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JSHAP SPOTLIGHT
Jack Korenyi-Both

2023 Top Student Seminar Winner

Jack Korenyi-Both earned a BS (’20) in Animal Science and is 
currently a fourth-year veterinary student at The Ohio State 
University. After graduation, Jack plans to work in small- or mixed-
animal medicine while he finishes his Master’s of Public Health 
degree. Upon completion, he is interested in pursuing a career 
with the government or military in regulatory medicine where he 
hopes to contribute to food-animal medicine in some capacity. “I 
have made many connections and friendships through AASV where 
students are always welcomed and supported. I am grateful to be 
supported by the AASV and this industry in my pursuit of veterinary 
medicine and the swine industry.” Jack was the Top Student Seminar 
award winner at the 2023 AASV Annual Meeting.
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President’s message

“My challenge to the AASV membership 
is to continue to be there as the 

advocate for the pig.” 

Continue to Be There!

Over a year ago we put together 
the Annual Meeting program 
centered around the theme “Be 

There” with the collective message to 
support the pigs in our care, the clients 
we serve, and the members of our as-
sociation. Little did we know that 2023 
would end up to be one of the worst eco-
nomic climates for pig farmers ever. All 
hog farm clients experienced financial 
stress as weaned piglets became nearly 
worthless during the summer months 
due to peaking input costs. Fortunately, 
the productivity of the national herd in 
general was able to break through some 
significant challenges and march for-
ward with greater piglets weaned per 
sow and greater overall herd productiv-
ity. Herd health appears to be stable as 
well, with reduced porcine reproductive 
and respiratory syndrome prevalence as 
referenced in the Morrison Swine Health 
Monitoring Program database.

My challenge to the AASV membership 
is to continue to be there as the advocate 
for the pig. We need to tackle tough chal-
lenges within reach, such as porcine 
epidemic diarrhea virus (PEDV) elimi-
nation. We need to further understand 
why we see pockets of new diseases like 

sapovirus, Senecavirus, and others. We 
have the tools to quickly identify these 
challenges. We also can work with our 
clients on control and elimination pro-
grams using breeding projects and bios-
ecurity to rid the industry of these head-
aches and improve the herds in our care.

The history of my appreciation for the 
“Be There” theme comes from a relation-
ship with one of my favorite clients. Bill 
Gray used to tell me “Some of the most 
important decisions on the planet will 
be made by those who choose to show 
up.” We would travel together to public 
hearings on the Livestock Facilities Act 
proposed in the Illinois government. The 
message to show up and volunteer to be 
there was critical to support intelligent 
structure in the manner that livestock 
facilities would be governed. The same 
philosophy applies to client service for a 
serious health break or even the decision 
to be there for a friend in need.

This will be my last article as president 
of the AASV. I am excited to share the 
responsibilities of the executive com-
mittee with newly elected leaders. There 
is unfinished business I am asking all 
of us to continue to support and see it 

through. Support the development of 
the US Swine Health Improvement Plan 
for a national herd health debate and 
framework. Support the herd trace-
ability efforts of the US Department of 
Agriculture to maintain industry func-
tion should a foreign disease be identi-
fied. Support the PEDV Elimination Task 
Force as they begin to work on strategy 
for a national effort to rid the country of 
this disease. Support the ongoing com-
mittees and educational programs criti-
cal to service our herds and our mem-
bership. Be there for the early career 
veterinarians as mentors and career de-
velopment coaches. Be there for clients 
who are hopeful to see financial recov-
ery and industry reinvestment.

Thank you for the opportunity to serve 
as AASV president, it has been an honor. 

William L Hollis, DVM 
AASV President
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President-elect’s message

“The resolution that I commit to for 
my messages to you in the journal 

is to provide information and 
questions that are timely and thought 

provoking, and to open discussions 
within our membership, all for the 

betterment of the swine industry and 
the AASV membership.”

AASV challenges and opportunities and 
ChatGPT

I humbly thank you for the opportuni-
ty to serve the AASV membership. As 
I sit composing this message on New 

Year’s Day, my thoughts on a New Year’s 
resolution are different this year. The 
resolution that I commit to for my mes-
sages to you in the journal is to provide 
information and questions that are time-
ly and thought provoking, and to open 
discussions within our membership, all 
for the betterment of the swine industry 
and the AASV membership. 

So, as I noodled over this first message, I 
asked myself “What are the top challeng-
es for the swine industry and the AASV 
membership in 2024?” This is also a sim-
ilar question posed to the AASV Program 
Planning Committee for our Annual 
Meeting, but that question was “With the 
challenges in front of the swine industry 
and AASV, how do we lead AASV into the 
future?” Not being averse to the use of 
technology, I decided to pose my ques-
tion to ChatGPT. These are the top six 
challenges that the AI chatbot provided:

1.	 Disease management: The ongoing 
challenge of swine diseases and the 
need for effective biosecurity, vacci-
nation strategies, and diagnostics.

2.	 Sustainability: Addressing environ-
mental concerns and promoting sus-
tainable practices, such as efficient 
resource utilization, waste manage-
ment, and maintenance of healthy 
animals that consume the resources.

3.	 Antibiotic stewardship: Continuing 
efforts to ensure responsible use of 
antibiotics in swine production to 
prevent the development of antimi-
crobial resistance.

4.	 Consumer demands: Addressing 
changing consumer preferences and 
demands for animal welfare, trans-
parency, and food safety.

5.	 Economic factors: Navigating mar-
ket volatility, trade policies, and 
other economic factors that may 
affect the profitability and sustain-
ability of the swine industry.

6.	 Workforce development: Encourag-
ing education, training, and attract-
ing young professionals to the field 
of swine veterinary medicine.

You may receive this issue of the jour-
nal before the 2024 Annual Meeting, so I 
hope to entice you to attend sessions that 
address the challenges identified above – 
and there are many! However, if you are 
reading this message after the Annual 
Meeting, please take the time to review 
the proceedings papers and start a con-
versation with the presenters. 

Looking at the preconference seminars, 
you will see that they cover all the chal-
lenges identified by the AI chatbot. 
Specifically, the seminars cover Big 
Diagnostic Data, Disease Preparedness, 
Mastering the Art of Swine Business, Pig 
Livability, Biosecurity, Influenza, Health 
through Nutrition, and Swine Medicine 
for Students. 

The highlight for me is the Monday 
morning general session; I will declare 
my bias as the program chair. The How-
ard Dunne Memorial Lecture and the 
Alex Hogg Memorial Lecture, given by 
Dr Joel Nerem and Dr Chris Rademach-
er, respectively, highlight the opportuni-
ties AASV and swine veterinarians face. 

Dr Nerem outlines the challenges with 
the statement “When in doubt, do what is 
right for 1) the pig, 2) the farmer, and 3) 
the consumer.” He challenges us to be a 
next generation veterinarian and to prac-
tice next generation veterinary medicine. 
Dr Rademacher honors Dr Alex Hogg 
with his evaluation of the future of veteri-
nary students and swine education. Fur-
ther, he shines a light on the tools of the 
future for veterinary practitioners. The 
challenge presented by Dr Rademacher 
is to be open to taking a different mindset 
and way of thinking to propel swine vet-
erinary practice into the future.

The remainder of Monday morning fo-
cuses on disease management and elimi-
nation. Taglines from each of the speak-
er’s presentations include:

	 “Generals always prepare to fight 
the last war – especially if they 
won.” - Dr Jeff Zimmerman

	 “The only thing that is holding us 
back from moving forward (with 
Mycoplasma elimination) on a re-
gional and even a national program 
is the political will to make it hap-
pen.” - Dr Paul Yeske

	 “How does the industry structure, 
sustainability, and mindset about the 
future play out regarding PRRSV? Is 
the industry in automatic response 
mode or will it take on the challenge 
of eliminating this pathogen from our 
US herds?” - Dr Amy Maschhoff

President-elect message continued on page 53
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Broadest antigenic coverage.1-4 The first and only porcine 
circovirus Type 2 (PCV2) bivalent vaccine containing two PCV2 
genotypes – PCV2a and PCV2b.

Longest-lasting PCV protection.5-9 The longest duration of 
immunity (DOI) of 23 weeks helps protect against PCV2 and 
respiratory disease due to Mycoplasma hyopneumoniae (Mhp).   

Breeding herd immunity.10 First and only PCV2 vaccine with 
a USDA safety approval for use in pregnant sows and gilts. 

Talk to your Zoetis representative about whole herd protection with Fostera Gold PCV MH
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	 “What can we do to not become an-
other zombie apocalypse cliché? We 
need to 1) know the threats, 2) know 
our strengths, 3) know our weakness-
es and have the fortitude to address 
them, 4) don’t be complacent, and 5) 
be prepared.” - Dr Luc Defresne

The entirety of the concurrent sessions 
encompasses and expands on the chal-
lenges and opportunities we have as 
swine veterinarians and AASV mem-
bers. From poster sessions, student sem-
inars, industrial partners sessions, the 
Disease Elimination session, the Sustain-
ing the Farm session, to the Immunology 
Toolbox, there is a wealth of informa-
tion to be gained. Each of the 6 ChatGPT 
challenges are addressed throughout the 
AASV Annual Meeting. This holds true 
for the Tuesday general session that you 
should not miss. The session will focus 
on driving demand and protecting the 
product; what role you play and how you 
should be involved. 

Did I need to use ChatGPT to identify 
the challenges for AASV and the swine 
industry? No. With the circle of friends 
and colleagues that are the AASV, I could 
have just as easily surveyed a small num-
ber to come up with a list of challenges. 
This brings up the best part of being a 
member of AASV – the friends, mentors, 
and supporters that you gain throughout 
the years. The networking that occurs 
during hallway talk, the student recep-
tion event, and the awards reception is 
the best value of a lifetime. I am excited 
to see you there to expand our friend-
ships, gain valuable knowledge, and 
“Lead AASV into the Future.” 

Angela Baysinger, DVM, MSc 
AASV President-elect

Leading Leading 
AASVAASV

into the 
FutureFuture

*Photo courtesy of the
National Pork Board,

Des Moines, Iowa, USA

55th AASV  
Annual Meeting

February 24-27, 2024   |  Nashville, Tennessee

**
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Perrydise

It is the week of January 22. I am sit-
ting in the AASV office in Perry, Iowa. 
Most of Iowa is just starting to thaw 

from a brutal week of winter weather 
that saw blizzard conditions, high tem-
peratures below zero, frigid winds, and 
blowing snow. An old-time Midwest win-
ter. The ground is snow-covered with 
drifts and piles higher than my head. 
The sky is cloudy, it is misting, and there 
has been dense fog most of the day. A 
very somber type of day that matches my  
general mood.

This is the first time I have been back to 
Perry since the tragic school shooting on 
January 4, 2024, that left 6 people wound-
ed and claimed the lives of a sixth-grade 
student and the high school principal, 
Dan Marburger. Numerous acts of brav-
ery, including that of Principal Marburger 
who confronted the 17-year-old shooter, 
have been credited with saving lives. 
Obviously, this was not the first school 
shooting (there have reportedly been at 
least 3 prior to January 18 of this year) 
and, regrettably, will likely not be the last. 

Even though I am not from Perry, this 
tragedy hit close to home for me. This 
town has long been the home of AASV. 
I have been coming here frequently for 
the last 18 years. I have gotten to know 
some of the locals, and I feel I have a bet-
ter than passing sense for the commu-
nity. So, I felt the sorrow emanating from 
the residents. Sue Schulteis, AASV associ-
ate director, and Tom Burkgren, retired 
AASV executive director, have lived in 
Perry for decades. They raised their fami-
lies here and are active in the community. 
Their kids went to school in Perry under 
the watchful eye of Principal Marburger 
and with his kids. I am sure they feel the 
loss way more acutely than I do.

I noticed the blue ribbons and “Perry 
Strong” signs scattered around town 
symbolizing the unity and resilience 
that arises from these types of events. 
While I was waiting at the local bank, I 
noticed a group of big furry yellow dogs 
wearing blue vests and their handlers 
walking down the street not far from the 
school. I mentioned it to the bank teller, 
and she said they were probably in town 
to provide some support for folks as the 
school children began returning to the 
classroom this week. That human-animal 
bond is innate and real. I did, however, 
think that pack needed a beagle.

On the news last night, they showed 
the kids as they walked past the piles of 
snow near the school. Despite the sad-
ness, and likely some trepidation, I am 
sure they were feeling, it was heartening 
to see that most of the kids were smiling 
and leading their parents along the way. 
It appeared at least that they were anx-
ious to see their friends and get back to a 
“normal” routine. 

I know that this tragedy will be a couple 
of months old by the time you read this 
article, but I wanted to take an oppor-
tunity to share with you some of my 
thoughts about our little place in the 
world. I also wanted you to know that 
the AASV Board of Directors approved 
a contribution to a fund established to 
assist the community and support those 
affected by the shooting. Perry residents 
are hurting and stunned right now, as 
any tight-knit community would be, but 
I am confident it will rebound. Perry is 
strong. It has been, as Sue would say, 
Perrydise, and it will be again.

Harry Snelson, DVM 
Executive Director

Executive Director’s message
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From the editorial office

“Our student membership is healthy 
and active in the association, so  
we also wanted to highlight the  

meaningful contributions that our 
veterinary students are making.”

In one of my recent messages, I 
dropped a hint about the JSHAP Spot-
light series for 2024.1 By now I hope 

you have seen some of these JSHAP Spot-
lights featuring our student members. 
For those of you not familiar with the 
JSHAP Spotlight you can find the piece 
directly below the table of contents and 
one page-turn from the front cover. 
We started this piece to highlight the 
contributions from our editorial board 
members and reviewers. Our student 
membership is healthy and active in the 
association, so we also wanted to high-
light the meaningful contributions that 
our veterinary students are making.  

My message this issue also comes at a 
time when veterinary students at my 
university are looking for mentorship 
and summer employment opportuni-
ties. I am pleased to say that many new 
local and national veterinary mentor-
ship opportunities, with strong fund-
ing support, have become available for 

swine-focused students. Not only are 
these opportunities for students who 
have an interest in swine medicine, but 
also for those who wish to explore if it is 
a potential career path.  

This also reminded me of the call to 
action put forward by Patterson et al2 
at the 2020 AASV Annual Meeting in 
Atlanta.2 The call for action put forward 
important considerations that have made 
progress as highlighted by the oppor-
tunities in my region. But there are still 
issues that remain relevant today. These 
career-building opportunities, mentor-
student relationships, and funding op-
portunities are important to continue 
fostering as the shortage of veterinarians 
continues to be a worldwide issue.  

I hope you are enjoying the JSHAP 
Spotlight featuring some of our student 
members.

Terri O’Sullivan, DVM, PhD 
Executive Editor

JSHAP Spotlight on student membership
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Summary
Objective: To compare measurements 
of the medial and lateral hooves of the 
forelimbs and rear limbs and to quantify 
epidermal laminae density in the hoof 
capsules of sows.

Materials and methods: Hoof measure-
ments were obtained from 40 thoracic 
and 40 pelvic limbs of clinically sound 
sows. Holes were drilled into each digit 
to determine the depth of the dorsal wall, 
abaxial wall, and sole. Dorsal wall length, 
abaxial wall height, sole width, sole + 
wall length, and ground surface of each 
hoof were measured. All measurements 
of depth and length were made using an 

electronic digital caliper. Epidermal lam-
inar density was analyzed in 69 thoracic 
and 74 pelvic limbs. The laminar junction 
was divided into zones consisting of 25 
laminae each. Zone width was measured 
using an electronic digital caliper.

Results: Lateral digits from rear limbs 
were longer than medial digits on the 
dorsal and volar surfaces. Both digits on 
the forelimbs had wider soles than those 
of the rear limbs. Abaxial wall depth 
was significantly less than dorsal wall 
depth. The laminar zones at the axial 
and abaxial extremities of the wall were 
significantly less dense than the zones at 
the dorsal aspect of the toe.

Implications: Differences in hoof wall 
measurements in swine have previously 
been under reported in scientific litera-
ture. The results of this study indicate that 
the thinnest portions of the hoof wall may 
be related to the most common sites of le-
sions as reported in prior studies.

Keywords: swine, hoof capsule, lesions, 
lameness, laminae density
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Resumen - Mediciones anatómicas ge-
nerales y cuantificación microscópica 
de la densidad laminar epidérmica de 
la cápsula de la pezuña porcina

Objetivo: Comparar las medidas de las 
pezuñas medial y lateral de las extremi-
dades anteriores y traseras y cuantificar 
la densidad de las láminas epidérmicas 
en las cápsulas de las pezuñas de cerdas. 

Materiales y métodos: Se obtuvieron me-
didas de las pezuñas de 40 extremidades 
torácicas y 40 pélvicas de cerdas clínica-
mente sanas. Se perforaron agujeros en 
cada dedo para determinar la profundi-
dad de la pared dorsal, la pared abaxial y 
la planta del pie. Se midieron la longitud 
de la pared dorsal, la altura de la pared 
abaxial, el ancho de la planta, la longitud 

de la planta + la pared, y la superficie del 
suelo de cada pezuña. Todas las medi-
ciones de profundidad y longitud se re-
alizaron utilizando un calibrador digital 
electrónico. Se analizó la densidad lami-
nar epidérmica en 69 miembros torácicos 
y 74 pélvicos. La unión laminar se dividió 
en zonas de 25 láminas cada una. El an-
cho de la zona se midió utilizando un cali-
brador digital electrónico.

Resultados: Los dedos laterales de las 
extremidades posteriores eran más 
largos que los dedos mediales en las su-
perficies dorsal y volar. Ambos dedos de 
las extremidades anteriores tenían las 
plantas más anchas que las de las ex-
tremidades traseras. La profundidad de 
la pared abaxial fue significativamente 

menor que la de la dorsal. Las zonas 
laminares en los extremos axial y ab-
axial de la pared eran significativamente 
menos densas que las zonas en la cara 
dorsal del dedo.

Implicaciones: Las diferencias en las 
medidas de la pared de las pezuñas en 
cerdos han sido poco reportadas previa-
mente en la literatura científica. Los re-
sultados de este estudio indican que las 
porciones más delgadas de la pared de la 
pezuña pueden estar relacionadas con 
los sitios más comunes de lesiones como 
se ha reportado en estudios anteriores.
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Lameness in swine is a frequent 
cause for compromised animal 
welfare and reduced efficiency. 

Lameness results in behavioral changes 
such as reduced activity, social behav-
ior, and feeding behavior due to reduced 
locomotion ability and pain, thereby 
decreasing welfare.1 Furthermore, re-
taining healthy sows and gilts is vital to 
avoiding unnecessary losses and incur-
ring unwanted costs. Involuntary cull-
ing, or removal of animals from the herd 
due to poor health, injury, or incurable 
disease before the end of their produc-
tive lifespan, is generally less profit-
able than voluntary culling because the 
producer is not prepared for it.2 Lame 
sows are frequently unable to attain 
their ideal breeding efficiency and are 
often culled before they reach their peak 
production.3 Production costs can exist 
even if the animal is not culled, as feed 
intake may decrease in the days prior to 
the presentation of lameness, potentially 
impairing productivity.4 Using sow lame-
ness models, attempts have been made 
to determine objective measurements 
for detecting lameness earlier in order 
to treat these sows while they still have 
value.5 Because multiple factors such 
as parity, gestation stage, and housing 
characteristics can influence detection 
of lameness, it is important to use a reli-
able indicator of sow lameness for treat-
ment or voluntary culling.6

In breeding sows, the most common 
causes of lameness include hoof lesions, 
trauma, musculoskeletal disease, frac-
tures, skin lesions, and arthritis.1 Stud-
ies have shown that regardless of hous-
ing type, lameness severity, and other 
lesions (body or limb), a majority of sows 
will have at least one hoof lesion.7 The 

cause of lameness may not be apparently 
evident since physical examinations are 
difficult to perform, and oftentimes there 
is more than one lesion causing the lame-
ness. The most common hoof lesions seen 
are overgrown hooves, torn dewclaws, 
hoof cracks, white line cracks, cracks at 
the heel-sole junction, and sole ulcers.7-9

The basic anatomy of the porcine hoof 
has been described in various anatomy 
texts, but detailed descriptions have yet to 
be reported. Most of the assumed infor-
mation has been extrapolated from stud-
ies on equine and bovine hooves, which 
bear many similarities to those of swine. 
Regardless of the species, an important 
function of the hoof is protecting the ter-
minal limb structures. The hard epider-
mal hoof wall lies just over the supportive 
tissue layer, the corium. The corium, 
or the dermal part of the hoof, contains 
blood vessels and nerves, making it sensi-
tive to pain once exposed to the external 
environment. When the integrity of the 
hoof capsule becomes compromised and 
the sensitive dermis has been exposed, 
the sow may develop lameness. 

Areas of the hoof where hard horn meets 
soft horn (where wall meets sole) are 
also prone to injury. Interaction of the 
epidermis and the corium occurs at the 
laminar junction, where primary epider-
mal laminae project from the innermost 
layer of the hoof wall, the stratum inter-
num. These primary epidermal laminae 
interact with the similarly-structured 
primary dermal laminae in order to 
maintain the attachment of the hoof wall 
to the distal phalanx enclosed within the 
hoof.10 One previous study showed that 
there was a significant difference in le-
sion severity on the abaxial wall as well 

as the white line in lame sows and sound 
sows,11 suggesting that further study into 
these areas may be warranted.

A better understanding of the porcine 
hoof capsule depth at different locations, 
as well as determining the density and 
laminar structure in sows, may provide 
an anatomical correlation to previously 
documented hoof lesions and aid pro-
ducers and swine veterinarians in for-
mulating preventative measures or treat-
ment plans for lame sows. The purpose 
of this study was to create a basic refer-
ence for normal porcine hoof measure-
ments as well as quantify the density of 
epidermal laminae.

Animal care and use
All samples were obtained post mor-
tem from a fedrally inspected abattoir 
subject to the US Humane Methods of 
Slaughter Act.

Materials and methods
Measurement of hoof wall 
dimensions
For this study, 40 forelimbs and 40 rear 
limbs were obtained from mixed-breed 
sows participating in an Agriculture 
and Food Research Initiative lameness 
trial. The sows were not clinically lame 
when they were sent to the abattoir and 
the distal limb was disarticulated in the 
carpal or metacarpal region. Most of 
the limbs were labeled right vs left and 
front vs rear at the time of death. If they 
were not differentiated right from left, 
the carpal or tarsal bones were used to 
identify the left from right limb. In cases 
where the disarticulation was distal to 

Résumé – Dimensions anatomiques 
macroscopiques et quantification mi-
croscopique de la densité laminaire épi-
dermique des onglons du sabot porcin

Objectif: Comparer les dimensions des 
onglons médial et latéral des membres 
antérieurs et postérieurs, et quantifier la 
densité laminaire épidermique des on-
glons du sabot de truies.  

Matériels et méthodes: Les dimensions 
des sabots ont été obtenues de 40 mem-
bres thoraciques et 40 membres pelviens 
de truies cliniquement en santé. Des 
trous ont été percés dans chaque on-
glon afin de déterminer la profondeur 
de la muraille dorsale, de la muraille 
abaxiale, et de la sole. La longueur de 
la muraille dorsale, la longueur de la 

muraille abaxiale, la largeur de la sole, 
la longueur de la sole + la longueur de la 
muraille, ainsi que la surface au sol de 
chaque sabot ont été mesurées. Toutes 
les mesures de profondeur et de lon-
gueur ont été réalisées en utilisant un 
pied à coulisse digital électronique. La 
densité laminaire épidermique a été 
analysée de 69 membres thoraciques 
et 74 membres pelviens. La jonction 
laminaire a été divisée en zones consti-
tuées de 25 lamelles chaque. La largeur 
des zones était mesurée avec un pied à 
coulisse digital électronique.

Résultats: Les onglons latéraux des 
membres postérieurs étaient plus longs 
que les onglons médiaux sur les surfaces 
dorsales et palmaires. Les deux onglons 

des membres antérieurs avaient des 
soles plus larges que ceux des membres 
postérieurs. La profondeur des murailles 
abaxiales était significativement plus 
petite que la profondeur des murailles 
dorsales. Les zones laminaires aux ex-
trémités axiale et abaxiale de la muraille 
étaient significativement moins denses 
que les zones à l’aspect dorsal de l’onglon.

Implications: Des différences dans les 
dimensions de la muraille des sabots ont 
été sous-rapportées dans la littérature 
scientifique. Les résultats de la présente 
étude indiquent que les portions les 
plus minces de la muraille du sabot 
pourraient être reliés aux sites les plus 
fréquents de lésions, tel que rapporté 
dans des études antérieures.
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the carpus or tarsus, the tendons of the 
long or common digital extensor and lat-
eral digital extensor muscles were used. 
Feet with severe lesions, as defined by 
the Zinpro Feet First hoof lesion scoring 
system,12 were discarded from the study. 
The weight, age, and parity of these sows 
were unknown.

The limbs were frozen until they were 
ready for use. They were thawed either 
at room temperature for approximately 
12 hours or in a cooler for 24 to 36 hours 
prior to obtaining measurements. Mea-
surements of length, width, and sole 
depth were taken in a manner similar to 
a study evaluating cows post mortem.13 
All holes were drilled with a Hollymatic 
HY16 electric drill and all depth and 
length measurements were taken with a 
ProGrade electronic digital caliper.

Three, approximately 6-mm holes were 
drilled into each digit using a 0.25-inch 
drill bit. The holes were used to measure 
the dorsal wall depth, the abaxial wall 
depth, and the sole depth. The dorsal 
wall depth was measured at the most 
proximal aspect, while the abaxial wall 
depth was measured at the most palmar 
or plantar aspect of their respective 
holes. The sole was measured in 4 sites: 
cranial, caudal, axial, and abaxial.

The dorsal wall length was measured 
from the most proximal aspect of the 
perioplic segment to the most distal as-
pect of the toe. The same location on 
the distal aspect of the toe to the caudal-
most aspect of the bulb was used to de-
termine the ground surface. The palmar 
or plantar aspect of the ground surface 
was used as the initial measurement for 
the abaxial wall height. The calipers were 
placed approximately perpendicularly to 
the ground surface and measured from 
there to the haired skin (Figure 1).

Sole width was measured at the caudal-
most aspect of the axial sole in the inter-
digital space across to the abaxial sur-
face at an approximate 90° angle to the 
ground surface measurement. The sole 
+ wall length was measured in the same 
manner as the ground surface, from the 
center of the distal toe, but only extend-
ing the length of the sole, where hard 
and soft horn meet (Figure 2). This mea-
surement includes the sole, the white 
line, and the wall. For each sample, 3 
measurements were taken at each lo-
cation and the mean of the 3 measure-
ments was used for statistical analysis.

Figure 1: Schematization of hoof wall measurements as seen from the lateral 
aspect of the digit. Red arrows indicate the locations of measurements.

 

Figure 2: Schematization of hoof wall measurements as seen from the ground 
surface (volar) aspect of the digit. Red arrows indicate the locations of 
measurements.

 

Journal of Swine Health and Production — March and April 202460



Quantification of epidermal 
laminae
For the second part of the study, 69 fore-
limbs and 74 rear limbs from sows were 
obtained from a federally inspected 
abattoir. These limbs were all counted 
individually, and no grouping was made 
per sow or per digit. The limbs were dis-
articulated at the distal metacarpus or 
the proximal phalanges. These limbs 
were not differentiated right from left, 
and both digits from each limb were re-
garded in the same manner. The purpose 
of this study was to create a basic refer-
ence for normal porcine hoof measure-
ments as well as quantify the epidermal 
laminar density. Limbs were initially 
frozen, keeping the forelimbs separate 
from the rear limbs, and then thawed for 
approximately 12 hours at room tempera-
ture until the digits could be manipulated 
separately.

Commercially-obtained cable ties were 
used to secure them to pieces of plywood 
in a weight-bearing position. To accom-
plish this, the dorsal aspect of the distal 
limb was laid on a rectangular 15- to 20-
cm wide and 30- to 40-cm long piece of 
plywood and 1 to 2 cable ties were used 
to secure it. A second piece of plywood, 
approximately 10 × 20 cm, was placed on 
the ground surface of the hoof and se-
cured to the first piece of plywood with a 
screw in the interdigital space. After the 
feet were once again frozen, the cable 
ties and wood were removed (Figure 3).

The feet were sliced with a band saw at 
an approximate 30° to 35° angle from 
the ground surface. Each slice was ap-
proximately 5-mm thick. The slices were 
labeled 1 to 4, with 1 being the most dis-
tal slice and 4 being the most proximal 

slice (Figure 4). The distal and proximal 
aspects of each slice were inspected to 
determine the best sample to visualize 
the epidermal laminae.

The laminar junction was stained with 
a 5% methylene blue stain solution and 
immediately placed in 70% alcohol for 
5 minutes, rinsed with distilled water, 
and placed back in the 70% alcohol for 
another 5 minutes. The slice was blotted 
dry with a paper towel and then allowed 
to air dry.

Under a dissecting microscope, the epi-
dermal laminar density was analyzed 
in a manner similar to that reported by 
Barreto-Vianna et al.14 The most dorsal 
aspect of the chosen slice, or the location 
where the epidermal laminae turned 
away from each other, was selected as 
point 1. From this point, the laminar 
junction was divided into zones of 25 
laminae each. The zones started at the 
dorsal aspect of the toe, and moved axi-
ally and abaxially with A, C, E, and J on 
the axial surface and B, D, F, G, H, and I 
on the abaxial surface (Figure 5). Zones 
I and J were not observed on toes from 
pelvic limbs. Pins were used as markers 
to differentiate between each zone. The 
same ProGrade electronic digital caliper 
was used to make all the measurements 
from the shaft of the adjacent pins. This 

“zone width” was used to determine epi-
dermal laminar density, with smaller 
widths being more dense and larger 
widths being less dense. For each sam-
ple, 3 measurements were taken at each 
location and the mean of the 3 measure-
ments was used.

Statistical analysis
Variances in hoof wall measurements 
and density of epidermal laminae were 
quantified and analyzed with JMP Pro 11 
using a one-way analysis of variance fol-
lowed by Student’s t-test with the signifi-
cance level set at P < .05 to determine if 
significant differences in measurements 
existed between digits 3 and 4 of right 
and left thoracic and pelvic limbs.

Results
Hoof wall measurements
Overall, the limbs from 48 sows were 
evaluated. Only normal limbs were eval-
uated and those with severe hoof wall 
lesions or abnormalities according to the 
Zinpro Feet First scoring system12 were 
excluded. These sows were all obtained 
from the same source and 1 person made 
all the measurements. All data appeared 
roughly normally distributed.

Figure 3: Example of plywood and 
cable ties used to manipulate the 
distal limb into an assumed weight 
bearing position as seen from the 
plantar-lateral aspect.

Figure 4: Schematization of hoof slices used to quantify epidermal laminae.
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The dorsal wall length of the lateral 
digit (digit 4) on both right and left rear 
limbs was significantly longer than that 
of the medial digit (digit 3) on the right 
and left rear limbs, as well as all 4 digits 
on the forelimbs. In addition, the sole + 
wall length of the lateral digit of both 
rear limbs was significantly longer than 
those of all 4 digits on the forelimbs, 
which were significantly longer than 
that of the medial digit on the rear limbs 
(Table 1). The ground surface (sole + wall 
and volar surface of the bulb) was sig-
nificantly longer for both lateral digits of 
the rear limb than the remaining 6 digits 
(the medial rear limb digit and all 4 fore-
limb digits, Table 1). Furthermore, the 
width of the sole when measured among 
the 4 digits of the forelimbs was very 
similar. These measurements were all 
significantly greater than all 4 digits on 
the rear limbs, showing that the digits of 
the forelimb are wider than those of the 
rear limbs (Table 1).

The left and right rear digit 4 had a thick-
er dorsal wall than any digit on the fore-
limb. There was no significant differ-
ence when comparing any of the 4 digits 
of the forelimb (Table 2). Multiple mea-
surements were made when comparing 
depths of the sole (cranial, caudal, axial, 
and abaxial sole depth), but overall, digit 
4 of the rear limb had the deepest sole 
measurements with forelimb digit 3 be-
ing the thinnest (Table 2).

The most significant differences in hoof 
capsule depth came when comparing the 
dorsal wall and the sole to the abaxial 
wall depth. The dorsal wall depth of all 
digits (digits 3 and 4 of the forelimbs 
and rear limbs) was significantly thicker 
than the abaxial wall depth on all 8 dig-
its. The same was true when comparing 
the abaxial wall depth of each digit to 
all 4 sole measurements (cranial, cau-
dal, axial, and abaxial): the abaxial wall 
is significantly thinner than that of the 
sole (Table 2).

Quantification of epidermal 
laminae
On the thoracic limb, zones A and B were 
significantly narrower than all of the 
remaining zones. Zones C and D were 
narrower than E, F, G, H, and I. Zones 
E and F were narrower than G, H, and I 
(Table 3). This demonstrates that zones 
located at the most dorsal aspect of the 
toe are the narrowest and the zones be-
come wider moving axially and abaxi-
ally toward the heel. Since the narrowest 
zones represent the most densely packed 
epidermal laminae, the dorsal aspect 
of the hoof capsule has the most dense 
epidermal laminae and the least densely 
packed areas are located at the axial and 
abaxial hoof walls.

In the pelvic limb, zones A and B were 
significantly narrower than the re-
maining zones, and zones C and D were 

significantly narrower than E, F, G, 
and H. The widest zones were G and H 
(Table 3). Like the thoracic limb, the 
pelvic limb epidermal laminae are most 
dense in the dorsal region of the hoof 
and least dense at the far plantar region. 
When the thoracic and pelvic limbs are 
compared to one another, the zones 
maintain the same pattern of highest 
density (narrowest zones) at the dorsal 
part of the hoof, and lowest density (wid-
est zones) at the abaxial wall. The pelvic 
limb is significantly less dense in the ab-
axial wall region than the thoracic limb 
(Table 3).

Discussion
The main objective of this study was to 
further investigate the anatomy of the 
porcine hoof wall and draw conclusions 
about predispositions to foot lesions 
based on this inherent anatomy. A sec-
ond goal was to establish known values 
of various measurements (lengths and 
depths) of swine hooves for future stud-
ies to build on. Some of the most signifi-
cant findings in this study reaffirmed 
research that has been done previously, 
such as the size disparity between the 
lateral and medial digits on the rear 
limb and the equal ground surface of the 
forelimbs.15 An important finding from 
the present work showed that the thin-
nest portion of the hoof capsule was lo-
cated at the abaxial wall, which had not 
been reported in the scientific literature 
previously. This corresponded with the 
least dense region found in the epider-
mal laminae.

Isolating the differences in thickness of 
the hoof capsule can point to areas that 
may be predisposed to cause lameness 
if foot lesions occur there. A majority of 
the sow’s weight is born by the heel, one 
of the most frequent places to see cracks 
and erosions. One of the subsequent 
highest weight-bearing regions is where 
the heel meets the abaxial hoof wall of 
the lateral digit.15-17 Data from the pres-
ent work shows that the junction of heel 
and hoof wall is where the hoof capsule’s 
thinnest region is located when compared 
to the sole and the dorsal wall, making it 
easier for minor cracks to reach the co-
rium, the sensitive layer of the hoof.

The current findings are in agreement 
with previously reported data conclud-
ing that the lateral digits of the rear 
limbs were longer, both dorsally and on 
the ground surface, than both the medi-
al digits of the rear limb and the digits of 
the forelimb. Severe overgrowth of the 

Figure 5: Schematic diagram of a hoof slice divided into zones of 25 laminae 
each. Zones I and J were not present on pelvic limbs.
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Table 1: Mean (SD) hoof wall and sole measurements

Digit Dorsal wall  
length, mm

Abaxial wall  
length, mm

Sole  
width, mm

Sole + wall  
length, mm

Ground  
surface, mm

LF digit 3 43.04 (2.82)c 30.82 (3.90)a 31.91 (3.75)a 23.89 (3.21)b 57.62 (4.54)c,d

LF digit 4 44.21 (3.60)b,c 30.08 (4.48)a,b 32.43 (3.08)a 24.70 (2.82)b 60.82 (7.61)b

RF digit 3 43.04 (3.15)c 28.57 (4.29)b,c 31.53 (3.48)a 23.45 (2.94)b 58.65 (5.37)b,c

RF digit 4 44.45 (3.82)b,c 31.63 (4.71)a 32.24 (2.62)a 23.99 (3.03)b 60.80 (7.38)b

LR digit 3 45.87 (3.80)b 28.01 (4.93)b,c 24.06 (2.45)c 21.55 (2.31)c 55.00 (5.49)d,e

LR digit 4 48.92 (5.66)a 27.44 (5.51)c,d 29.90 (2.69)c 27.06 (4.18)a 64.75 (7.97)a

RR digit 3 45.35 (3.81)b 25.48 (5.15)d 24.43 (3.06)b 22.44 (2.96)c 54.54 (6.64)e

RR digit 4 49.67 (5.95)a 29.76 (5.48)a,b 30.03 (3.55)b 27.48 (4.28)a 66.67 (8.75)a

a-e	Superscript letters denote a connecting letters report of the Student’s t-test. Values within columns with differing letters are 
statistically different.

LF = left front; RF = right front; LR = left rear; RR = right rear.
 

Table 2: Mean (SD) hoof wall and sole depths

Digit Dorsal wall 
depth, mm

Abaxial wall 
depth, mm

Sole cranial 
depth, mm

Sole caudal 
depth, mm

Sole axial 
depth, mm

Sole abaxial 
depth, mm

LF digit 3 3.24 (0.54)c 2.77 (0.95)a 3.71 (0.94)c 3.80 (1.01)b,c 3.69 (0.97)c 3.94 (0.90)c,d

LF digit 4 3.21 (0.51)c 2.64 (0.59)a,b 4.02 (1.04)b,c 4.07 (1.16)b,c 4.07 (1.08)b,c 4.10 (0.98)c,d

RF digit 3 3.14 (0.58)c 2.56 (0.80)a,b 3.71 (0.94)c 3.80 (0.99)c 3.92 (1.01)b,c 3.80 (0.97)d

RF digit 4 3.34 (0.60)b,c 2.77 (0.72)a 4.10 (1.15)a,b,c 4.30 (1.07)b 4.05 (1.03)b,c 4.39 (1.05)b,c

LR digit 3 3.30 (0.62)c 2.38 (0.82)b 3.91 (1.17)b,c 4.15 (1.18)b,c 3.84 (1.26)c 4.15 (1.19)c,d

LR digit 4 3.62 (0.79)a 2.52 (0.89)a,b 4.37 (1.10)a,b 4.83 (1.19)a 4.36 (1.29)a,b 4.71 (1.18)a,b

RR digit 3 3.28 (0.56)c 2.50 (0.81)a,b 3.89 (1.18)b,c 4.04 (1.02)b,c 3.92 (1.06)b,c 4.04 (1.07)c,d

RR digit 4 3.61 (0.71)a,b 2.74 (0.92)a 4.51 (1.32)a 5.11 (1.46)a 4.60 (1.26)a 5.04 (1.33)a

a-d	Superscript letters denote a connecting letters report of the Student’s t-test. Values within columns with differing letters are 
statistically different.

LF = left front; RF = right front; LR = left rear; RR = right rear.
 

hooves is associated with lameness, par-
ticularly when sows are housed on slat-
ted floors where claws may be trapped 
between slats and suffer cracks when the 
sow attempts to free itself.18 The dorsal 
wall length, ground surface length, and 
sole width of the forelimbs were more 
comparable between lateral and medial 
digits than the greater disparity in size 
seen in the rear limbs. It has also been 
reported that hoof wall lesions are more 
frequently seen on the lateral hooves of 
the rear limb than on the medial hooves. 
Previous findings have reported that 
the lateral digits on the rear limbs carry 
more weight than the medial digits, and 
are therefore possibly more prone to de-
veloping lesions.19 Additionally, in pigs 
raised with access to concrete flooring, 
the rate of claw horn growth and wear 

are greater on the rear feet. The more 
rapid growth rate may result in the expo-
sure of less mature horn to the walking 
surface, potentially predisposing the rear 
feet to the development of lesions.20 Fur-
ther studies into the anatomy of these re-
gions in particular may be warranted.

The present results show that the abaxial 
region has the least dense epidermal 
laminae when compared to the dorsal 
toe region. Because laminae function to 
increase the surface area for attachment, 
the paucity of laminae means there is less 
epidermal-dermal interaction, perhaps 
making this region more susceptible to 
white line disease. Separation of the co-
rium and epidermis commonly occurs on 
the abaxial border, frequently at the heel-
sole junction.17 Due to the low density of 

laminae in this area and the thin abaxial 
wall, it is easier for minor damage to af-
fect the sensitive corium and, due to the 
location of the lesion, the damage may 
lead to infections as well.

In the present study, sows were obtained 
from different sources, and the premor-
tem lameness status was unknown for 
each individual animal. It would have 
been ideal to have a truly random sample 
of clinically sound sows with differentia-
tion between the left and right limb in 
order to determine the lateral and medial 
digit when quantifying epidermal lami-
nae. Furthermore, information about the 
breed, age, parity, weight, and housing 
of the individual sows used in this study 
was unavailable. Without knowing these 
potentially confounding factors, it is not 
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Table 3: Mean (SD) measurements of epidermal laminae zone width

Zone* Thoracic limb  
width, mm

Pelvic limb  
width, mm

Thoracic limb  
branching, mm

Pelvic limb  
branching, mm

Zone A 5.28 (0.86)d 4.75 (0.71)e 1.08 (1.20)c 1.03 (1.18)d

Zone B 5.17 (0.84)d 4.88 (0.77)e 1.28 (1.28)b,c 1.09 (1.22)c,d

Zone C 5.82 (0.90)c 5.49 (0.88)e 1.47 (1.43)b 1.37 (1.47)b,c

Zone D 5.87 (0.83)c 5.90 (0.77)d 1.47 (1.30)b 1.68 (1.36)a,b

Zone E 6.80 (1.05)b 6.30 (0.95)c 2.08 (1.52)a 1.58 (1.49)a,b

Zone F 6.84 (0.98)b 6.75 (0.93)b 1.38 (1.21)b,c 1.71 (1.30)a

Zone G 7.70 (1.12)a 7.11 (1.14)a 2.10 (1.48)a 1.72 (1.16)a

Zone H 7.48 (1.10)a 7.19 (1.36)a 2.20 (1.75)a 1.41 (1.42)a,b,c,d

Zone I 7.89 (0.88)a NA† 1.45 (1.51)a,b,c NA†

Zone J 7.11 (0.78)a,b NA† 0.43 (0.79)b,c NA†

*	 Zones comprised 25 laminae each. 
†
	 Zones I and J were not present on the pelvic limbs.

a-e Superscript letters denote a connecting letters report of the Student’s t-test. Values within columns with differing letters are	
statistically different.

LF = left front; RF = right front; LR = left rear; RR = right rear; NA = not applicable.
 

possible to suggest a causal relationship 
between hoof wall thickness and either 
lesion prevalence or lameness.

A second limitation in this present study 
is the lack of comparison sows. This study 
would have been more complete if the 
measurements of clinically sound sows 
were compared to those of lame animals.

Despite these limitations, it is hoped that 
this manuscript will serve as a descrip-
tive baseline to guide further research 
into the anatomy of the porcine hoof 
capsule that will lead to better animal 
welfare management and decreased cull 
rates for lameness in breeding sows.

Implications
Under the conditions of this study:

•	 The thinnest portion of the hoof cap-
sule was located at the abaxial wall.

•	 The abaxial hoof wall had the lowest 
density of epidermal laminae.

•	 Hoof anatomy is related to the most 
common previously reported lesion 
sites.
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Summary 
Objective: Comparative survival of 10 
strains of porcine reproductive and  
respiratory syndrome virus (PRRSV) at 
3 temperatures.

Materials and methods: Strains of 
PRRSV were propagated in MARC-145 
cell line. Aliquots of virus were placed in 
the bottom of wells on 24-well plates at 
100 µL per well. After the virus inoculum 
was dry, the plates were stored at one of 
3 temperatures (4°C, room temperature 
[22°C-25°C], or 37°C). The surviving virus 
was eluted at different time points and 
then titrated.

Results: All 10 strains survived for at 
least 35 days at 4°C but showed variabil-
ity in percent survival. For example, 
the percent survival of strains 1-7-4, Le-
lystad, 1-8-4, VR-2332, 1-4-2, and 1-4-4 
MN was greater (0.29%-2.19%) than that 
of the other 5 strains (0.01%-0.03%). At 
room temperature, 5 strains (VR-2332, 
Lelystad, 1-4-4 SD, 1-4-4 MN, and 1-8-4) 
survived between 3 and 7 days while the 
other 5 survived for 1 day only. Four of 
the ten strains (Lelystad, 1-4-4 MN, 1-4-4 
SD, and 1-8-4) survived for up to 3 days 
at 37°C and the remaining 6 strains for 1 
day only. The recently emerged variant 

1-4-4 L1C was one of the more resistant 
strains surviving for 7 days at room tem-
perature and 3 days at 37°C. 

Implications: There were differences in 
the survival of different PRRSV strains at 
different temperatures, which should be 
taken into consideration for designing 
effective biosecurity practices including 
disinfection regimens.

Keywords: swine, porcine reproductive 
and respiratory syndrome virus variants, 
survivability, temperature, inactivation
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Resumen - Supervivencia comparativa 
de diez cepas del virus del síndrome re-
productivo y respiratorio porcino a tres 
temperaturas 

Objetivo: Supervivencia comparativa de 
10 cepas del virus del síndrome repro-
ductivo y respiratorio porcino (VPRRS) a 
3 temperaturas.

Materiales y métodos: Se propagaron 
diferentes cepas del VPRRS en la línea ce-
lular MARC-145. Se colocaron alícuotas de 
100 µL del virus en el fondo de los pocillos 
de placas de 24 pocillos. Después de que 
el inoculo del virus se secó, las placas se 
conservaron a una de tres temperaturas 
(4°C, temperatura ambiente [22°C-25°C], o 
37°C). El virus superviviente se eluyó en 
diferentes momentos y se tituló.

Resultados: Las 10 cepas sobrevivieron 
durante por lo menos 35 días a 4°C, sin 
embargo, hubo variabilidad en el por-
centaje de supervivencia. Por ejemplo, el 
porcentaje de supervivencia de las cepas 

1-7-4, Lelystad, 1-8-4, VR-2332, 1-4-2, y 
1-4-4 MN fue mayor (0.29%-2.19%) que el 
de las otras 5 cepas (0.01%-0.03%). A tem-
peratura ambiente, 5 cepas (VR-2332, 
Lelystad, 1-4-4 SD, 1-4-4 MN, y 1-8-4) so-
brevivieron entre 3 y 7 días, mientras 
que las otras 5 sobrevivieron solo 1 día. 
Cuatro de las diez cepas (Lelystad, 1-4-4 
MN, 1-4-4 SD, y 1-8-4) sobrevivieron hasta 
3 días a 37°C y las 6 cepas restantes solo 
durante 1 día. Cuatro de las diez cepas 
(Lelystad, 1-4-4 MN, 1-4-4 SD, y 1-8-4) 
sobrevivieron hasta 3 días a 37°C, y las 
6 cepas restantes solo durante 1 día. La 
variante 1-4-4 L1C que surgió reciente-
mente fue una de las cepas más resis-
tentes y sobrevivió durante 7 días a tem-
peratura ambiente, y 3 días a 37°C.

Implicaciones: Hubo diferencias en la 
supervivencia de las diferentes cepas del 
VPRRS a diferentes temperaturas, esto 
debe tomarse en cuenta para diseñar 
prácticas de bioseguridad efectivas, in-
cluidos los regímenes de desinfección.

Résumé – Comparaison de la survie 
de dix souches du virus du syndrome 
reproducteur et respiratoire porcin à 
trois températures

Objectif: Comparer la survie de 10 
souches du virus du syndrome repro-
ducteur et respiratoire porcin (VSRRP) à 
3 températures.

Matériels et méthodes: Les souches de 
VSRRP ont été cultivées sur la lignée cel-
lulaire MARC-145. Des aliquotes du virus 
ont été déposés au fond des puits d’une 
plaque à 24 puits à raison de 100 µL par 
puit. Après que l’inoculum du virus a eu 
séché, les plaques ont été entreposées à 
l’une des 3 températures (4°C, tempéra-
ture ambiante [22°C - 25°C], ou 37°C). Les 
virus ayant survécu ont été élués à dif-
férents temps et titrés.

Résultats: Les 10 souches ont survécu 
pour au moins 35 jours à 4°C mais il y 
avait de la variabilité dans les pour-
centages de survie. Par exemple, les 
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Porcine reproductive and respira-
tory syndrome (PRRS) is an endem-
ic disease that causes significant 

economic losses in the North American 
swine industry with an estimated loss 
of $664 million annually.1 Clinical signs 
include reproductive failure in sows and 
gilts and respiratory problems in young 
growing pigs leading to growth reduc-
tion, decreased performance, and in-
creased mortality.2 The etiologic agent 
of this syndrome is PRRS virus (PRRSV), 
which is an enveloped, single-stranded, 
positive-sense RNA virus, classified in 
the order Nidovirales, family Arteriviri-
dae, genus Betaarterivirus.3 Two different 
species have been identified, eg, Beta  
arterivirus suid 1 (PRRSV1) and Beta  
arterivirus suid 2 (PRRSV2).4 Although 
each species was initially predominant in 
Europe and North America, respectively, 
both serotypes now occur globally.5 The 
term strain is used to distinguish PRRSVs 
that are a genetically distinct lineage be-
cause of one or more mutations.

Due to a high mutation rate, several 
PRRSV2 variants have emerged over the 
last decade. The classification of PRRSV2 
variants is based on the open reading 
frame (ORF) 5 of the viral genome, which 
includes restriction fragment length poly-
morphism (RFLP) patterns, and more 
recently on the phylogenetic lineages 
and sublineages. Recently, an emerging 
PRRSV2 variant classified as 1-4-4 RFLP 
pattern, lineage 1C has been the cause of 
a regional outbreak in the midwestern 
United States since 2020 leading to signifi-
cant losses for the swine industry.6 

Transmission of PRRSV in naive herds 
can occur via direct and indirect routes. 
Direct transmission occurs through se-
cretions and excretions from infected 
pigs including blood, saliva, semen, fe-
ces, aerosol, milk, and colostrum.7 For 
an indirect route to be successful, the 
virus needs to survive in the environ-
ment, which depends on several factors 
including matrix, temperature, mois-
ture, and pH. Fomites such as boots, 
coveralls, equipment, and needles are 
the main vehicles implicated in indirect 

PRRSV transmission.8-11 The virus is sta-
ble between pH 6.5 and 7.5 and remains 
infectious for months to years at -70°C to 
-20°C.12 A previous study did not detect 
infectious virus on dry materials (eg, 
plastic, stainless steel, rubber, alfalfa, 
wood shavings, straw, corn, swine start-
er feed, or denim cloth) beyond the day 
of inoculation at 25°C to 27°C.13 Other 
studies found a similar half-life (t1/2) for 
four PRRSV2 isolates at 4°C, 10°C, 20°C, 
and 30°C in cell culture media.14,15

The evolutionary dynamics of PRRSV 
over the last 3 decades have been char-
acterized by the cyclical emergence of 
new genetic variants of the virus.16 The 
high mutation rate of PRRSV is well 
known, possibly caused by RNA poly-
merase errors and lack of proofreading, 
which contribute to its genetic diver-
sity.17 Dissemination of these variants 
on farms by routine animal movements 
has contributed to persistence of PRRSV 
in the US pig population.16 The sever-
ity of disease outbreaks associated with 
new viral variants raises concerns about 
their stability in the environment, which 
may affect their dissemination. Survival 
data on recently circulating variants is 
critically needed to understand viral dy-
namics that may lead to developing or 
strengthening prevention and control 
measures to limit pathogen dispersal. 
The aim of this study was to determine 
the comparative survival of 10 strains of 
PRRSV (one PRRSV1 and nine PRRSV2) 
at three temperatures.

Materials and methods
Viruses
Seven PRRSV strains (1-8-4, 1-4-4 MN, 
Lelystad, VR-2332, 1-4-2, 1-26-2, and 1-7-4) 
were taken from the University of Min-
nesota Veterinary Diagnostic Labora-
tory virus repository. The 1-4-4 SD strain 
was kindly supplied by Dr Eric Nelson 
from South Dakota State University. The 
2-5-2 and ATP vaccine strains were from 
Ingelvac PRRS MLV and Ingelvac PRRS 
ATP commercial vaccines, respectively 
(Boehringer Ingelheim Animal Health). 

All strains were propagated in MARC-
145 cell line using maintenance medium 
consisting of Eagle’s minimum essential 
medium supplemented with 4% fetal 
bovine serum, neomycin at 50 µg/mL, 
fungizone at 1 µg/mL, penicillin at 150 
IU/mL, and streptomycin at 150 µg/mL. 
Virus titration was also done in mono-
layers of these cells.

Procedure
For each strain, three Costar 24-well 
plates (Corning No. 3526) were labelled 
appropriately (4°C, room temperature, 
and 37°C). Aliquots of virus were placed 
in the bottom of all wells at 100 µL per 
well. The plates were air-dried for 4 
hours and stored at their respective 
temperatures. A calibrated refrigerator 
with a thermometer was used for the 4°C 
temperature. Room temperature was 
monitored with an indoor thermometer; 
the temperature readings were between 
22°C and 25°C during the duration of ex-
periment. A non-CO2 incubator was used 
for the 37°C temperature. The surviving 
virus was eluted from 3 wells each after 
4 hours and 1, 3, 7, 14, 21, 28, and 35 days 
using 200 µL of elution buffer (3% beef ex-
tract in 0.05 M glycine solution) per well.

Virus titration 
Serial 10-fold dilutions of all samples 
were prepared in maintenance medium. 
All dilutions were then inoculated in 
monolayers of MARC-145 cells in 96-well 
plates using 3 wells per dilution. The in-
oculated plates were incubated at 37°C 
under 5% CO2 and were examined daily 
under an inverted microscope for the 
appearance of cytopathic effects (CPE). 
After 7 days of incubation, virus titers 
were calculated using the Karber meth-
od and were expressed as log10 median 
tissue culture infectious dose (TCID50) 
per 100µL.18 Percent virus inactivation 
at different time and temperature was 
then calculated by using (A-B/A) × 100, 
where A is the initial virus titer and B 
is the remaining virus titer at a certain 
time point. The t1/2 was calculated by an 
online method available at https://www.
calculator.net/half-life-calculator.html.

pourcentages de survie des souches 1-7-
4, Lelystad, 1-8-4, VR-2332, 1-4-2, et 1-4-4 
MN étaient supérieurs (0.29%-2.19%) à 
ceux des 5 autres souches (0.01%-0.03%). 
À température ambiante, 5 souches (VR-
2332, Lelystad, 1-4-4 SD, 1-4-4 MN, et 1-8-
4) ont survécu entre 3 et 7 jours alors que 
les 5 autres souches n’ont survécu que 
pour 1 journée seulement. Quatre des 

dix souches (Lelystad, 1-4-4 MN, 1-4-4 
SD, et 1-8-4) ont survécu jusqu’à 3 jours à 
37°C et les 6 autres souches n’ont survécu 
qu’une seule journée. Le nouveau vari-
ant émergent 1-4-4 L1C était l’une des 
souches les plus résistantes ayant survé-
cu 7 jours à la température ambiante et 3 
jours à 37°C. 

Implications: Il y avait des différences 
dans la survie des différentes souches de 
VSRRP à différentes températures, ce qui 
devrait être pris en considération lors de 
l’élaboration de mesures de biosécurité 
incluant des protocoles de désinfection.
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Statistical analysis
An unpaired one-way analysis of vari-
ance (ANOVA) was used to determine 
significant differences (P < .05) in virus 
titer reduction at different temperatures. 
To delineate the effect of temperature 
and time separately, we conducted two 
post hoc tests: the Bonferroni method 
and Tukey’s Honest Significance Differ-
ence tests. Significance of t1/2 among 
isolates and between temperatures was 
tested at P < .05.

Results
The initial titers of all viral strains and 
the titers of surviving virus strains af-
ter storage at different times and tem-
peratures are shown in Table 1. Percent 
inactivation of viral strains at different 
temperatures is shown in Table 2. All 10 
strains of PRRSV survived for at least 35 
days at 4°C although there were differ-
ences among the amounts of inactivated 
virus. The viability of strains 1-7-4, Lelys-
tad, 1-8-4, VR-2332, 1-4-2, and 1-4-4 MN at 
4°C was relatively higher than that of the 
other strains. 

At room temperature, 5 strains survived 
for 1 day while the other 5 strains (VR-
2332, Lelystad, 1-4-4 SD, 1-4-4 MN, and 
1-8-4) survived for 3 to 7 days; strains 1-8-4 
and 1-4-4 MN were viable for up to 7 days. 
Slight variation was observed in percent 
reduction among different strains with 
maximum reduction for Lelystad, VR-
2332, 1-26-2, ATP Vaccine, and 2-5-2 and 
minimum reduction for 1-4-4 SD. 

Four of the ten strains survived for up to 
3 days at 37°C (Lelystad, 1-4-4 MN, 1-4-4 
SD, and 1-8-4). The remaining strains 
survived for only 1 day (Table 2). Most 
strains showed high percent reduction 
(99.53%-99.99%) at 37°C except 1-4-4 MN, 
which showed 98.87% reduction. The 
recently emerged variant 1-4-4 L1C was 
one of the more resistant strains surviv-
ing for 7 days at room temperature and 3 
days at 37°C.

Using one-way ANOVA, significant titer 
reduction was detected among groups at 
4°C and at room temperature. Using post 
hoc tests, we found that titer reduction 
was significant on days 21, 28, and 35 at 
4°C. Additionally, the titer reduction was 
significant at 1 day and all other succes-
sive time points for room temperature 
and 37°C. The t1/2 for strain 1-8-4 was 
higher than the other strains indicating 
its stability at different temperatures. 
Strains 1-7-4 and Lelystad were more 
stable at 4°C and room temperature, 

while strains 1-4-4 MN and 1-4-4 SD were 
more stable at 37°C than other strains. 
Two vaccine strains and strain 1-26-2 
were the least stable at all temperatures 
(Table 3). Statistically, no differences in 
t1/2 were observed among isolates (P < .05) 
although t1/2 between temperatures was 
significantly different.

Discussion 
Since the initial detection of PRRSV 
among US swine herds, it has been dif-
ficult to control the disease, which pe-
riodically causes outbreaks leading to 
substantial economic losses. Continuous 
circulation of the virus increases the 
chances for virus mutation, which could 
possibly explain the emergence of new 
variants that are currently affecting the 
pig industry.6,16,17 It is known that tem-
perature is one of the important factors 
that can directly affect virus viability/
stability in the environment. The surviv-
ability of 8 PRRSV strains along with 2 
vaccine strains at 3 temperatures was 
investigated in this study to determine 
their role in disease progression.

Strain 1-4-4 was identified during fall 
2020 in midwestern US swine herds. This 
strain is highly virulent causing high 
production losses among growing pigs.6 
The two 1-4-4 strains (1-4-4 MN and 1-4-4 
SD) have different survival rates, which 
raises a question about the effect of ge-
nome structure on this phenotypic fea-
ture of the virus although both strains 
belong to sublineage L1C. Whole genome 
sequencing, which was beyond the scope 
of this study, may answer this question. 
The authors are not aware of any pub-
lished studies analyzing the complete 
genome of 1-4-4 viruses from different 
localities. However, other strains from 
unrelated localities and different pro-
duction systems have shown > 99% nu-
cleotide identities in the ORF 5 region.6 

Changes in the frequency of RFLP 
through time have been observed with-
in a sublineage.19 For example, strain 
1-8-4 was found to have the most fre-
quent polymorphism according to RFLP 
analysis in the ORF 5 region of the vi-
ral genome; 73% of sequences in 1-8-4 
strains belonged to sublineage 1F, while 
newer 1-8-4 strains belonged to sublin-
eage 1H. This indicates the possibility 
of obtaining different survival patterns 
if the experiment is repeated with the 
same strain from a different outbreak. 
Our results suggest that additional con-
trol measures should be taken in swine 
farms experiencing PRRSV outbreaks 

due to new divergent strains 1-8-4 and 
1-4-4 since they appear to be the most 
stable in the environment regarding 
time and temperature.

Lelystad virus is a Dutch strain discov-
ered in 1991. The main clinical signs 
include abortion in late gestation, still-
born, or the birth of mummified pig-
lets. The piglets experience respiratory 
problems and even death. The virus was 
originally isolated on porcine alveolar 
macrophages and was serologically iden-
tified.20 During the same period, the VR-
2332 strain appeared in North America. 
This strain was identified in a Minnesota 
swine herd suffering from interstitial 
pneumonitis and lymphomononuclear 
encephalitis. Koch’s postulates were 
fulfilled, and the virus was isolated on 
CL2621 cells.21 The first study character-
izing VR-2332 described that virus in-
fectivity was reduced 50% after incuba-
tion at 37°C for 12 hours and completely 
inactivated after 48 hours.12 The VR-2332 
strain used in this study was able to sur-
vive up to 24 hours at this temperature 
with a t1/2 of 0.54 days. It is not possible 
to know if the same isolate belonging to 
this RFLP was used in both studies, how-
ever it is interesting that similar results 
were obtained in this study while using 
the MARC-145 cell line.

Both Lelystad and VR-2332 strains have 
significant sequence differences that 
may clarify the difference in clinical 
features and the ability to survive at 
37°C. The amino acid identity between 
Lelystad and VR-2332 ranges from 55% 
to 79% in ORF 5 and ORF 6 structural 
proteins.22 Longer survival of VR-2332 
at room temperature indicates that the 
virus may survive longer in the barn en-
vironment and may cause problems for 
the herd if proper biosecurity measures 
are not fulfilled.

Strains 2-5-2 and 1-4-2 are Ingelvac 
vaccine strains with consistent RFLP 
types.23 Ingelvac PRRS ATP vaccine is an 
attenuated live strain derived from the 
JA142 parent strain and is used to control 
PRRSV infection.24 Vaccine viruses dif-
fer phenotypically as they replicate bet-
ter in MARC-145 cells than their parental 
strains with two amino acid mutations 
in the ORF 3 region.25 These two strains 
showed the lowest t1/2 values which cor-
responds with both strains being clini-
cally mild in nature. However, our re-
sults showed that the 1-7-4 strain did not 
survive for more than 1 day at room tem-
perature and 37°C, and was the most fre-
quently detected strain during the last 
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Table 1: Titers of PRRSV strains at different temperatures and times

Mean titer post exposure, TCID50/0.1 mL*†

Strain Initial titer* T, °C 4 hr Day 1 Day 3 Day 7 Day 14 Day 21 Day 28 Day 35

1-8-4 3.83

4 3.72 3.05 2.28 2.28 2.72 2.39 2.17 2.17

RT‡ 3.39 3.50 2.17 0.28 0.00 0.00 0.00 0.00

37 3.17 2.94 1.50 0.00 0.00 0.00 0.00 0.00

1-4-4 MN 3.17

4 3.17 3.17 1.50 1.17 1.11 0.67 0.67 0.67

RT‡ 3.17 3.17 2.05 0.28 0.00 0.00 0.00 0.00

37 2.83 2.83 1.22 0.00 0.00 0.00 0.00 0.00

1-4-4 SD 4.17

4 3.83 3.61 1.39 1.39 1.50 1.00 0.55 0.28

RT‡ 3.28 3.17 1.22 0.00 0.00 0.00 0.00 0.00

37 3.72 3.17 0.89 0.00 0.00 0.00 0.00 0.00

Lelystad 5.50

4 4.83 4.17 3. 94 3. 72 3. 61 3.50 3.06 3.06

RT‡ 4.17 2.94 0.78 0.00 0.00 0.00 0.00 0.00

37 3.72 2.83 0.28 0.00 0.00 0.00 0.00 0.00

VR-2332 5.83

4 4.72 4.50 4.28 4.05 3. 61 3. 50 3.50 3.28

RT‡ 4.72 2.39 0.67 0.00 0.00 0.00 0.00 0.00

37 5.17 1.61 0.00 0.00 0.00 0.00 0.00 0.00

1-4-2 5.50

4 4.28 3.94 3.83 3.83 3.28 2.94 2.39 2.39

RT‡ 4.39 2.06 0.00 0.00 0.00 0.00 0.00 0.00

37 4.16 1.50 0.00 0.00 0.00 0.00 0.00 0.00

1-26-2 6.50

4 4.39 3.61 3.28 2.94 2.83 2.50 1.83 1.72

RT‡ 3.95 2.39 0.00 0.00 0.00 0.00 0.00 0.00

37 3.72 1.84 0.00 0.00 0.00 0.00 0.00 0.00

ATP 
vaccine§ 5.83

4 2.83 2.61 2.39 1.72 1.72 1.61 1.28 1.22

RT‡ 2.83 0.67 0.00 0.00 0.00 0.00 0.00 0.00

37 2.94 0.28 0.00 0.00 0.00 0.00 0.00 0.00

2-5-2 
vaccine¶ 5.83

4 3.17 3.06 2.50 2.17 2.39 1.94 1.94 1.61

RT‡ 3.61 1.72 0.00 0.00 0.00 0.00 0.00 0.00

37 2.94 1.50 0.00 0.00 0.00 0.00 0.00 0.00

1-7-4 5.50

4 5.17 4.94 4.28 4.17 3.94 3.72 3. 72 3.61

RT‡ 4.72 2.83 0.00 0.00 0.00 0.00 0.00 0.00

37 4.39 1.61 0.00 0.00 0.00 0.00 0.00 0.00

*	 Titers are expressed as log10 TCID50/0.1 mL.
†	 Limit of detection is 1 TCID50/0.1 mL.
‡	 Room temperature was between 22°C and 25°C.
§	 Strain sourced from Ingelvac PRRS ATP vaccine.
¶	 Strain sourced from Ingelvac PRRS MLV vaccine.
PRRSV = porcine reproductive and respiratory syndrome virus; T = temperature; TCID50 = mean tissue culture infectious dose, RT = room 
temperature.
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Table 2: Survival of various PRRSV strains at three temperatures

PRRSV strain*

Storage temperature

4°C RT† 37°C

Days of 
survival

Reduction in 
virus titer‡, %

Days of 
survival

Reduction in 
virus titer‡, %

Days of 
survival

Reduction in 
virus titer‡, %

1-8-4 35 97.81 7 99.97 3 99.53

1-4-4 MN 35 99.12 7 99.87 3 98.87

1-4-4 SD 35 99.98 3 99.88 3 99.94

Lelystad+ 35 98.71 3 99.99 3 99.99

VR-2332 35 99.71 3 99.99 1 99.99

1-4-2 35 99.39 1 99.96 1 99.99

1-26-2 35 99.99 1 99.99 1 99.99

ATP vaccine 35 99.99 1 99.99 1 99.99

2-5-2 vaccine 35 99.97 1 99.99 1 99.99

1-7-4 35 98.71 1 99.78 1 99.98

*	 All strains belong to PRRSV2 except the Lelystad strain, which belongs to PRRSV1.
†	 Room temperature was between 22°C and 25°C.
‡	 Percent virus reduction was calculated by the formula (A-B/A) × 100 where A is the initial virus titer and B is the remaining virus titer.
PRRSV = porcine reproductive and respiratory syndrome virus; RT = room temperature

 

Table 3: Half-life of PRRSV strains at different temperatures

PRRSV strain

Half-life, d

4°C RT* 37°C

1-8-4 42.70 1.85 2.21 

1-4-4 MN 15.60 1.99 2.17 

1-4-4 SD 8.98 1.69 1.34 

Lelystad 41.37 1.06 0.69

VR-2332 42.17 0.96 0.53

1-4-2 29.10 0.70 0.53 

1-26-2 18.24 0.69 0.54 

ATP vaccine 15.50 0.32 0.22 

2-5-2 vaccine 18.85 0.56 0.51 

1-7-4 57.61 1.04 0.56 

*	 Room temperature was between 22°C and 25°C.
PRRSV = porcine reproductive and respiratory syndrome virus; RT = room temperature
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decade with high virulence and severe 
clinical cases.26,27 The increased fre-
quency of occurrence may or may not be 
related to virus stability but is related to 
the shedding rate and carrier state in the 
host.28,29 A study comparing the whole 
genome sequence of different isolates 
all belonging to RFLP 1-7-4 found that 
clinical signs differed between isolates 
that were 81.4% to 99.8% identical.30 The 
pathogenicity and genome of the  
1-7-4 strain used in this study is un-
known, therefore, a direct correlation 
between virus survival, frequency of 
occurrence, and clinical presentation 
cannot be fully established. The role of 
these factors in virus epidemiology re-
quires more investigation. 

The PRRSV 1-4-2 strain is a virulent 
strain that was first isolated in Iowa in 
late 1996 from an atypical PRRS case. 
The virus causes unusually severe repro-
ductive failure in previously vaccinated 
pigs due to sudden mutation leading to 
extensive antigenic drift.31 Moreover, 
1-4-2, 1-26-2, 2-5-2, and 1-7-4 PRRSV 
strains show lower survivability at both 
room temperature and 37°C. 

The presence of PRRSV in a pig popula-
tion is enhanced not only by infected 
animals shedding the virus during acute 
infection, but also by persistent infec-
tion in these animals. The duration of 
this persistence has been documented 
in a few studies, but results are highly 
variable.3 Therefore, pig flow manage-
ment strategies such as the Management 
Changes to Reduce Exposure to Bacteria 
to Eliminate Losses (McREBEL) system 
in the farrowing house, all-in/all-out an-
imal flow, or partial herd repopulation 
should be carried out promptly to pre-
vent PRRSV circulation post weaning. In 
addition, a strict sanitation and disinfec-
tion protocol is critical to decrease the 
viral load for the healthy pigs that will 
be introduced to the farm.32 

This study had some limitations. For ex-
ample, the sample size was inadequate 
to statistically determine differences 
in survival among strains at each tem-
perature. In addition, no complemen-
tary assays with higher sensitivity such 
as indirect immunofluorescence assay 
(IFA) or quantitative polymerase chain 
reaction were used. However, it is un-
known if IFA results would be consistent 
for all strains. Hence, we used a TCID50 
assay for the evaluation of infectious 
PRRSV as these strains exhibit detectable 
CPE. Each strain was evaluated individu-
ally; therefore, the chances of confusion 

during plate reading or titer calculation 
were minimized. Despite these limita-
tions, the study provides insightful infor-
mation that contributes to the knowledge 
of temperature effect on PRRSV survival. 

It is known that the PRRSV survives bet-
ter at lower temperatures in the environ-
ment and in animal tissues.33 Survival 
of virus at 4°C for ≥ 35 days may explain 
the endemic nature and increased infec-
tions during winter months in the United 
States.34-36 

A previous study demonstrated the 
mechanical transmission of PRRSV 
(strain MN 30-100) during periods of cold 
weather (-2°C and -9°C).10 Though this 
strain was not evaluated in this study, 
the results of the previous study support 
our findings at 4°C highlighting the risk 
of PRRSV survival at cold temperatures 
with a wide survival range.

A critical point is the efficacy of disinfec-
tants for sanitation of transport vehicles 
at cold temperatures. In an earlier study, 
negative samples were collected from 
PRRSV-contaminated trailers that were 
washed with water at 21°C delivered at 
a pressure of 20,500 kPa, followed by 
disinfection with a hurricane fogger, 
and 8-hour (overnight) period of dry-
ing in a separate nursery room heated 
at 20°C. These results were obtained at 
4°C for PRRSV strain MN 30-100 while 
comparing 7 disinfectants.37 Although 
meeting all these specifications could be 
challenging under field conditions, it is 
important to emphasize that any oppor-
tunity to increase water temperature for 
washing, drying temperature, and the 
drying period length may increase virus 
inactivation and should be considered in 
disinfection and sanitation protocols for 
transport vehicles.

An alternative to increasing the length of 
the drying period is the use of a thermo-
assisted drying and decontamination 
(TADD) system, which raises the interior 
temperature of trailers to 71°C for 30 
minutes. The TADD system was found to 
be equal to the overnight drying treat-
ment for PRRSV MN 30-100.38 The ben-
efits of a shorter drying period should be 
taken into consideration while establish-
ing sanitation protocols. Since PRRSV 
MN 30-100 was the only strain evaluated 
in this previous study, further experi-
ments evaluating new emergent strains 
should be considered in the future.

Other critical points that require atten-
tion are quarantine and housing facili-
ties. Proper washing by removing any 

organic material followed by disinfec-
tion and drying protocols must be per-
formed to inactivate the virus. Based on 
our findings, increasing the temperature 
of facilities during the drying period 
may enhance the sanitation process. 
Temperatures near 37°C are suggested 
for most of the PRRSV strains evaluated 
in this study. Consider using tempera-
tures > 37°C for strains 1-8-4 and 1-4-4 
since they were able to survive for up to 
7 days at room temperature and up to 3 
days at 37°C. 

It is debatable if the suggested measures 
will completely eliminate PRRSV from 
the farm premises. However, the data 
obtained in this study should help pro-
ducers and veterinarians in understand-
ing the dynamics of PRRSV survival 
in the environment and its relation-
ship with temperature. Further studies 
evaluating not only temperature, but 
also the nature of materials (fomites) 
contaminated by different strains, are 
necessary to develop better disinfec-
tion and sanitation protocols to decrease 
the risk of transmission and dissemina-
tion of PRRSV among farms. Studies are 
also needed to evaluate correlation, if 
any, between phenotypic and genotypic 
characterization of the divergent PRRSV 
strains and their survival at different 
temperatures. In conclusion, our results 
indicate that there are differences in the 
survival of PRRSV strains at different 
temperatures; the virus survives longer 
at cold temperature (4°C) as compared to 
room temperature and 37°C. 

Implications
Under the conditions of this study:

•	 Definitive strain diagnosis is impor-
tant to overcome between-strain 
variability.

•	 An appropriate biosecurity plan 
requires strain identification during 
outbreaks.

•	 Contaminated surfaces at low 
temperatures are a risk for virus 
transmission.
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Conversion tables
Weights and measures conversions

Common (US) Metric To convert Multiply by

1 oz 28.35 g oz to g 28.35

1 lb (16 oz) 0.45 kg lb to kg 0.45

2.2 lb 1 kg kg to lb 2.2

1 in 2.54 cm in to cm 2.54

0.39 in 1 cm cm to in 0.39

1 ft (12 in) 0.3 m ft to m 0.3

3.28 ft 1 m m to ft 3.28

1 mi 1.6 km mi to km 1.6

0.62 mi 1 km km to mi 0.62

1 in2 6.45 cm2 in2 to cm2 6.45

0.16 in2 1 cm2 cm2 to in2 0.16

1 ft2 0.09 m2 ft2 to m2 0.09

10.76 ft2 1 m2 m2 to ft2 10.8

1 ft3 0.03 m3 ft3 to m3 0.03

35.3 ft3 1 m3 m3 to ft3 35.3

1 gal (128 fl oz) 3.8 L gal to L 3.8

0.26 gal 1 L L to gal 0.26

1 qt (32 fl oz) 0.95 L qt to L 0.95

1.06 qt 1 L L to qt 1.06

Temperature equivalents (approx)

°F °C

32 0

50 10.0

60 15.5

61 16.1

65 18.3

70 21.1

75 23.8

80 26.6

82 27.7

85 29.4

90 32.2

102 38.8

103 39.4

104 40.0

105 40.5

106 41.1

212 100.0

°F = (°C × 9/5) + 32
°C = (°F - 32) × 5/9

Conversion chart, kg to lb (approx)

Pig size Lb Kg

Birth 3.3-4.4 1.5-2.0

Weaning 7.7 3.5

11 5

22 10

Nursery 33 15

44 20

55 25
66 30

Grower 99 45
110 50
132 60

Finisher 198 90

220 100

231 105
242 110

253 115

Sow 300 136
661 300

Boar 794 360
800 363

1 tonne = 1000 kg 
1 ppm = 0.0001% = 1 mg/kg = 1 g/tonne 
1 ppm = 1 mg/L

Conversion calculator available 
at: amamanualofstyle.com/page/
si-conversion-calculator
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News from the National Pork Board

NPB news continued on page 77

Titles of round two Wean-to-Harvest 
Biosecurity Program projects 
awarded are:

•	 Self-vaccinating pigs to save labor, 
improve efficacy and enhance 
biosecurity: Mycoplasma hyo-
pneumoniae, influenza A virus, 
ileitis, and erysipelas evaluations

•	 Determining the economical and 
epidemiological benefit of clean-
ing and disinfecting market-haul 
trailers within the US swine 
industry

•	 Comparison of a rail-mounted 
automated power washer to a com-
mercial manual power washing 
crew in terms of cleanliness, man-
power, and water usage efficiency

•	 Development of an effective and 
practical biosecurity entrance 
system

•	 Using sensors and psychological 
profile to increase compliance of 
wean-to-market barn biosecurity

Biosecurity is grounded in practicality and 
research
Research funded by the Swine Health 
Information Center (SHIC) found 
significant biosecurity gaps in wean-
to-finish facilities after placement, 
specifically regarding potential porcine 
reproductive and respiratory syndrome 
(PRRS) virus, porcine epidemic 
diarrhea (PED) virus, and Actinobacillus 
pleuropneumoniae transmission.1 
Additionally, aggregated data from the 
SHIC-funded Swine Disease Monitoring 
Report shows breeding herd outbreaks 
of PRRS virus tend to follow outbreaks 
in wean-to-finish sites. These breaks 
escalate up the supply chain with losses 
estimated to be $664 million2 for PRRS 
virus coupled with supply and demand 
implications for PED virus.3 The onset 
of emerging and endemic animal health 
concerns is being proactively addressed 
with the producer- and veterinarian-led 
Wean-to-Harvest Biosecurity Program 
initiated by SHIC. 

“By leveraging funds together with Pork 
Checkoff and the Foundation for Food & 
Agriculture Research for this program, 
SHIC has funded a wide range of diverse 
research projects that will enable the 
pork industry to consider biosecurity 
in novel and unconventional ways,” 
remarked Dr Megan Niederwerder, 
SHIC executive director. “These projects 
are trying to solve the biosecurity gap 
that results in higher prevalence of 
endemic diseases such as PED and PRRS 
in the wean-to-harvest phases of pork 
production. Addressing this gap lessens 
disease pressure across all phases of 
production and provides value to the 
whole industry.” 

Research outcomes from the inaugural 
2-year program are beginning to be 
shared. In all, the 16 projects funded 
in 2023 have laid a solid foundation for 
future advancements in swine health 
management. 

Five additional projects (listed 
in sidebar) prioritize on-site and 
transportation biosecurity in five 
targeted areas in the second round of 
funding.4 The priority areas include: 

1.	 personnel biocontainment and 
bio-exclusion;

2.	 mortality management;
3.	 truck wash efficiency;
4.	 alternatives to a fixed truck wash; and
5.	 packing plant biocontainment. 

The collaborative proposals define 
practices and investigate technologies 
and protocols to improve biosecurity. 
Herd health status monitoring can 
demonstrate success while evaluating the 
solution’s affordability, efficiency, and 
practicality. Specific details about each 
priority can be found at swinehealth.org.  

In essence, biosecurity is not merely 
about filling gaps; it is about construct-
ing robust bridges in animal care, 
grounded in practicality and research. 
“Biosecurity is one of the most impor-
tant lines of defense against disease for 
producers and veterinarians,” says Dr 
Marisa Rotolo, director of swine health 
at the National Pork Board. “As an indus-
try, it is vitally important we continue 
to evaluate and improve our biosecurity 
protocols across all phases of produc-
tion, especially wean-to-harvest. Veteri-
narians can reduce the risk of disease 
and improve herd health by staying up to 
date on this program and the research it 
invests in to advance our understanding 
of effective biosecurity.”  

While industry-wide initiatives are in-
strumental, Rotolo says veterinarians 
can make an immediate impact by as-
sisting farmers in implementing a Se-
cure Pork Supply plan, which includes 
an enhanced site-specific biosecurity 
plan. Resources to help develop these 
plans can be found at securepork.org. 
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Other practical examples of biosecurity 
include requiring sign-in sheets; identi-
fying perimeters and lines of separation; 
and providing proper footwear, shoe cov-
ers and clothing. More extensive changes 
could include using ultraviolet boxes, im-
plementing a Danish entry, and installing 
showers. A self-assessment checklist for 
enhanced biosecurity for animals raised 
indoors is available at securepork.org, 
in addition to training videos and signs 
to hang near barns. 

As results from the second round of the 
program are in progress, the industry an-
ticipates a future where comprehensive 
biosecurity practices significantly en-
hance the resilience of swine production 
systems.

References
*1. SHIC-funded project examines growing 
pig site biosecurity gaps. Swine Health Infor-
mation Center. June 16, 2022. Accessed Janu-
ary 18, 2024. https://www.swinehealth.org/
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Other practical examples of biosecurity include requiring sign-in visitor logs.  
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aasv news

AASV news continued on page 81

AASV conference proceedings online
More than 230 papers representing the 
presentations at the 2024 AASV Annual 
Meeting are now available for AASV 
members to access at aasv.org/library/
proceedings/. 

Current 2024 dues-paid membership is 
required to access the files.

As in the past, the papers are available 
as follows:

•	 The “big book” of all the regular ses-
sion papers in a single PDF file with 
a linked table of contents

•	 Seminar booklets: a PDF collection 
of the papers for each seminar

•	 An individual paper for each pre-
sentation is available in the Swine 
Information Library: aasv.org/
library/swineinfo/

You will be prompted for your AASV web-
site username and password to access the 
files. If you have forgotten your password, 
use the “Reset Password” link in the up-
per right of the AASV website (aasv.org) 
or contact the AASV office for assistance. 

Alternate student delegate selected for AASV 
Board
The AASV Student Engagement Commit-
tee is pleased to announce the selection 
of Mallory Wilhelm, a second-year vet-
erinary student at Iowa State University 
(ISU), as the incoming alternate student 
delegate to the AASV Board of Directors.

Mallory has embraced many opportuni-
ties available to veterinary students in-
terested in swine, and she brings a vari-
ety of experiences to her new role. After 
a production internship during college, 
she shared her knowledge as a teaching 
assistant for an undergraduate swine sci-
ence course. During two summers in the 
Swine Veterinary Internship Program, 
she completed research projects in im-
munology and biosecurity. She present-
ed her research at the 2023 AASV Annual 
Meeting, and she will present again 
during the 2024 AASV Annual Meet-
ing. Mallory is active in the ISU Student 
AASV chapter, where she is the current 
wet lab coordinator. 

When thinking about her upcoming role 
with AASV, Mallory said, “I am commit-
ted to improving the AASV organization 
for both veterinarians as well as veteri-
nary students.” When Mallory graduates 
in 2026, she plans to be a part of the swine 
industry and remain active within AASV.

Mallory will assume her duties as alter-
nate student delegate during the 2024 
AASV Annual Meeting. The current 
alternate delegate, Alexis Berte (ISU, 
2025), will assume the delegate position 
currently held by Hunter Everett (NCSU, 
2024), who will rotate off the board. 
Alexis and Mallory will represent stu-
dent interests within AASV as nonvoting 
members of the Board of Directors and 
the Student Engagement Committee. 
Please join us in welcoming Mallory to 
the AASV Board of Directors and thank-
ing Hunter for his service!
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Animal Depopulation Resiliency Check-in Tool 
now available in French, Spanish, and English; 
training video created
The Animal Depopulation Resiliency 
Check-in Tool (ADRCT), a 5-question-
public health protocol for stakeholders 
who are preparing for, participating in, 
and recovering from animal depopula-
tion, created by AASV and Dr Elizabeth 
Strand, is now available in French, Span-
ish, and English. A short video describ-
ing how to use the tool is also available. 
All ADRCT resources are available at 
aasv.org/resources/depop-resiliency.
php.

Animal depopulation is associated 
with distressing psychological impacts 
on people. These impacts affect many 
stakeholders including veterinarians, 
producers, public health officials, and 
others who make decisions about and 
carry out depopulation.

The goals of the ADRCT are to:

•	 Identify any psychological distress
	 that may result from depopulation, 
•	 Promote social support and coping
	 among those engaged in the depop-

ulation process, and 
• 	 Help individuals who may need 

mental health intervention by pro-
viding referral information for ad-
ditional support.

The American Association of Swine Vet-
erinarians received funding from the US 
Department of Agriculture Animal and 
Plant Health Inspection Service through 
their National Animal Disease Prepared-
ness and Response Program in 2021 to 
develop resources, including the ADRCT, 
to build and improve capabilities and 
capacities for responding to emergency 
events that require animal depopula-
tion. Those resources are available at 
aasv.org/Resources/welfare.
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THAT’S THE THAT’S THE 
SOY EFFECTSOY EFFECT
Higher levels of soybean meal can help reduce  
swine respiratory disease (SRD) losses
Soybean meal (SBM) contains essential amino  
acids and functional bioactive molecules — not  
found in alternative least-cost ingredients. By  
strategically feeding higher levels of soybean meal in  
health-challenged pig flows, you can help reduce mortality, 
increase gain and improve feed efficiency.1 Optimize 
performance and profitability by formulating for the full  
value of SBM in your swine diets.

1Boyd, R. D. Soybean Meal: Growth and Health Promoting Effects Under High Health and Immune Stress. 2021 International Conference on Swine 
Nutrition. https://www.youtube.com/watch?v=Z13ssHwUb2s

ussoy.org 
© 2023 United Soybean Board U.S. Soy is a federally registered trademark of the United Soybean Board and may not be used by third parties 
without explicit permission. FULLY FUNDED BY THE NATIONAL SOYBEAN CHECKOFF

When SRD-complex has less  
impact on your cost of gain

LEARN MORE AT SOYEFFECT.USSOY.ORG



Pigs of #instahamPigs of #instaham  
Share your pig photos 

for the JSHAP cover

Submissions by readers are welcome!
•  Photos must represent healthy pigs and modern 

production facilities and not include people.

•  Photos must be taken using the camera’s largest 
file size and highest resolution.

•  Please send the original image(s); do not resize, 
crop, rotate, or color-correct the image prior to 
submission.

•  Submit photos with your name and affiliation to 
tina@aasv.org.
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upcoming meetings

For additional information on upcoming meetings: aasv.org/meetings

International Symposium 
on One Health Research: 
Improving Food Security 
and Resilience
April 21 - 23, 2024 (Sun-Tue) 
Moody Gardens Resort and 
Convention Center 
One Hope Boulevard 
Galveston, Texas

For more information: 
Email: UTMBOneHealth@utmb.edu 
Web: utmb.edu/one-health/events/
international-one-health-symposium/
welcome-symposium

Animal Agriculture 
Alliance 2024 
Stakeholders Summit
May 8 - 9, 2024 (Wed-Thu) 
InterContinental at the Plaza 
Kansas City, Missouri

For more information: 
Abby Kornegay 
Email: akornegay@animalagalliance.org 
Web: animalagalliance.org/initiatives/
stakeholders-summit

27th International Pig 
Veterinary Society 
Congress & 15th European 
Symposium of Porcine 
Health Management
June 4 - 7, 2024 (Tue-Fri) 
Congress Centre Leipzig 
Leipzig, Germany

For more information: 
Web: ipvs2024.com

World Pork Expo
June 5 - 6, 2024 (Wed-Thu) 
Iowa State Fairgrounds 
Des Moines, Iowa

For more information: 
Web: worldpork.org

9th International 
Conference on Emerging 
Zoonoses
June 9 - 12, 2024 (Sun-Wed) 
Grand Hotel Piazza Borsa 
Palermo, Italy

For more information: 
Email: zoo@target-conferences.com 
Web: zoonoses-conferences.com

12th International 
Conference on 
Antimicrobial Agents in 
Veterinary Medicine
June 16 - 19, 2024 (Sun-Wed) 
Athens, Greece

For more information: 
Email: aavm@target-conferences.com 
Web: aavmconference.com	

AVMA Convention 2024
June 21 - 25, 2024 (Fri-Tue) 
Austin, Texas

For more information: 
Web: avma.org/events/avma-convention

ISU James D. McKean 
Swine Conference
July 23 - 24, 2024 (Tue-Wed) 
Scheman Building 
Iowa State University 
Ames, Iowa

For more information: 
Tel: 515-294-6222 
Email: registrations@iastate.edu 
Web: regcytes.extension.iastate.edu/
swinedisease

International Conference 
on Boar Semen 
Preservation
August 19 - 22, 2024 (Mon-Thu) 
Vic, Barcelona, Spain

For more information: 
Email: info@boarsemen2024.com 
Web: boarsemen2024.com

Carthage Veterinary 
Service 34th Annual Swine 
Conference
August 27, 2024 (Tue) 
Oakley-Lindsay Center 
Quincy, Illinois

For more information: 
Web: hogvet.com

Allen D. Leman Swine 
Conference
September 21 - 24, 2024 (Sat-Tue) 
St Paul River Center 
Saint Paul, Minnesota

For more information: 
Web: lemanconference.umn.edu

US Animal Health 
Association 128th Annual 
Meeting
October 10 - 16, 2024 (Thu-Wed) 
Gaylord Opryland Hotel 
Nashville, Tennessee

For more information: 
Web: usaha.org/meetings	
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