurity best practices, and to adapt existing biosecurity 

programs to the context of these informal markets. 

3.2 Introduction 

The 2022-2023 H5N9 outbreak of highly pathogenic avian influenza (HPAI) in the 

United States is unprecedented in its longevity and economic impact, infecting over 58 

million birds across all 50 states as of June 2023 (United States Department of 

Agriculture [USDA], 2023; Centers for Disease Control and Prevention [CDC], 2023). 

Avian Influenza typically infects domestic flocks through infected droppings from 

waterfowl or other wild birds (USDA, 2023), and continues to pose challenges for 

poultry owners who keep their flocks outdoors.  

HPAI, as well as other common infectious poultry diseases, like Newcastle 

disease, pullorum typhoid, and salmonella, have been the focus of government-led 

biosecurity programs which aim to educate producers on biosecurity principles and 

enforce biosecurity behaviors among poultry producers who engage in the poultry 

trade. In the greater global health security context, these programs are the scaffolding 

on which collaborative public and private surveillance for emerging infectious diseases 

are based. Biosecurity is a key element in the prevention of infectious disease outbreaks 

in animal agriculture: studies have repeatedly demonstrated the efficacy and cost-

effectiveness of sanitation and hygiene practices in maintaining poultry health on farms 

of all sizes (Zhou, et al., 2018; Center for Infectious Disease Research and Policy 

[CIDRAP], 2023; Siekkinen, et al., 2012).  In addition, prevention of common poultry 
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diseases can reduce antimicrobial use which contributes to antimicrobial resistance, 

further bolstering the importance of prevention for health security (Jiminez et al., 2023).  

At the federal level, the National Poultry Improvement Plan (NPIP) is the key 

initiative, and is administered by USDA Animal and Plant Health Inspection Service 

(APHIS) (USDA, 2020). At the state level, individual animal health agencies may develop 

their own poultry biosecurity programs which complement or augment federal 

programs, such as the Fowl Registration Program in Texas (Texas Animal Health 

Commission [TAHC], 2023). Both federal and state-level biosecurity programs aim to 

protect poultry and human health while encouraging a healthy poultry production 

industry. These programs typically require recordkeeping of sales, adherence to 

biosecurity principles, testing for infectious disease prior to movement or sale, and on-

farm inspection and auditing (USDA-APHIS, 2020; TAHC, 2023).  

Studies have indicated that improvement of biosecurity practices is needed to 

better prevent infectious disease transmission in live bird markets in the United States, 

(Bulaga et al, 2003; Garber et al., 2007). Such biosecurity measures can combat known 

diseases (such as HPAI), along with emergent threats. For example, separating new 

poultry from existing flocks can reduce the risk of exposing established flocks to 

pathogens unwittingly carried by newly acquired birds. Recognizing the risk of 

transporting birds and obtaining birds through multiple sources poultry transport, nearly 

all U.S. states require poultry shipments entering the states to be designated pullorum-

typhoid clean, thus requiring participation in the U.S. Pullorum-Typhoid Clean program 

of the NPIP; fifteen states require turkeys to be Mycoplasma gallisepticum (MG) clean 
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(USDA-APHIS, 2020). However, the designation of clean flocks based on interstate 

regulation does not necessarily apply to smaller producers who only sell poultry within 

their state, often at local flea markets or trade days. Texas holds over 40 informal 

markets where live animals are commonly sold, including First Monday Trade Days in 

Canton, Texas, which bills itself as the largest outdoor vendor and flea market in the 

world. Smaller producers who trade poultry at these informal markets are typically only 

subject to regulation and inspection under the Texas Fowl Registration Program 

administered by the Texas Animal Health Commission, which similarly requires PT clean 

flocks to be sold for sale or trade at any public location, along with an annual on-farm 

inspection (TAHC, 2023). 

The effectiveness of the current biosecurity programs applicable to poultry 

vendors at informal markets in Texas rely on vendor compliance with biosecurity 

protocols. Studies have shown that compliance with regulations can be impacted by a 

variety of social and behavioral factors, including social norms, perceived fit between 

regulations and context, perceptions on the legitimacy of the regulations, and the 

behaviors of others (Thoman, Milfont, & Gavin, 2016; Winter, Soren, & Peter, 2001).  

Therefore, to improve biosecurity in informal poultry markets, an exploration of the 

factors that drive the behavior of poultry vendors is warranted and includes an 

assessment of the current knowledge, attitudes, and behaviors pertaining to 

biosecurity.  
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This study fills a major gap in the literature by assessing knowledge, attitudes 

and practices (KAP) among poultry vendors at informal live animal markets in Texas; 

according to the Interim Guidance from the Tripartite, KAP studies are necessary to 

tailor information campaigns and to raise awareness of risks and biosecurity practices to 

reduce these risks (World Health Organization [WHO], 2021). The volume of informal 

animal markets in Texas, along with its geographic location along the U.S.-Mexico 

border, and its diversity of culture, ethnicity, and race, make a compelling case for the 

state as an appropriate context in which to explore efforts to uphold and improve 

biosecurity practices. 

3.3 Materials and Methods 

3.3.1 Study Design 

 The research was designed as an observational study utilizing a survey of poultry 

value chain actors knowledge, attitudes and practices (KAP) (located in supplement 

3.8.2) supplemented by qualitative interviews. This work was submitted for review and 

approved by the Johns Hopkins School of Public Health Institutional Review Board (IRB: 

00020674). All survey participants provided informed consent to participate in the 

research. To ensure protection of all data, all completed surveys were housed in secure, 

password-protected computer files or locked cabinets, as appropriate.  

3.3.2 Study Sites and Participants (n=31) 

 The target population consisted of adult poultry vendors (age 18 or older) in the 

state of Texas who sell poultry at informal markets (such as flea markets, trade days, or 

bird swaps). Data collection took place both in-person at flea markets or trade days, via 
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online surveys directed at the target population, and over Zoom or phone for 

interviews.  

For in-person survey data collection, markets were selected based on 1) 

recommendations from the Texas Animal Health Commission to ensure that the market 

would be likely to host several poultry vendors on each operating day, and 2) 

geographic location to ensure geographic diversity across the state. Poultry sellers were 

recruited via convenience sampling from the markets during marketing hours without 

prior notice. Vendors were approached and engaged in introductory small talk to build 

rapport. They were then invited to enroll in the study and complete the survey, either 

immediately or with options to 1) scan a QR code to complete the survey on their own, 

or 2) for the interviewer to return later that day at a time that was more convenient to 

the participant. Among all eligible participants approached at four different markets, 

only two declined to participate: in both cases this was due to being too busy with 

customers to take the survey. All subjects were adults older than 18 years who provided 

oral consent to participate in the survey. 

For online survey recruitment, two organizers of large poultry swaps were 

contacted and asked to aid in recruitment, the rationale being that these poultry swap 

organizers act as “gatekeepers” who possess trusting relationships with sellers and thus 

would be helpful in gaining access to the target population. One swap meet organizer 

provided a list of vendors who were then contacted individually by the study team, 

while the other organizer distributed a flyer via email to their vendor listserv.  
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After conclusion of surveys, participants were asked if they were willing to 

participate in a short interview. The study team conducted outreach via phone or email 

to set up the interviews, according to participant preference.  

3.3.3 Methodology 

A structured questionnaire was developed and adapted from previous KAP 

studies conducted in farmer’s markets and live bird markets with a focus on biosecurity 

practices (Elkhoraibi et al. 2014; Pires et al., 2019; Nicholson et al., 2020), and revised to 

fit the aims of this study. The questionnaire was reviewed by a panel of eight experts 

with experience in poultry biosecurity, epidemiology, and veterinary medicine. Revisions 

included slight changes in phrasing to better fit the practices of backyard farmers (vs 

those of larger poultry production facilities). The survey was administered using REDCap 

software.  

The survey consisted of five sections, the first of which included socio-

demographic information such as age, gender, education, place of residence, types of 

poultry/poultry products sold, how long the vendor has been selling poultry, ad whether 

selling poultry is their primary source of income.  

The second section of the survey pertained to knowledge of infectious disease 

and biosecurity principles, consisting of eight multiple choice questions regarding 

sanitation and hygiene, disease transmission, and biosecurity regulations in the state of 

Texas. Participants were read a statement and asked to respond whether the statement 

was “True,” “False”, or they were “Not Sure”. Knowledge questions were scored for 

each respondent, with one point being given for each correct response, and 0 points 
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being given for an incorrect or “I’m not sure” response. A score on a scale between 1-8 

represented the aggregate knowledge score for poultry vendors in the sample. Scores 

for each respondent were considered “High” if greater than the median score of 6 (n=9), 

or “Low” if equal to or less than the median (n=24).   

The third section measured vendor attitudes and included 10 questions related 

to the attitudes toward biosecurity practices; the importance, relevance, and feasibility 

of adhering to government regulatory biosecurity programs; and attitudes towards state 

and local government administering these programs. Participants were read a 

statement and asked to rate their agreement with the statement on a Likert scale 

(Strongly Agree, Agree, Neither Agree nor Disagree, Disagree, Strongly Disagree). Counts 

and percentages for responses to each of the 10 attitude questions were calculated. 

Responses were considered “positive” if the respondent chose “Strongly Agree” or 

“Agree,” neutral if “Neither Agree nor Disagree” and negative if “Strongly Disagree” or 

“Disagree.” 

The fourth section of the survey assessed vendors’ risk perceptions related to 

infectious diseases in flea markets. Ten statements were included to assess risk 

perceptions for illness in humans and poultry, for the practices of raising poultry at 

home and selling poultry at markets, and for dimensions of perceived likelihood and 

perceived severity of becoming ill, which are influencers of individual behavior (Slovic et 

al., 2004). As in the section on attitudes, Participants were read a statement and then 

asked to rate their level of agreement on a Likert Scale and responses were scored 

accordingly. Counts and percentages were calculated for each of the 10 questions in the 
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risk perceptions section. Perceptions of risk were calculated as high if the respondent 

chose “Strongly Agree” or “Agree”, medium if “Neither Agree nor Disagree” and low if 

“Strongly Disagree” or “Disagree.” 

The fifth and final section was related to current biosecurity practices of poultry 

vendors both on their property and at markets. The section was composed of 10 items 

describing biosecurity practices recommended by the TAHC (2023), related to sanitation 

and hygiene, flock separation, vaccinations, inspection, and reporting. Participants were 

asked to indicate whether they performed the practice Always, Usually, Sometimes, 

Rarely, or Never. Counts and percentages were calculated for each of the 10 items in the 

biosecurity practices section. Biosecurity practices were considered good if the 

respondent chose “Always” or “Usually,” fair if “Sometimes” and poor if “Rarely” or 

“Never”. 

Responses were checked for completeness before being entered into Stata 

(17.1) (College Station) for analysis. Descriptive statistics such as frequency (%) and 

median for categorical variables and mean and standard deviation for numerical 

variables were calculated for knowledge, attitude, behavior, and risk perception 

questions for the entire data set.  

A semi-structured interview guide was developed based on results from the KAP 

study to explore specific attitudes toward infectious disease risk and biosecurity and 

perceptions of regulation, both in general and in specific reference to poultry 

biosecurity. Interviews were conducted via Zoom or over the phone and lasted 

approximately 30 minutes. Participants were assured of confidentiality and provided 
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informed consent. To incentivize participation, respondents were entered into a 

drawing for a $50 Visa gift card. 

Interviews were transcribed using Zoom software and checked manually for 

accuracy. Analysis was thematic in nature, intended to aid in interpretation of survey 

results. Themes were identified using a combination of predetermined and emergent 

themes.  

3.4 Results 

3.4.1 Enrollment and Recruitment 

There were 31 responses to the KAP survey, 16 of which were completed in-

person, and 15 of which were completed online. Four markets were visited in person; at 

two of these markets there were no poultry vendors present when the researcher 

arrived. Two of the markets yielded 11 and 5 completed surveys, respectively, with 2 

vendors declining to participate. Of the 15 online surveys, two of the online surveys 

were incomplete and checked for duplication; it was determined these were unique 

responses and thus the data provided was included in analysis.  

A total of five poultry vendors participated in qualitative interviews. Interviews 

lasted between 12 and 38 minutes. Participants were a mix of vendors who sell poultry 

at flea markets and at poultry-specific trade days, and sometimes both. Three of the five 

participants were female (60%). Only one participant reported selling poultry as their 

main source of income; all others engaged in poultry sales as a hobby or part-time. 

Figure 1 is a map that shows the location of informal markets, along with the number of 

survey responses and interviews from each. 
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Figure 3.1. Map of Poultry Sale Locations 

 

3.4.2 Sociodemographics  

The majority of poultry sellers were female (58.6%), and White (51.7%), with a 

median age of 50 (62.1%). Most respondents had a high school education and/or some 

college (69.0%). As expected, all participants sold poultry and/or poultry products 

(poultry 100%; eggs 22.6%), though other types of animals were reported, such as sheep 

and goats (22.6%) and rabbits (22.6%). Most of the respondents had been selling 

animals between 0 and 10 years (71.0%). Only 25.8% of respondents indicated that 

selling poultry was their primary source of income.  

Table 3.1. Summary of Demographic Information from Surveys 
Demographic Variable Count (%) 

Age  

<18 0 (0%) 

19-29 2 (6.9%) 

30-39 4 (13.8%) 

40-49 7 (24.1%) 

50-59 4 (13.8%) 

60-69 7 (24.1%) 
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>70 5 (17.2%) 

Median 50 

Range 26-76 

Gender  

Male 12 (41.4%) 

Female 17 (58.6%) 

Other 0 (0%) 

Race  

White 15 (51.7%) 

Black or African American 0 (0%) 

American Indian/Alaskan Native 2 (6.9%) 

Asian 0 (0%) 

Native Hawaiian/Pacific Islander 0 (0%) 

Some other race 2 (6.9%) 

No response 10 (34.5%) 

Education  

Less than high school 0 (0%) 

High school graduate/GED 10 (34.5%) 

Some college 10 (34.5%) 

2-year degree 3 (10.3%) 

4-year degree 1 (3.4%) 

Graduate degree 5 (17.2%) 

Types of animals/products sold  

Poultry 31 (100%) 

Eggs 7 (22.6%) 

Sheep/goats 7 (22.6%) 

Rabbits 6 (19.4%) 

Pets 4 (12.9%) 

Other 6 (19.4%) 

Experience selling animals/products  

0-5 years 12 (39%) 

6-10 years 10 (32%) 

11-15 years 2 (6%) 

16-20 years 2 (6%) 

>20 years 5 (16%) 

Primary source of income?  

Yes 8 (25.8%) 

No 18 (58.1%) 

Other 5 (16.1%) 

 

3.4.3 Knowledge 

 Among the 246 total answers, 176 (72%) were correct, indicating a reasonable 

level of biosecurity knowledge for this population. However, certain questions received 

a low percentage of correct responses, including knowledge of avian influenza’s 

zoonotic potential (Question K3: 42% correct, 42% incorrect, 16% unsure), the risk of 
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visiting other poultry farms (Question K7: 55% correct, 35% incorrect, 3% not sure), and 

the flow by age in poultry facilities (Question K5, 41% correct, 38% incorrect). Table 2 

indicates the percent of correct responses for each knowledge question.  

Table 3.2. Summary Data for Biosecurity Knowledge 
Knowledge of biosecurity  

Descriptive Statistics  Value 

Mean 5.5 

Median 6 

Range 8 

Std Dev 1.8 

Score Category N (%) 

High 9 (29%) 

Low 22 (71% 

 

 

Figure 3.2. Summary of Responses Related to Biosecurity Knowledge 
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3.4.4 Attitudes towards Biosecurity and Regulation 

 Overall attitudes toward biosecurity practices were positive, with 212 of the 

total 290 responses being positive (73%), 29 being neutral (10%), and 44 being negative 

(15%). For individual items, all except for Question A4 resulted in positive responses for 

greater than 50% of respondents. The questions with the least positive attitudes were 

those regarding the role of state and local government in providing biosecurity 

resources (Question A4; 34% negative) and looking out for the vendors’ best interests 

(Question A5; 38% negative).  

 In interviews, participants expressed that they understand the need for 

regulations to protect animal and human health, despite feeling that there are too many 

regulations to keep up with:  

“You know, I think personally, there's too many rules and regulations in 

the whole world… some of them are ridiculous. But it's mostly to keep 

long term issues like disease under control”.   

Interestingly, multiple interviewees reported a degree of “self-regulation” taking 

place at the flea markets:  

“We’re a tight-knit kind of organization. If someone new comes in and 

nobody knows them, we will reach out to the Animal Health Commission 

and say, ‘Hey, do you know these people? Are they licensed?’ We don’t 

want them bringing in unchecked birds over here and making ours sick.”  
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Another interviewee stated that some farmers used online groups on social 

media to warn other chicken farmers about vendors that did not practice good 

biosecurity or sold sick poultry.  

Figure 3.3. Summary of Responses Related to Attitudes toward Biosecurity 

 

 

3.4.5 Infectious Disease Risk Perceptions 

Overall perceptions of the risk of infectious disease related to raising poultry and 

buying or selling poultry at informal markets was low, with 50.9% (n=86) of all 283 

responses being categorized as low. However, there were differences between 

individual survey items. Two items were rated as high across the sample: the risk of 
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R10; 57% high perception of risk). No respondents perceived high risk for being infected 

with a poultry virus (Question R1; 0% high perception of risk). 

Figure 3.4. Summary of Responses Related to Infectious Disease Risk Perceptions 

 

Interview participants expanded on risk perceptions related to selling poultry at 

informal marketplaces: all interviewees acknowledged some inherent risk in their 
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“There are so many animals, it’s just hard to tell. When we go to the 

[poultry] trade days. I personally feel like [it was] way more well-managed 

than what I’ve seen at [flea markets]. While [the flea market is] really fun, 

I don’t know about the health and quality of the animals. I think that’s 

where you see the big difference. People at the trade days are working on 

a higher quality of bird, whereas at [the flea market] they’re just trying to 

sell as much as they can… you have to be cautious.”   

Regarding the risk related to HPAI, all but one participant was aware of the 

ongoing outbreak, but did not report perceiving any increased risk of infection. One 

interviewee acknowledged concern about the outbreak, but as a farmer who 

implements free-range production practices, recognized the tension between keeping 

“happy chickens” who had access to the outdoors and preventing interaction with wild 

birds or waterfowl:  

“There is a chance that they could come in contact with a wild bird that 

passes something to our birds. But it’s a risk that we’re willing to take, 

because, seeing how happy they are, and how high quality their health 

is… I want my animals to be happy for however long that they live.”  

3.4.6 Biosecurity Practices 

 For seven out of the ten practices in the survey, more than 50% of the 

respondents reported good biosecurity measures: these included performing daily visual 

inspections (Question B5; 100%), washing hands after handling birds (Question B2; 

96.6%), separating new birds from existing flocks (Question B3; 96.6%), not allowing 
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wild birds or waterfowl to interact with their flocks (Question B6; 86.2%), not allowing 

pets into bird enclosures (Question B9; 79.3%), washing hands before handling birds 

(Question B1; 62.1%), and removing organic material from vehicles when encountering 

other livestock (Question B10; 55.2%). However, three of the 10 items resulted in poor 

scores for biosecurity practices: respondents reported that they “rarely” or “never” 

vaccinate their birds (Question B4; 48.3%), wear personal protective equipment when 

entering poultry facilities (Question B7; 41.1%) or report sick or dead birds to the proper 

animal health authorities (Question B8; 41.1%). 

Figure 3.5. Summary of Responses Related to Biosecurity Practices 
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TAHC (2016), and included “checking birds” daily, using special boots or shoes for 

entering and working in poultry enclosures, handwashing, and flock separation. In 

addition, two of the interviews stated that they did not allow visitors to enter their 

poultry enclosures, and one of these did not allow anyone who owned poultry to come 

onto their property at all.  

3.4.7 Information Sources for Vendors 

 A final section of the survey asked participants where they get their information 

on animal health and infectious diseases, and on regulations and laws pertaining to 

them as poultry sellers. Regarding animal health, the internet (48.3%) and the Texas 

Animal Health Commission (37.9%) were identified as the most common information 

source, while other poultry owners (13.8%), veterinarians (10.3%), and books (10.3%) 

were also consulted. Information on regulatory programs and poultry sale requirements 

were largely sources from the TAHC (67.9%), followed by internet resources (25.0%).  

Table 3.3. Summary of Vendor Information Sources 
Information Topic and Source Value (%) 

Animal Health  N=29 

Internet 14 (48.3%) 

TAHC 11 (37.9%) 

Other poultry owners 4 (13.8%)  

Veterinarian 3 (10.3%) 

Books/reference materials 3 (10.3%) 

Took a class/formal instruction 2 (6.9%) 

American Poultry Association 2 (6.9%) 

USDA 2 (6.9%) 

News/TV 1 (3.4%) 

Other 3 (10.3%) 

Regulatory Programs  N=28 

TAHC 19 (67.9%) 

Online 7 (25.0% 

TAMU/Extension 2 (7.1%) 

USDA 1 (3.6%) 

APA 1 (3.6%) 

Other poultry owners 1 (3.6%) 
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Other 1 (3.6%) 

TAHC= Texas Animal Health Commission 
USDA= United States Department of Agriculture 

TAMU= Texas A&M University 
APA= American Poultry Association 

  

3.4.8 Other Findings 

Interviews with key informants served to reveal additional context through 

which to interpret the survey results and their implications. First, there was a tendency 

by interviewees to view their own production practices or biosecurity behaviors as 

superior, safer, or more compliant than those of others. When asked about the risk of 

selling poultry at informal markets, interviewees described, at length, the biosecurity 

practices they perform to keep their flocks healthy and safe from infection, but several 

then voiced concerns about the perceived inadequacy of others’ actions, especially at 

flea markets:  

“I don’t think I’m at risk…the way that I do it… how I personally handle my 

birds. Those birds remain on the trailer and never come in contact with 

the ground at all or other birds… They’re not nearly as vulnerable as other 

peoples’ when they set up down there, they set them on the ground, 

they’re in open cages…”  

This sentiment seems reasonable, however, given the survey results pertaining 

to biosecurity knowledge and practices, and based upon observations made by the 

study team on site at various markets.  
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Another common topic brought up by interviewees was a recently implemented 

program by which anyone, including individuals who otherwise have no regulatory 

affiliation or veterinary training, may become certified to conduct PT testing in Texas. 

Two of the interviewees were frustrated that certified testers could charge poultry 

farmers any amount they wanted, and felt as if this should be regulated by the state to 

prevent overcharging. According to another interviewee, this program is perceived as a 

negative outcome of TAHC’s lack of resources to enforce testing requirements:  

“If you’re going to request that [we] abide by a regulation program, [you 

should] have the resources put in place so that [we] can get the necessary 

testing done…it’s putting the cart before the horse.”  

Despite some negative feedback, one interviewee praised the program for 

making testing more accessible; due to a lack of testing providers in their area, they 

obtained certification to conduct testing and enjoyed being able to provide this service 

to poultry farmers at cost. 

Finally, there are opportunities to increase communications regarding 

biosecurity and infectious disease that can help improve knowledge on these topics, 

inform producers about regulatory requirements, and raise awareness of current 

infectious disease outbreaks. In this survey, the most common information source was 

the internet or the TAHC website; however, one interviewee expressed frustration that 

TAHC does not send out “email blasts” to poultry farmers, which could include 

information on testing and inspections, as well as updates on HPAI or other poultry 
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health concerns, instead relying on poultry farmers to actively seek out the information 

on their own.  

 

3.5 Discussion 

 This study was conducted in 2023, concurrent with the 2022-2023 H5N1 

panzootic. Survey findings revealed acceptable levels of knowledge and biosecurity 

practices, neutral or positive attitudes towards biosecurity principles and regulations, 

and low perceptions of infectious disease risks. Findings from interviews confirmed and 

expanded on survey data while illustrating the interplay between knowledge, attitudes, 

and risk perceptions among participants. Together, the data highlights specific gaps in 

awareness and behaviors and provides a foundation from which to better understand 

the experience of this population and to inform interventions designed to improve 

biosecurity practices. 

3.5.1 Knowledge 

 There are opportunities to increase knowledge of infectious disease and improve 

biosecurity practices for this population. In particular, the lack of awareness that avian 

influenza can be transmitted to humans was concerning, given that this population 

interacts with poultry daily. While the current HPAI outbreak poses a “low” risk to 

humans (CDC, 2023), vendors should nevertheless be aware that HPAI outbreaks have 

the potential for devastating impacts to public health: 457 humans have died after 

contracting strains of H5N1, at a case fatality rate of 53% (WHO, 2023). There is also one 

known case of human infection in the United States from the concurrent H5N1 strain in 

which the individual had contact with infected birds (CDC, 2023). Thus, poultry contact 
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is a driver of infection globally and has implications for health security pertaining to 

emerging infectious diseases. It is possible that increasing knowledge of HPAI 

transmission and educating poultry sellers on the importance of good biosecurity for 

health security could help to motivate enhanced biosecurity practices in this group.  

3.5.2 Attitudes 

Overall attitudes towards regulatory programs were positive, except for those 

regarding state and local government’s role in providing resources and developing 

regulations. Interestingly, nearly all (86%) of participants stated that they had a good 

relationship with TAHC inspectors, and that they rely on TAHC to provide them with 

information on regulatory programs. While this may be related to mere-exposure effect 

(Zajonc, 2001), wherein people feel more positively towards things they are familiar 

with (inspectors who visit flea markets and bird sales to conduct inspections and check 

testing requirements) vs. the unfamiliar (the “government”), this finding nevertheless 

suggests the possibility that TAHC inspectors could play a role in educational and 

outreach efforts, to provide training and resources to poultry vendors.   

3.5.3 Risk Perceptions 

Participants had low perceptions of risk when it came to those that affected 

them personally, while risk perceptions were higher when the risk was framed around 

their flocks. For example, participants had low perceptions of risk for the likelihood that 

they would be infected with a poultry virus, the severity of that infection, and the 

infectious disease risks to themselves from raising poultry or selling them at flea 

markets. Conversely, high risk perceptions were reported for those affecting poultry, 
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such as the severity of an infection in the flock, and the risks to poultry by being sold at 

informal markets. It is possible that these perceptions may be related to the lack of 

awareness regarding the zoonotic potential of poultry viruses as reflected in the survey 

results on knowledge. Pertaining to HPAI, most interviewees reported “not really 

keeping up with” the outbreak, a finding which is consistent with survey results. 

Therefore, increasing awareness of HPAI and zoonotic disease transmission may help to 

increase either the perceived likelihood or perceived severity of zoonotic infections 

related to poultry production (Ferrer & Klein, 2015), and therefore may drive increased 

biosecurity practices. 

3.5.4 Biosecurity Practices 

Vendors self-reported that their biosecurity practices were generally good; In 

interviews, participants were able to describe the specific actions they take to keep their 

flocks healthy and free of disease. However, specific practices such as flock vaccination 

and use of PPE were quite low among survey respondents. The latter may be related to 

the overall sense among vendors that raising and selling poultry does not pose a great 

risk to human health as seen in the responses to attitudes questions, and therefore they 

do not feel it necessary to wear PPE. In contrast, the term “PPE” may have been 

construed as referring to protective clothing above and beyond designated boots or 

other homemade measures, as some participants discussed in interviews and 

conversations at markets. However, the use of PPE is a consistent and prominent 

recommendation of USDA’s guidance on biosecurity (2021) and should be encouraged 

regardless.    
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Most concerning among these behaviors, is that 39.3% of all respondents stated 

that they “never” reported sick or dead birds to local animal health authorities, and only 

one interviewee stated that they reported unusual sickness or death to animal health 

authorities. Reporting instances of illness or mortality is a keystone of early detection 

and rapid response due to event-based surveillance practices, since both HPAI and 

Newcastle are poultry diseases for which the United States is obligated to report to the 

World Animal Health Information System (WAHIS) (World Organisation for Animal 

Health [WOAH], 2023). HPAI and Newcastle cause similar clinical respiratory, neurologic 

and gastrointestinal disease or sudden mortality in birds and these are symptoms that 

are important to track for unknown emerging infectious pathogens. The WAHIS exists to 

increase transparency, preparedness, and response to known and unknown diseases 

which pose risks to human and animal health. Improving education among non-

commercial poultry vendors is an opportunity to enhance All Hazards Preparedness and 

response for both notifiable poultry diseases and emerging infections, further 

acknowledging emerging zoonotic infections in the full spectrum of emergencies or 

disasters. 

3.5.5 Limitations and Future Directions 

There are limitations to this study. First, the small sample size precludes the 

ability to conduct inferential statistical tests on the data, and could indicate lack of 

representativeness of the results. The sample size limits the generalizability of the data 

and presents potential geographic bias within the state of Texas. However, the 

researchers believe that the sample size should not invalidate the study, as the target 
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population itself is believed to be quite small, based on firsthand knowledge from TAHC, 

and on ground truthing conducted by the research team. For example, there were 

instances when the same vendors were encountered at multiple markets, or where 

there were no vendors present at a market which had been recommended by TAHC 

inspectors or other vendors. It is also possible that external factors such as time of year, 

weather, the ongoing COVID-19 pandemic (human health risk) or ongoing HPAI 

epizootic (animal health risk) may be responsible for low turnout. One vendor 

mentioned that many vendors had directed their sales efforts to Oklahoma due to the 

perceived infeasibility of testing and recordkeeping requirements in Texas.  

Next, there exists the possibility that there is some response bias inherent in this 

data. For example, social desirability bias may be responsible for the overall high rate of 

good biosecurity practices. There may also be some bias introduced by those 

participants who continued to participate in live animal sales despite the HPAI outbreak. 

In the future, additional KAP studies should be collected to increase the 

representativeness and analytical power of these surveys. These could include 

evaluation of populations outside the state of Texas in order to develop a baseline of 

knowledge and attitudes towards federal-level biosecurity programs and regulations. 

This data can then be used for evaluation of policy and education and outreach 

programs that aim to improve biosecurity practices among small producers of poultry 

who do not utilize live bird markets or other more traditional commercial outlets. 

Additional inquiry could also focus specifically on risk perception during and after an 
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epidemic: as the HPAI outbreak evolves, it could affect vendors’ perception of risk and 

may drive differing biosecurity practices, whether temporary or long-lasting. 

3.5.6 Conclusions 

This research serves as a critical early step to understand the perspectives of 

poultry vendors in Texas who sell poultry at informal markets, of which little has been 

formally evaluated.  The findings of this study can serve as a baseline against which 

future policy and behavioral interventions can be evaluated: targeted interventions to 

increase biosecurity knowledge or improve biosecurity compliance for this population 

can be evaluated and subsequently compared against these data to assess impact. In 

addition, by documenting gaps in knowledge, attitudes toward biosecurity and 

regulations, and the level of biosecurity measures currently being implemented by this 

population, these findings can inform future improvements to biosecurity regulations 

and also be leveraged to improve poultry producers’ compliance in Texas and beyond. 

Livestock inspectors and educators such as extension personnel can look to these 

findings as they target their limited resources towards topics and practices which are 

most needed and most likely to have a positive impact on poultry and human health.  
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3.8 Supplemental Information 

3.8.1 Data Tables 

 

Table 3.4. Summary of Responses Related to Biosecurity Knowledge 
Question Options Determination (Score) N (%) 

K1: "Biosecurity" refers to specific 
actions that are taken reduce the 
spread of disease.  

True 
False 

Not sure 

Correct (1) 
Incorrect (0) 
Incorrect (0) 

27 (87%) 
0 (0%) 

4 (13%) 

K2: Avian influenza can be spread to 
humans and other animals. 

True 
False 

Not sure 

Correct (1) 
Incorrect (0) 
Incorrect (0) 

13 (42%) 
13 (42%) 
5 (16%) 

K3: New poultry should be mixed with 
existing flocks. 

True 
False 

Not sure 

Incorrect (0) 
Correct (1) 

Incorrect (0) 

3 (10%) 
28 (90%) 

0 (0%) 

K4: Poultry diseases can be spread by 
contaminated equipment, clothing, and 
footwear. 

True 
False 

Not sure 

Correct (1) 
Incorrect (0) 
Incorrect (0) 

30 (97%) 
0 (0%) 
1 (3%) 

K5: Traffic through poultry houses 
should flow from older to younger 
birds. 

True 
False 

Not sure 

Incorrect (0) 
Correct (1) 

Incorrect (0) 

12 (41%) 
6 (21%) 

11 (38%) 
 

K6: In Texas, all domestic fowl, except 
baby poultry, offered for sale or trade 
at a public location must originate from 
pullorum-typhoid (PT) clean flock or 
hatchery. 

True 
False 

Not sure 

Correct (1) 
Incorrect (0) 
Incorrect (0) 

25 (81%) 
4 (13%) 
2 (6%) 

K7: Poultry growers should visit other 
poultry operations frequently to learn 
about them. 

True 
False 

Not sure 

Incorrect (0) 
Correct (1) 

Incorrect (0) 

17 (55%) 
11 (35%) 
3 (10%) 

K8: There is currently an outbreak of 
Avian Influenza in the United States 

True 
False 

Not sure 

Correct (1) 
Incorrect (0) 
Incorrect (0) 

24 (77%) 
3 (10%) 
4 (13%) 
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Table 3.5. Summary of Responses Related to Attitudes Toward Biosecurity 

Question 
Strongly 

Agree 
Agree 

Neither 
Agree nor 
Disagree 

Disagree 
Strongly 
Disagree 

Not 
Sure 

A1: Good biosecurity practices 
can reduce the spread of 
infectious disease to humans. 

12 (41%) 14 (48%) 2 (7%) 0 (0%) 0 (0%) 1 (3%) 

% Positive % Neutral % Negative  

89% 7% 0%  

A2: Personal protective 
equipment (like gloves, masks, or 
booties) are effective in 
preventing the spread of germs. 

10 (34%) 17 (59%) 0 (0%) 1 (3%) 0 (0%) 1 (3%) 

% Positive % Neutral % Negative  

93% 0% 3%  

A3: Biosecurity programs and 
regulations (like National Poultry 
Improvement Plan and Fowl 
Registration Program) help keep 
my birds healthy. 

10 (34%) 12 (41%) 3 (10%) 4 (14%) 0 (0%) 0 (0%) 

% Positive % Neutral % Negative  

76% 10% 14%  

A4: My state and local 
government do a good job 
providing biosecurity resources. 

3 (10%) 9 (31%) 6 (21%) 7 (24%) 3 (10%) 1 (3%) 

% Positive % Neutral % Negative  

41% 21% 34%  

A5: My state and local 
government are looking out for 
my best interests when they 
implement biosecurity 
regulations. 

4 (14%) 12 (41%) 2 (7%) 8 (28%) 3 (10%) 0 (0%) 

% Positive % Neutral % Negative  

55% 7% 38%  

A6: I have a good relationship 
with inspectors from the Texas 
Animal Health Commission. 

12 (41%) 13 (45%) 2 (7%) 2 (7%) 0 (0%) 0 (0%) 

% Positive % Neutral % Negative  

86% 7% 7%  

A7: Government regulations are 
important to protect the health 
of animals. 

5 (17%) 17 (59%) 4 (14%) 1 (3%) 1 (3%) 1 (3%) 

% Positive % Neutral % Negative  

76% 14% 7%  

A8: Government regulations are 
important to protect the health 
of humans. 

6 (21%) 14 (48%) 4 (14%) 4 (14%) 1 (3%) 0 (0%) 

% Positive % Neutral % Negative  

69% 14% 17%  

A9: The requirements of 
biosecurity programs are easy for 
me to follow. 

7 (24%) 14 (48%) 3 (10%) 2 (7%) 3 (10%) 0 (0%) 

% Positive % Neutral % Negative  

72% 10% 17%  

A10: The regulations I am 
required to adhere to (such as 
recordkeeping, biosecurity, or 
testing my flocks for diseases) are 
relevant to me as a poultry seller. 

7 (24%) 14 (48%) 3 (10%) 3 (10%) 1 (3%) 1 (3%) 

% Positive % Neutral % Negative  

72% 10% 14%  
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Table 3.6. Summary of Responses Related to Infectious Disease Risk Perceptions 

Question 
Strongly 

Agree 
Agree 

Neither 
Agree nor 
Disagree 

Disagree 
Strongly 
Disagree 

Total 

R1: I am worried about being 
infected with a poultry virus 

1 (3.4%) 0 (0%) 3 (10.3%) 20 (69.0%) 
5 

(17.2%) 
29 

% High % Medium % Low 

3.4% 10.3% 86.2% 

R2: I am worried that my flock 
will become infected with a 
poultry virus (such as avian 
influenza or Newcastle virus). 

3 (10.3%) 
9 

(31.0%) 
5 (17.2%) 9 (31.0%) 

3 
(10.3%) 

29 
% High % Medium % Low 

41.4% 17.2% 41.4% 

R3: It is likely that I will 
become ill due to a virus that I 
contract from my flock. 

0 (0%) 0 (0%) 3 (10.3%) 19 (65.5%) 
7 

(24.1%) 
29 

% High % Medium % Low 

0% 10.3% 89.7% 

R4: If I were to become ill from 
an infection from my flock, it 
would be very dangerous to 
my health. 

3 (10.7%) 
8 

(28.6%) 
6 (21.4%) 9 (32.1%) 2 (7.1%) 

28 
% High % Medium % Low 

39.3% 21.4% 39.3% 

R5: It is likely that my flock will 
become infected at some 
point. 

0 (0%) 
6 

(20.7%) 
4 (13.8%) 15 (51.7%) 

4 
(13.8%) 

29 
% High % Medium % Low 

20.7% 13.8% 65.5% 

R6: If my flock were to become 
ill, it would be very dangerous 
to their health. 

5 (18.5%) 
18 

(66.7%) 
2 (7.4%) 1 (3.7%) 1 (3.7%) 

27 
% High % Medium % Low 

85.2% 7.4% 7.4% 

R7: Raising poultry puts me at 
risk for infectious disease. 

0 (0%) 
4 

(14.3%) 
9 (32.1%) 14 (50.0%) 1 (3.6%) 

29 
% High % Medium % Low 

14.3% 32.4% 53.6% 

R8: Selling poultry at flea 
markets puts me at risk for 
infectious disease. 

0 (0%) 
7 

(24.1%) 
6 (20.7%) 13 (44.8%) 

3 
(10.3%) 

29 
% High % Medium % Low 

24.1% 20.7% 55.2% 

R9: Selling poultry at flea 
markets puts other people at 
risk for infectious disease. 

0 (0%) 
6 

(22.2%) 
8 (29.6%) 10 (37.0%) 

3 
(11.1%) 

27 
% High % Medium % Low 

22.2% 29.6% 48.1% 

R10: Selling poultry at flea 
markets puts poultry at risk for 
infectious disease. 

1 (3.6%) 
15 

(53.6%) 
7 (25.0%) 3 (10.7%) 2 (7.1%) 

28 
% High % Medium % Low 

57.1% 25.0% 17.9% 
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Table 3.7. Summary of Responses Related to Biosecurity Practices 

Question Always Usually Sometimes Rarely Never Total 

B1: Wash your hands with 
soap and water BEFORE 
handling your birds (or hand 
sanitizer, if soap and water are 
not available). 

13 
(44.8%) 

5 (17.2%) 5 (17.2%) 6 (20.7%) 0 (0%) 

29 % Good % Fair % Poor 

62.1% 17.2% 20.7% 

B2: Wash your hands with 
soap and water AFTER 
handling your birds (or hand 
sanitizer, if soap and water are 
not available). 

21 
(72.4%) 

7 (24.1%) 1 (3.4%) 0 (0%) 0 (0%) 

29 % Good % Fair % Poor 

96.6% 3.4% 0% 

B3: Separate new birds from 
existing flocks. 

26 
(89.7%) 

2 (6.9%) 1 (3.4%) 0 (0%) 0 (0%) 

29 
% Good % Fair % Poor 

96.6% 3.4% 0% 

B4: Vaccinate your flocks 
against common poultry 
diseases. 

10 
(34.5%) 

1 (3.4%) 4 (13.8%) 6 (20.7%) 
8 

(27.6%) 
29 

% Good % Fair % Poor 

37.9% 13.8% 48.3% 

B5: Perform daily inspections 
of your flocks for signs of 
illness or death. 

27 
(93.1%) 

2 (6.9%) 0 (0%) 0 (0%) 0 (0%) 

29 
% Good % Fair % Poor 

100% 0% 0% 

B6: Do not allow your birds to 
interact with wild birds or 
waterfowl. 

17 
(58.6%) 

8 (27.6%) 2 (6.9%) 1 (3.4%) 1 (3.4%) 

29 
% Good % Fair % Poor 

86.2% 6.9% 6.9% 

B7: Wear personal protective 
equipment (gloves, boots, 
coveralls) when entering your 
poultry house/facilities. 

9 
(31.0%) 

4 (13.8%) 4 (13.8%) 4 (13.8%) 
8 

(27.6%) 
29 

% Good % Fair % Poor 

44.8% 13.8% 41.1% 

B8: Report sick or dead birds 
in your flock to a local 
veterinarian or TAHC region 
office, if you discover them. 

6 
(21.4%) 

5 (17.9%) 5 (17.9%) 1 (3.6%) 
11 

(39.3%) 
28 

% Good % Fair % Poor 

39.3% 17.9% 41.1% 

B9: Do not allow pets (like cats 
and dogs) into your poultry 
house/facilities. 

18 
(62.1%) 

5 (17.2%) 1 (3.4%) 3 (10.3%) 2 (6.9%) 

29 
% Good % Fair % Poor 

79.3% 3.4% 17.2% 

B10: Remove dirt, manure, or 
other organic material from 
your vehicle when you are 
driving somewhere where you 
may encounter livestock. 

11 
(37.9%) 

5 (17.2%) 5 (17.2%) 4 (13.8%) 
4 

(13.8%) 
29 % Good % Fair % Poor 

55.2% 17.2% 27.6% 
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3.8.2 Knowledge, Attitudes, Practices (KAP) and Risk Perceptions Survey 

 
For Administrative Use 

1. Date 
2. Market Name and Location 

Screening  

1. What types of animals/animal products do you sell (select all that apply)? 
a. Poultry (specify type) 
b. Sheep/goats 
c. Rabbits 
d. Pets (cats/dogs/etc.) 
e. Dairy products (milk/cheese/yogurt/etc.) 
f. Meat products 
g. Eggs 
h. Other, Specify: _______________ 

2. Is selling animals/animal products your primary source of income? 
a. Yes 
b. No (if so, please indicate primary source of income) 
c. Other (please explain) 

3. How long have you been selling animals or animal products? (in years) 
4. Are you familiar with specific poultry biosecurity programs such as NPIP or the 

Fowl Inspection Program? 
a. If yes, do you participate in any of these? 

Knowledge 

5. The following are statements about sanitation and hygiene, also known as 
“biosecurity practices”. Please respond whether you think the statement is True, 
False, or you are Not Sure. 

a. “Biosecurity” refers to specific actions that are taken reduce the spread 
of disease. 

b. Avian influenza can be spread to humans and other animals. 
c. New poultry should be mixed with existing flocks. 
d. Poultry diseases can be spread by contaminated equipment, clothing, 

and footwear. 
e. Traffic through poultry houses should flow from older to younger birds. 
f. In Texas, all domestic fowl, except baby poultry, offered for sale or trade 

at a public location must originate from pullorum-typhoid (PT) clean flock 
or hatchery. 

g. Poultry growers should visit other poultry operations frequently to learn 
about them. 

h. There was an outbreak of Avian Influenza in the United States in 2022. 
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Attitudes and Risk Perceptions 

6. The following are a series of statements about your opinions related to 
biosecurity and regulations. For each item, please state your level of agreement: 
Strongly Agree, Agree, Neither Agree nor Disagree, Disagree, or Strongly 
Disagree. 

Biosecurity and Regulatory Attitudes 
a. Good biosecurity practices can reduce the spread of infectious disease to 

humans. 
b. Personal protective equipment (like gloves, masks, or booties) are effective 

in preventing the spread of pathogens.  
c. Biosecurity programs and regulations (like NPIP and FRP) help keep my birds 

healthy.  
d. My state and local government do a good job providing biosecurity 

resources. 
e. My state and local government are looking out for my best interests when 

they implement biosecurity regulations. 
f. I have a good relationship with TAHC inspectors. 
g. Government regulations are important to protect the health of animals. 
h. Government regulations are important to protect the health of humans. 
i. The requirements of biosecurity programs are easy for me to follow. 
j. The regulations I am required to adhere to (such as recordkeeping, 

biosecurity, or testing my flocks for diseases)  are relevant to me as a 
poultry seller. 

 
Infectious Disease Risk Perceptions 

k. I am worried about being infected with a poultry virus. 
l. I am worried that my flock will become infected with a poultry virus (such as 

avian influenza or Newcastle virus). 
m. It is likely that I will become ill due to a virus that I contract from my flock. 
n. If I were to become ill from an infection from my flock, it would be very 

dangerous to my health. 
o. It is likely that my flock will become infected at some point.  
p. If my flock were to become ill, it would be very dangerous to their health. 
q. Raising poultry puts me at risk for infectious disease. 
r. Selling poultry at flea markets puts me at risk for infectious disease. 
s. Selling poultry at flea markets puts other people at risk for infectious 

disease. 
t. Selling poultry at flea markets puts poultry at risk for infectious disease. 

 

Practices 

7. Please state how often you perform each of the following actions. (Always, 
Usually, Sometimes, Rarely, Never) 
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a. Wash your hands with soap and water before handling your birds (or 
hand sanitizer, if soap and water are not available). 

b. Wash your hands with soap and water after handling your birds (or hand 
sanitizer, if soap and water are not available). 

c. Separate new birds from existing flocks. 
d. Vaccinate your flocks against common poultry diseases. 
e. Perform daily inspections of your flocks for signs of illness or death. 
f. Allow your birds to interact with wild birds or waterfowl. 
g. Wear personal protective equipment (gloves, boots, coveralls) when 

entering your poultry house/facilities. 
h. Report sick or dead birds in your flock to a local veterinarian or TAHC 

region office, if you discover them. 
i. Allow pets (like cats and dogs) into your poultry house/facilities. 
j. Remove dirt, manure, or other organic material from your vehicle when 

you are driving somewhere where you may encounter livestock. 
 
Demographics 

8. Age (in years) 
9. Gender  

a. Male 
b. Female 
c. Non-binary 
d. Prefer not to answer 

10. Education level 
a. Less than high school 
b. High school graduate/GED 
c. Some college 
d. 2-year degree 
e. 4-year degree 
f. Graduate degree 
g. Doctoral degree 
h. Other 

11. Place of residence (city, state) 
12. As it pertains to managing your flock, where do you get information on:  

a. animal health and infectious diseases? 

b. regulations, guidelines, and requirements that apply to you as a poultry 

seller? 

13. Is there anything you would like to share with me regarding the questions I just 
shared with you? 
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3.8.3 In Depth Interview Guide 

 

INTRODUCTION 

1. Tell me about yourself and your experience with raising and selling poultry. 

a. How long have you been doing this? 

b. What got you involved in poultry? 

2. What kinds of health problems have you experienced with your flock(s)? 

3. What kinds of things do you do to keep your flocks healthy and free of disease? 

INFECTIOUS DISEASE 

4. To what extent do you feel that you are at risk for experiencing an infectious 

disease outbreak? 

a. How likely? 

b. How severe? 

c. Why do you think that is? 

d. What are your thoughts on the current avian influenza outbreak? 

i. Do you think your flock is more at risk? Why? 

ii. Has it changed your behavior? How? 

5. Do you think that transporting and selling birds at markets puts your birds, you, 

or others at risk? 

a. Why or why not? 

REGULATION 

6. What is your perception of regulation, in general? 

7. What is your experience with biosecurity regulations in Texas? 

a. Do you participate in the National Fowl Inspection Program or the Fowl 

Registration Program? 

b. What sorts of benefits do you think these programs have? 

c. Are there any aspects of these programs that are difficult for you to 

adhere to? 

d. What advice would you give to those who are designing and 

implementing these programs that you think they should know? 

8. Is there anything else you would like to share with me regarding some of the 

things we just talked about? 
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4.1 Abstract 

As backyard poultry farming grows in popularity, so too are social media groups 

that facilitate poultry sales among members. Because these sales do not take place in-

person, sellers in these informal markets are subject to different biosecurity regulations 

than those utilizing traditional face to face marketplaces. The lack of biosecurity 

regulation and enforcement could pose a risk for infectious disease, but little is known 

about the knowledge and actions of this population. We surveyed members of social 

media poultry sell and swap groups to understand their knowledge, attitudes, practices, 

and risk perceptions of biosecurity and infectious disease as it relates to selling poultry 

via social media (n=83). Results indicated moderate levels of knowledge (74% correct for 

all responses) and positive attitudes towards biosecurity (only 13.5% of all responses 

were “negative”); however, risk perceptions for infectious and zoonotic diseases were 

low (52.4% of all responses were “medium” or “low”) and key biosecurity measures 

such as reporting of notifiable diseases were uncommon (only 23.4% reported “usually” 

or “always”). Education and outreach campaigns should target social media groups via 

moderators or other influencers, as well as other trusted communication channels 

which reach backyard farmers. In this way, gaps in biosecurity practices can be 

addressed to protect the health of poultry, backyard farmers, and other participants in 

the informal poultry trade. 

4.2 Introduction 

Backyard poultry farming has grown in popularity in the United States over the 

last several years, with about 10 million households currently raising chickens as of 

2023, due to a variety of factors including rising egg prices, trends toward 
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environmental sustainability, and a growing interest in self-sufficiency (American Pet 

Producers Association [APPA], 2019; Elkhoraibi et al., 2014). The demand for poultry 

supplies, feed, and chicks grew especially quickly during the Covid-19 pandemic during 

widespread stay-at-home orders (Associated Press, 2020). Beginning in 2021, an 

outbreak of H5N1 of unprecedented length and scale has resulted in the mortality of 

nearly 60 million poultry in the United States; including at least 511 backyard flocks 

(United States Department of Agriculture [USDA], 2023). Quantifying the link between 

backyard farms and disease outbreaks is difficult, but the role of backyard flocks in 

disease outbreaks is not immaterial, as they have been involved in other avian infectious 

disease outbreaks; for example, annual multi-state Salmonella outbreaks in humans 

linked to backyard flocks have been documented since 2017 (Centers for Disease 

Control and Prevention [CDC], 2023).  

While the motivation of some backyard flocks is for subsistence and personal 

enjoyment, some small-scale producers sell poultry and poultry products as a primary or 

supplemental income source. Rather than obtaining the certifications required to sell 

poultry at commercial marketplaces like meat markets and grocery stores, many small-

scale producers choose to buy and sell poultry at informal marketplaces. Informal 

Markets in this context are defined as those which generally are neither monitored nor 

regulated by government agencies, and which give members of the public direct access 

to producers and farmers who raise and sell agricultural products such as poultry (Lyson 

et al., 1995). Examples of informal poultry markets have typically included in-person 

events such as flea markets, poultry swaps, trade days, and farmers’ markets. More 
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recently, a virtual informal marketplace is emerging via social media groups in which 

backyard poultry farmers are able to network with one another to learn about backyard 

chicken keeping, as well as to create and respond to posts advertising chickens, ducks, 

other fowl, and eggs.  These groups comprise thousands of members throughout the 

United States, and represent an important means of connection and community for 

backyard farmers as well as a venue enabling the informal poultry trade in a virtual 

format, despite the restrictions by Facebook on the sale of animals or animal products 

(Meta, 2023). 

This informal virtual marketplace poses unique challenges for biosecurity. 

Previous guidance has warned of the risks of online pet sales, cautioning that animal 

movement and uncertainty of husbandry practices can contribute to transmission of 

disease such as heartworm or leptospirosis (Varela et al., 2022; Hazel, 2018). For poultry 

sellers specifically, animal transport is regulated for vendors at in-person markets: 

vendors are required to log an annual on-farm inspection and conduct testing for 

common avian diseases on their flocks before transporting them to sales (USDA, 2023). 

Social media vendors are exempt from these biosecurity regulations if they do not 

conduct any sales at a public location, and therefore operate largely outside of existing 

surveillance systems designed to aid in early detection and response of emerging 

infectious diseases. At the same time, little is formally known about the knowledge, 

attitudes, and risk perceptions that influence current practices pertaining to infectious 

disease and biosecurity among this population. Because preventing outbreaks of 

infectious diseases depends on good biosecurity practices, this population has the 
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potential to impact global health security should lapses in biosecurity lead to or enhance 

outbreaks of zoonotic disease. To begin to understand the current state of biosecurity 

knowledge, attitudes, and practices among this population, we conducted a survey of 

people who use social media to buy and sell poultry. 

4.3 Methods 

4.3.1 Study Design 

 The research was designed as an observational study utilizing an online survey. 

This work was submitted for review and approved by the Johns Hopkins Bloomberg 

School of Public Health Institutional Review Board (IRB: 00020674). All survey 

participants provided informed consent to participate in the research.  

4.3.2 Study Sites and Participants (n=83) 

 The target populations for this study were adult (age 18 and up) poultry vendors 

in the United States who use social media groups to facilitate sales. Survey data 

collection took place via online surveys directed at the target population.  

To identify social media vendors, researchers searched social media sites 

(Facebook, Reddit, and Craigslist) to identify poultry swap groups in the United States. 

Search terms included: poultry, chickens, poultry swap, chicken swap, backyard poultry, 

and backyard chickens.  Groups explicitly banning the sale, trade, or barter of poultry or 

poultry products were excluded.  

4.3.3 Survey Methodology 

A questionnaire used to survey poultry vendors at in-person flea markets was 

modified to fit the aims of this study. The flea market survey was developed and 

adapted from previous Knowledge, Attitudes, and Practices (KAP) studies conducted in 
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farmer’s markets and live bird markets with a focus on biosecurity practices (Elkhoraibi 

et al., 2014; Pires et al. 2019; Nicholson, et al. 2020) and was developed and reviewed 

by a panel of experts with experience in veterinary medicine, poultry biosecurity, and 

epidemiology, and by referencing USDA’s current biosecurity recommendations (2023). 

The present survey was modified slightly to fit the context of online poultry sell and 

swap groups (see Supplement 4.8.2). The survey was administered using REDCap 

software.  

The survey consisted of five sections, the first of which included socio-

demographic information such as age, gender, education, place of residence, types of 

poultry/poultry products sold, how long the vendor has been selling poultry, and 

whether selling poultry is their primary source of income.  

The next four sections of the survey pertained to 1) knowledge of infectious 

disease and biosecurity principles, 2) attitudes toward biosecurity practices and 

government regulations, 3) risk perceptions related to infectious diseases, and 4) 

biosecurity practices. Each section contained between 7 and 10 multiple choice 

questions.  

For knowledge questions, a score of one was given to a correct answer and a 

score of zero was given to a wrong or “Not Sure” answer. A score on a scale between 1-

8 represented the aggregate knowledge score for poultry vendors in the sample. Scores 

for each respondent were considered “High” if greater than the median or “Low” if 

equal to or less than the median. 
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Attitudes questions were presented as statements about biosecurity and the role 

of regulations and government. Participants rated their level of agreement with each 

statement on a Likert Scale (Strongly Agree, Agree, Neither Agree nor Disagree, 

Disagree, Strongly Disagree). Counts and percentages for responses to each of the 10 

attitude questions were calculated. Responses were considered “positive” if the 

respondent chose “Strongly Agree” or “Agree,” neutral if “Neither Agree nor Disagree” 

and negative if “Strongly Disagree” or “Disagree.” 

Risk perception items regarding infectious disease related to raising poultry and 

selling it via social media, as well as dimensions of perceived likelihood and perceived 

severity of disease were included due to their influence on individual behavior (Slovic et 

al., 2004). For both of these sections, participants rated their level of agreement with 

each statement on a Likert Scale. Counts and percentages were calculated for each of 

the 10 questions in the risk perceptions section. Perceptions of risk were calculated as 

high if the respondent chose “Strongly Agree” or “Agree,” medium if “Neither Agree nor 

Disagree” and low if “Strongly Disagree” or “Disagree.”  

The final section on poultry vendor biosecurity practices included statements 

about behaviors relating to sanitation and hygiene, flock separation, vaccinations, 

inspection, and reporting. Participants were asked to indicate whether they performed 

the practice Always, Usually, Sometimes, Rarely, or Never. Counts and percentages were 

calculated for each of the 10 items in the biosecurity practices section. Biosecurity 

practices were considered good if the respondent chose “Always” or “Usually,” fair if 

“Sometimes” and poor if “Rarely” or “Never.”  
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Responses were checked for completeness before being entered into Stata 

(17.1) (College Station) for analysis. Descriptive statistics such as frequency (%) for 

categorical variables and mean and standard deviation for numerical variables were 

calculated for knowledge, attitude, behavior, and risk perception questions for the 

entire data set. Logistic regression models were used to analyze the relationship 

between age and the number of years of experience selling poultry to biosecurity 

knowledge. 

4.4 Results 

37 poultry groups that fit the search criteria were identified; researchers sent 

private messages to group moderators to request permission to post the survey, after 

which a link to the survey was posted in 22 groups.  

Figure 4.1. Recruitment Results  

 

There were a total of 137 responses to the survey. Surveys that were complete 

at least to the end of the knowledge section were included (N=86), while those that only 

contained responses to introductory demographic questions were excluded (N=54). 

Surveys were also checked for duplication: complete surveys were compared to 
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incomplete surveys and were flagged if responses to demographic questions matched 

exactly. Responses to subsequent questions were then compared to ensure the 

uniqueness of each response. After removal of potential duplicates (N=3), 83 responses 

were included in the analysis.  

4.4.1 Sociodemographics  

Table 4.1. Summary of Demographic Information 
Demographic Variable Social Media 

Age  

18-29 8 (19.5%) 

30-39 19 (46.3%) 

40-49 6 (14.6%) 

50-59 6 (14.6%) 

60-69 2 (4.9%) 

>70 0 (0.0%) 

Median 37 

Range 18-66 

Gender  

Male 2 (4.8%) 

Female 39 (92.9%) 

Other 1 (2.4%) 

Race  

White 38 (95.0%) 

Black or African American 0 (0%) 

American Indian/Alaskan Native 1 (2.5%) 

Asian 0 (0%) 

Native Hawaiian/Pacific Islander 0 (0%) 

Some other race 1 (2.5%) 

No response 0 (0%) 

Education  

Less than high school 0 (0%) 

High school graduate/GED 7 (16.7%) 

Some college 10 (23.8%) 

2-year degree 7 (16.7%) 

4-year degree 9 (21.4%) 

Graduate degree 7 (16.7%) 

Doctoral degree 2 (4.8%) 

Experience selling animals/products  

0-5 years 42 (72.4%) 

6-10 years 10 (17.2%) 

11-15 years 2 (3.4%) 

16-20 years 1 (1.7%) 

>20 years 3 (5.2%) 

Primary source of income?  

Yes 0 (0%) 
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No 59 (98.3) 

Other 1 (1.7%)* 

*no details were provided 

4.4.2 Knowledge 

 The median knowledge score for all respondents was 5, and among the 580 total 

answers, 429 (74.0%) were correct, indicating a moderate level of biosecurity 

knowledge for this population (see Table 2). 45.8% (n=38) of participants received a 

“high” score, and 54.2% (n=45) received a “low” score. Certain items received 

consistently low scores, including knowledge of avian influenza’s zoonotic potential 

(Question K2: 57% correct, 17% incorrect, 27% unsure), the risk of visiting other poultry 

farms (Question K6: 54% correct, 24% incorrect, 22% not sure), and the flow by age in 

poultry facilities (Question K5, 55% correct, 31% incorrect, 13% unsure). Figure 2 

illustrates the proportion of correct responses for each knowledge question.  

Table 4.2. Summary Data for Biosecurity Knowledge 
Knowledge of biosecurity  

Descriptive Statistics  

Mean 5.2 

Median 5 

Range 2-7 

Std Dev 1.3 

Score Category  

High (above median) 38 (45.8%) 

Low (at or below median) 45 (54.2%) 
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Figure 4.2. Summary of Responses Related to Biosecurity Knowledge 

 

4.4.3 Attitudes towards Biosecurity 

 Overall attitudes toward biosecurity practices were positive or neutral, with 380 

of the total 696 responses being positive (54.6%), and 25.3 being neutral (25.3%). Only 

94 responses were considered negative (13.5%), and 46 responses were “not sure” 

(6.6%). For individual items, nearly all respondents reported positive or neutral attitudes 

towards PPE (Question A2, only 1% negative), the ability of biosecurity practices to 

reduce disease transmission (Question A1, only 1% negative), and the effectiveness of 

biosecurity programs such as NPIP (Question A3, 7% negative).  The most commonly 

reported negative attitudes pertained to the role of state and local government, in 

providing biosecurity resources (Question A4; 26% negative), looking out for the 

vendors’ best interests (Question A5; 25% negative), and the importance of government 

regulations in protecting human health (Question A8; 24% negative) and animal health 
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(Question A7; 20% negative). Figure 3 illustrates the distribution of responses for each 

attitudes question. 

Figure 4.3. Summary of Responses Related to Attitudes Toward Biosecurity 

 

4.4.4 Infectious Disease Risk Perceptions 

Overall perceptions of the risk of infectious disease related to raising poultry and 

buying or selling poultry at informal markets was generally low, with 44.2% (n=309) of 

all 699 responses categorized as low. Only one item was rated as high across the 

sample: the risk of poultry becoming dangerously ill if they were to get infected 

(Question R6; 77.1% high perception of risk). The lowest perceived risk among 

respondents pertained to the likelihood of themselves becoming ill due to an infection 

contracted from their flock (Question R3; 84.3% low perception of risk), followed by 

being worried about being infected with a poultry virus (Question R1; 62.9% low 
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animal health agency.

A4: My state and local government do a good job providing
biosecurity resources.

A5: My state and local government are looking out for my
best interests when they implement biosecurity…

A10: The regulations I am required to adhere to (such as
recordkeeping, biosecurity, or testing my flocks for…

A9: The requirements of biosecurity programs are easy for
me to follow.

A8: Government regulations are important to protect the
health of humans.

A7: Government regulations are important to protect the
health of animals.

A3: Biosecurity programs and regulations (like National
Poultry Improvement Plan and Fowl Registration…

A1: Good biosecurity practices can reduce the spread of
infectious disease to humans.

A2: Personal protective equipment (like gloves, masks, or
booties) are effective in preventing the spread of germs.

Positive Neutral Negative Not sure
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perception of risk) and the risk posed to themselves from selling poultry via social media 

groups (Question R8: 50.0% low perception of risk). Responses to risk perceptions 

questions are presented in Figure 4. 

Figure 4.4. Summary of Responses Related to Infectious Disease Risk Perceptions 

 

4.4.5 Biosecurity Practices 

 For 6 out of the 10 practices in the survey, more than 50% of the respondents 

reported good biosecurity measures: these included separating new birds from existing 

flocks (Question B3; 92.2%), not allowing wild birds or waterfowl to interact with their 

flocks (Question B6; 90.6%), washing hands after handling birds (Question B2; 89.1%), 

performing daily visual inspections (Question B5; 89.1%), not allowing pets into bird 

enclosures (Question B9; 70.3%), and washing hands before handling birds (Question 
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35.7%
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R3: It is likely that I will become ill due to a virus that
I contract from my flock.

R5: It is likely that my flock will become infected at
some point.

R1: I am worried about being infected with a poultry
virus

R7: Raising poultry puts me at risk for infectious
disease.

R8: Selling poultry via social media groups puts me at
risk for infectious disease.

R4: If I were to become ill from an infection from my
flock, it would be very dangerous to my health.

R9: Selling poultry via social media groups puts other
people at risk for infectious disease.

R2: I am worried that my flock will become infected
with a poultry virus (such as avian influenza or…

R10: Selling poultry via social media groups puts
poultry at risk for infectious disease.

R6: If my flock were to become ill, it would be very
dangerous to their health.

High Medium Low
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B1; 55.6%), However, 3 of the 10 items resulted in poor scores for biosecurity practices: 

respondents reported that they “rarely” or “never” vaccinate their birds (Question B4; 

53.1%), wear personal protective equipment when entering poultry facilities (Question 

B7; 51.6%) or report sick or dead birds to the proper animal health authorities (Question 

B8; 67.2%). Responses to questions related to biosecurity practices are provided in 

Figure 5. 

Figure 4.5. Summary of Responses Related to Biosecurity Practices 
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B8: Report sick or dead birds in your flock to a local
veterinarian or animal health agency, if you discover them.

B7: Wear personal protective equipment (gloves, boots,
coveralls) when entering your poultry house/facilities.

B4: Vaccinate your flocks against common poultry diseases.

B10: Remove dirt, manure, or other organic material from
your vehicle when you are driving somewhere where you

may encounter livestock.

B1: Wash your hands with soap and water BEFORE
handling your birds (or hand sanitizer, if soap and water

are not available).

B9: Prevent pets (like cats and dogs) from entering your
poultry house/facilities.

B5: Perform daily inspections of your flocks for signs of
illness or death.

B2: Wash your hands with soap and water AFTER handling
your birds (or hand sanitizer, if soap and water are not

available).

B6: Prevent your birds from interacting with wild birds or
waterfowl.

B3: Separate new birds from existing flocks.

Good Fair Poor
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4.4.6 Information Sources for Vendors 

 A final section of the survey asked participants where they obtain information on 

animal health and infectious diseases, and on regulations and laws pertaining to them as 

poultry sellers (see Table 3).  

Table 4.3. Information Sources for Social Media Vendors 
Information Topic & Source Value (%) 

Animal Health  N=41 

Online 18 (43.9%) 

Extension 5 (12.2%) 

Facebook/Social Media 5 (12.2%) 

Other poultry owners 3 (7.3%) 

USDA 3 (7.3%) 

Books/reference materials 2 (4.9%) 

Universities 2 (4.9%) 

Other 3 (7.3%) 

Regulatory Programs  N=41 

Online 13 (31.7%) 

State animal health agency 5 (12.2%) 

Extension 3 (7.3%) 

USDA 3 (7.3%) 

Other poultry owners 3 (7.3%) 

Universities 3 (7.3%) 

Facebook/Social Media 2 (4.9%) 
None/ N/A 8 (19.5%) 

USDA= United States Department of Agriculture 
Extension= a nationwide system operating through 
land-grant universities to educate the public on 
agriculture and farming 

4.5 Analysis 

We explored the potential for demographic and other drivers to influence 

knowledge (see Table 4). Numerous variables (e.g., gender, where 92.9% of participants 

reported being female) could not be evaluated because there were insufficient numbers 

in non-dominant strata. We did evaluate whether self-reported age and years of 

experience influenced knowledge, and identified that the middle tertile of age (32-39) 

was associated with higher knowledge (OR 4.0, CI 1.06, 15.14, p<0.05), but this variable 

was non-significant when age was considered as a continuous variable.  
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Table 4.4. Logistic Regression Analysis of Predictors of High Biosecurity Knowledge 
Covariate N OR 95% CI P -value 

Age (in years)     

18-31 Ref    

32-39 21 4.00 1.06 – 15.14 0.04 

40-66 20 2.45 .64 – 9.39  0.19 

Experience (in years)     

0-1 Ref    

2-4 31 0.95 0.33 – 2.74 0.92 

5-50 26 1.08 0.36 – 3.24 0.90 

 

4.6 Discussion 

 In this study, people who use social media to buy and sell poultry demonstrated 

reasonable knowledge of biosecurity and infectious disease, generally had positive 

attitudes towards biosecurity practices and regulations, and reported moderately high 

levels of compliance with common biosecurity practices. However, this study 

highlighted specific gaps that could represent areas to address education or outreach to 

this population to decrease infectious disease risks—in particular related to lack of 

surveillance for emerging infectious diseases in this population.  

Specifically, people who use social media to sell poultry do so with very little or 

no governmental oversight of their biosecurity practices, including the aforementioned 

farm inspections, testing, and record keeping. Thus, there is no way to address 

biosecurity gaps where they do exist. Most worrisome is respondents who self-reported 

that they do not report sick or dead birds to the appropriate animal health agencies 

(only 23.7% reporting “usually” or “always”), thus undermining the sentinel surveillance 

systems that are in place to alert public health officials to infectious disease outbreaks 

that can threaten the health of both animals and humans. Therefore, this behavior 
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should be the primary target for any policy or interventions that aim to improve health 

security.  

Next, this population does not seem to recognize the zoonotic potential of 

poultry diseases, as identified in responses to knowledge and risk perception survey 

questions: only 57% understood that HPAI could be spread to humans, and perceptions 

of infectious disease risk for humans were low across the board. Further, 26% were not 

aware of the current HPAI outbreak in the United States. Knowledge, attitudes, and risk 

perceptions are predictors of health behavior pertaining to infectious disease and 

pandemics (Rincon et al., 2021; Ferrer & Klein, 2015) and thus these findings further 

emphasize the need to provide education on the infectious disease risks of raising 

backyard flocks to improve biosecurity practices.  

There was a discrepancy between positive attitudes towards PPE as a means to 

prevent the spread of pathogens (87% positive), while only 33% stated that they 

“usually” or “always” use PPE when interacting with their flocks. This may be due to 

how PPE is defined or perceived by this population. Previous interviews with poultry 

sellers in informal marketplaces and the authors’ experiences suggest that it is common 

for backyard poultry producers to use special footwear or clothing specifically for 

entering poultry enclosures that is not used for any other purpose. Given that this 

survey took place in 2023, after years of human pandemic response, “PPE” as written in 

the survey may have been perceived as referring to more specialized equipment such as 

N95 or other masks, or disposable gloves or coveralls, and thus this biosecurity practice 

may have been underestimated by the survey results.  
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This population reported negative attitudes overall regarding government 

personnel and regulations. This aligns logically with the fact that social media groups are 

not allowed to use Facebook groups to buy or sell live animals; some level of skepticism 

or distrust among group members may be reasonable to expect in this context. Survey 

recruitment activities confirmed these attitudes: requests for group access and 

permission to post the survey in the groups was occasionally met with suspicion or 

hostility. Therefore, while these results can be used to tailor education or outreach 

campaigns to improve biosecurity knowledge and encourage better biosecurity 

practices, doing so should be approached with caution and recognition of the gray area 

in which these social media groups are operating. It is possible that attempts to reach 

these groups may be poorly received or rejected outright if members perceive a risk for 

the groups being shut down. Other scholarship on behavior change pertaining to illegal 

fishing and the wildlife trade have shown that acquiring an in-depth understanding of a 

specific community’s context is required in developing and implementing effective 

interventions, and should include an exploration of group dynamics; values, beliefs, and 

attitudes; how decisions or polices are made; and methods of communication within the 

group (Battista et al., 2018; ), as well as deliberate efforts to build relationships and trust 

(Wallen & Dault, 2018). The findings from this survey represent an introduction to some 

of these elements; additional inquiry including qualitative interviews or social network 

analysis could explore some of these concepts more fully and inform future intervention 

efforts. 
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The results of this survey revealed a high-level similarity with a KAP survey 

concurrently conducted among poultry vendors at flea markets in the state of Texas. For 

example, for several items the highest and lowest scores were identical for all sections 

in the Texas survey and this current analysis. The surveys themselves were designed to 

be as similar as possible, with the major difference in that the Texas survey was 

conducted largely in person and this U.S.-wide survey of informal poultry vendors was 

conducted entirely online. These results may indicate an overlap in the makeup of these 

populations; about half (49%) of respondents to the social media KAP survey indicated 

that they have sold or bought poultry at an in-person market in the past. Therefore, it is 

possible that strategies to educate and encourage improved biosecurity practices for in-

person markets may also reach a segment of the social media population. Regardless, 

the unique nature of social media groups that does not require any testing, inspection, 

or certification by animal health agencies warrants a targeted approach to encourage 

better biosecurity behavior that cannot be enforced by formal biosecurity regulations. 

Without any efforts to educate or influence biosecurity behavior among this population, 

there is a real risk for increased disease transmission as a result of insufficient 

biosecurity measures being carried out by people using social media to sell poultry.  

We conducted a systematic exploration of the potential number and size of 

social media groups and made efforts to recruit as widely as possible, contacting 37 

social media poultry groups comprising over 250 thousand members. However, we 

cannot be sure how many of those users are active, unique, or real people. Therefore, a 

key limitation of this study is the inability to estimate the response rate against the total 
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population of backyard poultry producers who use social media as a marketplace, as this 

number is ultimately unknown, limiting our ability to characterize the generalizability of 

this study. Regardless, this survey provides an important introduction to the 

perspectives of members of poultry social media groups as an emerging segment of the 

informal poultry trade in the United States. 

Future research should further examine social media as a virtual marketplace for 

poultry as these groups continue to grow in number and popularity. Because they are 

technically against the Terms of Service on social media websites, it is possible that 

these groups could be shut down by Facebook or could exist or migrate to other 

platforms. Studies on bans pertaining to illegal wildlife trade have revealed that people 

may turn to black or gray markets in response to outright bans (Bonwitt, et al., 2018). In 

the meantime, education and outreach interventions should target these social media 

groups in addition to utilizing existing agricultural information sources such as 

cooperative extension and local and state animal health agency communication 

channels. Importantly, such efforts should leverage insider champions, local leaders, and 

influencers to build trust and most effectively reach members of these online 

communities to encourage proper poultry biosecurity measures as a first and next step 

to reduce the risk of infectious disease, and in turn, protect global health security. 
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4.9 Supplemental Information 

4.9.1 Data Tables 

 

Table 4.5. Summary of Responses Related to Biosecurity Knowledge 

Question 
Options Determination 

(Score) 
N (%) 

K1: "Biosecurity" refers to specific actions 
that are taken reduce the spread of disease.  

True 
False 

Not sure 

Correct (1) 
Incorrect (0) 
Incorrect (0) 

72 (86.7%) 
1 (1.2%) 

10 (12.0%) 

K2: Avian influenza can be spread to humans 
and other animals. 

True 
False 

Not sure 

Correct (1) 
Incorrect (0) 
Incorrect (0) 

47 (56.6%) 
22 (26.5%) 
14 (16.9%) 

K3: New poultry should be mixed with 
existing flocks. 

True 
False 

Not sure 

Incorrect (0) 
Correct (1) 

Incorrect (0) 

3 (3.6%) 
78 (94.0%) 

1 (1.2%) 

K4: Poultry diseases can be spread by 
contaminated equipment, clothing, and 
footwear. 

True 
False 

Not sure 

Correct (1) 
Incorrect (0) 
Incorrect (0) 

80 (96.4%) 
1 (1.2%) 
2 (2.4%) 

K5: Traffic through poultry houses should 
flow from older to younger birds. 

True 
False 

Not sure 

Incorrect (0) 
Correct (1) 

Incorrect (0) 

11 (13.3%) 
46 (55.4%) 
26 (31.3%) 

 

K6: Poultry growers should visit other 
poultry operations frequently to learn about 
them. 

True 
False 

Not sure 

Incorrect (0) 
Correct (1) 

Incorrect (0) 

18 (21.7%) 
45 (54.2%) 
20 (24.1%) 

K7: There is currently an outbreak of Avian 
Influenza in the United States 

True 
False 

Not sure 

Correct (1) 
Incorrect (0) 
Incorrect (0) 

61 (73.5%) 
5 (6.0%) 

17 (20.5%) 
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Table 4.6. Summary of Responses Related to Attitudes Toward Biosecurity 

Question 
Strongly 

Agree 
Agree 

Neither 
Agree nor 
Disagree 

Disagree 
Strongly 
Disagree 

Not 
Sure 

A1: Good biosecurity practices 
can reduce the spread of 
infectious disease to humans. 

12 (41%) 14 (48%) 2 (7%) 0 (0%) 0 (0%) 2 (3%) 

% Positive % Neutral % Negative  

87% 9% 1%  

A2: Personal protective 
equipment (like gloves, masks, or 
booties) are effective in 
preventing the spread of germs. 

41 (59%) 20 (29%) 7 (10%) 1 (1%) 0 (0%) 1 (1%) 

% Positive % Neutral % Negative  

87% 10% 1%  

A3: Biosecurity programs and 
regulations (like National Poultry 
Improvement Plan) help keep my 
birds healthy. 

35 (50%) 14 (20%) 10 (14%) 4 (6%) 1 (1%) 6 (9%) 

% Positive % Neutral % Negative  

70% 14% 7%  

A4: My state and local 
government do a good job 
providing biosecurity resources. 

9 (13%) 9 (13%) 26 (37%) 13 (19%) 5 (7%) 8 (11%) 

% Positive % Neutral % Negative  

26% 37% 26%  

A5: My state and local 
government are looking out for 
my best interests when they 
implement biosecurity 
regulations. 

11 (16%) 13 (19%) 23 (33%) 10 (14%) 7 (10%) 5 (7%) 

% Positive % Neutral % Negative  

35% 33% 25%  

A6: I have a good relationship 
with inspectors from the Texas 
Animal Health Commission. 

8 (12%) 7 (10%) 41 (59%) 3 (4%) 3 (4%) 7 (10%) 

% Positive % Neutral % Negative  

22% 59% 9%  

A7: Government regulations are 
important to protect the health 
of animals. 

16 (23%) 27 (39%) 11 (16%) 9 (13%) 5 (7%) 2 (3%) 

% Positive % Neutral % Negative  

61% 16% 20%  

A8: Government regulations are 
important to protect the health 
of humans. 

19 (27%) 22 (31%) 11 (16%) 12 (17%) 5 (7%0 1 (1%) 

% Positive % Neutral % Negative  

59% 16% 24%  

A9: The requirements of 
biosecurity programs are easy for 
me to follow. 

17 (24%) 20 (29%) 20 (29%) 4 (6%) 1 (1%) 8 (11%) 

% Positive % Neutral % Negative  

53% 29% 7%  

A10: The regulations I am 
required to adhere to (such as 
recordkeeping, biosecurity, or 
testing my flocks for diseases) are 
relevant to me as a poultry seller. 

19 (28%) 12 (18%) 21 (31%) 5 (7%) 5 (7%) 6 (9%) 

% Positive % Neutral % Negative  

46% 31% 15%  
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Table 4.7. Summary of Responses Related to Infectious Disease Risk Perceptions 

Question 
Strongly 

Agree 
Agree 

Neither 
Agree nor 
Disagree 

Disagree 
Strongly 
Disagree 

Total 

R1: I am worried about being 
infected with a poultry virus 

4 (6%) 9 (13%) 12 (17%) 20 (29%) 24 (34) 

1 (1%) 
% High % Medium % Low 

18.6% 17.1% 62.9% 

R2: I am worried that my flock 
will become infected with a 
poultry virus (such as avian 
influenza or Newcastle virus). 

11 (16%) 
16 

(23%) 
12 (17%) 14 (20%) 16 (23%) 

1 (1%) 
% High % Medium % Low 

38.6% 17.1% 42.9% 

R3: It is likely that I will become 
ill due to a virus that I contract 
from my flock. 

0 (0%) 3 (4%) 8 (11%) 26 (37%) 33 (47%) 

0 (0%) 
% High % Medium % Low 

4.3% 11.4% 84.3% 

R4: If I were to become ill from 
an infection from my flock, it 
would be very dangerous to my 
health. 

5 (7%) 
16 

(23%) 
17 (24%) 12 (17%) 13 (19%) 

7 (10%) 
% High % Medium % Low 

30.0% 24.3% 35.7% 

R5: It is likely that my flock will 
become infected at some point. 

1 (1%) 9 (13%) 22 (31%) 23 (33%) 11 (16%) 

4 (6%) 
% High % Medium % Low 

14.3% 31.4% 48.6% 

R6: If my flock were to become 
ill, it would be very dangerous to 
their health. 

17 (24%) 
37 

(53%) 
12 (17%) 3 (4%) 1 (1%) 

0 (0%) 
% High % Medium % Low 

77.1% 17.1% 5.7% 

R7: Raising poultry puts me at 
risk for infectious disease. 

3 (4%) 
14 

(20%) 
19 (28%) 16 (23%) 13 (19%) 

4 (6%) 
% High % Medium % Low 

24.6% 27.5% 42.0% 

R8: Selling poultry on social 
media puts me at risk for 
infectious disease. 

2 (3%) 
18 

(26%) 
12 (17%) 21 (30%) 14 (20%) 

3 (4%) 
% High % Medium % Low 

28.6% 17.1% 50.0% 

R9: Selling poultry on social 
media puts other people at risk 
for infectious disease. 

3 (4%) 
19 

(27%) 
17 (24%) 15 (21%) 13 (19%) 

3 (4%) 
% High % Medium % Low 

31.4% 24.3% 40.0% 

R10: Selling poultry on social 
media puts poultry at risk for 
infectious disease. 

9 (13%) 
24 

(34%) 
15 (21%) 13 (19%) 8 (11%) 

1 (1%) 
% High % Medium % Low 

47.1% 21.4% 30.0% 
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Table 4.8. Summary of Responses Related to Biosecurity Practices 

Question Always Usually Sometimes Rarely Never Total 

B1: Wash your hands with soap 
and water BEFORE handling your 
birds (or hand sanitizer, if soap 
and water are not available). 

20 (32%)  15 (24%) 12 (19%) 11 (17%) 5 (8%) 

63 
% Good % Fair % Poor 

55.6% 19.0% 25.4% 

B2: Wash your hands with soap 
and water AFTER handling your 
birds (or hand sanitizer, if soap 
and water are not available). 

44 (69%) 13 (20%) 5 (8%) 1 (2%) 1 (2%) 

64 
% Good % Fair % Poor 

89.1% 7.8% 3.1% 

B3: Separate new birds from 
existing flocks. 

55 (86%) 4 (6%) 5 (8%) 0 (0%) 0 (0%) 

64 
% Good % Fair % Poor 

92.2% 7.8% 0.0% 

B4: Vaccinate your flocks against 
common poultry diseases. 

16 (25%) 7 (11%) 7 (11%) 12 (19%) 
22 

(34%) 
64 

% Good % Fair % Poor 

35.9% 10.9% 53.1% 

B5: Perform daily inspections of 
your flocks for signs of illness or 
death. 

48 (75%) 9 (14%) 3 (5%) 4 (6%) 0 (0%) 

64 
% Good % Fair % Poor 

89.1% 4.7% 6.3% 

B6: Do not allow your birds to 
interact with wild birds or 
waterfowl. 

36 (56%) 22 (34%) 3 (5%) 3 (5%) 0 (0%) 

64 
% Good % Fair % Poor 

90.6% 4.7% 4.7% 

B7: Wear personal protective 
equipment (gloves, boots, 
coveralls) when entering your 
poultry house/facilities. 

12 (19%) 9 (14%) 10 (16%) 13 (21%) 
20 

(31%) 
64 

% Good % Fair % Poor 

32.8% 15.6% 51.6% 

B8: Report sick or dead birds in 
your flock to a local veterinarian 
or local animal health agency, if 
you discover them. 

10 (16%) 5 (8%) 6 (9%) 8 (13%) 
35 

(55%) 
64 

% Good % Fair % Poor 

23.4% 9.4% 67.2% 

B9: Do not allow pets (like cats 
and dogs) into your poultry 
house/facilities. 

32 (50%) 13 (20%) 11 (17%) 5 (8%) 3 (5%) 

64 
% Good % Fair % Poor 

70.3% 17.2% 12.5% 

B10: Remove dirt, manure, or 
other organic material from your 
vehicle when you are driving 
somewhere where you may 
encounter livestock. 

17 (27%) 14 (22%) 8 (13%) 9 (14%) 
15 

(24%) 
63 % Good % Fair % Poor 

49.2% 12.7% 38.1% 
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4.8.2 Knowledge, Attitudes, Practices (KAP) and Risk Perceptions Survey 

 

Screening and Icebreakers 

14. Have you ever used social media (such as Facebook) as a tool to sell or trade 
poultry? 

a. Yes 
b. No  

15. Have you ever sold poultry at a public location, such as a flea market, bird swap, 
or trade days? 

a. Yes (please indicate location) 
b. No 

 
[If “NO” to both 1 and 2, end survey] 
 

16. Which of the following best describes you? 
a. I keep poultry or a flock of poultry in my backyard/on my property 
b. I buy, sell, or trade poultry/poultry products but do not maintain a flock 
c. Other: _________ 

17. Is selling or trading poultry/poultry products your primary source of income? 
d. Yes 
e. No (if so, please indicate primary source of income) 
f. Other (please explain) 

18. How long have you been selling or trading poultry/poultry products? (in years) 
19. Approximately how many birds do you sell per month? 

 
Knowledge 

1. Please rate your knowledge and experience with the following poultry 
biosecurity programs: [Never heard of it; I have heard of it; I participate in it] 

a. National Poultry Inspection Program (NPIP)  
b. U.S. Pullorum-Typhoid Clean Program 
c. U.S. MG Clean Program 

 
2. The following are statements about sanitation and hygiene, also known as 

“biosecurity practices”. Please respond whether you think the statement is True, 
False, or you are Not Sure. 

i. “Biosecurity” refers to specific actions that are taken reduce the spread 
of disease. 

j. Avian influenza can be spread to humans and other animals. 
k. New poultry should be mixed with existing flocks. 
l. Poultry diseases can be spread by contaminated equipment, clothing, 

and footwear. 
m. Traffic through poultry houses should flow from older to younger birds. 
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n. Poultry growers should visit other poultry operations frequently to learn 
about them. 

o. There is an outbreak of Avian Influenza in the United States that began in 
2022. 

 

Attitudes and Risk Perceptions 

3. The following are statements about your opinions related to biosecurity and 
regulations. For each item, please state your level of agreement: Strongly Agree, 
Agree, Neither Agree nor Disagree, Disagree, Strongly Disagree, or Not 
Applicable. 

Biosecurity and Regulatory Attitudes 
u. Good biosecurity practices can reduce the spread of infectious disease to 

humans. 
v. Personal protective equipment (like gloves, masks, or booties) are effective 

in preventing the spread of pathogens.  
w. Biosecurity programs and regulations (like NPIP) help keep my birds 

healthy.  
x. My state and/or local government do a good job providing biosecurity 

resources. 
y. My state and/or local government are looking out for my best interests 

when they implement biosecurity regulations. 
z. Government regulations are important to protect the health of animals. 
aa. Government regulations are important to protect the health of humans. 
bb. The requirements of biosecurity programs are easy for me to follow. 
cc. The regulations I am required to adhere to (such as recordkeeping, 

biosecurity, or testing my flocks for diseases) are relevant to me as a poultry 
seller. 

 
Infectious Disease Risk Perceptions 

dd. I am worried about being infected with a poultry virus. 
ee. I am worried that my flock will become infected with a poultry virus (such as 

avian influenza or Newcastle virus). 
ff. It is likely that I will become ill due to a virus that I contract from my flock. 
gg. If I were to become ill from an infection from my flock, it would be very 

dangerous to my health. 
hh. It is likely that my flock will become infected at some point.  
ii. If my flock were to become ill, it would be very dangerous to their health. 
jj. Raising poultry puts me at risk for infectious disease. 
kk. Selling poultry via social media groups puts me at risk for infectious disease. 
ll. Selling poultry via social media groups puts other people at risk for 

infectious disease. 
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mm. Selling poultry via social media groups puts poultry at risk for infectious 
disease. 

 

Practices 

4. Please state how often you perform each of the following actions. (Always, 
Usually, Sometimes, Rarely, Never) 

k. Wash your hands with soap and water before handling your birds (or 
hand sanitizer, if soap and water are not available). 

l. Wash your hands with soap and water after handling your birds (or hand 
sanitizer, if soap and water are not available). 

m. Separate new birds from existing flocks. 
n. Vaccinate your flocks against common poultry diseases. 
o. Perform daily inspections of your flocks for signs of illness or death. 
p. Allow your birds to interact with wild birds or waterfowl. 
q. Wear personal protective equipment (gloves, boots, coveralls) when 

entering your poultry house/facilities. 
r. Report sick or dead birds in your flock to a local veterinarian or state 

animal health office, if you discover them. 
s. Allow pets (like cats and dogs) into your poultry house/facilities. 
t. Remove dirt, manure, or other organic material from your vehicle when 

you are driving somewhere where you may encounter livestock. 
 
Demographics 

20. Age (in years) 
21. Gender  

e. Male 
f. Female 
g. Non-binary 
h. Prefer not to answer 

22. Education level 
i. Less than high school 
j. High school graduate/GED 
k. Some college 
l. 2-year degree 
m. 4-year degree 
n. Graduate degree 
o. Other 

5. Place of residence (city, state) [Open text] 
6. As it pertains to managing your flock, where do you get information on:  

a. animal health and infectious diseases? [Open text] 
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b. regulations, guidelines, and requirements that apply to you as a poultry 

seller? [Open text] 

7. Is there anything you would like to share regarding these topics? [Open text] 
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Chapter Five: 

Discussion and Policy Implications 
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5.1 Introduction  

There are over 10 million backyard poultry flocks (American Pet Producers 

Association [APPA], 2019) and 2 million farms in the United States (USDA, 2022). While 

flock owners and farmers play an important role in providing food to the nation, the 

practice of producing food animals or animal products for consumption (such as meat or 

eggs), carries potential risks for infectious disease spread and occupational and 

consumer exposure to zoonotic disease agents. To mitigate these risks, policies or 

regulations have been adopted or promulgated that address infectious disease risks or 

govern biosecurity practices. Such initiatives include recent changes to federal 

regulations or passage of state laws that restrict the use of antimicrobial drugs to 

address the challenge of antimicrobial resistance, and registration and disease testing 

requirements for selling poultry at public locations. Unfortunately, there is an 

unevenness with which these regulations are applied at different levels of government 

and to specific segments of the livestock and poultry value chain. Federal policies differ 

from state and local policy, while poultry farmers have different biosecurity regulations 

to follow based on where they live and where they are selling their birds.  

To make matters more complex, the existence of these laws is not enough to 

solve the issue of infectious disease: these policies rely on compliance and enforcement 

by producers, veterinarians, and regulatory officials. Therefore, we explored the 

perceptions, behaviors, and experiences of producers and poultry farmers to 

understand how regulations are perceived, and we evaluated the extent to which 

backyard poultry farmers report performing recommended biosecurity practices in 



129 
 

informal markets where regulations are few. We found that key informants from the 

animal agriculture sector report feeling overregulated and perceive that policies are 

implemented without a good understanding of the day-to-day realities of farming, while 

still acknowledging that some regulation of the agricultural industry is necessary and 

useful to protect animal and human health. Among backyard poultry farmers, we 

observed generally good knowledge and practices pertaining to infectious disease and 

biosecurity, despite our population operating in informal marketplaces which are 

sparsely regulated. By describing what the gaps are (via KAP surveys) and how they 

might best be addressed (through qualitative inquiry), these findings can identify 

potential next steps to improve biosecurity in the informal poultry market. 

5.2 Significant Findings, Common Themes, and Implications for Policy and Public Health 

 

5.2.1 Government Distrust  

 A distrust of government and distaste for regulations was a common theme 

through all three aims of this research: producers who participated in interviews for Aim 

1 repeatedly articulated their concerns about overregulation, government inefficiency, 

and that they felt the government was trying to put small producers out of business. 

Poultry sellers surveyed for Aims 2 and 3 also reported negative attitudes towards the 

government’s role in providing biosecurity resources and in protecting public health. 

Further evidence of this skepticism towards authority was made clear during 

recruitment for Aim 3; when contacting the administrators of social media groups for 

permission to post survey links, there were multiple occasions where we were met with 
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suspicion regarding our motives for conducting the research, resulting in some groups 

rejecting us completely.  

 Temporal and political context is also important when interpreting the results of 

this research. While qualitative interviews with key informants from the animal 

agriculture sector in Aim 1 were conducted pre-pandemic, surveys and interviews for in-

person vendors and social media vendors took place in a post-Covid time period that 

may have impacted their attitudes towards the role of government in passing 

regulations that pertain to animal and public health. Data collection for Aim 2 took place 

in Texas, which is a socially and politically conservative state that may further influence 

the negative attitudes towards government regulation. However, we found that these 

attitudes were somewhat universal among our participants, despite spanning a timeline 

with significant developments in infectious disease events like COVID and HPAI, and in 

states that are politically progressive and in states that are politically conservative, on 

average. 

Despite negative attitudes toward government, poultry vendors from in-person 

markets in Texas indicated that they had a good relationship with TAHC inspectors, and 

this finding was elaborated though interviews and informal conversations with vendors. 

Participants expressed a level of rapport and trust with the inspectors which could be 

instrumental in future efforts to ensure high levels of biosecurity in Texas flea markets. 

Risk communication literature highlights the critical importance of establishing trust as a 

first step in communicating to improve protective behaviors (WHO, 2017); while 

inspectors may not have the bandwidth to add additional educational duties to their 
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workloads, they could potentially serve as a link between poultry sellers and backyard 

farmers to educational resources, extension personnel conducting relevant 

programming, or to other famers who have expertise. 

These findings suggest the potential for a peer-to-peer mentoring or champion 

program to be an effective way to leverage what was observed to be a close-knit 

community of backyard poultry farmers in the research at Texas flea markets. Such a 

program would connect experienced and trusted backyard farmers who have good 

biosecurity knowledge and practices with those that are less experienced, enabling 

participants to share their knowledge and best practices in poultry biosecurity, and 

foster a culture of poultry farmers who value biosecurity as a means to protect the 

health of their birds. Existing programs are implemented by universities, cooperative 

extension, and nonprofit organizations, educating new producers on financial planning, 

soil and range management, and emerging technology (National Family Farm Coalition, 

2011; Sustainable Agriculture Research & Education, 2023; New Entry Sustainable 

Farming Project, 2023; Appalachian Sustainable Development, 2023; SCORE, 2023). 

These models could be expanded upon to incorporate biosecurity along with these 

topics. This recommendation comes with the caveat that mentors should be vetted 

and/or trained by experienced biosecurity experts in order to prevent the spread of 

misinformation around infectious disease.  

Regardless of the specific approach, these findings indicate that attempts to 

enact agricultural policies or to conduct outreach to encourage better poultry 

biosecurity practices among these populations should be done with the sensitivities 
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toward regulation and the role of government in mind: the rationale behind a given 

regulation should be provided and its relevance to the producer or farmer context 

should be highlighted, and ideally, this messaging should come through a trusted or 

insider source. 

5.2.2 Addressing Knowledge, Risk Perception, and Behavior Gaps 

 This research has documented specific gaps in knowledge and behavior 

pertaining to preventing the spread of infectious disease among poultry being sold at 

informal markets and on social media. Specifically, awareness of the zoonotic potential 

of common avian diseases such as avian influenza and Newcastle disease, awareness of 

the current HPAI outbreak, a low perception of risk to humans for these diseases, and 

low rates of vaccination and reporting of notifiable diseases are the most concerning. In 

the interest of health security, it is worthwhile to consider what actions can be taken to 

improve biosecurity practices among poultry sellers to reduce the likelihood or impact 

of future disease outbreaks.  

 In the KAP surveys with in-person and social media vendors, we found 

remarkable similarity in reported knowledge, attitudes, biosecurity practices, and risk 

perceptions between the two populations. This finding, along with the fact that roughly 

half of our social media sample reported having sold poultry at an in-person informal 

market may suggest that there is significant overlap and/or similarity between these 

populations, and that interventions to improve knowledge or biosecurity practices for 

one group may be applicable to the other. Despite similarities in content, it is still 
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recommended to consider delivering such interventions through both in-person and 

online formats, to increase reach to all poultry sellers. 

Educational campaigns that focus on zoonotic poultry diseases, epidemiological 

principles, and the effectiveness of sentinel surveillance and vaccination could be 

helpful to boost knowledge and improve biosecurity. However, it has been 

demonstrated that education is necessary, but not sufficient to change behavior 

(Arlinghaus & Johnston, 2017); simply knowing more about a topic does not necessarily 

motivate people to change behavior that can improve or protect their health. Examples 

from public health use smoking as an example: people know smoking is dangerous, but 

do it anyway. However, infectious disease and biosecurity principles may not be 

common knowledge in the general population: these topics should be reinforced to rule 

out the possibility that a lack of knowledge is not to blame for insufficient biosecurity 

practices. Explaining “why” biosecurity is important should also be included in any 

educational efforts; our findings from Aim 1 have highlighted the importance to 

producers that they understand the rationale behind specific policies. 

Other levers that can drive better biosecurity actions should be considered, as 

well. This research specifically included the measurement of risk perceptions in the KAP 

surveys, as this can be a predictor of behavior that is applicable in a health security 

context (Janz & Becker, 1984; Brewer et al., 2007). According to protection motivation 

theory (Rogers, 1975; Floyd et al., 2000), low risk perceptions are linked to lower 

protective behaviors; specifically, the perceived severity and likelihood of a threat (such 

as becoming infected with poultry disease) comprise threat appraisal, while confidence 
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in the effectiveness of and self-efficacy towards protective actions (like biosecurity 

measures) comprise coping appraisal. Results from both KAP studies revealed low threat 

appraisal and moderate-to-high coping appraisal in these groups, indicating that 

perceptions of the likelihood and severity of infectious disease may need to be 

increased to encourage better biosecurity practices. Because risk perceptions as 

measured in the KAP surveys were overall very low in both in-person markets and social 

media contexts, this is an area in which efforts to increase the perceived risks of selling 

poultry via either of these means could result in better biosecurity practices.  

5.2.3 Regulating the No-Man’s Land? 

 Poultry farmers who use social media to sell poultry, but do not conduct any 

sales in public locations are not required by law to enroll in any biosecurity registration 

programs, conduct testing for infectious disease, or pass annual on-farm inspections. 

Effectively, this portion of social media poultry vendors are operating in a regulatory 

“no-man’s land,” outside the boundaries of biosecurity regulations. In the Texas context, 

we learned that livestock inspectors are aware of social media groups and monitor them 

for concerning activity that may pose biosecurity threats, but that they are unable to act 

on these findings since there are no applicable laws to enforce in this situation. In this 

way, efforts to improve biosecurity behaviors among virtual poultry vendors cannot be 

adequately addressed by policy implementation, unless policymakers decide to regulate 

the private sale of animals between citizens. 

Instead, efforts to protect animal and public health from the potential for 

infectious disease resulting from social media-based sales could focus instead on 
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outreach to provide biosecurity resources to this population. To be most effective, the 

administrators and moderators of online poultry sell and swap groups may be 

candidates to be conduits for such interventions: while conducting this research, we 

found that administrators effectively serve as gatekeepers for these groups, in that they 

approve what gets posted publicly and can delete any content or posts which go against 

the group’s rules. While some group administrators were suspicious of our intentions 

while conducting this research, others reached out after taking our survey to express 

their feelings about the importance of sanitation and hygiene in preventing outbreaks of 

infectious disease among their flocks, and encouraged us to come back to the group 

with our findings and other resources that could help them improve biosecurity among 

their members. These invitations have been noted as opportunities to use this research 

in a practical and meaningful way; we intend to develop communications materials to 

disseminate our findings, along with resources to address knowledge and biosecurity 

gaps. 

5.3 Strengths, Limitations, and Future Research Directions 

One limitation of this research is that generalizability of the findings from the 

KAP surveys may not be possible due to small sample sizes. Though we made our best 

efforts to include as many poultry vendors as possible, there were occasions where we 

did not encounter any poultry vendors at Texas flea markets which had been 

recommended for being well-attended. Through conversations with vendors we learned 

that attendance had dropped off since the COVID-19 pandemic and that some vendors, 

especially in the north Texas area, were travelling to Oklahoma to attend flea markets 
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due to more lax restrictions on live animal sales. Regardless, we feel that these findings 

represent a richly detailed snapshot of the biosecurity gaps and perceptions of 

regulation among these groups which is still useful for development of future policy and 

outreach efforts. 

Future research should increase the sample size and expand the geographic 

scope of informal poultry markets in order to generate data that is generalizable to the 

United States and other informal market settings globally. In addition, similar research 

could be done to examine biosecurity practices among informal markets for other 

species with zoonotic disease transmission, such as swine.  

The next pertains to the KAP study and vendor interviews: self-reporting of 

behaviors and attitudes may introduce social desirability bias when the questions 

pertain to compliance with regulations. It is reasonable that people would not want to 

admit to knowingly breaking the law. We anticipated this and addressed this limitation 

through careful wording of interview and survey questions to remove any value 

judgements and ensure that connotation is neutral. Regardless, the possibility of this 

type of response bias cannot be ruled out when interpreting these findings. 

Another area for inquiry would include documenting the perspectives of 

livestock inspectors, extension specialists, policymakers, and state and local animal 

health officials who could provide an account of the “other side” of the poultry 

biosecurity regulatory context. Understanding the specific barriers to monitoring, 

enforcement, and education and outreach in this setting would provide an important 



137 
 

complement to the perceptions by producers and farmers on the acceptability and 

feasibility of specific regulations and could result in more comprehensive 

recommendations for effective policy with which produces and farmers are more likely 

to comply.  

Finally, this work can serve as a baseline against which any future policy or 

interventions that intend to improve knowledge, attitudes, and practices related to 

infectious diseases and biosecurity in the informal poultry marketplace can be 

evaluated. The survey instruments developed here could be repurposed in future 

intervention studies to capture changes or improvements in key metrics, such as 

knowledge, as a result of an educational campaign, mentoring program, or new policy, 

as described previously. 

5.4 Conclusions 

 

This research fills a gap in the literature regarding biosecurity practices in 

informal poultry markets, where data are scarce.  By increasing our understanding of 

what vendors know about biosecurity and infectious disease, policymakers, regulators, 

and educators now have a better understanding of current gaps in knowledge and 

behavior and thus know where to focus their efforts in improving biosecurity practices. 

This data can serve as a baseline, enabling regulators and other interested parties to 

measure change over time as additional policy, outreach, and educational efforts are 

implemented. 
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Recognition of the attitudes and risk perceptions of vendors regarding 

regulation, infectious disease, and biosecurity measures helps to inform future policy 

efforts, communication strategies, and intervention designs that reflect the lived 

experiences of vendors as well as the cultural, social, and political landscape in which 

they operate. While assessing knowledge and practices have revealed “what” to focus 

on, these psychosocial elements of behavior have highlighted “how” to address these 

issues in a way that is more likely to result in compliance with biosecurity regulations.  

Backyard flock owners who engage in informal sales of their poultry make up 

only a tiny proportion of the poultry production value chain in the United States. 

However, infectious disease outbreaks can occur at poultry production sites of any size 

and scale, as we have seen in the H5N9 HPAI epidemic wherein 513 backyard flocks 

have been infected as of mid-2023 (versus 325 commercial flocks) (APHIS, 2023). The 

lack of regulation at informal markets, along with specific gaps in knowledge and 

practices among poultry owners that we have identified in this research represent a real 

infectious disease threat. We hope that these findings will be used by policymakers, 

educators, and regulatory agencies to partner with poultry sellers to make informal 

animal markets safer for poultry and flock owners, and in doing so, protect global health 

security. 
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