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Abstract 

In a world that grows ever smaller with the speed of innovation and trade, the spread of 

disease, specifically zoonotic disease, becomes an ever-looming threat to the health of society. 

One such disease is avian influenza (AI). Once primarily confined to Asia, AI has migrated with 

wild waterfowl to North America. AI strains are subdivided into two categories: high pathogenic 

avian influenza and low pathogenic avian influenza; this classification is based on the severity of 

the disease in chickens. While avian to human and human to human spread of AI is rare, 

scientists and public health officials are identifying AI in humans. AI has been isolated primarily 

in people who have been exposed to poultry. Human case fatality rates vary from outbreak to 

outbreak.  

The author describes her experience working with Dr. LewAnn Schneider with the 

USDA during the summer of 2018 and the variety of opportunities she participated in. She goes 

on to discuss her work in creating biosecurity plans for upland gamebird producers and some of 

the aspects of a good biosecurity plan. Some of the coursework the author completed as part of 

her degree are described and the advantages that each gave her.  
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Chapter 1 - Avian Influenza and its Pandemic Potential 

The influenza virus is a segmented genome RNA virus of the Orthomyxoviridae family. 

There are four genera of influenza virus: A, B, C, and D (Center for Disease Prevention and 

Control, 2017). Only type A influenza viruses have been isolated from birds (Alexander, D. 

2007, Kaye & Pringle, 2005).  Subtypes of avian influenza (AI) are differentiated by surface 

glycoproteins hemagglutinin (H) and neuraminidase (N) (Alexander, D. 2007). There are 18 

different H and 10 different N subtypes, each serotype of AI containing one H and one N antigen 

(Center for Disease Prevention and Control, 2017). “High” or “low” pathogenic avian influenza 

terminology for a serotype is determined by the disease effect on chickens. Highly pathogenic 

avian influenza (HPAI) serotypes can have up to 100% mortality (Alexander, D. 2007). Low 

pathogenic avian influenza (LPAI) serotypes may result in mild or subclinical infections. Highly 

pathogenic avian influenza is only caused by some H5 and H7 subtype viruses (Alexander, D. 

2007). However, not all H5 and H7 subtypes cause HPAI. Beyond the pathogenic disease state 

induced in chickens, the difference between HPAI and LPAI strains is the cleavage site and the 

amino acid at this site (Alexander, D. 2007); the hemagglutinin protein on the influenza virus 

must be cleaved for the virus to bind to the cell membrane and become infectious. Pathogenicity 

is partially determined by the presence of arginine and lysine at the cleavage site of the H 

protein. The cleavage site of the H molecule is necessary for infectivity of the virus, tissue 

tropism, and virulence of the virus (Kaye & Pringle, 2005). The cleavage site of HPAI allows for 

systemic infection of the host. 

Influenza virus may infect all types of domestic or captive birds. Between birds, 

transmission is thought to be primarily fecal-oral, but studies show that transmission may be 

more complex than previously thought. AI can also be spread by indirect contact, i.e. 



4 

contaminated fomites, mechanical transmission, etc. (Alexander, D. 2007). Migratory waterfowl 

are known to be a maintenance host and responsible for the spread of AI (Role for migratory 

wild birds, 2016). This may occur via shared habitats, sources of drinking water or contaminated 

feces (Reperant et al., 2012). The frequency of the infections in poultry depend on the degree of 

contact with feral birds (Alexander, D. 2007). Feral waterfowl do not typically become severely 

ill from AI (Kaye & Pringle, 2005). LPAI can infect cells lining the gastrointestinal tract of 

waterfowl, causing mild to subclinical gastrointestinal symptoms. There are limited respiratory 

effects in waterfowl (Munster & Fouchier, 2009, Reperant et al., 2012). H5N1 was originally 

isolated in the Guandong province of China in 1995 and has spread to poultry and wild birds in 

Asia, Europe and Africa. As a result, millions of birds have been slaughtered or killed as a result 

of the virus (Alexander, D. 2007). 

The full ecology of the virus is not completely understood, and public health scientists as 

well as veterinarians recognize this. They agree that the virus’s ecological reach is complex in 

nature, and transmission of the virus depends on the species and geographical location (Munster 

& Fouchier, 2009). Significantly, human infection may occur as the result of inhalation of 

droplets, contact with fomites, or self-inoculation of the upper respiratory tract or conjunctiva 

(Reperant et al., 2012). The hemagglutination glycoprotein mediates attachment to glycans that 

are expressed on the surface of the host’s cells, although they preferentially bind to glycans with 

sialic acids with an α2,3 linkage to galactose. In birds, these receptors are found throughout the 

body, with the highest concentration in the respiratory and gastrointestinal tract. The receptors 

that align with the H receptors on avian influenza viruses are found in the respiratory tract of 

some species of mammals, including humans, swine, horses, dogs, and ferrets (Reperant et al., 

2012). The preferential receptors for AI in humans have been found on rarely on the epithelial 
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cells of the nasal mucosa and pharynx, focally on the tracheal, bronchial and bronchiolar 

epithelium, but primarily on alveolar epithelial cells (Reperant et al., 2012). However, there are a 

limited number of receptors on mammalian cells, which may explain the limited avian-to-human 

transmission. H7N9 causes low pathogenic avian influenza in chickens, but in humans it can 

cause severe respiratory disease. Based on a study by Qin et al. (2005), the data suggests many 

undiagnosed mild cases of H7N9 in humans, especially in children. The results of the study are 

highly suggestive of higher human susceptibility to H7N9; this highlights the public health 

significance of the phenomenon of virus adaptation between hosts. In a 2013 outbreak in China, 

131 human cases of H7N9 occurred (Cowling, et al., 2013); in the same year, Indonesia had 195 

confirmed human cases of H5N1, of which 163 were fatal (Setiawaty, et al., 2015). H5N1 is 

highly pathogenic in both poultry and humans. However, there have been relatively few human 

cases of H5N1 (Cowling, et al., 2013). While H5N1 causes severe disease in humans, it appears 

to be that there is a restricted population that is susceptible. Qin et al (2015) suggested a genetic 

component to H5N1 human susceptibility as there are relatively few human cases for the 

widespread circulation of H5N1. The rarity suggests significant biological barriers to human 

transmission and adaptation. Domesticated poultry are believed to be the intermediate host 

between feral birds and humans. Domesticated ducks have been shown to shed the virus in large 

numbers, but show no clinical signs (Kaye & Pringle, 2005). In a study by Cowling et al. (2013), 

two-thirds of H5N1 and H7N9 human patients reported contact with poultry. Most H7N9 cases 

reported contact with poultry in a live bird market. Patients with H5N1 were more likely to have 

been in contact with sick, dead or backyard poultry (Cowling, et al., 2013). Neither H5N1 nor 

H7N9 have achieved human-to-human transmission (Cowling, et al., 2013). However, molecular 

analysis of cases of avian influenza in Hong Kong showed direct transmission of AI from poultry 
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to humans, as the virus was unchanged between the poultry and human host. Fortunately, avian-

to-human and human-to-human transmission is rare (Kaye & Pringle, 2005). However, HPAI 

H5N1 has spread on an unprecedented scale throughout Asia, the Middle East, Africa, and 

Europe, fueling concern for a human pandemic (Munster & Fouchier, 2009). The 1918, 1957, 

and 1968 influenza pandemics all had components of avian influenza viruses (Gary et al., 2007). 

The H1N1 outbreak of 1918 contained human and swine strains, but more closely resembled 

avian influenza (Reperant et al., 2012).  

The large numbers of poultry may be a reservoir for the virus, potentially allowing 

mutations to occur that are needed to cross species barriers (Tian et al. 2015). Retrospective 

studies have shown positive AI titers in high-risk populations, such as poultry and swine workers 

(Gray et al. 2007). H5N1 and H7N9 have caused a large number of infections and have had a 

high mortality rate in humans (Qin et el., 2015). Li et al (2013) examined the epidemiology of 

H7N9 human infections; 82% of hospitalized patients with H7N9 confirmed by PCR reported 

contact with live animals (including poultry). Manabe et al. (2016) agree that direct or indirect 

contact with sick or dead poultry appears to be a route of transmission. In the study, contact with 

poultry was considered to be a risk factor in the 2003 H5N1 outbreak in Vietnam. They also 

found a timing overlap in the seasonality of human and poultry cases (Manabe et al., 2016). In a 

study by Tian et al. (2015) that examined the spatial and temporal patterns of HPAI H5N1 in 

China, the researchers found that cases of H5N1 in poultry preceded human outbreaks by 1-4 

months. 

Outbreaks of AI occurred in the U.S. in 1924, 1983, 2004, and 2014. The most recent 

outbreak occurred from December 2014 to June 2015, during which over 48 million birds were 

euthanized to control the spread of the disease (Ramos, MacLachlan, & Melton, 2017); the 
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estimated economy-wide loss is estimated to be $3.3 billion (Greene, 2015). Trade restrictions 

and a reduced supply caused consumers to pay higher prices for poultry products (Ramos, et al., 

2017). During the 2014-2015 outbreak, public health officials monitored AI strains for an 

increased risk of human infection. Fortunately, no human infections were associated with this 

outbreak (Greene, 2015). The Center for Disease Control and Prevention (CDC) National 

Institute for Occupational Safety and Health and the Department of Labor’s Occupational Safety 

and Health Administration issued recommendations for good hygiene, proper protective clothing, 

and health monitoring programs after contact with infected poultry (2015). Guidelines have been 

developed by the CDC for health care providers for monitoring, diagnosing, and treating human 

infections. A HPAI virus strain has been produced by the CDC for vaccine use in humans 

(Greene, 2015).  

The author, preparing this chapter in the fall of 2018, and looking forward to Veteran’s 

Day, endorses historians’ reminder of the events of World War I and the so-called Spanish 

influenza pandemic in 1918. Of course, the fact that an estimated 50 million people died of 

influenza in the Spanish influenza outbreak should cause all public health and veterinary public 

health scientists to be vigilant when it comes to animal to human influenza transmission risk 

(Taubenberger & Morens, 2006). This field experience represents one such vigilant effort.  
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Chapter 2 - Field Experience 

 Preceptor  

The author completed her field experience with Dr. LewAnn Schneider, a Veterinary 

Medical Officer with United States Department of Agriculture (USDA) Animal and Plant Health 

Inspection Service (APHIS) Veterinary Services. Dr. Schneider is based out of APHIS District 5 

and reports to the Topeka, Kansas field office. Prior to working for the USDA, Dr. Schneider 

worked as a mixed-animal veterinarian in Kansas. Since joining the USDA, she has completed a 

variety of courses involving zoonotic diseases, including a foreign animal disease course at Plum 

Island, becoming a National Poultry Improvement Program (NPIP) Compartmentalization 

Auditor, and tuberculosis seminars.  

 Goals 

As agreed upon in the field experience agreement, the student was to complete two main 

goals. She was to develop an in-depth understanding of APHIS’s role in animal health and 

zoonotic/human disease prevention and learn the principles of biosecurity and how they can be 

applied to avian populations. Through the daily activities with her preceptor and the completion 

of biosecurity plan development for upland gamebird producers (see Chapter 3), the student 

achieved these goals. 

 Activities Performed 

One of the first events the student participated in was training course PER-333: Isolation 

and Quarantine Response Strategies in the Event of a Biological Disease Outbreak in Tribal 

Nations. This was held in conjunction with the Kansas Division of Emergency Management and 

the Prairie Band Potawatomi Nation. Members of the community, local firefighters and law 

enforcement, and health care administrators attended the training course, which combined both 
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lecture and group exercises and illustrated the gaps that required improvement to protect public 

health. 

A large portion of the field experience pertained to the regulatory work of the USDA and 

Kansas Department of Agriculture (KDA). Under the mentorship of Dr. Schneider, the student 

visited livestock sale barns, feedlots, and slaughter houses to learn about the work the USDA 

completes to protect public health and to ensure that the food that enters the supply chain is 

wholesome. Another part of the regulatory work the student participated in was disease 

surveillance, including AI testing birds, Salmonella testing at county fairs, obex collection for 

scrapie surveillance and comparative cervical testing on dairy cows. The student was able to 

work with several other AHPIS and KDA employees during her field experience.  

The student spent some time at the USDA Topeka Field Office learning about the import 

and export requirements for animals and animal products. This portion of the experience stressed 

the important of the world market and what the USDA does to protect U.S. animal and human 

health.  

During the field experience, the student attended several meetings, including 

“Diagnostics of Endemic & Emerging Diseases: Beyond the Status Quo Workshop,” hosted by 

the Center of Excellence for Emerging and Zoonotic Animal Diseases and the Kansas State 

Veterinary Diagnostic Lab, and the joint APHIS/KDA summer 2018 meeting. At the 

APHIS/KDA summer meeting, the student and Emily Farmer, a fellow MPH student, gave a 

presentation together introducing the biosecurity plans created for upland gamebird producers 

and the importance of veterinarians in helping producers create biosecurity plans. The last 

meeting attended by the student was at the Cobb-Vantress headquarters in Arkansas, where 
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several USDA APHIS veterinarians were going through orientation prior to a multi-week long 

compartmentalization auditing process.  

A key aspect of the student’s field experience was the development of a biosecurity plan 

template and custom plans for producers. This is explored in greater detail in Chapter 3. 

 Products Developed 

As part of the student’s field experience, she designed a biosecurity plan template for 

upland gamebird producers. She worked with eight producers to create each a custom biosecurity 

plan that was delivered in a binder with a digital copy of the plan and supplemental documents to 

help producers continue to modify their plan as they grow. A poster titled “Upland Gamebirds & 

Improving Your Biosecurity” was created and printed for use at producer meetings to introduce 

gamebird producers to the concepts and beginning steps of developing a bio-secure facility. This 

poster was made available at a gamebird producer meeting in August 2018.  
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Chapter 3 - Biosecurity Plans for Upland Gamebird Producers 

 Overview 

Biosecurity is an important aspect of protecting a flock from diseases. Upland gamebirds 

producers who raise more than 25,000 birds were extended the offer to have a biosecurity plan 

designed for their facility. Eight facilities agreed to meet with the MPH student and a KDA or 

USDA veterinarian to design a biosecurity plan. Each facility provided a limited tour of their 

operation and discussed the protections they currently have in place. The goal was to work with 

each producer within their means to increase their biosecurity and to help them understand where 

risks can be reduced. Each producer received a customized biosecurity plan and auxiliary 

documents to help them continue to modify their plan as needed. On the condition of anonymity, 

many producers gave the author permission to use photos of specific practices for the purpose of 

this report and presentation. 

 Biosecurity Elements 

The first step in establishing a biosecurity protocol was to designate a perimeter buffer 

area (PBA) and a line of separation (LOS). The LOS is a physical barrier, such as a wall or 

fence, that separates the captive birds from outside disease source. The PBA surrounds the LOS 

and includes the area that the producer reasonably controls access to. Producers identified places, 

property locations, and buildings where birds were kept. This information was illustrated on 

maps in the biosecurity plan with physical descriptions of what is raised in each building/pen. 

This required using satellite imaging to identify the area that is controlled by the producer in 

terms of access and property management. It is important that there is an established protocol for 



12 

who, what and how people, animals, and things can cross the PBA and LOS. Employees should 

be trained in these protocols at the time of hire, and then yearly.  

Employees can accidently bring in disease by coming into contact with other birds, 

whether is poultry at home or hunting. Prior to going to work, employees should be showered 

and wear clean clothing and footwear that has not been around other birds. Shoes should be 

disinfected prior to entering the PBA and if possible between crossing a new line of separation. 

The preference is to have a pair of shoes designated for working on the facility only.  

Figure 1: Appropriate Signage – Areas of 

controlled access should be clearly labelled to 

discourage unauthorized visitors. 
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Pest control is another method of keeping disease out of the captive bird population. 

Producers need to take steps to protect their birds from rodents, insects, and wild birds that can 

carry disease into pens. Bait stations should be placed in pens and around feed stores. The flight 

pen walls should be buried 12-24” deep and the outer walls should be lined with tin panels. 

Vegetation should be kept short to minimize hiding places for rodents and insects. A hot wire 

along the outer perimeter can reduce the incidence of larger predators in the flight pens. 

Figure 2: Personal Protective equipment – 

Employees should have a designated pair of 

shoes that are worn only on the facility. 

Figure 3: Flight Pens – This is an example of a 

well-maintained flight pen LOS. Note the lack 

of vegetation along the outside of the pen. 
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Repairing flight netting and removal of bird nests can decrease the number of birds in the flight 

pens. Removal of unused feed from bins and lines as well as cleaning up spills can help reduce 

rodent and bird attractants.  

Equipment, including trucks, skid loaders, crates, and buckets, is an important potential 

fomite. Producers need to consider what equipment leaves the PBA and what can return and 

under what conditions. Tires on vehicles need to be disinfected before entering the farm. Trailers 

that have left for deliveries need to be swept out and preferably washed out prior to returning to 

the farm. The ideal delivery crates are disposable (e.g., cardboard crates, etc.). Alternatives 

include plastic crates or sealed wooden crates. These crate types need to be washed and 

disinfected after use, especially after delivering to another farm. It is preferred that equipment is 

site specific and is not shared between locations or other producers.  

Producers should be knowledgeable regarding the source of their feed, water, and 

replacement birds. Feed delivery trucks should follow farm protocol when crossing the PBA, 

such as disinfecting tires and wearing shoe covers. Ideally, gamebird producers are the only 

poultry producer on the route and do not share a truck route with any swine producers. Water 

should be sourced from a municipal source, rural water district, or a well. Do not use an open 

Figure 4: Shipping Crates – The ideal crate 

is disposable, such as the cardboard crates 

in the image above. 
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water source and routinely disinfect water lines, especially between flocks. Replacement birds 

should come from a National Poultry Improvement Program certified farm and these records 

should be kept for 2 years.  

Record keeping is an objective way to see where a biosecurity plan may have 

deficiencies. Shipping and receiving of birds, employee training, pest control, bait, and trap 

locations, manure spreading, visitors, and mortality records should be kept. Records can be kept 

digitally or on paper, but should be easily accessible and reviewed in cases of increased mortality 

or morbidity. 

 Challenges 

There are many challenges for the upland gamebird producer in keeping a biosecurity 

tight. For many producers, raising gamebirds is a second or third source of income. While each 

producer wants only the best for their birds, there are limited resources, time, and money that can 

be put into biosecurity. Many of these operations are operated by a family. Finding the most 

economical practices to reduce risk is something that needs to be tailored to each producer. 

Figure 5: Equipment Disinfecting – All 

equipment should be disinfected after use, 

including but not limited to crates, vehicles, 

and waterers. 
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Chapter 4 - MPH Coursework 

 Core Competencies 

 Environmental Toxicology 

This course explored the far-reaching effects of toxins into ecosystems. While this course 

more than prepared the student for use of the material in the field, there were no opportunities for 

this knowledge to be used.  

 Biostatistics 

This course was more than adequate to prepare the student for understanding the statistics 

and data trends presented in research papers. Being conversant in biostatics was instrumental in 

the author’s reading and understanding of epidemiology-oriented manuscripts. 

 Epidemiology 

The student enrolled in this core course after her field experience was completed. While 

at the field experience, the student was exposed to basic epidemiology concepts. The information 

learned in this course as the student composed her masters report was beneficial in finding 

relevant, reputable, and reliable studies. 

 Health Services Administration 

The student’s field experience required working within and between organizations to 

meet the goals of each. The health services administration course provided the basic tools for 

interorganizational function. 

 Social and Behavioral Sciences 

This course looked at the principles of health behavior change. The foundations learned 

during this course helped the student better encourage producers to make changes to their 

facilities.  
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 Emphasis Competencies 

 Veterinary Virology 

This course greatly benefited the author in her effort to design biosecurity plans for 

upland gamebird producers. Understanding the morphology and biology of the virus is important 

in reducing the risk of disease transmission.  

 Strategic Health Communication 

An essential aspect in any public health campaign is communicating to the target 

audience. This course walked through the important aspects of how to reach an audience and 

create an effective message. The material learned in this course helped the student speak with the 

producers, some of whom were wary of government help. Dr. Schneider modelled effective 

communication techniques as she interacted with both producers and colleagues.  

 Food Protection and Defense 

A key to protecting the well-being of society is to ensure a safe and secure food supply. 

This course discussed essential concepts in maintaining a secure food supply from intentional 

contamination and agriculture infrastructure. This was beneficial to the student during visits to 

livestock markets and slaughter house as it provided a foundation for understanding the work of 

USDA and KDA veterinarians. 

 Trade and Agricultural Health 

This course illustrated the interconnectedness of world markets and the impact one may 

have on the other. A disease outbreak can cripple economies and have a far-reaching impact into 

the future of a country and its citizens. This course significantly helped during the literature 

review and understanding how an outbreak of avian influenza in the U.S. could cripple producers 

and harm consumers. The concept of compartmentalization was discussed in the course and the 



18 

familiarity with the term was of great benefit to the student when attending the Cobb-Vantress 

orientation meeting, 

 Toxicology 

The material covered in this course was not specifically used during the field experience. 

However, the open-minded thinking that accompanies finding the source of a toxin was of great 

benefit when designing biosecurity plans and touring facilities.  
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Chapter 5 - Conclusions 

It is not a matter of if there is another outbreak of avian influenza in the United States, 

but when the next outbreak will occur. The avian influenza virus poses a serious threat as a 

human pandemic. The best way to prevent this from happening is to work at the human-animal 

interface. Upland gamebird producers are an ideal intermediary in which steps can be taken to 

protect human health. The unique manner in which upland gamebirds are produced creates an 

interface with waterfowl, the most common source of avian influenza in the United States. By 

designing and implementing a solid biosecurity plan, we can protect both the gamebirds and 

those who care for them. Veterinarians and public health officials must work with producers to 

find the biosecurity plan that works for each farm, not only to benefit each producer, but the 

world population. 

The student’s field experience provided hands-on learning that could not be taught in the 

classroom. Dr. Schneider proved to be an excellent preceptor and mentor, exemplifying 

professionalism and a passion for continual education. Her guidance in working between the 

USDA and KDA allowed the student to see what strides could be made to protect human and 

animal health when agencies work together on a common goal. It was an eye-opening 

experience, and an introduction to the upland gamebird production that the student might not 

otherwise have ever seen. Of course, lessons gained during the field experience would not have 

been possible without the MPH coursework. While not every course directly applied to the field 

experience, the different ways of approaching and solving problems were instrumental in making 

the most of the field experience opportunities.  

Again reaching back 100 years to the Spanish influenza outbreak of 1918, scientists, 

veterinarians, and public health officials are the necessary sentries to combat AI and other 
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zoonotic diseases. Veterinarians need to take steps to establish biosecurity protocols for 

producers and to carefully monitor the human-animal interface. It is only by working together 

across industries and regulating bodies that we can mitigate the risks posed by the next influenza 

outbreak.  
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Appendix B - Sample VS Form 9-3 
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Appendix C - Biosecurity Principles Audit Form 
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