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Abstract

OBJECTIVE—To identify the geographic distribution of exhibition swine in the Midwestern 

United States, characterize management practices used for exhibition swine, and identify 

associations between those practices and influenza A virus (IAV) detection in exhibition swine 

arriving at county or state agricultural fairs.

DESIGN—Cross-sectional survey.

SAMPLE—480 swine exhibitors and 641 exhibition swine.

PROCEDURES—Inventories of swine exhibited at fairs in 6 selected Midwestern states during 

2013 and of the total swine population (including commercial swine) in these regions in 2012 

were obtained and mapped. In 2014, snout wipe samples were collected from swine on arrival at 

9 selected fairs in Indiana (n = 5) and Ohio (4) and tested for the presence of IAV. Also at fair 

arrival, swine exhibitors completed a survey regarding swine management practices.

RESULTS—Contrary to the total swine population, the exhibition swine population was heavily 

concentrated in Indiana and Ohio. Many swine exhibitors reported attending multiple exhibitions 

within a season (median number, 2; range, 0 to 50), with exhibited swine often returned to their 

farm of origin. Rearing of commercial and exhibition swine on the same premises was reported 

by 13.3% (56/422) of exhibitors. Hosting an on-farm open house or sale was associated with an 

increased odds of IAV detection in snout wipe samples.

CONCLUSIONS AND CLINICAL RELEVANCE—The exhibition swine population was 

highly variable and differed from the commercial swine population in terms of pig density across 

geographic locations, population integrity, and on-farm management practices. Exhibition swine 

may be important in IAV transmission, and identified biosecurity deficiencies may have important 

public and animal health consequences.
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Influenza A virus, a member of the Orthomyxoviridae family, is characterized by an 

enveloped virion containing a single-stranded, negative-sense RNA genome.1 Mutations 

accumulating within the IAV genome and reassortment of viral genomic segments allow 

for ongoing evolution of the virus to rapidly occur.2 Although many animal species serve 

as hosts for IAV,3 swine have been designated the so-called mixing vessel for IAV, and 

reassortant IAV strains have been routinely identified within that population.4,5 Surveillance 

of IAV infections in US swine herds has recently revealed rapid expansion of viral diversity.6 

Bidirectional transmission of IAV between swine and human populations has resulted in an 

increase in IAV diversity and detrimental health outcomes for both species.7–12

Zoonotic transmission of swine-lineage IAV to humans (referred to as a variant IAV 

infection) has recently gained considerable attention from public health officials.13 Since 

2005, 378 human cases of variant IAV infection have been reported in the United States,14 

with many additional infections likely unreported.15 Individuals most likely to have severe 

consequences from seasonal and variant IAV infections include those in high-risk groups, 

such as children < 5 years of age, people > 65 years of age, pregnant women, and the 

immunocompromised.16 Zoonotic transmission of IAV between swine and humans has been 

most commonly reported to occur at agricultural fairs.10,17–19

Exhibition swine represent a unique population in the swine industry, given that such swine 

may be shown multiple times across wide geographic expanses, over a fairly short time span, 

in exhibitions that can include swine of any age. Although the exhibition swine industry 

accounts for only an estimated 1.5% of the total swine population in the United States,a 

agricultural fairs provide an opportunity for exhibition swine to come into contact with 

the general public as well as other exhibition swine from multiple locations, providing a 

permissive environment for IAV transmission. For example, at a large state fair, 97% of 

exhibitors reportedly later returned to their farm with their animals,20 and 39% of youths 

registered to exhibit pigs at another state fair reportedly raised commercial and exhibition 

swine at the same location.21 These practices could have promoted IAV transmission 

between the 2 swine populations.

The National Association of State Public Health Veterinarians, National Assembly of State 

Animal Health Officials, CDC, and National 4-H Headquarters have put forth several 

mitigation strategies and suggestions for controlling the movement of IAV in exhibition 

swine populations and decreasing the risk of human exposure to the virus.22 Addressing 

transmission to humans, they advise that people at high risk of serious IAV complications 

avoid contact with swine or swine environments.23 Individuals not at high risk are generally 

advised to avoid or minimize contact with ill swine, practice good hand hygiene, and 

use personal protection if coming into direct contact with ill swine.24 The CDC also 

recommends that swine caretakers receive seasonal influenza vaccinations.25

With respect to managing swine health, owners of exhibition swine are encouraged to 

vaccinate swine against IAV infection and to contact a veterinarian if swine are noticed to 

have influenza-like illness.22 Other suggestions include the implementation of biosecurity 

a.Paul M, National Swine Registry, West Lafayette, Ind: Personal communication, 2015.
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measures, isolation and observation of swine for indications of influenza-like illness for 7 

days after exhibition, cleaning and disinfection of swine equipment, and maintenance of 

adequate ventilation within the swine barns.22,25 Although implementation of these general 

measures is expected to decrease the likelihood of swine-to-human IAV transmission, no 

more specific recommendations for controlling the transmission of IAV have been made 

because of the paucity of data regarding the exhibition swine population and the animal 

management practices used within this niche industry.

Eighteen states have reported variant IAV infections since 2005, with > 70% of cases 

occurring in Indiana (n = 154) and Ohio (113),14 which are states that rank fifth and tenth, 

respectively, in total swine inventory.26 Interestingly, the number of reported cases of variant 

IAV infection does not strongly correspond geographically with the larger commercial 

swine populations in Iowa, North Carolina, and Minnesota (ranked first, second, and third, 

respectively, in total swine inventory).

The purpose of the study reported here was to identify the geographic distribution of the 

exhibition swine industry in 6 Midwestern states, characterize swine management practices 

used at exhibition swine farms in 2 states (Indiana and Ohio), and identify associations 

between these practices and IAV detection in exhibition swine arriving at agricultural fairs.

Materials and Methods

Swine inventories

State animal health officials, county extension educators, or local fair organizers in Illinois, 

Indiana, Iowa, Michigan, Missouri, and Ohio were contacted to determine the number of 

swine exhibitions and swine exhibited at county or local agricultural fairs during 2013. State 

fairs and other swine exhibitions were intentionally excluded. Total swine population data 

for each county were obtained from the 2012 US Agricultural Census report.26 The reported 

total number of swine and number of exhibition swine per county were interpolated to the 

geometric centroid of each county. A continuous spatial distribution for each population 

was developed by use of the inverse distance weighting based on 15 neighbors.b An 8-tier 

geometric interval color scale was used to generate a visual heat-map, reflecting geographic 

swine densities.

Survey development and administration

Adult people accompanying the exhibition swine to 9 selected agricultural fairs (A through 

I) across Indiana (n = 5) and Ohio (4) during July and August 2014 were approached 

in person, informed about the study, and recruited with oral consent. A 24-question 

paper survey containing closed-ended questions was administered in English to consenting 

participants (Supplementary Appendix S1, available at avmajournals.avma.org/doi/suppl/

10.2460/javma.249.6.706). Surveys were modeled after a survey administered to fair 

officials in another study.27 No personal identifying information was collected, but 

participants were asked to provide the individual identification numbers of their swine, 

b.ArcMap, version 9.3.1, ESRI, Redlands, Calif.
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allowing survey and swine IAV surveillance data to be linked. Investigators had no owner 

information associated with the swine identification numbers and therefore could not trace 

the results to a specific person or farm. Participants were asked to complete only 1 survey 

for each exhibition swine–rearing premises (ie, 1 completed survey could have represented 

multiple swine exhibitors and several exhibition swine).

Because of differences in individual management practices at the fairs, surveys were 

administered in 1 of 2 ways. At exhibition A, surveys were administered in person 

while samples were being collected from swine. At exhibitions B through I, surveys were 

distributed to participants at the beginning of the fair and collected via a centrally located 

drop box throughout the exhibition period. Survey research was conducted with the approval 

of The Ohio State University Institutional Review Board (protocol No. 2014E0141).

Sample collection at fairs

Snout wipe samples were collected from exhibition swine arriving at all 9 agricultural 

fairs as part of a previously reported prevalence study,28 for which the methods of sample 

collection have been reported in detail. Samples were tested for IAV by means of a 

real-time reverse-transcription PCR assay, and samples with cycle threshold values ≤ 35 

were classified as IAV positive.29 Virus isolation was attempted on samples with positive 

results.28 The IAV test results were then linked to the corresponding survey. The protocol 

for this portion of the study was approved by The Ohio State University Institutional Animal 

Care and Use Committee (protocol No. 2009A0134-R1).

Statistical analysis

Survey responses were entered into a statistical programc and screened for data-entry errors, 

and obviously spurious results were dropped from analyses. Descriptive statistics were 

calculated for all variables. Data from surveys for which respondents provided no swine 

identification were used for descriptive analyses of swine management practices but were 

excluded from analyses of risk factors for IAV detection. Univariate exact logistic regression 

was used to examine reported individual swine management practices for associations with 

IAV detection. Odds ratios and 95% CIs were calculated. Values of P < 0.05 were considered 

significant.

Results

Exhibition swine inventories

Inventories of county fair exhibition swine were received from 553 of the 578 (95.7%) 

counties in 6 surveyed Midwestern states (Table 1). The mean number of swine exhibited 

per county fair ranged from 53.5 in Missouri to 226.8 in Indiana. Mapping of these data 

revealed that the exhibition industry was concentrated in Indiana and Ohio, whereas of the 6 

states evaluated, the largest concentration of commercial swine was in Iowa (Figure 1).

c.Stata, version 11.1, StataCorp, College Station, Tex.
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Swine exhibitor survey

Completed surveys were collected from swine exhibitors at all 9 fairs in Indiana and Ohio. 

Fair organizers reported a total of 3,662 swine exhibitors in attendance; 480 surveys were 

collected. Because multiple exhibitors could be represented per survey, a true response rate 

could not be calculated. Fifty-two (10.8%) of the collected surveys were excluded from the 

study because of illegibility or unusable responses. Data from the remaining 428 (89.2%) 

were included in analyses.

Survey responses were summarized (Tables 1 and 2). The median number of swine on 

the respondents’ farms on January 1, 2014, was 0, reflecting that swine were not housed 

year-round at most farms. Respondents reported showing swine at a mean of 3.1 exhibitions 

during the year of the fair where they completed the survey (ie, the study fair; median, 2 

exhibitions; range, 0 to 50 exhibitions). Swine were reportedly returned to their farm of 

origin from prior exhibitions a mean of 2.9 times during calendar year 2014 (median, 2 

times; range, 0 to 40 times). Of those who returned home from an exhibition with their 

swine, 48.6% (186/383) implemented some form of isolation for returning swine from other 

swine.

Swine were obtained from an off-farm source by 75.4% of respondents, with 84.3% of 

respondents reporting their pig purchases occurred during March and April. Exhibition 

swine were raised in small herds (median maximum number of swine on farm during 

the calendar year prior to arrival at the study fair, 6; Table 2) and typically housed 

in an open building with natural ventilation and no outside access (201/423 [47.5%]) 

or an open building with outside access (166/423 [39.2%]). Additionally, 45.2% of the 

respondents reported that exhibitors or household members had contact with swine or a 

swine environment other than their own on at least a weekly basis. Commercial swine 

managed on the same farm as exhibition swine was reported by 13.3% of respondents. 

Twenty-one (37.5%) of the represented farms with commercial swine production and 41 

(11.4%) of the represented farms without commercial swine production were reported as 

hosting an on-farm open house or sale, to which farm visitors were welcomed.

For farms where new swine were not directly mixed into the existing swine population, 

swine were placed in a separate pen that was not cleaned or disinfected (25/277 [9.0%]), a 

separate cleaned pen (69/277 [24.9%]), or a separate pen that was cleaned and disinfected 

(183/277 [66.1%]). For farms where other livestock were raised at the same location as 

exhibition swine, other reported species included cattle (53.5%), goats (32.4%), poultry 

(32.6%), horses (27.3%), sheep (24.8%), and other (eg, llamas or rabbits; 11.7%).

IAV detection

Of the 314 swine for which a vaccination status was reported in the survey at fair entry, 297 

(94.6%) were sufficiently identified to be linked with an IAV test result. Vaccination against 

IAV infection was reported for 62.7% (197/314) of swine with a reported vaccination status. 

Of the 193 IAV-vaccinated swine that could be matched to an IAV sample, 15 (7.8%) had 

positive results of real-time reverse-transcription PCR assay for IAV, and IAV was recovered 

from snout wipe samples of 5 (2.6%) of these swine. The prevalence of IAV detection in 
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the 104 swine reported not to have been vaccinated against IAV was 2.9% (n = 3), and IAV 

isolates were recovered from only 1 (1.0%) of these swine.

Hosting (vs not hosting) an open house or sale on the farm of origin was the only 

management practice significantly associated with an increased odds of IAV detection in 

snout wipe specimens at fair entry (OR, 3.9; 95% CI, 1.1 to 13.1). In addition, respondents 

who reported such activities also reported attending significantly (Student t test; P = 0.02) 

more exhibitions (mean number of exhibitions, 5.5) than did those who did not (mean 

number of exhibitions, 2.7).

Discussion

Findings of the present study indicated that exhibition swine in 6 Midwestern states 

differed in geographic concentration relative to commercial swine and that frequency of 

commingling as well as on-farm management practices used in the exhibition swine sector 

varied greatly. Although still a poorly defined interface, both commercial and exhibition 

swine were reportedly managed on a considerable number (13.3%) of the farms represented 

by surveyed swine exhibitors at local or county agricultural fairs in Indiana and Ohio.

The swine density maps constructed for the 6 states in the present study, which to our 

knowledge represented the first of their kind, revealed apparently greater numbers of 

exhibition swine in areas that maintained lower concentrations of commercial swine, as 

indicated by 2012 USDA swine census data. Given that exhibition swine account for only 

an estimated 1.5% of the US swine population, the total swine inventory represents a 

reliable estimate of commercial swine location by county. To maintain confidentiality, a 

small proportion of county data were omitted if individual operations could be identified in 

the 2012 USDA census (ie, only 1 producer in the county); therefore, the potential for bias in 

the density mapping was possible but not likely.

In a previous study,18 cases of variant IAV infection were linked to commercial swine 

density; however, visual examination of the geographic distribution of variant IAV cases 

suggests the locations are more closely aligned with the exhibition swine–dense areas 

detailed in the present study than with commercial swine populations. State fairs were 

deliberately excluded from the swine exhibitor survey and IAV detection portion of the 

present study because of our desire to more closely characterize the geographic locations 

where exhibition swine were raised. In the authors’ experience, swine exhibited at county 

fairs are raised closer to those fairs than swine exhibited at state fairs. Additionally, in 

instances in which county-exhibited swine were eligible for exhibition at a state fair, 

recruitment of subjects at the county level eliminated the chance of testing individual swine 

twice.

In the present study, most exhibition swine in the Midwestern United States were 

concentrated in Indiana and Ohio, corresponding to the area where > 70% of American 

cases of variant IAV infection have been reported and suggesting that exhibition swine 

density may play a role in the incidence of variant IAV infection. Considering the human 

population densities of counties in Indiana and Ohio, compared with those in other major 
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swine production states, and the herein reported high number of swine exhibited at the 

county fairs in Ohio and Indiana, one could predict a greater opportunity for human-swine 

interactions in these 2 states than in others. Previous research27 has shown that the odds of 

having IAV-infected swine at fairs increases by 27% (OR, 1.27; 95% CI, 1.0 to 1.7) for every 

20-pig increase in the size of the swine exhibition.

Results of the present study indicated that exhibition swine were generally raised on 

small farms where an assortment of management practices was used. Nearly half of 

swine exhibitors reported having direct contact with swine owned by others or with the 

environment of those swine at least weekly, indicating that these caretakers commonly 

moved between different groups of swine. Access to, or interaction of people or swine 

between, swine production premises is a practice that is strongly discouraged and is often 

against biosecurity policies in commercial swine production because of the increased risk 

of disease transmission associated with these behaviors. Consequently, the exhibition swine–

rearing practices, relaxed biosecurity practices, and generally accepted movement of people 

or swine to multiple exhibitions identified in the present study may have resulted in greater 

opportunity for transmission of IAV. Given that most exhibition swine are reared as part 

of 4-H or FFA activities during the spring and summer months, these youth educational 

programs should consider emphasizing infectious disease control practices in their curricula.

With the successful elimination of pseudorabies virus from US swine population,30 laws 

requiring all exhibited swine to proceed directly to harvest following the show (ie, terminal 

shows) have been lifted and nonterminal shows (ie, pigs can return to farms) have become 

common, creating new challenges for disease control in the country. Because most swine 

exhibited in the Midwestern United States are obtained in late winter or spring, and the 

survey of the present study was conducted in midsummer, participating swine exhibitors 

had only a 3- to 4-month period to attend the fairly large number of exhibitions that they 

reported attending. Astoundingly, 1 respondent reported showing swine at 50 exhibitions in 

the 7 months preceding the study fair.

Exhibition-to-exhibition movement of swine creates a pathway for the rapid dissemination 

of many pathogens, including IAV. The detection of highly identical IAV among exhibition 

swine across Ohio during 201217 was likely the result of such interexhibition swine 

movement. Exhibition swine in Ohio and Indiana commonly share related IAV strains,9 

suggesting frequent viral movement within this swine-dense exhibition region. Additionally, 

return of swine to farms of origin after exhibition may threaten future exhibitions because 

IAV introduced to naïve swine on those farms can further perpetuate IAV transmission.

Generally accepted disease control practices, including limiting swine movement and 

performing the suggested 7-day on-farm isolation of returning swine, are important for 

controlling the transmission of IAV between exhibitions.22 If swine have signs of influenza­

like illness during their isolation period, owners should consult with a veterinarian to 

determine the best course of action. Whereas almost half of the respondents in the present 

study had already implemented some form of isolation for returning swine, there was a wide 

range in the reported isolation period (2 hours to 30 days), highlighting the need for better 

education of exhibitors about effective biosecurity measures.
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With 62.7% of swine identified in the survey having been vaccinated against IAV infection, 

it appeared that exhibitors were following the vaccination protocols suggested by officials22; 

however, vaccination was not associated with lower risk of IAV detection. Indeed, results 

of the present study suggested that vaccination against IAV infection might be associated 

with IAV shedding, given that the prevalence of IAV detection was 7.8% in vaccinated 

swine but 2.9% in unvaccinated swine. Yet, it is possible that swine brought to multiple 

exhibitions were more likely to be vaccinated than those brought to only 1 or 2 exhibitions. 

This possibility was not examined in the present study. Other possible explanations for the 

apparent lack of vaccine protection include improper timing of vaccine administration, poor 

cross-protection against currently circulating IAV strains, or response bias (respondents were 

aware they were participating in an IAV study). Although IAV vaccination can eliminate 

clinical signs of disease in swine, it is not completely effective at blocking infection and 

pathogen transmission.31 Therefore, the subclinical nature of IAV infections identified in 

Ohio and Minnesota exhibition swine populations32,33 may be due to suppression of the 

clinical signs by vaccination.

The high degree of commingling and movement of exhibition swine is distinctly different 

from that of commercial swine. Commercial swine are typically raised together in large herd 

sizes, with a mean of 1,044 swine/farm.26 Commercial swine herds typically maintain a 

high degree of population integrity in both the breeding and postweaning phases, remaining 

essentially stable with few, if any, swine entering, exiting, and reentering the system. In 

all-in–all-out management models, commercial swine are typically moved 2 to 3 times 

during their lifetime, corresponding with movement to a new location at weaning (to a 

nursery or directly to a finisher) or transfer from the nursery phase directly to the finisher 

phase as well as transfer from the finisher phase directly to the final market destination. 

The contrast with reported movement activities of exhibition swine and frequent subsequent 

reintroduction of these animals to their place of origin is cause for concern to the swine 

industry as a whole, owing to the tremendous economic losses that can occur in severe 

disease outbreaks.

Although both commercial and exhibition swine have contact with people, people attending 

agricultural fairs may have little to no previous exposure to swine. Children generally 

represent an immunologically naïve population, with little to no preexisting antibody against 

common swine-lineage IAV.34 Most exhibition swine in the present study were raised on 

small farms, so young swine exhibitors likely had limited prior exposure to swine-lineage 

IAV. A large number of young (8- to 18-year-old) swine exhibitors attend agricultural fairs, 

and during these fairs, these youths are in prolonged, close contact with exhibition swine, 

including those of other exhibitors. If IAV were transmitted through the swine population 

during a fair, young exhibitors would likely have repeated opportunities for zoonotic IAV 

transmission.

Interestingly, 13.3% of swine exhibitors in the present study reported commercial swine 

production on the same premises as exhibition swine. This is lower than the 39% previously 

identified in Minnesota.21 The difference may be reflective of the large exhibition swine 

population in Indiana and Ohio and the relatively smaller commercial swine populations, or 

it may be indicative of the larger population base to which young exhibitors belong, leading 
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to added interest and opportunity for youths with no farm background to raise livestock in a 

small scale, rural setting on a temporary basis.

In the study reported here, 37.5% of represented farms with commercial swine production 

and 11.4% of represented farms without commercial swine production were reported to host 

an on-farm open house or sale to which visitors were welcomed. Although such activities 

(vs no such activities) were associated with a significantly greater odds of IAV detection 

in snout wipe samples obtained at fair arrival from tested exhibition swine, we do not 

believe the actual act of hosting an open house or sale was responsible for this increased 

risk. Rather, we believe this variable represented a surrogate indicator of professional 

swine exhibitors (ie, people who, beyond youth education programs, breed, raise, and sell 

exhibition swine for hobby or income purposes). As additional analysis revealed, such 

exhibitors and their swine attended a significantly larger number of exhibitions during 

the year than other exhibitors, providing their swine with additional opportunities for IAV 

exposure.

The present study had several limitations, one of which was the self-reported nature of 

the survey data. Participating swine exhibitors received no assistance or guidance from the 

investigators; therefore, some questions may have been misunderstood, introducing bias. 

Other potential sources of bias included response bias, recall bias, and misclassification bias. 

It should be noted that 52 completed surveys were excluded from the analysis because of 

incomplete or unusable responses that brought into question the integrity of the data.

Although exhibition swine represent only a small percentage of the total swine population, 

they can serve as the face of the swine industry to the general public. Exhibitions allow 

a physical interface between farm animals and the general public that provides not only 

an excellent opportunity to showcase agriculture but also unique challenges in zoonotic 

disease control. Results of the present study highlighted unique management areas within 

the exhibition swine sector that posed risks and opportunities in relation to the general 

public. The findings also supported the need for increasing educational efforts for young and 

adult swine exhibitors with respect to biosecurity and strategies for the prevention of IAV 

transmission among exhibition swine and people.
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Figure 1—. 
Reported numbers (heat maps) of exhibition and commercial swine in the Midwestern 

United States by geographic region in 2013. A—Distributions of exhibition swine at county 

fairs during 2013 in Illinois, Indiana, Iowa, Michigan, Missouri, and Ohio. B—Total swine 

(exhibition and commercial) distributions in each county in 2012, per the USDA 2012 

Census of Agriculture. In both panels, dark red indicates the highest density of swine, and 

dark blue represents the lowest density of swine.
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Table 1—

Distribution of local or county agricultural fairs and exhibition swine per fair in 6 Midwestern states in 2013.

State No. of local fairs Median (range) No. of exhibition swine per fair

Illinois 103 50 (0–346)

Indiana 96 223.5 (13–539)

Iowa 100 106.5 (21–405)

Michigan 86 84.5 (0–450)

Missouri 123 36 (0–350)

Ohio 95 175 (0–768)

State fairs were deliberately excluded.
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