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Simple Summary: This article presents a snapshot of biosecurity practices implemented across the
United States swine industry. Foreign animal diseases and endemic emerging and re-emerging swine
diseases are serious threats. Biosecurity practices reported during enrolment in the United States
Swine Health Improvement Plan are summarized here and provide insights into areas where the US
Swine industry is prepared and identified opportunities and areas of opportunity for improvement
in biodefense. This voluntary collaborative animal health program effort provides a baseline of
biosecurity efforts over a significant portion of the swine industry. The findings can help guide
the swine industry to continue to improve biosecurity, making sure the industry stays strong and
sustainable despite new challenges.

Abstract: Biosecurity practices aim to reduce the frequency of disease outbreaks in a farm, region, or
country and play a pivotal role in fortifying the country’s pork industry against emerging threats,
particularly foreign animal diseases (FADs). This article addresses the current biosecurity landscape
of the US swine industry by summarizing the biosecurity practices reported by the producers through
the United States Swine Health Improvement Plan (US SHIP) enrollment surveys, and it provides a
general assessment of practices implemented. US SHIP is a voluntary, collaborative effort between
industry, state, and federal entities regarding health certification programs for the swine industry.
With 12,195 sites surveyed across 31 states, the study provides a comprehensive snapshot of current
biosecurity practices. Key findings include variability by site types that have completed Secure Pork
Supply plans, variability in outdoor access and presence of perimeter fencing, and diverse farm entry
protocols for visitors. The data also reflect the industry’s response to the threat of FADs, exemplified
by the implementation of the US SHIP in 2020. As the US SHIP program advances, these insights will
guide industry stakeholders in refining biosecurity practices, fostering endemic re-emerging and FAD
preparedness, and ensuring the sustainability of the swine industry in the face of evolving challenges.

Keywords: swine health; biosecurity; foreign animal disease; animal health programs; Swine Health
Improvement Plan

1. Introduction

The United States of America (US) is the third largest producer and consumer of pork.
The US is also the second largest pork exporter, supplying almost 30% of the world’s pork
products [1]. The US pork industry creates over 600,000 jobs, producing over USD 35 billion
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in private income and USD 50 billion in gross national product (GDP) [2]. Endemic diseases,
e.g., porcine reproductive and respiratory syndrome virus (PRRSV), pose a continuous
threat, with PRRSV alone causing annual economic losses greater than USD 600 million to
the US swine industry [3]. The potential introduction of a foreign animal disease (FAD) also
poses a constant threat to the US swine industry. The most recent introduction of a FAD to
the US swine industry occurred in 2013 with porcine epidemic diarrhea virus (PEDV) and
in 2014 with porcine deltacoronavirus (PDCoV) [4]. Within 8 weeks of first PEDV diagnosis,
the disease was already present in 12 US states [5] and caused the death of an estimated
5 million pigs [6], and it became endemic in the US [7].

FADs like African swine fever (ASF) have never been detected in the US, while classical
swine fever (CSF) was eradicated in 1978, and foot-and-mouth disease (FMD) in 1929 [8,9].
ASF is species-specific, affecting only Suidae, and it is currently spreading throughout
Europe, Asia, and Africa, significantly impacting swine trade, as it steadily creeps toward
the US. The epidemiological link for the European ASF outbreak was identified as contam-
inated fomites on transport ships. In 2021, ASF was discovered in Haiti and Dominican
Republic, which are located about a 1000 km from the US continental shores [10], or about
380 km from Puerto Rico, a US territory, making ASF one of the most eminent FAD threats
to the US swine industry. ASF persists in the environment for long periods of time, has
multiple routes of infection, and has high morbidity and mortality [11]. FAD agents, such as
the ASF virus (ASFV), can be transported on fomites, including materials such as clothing,
utensils, and farm tools [12]. Wild pig populations are susceptible to ASFV, and if wild pigs
become infected, their presence could contribute to the maintenance of ASF in a region. ASF
has been found to retain viability in feces and urine for up to eight days and in certain feed
ingredients for up to 30 days [13]. ASFV has been found in decaying wild boar carcasses
for at least 15 weeks, which serve as an environmental reservoir and important vector in
maintaining the disease in wild boar populations because pigs are omnivorous [14]. Once
an FAD is introduced to an area, it can be maintained in reservoirs of sylvatic pigs and
can be transmissible through contact between sylvatic and domestic animals, and some
FADs can be transmitted through tick vectors [12]. There are three species of soft ticks,
Ornithodoros coriaceus, O. turicata, and O. puertoricienses, present in the US that are thought
to be able to transmit ASFV [15]. The presence of wild boars in some regions of the US
coupled with the presence of potential ASFV tick reservoirs can pose an additional level of
complexity for control and eradication in case this FAD reaches the US continental territory.

Biosecurity includes measures and behaviors to mitigate or prevent the entrance of a
given pathogen/disease or infestation in a farm or region and its subsequent establishment,
to exclude it, and to reduce its spread to/from and within an animal population and
reduce its impact once it has been introduced [16]. Biosecurity practices are broadly
defined and include everything entering the premises, such as animals, people, supplies,
and the vehicles that transport animals, feed, and maintenance materials [17]. Specific
biosecurity practices can include requiring showering before entry and the usage of farm-
specific clothes, as well as bench entry systems; meanwhile, biocontainment is related to
the measures put in place to prevent the spread of the pathogen/disease to other farms,
e.g., proper quarantining of new livestock [18,19]. Showering in and out of facilities is an
effective procedure for reducing the possibility of pathogen entry into and exiting from a
site through personnel. Trailers and transport vehicles are a concerning source of disease
spread, as they travel from multiple locations and can carry organic matter, providing
ample opportunities for disease to spread [20–23]. This includes feed delivery, as those
vehicles travel to multiple farms per day and have a common point source, i.e., the feed mill.
The thorough cleaning of transportation equipment is a priority in a successful biosecurity
plan. On-farm biosecurity practices can be used to characterize the level of biosecurity on
given farms and generate a score for practices that distinguish the biosecurity levels across
sites [24] and assess the relative vulnerability of swine breeding herds to the introduction
of pathogens such as porcine reproductive and respiratory syndrome virus [25].
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The increase in the efficiency of pork production has resulted in the consolidation
of pork producers. The reduced number of operations has resulted in larger operations
with an increase in the number of heads per farm, mainly located in the US Midwest
states [26,27]. These large facilities greatly improve production efficiency, but the nature of
this design creates unique challenges for biosecurity. These challenges can be addressed
through site-specific biosecurity plans, such as the US example of the Secure Pork Supply
(SPS) (https://www.securepork.org, accessed on 5 December 2023) plans, providing a
framework to create site-specific biosecurity, animal movement, and business continuity
plans in the face of an FAD event. As an example, understanding who enters a site, when
they visited, and where they were previously is essential to tracing the possible disease
spread during a disease outbreak investigation. Epidemiologists and State and Federal
Animal Health Officials can use visitor logbooks to trace back human contacts to find
potential links of where an outbreak could have started. With this information, they can
identify and address the issues that allowed for the entrance of the pathogen into the site
and prevent further disease spread.

There is growing concern about the potential introduction of FADs into a country through
contaminated feed ingredients [28,29]. Ingredients used in US swine diets are sourced globally,
with some of those regions being affected by FADs, including ASF and/or CSF. Pathogens
such as ASFV have been shown to potentially survive for weeks in both plant- and animal-
based ingredients [30]. Ensuring the provision of safe food for the animals is a big step
in FAD preparation. Ingredients originating from ASF-positive countries are particularly
concerning given the extended survival characteristics of ASFV [28]. An extended feed
ingredient holding time, a common biosecurity practice implemented by ingredient importers
and feed manufacturers, allows for the natural decay of viruses to occur [31]. Holding
times will depend on the type of feed/ingredient, ambient temperature, and environmental
conditions. Additionally, there are chemical feed additives, also known as feed mitigants,
which are safe for animal consumption that can be added to the diet, with experimental
evidence demonstrating the potential to reduce the detection and infectivity of viruses.

Having a defined, consistent, broadly adopted, and internationally recognized biosecu-
rity plan is paramount in mitigating the impact of an introduced FAD and helps to further
enhance disease preparedness for foreign and endemic diseases. A new national health
certification program for the swine industry was implemented in the US in late 2020, the US
Swine Health Improvement Plan (US SHIP, https://usswinehealthimprovementplan.com/,
accessed on 5 April 2023). US SHIP is a voluntary, collaborative effort between industry,
state, and federal entities modeled after the National Poultry Improvement Plan (NPIP,
https://www.poultryimprovement.org/default.cfm, accessed on 5 April 2023). US SHIP
has been specifically organized to meet the unique needs and challenges of the U.S. swine
industry. US SHIP is able to use the lessons learned by the NPIP over the last 80-plus years
to fast-track a plan that addresses the concerns of the swine industry to prevent the in-
troduction of trade impacting diseases such as ASF and CSF, as well as respond to and
mitigate their impact if found in the US.

US SHIP is creating an industry-led effort to protect animal health, mitigate the impact of
an FAD on the economy, and have a sustainable process to re-establish trade from unaffected
sites outside of control zones. US SHIP is a new initiative to support FAD preparedness, with
an emphasis on the demonstration of the freedom of disease outside of control zones, creating
a solid basis for FAD preparedness that the United States Department of Agriculture (USDA)’s
ASF Response Plan the Red Book recognizes as a new US initiative for FAD preparedness [11].
Thus, a critical step in disease preparedness is a need to understand the current state of
biosecurity practices implemented by sites participating in the program. As part of US SHIP
enrollment, producers are required to provide site(s) demographic(s) information, fill out a
biosecurity survey, and profess their willingness to comply with program standards. The US
SHIP biosecurity survey results create a snapshot of the US swine industry’s current level
of biosecurity, which helps identify areas of improvement, guide future studies, and assess
infrastructure building. The current study summarizes the biosecurity practices reported

https://www.securepork.org
https://usswinehealthimprovementplan.com/
https://www.poultryimprovement.org/default.cfm
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by the producers enrolled in the US SHIP program and provides a general assessment of
practices implemented across the US swine industry.

2. Materials and Methods

To capture the current biosecurity practices being implemented in swine farms at the
time of US SHIP enrollment, an online survey was created and distributed to participants
using a commercial survey builder (Qualtrics XM, https://www.qualtrics.com/ (accessed
on 5 January 2020), Seattle, WA, USA). The survey questions were crafted to obtain a broad
understanding of the status of biosecurity practices being implemented in the US swine
industry. All producers’ sites enrolled with US SHIP were asked to complete a biosecurity
survey for all of their sites. The end goal of the biosecurity survey was to capture and
benchmark the biosecurity practices implemented across the swine industry.

The survey consisted of initial screener questions to collect site demographics and
the respondent’s contact information. Surveys were filled out for the production type, for
each producer, (e.g., boar stud, sow farm, etc.), for each state. For example, if a producer
had three breeding herds in one state and two in another state, then they would fill out
two surveys in total. The initial enrollment survey questions collected site demographic
information for the respective state(s) in which the site(s) were located, enabling us to
capture the number of participating sites in US SHIP, categorized by site type in each state.
Eight site types were listed in the survey: boar stud, breeding herd, growing pig, farrow-to-
feeder/finish, small holding, non-commercial, packing plant, and live animal marketing
operators. Questions include a free range of responses in percentage or Lickert-scale format
(Table 1) and were sectioned by site types (Table 2). A complete set of questions is provided
in the Supplementary Materials (File S1).

Table 1. US SHIP enrolment biosecurity survey questions.

Questions by Site Type Response Format

1—Sites that have completed the Secure Pork Supply plans
Response entered in percentile
form from 0 to 100.2—Sites were animals have access to the outdoors.

3—Sites that have perimeter fences.

4—Sites that use the following as their primary
means of dead disposal

(a) Rendering Response entered in percentile
form from 0 to 100. The total
should be equal to 100.

(b) Non-rendering

(c) A combination of rendering and non-rendering

5—Sites whose requirements for people to
enter the farm most closely resembles on of the
following

(a) No specific requirements

Response entered in percentile
form from 0 to 100. The total
should be equal to 100.

(b) Only visitors are required to change into clean or
site-specific clothes and footwear without a requirement to
shower in

(c) Everyone changes into clean or site-specific clothes and
footwear, but are not required to shower in

(d) Everyone showers and changes into clean or site-specific
clothes and footwear

6—Do visitors sign a logbook?

Lickert Scale, with responses on
a 1–5 scale:
(a) All of the time;
(b) Most of the time;
(c) About half of the time;
(d) Rarely;
(e) Never;
(f) Don’t know.

7—During the last 12 months, how often have
you used the following ingredients in rations?

Plasma

Meat and bone meal

Feed mitigants to reduce the disease transmission risk

Uncooked food scraps

Regulated (cooked) garbage

8—During the last 12 months, how often have your feed suppliers held the imported feed ingredients to reduce
disease transmission risk?

9—Have trailers been washed and disinfected since last returning from a point of concentration when being
used to pick up animals from the site? *

* For growing sites, the survey question on trailer wash was divided into two questions: (i) The first asked if the
trucks being used to transport the first group of pigs (first cut) to market were washed and disinfected. (ii) The
second asked if, when the remaining pigs in the barn were moved to slaughter (run out loads), the trucks were
washed and disinfected. The movement of pigs between the first cut and when the barn is emptied occurs within
the time frame of a couple of weeks.

https://www.qualtrics.com/
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Table 2. US SHIP enrolment biosecurity survey site-type definitions.

Site Types Definition

Boar stud Production site with mature boars that distribute semen to other production sites

Breeding herd Production site with breeding females and house ≥1000 breeder or feeder swine

Growing pig Production site with ≥1000 feeder swine

Farrow-to-feeder
/finish

Production site with breeding females, grow feeder swine for purposes other than breeding stock
replacement for this particular farm site, and house ≥1000 breeder or feeder swine

Small holding Production sites with ≥100 and ≤1000 breeder or feeder swine

Non-commercial Production sites with <100 pigs

Survey responses were recorded in Qualtrics. An R markdown script was written
using an Application Program Interface (API) connection that is available in the R package
Qualtrics to connect survey responses to a wrangling and graphical application built using
the R package tidyverse, which summarizes and presents results in a standardized graphical
and table-content formats, providing basic survey results. Analytical and graphical displays
of survey responses were performed in R version 4.3.0 (R Core Team (2023), Vienna, Austria,
https://www.R-project.org, accessed on 5 April 2023).

3. Results

From January 2022 to 1 March 2024, surveys were completed for 12,195 individual
production sites across 31 states. Growing pigs made up over 86% (10,552 of 12,195) of
the responding sites; 10% (1262 of 12,195) for breeding herds; 1% (141 of 12,195) for small
holding; 1% (121 of 12,195) for farrow-to-finish; and the remaining for non-commercial,
boar stud, and packing plants (Figure 1). The three states with the highest number of US
SHIP-enrolled sites were Iowa, with 36% (4425 of 12,195); North Carolina, with 15% (1872
of 12,195); and Minnesota, with 13% (1637 of 12,195). The remaining 36% (4261 of 12,195) of
the sites were in the other 28 states (Figure 2).
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Figure 1. Number of sites by type of production site.

From participant sites, 91.5% (1154 of 1262) of responding breeding herds, 87% (9149 of
10,552) of growing pigs, 87% (54 of 63) of boar studs, 36% (12 of 33) of non-commercial sites
reported having a completed SPS plan in place (Figure 3). SPS plans provide an industry-
acceptable base for creating credible, provable disease-free zones in the instances of an FAD
introduction. These zones could be leveraged through international trade agreements to
support the continuity of business.

https://www.R-project.org
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Figure 3. Percentage of sites by site type that have completed the Secure Pork Supply (SPS) plans.

While 65% (22 of 33) of non-commercial sites allow animals to access the outdoors,
64% (21 of 33) of non-commercial sites also have perimeter fencing. While only 3.2% (2
of 63) of boar stud sites allow outdoor access, 58.7% (37 of 63) of the sites have perimeter
fencing (Figures 4 and 5). In general, perimeter fences are not widely adopted in the US
swine industry.
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For tracking visitors on site, 42% (5051 of 12,172) of responding sites stated that they
require visitors to sign a logbook all the time, another 46% (5550 of 12,172) reported doing
so most of the time, and less than 1% (97 of 12,172) of all sites stated that they never
require visitors to sign in. A breakdown by site type reveals that 94% (1186 of 1262) of the
breeding herds reported that they require visitors to sign in via log-entry books all the time.
Farrow-to-feeder had a widely dispersed response, with non-commercial sites reporting
that 55% (18 of 33) of them do not have any entry log requirement (Figure 6).
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Of all responding sites, 51% (6219 of 12,195) require everyone to shower in and change
foot and outerwear, 30% (3719 of 12,195) require everyone to change foot and outwear but
not shower, 18% (2195 of 12,195) require only visitors to change clothes and footwear, and
0.5% (61 of 12,195) stated they have no entry requirements (Figure 7). Breeding herds had
the largest percentage of sites requiring everyone to shower and change his/her outerwear
95% (1192 of 1262).

There is variability in the swine industry in regard to the usage of feed mitigants,
where 4% (487 of 12,172) of all sites stated they always use feed mitigants, while 62% (7486
of 12,172) said they never did (Figure 8). Nineteen percent of boar studs (12 of 63) and
approximately seventeen percent of breeding herds (209 of 1262) reported the usage of
feed mitigants all the time. The variability continued in regard to holding times, with 59%
(7157 of 12,172) of the respondents having reported holding imported feed ingredients
specifically to reduce the transmission risk, and 15% (1765 of 12,172) said they never did.
(Figure 9). Within this collection of participant survey data, there was no information
gathered regarding specific conditions of ingredient holding, including holding time or
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temperature, nor was there further information about the use of feed mitigants, including
specific products or inclusion levels.
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Figure 9. Frequency that feed supplier(s) have held imported feed ingredients to reduce disease
transmission risk.

Related to transport biosecurity, 98.4% (62 of 63) of boar studs, 99.7% of breeding
herds (1258 of 1262), and 91.7% (9676 of 10,552) of growing pigs’ top-grade loads reported
that the trailers were washed before returning to the point of concentration (e.g., slaughter
plant and cull sow buying station). Top-graded pigs are the first loads removed from the
site, with the pigs that first reach marketing criteria and usually take place from one to
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a few weeks before the site is emptied, i.e., loading of run-out loads. Run-out loads and
non-commercial sites have a wider dispersion of responses (Figure 10).
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Figure 10. Frequency of transport trailers reported to have been washed before returning to the point
of concentration broken down by type of production site.

4. Discussion

This study presents a synopsis of the US industry’s implementation of the current
practices of biosecurity that address major risks for disease introduction. Overall, there is
limited quantitative information on biosecurity practices being implemented across swine
production sites in the US. Having an understanding of biosecurity practices is helpful
to design better disease control programs, such as the US SHIP, to ultimately prevent
the introduction and spread of diseases. As part of developing a voluntary producer-led
government-endorsed disease certification program in the US, named US SHIP, a set of
questions were required for the participants to enroll their sites in the program. Biosecurity
survey responses provided baseline information on certain biosecurity practices with the
goal of identifying and quantifying areas for biosecurity improvement to prevent the
introduction of FADs and the spread of endemic diseases.

In this study, a biosecurity practice survey questionnaire was distributed to pork
producers through the US SHIP enrollment program, starting in January of 2022 and going
through 1 March 2024, and it has been filled out for 12,195 pork production sites over
multiple farm types, across 31 states. The captured survey responses reflect the diversity
in biosecurity practices of the US swine industry and provide a snapshot of biosecurity
practices in different production types, presenting an opportunity to assess and enhance
its biosecurity measures over time to mitigate the threats posed by FADs. Commercial
breeding herds and growing pig sites were the majority of the sites responding to the US
SHIP biosecurity survey.

Production owners and site supervisors can use the findings of this survey to better
prepare themselves to battle the FAD threat and work within the US SHIP to develop
practices to address site-specific concerns and industry-wide shortfalls. An example of
an action item generated by such information is the US SHIP biosecurity working group
evaluating what mitigation strategies should be implemented in indoor and outdoor pigs
to help decrease the risk posed by feral pigs and tick vectors in FAD transmission [32–34].
Findings, advancements, and novel approaches can be shared with producer delegates at
US SHIP House of Delegates Meetings.

Having measures in place before any FAD introduction could help decrease the risks
of foreign disease introduction and reduce the chance of endemic diseases spreading across
farms. Every pig in the US is important in matters of FAD defense, and every producer has
different challenges but shares the same responsibility. The results of this survey can better
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help industries and industry regulators’ direct education, effort, and funds to strengthen
biosecurity of the industry.

Diseases, especially FADs, are one of the most urgent concerns facing animal produc-
tion. Countries such as Brazil [35], the Czech Republic [36], and Belgium [37] have been able
to eradicate ASF from their borders after an introduction by using strategies and techniques
described by the World Organization of Animal Health (WOAH). Efficient biosecurity and
biocontainment practices take advantage of strategies and techniques developed through
experience and research and proven to be effective in real-word scenarios for reducing the
frequency of disease occurrence and spread across farms, regions, countries, and continents.

A multitiered approach is necessary to ensure the continued ability of pork producers
to operate in the face of a FAD. The US Federal Government uses international trade agree-
ments, customs, and border inspections to combat the introduction of FADs. Individual
sites must also be prepared to prevent and mitigate the introduction of an FAD. This study
identified potential areas of improvement by farm type. An example is the difference
between incorporation of biosecurity best practices, such as reducing animal outdoor access
and controlling visitor entry, where differences between commercial and non-commercial
sites are evident. Across all sections of production, there is an opportunity to improve
biosecurity practices, such as showering, the tracking of people’s movements, and truck
washing and disinfection, to minimize the risk of disease spread across sites. Even though
breeding herds and growing sites are well-positioned to have SPS plans in place, 8.5% of
breeding herds and 13.4% of growing sites are still without a biosecurity plan in place that
leaves another practical opportunity for improvement.

With 18% of sites lacking entry requirements and 30% requiring only change in clothes,
there exists an avoidable risk that can be effectively managed though the implementation
of more stringent entry protocols. Entry protocols and sign-in books are practices requiring
discipline to follow procedures and could be implemented irrespective of the current
infrastructure present on the farm. Continuous training of farm personnel in following
biosecurity and biocontainment practices is necessary to keep the discussions and reminders
on top of the head of farm employees. Other biosecurity and biocontainment practices,
such as promoting the utilization of feed mitigants (currently not employed by 61.5% of
respondents) and adhering to proper holding times for imported feed ingredients (practiced
by only 58.8% of respondents) are more costly but could significantly reduce the potential
risks for FADs through the entry of contaminated feed. The ability of viral particles to
maintain infectivity in feed has had real world impacts and is cited as the cause for the
introduction of Senecavirus A into a previously naïve country [38]. Specifically for holding
imported ingredients, there remains significant variation in how this practice is applied at
the industry level, which warrants further investigation to generate a standardized baseline
program for the US swine industry to generate a meaningful reduction in FAD introduction
and dissemination risk. Another very costly procedure is the implementation of cleaning
and disinfection procedures for hauling trucks. Extreme cold weather temperatures during
winter pose a challenge in implementing these practices, requiring expensive infrastructure
facilities to perform the procedure and treat the effluents.

In general, this study found that breeding herd sites routinely apply more biosecurity
practices than other types of sites. Non-commercial sites were less likely to adopt any
one specific biosecurity element discussed. This is relevant, as the swine industry is not
stove-piped into vacuums, and each industry sector impacts the other and the overall
security of the US swine industry [39,40]. Biosecurity improvements in one site or industry
type can contribute collectively contain the introduction, establishment, and further spread
of threats that affect the overall health of the swine industry.

One limitation of this descriptive study is that all results are self-reported by US SHIP
participants. While the producers report their standards, the actual workday practices
have not been evaluated. Together, this information provides a baseline understanding
of the biosecurity practices in the US swine industry within the participant pool of US
SHIP-enrolled sites. The reporting of current stages of biosecurity practices implemented
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across US SHIP participant farms generates the basic foundation that can be used in future
assessments for comparisons of the advancements made across participant sites.

The US SHIP program is a collaboration of swine producers and allied industry, state,
and federal partners aimed at safeguarding the US swine industry, and it helps support
business continuity in the event of an FAD introduction into the US. This baseline biose-
curity through continued producer enrollment and engagement and the evaluation of
current practices, as performed in this report, will serve as a means to generate meaningful
improvement in biosecurity practices and enhance FAD preparedness and continue to
decrease the detrimental impacts of endemic pathogens. The current reporting of biose-
curity practices allows for information sharing and the future benchmarking of practices
implemented and progress towards improving biosecurity and biocontainment measures
to protect the US swine production.

5. Conclusions

In conclusion, this initial cross-sectional investigation sheds light on the biosecurity
practices within the United States’ swine industry, providing insights derived from the
data collected through the US Swine Health Improvement Plan (US SHIP) enrollment
program. The findings underscore the industry’s diverse approaches to biosecurity. The
establishment of US SHIP as a voluntary initiative demonstrates a collaborative effort
among industry stakeholders, state, and federal entities to enhance disease preparedness.
Multiple opportunities to improve the current level of biosecurity throughout all facets of
the swine industry were identified and here reported. These findings offer a foundation
for ongoing assessments, fostering continuous improvement in biosecurity measures and
ultimately fortifying the industry’s ability to combat the introduction and spread of diseases,
both foreign and endemic. As the swine sector evolves, the knowledge gained from this
study is pivotal for shaping targeted strategies to mitigate risks, promote sustainable
practices, and contribute to the resilience of the US swine industry against emerging threats.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ani14071134/s1, File S1: US SHIP Biosecurity Enrollment Survey.

Author Contributions: Conceptualization, R.G.M. and G.T.; methodology, R.G.M. and G.T.; software,
G.T. and L.C.M.L.; validation, G.T. and L.C.M.L.; formal analysis, M.H., G.T., L.C.M.L., T.H., M.T., J.G.
and C.J.R.; investigation, M.H., G.T., R.G.M., J.G., M.T., C.J.R., L.C.M.L. and T.H.; resources, R.G.M.;
data curation, G.T.; writing—original draft preparation, M.H.; writing—review and editing, M.H.,
G.T., J.G., M.T., C.J.R., R.G.M. and T.H.; visualization, G.T. and M.H.; supervision, R.G.M.; project
administration, R.G.M. and T.H.; funding acquisition, R.G.M. All authors have read and agreed to
the published version of the manuscript.

Funding: This project was supported by the USDA–Animal & Plant Health Inspection Service
(APHIS) Cooperative Agreement no. AP20VSSP0000C004 to Dr. Rodger Main.

Institutional Review Board Statement: The ethical approval was not required for the current study
as the biosecurity practices data has only been collected from an online survey.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: All the relevant collected data are provided in this manuscript. Individ-
ual enrolment survey responses are confidential and cannot be shared.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. USDA ERS. USDA ERS—Hogs & Pork. 30 June 2022. Available online: https://www.ers.usda.gov/topics/animal-products/

hogs-pork/ (accessed on 2 October 2023).
2. Cook, H.; Schulz, L. The United States Pork Industry 2021: Current Structure and Economic Importance. July 2022. Available

online: https://nppc.org/wp-content/uploads/2022/07/2021-NPPC-Economic-Contribution-Report-FINAL.pdf (accessed on
30 July 2022).

https://www.mdpi.com/article/10.3390/ani14071134/s1
https://www.mdpi.com/article/10.3390/ani14071134/s1
https://www.ers.usda.gov/topics/animal-products/hogs-pork/
https://www.ers.usda.gov/topics/animal-products/hogs-pork/
https://nppc.org/wp-content/uploads/2022/07/2021-NPPC-Economic-Contribution-Report-FINAL.pdf


Animals 2024, 14, 1134 12 of 13

3. Holtkamp, D.J.; Kliebenstein, J.B.; Zimmerman, J.J.; Neumann, E.; Rotto, H.; Yoder, T.K.; Haley, C. Assessment of the economic
impact of porcine reproductive and respiratory syndrome virus on United States pork producers. J. Swine Health Prod. 2013,
21, 72–84.

4. Stevenson, G.W.; Hoang, H.; Schwartz, K.J.; Burrough, E.R.; Sun, D.; Madson, D.; Yoon, K.J. Emergence of Porcine epidemic
diarrhea virus in the United States: Clinical signs, lesions, and viral genomic sequences. J. Vet. Diagn. Investig. 2013, 25, 649–654.
[CrossRef] [PubMed]

5. Marthaler, D.; Jiang, Y.; Collins, J.; Rossow, K. Complete Genome Sequence of Strain SDCV/US/Illinois121/2014, a Porcine
Deltacoronavirus from the United States. Genome Announc. 2014, 2, 10-1128.

6. Schulz, L.; Tonsor, G.T. Assessment of the economic impacts of porcine epidemic diarrhea virus in the United States. J. Anim. Sci.
2015, 93, 5111–5118. [CrossRef] [PubMed]

7. Trevisan, G.; Linhares, L.; Schwartz, K.; Burrough, E.; Magalhaes, E.; Crim, B.; Dubey, P.; Main, R.; Gauger, P.C.; Thurn, M.; et al.
Data standardization implementation and applications within and among diagnostic laboratories: Integrating and monitoring
enteric coronaviruses. J. Vet. Diagn. Investig. 2021, 33, 457–468. [CrossRef] [PubMed]

8. USDA APHIS|Classical Swine Fever. (n.d.). Available online: https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/
animal-disease-information/swine-disease-information/classic-swine-fever/classic-swine-fever#:~:text=Although%20
classical%20swine%20fever%20was,from%20the%20U.S%20in%201978 (accessed on 5 January 2024).

9. Rodriguez-Torres, J.G. International Approach to Eradication and Surveillance for Foot-and-Mouth Disease in the Americas. Ann.
N. Y. Acad. Sci. 2000, 916, 194–198. [CrossRef] [PubMed]

10. African Swine Fever Confirmed in Haiti. American Veterinary Medical Association. 1 November 2021. Available online:
https://www.avma.org/javma-news/2021-11-01/uropa-swine-fever-confirmed-haiti (accessed on 5 January 2024).

11. USDA. ASF Response Plan: The Red Book. April 2020. Available online: https://www.aphis.usda.gov/animal_health/
emergency_management/downloads/asf-responseplan.pdf (accessed on 5 January 2024).

12. Sánchez-Vizcaíno, J.M.; Laddomada, A.; Arias, M.L. African Swine Fever Virus. In Diseases of Swine; Wiley: Hoboken, NJ, USA,
2019; pp. 443–452. [CrossRef]

13. Blome, S.; Franzke, K.; Beer, M. African swine fever—A review of current knowledge. Virus Res. 2020, 287, 198099. [CrossRef]
[PubMed]

14. O’Neill, X.; White, A.; Ruiz-Fons, F.; Gortázar, C. Modelling the transmission and persistence of African swine fever in wild boar
in contrasting European scenarios. Sci. Rep. 2020, 10, 5895. [CrossRef] [PubMed]

15. Golnar, A.J.; Martin, E.; Wormington, J.D.; Kading, R.C.; Teel, P.D.; Hamer, S.A.; Hamer, G.L. Reviewing the Potential Vectors and
Hosts of African Swine Fever Virus Transmission in the United States. Vector Borne Zoonotic Dis. 2019, 19, 512–524. [CrossRef]

16. World Organisation for Animal Health. Terrestrial Code Online Access—WOAH—World Organisation for Animal Health.
WOAH—World Organisation for Animal Health. 18 July 2023. Available online: https://www.woah.org/en/what-we-do/
standards/codes-and-manuals/terrestrial-code-online-access/ (accessed on 5 January 2024).

17. Food and Agriculture Organization of the United Nations; World Organisation for Animal Health; World Bank; Madec, F.; Hurnik,
D.; Porphyre, V.; Cardinale, E. Good practices for biosecurity in the pig sector. In FAO Animal Production and Health; (No. 169);
Domenech, J., Lubroth, J., Eds.; FAO: Rome, Italy, 2010; Available online: https://www.fao.org/3/i1435e/i1435e00.pdf (accessed
on 21 February 2024).

18. Galvis, J.A.; Machado, G. The role of vehicle movement in swine disease dissemination: Novel method accounting for pathogen
stability and vehicle cleaning effectiveness uncertainties. Prev. Vet. Med. 2024, 226, 106168. [CrossRef]

19. Anderson, A.V.; Fitzgerald, C.; Baker, K.; Stika, R.; Linhares, D.; Holtkamp, D.J. Comparison of shower-in and shower-in plus
bench entry protocols for prevention of environmental contamination due to personnel entry in a commercial swine facility.
J. Swine Health Prod. 2018, 26, 192–199. [CrossRef] [PubMed]

20. Otake, S.; Dee, S.A.; Rossow, K.D.; Deen, J.; Joo, H.S.; Molitor, T.W.; Pijoan, C. Transmission of porcine reproductive and
respiratory syndrome virus by fomites (boots and coveralls). J. Swine Health Prod. 2002, 10, 59–65.

21. Galvis, J.A.; Corzo, C.; Prada, J.M.; Machado, G. Modeling between-farm transmission dynamics of porcine epidemic diarrhea
virus: Characterizing the dominant transmission routes. Prev. Vet. Med. 2022, 208, 105759. [CrossRef] [PubMed]

22. Lowe, J.; Gauger, P.C.; Harmon, K.M.; Zhang, J.; Connor, J.F.; Yeske, P.; Loula, T.; Levis, I.; Dufresne, L.; Main, R. Role of
transportation in spread of porcine epidemic diarrhea virus infection, United States. Emerg. Infect. Dis. 2014, 20, 872–874.
[CrossRef]

23. Ruston, C.R.; Linhares, D.; Blay, E.; Nickel, M.; Skoland, K.; Kittrell, H.; Brown, J.; Karriker, L.; Breuer, M.; McKeen, L.; et al.
Evaluation of a staged loadout procedure for market swine to prevent transfer of pathogen contaminated particles from livestock
trailers to the barn. J. Swine Health Prod. 2021, 29, 234–243. [CrossRef]

24. Silva, G.S.; Leotti, V.B.; De Jezus Castro, S.M.; Medeiros, R.; Silva, A.P.; Linhares, D.; Corbellini, L.G. Assessment of biosecurity
practices and development of a scoring system in swine farms using item response theory. Prev. Vet. Med. 2019, 167, 128–136.
[CrossRef] [PubMed]

25. Silva, G.S.; Corbellini, L.G.; Linhares, D.; Baker, K.L.; Holtkamp, D. Development and validation of a scoring system to assess the
relative vulnerability of swine breeding herds to the introduction of PRRS virus. Prev. Vet. Med. 2018, 160, 116–122. [CrossRef]
[PubMed]

https://doi.org/10.1177/1040638713501675
https://www.ncbi.nlm.nih.gov/pubmed/23963154
https://doi.org/10.2527/jas.2015-9136
https://www.ncbi.nlm.nih.gov/pubmed/26641031
https://doi.org/10.1177/10406387211002163
https://www.ncbi.nlm.nih.gov/pubmed/33739188
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal-disease-information/swine-disease-information/classic-swine-fever/classic-swine-fever#:~:text=Although%20classical%20swine%20fever%20was,from%20the%20U.S%20in%201978
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal-disease-information/swine-disease-information/classic-swine-fever/classic-swine-fever#:~:text=Although%20classical%20swine%20fever%20was,from%20the%20U.S%20in%201978
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal-disease-information/swine-disease-information/classic-swine-fever/classic-swine-fever#:~:text=Although%20classical%20swine%20fever%20was,from%20the%20U.S%20in%201978
https://doi.org/10.1111/j.1749-6632.2000.tb05290.x
https://www.ncbi.nlm.nih.gov/pubmed/11193621
https://www.avma.org/javma-news/2021-11-01/uropa-swine-fever-confirmed-haiti
https://www.aphis.usda.gov/animal_health/emergency_management/downloads/asf-responseplan.pdf
https://www.aphis.usda.gov/animal_health/emergency_management/downloads/asf-responseplan.pdf
https://doi.org/10.1002/9781119350927.ch25
https://doi.org/10.1016/j.virusres.2020.198099
https://www.ncbi.nlm.nih.gov/pubmed/32755631
https://doi.org/10.1038/s41598-020-62736-y
https://www.ncbi.nlm.nih.gov/pubmed/32246098
https://doi.org/10.1089/vbz.2018.2387
https://www.woah.org/en/what-we-do/standards/codes-and-manuals/terrestrial-code-online-access/
https://www.woah.org/en/what-we-do/standards/codes-and-manuals/terrestrial-code-online-access/
https://www.fao.org/3/i1435e/i1435e00.pdf
https://doi.org/10.1016/j.prevetmed.2024.106168
https://doi.org/10.54846/jshap/1077
https://www.ncbi.nlm.nih.gov/pubmed/38544536
https://doi.org/10.1016/j.prevetmed.2022.105759
https://www.ncbi.nlm.nih.gov/pubmed/36155353
https://doi.org/10.3201/eid2005.131628
https://doi.org/10.54846/jshap/1229
https://doi.org/10.1016/j.prevetmed.2019.03.020
https://www.ncbi.nlm.nih.gov/pubmed/31027714
https://doi.org/10.1016/j.prevetmed.2018.10.004
https://www.ncbi.nlm.nih.gov/pubmed/30388993


Animals 2024, 14, 1134 13 of 13

26. USDA ERS—Sector at a Glance. USDA ERS—Sector at a Glance. 5 August 2021. Available online: https://www.ers.usda.gov/
topics/animal-products/hogs-pork/sector-at-a-glance/ (accessed on 30 July 2022).

27. Davis, C.; Dimitri, C.; Nehring, R.; Collins, L.; Haley, M.; Ha, K.; Gillespie, J.U.S. Hog Production: Rising Output and Changing
Trends in Productivity Growth; USDA: Washington, DC, USA, 2022; p. 308.

28. Dee, S.; Bauermann, F.V.; Niederwerder, M.C.; Singrey, A.; Clement, T.; De Lima, M.; Long, C.; Patterson, G.; Sheahan, M.A.;
Stoian, A.M.M.; et al. Survival of viral pathogens in animal feed ingredients under transboundary shipping models. PLoS ONE
2018, 13, e0194509. [CrossRef]

29. Dee, S.; Neill, C.; Singrey, A.; Clement, T.; Cochrane, R.A.; Jones, C.K.; Patterson, G.; Spronk, G.; Christopher-Hennings, J.; Nelson,
E. Modeling the transboundary risk of feed ingredients contaminated with porcine epidemic diarrhea virus. BMC Vet. Res. 2016,
12, 51. [CrossRef]

30. Stoian, A.M.M.; Zimmerman, J.; Ji, J.; Hefley, T.J.; Dee, S.; Diel, D.G.; Rowland, R.R.R.; Niederwerder, M.C. Half-Life of African
Swine Fever Virus in Shipped Feed. Emerg. Infect. Dis. 2019, 25, 2261–2263. [CrossRef] [PubMed]

31. Niederwerder, M.C. Risk and Mitigation of African Swine Fever Virus in Feed. Animals 2021, 11, 792. [CrossRef] [PubMed]
32. Medrano, M.; US SHIP Feral Swine—Summary of Literature Review. US Swine Health Improvement Plan House of Delegates

Meeting (US SHIP HOD). 2023, pp. 88–97. Available online: https://usswinehealthimprovementplan.com/wp-content/uploads/
US-SHIP-Booklet-2023-Final_web.pdf (accessed on 21 February 2024).

33. US Swine Health Improvement Plan, Producers Congress of Industry Stakeholders & Subject Matter Experts, USDA
Veterinary Services, & US SHIP Traceability Working Group. 2022. Resolutions [Report]. Available online: https:
//usswinehealthimprovementplan.com/wp-content/uploads/US-SHIP-Resolutions-2022.pdf (accessed on 21 February 2024).

34. US Swine Health Improvement Plan, US Swine Health Improvement Plan, USDA Veterinary Services, & US SHIP Traceability
Working Group. 2023. Resolutions. Available online: https://usswinehealthimprovementplan.com/wp-content/uploads/US-
SHIP-Program-Resolutions-Full-2023.pdf (accessed on 21 February 2024).

35. Moura, J.A.; McManus, C.M.; Bernal, F.E.M.; de Melo, C.B. An analysis of the 1978 African swine fever outbreak in Brazil and its
eradication. Rev. Sci. Tech. 2010, 29, 549–563. [CrossRef] [PubMed]

36. Charvátová, P.; Wallo, R.; Satran, P. Lessons learned from successful eradication of ASF in the Czech Republic. Bulletin 2020,
2020, 1–5. [CrossRef]

37. African Swine Fever: Eradication in Belgium Confirmed. European Commission News Room. 20 November 2020. Available
online: https://ec.europa.eu/newsroom/sante/items/694493#:~:text=All%20the%20African%20swine%20fever,infected%20
with%20ASF%20was%20discovered (accessed on 8 January 2024).

38. Dee, S.; Havas, K.A.; Spronk, G. Detection of Senecavirus A in pigs from a historically negative national swine herd and associated
with feed imports from endemically infected countries. Transbound. Emerg. Dis. 2022, 69, 3147–3149. [CrossRef] [PubMed]

39. Porphyre, T.; Boden, L.; Correia-Gomes, C.; Auty, H.; Gunn, G.J.; Woolhouse, M. How commercial and non-commercial swine
producers move pigs in Scotland: A detailed descriptive analysis. BMC Vet. Res. 2014, 10, 140. [CrossRef]

40. Correia-Gomes, C.; Henry, M.K.; Auty, H.; Gunn, G.J. Exploring the role of small-scale livestock keepers for national biosecurity—
The pig case. Prev. Vet. Med. 2017, 145, 7–15. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://www.ers.usda.gov/topics/animal-products/hogs-pork/sector-at-a-glance/
https://www.ers.usda.gov/topics/animal-products/hogs-pork/sector-at-a-glance/
https://doi.org/10.1371/journal.pone.0194509
https://doi.org/10.1186/s12917-016-0674-z
https://doi.org/10.3201/eid2512.191002
https://www.ncbi.nlm.nih.gov/pubmed/31524583
https://doi.org/10.3390/ani11030792
https://www.ncbi.nlm.nih.gov/pubmed/33803495
https://usswinehealthimprovementplan.com/wp-content/uploads/US-SHIP-Booklet-2023-Final_web.pdf
https://usswinehealthimprovementplan.com/wp-content/uploads/US-SHIP-Booklet-2023-Final_web.pdf
https://usswinehealthimprovementplan.com/wp-content/uploads/US-SHIP-Resolutions-2022.pdf
https://usswinehealthimprovementplan.com/wp-content/uploads/US-SHIP-Resolutions-2022.pdf
https://usswinehealthimprovementplan.com/wp-content/uploads/US-SHIP-Program-Resolutions-Full-2023.pdf
https://usswinehealthimprovementplan.com/wp-content/uploads/US-SHIP-Program-Resolutions-Full-2023.pdf
https://doi.org/10.20506/rst.29.3.1992
https://www.ncbi.nlm.nih.gov/pubmed/21309454
https://doi.org/10.20506/bull.2020.1.3131
https://ec.europa.eu/newsroom/sante/items/694493#:~:text=All%20the%20African%20swine%20fever,infected%20with%20ASF%20was%20discovered
https://ec.europa.eu/newsroom/sante/items/694493#:~:text=All%20the%20African%20swine%20fever,infected%20with%20ASF%20was%20discovered
https://doi.org/10.1111/tbed.14684
https://www.ncbi.nlm.nih.gov/pubmed/35988265
https://doi.org/10.1186/1746-6148-10-140
https://doi.org/10.1016/j.prevetmed.2017.06.005

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

