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JSHAP SPOTLIGHT
Dr Jordan Gebhardt

Kansas State University

Dr Jordan Gebhardt earned a BS ('14) from Michigan State University
and a DVM (’19) and PhD ("20) from Kansas State University (KSU).

Dr Gebhardt is currently an assistant professor at KSU where he
conducts swine research and provides leadership and teaching

of graduate and veterinary students. He enjoys interacting and
collaborating with production systems to conduct applied, practical
research in the areas of swine nutrition, feed safety, and swine
production medicine. The peer review process can be intimidating, but
it is beneficial to improve knowledge both as an author and reviewer.
Dr Gebhardt reminds authors that the goal of the process is to improve
the manuscript and ensure that the information communicated to the
readers is accurate and interpreted in proper context.
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() ENDOVAC-Porci’

with Immune Plus

Studies have determined that ENDOVAC-Porci; a core antigen vaccine with
an immunostimulant, provides pigs broad-spectrum protection against the
enteric & respiratory effects of gram-negative bacterial diseases.

Lawsonia Intracellularis Challenge:
ENDOVAC-Porci vs. Porcilis lleitis vs. Controls

29.0% (7.7 Ib) higher weight gain over controls

No statistical difference in weight gain Study days 58-70:

Compared to Porcilis lleitis Clinical Scores: 0 Normal, 1 Mild, 2 Moderate, 3 Severe
Fecal Scores: 0 Normal, 1 Soft, 2 Loose, 3 Watery

40.9% better clinical scores than controls Scoring Saline | ENDOVAC-Porci® | Porcilis® Ileitis
Clinical 24.72 14.6P 15.92

8.2% better clinical scores than Porcilis lleitis

Fecal 27.42 17.1b 20.92b

37.6% better fecal scores to controls

Treatment means with different superscripts differ from each other (P < 0.05)

18.2% better fecal scores than Porcilis lleitis

E. coli and Pasteurella Challenge:
ENDOVAC-Porci vs. Controls

7.9% (1.05 Ibs) higher average weaning weight | Study days 22-35:

Clinical Scores: 0 Normal, 1 Mild, 2 Moderate, 3 Severe
. . Fecal Scores: 0 Normal, 1 Soft, 2 Loose, 3 Watery
13.6% (3.3 Ibs) higher final 42-day weight

Treatment Saline ENDOVAC-Porci® | P-value
61.9% less mortality over the entire study Clinical 119 0.29 05
.. Fecal 1.95 0.96 .05

75.6% better clinical scores <

Effect of treatment (P < 0.01)

50.8% better fecal scores



PRESIDENT’S MESSAGE

Making a meeting

s we focus on the mission of the
AAmerican Association of Swine

Veterinarians to increase the
knowledge of swine veterinarians; pro-
tect and promote the health and well-
being of pigs; advocate science-based
approaches to veterinary, industry, and
public health issues; promote the devel-
opment and availability of resources that
enhance the effectiveness of professional
activities; create opportunities that in-
spire personal and professional growth
and interaction; and mentor students, en-
couraging life-long careers as swine vet-
erinarians, the capstone for each of these
objectives is our Annual Meeting. While
focused effort on the mission is continu-
ous throughout the year, it is at the An-
nual Meeting that we all can gather to
increase our knowledge, meet as commit-
tees, engage student members, and cel-
ebrate the successes of all our members.

The Annual Meeting takes significant
investment of time, talent, and financial
support for it to be successful each year.
The process begins years in advance
starting with the selection of a location
for the meeting by the AASV Board of
Directors. At the fall 2022 board meet-
ing, locations for the Annual Meeting
have been set through 2027. The size of

the Annual Meeting is not large enough
to use major convention centers but is
too large for some hotels to accommo-
date. The board decision on future meet-
ing locations is made after evaluating lo-
cation information from multiple cities
acquired by the AASV executive director.

The contract with the hotel requires
guaranteed food and beverage and lodg-
ing night minimums from AASV for

the use of the meeting facilities at the
hotel. If the contracted requirements
are not met, AASV is responsible for
payment of the difference to the hotel.
With scheduled breaks, receptions, and
meals, typically the food and bever-

age requirements are met. For the most
recent meeting, food and beverage ex-
penses were approximately two-thirds of
the meeting costs. You would be amazed
how much a gallon of coffee, a served
luncheon, or a doughnut costs! Room
night requirements are usually met.
However, for the 2021 meeting in India-
napolis, AASV failed to meet the room
night requirement and was responsible
for an additional payment of $24,000 (ne-
gotiated down from over $40,000). Our
attendance was down slightly, likely the
result of continued travel restrictions
for some as we returned to an in-person
meeting. Attendees choosing to stay at
other locations also contributed to miss-
ing the minimum contracted nights. As
you finalize your plans to attend the 2023
Annual Meeting, I hope that you will
make your lodging reservations at the
meeting hotel to assist AASV achieving
the minimum room night requirement.

“The Annual Meeting takes significant
investment of time, talent, and
financial support for it to be
successful each year.”

To all the past and present sponsors of
the Annual Meeting and those who par-
ticipate with a technical table, whose
support directly offset expenses for the
Annual Meeting, thank you for your sup-
port! With the loss of sponsorship for
the Monday luncheon for 2023, the AASV
Foundation Board of Directors has com-
mitted to cosponsor 50% of the cost with
AASV in lieu of holding their usual sepa-
rate Foundation luncheon on Sunday.
The announcement of foundation grants
and recognitions will take place during
the Monday luncheon, along with the
usual student scholarship awards. The
AASV Budget Committee recommended
increases in the 2023 Annual Meeting
registration fees, which was approved
by the board. These increases reflect the
increasing costs to host the meeting in-
cluding food, beverage, and audio-visual
support and loss of sponsorships for the
meeting.

Dr Bill Hollis and the program commit-
tee have put together another tremen-
dous program for the Annual Meeting
using input from the post-meeting sur-
vey that will provide high value to all
attendees. I am looking forward to the
Annual Meeting at the Gaylord Rockies
Resort & Convention Center in Aurora
(Denver), Colorado. See you there!

Mike Senn, DVM, MS
AASYV President
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Get ready with the
CERTIFIED SWINE

SAMPLE COLLECTOR
training program

Contact the State Animal Health Official (SAHO) in the
state(s) in which you plan to train or use Certified Swine
Sample Collectors (CSSCs) to confirm participation
eligibility prior to participating in the program.

Review the CSSC Program Standards.

Identify individuals who could be trained to collect and
submit samples on your behalf.

Access CSSC training materials at securepork.org/cssc.
Conduct classroom and hands-on training.

Submit a list of trained individuals to SAHO(s) in state(s)
trainees will be collecting samples.




EXECUTIVE DIRECTOR’S MESSAGE

Bathing, perspective, and meeting

hen I sit down to write one of
these messages, I challenge
myself to try to follow in the

footsteps of Dr Burkgren or the other
astute editorial authors in JSHAP. They
seem to always be able to provide some-
thing deep and thought-provoking or at
least instructional. They often recount
how they read an inspiring book or drew
inspiration from a lifetime of experience.
I am pretty sure I am not that deep. Iam
not sure I was ever very good at decipher-
ing the “hidden meaning” or grasping the
profound references highlighted in the
Cliffs Notes that I credit with my ability
to eke out a passing grade in undergradu-
ate English literature. I think I am way
too “basic” for that kind of thought. I rely
much more on the obvious.

A few weeks ago, I contracted COVID. I
ran a high fever for the first two days and
just generally felt yucky. At one point,

it occurred to me that reclining in a hot
bath might make me feel better. Now,
let me digress from my story to make

a couple of points. First, [ am a shower
guy. I do not take baths. And second,
while I am by no means a “clean freak,”
I do take the time to clean the house (in-
cluding the bathroom and the tub) on a
reasonably frequent basis. Also, just to

further define the scene, I have one of
those soaker tub/shower combos with
an acrylic surround and built-in shelves
to hold shampoo and soap. One end of
the tub is angled backwards to facilitate
reclining should one be so predisposed.
Now that I have set the scene and pro-
vided the necessary backstory, I can get
back to the story.

AsIreclined in the tub, I happened to
notice that from that angle I could see
the underside of the shelves molded into
the tub surround. I was shocked, nay
appalled, at the build-up of soap scum
and other “dirt” accumulated on the un-
derside of those shelves! I do not think I
had ever bothered to actually wipe the
underside of the shelves. The tub sur-
round looked perfectly (well, acceptably)
clean from my perspective standing in
the shower. I realize my recounting this
tale may not cast my cleaning abilities
in the best possible light but I am willing
to sacrifice my self-respect to make the
point that what you believe to be reality
is determined by your perspective.

If you think about it, altering our per-
spective is what continuing education is
all about. It is the key to why we attend
the AASV Annual Meeting every year. It
is why the hallway talk is always such an
important part of the meeting. We like to
talk to other colleagues who are experi-
encing similar challenges and learn how
they address those challenges. It gives

us a chance to look at things from some-
one else’s perspective. The same is true
for the scientific sessions. Science chal-
lenges our perceptions. When we make
the effort to seek out a different perspec-
tive, what we learn might just change
our reality.

“If you think about it, altering our
perspective is what continuing
education is all about.”

Ok, so maybe this was a bit of a stretch to
encourage you to attend the 2023 AASV
Annual Meeting. I do, however, hope
you will make the effort to join us on

the mountaintop in Colorado this year.
While you likely will not find an old man
with a white beard wearing a diaper is-
suing thought-inspiring proclamations,
you will hopefully come across a new
perspective that will challenge your re-
ality. Although, on second thought, giv-
en our AASV demographic, an old man
with a white beard wearing a diaper may
not be that unlikely!

Harry Snelson, DVM
Executive Director

&

Journal of Swine Health and Production — Volume 31, Number 1



Shaping the future of piglet care

Prepare, protect, and support resilience in your piglets.

goals. ‘m@mm a new future for piglet care.

rfy.rf,qg)rrmu’mfmwm

e
ANIMAL
< NUTRITION Follow us on:
AND HEALTH

| fjo
ESSENTIAL

PRODUCTS

PERFORMANCE
SOLUTIONS
BIOMIN

PRECISION
SERVICES

BRIGHT SCIENCE. BRIGHTER LIVING.



FROM THE EDITORIAL OFFICE

Behind the scenes in 2023

he journal had another year of suc-
I cess, and I am looking forward to

the 2023 volume of JSHAP. There
is an interesting line-up of manuscripts
planned for the early issues and many
others undergoing the peer-review pro-
cess. The journal’s success remains pos-
sible due to the strong support of review-
ers, the editorial board, the industry
support council, the staff in the AASV
office, the journal staff, and of course
the authors. Thank you for all your hard
work in 2022.

You will see a slight change in this edito-
rial section of the journal for the upcom-
ing issues. The journal staff wants to
share with you what happens behind the
scenes. We thought you would find it in-
teresting to have a quick peek into what
goes into putting an issue together and
how journal staff accomplish this. We
have put together a “Behind the Scenes”
series for you and I am going to kick off
this series and share with you some of
the tasks that I do.

My primary role as Executive Editor is to
oversee the peer-review process for the
journal. What that really means is - a lot
of reading. I read the manuscript when it
is submitted to the journal. At this point,

Journal of Swine Health and Production — Volume 31, Number 1

I decide if it is within the scope of the
journal and contains appropriate animal
use and conflict of interest statements. If
there is a concern in any of these areas,
the manuscript is returned to the author
for clarification or not accepted for re-
view. The journal has a very broad scope
and we aim to publish topics with an ap-
plied focus. Deciding if a manuscript is
within the scope of the journal is prob-
ably the most challenging aspect of my
decision making.

Once the manuscript is accepted for re-
view, I recruit the help of an editorial
board member to act as a lead reviewer.
This is a critical component of the re-
view process. The work of the editorial
board members is essential as it brings
a wealth of expertise to the review pro-
cess, the journal, and the body of pub-
lished scientific literature in general.
Then, typically, 2 or 3 additional review-
ers are identified for each manuscript
and are given time to return their re-
views. Once the reviews have returned,
the lead reviewer takes all of them into
consideration and makes a publication
recommendation to me.

Then, it is my turn again. Yes, more
reading and compiling all the reviews
and the publication recommendation.

I re-read and review the manuscript, I
read all the external reviews and the
publication recommendation, and then

“The journal’s success remains possible
due to the strong support of reviewers,
the editorial board, the industry support
council, the staff in the AASV office, the
journal staff, and of course the authors.”

I make the final decision to condition-
ally accept the manuscript, request revi-
sions, or reject the manuscript. If revi-
sions are requested, the manuscript is
returned to the authors, who are given
time to respond. As you can imagine,
this back and forth can take some time
and often, I have read the manuscript 3
to 4 times by this point. Depending on
the revisions received from authors, the
manuscript may be conditionally ac-
cepted at this time, returned for further
revisions, or rejected. I meet many times
with Publications Manager Rhea Schirm
during this process to discuss the manu-
script life cycle. Once the manuscript is
conditionally accepted, it is forwarded to
Associate Editor Sherrie Webb.

Watch this space for more behind the
scenes with journal staff.

I hope you enjoy reading this issue - I
know I did!

Terri O’Sullivan, DVM, PhD
Executive Editor




ORIGINAL RESEARCH

PEER REVIEWED

Evaluating natural planned exposure
protocols on rotavirus shedding patterns in
gilts and the impact on their suckling pigs

Amanda V. Anderson, BS; Frances Shepherd, PhD; Francisco Dominguez, PhD; Jeremy S. Pittman, DVM, MS, DABVP; Douglas
Marthaler, PhD; Locke A. Karriker, DVM, MS, DACVPM

Summary

Objective: The objectives of this study
were to determine the pattern of rota-
virus A (RVA), rotavirus B (RVB), and
rotavirus C (RVC) shedding in gilts after
natural planned exposure (NPE) admin-
istration and assess the effects on piglet
weaning weight, preweaning mortality,
and RV shedding.

Materials and methods: A total of 70
pregnant gilts were enrolled and allocat-
ed into 4 groups. Group 1 was given NPE
at 5, 4, and 3 weeks prefarrowing (WPF);
Group 2 at 5 and 3 WPF; and Group 3 at

5 WPF only. Group 4 (control group) did

not receive any NPE. Samples from

46 gilts and litters (5 piglets/litter) were
tested at 12 sample times. Piglets were
sampled weekly from 24 hours of age un-
til 6 weeks of age and tested by quantita-
tive reverse transcriptase-polymerase
chain reaction for RVA, RVB, and RVC.

Results: There was a significant im-
provement in weaning weight of piglets
born to gilts that received 3 NPE admin-
istrations compared to fewer or no NPE
administrations. Shedding of RVA and
RVB from piglets were well controlled in
the farrowing room regardless of treat-
ment group, but RVC was observed as
early as 1 week of age. This study was

conducted on a single farm, and the
results should be carefully interpreted
with knowledge of variations in farms
and systems.

Implications: Three administrations of
NPE to gilts prefarrowing had valuable
production and economic benefits for
the producer. Circulation patterns of
RVA, RVB, and RVC appear to correlate;
interventions for one have value against
the others.

Keywords: swine, rotavirus, natural
planned exposure, feedback, immunity

Received: November 14, 2021
Accepted: July 14, 2022

Resumen - Evaluacion de los protocolos
de exposicion natural planificada en los
patrones de excrecion de rotavirus en

primerizas y el impacto en sus lechones

Objetivo: Los objetivos de este estudio
fueron determinar el patrdn de excre-
cién del rotavirus A (RVA), rotavirus B
(RVB), y el rotavirus C (RVC) en prim-
erizas después de la administracién de
exposicion natural planificada (NPE),

y evaluar los efectos sobre el peso al
destete de los lechones, mortalidad antes
del destete, y la excrecién del RV.

Materiales y métodos: Un total de 70
nuliparas gestantes fueron reunidas
y distribuidas en 4 grupos. El grupo 1

recibié NPE a las 5, 4, y 3 semanas antes
del parto (WPF); Grupo 2 alas 5y 3 WPF;
y Grupo 3 a 5 WPF solamente. El grupo 4
(grupo control) no recibié NPE. Se anali-
zaron muestras de 46 nuliparas y sus ca-
madas (5 lechones/camada) en 12 tiempos
de muestreo. Los lechones se muestre-
aron semanalmente desde las 24 horas
hasta las 6 semanas de edad y se anali-
zaron mediante reaccién en cadena de
la polimerasa con transcriptasa inversa
cuantitativa para RVA, RVB, y RVC.

Resultados: Hubo una mejora sig-
nificativa en el peso al destete de los
lechones nacidos de primerizas que
recibieron 3 administraciones de NPE
en comparacién con menos o ninguna

administraciéon de NPE. La excrecién de
RVA y RVB de los lechones estuvo bien
controlada en la sala de partos, indepen-
dientemente del grupo de tratamiento,
pero se observé RVC a la semana de
edad. Este estudio se realiz6 en una sola
granja por lo que los resultados deben in-
terpretarse cuidadosamente debido a las
variaciones en las granjas y los sistemas.

Implicaciones: Tres administracio-

nes de NPE a las primerizas antes del
parto tuvieron un beneficio productivo
y econdémico para el productor. Los pa-
trones de circulacién del RVA, RVB, y
RVC parecen estar correlacionados; las
intervenciones para uno tienen valor fr-
ente a los otros.

AVA, LAK: Department of Veterinary Diagnostic and Production Animal Medicine, College of Veterinary Medicine, Iowa State University, Ames,

Towa.

FS: Department of Veterinary and Biomedical Sciences, College of Veterinary Medicine, University of Minnesota, St. Paul, Minnesota.

FD, DM: Veterinary Diagnostic Laboratory, College of Veterinary Medicine, Kansas State University, Manhattan, Kansas.

JSP: Smithfield Hog Production - North Region, Waverly, Virginia.

Corresponding authors: Dr Locke Karriker, Department of Veterinary Diagnostics and Production Animal Medicine, Iowa State University,
1600 S 16th St, Ames, IA 50011; Tel: 515-294-2283; Email: karriker@iastate.edu; Dr Douglas Marthaler, Veterinary Diagnostic Laboratory, Kansas
State University, 1800 Denison Ave, Manhattan, KS 66506; Tel: 785-532-5709; Email: marth027@umn.edu.edu.

Anderson AV, Shepherd F, Dominguez F, Pittman JS, Marthaler D, Karriker LA. Evaluating natural planned exposure protocols on rotavirus
shedding patterns in gilts and the impact on their suckling pigs. J Swine Health Prod. 2023;31(1):10-19. https://doi.org/10.54846/jshap/1294.
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Résumé - Evaluation des protocoles
d’exposition naturelle planifiée sur
les modéles d’excrétion de rotavirus
chez les cochettes et 'impact sur leurs
porcelets a la mamelle

Objectif: Les objectifs de cette étude
étaient de déterminer le schéma
d’excrétion du rotavirus A (RVA), du ro-
tavirus B (RVB), et du rotavirus C (RVC)
chez les cochettes apres une exposition
naturelle planifiée (NPE) et d’évaluer les
effets sur le poids au sevrage des porce-
lets, la mortalité avant le sevrage, et
l'excrétion du RV.

Matériels et méthodes: Au total, 70 co-
chettes gestantes ont été recrutées et
réparties en quatre groupes. Le groupe

1a subiune NPE a 5, 4, et 3 semaines
avant la mise bas (WPF); le groupe 2a 5
et 3 WPF; et le groupe 3 2 5 WPF unique-
ment. Le groupe 4 (groupe témoin) n’a
subi aucune NPE. Des échantillons

de 46 cochettes et portées (5 porce-
lets/portée) ont été testés a 12 temps
d’échantillonnage. Les porcelets ont
été échantillonnés chaque semaine a
partir de 'dge de 24 heures jusqu’a I'dge
de 6 semaines et testés par réaction
d’amplification en chaine quantitative
par la polymérase avec la transcriptase
inverse pour RVA, RVB, et RVC.

Résultats: [1y a eu une amélioration
significative du poids au sevrage des
porcelets nés de cochettes ayant subi
trois NPE par rapport a moins ou pas

d’administrations de NPE. L'excrétion de
RVA et de RVB des porcelets était bien
maitrisée dans la salle de mise bas quel
que soit le groupe de traitement, mais

le RVC a été observée des 'Age d’une se-
maine. Cette étude a été menée sur une
seule ferme et les résultats doivent étre
interprétés avec prudence en tenant
compte des variations dans les fermes et
les systémes.

Implications: Trois NPE des cochettes
en pré-maternité ont eu de précieux
avantages économiques et de production
pour le producteur. Les schémas de cir-
culation des RVA, RVB, et RVC semblent
corrélés; les interventions pour 'un sont
bénéfiques envers les autres.

otaviruses (RVs) are common
stine pathogens and significant

causes of scours in pigs. Of 10 RV
serogroups, rotavirus A (RVA), rotavirus
B (RVB), and rotavirus C (RVC) are the
main RVs infecting swine, with preva-
lence of 64%, 47%, and 58%, respec-
tively.! Rotaviruses increase preweaning
mortality 3% to 20% and decrease wean-
ing weight 0.5 to 1.0 1b (0.23-0.45 kg).?
The fastidious nature of RVB and RVC
defies most control measures,® and the
inability to grow many RVs in cell cul-
ture impedes vaccine and diagnostic as-
say development.

Limited cross-protection both within
and between RVA, RVB, and RVC strains
further complicates control of RV dis-
ease.»® Neutralizing antibodies are gen-
erated to viral protein 4 (VP4) and viral
protein 7 (VP7), which determine the P
and G genotypes, respectively. They are
structural proteins on the outer capsid of
the virion.? The diversity of swine RVA G
and P genotypes (12 and 16, respectively)
and RVC VP7 and VP4 genotypes (15 and
17, respectively) further confounds vac-
cine development and control.®” When
vaccine and challenge strains share the
same G genotype, protection from clini-
cal disease and viral shedding occurs.
Sharing the same P genotype leads to
protection from clinical illness but not
viral shedding. Without prior exposure
and immunity to either VP7 or VP4, pigs
will exhibit both viral shedding and clin-
ical disease after challenge.?

Since the only commercially available
swine RV vaccine in the United States
(ProSystems RCE, Merck Animal Health)
only contains 2 RVA serotypes, alterna-
tive control methods such as natural

planned exposure (NPE) have been used
to control RV infections by using live
RV-infected material to generate immu-
nity to specific RV strains circulating

on a farm. The term “natural planned
exposure” was chosen to convey that
immunization was attempted through
exposing animals to a natural mate-
rial, rather than laboratory prepared
vaccine, in a controlled manner. While
NPE can elicit maternal immunity and
passive lactogenic immunity for piglets,
poor quality control could have harmful
consequences. The NPE material select-
ed from piglets in farrowing that exhibit
clinical diarrhea without confirming
the presence of RVs or the lack of other
infectious pathogens can promote the
spread of other diseases and minimize
the benefit of immunization.’ A consis-
tent supply of NPE material is challeng-
ing to maintain when RVs are effectively
controlled, leading to a cyclic effect of
clinical disease in the herd. When clini-
cal disease and infectious material sub-
sides, the herd returns to vulnerability
and maternal immunity declines. Gilts
that are introduced during a subsidence
period likely lack adequate levels of im-
munity to protect their piglets. Since the
survival and growth of piglets are direct-
ly correlated to colostrum intake,! the
lack of a consistent supply of NPE mate-
rial can lead to a cycle of RV instability
in the herd over time.

Natural planned exposure has been ad-
ministered in the water, via ice cubes,
manually sprayed into the mouths of
sows, and added to feed as a gruel by
thawing frozen RV infected material
into water and feed. None of these meth-
ods have been subjected to controlled
evaluation. The “master seed method”

was developed to improve safety and
increase efficacy of RV live virus feed-
back.!! This method consists of identify-
ing positive RV samples from the farm
of interest, creating a laboratory stock
or “master seed” of RV infected material
using colostrum-deprived piglets, and
saving the material to be used for future
NPE preparation. Colostrum-deprived
piglets are obtained by manually catch-
ing piglets as they are being born, and
they are inoculated with the RV materi-
al. The piglets are euthanized after 18 to
24 hours and used to create an on-farm
NPE stock to be used over the next sev-
eral months. Diagnostic testing ensures
the stock is positive for RVs and negative
for relevant pathogens.

The objectives of this study were to de-
termine the pattern of RV shedding in
gilts after NPE administration and assess
the effects on piglet weaning weight,
preweaning mortality, and RV shedding.

Animal care and use

The gilts and pigs used in this study were
cared for following Pork Quality Assur-
ance Plus guidelines.

Materials and methods

Study design

This pilot study was conducted on an
1800-head commercial, breed-to-wean
farm. In the years preceding this study,
the farm had alternating periods of time
without enteric challenges and with
enteric clinical signs diagnosed as rota-
virus. A total of 70 pregnant gilts were
enrolled and allocated into 4 groups.
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Group 1 was given NPE at 5, 4, and 3
weeks prefarrowing (WPF); Group 2 at 5
and 3 WPF; and Group 3 at 5 WPF only.
Group 4 was a control group and did not
receive any NPE administrations. Gilts
were housed in pens of 5 to 6, with only
gilts of their same treatment group in
the same pen. Pens were initially en-
rolled by random selection using the
randomize function on Microsoft Excel
(Microsoft Corporation). At farrowing,
12 gilts from each group were enrolled
for collection of shedding data based on
inclusion criteria of a narrow farrowing
timeframe and at least 6 liveborn piglets.
Post farrowing, 2 litters were excluded
due to savaging and agalactia. Forty-six
litters (Group 1 =12, Group 2 =12, Group
3 =11, Group4/Control = 11) were evalu-
ated for shedding. Piglets from all con-
temporary litters to those tested were
also included in the production data
analysis. This led to a total of 59 litters
(Group 1=15, Group 2 =14, Group 3 =14,
Group 4/Control = 16) in the production
data analysis.

Five piglets per litter were tagged and
enrolled in the trial after birth. No intra-
litter pig movement was allowed. Pigs
were enrolled that appeared healthy and
were visually similar in weight to the
median pig size in the litter to avoid
extreme piglet sizes.

Natural planned exposure

The NPE material was created using the
master seed method and stored in an on-
farm deep freezer.!! Due to their higher
prevalence and more significant pro-
duction impact, only RVA and RVC were
included in the master seed NPE mate-
rial. This was verified by monitoring the
RVs on the farm prior to conducting the
study by quantitative reverse transcrip-
tase-polymerase chain reaction (qRT-
PCR). The viral strains used were collect-
ed at the farm where the gilts were born.
Sequence analysis of VP4 and VP7 were
performed on samples from the farm
and from the stock to ensure the isolates
matched. To prepare the NPE, 40 mL of
master seed was added to approximately
14 L of water and mixed thoroughly with
enough feed to generate approximately
100 doses of gruel. Each gruel dose was
approximately 237 mL (1 cup).

Each gilt received 1 dose of NPE gruel
administered 5 hours after daily feeding.
Gilts were baited to their feeders using

a small amount of dry feed. Once posi-
tioned in their feeding headstalls,

1 dose of NPE was measured and placed

into each feeder space. Researchers re-
mained at the pens until NPE was com-
pletely consumed. Samples of each batch
of NPE gruel were reserved and tested.

Sampling

Fecal samples were collected from gilts
immediately prior to NPE at 5 WPF and
then twice per week until 2 WPF, after
which weekly sampling occurred until
weaning (-5, -4.5, -4, -3.5, -3, -2.5, -2, -1,
0, 1, 2, and 3 weeks) for a total of 12 fe-
cal samples per gilt. Gilt fecal samples
were collected by digital rectal exami-
nation and stored in individual 50-mL
centrifuge tubes. Fecal swabs (BD BBL
CultureSwab) were collected from pig-
lets within 24 hours of birth and weekly
until 6 weeks of age (0,1,2,3,4,5,and 6
weeks of age) for a total of 7 fecal swabs
per piglet. All pigs were weaned and
transported from the sow farm to a nurs-
ery site between samples 3 and 4. All pig-
lets were comingled at the nursery site,
with no separation between treatment
groups. To prevent contamination dur-
ing sampling, gloves were changed be-
tween every gilt and litter of piglets.

Diagnostic testing

The NPE gruel, feces, and fecal swabs
were tested by qRT-PCR for RVA, RVB,
and RVC at Kansas State University Vet-
erinary Diagnostic Laboratory. Isolation
of RVA was performed on the NPE gruel
to confirm live virus by blind-passaging
3 times on MA104 cells. Isolation of RVB
and RVC was not attempted due to their
fastidious nature.3 Gruel (500 puL) was
incubated with 20 uL of TPCK-treated
trypsin (Thermo Fisher Scientific) for
30 minutes at 37°C. Samples were then
placed in 24-well plates containing con-
fluent MA104 cells (ATCC). The plates
were incubated for 1 hour at 37°C, washed
with phosphate-buffered saline (PBS),
and incubated for 5 to 6 days at 37°C in
fresh minimum essential media (Sigma
Aldrich) with 1% bovine serum albumin
(Sigma Aldrich). After 2 freeze-thaw

cycles, 2 additional passages on fresh
MA104 cells were conducted. Samples
with cytopathic effect were sent for qRT-
PCR to confirm the growth of RVA. For
gRT-PCR testing of gilt fecal samples, ap-
proximately 1 g of feces was added to

3 mL of PBS and centrifuged to create

a fecal homogenate. Gilt fecal homog-
enates were pooled by 3 within their
treatment group. Gilt pools testing posi-
tive by qRT-PCR were tested individually.
Piglet fecal swabs were placed in 1 mL of
PBS and were pooled by litter (n =5 pig-
let fecal samples/pool). Cycle threshold
(Ct) values less than 36 were considered
positive for RV shedding. High and low
viral shedding levels were determined
based on a Ct value cut-off published

for human RV infections to distinguish
symptomatic and asymptomatic infec-
tions (Table 1).12:13

Production data collection

Piglets were weighed 3 days prior to
weaning. Additionally, the prewean-
ing mortality rates for each treatment
group were determined using the farm’s
record-keeping system (PigKnows).

Data analysis

Statistical analysis on piglet weaning
weight and preweaning mortality was
conducted using PROC MIXED/PROC
GLIMMIX (SAS v 9.4, SAS Institute Inc).
A linear model was fit to explain the
effect of treatment on adjusted weight.
Least squares means were provided for
each treatment group, and all pairwise
comparisons of treatment groups were
computed. Tukey’s method was used to
control for multiple comparisons. Simi-
larly, a general linear model was fit to ex-
plain the effect of treatment on mortal-
ity. Significance was established a priori
at P <.05. Adjusted weights were calcu-
lated by adding or subtracting 0.5 1b
(0.23 kg) per pig for each day above

or below 21 days of age at weaning,
respectively.*

Table 1: Levels of rotavirus shedding and corresponding quantitative real time
polymerase chain reaction (qQRT-PCR) cycle threshold (Ct) values used for data

analysis

Viral shedding category

gRT- PCR Ct value range

High
Low

None

Ct<26
26 >Ct<36
Ct>36

12
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To investigate variables associated with
low virus shedding in piglets, multiple
mixed effects logistic regression models
were constructed using the lme4 pack-
age in R (R Core Team).!® The outcomes
considered were levels of RVA, RVB, or
RVC viral shedding in the farrowing and
nursery phases of the study (Tables 2
and 3). For each outcome, only the data
points where piglets were shedding

the virus of interest were considered.
Thus, the model outcome was a trinary
variable of either high, low, or no viral
shedding based on the Ct value cut-offs
(Table 1). Treatment group (4-level cat-
egorical variable; group 1, 2, 3, or 4) and
shedding of other RV species (3-level
categorical variable; high, low, or none)
were included as fixed effects. A fixed
effect in the farrowing models for the
duration of gilt shedding prefarrowing
(continuous variable, weeks) was in-
corporated as a proxy for the strength
of lactogenic immunity, assuming lon-
ger viral shedding in gilts translates to
more exposure and a greater immune
response against RVA or RVC. This ap-
proach was adapted from porcine epi-
demic diarrhea virus research approach-
es.1% A fixed effect was included in the
nursery phase models for the duration of
piglet RVA or RVC shedding in the nurs-
ery phase (continuous variable, weeks)
as a proxy for the generation of active
immunity. This was included to analyze
whether an increased duration of RV
shedding in the farrowing room trans-
lated to a more robust active immune
response and protection in the nursery
phase. Previous research showed that
piglets shedding RV after a virulent
inoculation are better protected upon
challenge.” Litter was a random effect.
Shedding of RVB was not detected until
the nursery phase, so this model was
not constructed, leaving 5 mixed effects
models tested (Tables 2 and 3).

Results

Production impact

The mean 21-day adjusted piglet wean-
ing weights for groups 1, 2, 3, and 4 (con-
trol) were 14.55, 13.42, 13.66, and 13.10 1b
(6.60, 6.09, 6.20, and 5.94 kg), respectively.
Group 1 (3 NPE administrations) weaning
weight was significantly different than
group 2 (2 NPE administrations), group 3
(1 NPE administration), and the control
group. Tukey-Kramer adjusted two-sided
Pvalues for differences of least squares
means for each treatment relative to the
control group were < .001, .013, and < .001,

respectively. This ultimately resulted in a
mean weaning weight increase of 1.45 1b
(0.66 kg) between group 1 and the control.
No significant differences in preweaning
mortality between treatment groups were
identified.

Natural planned exposure

The NPE gruel samples were mixed us-
ing material that had previously tested
positive by virus isolation for RVA. As de-
termined by qRT-PCR, the NPE material
fed to the sows yielded a lower Ct value
for RVA than RVC (Table 4). The mean

Ct value was 23.66 for RVA and 30.69 for
RVC, while RVB was negative.

Gilt viral shedding

The qRT-PCR results for RVB were nega-
tive for gilts at every sampling point. Pri-
or to the initial administration of NPE,

2 of 46 gilts were positive for RVA, while
all gilts were negative for RVC (Figure 1).
Based on qRT-PCR results at 4.5 WPF, the
first feedback administration induced
RVA shedding in 71.4% (25 of 35) of gilts
with mean Ct = 30.11 while RVC was shed
in only 20.0% of gilts (7 of 35; mean
Ct=32.96). At 4 WPF, the total number
of RVA-shedding gilts decreased (20 of
35 gilts), but peak levels of shedding
were observed in gilts that were RVA
positive (mean Ct = 27.33). The number
of gilts shedding RVC increased (14 of 35
gilts) at this time point, along with the
level of shedding (mean Ct = 31.49). At
week 3.5 after the second NPE admin-
istration for group 1, all 12 gilts in this
group were shedding RVA, yet only 1 gilt
was shedding RVC.

Group 1 had increased levels of shedding
after the first 2 NPE administrations (col-
lection points 4.5 and 3.5 WPF) but not
after the final NPE administration (col-
lected at 2.5 WPF). Group 2 exhibited in-
creased shedding after both NPE admin-
istrations (4.5 and 2.5 WPF). In group 3,
RVA shedding levels reached 63.6% (7

of 11) of gilts shedding after their single
NPE administration (4.5 WPF) and slowly
decreased over 2 weeks before they were
all found to be negative at 2.5 WPF. One
week prior to farrowing, only 1 gilt each
was shedding RVA and RVC at low levels,
both from group 2. At farrowing, RVA
shedding was observed in gilts from

all the treated groups (7 of 35 gilts). At

1 week post farrowing, a single giltin
each of the treated groups was positive
for RVA and all gilts were negative by
week 3. No RVC shedding was detected
in treated gilts at the time of farrowing

or at 1 week post farrowing. However, 4
control group gilts were positive for RVC
at 1 week post farrowing. One control gilt
was positive for RVC at 2 weeks, and 6 to-
tal gilts from groups 1 and 2 also became
positive for RVC. By 3 weeks post farrow-
ing, all gilts were negative for RVA and
RVC. Overall, shedding of RVA was high-
er in treatment group gilts, while RVC
shedding was higher in control group
gilts. No apparent differences in RVA and
RVC shedding were discerned between
the treatment group gilts.

Piglet viral shedding

At week 1 post farrowing, 4.3% (2 of 46)
litters were positive for RVA and 32.6%
(15 of 46) were positive for RVC (Figure
2). Shedding of RVA in the farrowing
room was rarely diagnosed in all treat-
ment groups, with only 1 litter in group
1 and group 3 shedding RVA starting at
week 1. One other litter in group 3 be-
came RVA positive during week 3. Shed-
ding of RVC began in week 1 and the
piglet pools from control gilts contained
the most positive litters (64%), while
17%, 42%, and 9% of litters were positive
in groups 1, 2, and 3, respectively. At this
time, 5 of the 11 (45.6%) control litters
were shedding high levels (Ct < 26) of RVC,
but by weeks 2 and 3, 1 litter (9.1%) and

0 litters (0.0%), respectively, had high
levels of RVC shedding. No piglet litters
were shedding RVB during the farrow-
ing phase.

At the nursery (week 4), RV infections
became much more prevalent regard-
less of the treatment group. At week 4,
all litters were shedding high levels of
RVA. High RVA shedding levels subsided
to low levels (26 > Ct < 36) in all but 1 lit-
ter from the control group at week 5 but
returned at week 6 in 25% of litters in
group 1, 58% of litters in group 2, and
73% of litters in groups 3 and 4. None of
the litters that became RVA positive re-
solved their shedding during the study.
Shedding of RVB first appeared at week
41in 26 of 46 litters. The highest levels
of RVB shedding were observed at week
5, while RVA shedding was subsiding. A
reduction in RVB shedding was seen at
week 6, but none of the litters stopped
shedding the virus. Generally, litters
testing positive for RVA or RVC in early
farrowing tested positive for the respec-
tive RV at later sampling points. Piglet
pools that were negative at 1 week of age
remained negative until the animals
were moved to the nursery.
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Table 2: Factors tested for association with lower RVA or RVC shedding by piglets in the farrowing room

Model outcome*
Possible factors Low piglet RVA shedding Low piglet RVC shedding
Treatment group X X
Piglet RVA shed level, farrowing room X

Piglet RVC shed level, farrowing room

Duration of sow RVA shedding, prefarrow

Duration of sow RVC shedding, prefarrow

Litter IDY X

X indicates that the possible factor in the first column was tested for significance on the model outcome in the marked column.
All factors were tested as fixed effects except Litter ID, which was modeled as a random effect.
RVA = rotavirus A; RVC = rotavirus C; ID = identification.

+

Table 3: Factors tested for association with lower RVA, RVB, or RVC shedding by piglets in the nursery

Model outcome*

Low piglet Low piglet Low piglet
Possible factors RVA shedding RVB shedding RVC shedding
Treatment group X X X
Piglet RVA shed level-nursery X X
Piglet RVB shed level-nursery X X
Piglet RVC shed level-nursery X X
Duration of piglet RVA shedding in the farrowing room
Duration of piglet RVC shedding in the farrowing room
Litter IDY X X X

X indicates that the possible factor in the first column was tested for significance on the model outcome in the marked column.
All factors were tested as fixed effects except Litter ID, which was modeled as a random effect.
RVA = rotavirus A; RVB = rotavirus B; RVC = rotavirus C.

+

Table 4: RVA and RVC cycle threshold values in natural planned exposure gruel mixture at each administration in weeks
prefarrowing

RVA (NPE Gruel) Ct RVC (NPE Gruel) Ct
NPE 1 (5 WPF) 24.42 32.55
NPE 2 (4 WPF) 22.46 29.32
NPE 3 (3 WPF) 24.15 30.30
Geometric mean 23.66 30.69

RVA = rotavirus A; RVC = rotavirus C; Ct = cycle threshold; NPE = natural planned exposure; WPF = weeks prefarrowing.

14
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Figure 1: Progression of A) rotavirus A (RVA) and B) rotavirus C (RVC) shedding levels over time in gilts receiving 3 (group
1), 2 (group 2), 1(group 3), or no (group 4/control) doses of natural planned exposure. Gilts farrowed at week 0. Each
horizontal bar represents one gilt and shifts up or down based on cycle threshold (Ct) value (low Ct values toward the
top and high to negative Ct values at the bottom). High shedding is depicted as red, while low shedding and no shedding
are shown as yellow and green, respectively. Black stars indicate time points that natural planned exposure was
administered.
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Figure 2: Progression of A) rotavirus A (RVA), B) rotavirus B (RVB), and C) rotavirus C (RVC) shedding levels over time in
piglets based on quantitative real time polymerase chain reaction results on fecal samples pooled by litter. Litters were
from gilts receiving 3 (group 1), 2 (group 2), 1(group 3), or no (group 4/control) doses of natural planned exposure. Week
0 is farrowing, and week 4 is the first week in the nursery. Each horizontal bar represents one litter and shifts up or down
based on cycle threshold (Ct) value (low Ct values toward the top and high to negative Ct values at the bottom). A gray
bar indicates a missing sample. High shedding is depicted as red, while low shedding and no shedding are depicted as
yellow and green, respectively.
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Table 5: Odds ratios and 95% confidence intervals for statistically significant (P < .05) fixed effects of fitted models for
RVA, RVB, and RVC shedding in each treatment group

The odds of...*

Were...

For...

Low RVC shedding-
farrowing room

Low RVA shedding-
nursery

Low RVB shedding-
nursery

Low RVC shedding-

86% lower

630% higher

329% higher

Group 3 litters
(1 dose of NPE)

Litters shedding high
levels of RVC in the
nursery

Litters shedding high
RVA levels in the
nursery

69% lower

564% higher

Litters shedding high
RVC levels in the
nursery

Litters shedding high
levels of RVA in the
nursery

nursery

75% higher

Each additional week
of litter RVC shedding
during farrowing

Compared to... 0dds ratio, 95% Cl
Group 4 litters 0.14
(no NPE) (0.02, 0.79)
Litters shedding low 73
levels of RVC in the :
nursery (1.55, 34.37)
Litters shedding low 4.29
RVA levels in the :
e (1.20, 15.32)
Litters shedding low 031
RVC levels in the ’
nursery (0.11, 0.90)
Litters shedding low 6.64
levels of RVA in the :
nursery (1.27, 34.53)
1.75
e (1.10, 2.79)

*

Litters were from gilts receiving three (group 1), two (group 2), one (group 3), or no (group 4/control) doses of NPE.

RVA = rotavirus A; RVB = rotavirus B; RVC = rotavirus C; NPE = natural planned exposure; NA = not applicable.

Mixed effects logistical modeling

Since all piglet litters became positive
for one or more of RVA, RVB, or RVC dur-
ing the study regardless of NPE exposure
group, the researchers were interested
in whether lower levels of viral shed-
ding were associated with treatment
group and whether lower viral shedding
was related to other factors such as the
concurrent shedding of other RV spe-
cies, duration of gilt shedding prior to
farrowing (as a potential proxy for lac-
togenic immunity), or duration of piglet
shedding in the farrowing room (as a
potential proxy for active immunity).
Treatment group was not a significant
predictor in any of the models except
for RVC shedding in the farrowing room
(Table 5). One administration of NPE
was correlated to reduced odds of lower
viral shedding compared to the control
group by 86%. Specifically, it was deter-
mined that high RVC shedding was more
likely in pigs from groups that received
at least one administration of NPE. It
was not possible to draw statistically sig-
nificant conclusions about the effect of
NPE administration on the reduction of
viral shedding in all other models. The
duration of gilt shedding prior to farrow-
ing was not statistically associated with
lower shedding in the farrowing room.

In the nursery phase, viral shedding was
predominantly associated with the con-
current shedding of other RV species.

Shedding of RVA and RVC were inversely
related to each other, and higher RVA
shedding was associated with increased
odds of lower RVC shedding by 564%
(Table 5). High RVA shedding was also
correlated with increased odds of lower
RVB shedding, but the change in odds
was 329%. High RVC shedding was as-
sociated with increased odds of low RVA
by 630% but reduced odds of low RVB
shedding by 69%. The odds of lower RVC
shedding in the nursery increased by
75% for each additional week that a litter
was shedding RVC in the nursery.

Discussion

There was a significant difference in
weaning weights of piglets born to gilts
that received 3 NPE administrations
compared to fewer or no NPE adminis-
trations, which is consistent with previ-
ous reports on the impact of rotavirus
in suckling pigs.? This suggests that 3
administrations of homologous NPE im-
proved weight gain under the conditions
of this study. This is also consistent with
reports of success using NPE programs
for other viruses such as transmissible
gastroenteritis (TGE). In 1993, a study
found that NPE for TGE virus relieved
the farrowing house of all clinical signs
of the disease and hypothesized that this
was due to sows providing a higher level
of immunity to their suckling piglets.!®
A recent article specific to RVC showed

that lower IgA and IgG titers in milk
were related to increased incidence of
clinical diarrhea and more viral shed-
ding in piglets.”

Shedding of RVA and RVB from piglets
was low in the farrowing room regard-
less of treatment group, but RVC was ob-
served as early as 1 week of age. The RVC
prevalence suggests insufficient anti-
body titers generated in the gilts, which
are associated with higher rates of clini-
cal disease in piglets.!® While RVC shed-
ding was numerically more prevalent in
the control group, the analysis did not
identify treatment group as significantly
associated with a reduction in viral
shedding in any of the models. Infec-
tions with RVA had low prevalence and
treatment did not affect RVA shedding
in the farrowing room. The severity of
piglet challenge was unknown for RVA.
Perhaps NPE benefits may only be real-
ized at higher burdens of environmental
RV. Mixed effects logistical modeling
highlighted the inverse association be-
tween RVA and RVC shedding, where low
shedding of one RV was associated with
high levels of the other. This contrasts
with previous work that has shown RV
infections are statistically associated

in neonatal piglets.?® In bovine hosts,
Chang and colleagues?! suggested infec-
tion with RVA may enhance RVC infec-
tions. Whether the observed peak RVA
shedding followed by RVC shedding in
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the nursery indicates a similar dynamic
relationship between RV species in pigs
remains to be fully elucidated.

The piglets born to treated gilts in this
study were not fully protected from RV
shedding. In fact, the treatment groups
were not associated with a reduction

of viral shedding, and all piglet litters
were positive for RVA, RVB, and RVC by
the end of the study. In the case of RVA,
where very few infections were seen

in the farrowing room, piglets may not
have been sufficiently challenged by
environmental RVA to induce active im-
munity. Passive maternal protection cer-
tainly hampers the development of ac-
tive immunity in piglets, even though it
is necessary for protecting piglets from
preweaning viral infections.!%!” Vari-
ous RV vaccine approaches have been
studied at length but seldom include the
context of passive protection. Studies

on porcine RVA modified live vaccines
(MLVs) have demonstrated that piglets
vaccinated with MLV can be protected
entirely from viral shedding,?? and that
active immunity generated after RV vac-
cination can be heterotypic in nature.?
Achieving similar heterotypic protection
in the context of lactogenic passive im-
munity remains a challenge. This work
nonetheless demonstrates that 3 doses of
NPE prior to farrowing can have produc-
tion and economic benefit to producers.

This study was conducted on a single
farm, and the results should be carefully
interpreted in other contexts. Addition-
ally, the practicality and legality of this
method must be carefully considered
based on the location of the farm and
regulations that apply. If implemented,
the success of an NPE program may vary
based on the farm environment, quality
controls, and herd immunity. This study
was conducted on a gilt-only farm, while
most commercial sow farms in the United
States have a multiparous organization.
The farm was selected to represent the
most challenging case scenario since gilts
have been shown to have lower levels of
IgG in their colostrum than multiparous
sows.?* The use of qRT-PCR testing means
that infectivity of virus detected in feces
and swabs cannot be determined. The
limited knowledge on the optimal infec-
tious dose of RVs in NPE gruel mixtures
needs attention. Lastly, increased avail-
ability of serological assays may help to
understand immune responses and dif-
ferences in viral shedding.

Implications
Under the conditions of this study:

* Prefarrowing NPE may have pro-
duction and economic benefits for
producers.

® Infection with certain RVs may af-
fect immunity and shedding of other
RVs.

* On-farm NPE may be a feasible op-
tion for RV control.
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Water use patterns within each day:
Variation between batches of growing
pigs in commercial production systems
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Summary

Objective: To measure, describe, and
compare the water use patterns within
each day for multiple cohorts of wean-
er, grower, and finisher pigs in farm
buildings.

Materials and methods: Prospective,
observational cohort studies of the wa-
ter use patterns within each day were
conducted in 5 pig buildings using ei-
ther a turbine or ultrasonic water flow
meter attached to the main water pipe
entering each building. Water use data
were collected from multiple batches of
pigs (second-stage weaners over eleven,

48-day periods and grower-finishers
over 4 periods of 21-43 days). Semi-para-
metric models of pig water use patterns
within each day were estimated using
the brms software package in R. To esti-
mate the interacting effects of time and
pig body weight on water use by pigs, we
used tensor product smooths for time
and pig body weight.

Results: The water use pattern within
each day varied between the cohorts, and
the pattern of many cohorts changed as
the pigs gained weight. Some patterns
were unimodal and others were bimodal,
with the main peak in water use occur-
ring early afternoon to late afternoon.

Implications: Water use patterns of pigs
within each day varied between and
within cohorts. The water use pattern
of one cohort cannot be used reliably

to predict that of other cohorts, even if
they are reared in the same building.
Water use pattern data may be valuable
for optimizing in-water antimicrobial
dosing regimens.

Keywords: swine, drinking water, wa-
ter flow, semi-parametric models, water
medication
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Resumen - Patrones de uso de agua en
el mismo dia: variacion entre lotes de

cerdos de crecimiento en sistemas de

produccion comercial

Objetivo: Medir, describir, y comparar
los patrones de uso de agua en el mismo
dia para multiples cohortes de cerdos
destetados, en crecimiento, y final-
izacién en edificios de una granja.

Materiales y métodos: Se realizaron es-
tudios de cohortes observacionales pro-
spectivos de los patrones de uso de agua
en el mismo dia en 5 granjas porcinas
utilizando una turbina o un medidor de
flujo de agua ultrasénico conectados a la
tuberia de agua principal que ingresa a

cada edificio. Los datos de uso de agua se
recopilaron de multiples lotes de cerdos
(destetados de segunda etapa durante
once periodos de 48 dias y cerdos de en-
gorde durante 4 periodos de 21 a 43 dias).
Se estimaron modelos semiparamétricos
de patrones de uso de agua por cerdo
dentro de cada dia utilizando el paquete
del programa brms en R. Para estimar
los efectos interactivos del tiempo y el
peso corporal del cerdo en el uso del
agua por parte de los cerdos, utilizamos
productos tensoriales suavizados para el
tiempo y el peso corporal del cerdo.

Resultados: El patrén de uso de agua
dentro de cada dia varié entre las co-
hortes y el patrén de muchos cohortes

cambid a medida que los cerdos aumen-
taban de peso. Algunos patrones fueron
unimodales y otros bimodales y el pico
principal en el uso de agua se produjo
desde la primera hora de la tarde hasta
la final tarde.

Implicaciones: Los patrones de uso de
agua de los cerdos dentro de cada dia
variaron entre y dentro de las cohortes.
El patrén de uso del agua de una cohorte
no se puede usar de manera confiable
para predecir el de otros cohortes, in-
cluso si se crian en el mismo edificio.
Los datos del patrén de uso del agua
pueden ser valiosos para optimizar los
regimenes de dosificacidn de antimicro-
bianos en el agua.
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Résumé - Modeles d’utilisation de I'eau
au cours de chaque journée: varia-
tion entre les lots de porcs en crois-
sance dans les systéemes de production
commerciale

Objectif: Mesurer, décrire et comparer
les patrons d’utilisation de 'eau au cours
de chaque journée pour plusieurs co-
hortes de porcs sevrés, en croissance

et en finition dans les batiments de la
ferme.

Matériels et méthodes: Des études de
cohorte prospectives et observation-
nelles des patrons d’utilisation de l'eau
au cours de chaque journée ont été
menées dans cing porcheries a l'aide
d’un débitmetre a turbine ou a ultra-
sons fixé a la conduite d’eau principale
entrant dans chaque batiment. Les

données sur l'utilisation de l'eau ont
été recueillies aupres de plusieurs lots
de porcs (les porcs sevrés au deuxieme
stade sur onze périodes de 48 jours et
les porcs en croissance-finition sur
quatre périodes de 21 a 43 jours). Des
modeéles semi-paramétriques des pa-
trons d’utilisation de 'eau par les porcs
au cours de chaque journée ont été es-
timés a l'aide du progiciel brms dans
R. Pour estimer les effets interactifs du
temps et du poids corporel des porcs
sur l'utilisation d’eau par les porcs, nous
avons utilisé des lissages de produits
tensoriels pour le temps et le poids cor-
porel des porcs.

Résultats: Le patron d’utilisation de
l'eau au cours de chaque journée variait
entre les cohortes, et le patron de nom-
breuses cohortes changeait a mesure

que les porcs prenaient du poids. Cer-
tains patrons étaient unimodaux et
d’autres étaient bimodaux, le principal
pic d’utilisation de I'eau se produisant
du début de 'aprés-midi au la fin de
lapres-midi.

Implications: Les patrons d’utilisation
de 'eau des porcs au cours de chaque
journée variaient entre les cohortes

et au sein de celles-ci. Le patron
d’utilisation de 'eau d'une cohorte

ne peut pas étre utilisé de maniere fi-
able pour prédire celui des autres co-
hortes, méme si elles sont élevées dans
le méme batiment. Les données sur les
patrons d’utilisation de I'eau peuvent
étre utiles pour optimiser les schémas
posologiques d’antimicrobiens dans
l'eau.

rowing pigs use 60% to 65% of the
Gtotal volume of water consumed

by the pig industry.! Water is an
essential resource on pig farms and ap-
proximately 80% of total farm water use
is for animal drinking, with the remain-
ing 20% used for animal cooling and
facility cleaning.! Pigs must maintain
a balance between bodily water intake
and output. Most (> 75%) of the total
daily bodily water intake of a pig is water
consumed by drinking.? Daily voluntary
water use by pigs, ie, water consumed
and wasted, is a function of their body
weight (BW). This has been measured
with various combinations of drinker
types, heights, and water flow rates, and
averages between 60 and 117 mL/kg BW
across studies.3> Water use by pigs is
influenced by the time of day. Pigs drink
mostly during daylight hours, with their
bouts of drinking occurring within 1
to 2 hours of meals.®® The peak period
of water use occurs in the afternoon,
sometimes with a secondary peak in the
morning.>!’

Published studies that report the water
use patterns of pigs within each day have
varied widely in cohort sizes and study
duration. Some studies have used water
flow meters to describe water use pat-
terns volumetrically, while others have
used video recordings to describe water
use patterns in terms of the time pigs
spend drinking. The statistical methods
used to analyze water consumption have
not evaluated the dependence of water
use by pigs in a given hour on their water
use in previous hours (autocorrelation),!®
and changes in water use patterns with-
in each day over successive days as BW

increases have not been studied. This
study aimed to describe and compare
the water use patterns within each day
for multiple cohorts of second-stage
weaners (many of which were reared in
the same building) and of grower and
finisher pigs in 2 buildings. The objec-
tives were to 1) assess the extent of varia-
tion in the water use pattern within each
day across the cohorts, including those
reared in the same building; 2) assess
the extent to which the water use pat-
tern within each day for each cohort
changed as pigs gained weight; and 3)
determine whether the water use pat-
tern within each day for a cohort of pigs
could be used reliably to predict the pat-
terns of future pig cohorts in the same
building or a building of similar design.
The water use pattern within each day
for a cohort of pigs has implications for
in-water administration of antimicrobi-
als and other additives, as it has a sub-
stantial impact on water flow rates in
each pipe section of the building’s water
distribution system from hour-to-hour
and therefore, on the time course of an-
timicrobial concentration in water avail-
able to pigs at drinkers in each pen. The
water use pattern also affects the volume
of medicated water consumed by pigs
throughout the building hour-to-hour af-
ter the antimicrobial first arrives at the
drinkers to which they have access.!®

Animal care and use

An animal use protocol was not neces-
sary for this study as no animals were
involved. Water flow data were collected
from meters installed in the main water

pipe entering each building. Pigs within
each building were reared according

to routine commercial farm practices
in compliance with the standards pre-
scribed by the Australian Pork Industry
Quality Assurance Program.

Materials and methods

Data collection

Three studies of pig water use were con-
ducted in commercial production envi-
ronments on 3 farms located in south-
eastern Australia. Study 1 was conducted
in second-stage weaner buildings Al, A2,
and A3 on farm 1. These 3 buildings were
identical in their dimensions and con-
figuration (Table 1). Studies 2 and 3 were
conducted in grower-finisher buildings B
and C on farm 2 and farm 3, respectively.
The mean age and approximate BW of
each pig cohort upon entry to and exit
from a building are provided in Table 1.
The BW values were estimates from the
generalized pig growth curve used by
each farm. Pigs were fed ad libitum with
a pelleted ration formulated to meet the
nutritional requirements of weaner pigs
and grower-finisher pigs as specified by
the National Research Council (2012).2°
No health challenges were reported by
farm staff during the measurement peri-
ods. For Study 1, water flow was continu-
ously measured using a turbine water
flow meter (Zenner GmbH) installed in
the main water pipe entering each build-
ing. For Studies 2 and 3, water flow was
measured using a clamp-on, doppler-
type ultrasonic water flow meter with
two transducers (Flexim Fluxus F601;
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Table 1: Description of pigs and buildings in studies 1, 2, and 3

Study 1 Study 2 Study 3
Farm 1 2 3
Building A1, A2, and A3 B C
Ventilation & lighting Controlled Natural Natural
i35 4E AR MN::\T:: = l* M,\é‘;(n :11_-5;5*
Daylight/d, hrs 18* 10-13" 9.5-11"
Feeders Wet/dry feeders Wet/dry feeders Wet/dry feeders
Floor Mesh, fully slatted Concrete, partially slatted | Concrete, partially slatted
Cohorts 11 1 1
Pigs/cohort 2150 2116 2768
Sex Male and female Male and female Male and female
BW at entry, kg* 8.5 23 29
Entry age, d 35 63 72
BW at exit, kg* 28 97 70
Exit age, d 82 161 127
Occupancy period, d 48 99 55
Pig flow All-in, all-out All-in, all-out All-in, all-out
Pipe material$ Polyethylene PVC PVC
Pipe interior diameter, mm$ 40 50 50
Drinker type BowlT Nipple (in wet/dry feeder) Nipplef
Pigs/drinker 15 7 7
Main water source Underground water 50% underground water Town water

Water use measurement periods, d

Study period

48

Jul 2020-Mar 2021

and 50% surface water

43 (grower phase);
34 (finisher phase)

Feb-May 2021

22 (grower phase);
21 (finisher phase)

Jun-Aug 2021

- » H

BW = body weight; PVC = polyvinyl chloride.

Set internal building temperature and lighting program.

Based on local weather station data.

Estimated bodyweight from the generalized pig growth curve used by each farm.
At entry to building where water meter installed.
Drinkers in addition to nipple drinkers within wet/dry feeders.

22
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Flexim GmbH). Volumetric flow rate
data (recorded in increments of 2 min-
utes using the Zenner water meter and

1 minute using the Flexim Fluxus F601)
for each measurement period were ex-
ported from each flow meter as a .csv file
and summed in Microsoft Excel (Micro-
soft Corporation) to calculate water use
per hour per day over the measurement
period. The 1 and 2 minute observations
of water flow rate were aggregated into
1 hour periods as described by Madsen
and Kristensen.’

Estimation of models for cohort
water use patterns

Models of pig water use patterns within
each day were estimated using the soft-
ware package brms,?! which provides

an interface to fit Bayesian generalized
(non)linear multivariate multilevel mod-
els in R,?? using the probabilistic pro-
gramming language Stan.?® The Bayes-
ian inference method was used because
it has some advantages over frequentist
methods: a hierarchical structure that
offered greater flexibility with the abil-
ity to readily use datasets of varying
sizes and to specify and analyze complex
hierarchical models, and a more coher-
ent expression of uncertainty. As it em-
ployed a hierarchical generalized addi-
tive model (HGAM),?* brms incorporated
the dependence of pig water use in a
given hour on their water use in previous
hours and identified changes in water
use patterns within each day over suc-
cessive days as pigs gained weight.

Tensor product smooths for time and pig
BW were used to estimate the interacting
effects of time and pig BW on pig water
use.?* The effective sample sizes were
evaluated and increased as necessary
and the ‘adapt_delta’ argument altered to
ensure that divergent transitions did not
occur. For each model run in brms, for
each smooth term, and group and pop-
ulation-level effects, chain convergence
was assessed with the Rhat statistic and
avalue of 1.00 achieved, indicating that
the chains had converged to a common
distribution.?® The final version of code
used to fit the models in brms in R was:

R > Model <- brm(WATERPPIG_
L|cens(CENS)~1+s(TIME, DAY,
bs = fs’)+t2(TIME,PIGWT), family =
Gamma(link = ‘log’), data = (dataset),
cores = 4, iter = 4000, control = list(adapt_
delta =0.99, max_treedepth =12))

where s(TIME) is the population effect of
time of day on water usage, sS(TIME,DAY,
bs = ‘fs’) is the day-level variation in the
shape of water usage with time of day,
and t2(TIME,PIGWT) is the population
effect of both time of day and average BW
on water usage. In the model, s(TIME)
acted as a global smoother, whereas
s(TIME,DAY) acted as a random smooth-
er for each day. DAY was specified as a
factor. We selected a gamma response
probability distribution, as used in
modeling human tap water use.?® A cy-
clic spline function in R was not used to
force alignment of each model’s predic-
tions at the end and start of the day.

In post processing, we obtained the fol-
lowing from each model: 1) a single com-
mon smooth for all observations by pig
BW; 2) a single common smooth for all
observations by time of day; 3) smooths
specific to pigs on each day within the
period reared in the building; and 4)
smooths specific to pigs at 3 points in
time (expressed as BW) as they gained
weight during the measurement period
(these BWs equated to the 25, 50th, and
75th percentiles of the range from entry
BW to exit BW based on the farm’s gen-
eralized pig growth curve). Visualization
of the tensor product smooths showing
the interacting effects of time of day and
BW on water use provided the most in-
sights into the water use pattern within
each day for the cohorts studied. As a
measure of model fit, the mean posterior
distribution of the R? value of each mod-
el was estimated using bayes_R2 in R.?’

Results

Second-stage weaners on farm 1

Eleven cohorts of second-stage weaners
(35-82 days of age) were studied in build-
ings Al, A2, and A3. In 9 cohorts, the
water use pattern within each day was
bimodal (Figure 1 A1-2, A1-3, A2-1, A2-

2, A2-3, A2-4, A2-5, A3-1, and A3-3) and
the pattern of 2 cohorts were unimodal
(Figure 1 Al-1 and A3-2). In building A1,
one cohort had a unimodal pattern while
the next cohort in the building had a bi-
modal pattern (Figure 1 Al-1 and Al-2). In
the 9 cohorts with a bimodal pattern, the
first peak varied from distinct to barely
distinguishable and peak water use oc-
curred at approximately 06:00 to 08:00
and 17:00 to 18:00. In the 2 cohorts with
aunimodal water use pattern, peak wa-
ter use occurred at approximately 15:00
to 18:00. The bimodality increased over
each cohort’s 48-day occupancy period,
as pigs gained weight. The afternoon

peak shifted 1 to 2 hours earlier in 5 co-
horts, 2 to 3 hours later in 3 cohorts, and
did not shift in 3 cohorts.

Grower-finishers on farms 2
and 3

In the cohorts of grower-finisher pigs (9-
21 weeks of age) in buildings on 2 farms,
the water use pattern within each day
was unimodal. In the cohort in building
B on farm 2, peak water use occurred

at approximately 13:00 to 15:00 in both
grower and finisher phases (Figure 2
B-1and B-2). This contrasted with the
cohort of grower-finisher pigs in build-
ing C on farm 3, in which peak water use
occurred at approximately 16:00 to 17:00
in the grower phase and shifted 2 to 3
hours earlier in the finisher phase to ap-
proximately 13:00 to 15:00 (Figure 2 C-1
and C-2). Peak water use in the grower-
finisher cohorts in buildings B and C
spanned shorter periods than those of
the afternoon peak in the weaner co-
horts on farm 1.

Discussion

The main findings from the study were
that 1) the water use pattern within each
day of the pig cohorts varied and the pat-
tern of many cohorts changed as the pigs
gained weight; 2) some patterns were
unimodal and others were bimodal, with
the main peak in water use occurring

in the early afternoon to late afternoon;
and 3) the water use pattern within each
day of a pig cohort can therefore not be
used reliably to predict the patterns of
other cohorts, even if they are reared in
the same building.

Our finding that the water use pattern of
pigs within each day varied between and
within cohorts is consistent with stud-
ies of feed consumption patterns within
each day.?® Nearly all the cohorts with a
bimodal pattern had an alternans pat-
tern, with a large peak in the afternoon
and a smaller peak in the morning that
varied in prominence. As with the bi-
modal feed consumption patterns within
each day in cohorts of growing pigs fed
ad libitum,?® the alternans, bimodal wa-
ter use patterns within each day that

we identified tended to become more
pronounced over successive days as pigs
gained weight.

Differences in the water use pattern
within each day for pig cohorts across
buildings and seasons of the year may be
due to differences in factors that influ-
ence many behavioral patterns in pigs.
These factors include pig genetics and
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Figure 1: Smooths showing the interacting effects of time of day and bodyweight (BW) on the water use of pigs within
each day over eleven, 48-day water use measurement periods in buildings A1, A2, and A3 on farm 1 between July 2020 and
March 2021. Three consecutive cohorts were reared in building A1 (A1-1, A1-2, and A1-3). Five consecutive cohorts were
reared in building A2 (A2-1, A2-2, A2-3, A2-4, and A2-5). Three cohort groups were reared in building A3 (A3-1, A3-2, and
A3-3). The smooths are specific to pigs at 3 points in time (expressed as BW) as they gained weight during the
measurement period. In each smooth, the band edges represent the limits of a 95% credible interval. The random effect
of DAY is set to zero. Means of the posterior distributions of the R2 values for the eleven models were: 0.66-0.87; 2.5th
credible limit: 0.6-0.91; 97.5th credible limit: 0.67-0.93.
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Figure 1: Continued
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Figure 2: Smooths showing the interacting effects of time of day and bodyweight (BW) on the water use of pigs within
each day in 2 cohorts of grower-finisher pigs in buildings on 2 farms in February to May 2021 and June to August 2021,
respectively. B-1and C-1) Smooths for the 2 cohorts in the grower phase. B-2 and C-2) Smooths for the same 2 cohorts in
the finisher phase. The smooths are specific to pigs at 3 points in time (expressed as BW) as they gained weight during
the measurement period. In each smooth, the band edges indicate the limits of a 95% credible interval. The random
effect of DAY is set to zero. Means of the posterior distributions of the R? values for the four models were: 0.76-0.85; 2.5t
credible limit: 0.74-0.84; 97.5th credible limit: 0.77-0.86.
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health status, building type, group size
and stocking density, drinker type, num-
ber and position of drinkers in each pen,
water flow rates from drinkers, water
quality, diet, level of competition be-
tween animals for water and feed access,
type and spatial arrangement of drink-
ers and feeders within each pen, day
length, and climatic conditions.”!® Many
of these variables were well controlled
in the weaner buildings where water use
patterns within each day were measured
for consecutive pig cohorts reared in the
same building or buildings of identical
design. While the 2 cohorts of grower-
finisher pigs shared the same genetics,
they differed in other factors influencing
behavioral patterns. Factors not con-
trolled across cohorts were health status
and social factors that may affect compe-
tition between animals for water.

Installing a system in each farm building
that continuously measures the daily wa-
ter use of each growing pig cohort would
be avaluable tool to the consulting veteri-
narian and herd manager by providing
easily interpretable visual representa-
tions of water use patterns within each
day over the preceding 7 days. It would
enable regular checks to confirm that
pigs were able to drink to satiety without
restriction in the hour of peak water use.
This would involve measuring flow rates
from drinkers throughout the building
to ensure they remain within the recom-
mended range (0.25-0.5 L/min for weaner
pigs and 0.5-1 L/min for grower-finisher
pigs).30 It would also be important to
confirm the number of pigs per drinker
in each pen was not above the recom-
mended maximum. Historical data on pig
water use patterns within each day may
also be useful in designing a water distri-
bution system for a new building or plan-
ning improvements to improve hydraulic
performance of a water distribution sys-
tem in an existing building.

Such a visual display system would also
enable veterinarians and herd manag-
ers to optimize in-water dosing regimens
for administering antimicrobials and
other additives. By commencing an an-
timicrobial dosing event when pig water
use is in an ascent phase and approach-
ing a peak, the proportion of the total
dose consumed throughout the build-
ing in the first 3 hours after the antimi-
crobial arrives at the drinkers could be
maximized. Likewise, between-animal
variation in the dose consumed by pigs
accessing drinkers at different points
along the water distribution system
could be minimized. This would likely

lead to a more rapid rise in antimicrobial
concentration in plasma and at the site
of infection in a high proportion of the
pigs dosed, and earlier attainment of the
pharmacokinetic-pharmacodynamic
target that best predicts antimicrobial
efficacy.?132 This should also help sup-
press emergent antimicrobial resistance
by minimizing the length of time that
the plasma antimicrobial concentra-
tion lies in the mutant selection window
just above the minimum inhibitory
concentration.3334 Using water use pat-
terns within each day to design dosing
regimens would also be valuable when
administering other additives for which
the degree of efficacy is dose dependant
including vaccines, parasiticides, direct-
fed microbials, and potential new thera-
peutic products such as bacteriophages.

The water use of pigs may be measured
at a building level using either a turbine
flow meter, electromagnetic flow meter,
or ultrasonic flow meter attached to the
main water pipe entering the building.
Factors to consider when determining
whether a particular water meter type
and model is suitable for use on farm
include the water flow range, level of ac-
curacy and repeatability, sensitivity to
poor water quality, ease of installation,
portability, reliability, longevity, and
cost. Characteristics of 3 types of water
flow meters are provided in the supple-
mentary materials. The water distribu-
tion systems in many conventional pig
buildings (such as building B on farm 2)
are over-sized relative to their typical
peaking factor, ie, maximum daily use
rate divided by the mean daily use rate.%°
As a consequence, water flow rates and
velocities through main pipe sections in
these water distribution systems tend to
be very low over many hours each day.
Water meters used in such buildings to
measure water use patterns within each
day must therefore be highly accurate at
very low water velocities. For this study
we chose to use a higher-end model of
ultrasonic water meter that specified a
minimum measurable flow velocity

(0.01 m/s, with 1% variable error and
0.005 m/s fixed error). Other ultrasonic
flow meter features found to be of value
were its noninvasive installation (no pipe
cutting was necessary), portability, abil-
ity to cope with particulate material in
pipes, robustness due to absence of any
moving parts, protection from rodent
damage with stainless steel transducer
cables, a protective, hard-shell carry
case, ability to report water flow in either
direction in a looped pipeline, and ability

to reliably and quickly export data from
the transmitter unit directly to a personal
computer with a USB cable (ie, without
relying on Bluetooth or Wi-Fi).

This is the first study of its kind and
should be considered a first step in gain-
ing a thorough understanding of the wa-
ter use patterns of pigs within each day.
Further studies are required to better
understand the extent to which water use
patterns of pig cohorts vary and the fac-
tors that influence pig water use patterns
within each day, such as internal build-
ing temperature and humidity levels and
patterns within each day. A limitation of
this study was that water use was only
measured at the building level and did
not quantify the variation in water use at
the pen or individual animal level. Fur-
thermore, this study did not distinguish
between the two components of pig water
use, namely water consumed and water
wasted.

Implications
Under the conditions of this study:

* Water use patterns within each day
varied between and within cohorts
of pigs.

* The water use pattern of one cohort
cannot be used to predict those of
others.

* Water use pattern data may be use-
ful to optimize in-water antimicro-
bial dosing.
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Summary

Researchers planning clinical trials
should identify the primary trial out-
come and adequately power the trial to
detect clinically meaningful differences
in this outcome. All primary and second-
ary outcomes and their measurement
should be comprehensively described,
and their results reported. There is evi-
dence that trials on the same subject use
different outcomes or measure the same
outcome in different ways, making it dif-
ficult to compare intervention effective-
ness across clinical trials. Consensus
development of core outcome sets could
improve consistency in outcome mea-
sures used across trials and aid in de-
velopment of an evidence-based body of
literature on intervention effectiveness
in swine populations.

Keywords: swine, outcome measures,
primary outcome, core outcome sets, re-
search utility
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Resumen - Maximizando el valor y
minimizando el desperdicio en prue-
bas clinicas en cerdos: Seleccion de
resultados para construir una base de
evidencia

Los investigadores que planifican prue-
bas clinicas deben identificar el resul-
tado principal de la prueba y potenciar
adecuadamente la prueba para detectar
diferencias clinicamente significativas
en este resultado. Todos los resultados
primarios y secundarios y su medicién
deben describirse exhaustivamente y
sus resultados deben ser informados.
Existe evidencia de que las pruebas
sobre el mismo tema usan diferentes
resultados o miden el mismo resultado
de diferentes maneras, lo que dificulta
comparar la efectividad de la interven-
cién entre las pruebas clinicas. El desar-
rollo de un consenso de los resultados
centrales podria mejorar la consistencia
en las medidas del resultado utilizadas
en las pruebas, y ayudar al desarrollo de
una compilacién de literatura basado en
evidencia sobre la efectividad de la in-
tervencion en poblaciones porcinas.

Résumé - Maximiser la valeur et mi-
nimiser le gaspillage dans les essais
cliniques chez le porc: Sélectionner les
résultats pour constituer une base de
données probantes

Les chercheurs qui planifient des es-
sais cliniques doivent identifier le ré-
sultat principal de l'essai et alimenter
suffisamment l'essai pour détecter des
différences cliniquement significatives
dans ce résultat. Tous les résultats pri-
maires et secondaires et leur mesure
doivent étre décrits de maniére exhaus-
tive et leurs résultats communiqués. I1
existe des preuves que les essais sur le
méme sujet utilisent des résultats dif-
férents ou mesurent le méme résultat
de différentes maniéres, ce qui rend dif-
ficile la comparaison de l'efficacité des
interventions entre les essais cliniques.
Lélaboration d’'un consensus sur les
principaux ensembles de résultats pour-
rait améliorer la cohérence des mesures
de résultats utilisées dans les essais et
aider a '’élaboration d’'un ensemble de
documents fondés sur des données pro-
bantes sur l'efficacité des interventions
dans les populations porcines.

he recent emphasis on evidence-
I based decision-making has led to
a growth in literature on the de-
sign of clinical trials.! In this article, we
use “clinical trials” as synonymous with
“controlled trials” and define clinical tri-
als as an experimental study intended
to evaluate products or procedures in
swine outside of a laboratory setting

(ie, in a realistic-use setting).? When ran-
dom allocation to an intervention group
is applied in a clinical trial, the design is
referred to as a randomized controlled
trial. For clarity, we will use the term
“clinical trial” throughout this article.

Clinical trials represent the primary
research design with the highest evi-
dentiary value when it is ethical and

feasible to allocate animals to treatment
groups.? Selecting appropriate outcomes
is fundamental to clinical trial design
because the difference in outcomes be-
tween intervention groups is inferred to
be the result of the intervention.*

The word “outcome” encompasses dif-
ferent constructs. To clarify, we use the
following vocabulary to describe the

JMS, TLO: Department of Population Medicine, Ontario Veterinary College, University of Guelph, Guelph, Ontario, Canada.

AMO: Department of Large Animal Clinical Sciences, College of Veterinary Medicine, Michigan State University, East Lansing, Michigan.

AR: University of Arizona College of Veterinary Medicine, Oro Valley, Arizona.

Corresponding author: Dr Jan M. Sargeant, 2536 Stewart Building, Ontario Veterinary College, University of Guelph, 50 Stone Road East,

Guelph, Ontario, Canada N1G 2W1; Tel: 519-824-4120 Ext. 54045; Email: sargeanj@uoguelph.ca.

Sargeant JM, O’Connor AM, O’Sullivan TL, Ramirez A. Maximizing value and minimizing waste in clinical trials in swine: Selecting outcomes to
build an evidence base. J Swine Health Prod. 2023;31(1):29-35. https://doi.org/10.54846/jshap/1300

Journal of Swine Health and Production — Volume 31, Number 1 29


mailto:sargeanj@uoguelph.ca
https://doi.org/10.54846/jshap/1300

various components of an “outcome”
with illustrative examples provided in
Figure 1. The first level of outcome is the
outcome domain; in swine research, rel-
evant outcome domains include health,
productivity, and animal welfare.
Within an outcome domain there can

be one or more conceptual outcomes.
For instance, the domain of productivity
would include conceptual outcomes such
as growth performance or reproductive
performance. Next, within a concep-
tual outcome, one or more operational
outcomes may be relevant. Operational
outcomes are something that can be
measured. For the conceptual outcome
of growth performance, operational
outcomes may include feed:gain ratio or
average daily gain. Finally, there is the
outcome measure, which includes case
definition, measurement tool, and time-
at-risk. A conceptual outcome such as
average daily gain could be measured in
different ways. For example, the outcome
measure for average daily gain may in-
volve weighing a pen at the start and end
of production or by calculating weight
gains at the end of a production phase for
surviving pigs. Decisions about trial out-
comes require specification of each com-
ponent of an outcome. These decisions
then need to be conveyed to the reader.

Considerable attention has been paid

to potential sources of bias in clinical
trials; however, the choice of outcome
measures has received less attention.!
This article will overview considerations
when selecting outcomes and outcome
measures for use in clinical trials, the
importance of identifying the primary
outcome, and the need for consistency in
selecting outcomes across trials.

Considerations when
selecting and reporting
clinical trial outcomes

Once the researcher has determined the
outcome domain and the conceptual out-
come, operational outcomes need to be
specified. The operational outcomes that
are selected should be an expected ben-
efit or harm of the intervention if that
intervention is effective. The researcher
must ask what they expect the interven-
tion to do that is meaningful to those
who might use the intervention.!

Relevant operational outcomes will dif-
fer as the intervention development re-
search moves from proof-of-concept or
safety trials to clinical trials evaluating
efficacy in realistic-use settings.® Thus,
as an example, in the early stages of vac-
cine development, the ability to produce
antibodies to the target protein might be
the most relevant operational outcome
for a company considering whether to
take the next step in product develop-
ment by investing in a large-scale clini-
cal trial. However, in clinical trials on
the efficacy of that vaccine, the primary
outcome measure should be of clinical
relevance to the end-user of the vaccine.
Therefore, in a clinical trial, outcome
domains like health, production, and
welfare should be operationalized with
clinically relevant outcomes such as a
mortality, morbidity, growth perfor-
mance, or animal comfort.

Once an operational outcome is selected,
the researcher must determine the as-
sociated outcome measure. There are a
number of types of outcome measures

that can be used. Clinical outcomes are
outcomes that reflect how an animal
feels, functions, or survives.® Examples
of clinical outcomes include measures
of morbidity (disease occurrence) and
mortality and outcome measures re-
lated to welfare. Outcomes also may be
surrogates for a clinical outcome (eg,
rectal temperature as a surrogate for
morbidity) or may be biomarkers (bio-
logical measurements) used to predict

a clinical outcome such as acute phase
proteins as a biomarker for risk of mor-
bidity. Composite endpoints represent a
combination of correlated variables.%’
An example of a composite endpoint

in swine could be the incidence of any
clinical sign of disease (eg, at least one
of diarrhea, lameness, weight loss, or
coughing). Although composite end-
points may increase statistical power for
rare outcomes, their use is not without
issues. Interested readers are directed to
other articles if composite outcomes are
used.®®

Determining the outcome measure per-
tains not only to what is measured and
how it is measured, but also to the time
at which it is measured. For instance,

an operational outcome such as aver-
age daily gain could be measured over a
specific period (eg, the 15 days following
intervention administration), over a spe-
cific production period (eg, during the
nursery phase), or over the entire period
from weaning to market. In contrast,
some outcome measures may logically
only pertain to a single time or specific
event; an example would be pigs born
alive per litter, which is measured ata
single time.

Figure 1: Flow chart of outcomes from domains to measures, with examples for swine research.

Health

Respiratory disease

Presence / absence of lung
lesions

At least 50% consolidation
of lungs at post-mortem

Examples for research conducted in swine

Production

Reproductive
performance

Fecundity

per sow

Average pigs born alive

Welfare

Freedom from
dicomfort

Pain

Cortisol level 6 hours
post castration
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As an example of how the process of se-
lecting an outcome might work, consider
aresearcher planning a trial of an inter-
vention intended to reduce respiratory
disease in finishing pigs. The trial could
be designed to evaluate health as an out-
come domain, occurrence of pneumonia
as the conceptual outcome, lung lesions
as an operational outcome representing
a surrogate measure of pneumonia, and
a specific scoring system of lung pathol-
ogy at slaughter as the outcome mea-
sure. The trial could be designed to eval-
uate production as an outcome domain,
growth performance as the conceptual
outcome, average daily gain as an opera-
tional outcome, and average daily gain
for 30 days post intervention as the out-
come measure.

It is important to consider whether the
selected outcome measure (including
what, how, and when it is measured)

is sensitive to the nature and degree of
change expected from the intervention.!
For instance, consider an intervention
is applied to nursery swine where the
outcome is measured as average daily
gain at slaughter. It is possible that the
intervention was successful at reduc-
ing production losses in the short term,
but that the outcome at slaughter was
not sensitive to the intervention due to
compensatory growth. As another ex-
ample, suppose that a researcher evalu-
ated trembling as a welfare outcome.
This outcome could be measured on a
dichotomous scale (presence or absence
during a defined period) or on a continu-
ous scale (number of episodes of trem-
bling during a defined period). An inter-
vention might reduce the frequency of
trembling, but not whether it occurred.
Therefore, the researcher will need to
decide whether the presence or absence
of trembling is sensitive to the interven-
tion or whether the outcome of number
of episodes of trembling would be more
appropriate.

The number of outcomes to include in a
trial also should be considered. It is com-
mon for trials to include multiple out-
come domains (eg, health and welfare),
and a single trial may include multiple
conceptual and operational outcomes
within each domain. Additionally, an
operational outcome may be measured
in multiple ways (eg, presence or ab-
sence of coughing, respiratory illness
requiring treatment, or cough index). In
studies on reporting of clinical trials for
health and production and for on-farm
food safety in livestock, 182 of 200 trials
had multiple outcomes.>!° In the study

on food safety trials, ° the mean number
of outcomes per trial was 8.5 (range: 1-51)
and in the study on livestock health and
production trials,! the mean number of
outcomes per trial was 9.5 (range: 1-41).

The outcomes selected should be those
necessary for decision-making. Too
many outcomes may lead to a lack of
focus or difficulties in interpreting trial
results, for instance when different out-
come measures for the same conceptual
outcome have different results or inter-
pretation.® Additionally, as the number
of outcome measures increases, so too
does the probability of a type I error

(a false positive finding).%! If the au-
thors are using null hypothesis signifi-
cance testing with a type I error rate of
5% for each test, when there is no as-
sociation, we would expect one type I
error within each 20 independent tests.
To illustrate the potential magnitude of
this issue of multiplicity, the probability
of at least one type I error in a population
where the null is true, if testing for each
outcome is at P=.05 and the outcomes
are independent, can be calculated as
(1-[1-0.05]%), where k = the number of
outcome measures. Therefore, using the
minimum (1), mean (9.5), and maximum
(41) number of outcomes from the 100
trials evaluated in the study on reporting
of livestock health trials,!® and assum-
ing an alpha of 0.05 for hypothesis test-
ing, then the probability of at least one
false positive result would be 5%, 38.6%,
and 87.8%, respectively. Therefore, it is
important to restrict the outcomes (and
outcome measures) to those that are ap-
propriate to the stage of the interven-
tion development and evaluation and,

in the case of clinical trials in the real-
world, to those that are necessary for
decision-making.

Further, when multiple outcomes are
measured, causation should be used in
interpreting the value of each additional
outcome to the end-user, especially
when the outcome measures are within
the same operational outcome. For ex-
ample, a randomly occurring type I er-
ror that impacts average daily gain will
also randomly impact feed:gain ratio
and feed conversion, as they are likely
measuring much the same outcome. If
two variables are highly correlated, not
a lot of additional information is gained
by including both. Therefore, evidence
of an impact in multiple outcomes
should not necessarily be interpreted

as building a stronger evidence base. A
stronger evidence base would exist if the
impact of the intervention is observed

in multiple domains, ie, incidence of tail
biting (welfare) and average daily gain
(production). Therefore, when using
multiple outcomes, these should be in
different domains as much as feasible.!2

The outcome measures must be compre-
hensively described or else the results
of the trial cannot be interpreted. In

an assessment of reporting in trials in
livestock species, the measurement of
all outcomes was described in 79% of
trials, meaning that information with
respect to all outcomes was not provided
in approximately one-fifth of trials.!
Guidance is available for the detail rec-
ommended when reporting outcomes,
outcome measures, and results of a clini-
cal trial.!31* There is a responsibility not
only for authors to improve reporting of
outcomes, but also for peer reviewers
and journal editors to ensure that re-
porting is comprehensive.

It also is important that the results are
reported for all outcome measures that
were included in the trial, otherwise
there is potential for selective outcome
reporting.!® There is evidence from hu-
man trials that outcomes associated with
statistically significant results are more
likely to be reported than those that are
not significant.!® Because it is uncom-
mon to publish protocols for swine clini-
cal trials, it is not possible to determine
the extent to which this is an issue in
swine research. However, if outcomes
associated with statistically significant
results are more likely to be presented in
a manuscript (or, conversely, if outcomes
associated with nonsignificant findings
are excluded), it will lead to an exaggera-
tion of intervention effectiveness and
the probability of a type I error cannot
be assessed. It may also mean that inter-
ventions that are not effective will con-
tinue to be researched.

Importance of defining
the primary outcome

Regardless the number of outcomes, it
is important that a primary outcome is
identified. The primary outcome should
be the outcome of most relevance to
decision-making by the target audience,
and is the outcome used to calculate the
sample size required to ensure adequate
power.” There may be situations where
more than one outcome is considered of
extremely high relevance. For instance,
aresearcher may be equally interest-

ed in a health outcome and a welfare
outcome. In this instance, research-

ers should declare both outcomes as
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primary and conduct sample size calcu-
lations for both, using the higher calcu-
lated sample size in the trial.1*

Primary outcomes are not consistently
identified in many veterinary trials; for
trials published in veterinary journals
in 2013, the primary outcome was identi-
fied in 19.3% of trials, compared to 98.3%
of trials published in human medical
journals.!® In swine trials, this propor-
tion has improved since the publication
of the REFLECT reporting guidelines.!
Prior to publication of REFLECT, the pri-
mary outcome was identified in 14% of
vaccination trials in swine compared to
42% after 2010.1° Although this improve-
ment is encouraging, these results still
suggest that the primary outcome is not
identified in over half of the vaccine tri-
als conducted in swine populations.

If there is no sample size calculation, or
if there are secondary outcomes that are
underpowered, then meaningful differ-
ences may not be detected as statistically
significant at P =.05; the (arbitrary) cut-
point often used in clinical trials. This
may result in meaningful differences
being presented as “no difference be-
tween groups.” To illustrate this concept,
the minimum detectable risk ratio (RR)
was calculated using data on mortal-

ity collected from 56 trials included in

a systematic review and network meta-
analysis on the comparative efficacy of
swine bacterial respiratory vaccines.20

When calculating a sample size for a bi-
nary outcome, the researcher needs to
define the proportion with the event in
the baseline intervention group, the dif-
ference in the outcome that is clinically
meaningful, and the desired confidence
and power. In this example, we used
data from completed trials to determine
the smallest difference between treat-
ment groups (expressed as a risk ratio)
that could have been detected as statis-
tically significant, given the baseline
prevalence and the sample size used.
The minimum detectable RR was calcu-
lated for each trial using the proportion
of swine with the mortality outcome in
the placebo group, the total sample size,
power of 0.8, and confidence of 0.95 us-
ing epi.sscompb program in EpiR. The
sample size corresponded to the indi-
vidual animal level, and thus did not
account for nonindependence of swine
within pens. Figure 2 shows the distri-
bution of minimum detectable RR, with
the vertical dashed line representing the
median of the minimum detectable RR
of 2.0. The median proportion of swine
mortality in the baseline intervention
group was 0.06 (ie, 6%). A minimum
detectable RR of 2.0 means that the pro-
portion of pigs dying in the intervention
group would need to be approximately
double (or ¥ for a preventive outcome)
before detecting the RR as statistically
significant. This may be a larger dif-
ference than what would be clinically

meaningful. Therefore, by designating

a primary outcome and powering the
study to detect clinically meaningful dif-
ferences in this outcome, the researcher
can ensure adequate power. The exam-
ple illustrates that many current studies
can only identify a relatively large differ-
ence as statistically significant.

Inconsistency of outcomes

across trials

It is necessary to replicate the results
across multiple trials to inform evi-
dence-based decision-making because
the results of a single trial are based on a
sample from the source population and
thus are subject to sampling error. Sam-
pling error, also referred to as chance,
occurs when the parameter of interest
(eg, amean or a proportion) is different
between the source population and the
study population. Combining the results
of multiple trials, as is performed statis-
tically with meta-analysis, increases pre-
cision of the estimate of effect sizel® and
increases confidence that the results are
not a reflection of sampling error.?! How-
ever, trials evaluating the same interven-
tion often do not use the same outcomes
or outcome measures, precluding the
ability to build a body of evidence across
trials. Outcomes across trials may rep-
resent different outcome domains (eg,
one trial measuring a welfare outcome
and another measuring a production

Figure 2: Distribution of minimum detectable risk ratios for trials included in a systematic review and network meta-
analysis on the comparative efficacy of swine bacterial respiratory vaccines.?? Dotted vertical line represents the median
value for the minimum detectable risk ratio.
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outcome), may represent the same con-
ceptual outcome but with different op-
erational outcomes (eg, one trial may
measure pain using postural changes
and another trial may measure pain us-
ing activity levels), or may represent the
same operational outcome but with a
different outcome measure (eg, average
daily gain during the first 2 weeks post
weaning in one trial and across the en-
tire growing period in another).

To illustrate, we used data from 61 lung
lesion outcome measures reported in 58
trials evaluating nonspecific lung lesions
at slaughter from a systematic review of
the efficacy of bacterial respiratory vac-
cines (Table 1).20 Not only were different
outcome measures used across the tri-
als, but key features of the measurement
of the specific outcomes often were not
provided. For example, the outcome
“general appearance” often did not in-
clude a comprehensive description of
the criteria for determining whether the
general appearance corresponded to a
positive or negative result. This limits
the ability to combine results across tri-
als and thereby build a body of evidence.
The example provided represents only
one type of intervention (vaccination

against bacterial pathogens) and one op-
erational outcome (lung lesions). How-
ever, the example serves to highlight the
inadequate reporting and inconsistency
in outcome measures across trials, and
the resulting challenges in synthesizing
research results.

To reduce inconsistencies in outcomes
across trials, individual researchers
should be familiar with the literature
in their area and select operational out-
comes and outcome measures that have
been used in previous trials. Ideally,
outcome measures should be validated
or agreed upon by consensus of ex-
perts in the area; otherwise, outcomes
with poor reliability or validity might
be selected based on use in a previous
trial. At the industry level, a possible
solution to inconsistency and selective
reporting of outcome measures is the
creation of core outcome sets for spe-
cific topic areas within swine research.
Core outcome sets represent an agreed
minimum set of outcomes and outcome
measures that should be reported in all
trials that are conducted on a specific
disease or condition.»?° Although the
core outcomes should be included in all
trials, researchers may include other

primary or secondary outcomes that
are of interest in their specific trial.»30
Core outcome sets also may need to be
updated as technologies and diagnos-
tic tests are developed and validated.
Guidelines are available for developing
core outcome sets in the COMET initia-
tive handbook.* The COMET initiative
was launched in 2010 with a key objec-
tive of encouraging the development
and updating of core outcome sets.* The
COMET initiative was developed for hu-
man health outcomes, and the relevant
outcome domains may differ for swine.
Nonetheless, the process for develop-
ing core outcome sets would be relevant
for swine applications. The process of
developing a core outcome set involves
a decision as to the topic (eg, a disease,
a domain such as welfare, a conceptual
outcome such as pain, or a type of in-
tervention and a disease), evaluation of
the existing literature on trials to deter-
mine what outcome domains, concep-
tual outcomes, operational outcomes,
and outcome measures have previously
been used, and a consensus process to
determine which of these to include in
the core outcome set.3! The creation
of core outcome sets should include the

Table 1: Lung lesion outcome measures reported in 58 trials evaluating nonspecific lung lesions at slaughter from a
systematic review of the efficacy of bacterial respiratory vaccines2°

Range of scores # trials # trials

Lung lesion scoring system for scoring system (dichotomous outcome)  (continuous outcome)
Christensen et al,22 1999 1
Madec and Kobisch,23 1982 0-28 2

Madec and Kobisch,23 1982 0-24 1

Madec and Kobisch,?3 1982 Not reported 1 1
Goodwin et al,2* 1969 Not reported 1

Goodwin and Whittlestone,2° 1973 0-55 1 10
Goodwin and Whittlestone,25 1973 Not reported 1 1
Piffer and Brito,26 1991 Not reported 1

Hannan et al,2” 1982 0 -55 1

Percentage of
Morrison et al,28 1985 pneumonia in different 1 1
lung lobes

None reported 0-14 2

None reported 0-28 1 1
None reported 0-35 1
None reported Not reported 1 3
General appearance 28
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input of relevant stakeholders.*?° For
instance, individuals from academia, in-
dustry, and other relevant stakeholders
might decide to identify a core outcome
set for trials evaluating interventions to
prevent respiratory disease in swine or a
core outcome set for trials related to im-
proving swine welfare. Creating the core
outcome sets would involve identifying
relevant domains, then relevant concep-
tual outcome within domains, followed
by specific operational outcomes within
each conceptual outcome and finally
the outcome measure for each concep-
tual outcome, including case definition,
measurement tool, and period at risk.
Defining the core outcomes also may
involve defining normal or abnormal
cut points for outcomes measured on a
continuous scale for which a qualitative
label is desired. This may be more chal-
lenging for welfare or other domains
that are more recently included in trials
where there has not been a long history
of using, validating, and interpreting
relevant outcome measures. The selec-
tion of core outcomes would need to take
into consideration the validity of the out-
comes in measuring the construct that
they are intended to measure. The cost
associated with collecting the outcome
data also may be a consideration. The
COMET initiative handbook for devel-
opment of core outcome sets* does not
provide specific input on the number

of outcomes that should be included in

a core outcome set; however, the num-
ber will need to be a balance between
feasibility, probability of type I error,
and information required for clinical
decision-making.

Core outcome sets increasingly are be-
ing developed for use in human trials;

as of 2018, there were 410 core outcome
sets for a wide range of human trial topic
areas including cancer, urology, and
child health.?? Veterinary medicine has
been slower to adopt core outcome sets;
to date, there is a core outcome set pub-
lished for trials in feline chronic kidney
disease®? and one for therapeutic trials
for canine atopic dermatitis.3* The devel-
opment of core outcome sets is an area
in which the swine industry could pro-
vide leadership. In swine research, core
outcome sets could include outcomes
from domains such as health, produc-
tion, and welfare. Stakeholders could
include swine producers and veterinar-
ians, industry groups, researchers, and
research funders. Although consensus
can be challenging, there is precedent in
swine research; naming of the disease

periweaning failure to thrive syndrome
was reached by consensus,® as were
standardized systems for classifying herd
level status for porcine reproductive and
respiratory syndrome3® and for Myco-
plasma hyopneumoniae in breeding
herds.?” Recently, a consortium of re-
searchers, industry, veterinarians, and
regulatory agencies developed a meth-
odology to measure pain associated with
surgical castration in piglets.38

These prior initiatives suggest that the
swine industry could be successful in
coming to consensus on core outcome
sets. Creating core outcome sets will aid
individual researchers in identifying
outcomes and outcome measures to use
in their trial and will facilitate synthesis
of results from multiple trials. This will
allow a body of evidence to be developed
to determine the effectiveness of specific
interventions for a disease or condition,
to identify when further trials will not
increase our knowledge of the effective-
ness of an intervention, and to deter-
mine the relative efficacy of multiple in-
tervention options for the same disease
or conditions. This will maximize the
utility of research trials conducted in
swine populations.

Implications

® Primary and secondary outcomes
should be defined and clearly
reported.

* Primary outcomes determine sam-
ple size; many swine trials
are underpowered.

® Core outcome sets can improve con-
sistency in outcome measures used
across trials.
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CONVERSION TABLES

Weights and measures conversions

Common (US) Metric To convert Multiply by
loz 28.35¢g oztog 28.35
11b (16 0z) 0.45 kg Ib to kg 0.45
2.21b 1kg kg tolb 22
lin 2.54cm in to cm 2.54
0.39in lcm cm to in 0.39
1ft (12 in) 0.3 m ft tom 0.3
3.28 ft 1m m to ft 3.28
1 mi 1.6 km mi to km 1.6
0.62 mi 1km km to mi 0.62
1in? 6.45 cm? in? to cm? 6.45
0.16 in? 1cm? cm? to in? 0.16
1ft? 0.09 m? ft? to m? 0.09
10.76 ft2 1m? m? to ft? 10.8
1163 0.03 m? ft3 to m? 0.03
353 ft3 1m? m?3 to ft3 35.3
1 gal (128 fl 0z) 3.8L galtoL 3.8
0.26 gal 1L L to gal 0.26
1qt (321l oz) 0.95L qttoL 0.95
1.06 qt 1L Ltoqt 1.06
Temperature equivalents (approx) Conversion chart, kg to lb (approx)
°F °C Pig size Lb Kg
32 0 Birth 3.3-4.4 1.5-2.0
50 10.0 Weaning 7.7 3.5
60 15.5 11 5
61 16.1 22 10
65 18.3 Nursery B3 15
70 21.1 44 20
75 23.8 55 25
80 26.6 66 30
82 27.7 Grower 99 45
85 294 110 50
90 32.2 132 60
102 38.8 Finisher 198 90
103 39.4 220 100
104 40.0 231 105
105 40.5 242 110
106 411 253 115
212 100.0 Sow 300 136
661 300
Boar 794 360
800 363

°F=(°Cx9/5)+32
°C=(°F-32)x5/9

Conversion calculator available 1tonne = 1000 kg
at: amamanualofstyle.com/page/ 1ppm =0.0001% = 1mg/kg = 1g/tonne
si-conversion-calculator 1ppm =1mg/L
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NEWS FROM THE NATIONAL PORK BOARD po

checrfc}fﬁ

National Pork Board, US Swine Health
Improvement Plan further industry
collaboration for FAD preparedness

The National Pork Board (NPB) contin-
ues its commitment to improving our
producers’ ability to prevent and re-
spond in the event of a foreign animal
disease (FAD) outbreak and mitigate

its potential effects. Through hands-on
work and collaboration with key part-
ners such as academia, National Pork
Producers Council, and American As-
sociation of Swine Veterinarians, NPB
has built or supported an arsenal of tools
to use against FAD threats, including
AgView, Certified Swine Sample Collec-
tor training, and the Secure Pork Supply.

The US Swine Health Improvement Plan
(US SHIP), another example of NPB-
supported collaboration, advanced its
work in the second half of 2022 as more
than 250 producers, veterinarians, swine
health officials, and state pork associa-
tion officials representing 31 states met

as delegates in Bloomington, Minnesota.
Voting delegates approved 8 resolutions
for further assessment and consider-
ation of 4 standards related to traceabili-
ty, feed biosafety (2), live haul sanitation,
surveillance (2), feral pig risk mitigation,
and governance.

“As a major funding partner of US SHIP
using Pork Checkoff funds, we’re encour-
aged to see the level of industry engage-
ment and solidarity behind the core ob-
jectives of the plan to help improve the
nation’s foreign animal disease readi-
ness and protect our ability to maintain
continuity of business in the face of a po-
tential foreign animal disease outbreak,”
said Dr Dusty Oedekoven, NPB’s chief
veterinarian.

Per US SHIP’s original intent, the plan is
to mitigate risks of disease introduction
and provide a practical means for demon-
strating evidence of freedom of disease
outside of FAD control areas in support
of ongoing interstate commerce and a
pathway towards the resumption of inter-
national trade. When fully implemented,
the program is designed to be applicable
across the full spectrum of US pork in-
dustry participants, from the small show
pig farmer to the large commercial pro-
ducers and slaughter facilities.

The US SHIP Official State Agencies
across the United States began the pro-
cess of enrolling sites March 2022. Pro-
ducers of all sizes are encouraged to con-
tact their official state agency and enroll
in US SHIP. To date, approximately 40%
of the US breeding herd and growing
pigs across 31 states have enrolled. The
pilot program is on an expedited path
towards becoming a US Department of
Agriculture program by 2024.

In addition to support of US SHIP, NPB is
also working to update the Foreign Ani-
mal Disease Preparation Checklist for pig
farmers.

To stay up-to-date on the latest FAD re-
sources available through the NPB, visit
porkcheckoff.org and sign-up for the or-
ganization’s weekly email.

&
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It’s time to vote!

Are you a veterinarian member of AASV
who resides in Canada, Mexico, or the
United States? If so, it is time to exercise
your “civic duty” to elect your associa-
tion leaders. Here’s how:

Vice president and

president-elect

Balloting for the vice President and
president-elect begins in January.

Dr Locke Karriker of Ames, Iowa is this
year’s candidate for vice president, and
his candidate’s message appears in this
issue. The current AASV Vice President
Dr Angela Baysinger is on the ballot to
ascend to the president-elect position.
Both are unopposed. All balloting is
conducted electronically. Voting mem-
bers may access their ballot by logging
into their member account at aasv.org/
members. Friday, February 24 is the
last day to submit or change a vote.

District directors

Voting members in 4 AASV districts may
nominate in January and vote in Febru-
ary for their district’s representative on
the AASV Board of Directors. Nomina-
tions are being sought for candidates in
Districts 2 (southeastern US), 5 (Illinois
and Wisconsin), 9 (Minnesota and North
Dakota), and 11 (Canada). Current direc-
tors Drs Sara Hough (District 2), Attila
Farkas (District 5), and Susan Detmer
(District 11) have each served one, 3-year
term of office and are eligible to serve a
second term if nominated and re-elected.
In District #9, Dr Chase Stahl is not eli-
gible for re-election.

Nominations must be submitted elec-
tronically. Members in districts 2, 5, 9,
and 11 can log into aasv.org/members to
nominate a candidate in their district.
Potential candidates must be Active (vet-
erinarian) AASV members residing in

the district to be represented. Affiliate,
Associate, and Student Members are not
eligible to hold office or vote. In each dis-
trict, the 2 nominees receiving the most
nominations will be placed on the ballot,
subject to their consent to serve. Friday,
January 20 is the last day to submit or
change a nomination.

Electronic balloting will open for the
district director positions after the can-
didates have been confirmed. District
members can access their ballot by log-
ging into aasv.org/members. Friday,
February 24 is the last day to submit or
change a vote.

The election results will be announced
during the AASV Annual Meeting in Au-
rora, Colorado.

AASV committees to meet virtually before
Annual Meeting

The AASV’s membership and issue-
based committees will meet virtually
this year during the winter months be-
fore the Annual Meeting, in addition to
meeting in person in Aurora, Colorado.
Meeting times are posted on the AASV
committee webpage at aasv.org/aasv/
committee.php. Agendas will be posted
on each committee page as they become
available.

Learn about each committee, read their
reports and workplans, and review com-
mittee guidelines on the AASV committee
webpage. All AASV members and stu-
dent members are welcome to attend any
committee meeting, but only committee
members are eligible to vote. If you are
interested in joining a committee, please
contact the committee chair or Dr Abbey
Canon. Not sure which to join? The AASV
staff can help you fill an open seat!

The AASV Board of Directors relies on
the committees as topic experts and
seeks their input regarding issues of im-
portance to swine veterinarians. Com-
mittees are called upon to examine an
issue and advise the board on official po-
sitions the association should take or to
develop additional resources to educate
membership.

AVMA Committee and Council positions open

The AASV designates representatives
for several committees of the American
Veterinary Medical Association. Current
representatives are listed at aasv.org/
members/only/AVM Areps.

Visit avma.org/membership/
volunteering-avma/avma-volunteer-
opportunities-vacancies for more details
and descriptions of each committee.

Some committees have openings; please
contact the AASV office if you are inter-
ested in representing AASV.
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AASV Board of Directors meet

The AASV Board of Directors met on
October 6 to conduct official business.
The following are highlights from the
meeting.

The Board took the following actions:

¢ Amended the AASV Bylaws to ap-
point the AASV president-elect as
chair of the Budget Committee and
continue to include the vice presi-
dent on the committee.

® Established a Telemedicine Task
Force to draft a position on telemed-
icine for consideration by the board.

* Renamed the AASV Practice
Tips seminar in honor of Dr Max
Rodibaugh.

¢ Allowed tracking/collection of ag-
gregate e-Letter click-through in-
formation to facilitate reporting of
metrics to e-Letter sponsors.

* Approved a request from the
Early Career Committee for $2995
to provide 5 scholarships for AASV-
member, early-career veterinarians
(2018-2022 DVMs) to participate in
the spring 2023 cohort of the
MentorVet program.

* Approved an increase in nonmem-
ber veterinarian registration fee for
the Annual Meeting to $875.

* Selected Las Vegas (2026) and Or-
lando (2027) as Annual Meeting
locations.

Dr Harry Snelson presented the finan-
cial report. The AASV had to pay nearly
$24,000 in hotel attrition fees (negotiated
down from over $40,000) as a result of
AASV’s failure to fill the contracted room
block during the 2022 Annual Meeting
held in Indianapolis. He emphasized the
need for attendees to stay at the confer-
ence hotel to avoid these additional fees
in the future. The AASV depends upon a
profitable meeting as one of its primary
sources of operating funds.

The program for the 2023 AASV Annual
Meeting, Be There, chaired by Dr Bill
Hollis, is available online at aasv.org/
annmtg. Planning continues for an in-
person Annual Meeting in Aurora, Colo-

rado March 4-7, 2023.

Salary Survey 2023

The AASV plans to conduct its 8th survey
of swine-veterinarian income and ben-
efits in 2023. Active members of AASV
(nonretired veterinarians) in the United
States and Canada are asked to watch for
information regarding the 2023 survey
in the AASV e-Letter, and to participate
by using the electronic survey form on
the AASV website.

Similar surveys have been conducted
every 3 years since 2002. Members have
found the resulting salary and benefit
summary useful when seeking employ-
ment or preparing to hire veterinary
professionals in the swine industry. The
survey results have also been used to
inform veterinary students about the
career opportunities available in swine
medicine.

Members of AASV are divided into 2
survey groups according to their em-
ployment type. The practitioner sur-
vey should be completed by members
engaged in private practice, as well as
those who oversee pig health for a pro-
duction or genetics company. Members
who work for a university, corporation,
or government and are engaged in edu-
cation, research, technical services,
public health, or regulatory work should
complete the survey for public/corporate
veterinarians.

Dr Snelson anticipates the 2023 Annual
Meeting will be expensive to conduct
for several reasons, including the loss of
the Monday luncheon sponsorship. To
help offset the cost of the luncheon and
provide greater visibility to the AASV
Foundation, the foundation board will
cosponsor (50%) the Monday luncheon
with AASV in lieu of holding a separate
foundation luncheon on Sunday. The an-
nouncement of foundation grants and
recognitions will take place during the
Monday luncheon, along with the usual
student scholarship awards.

Dr Locke Karriker was nominated to run
for the office of AASV vice president.

Read the complete minutes of the Board
meeting at aasv.org/members/only/
board/board_f22.php.

In addition to 2022 income and benefits,
the survey requests information about
education and training, employment
type, and hours worked. Responses

are confidential and the results are re-
ported in a manner to assure participant
anonymity.

The overall results of the salary and
compensation survey will be published
and distributed for use by AASV mem-
bers and students. Previous survey re-
sults are available for members to access
on the AASV website.
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AASV Early Career Committee launches
partnership with MentorVet

The American Association of Swine Vet-
erinarians and MentorVet will be col-
laborating to launch a new mentorship
program for young swine veterinarians
in 2023. For this partnership, AASV will
be awarding 5 full scholarships to early-
career swine veterinarians within AASV
to participate in the spring 2023 Mentor-
Vet Program.

The MentorVet Program is a 6-month,
virtual, evidence-based, mentorship and
professional development program that
aims to promote well-being and decrease
burnout during the transition into veteri-
nary practice. The mentorship program
has been adapted to meet the needs of
early-career swine veterinarians includ-
ing swine-specific case examples and
paired mentorship with a more experi-
enced swine veterinarian.

Dr Megan Inskeep, AASV District 4
Director, has been a MentorVet Mentor
for over a year and shared, “The training
and support that MentorVet provides to
both mentees and mentors is very ben-
eficial. This program has given me the
opportunity to give back to the profes-
sion by providing formal structures for
mentoring that are based in evidence.

Burnout is an issue in all areas of veteri-
nary medicine, including swine medi-
cine, and we are excited about this part-
nership with MentorVet so AASV can
continue to grow our support structures
for swine veterinarians in their early
careers.”

In addition to paired mentorship, the
program provides holistic support to
veterinarians through a combination
of professional skills training, finan-
cial and mental health coaching, and
peer mentorship. Mentees engage in a
self-paced online curriculum then meet
monthly with other early-career veteri-
narians to discuss shared challenges
and share perspectives on how to create
a sustainable career path.

Dr Abbey Canon, AASV director of pub-
lic health and communications, com-
mented “Part of AASV’s mission is to
mentor students, encouraging life-long
careers as swine veterinarians. The
AASV Early Career Committee identified
the need for a mentorship program to
continue supporting swine veterinarians
in those first few years after graduation
to ensure a high retention of talented
colleagues in the profession. We are

excited to pilot a partnership with Men-
torVet to provide professional develop-
ment and well-being resources to swine
veterinarians early in their careers.”

“Research shows that our youngest pro-
fessionals are at the highest risk for
experiencing burnout or other mental
health challenges,” stated Addie Rein-
hard, DVM, MS, founder and CEO of
MentorVet. “We are so excited to be
collaborating with AASV to provide ad-
ditional resources, community, and
support to swine veterinarians starting
out their careers. Promoting career sus-
tainability in the swine industry is vital
for ensuring we have a safe and healthy
food supply.”

AASV members who have graduated
from veterinary school in the past 5
years (classes of 2018-2022) can apply for
a scholarship to participate in the Men-
torVet Program by visiting mentorvet.
net/scholarships.

The deadline to apply for the spring
2023 scholarship is February 3, 2023.

For more information visit mentorvet.
net.

New resource directory for early-career

veterinarians

The Early Career Committee has com-
piled a list of veterinarians and oth-
ers who may be able to offer expertise,
knowledge, or serve as a resource for
early-career veterinarians should they
have questions about a specific topic.

Example topics include diseases, diag-
nostics, ventilation, finances, and lead-
ership. This resource directory is avail-
able to all AASV members at aasv.org/
members/only/committee/EarlyCareer.
php. Contact information for AASV

members on the resource list can be
found in the AASV Member Directory at
aasv.org/directory/.
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AASV FOUNDATION NEWS

Research proposals due January 12

The AASV Foundation plans to award up
to $100,000 in 2023 to support research
with direct application to the swine vet-
erinary profession and is now receiving
proposals to be considered for funding.

Proposals are due by 12:00 PM Central
Time on January 12, 2023 and may re-
quest a maximum of $30,000 per project.
The announcement of projects selected
for funding will take place during the
AASV Annual Meeting on Monday,
March 6, 2023.

Proposed research should fit one of the
five action areas stated in the AASV
Foundation mission statement (see
sidebar). The instructions for submit-
ting proposals are available on the
AASV Foundation website at aasv.org/
foundation/2023/research.php. A panel
of AASV members will evaluate and se-
lect proposals for funding, based on the
following scoring system:

® Potential benefit to swine veterinar-
ians/swine industry (40 points)

® Probability of success within time-
line (35 points)

* Scientific/investigative quality (15
points)

* Budget justification (5 points)

® Originality (5 points)

A summary of the research previously
funded by the foundation is available at
aasv.org/foundation/research.htm.

For more information, or to submit a
proposal:

AASV Foundation
830 26th Street, Perry, 1A 50220-2328
515-465-5255; foundation@aasv.org

AASV Foundation
Mission Statement

The mission of the AASV
Foundation is to empower swine
veterinarians to achieve a higher
level of personal and professional
effectiveness by:

« enhancing the image of the swine
veterinary profession,

+ supporting the development and
scholarship of students and vet-
erinarians interested in the swine
industry,

+ addressing long-range issues of
the profession,

- supporting faculty and promot-
ing excellence in the teaching of
swine health and production, and

« funding research with direct
application to the profession.

Early career swine practitioners, apply for
debt relief by January 31

Applications are now being accepted for
three, $5000 scholarships to be award-
ed to early-career swine practitioners
through the Dr Conrad and Judy Schmidt
Family Student Debt Relief Endowment.
The scholarship recipients will be an-
nounced during the 2023 AASV Annual
Meeting.

The scholarships are available to AASV
members who are between 2 and 5 years
post graduation from veterinary school
(DVM/VMD graduation years 2018, 2019,
or 2020), engaged in private practice,
and who carry a significant student debt
burden.

The scholarship program was initiated
in 2019 with a $110,000 contribution to
the foundation by the Conrad Schmidt
and Family Endowment. Strong interest

by applicants prompted the foundation
board to increase the number of schol-
arships awarded to 3, beginning in 2021.

The scholarship application form

is available at aasv.org/foundation/
debtrelief.php. Applications are due
January 31, 2023. The following criteria
will be used to select the scholarship
recipient:

1. Joined AASV as a student enrolled
in an AVMA-recognized college of
veterinary medicine.

2. Attended the AASV Annual Meeting
as a student.

3. Maintained continuous member-
ship in AASV since graduation from
veterinary school.

4. Is at least 2 years and at most 5 years
post graduation from veterinary
school (2018, 2019, or 2020 DVM/
VMD graduates).

5. Has been engaged in private veteri-
nary practice, 50% or more devoted
to swine, providing on-farm service
directly to independent pork pro-
ducers. Veterinarians who work for
production companies, pharmaceu-
tical companies, or universities are
not eligible for the scholarship.

6. Has a significant student debt
burden.

For more information, contact the AASV
Foundation: foundation@aasv.org.
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Hogg Scholarship available to practitioners
seeking MS or PhD; apply by January 31

The American Association of Swine Vet-
erinarians Foundation is now accepting
applications for the prestigious Hogg
Scholarship, established to honor the
memory of longtime AASV member and
swine industry leader Dr Alex Hogg.

The intent of the $10,000 scholarship is to
assist a swine veterinarian in his or her
efforts to return to school for graduate ed-
ucation (resulting in a master’s degree or
higher) in an academic field of study re-
lated to swine health and production. Sev-
enteen swine practitioners, recognized at
aasv.org/foundation/hoggscholars, have
been awarded the scholarship since it
was established in 2008.

Applications for the scholarship will

be accepted until January 31, 2023. The
scholarship recipient will be announced
Monday, March 6 during the 2023 AASV
Annual Meeting.

Dr Alex Hogg’s career serves as the ideal
model for successful applicants. After
20 years in mixed animal practice,

Dr Hogg pursued a master’s degree in
veterinary pathology. He subsequently
became Nebraska’s swine extension vet-
erinarian and professor at the Univer-
sity of Nebraska. Upon “retirement,” Dr
Hogg capped off his career with his work
for MVP Laboratories. Always an enthu-
siastic learner, at age 75 he graduated
from the Executive Veterinary Program
offered at the University of Illinois.

The scholarship application require-
ments are outlined below, and on the
AASV website at aasv.org/foundation/
hoggscholarship.htm.

Hogg Scholarship application
requirements

An applicant for the Hogg Scholarship
shall have:

1. Three or more years of experience
as a swine veterinarian, eitherin a
private practice or in an integrated
production setting

Hey bidder, bidder!

Hey bidder, bidder - Whatcha gonna
bid? It is almost time for the AASV Foun-
dation auction to be held in conjunction
with the 2023 AASV Annual Meeting. But
you do not need to attend the meeting to
participate in the auction and lend your
support to the AASV Foundation! This
event is the key fundraiser to support
the foundation’s annual disbursements
of research grants, scholarships, extern-
ship grants, and more.

Hey bidder, bidder - Look what’s up
for bid! Check out the many items
donated for the auction at aasv.org/
foundation/2023/auctionlist.php. There
is something for everyone, from trips,
sporting events, and household décor
to artwork, handcrafted items, and pig
collectibles. Thanks to the many gener-
ous item donors, the full proceeds of
the winning bid will benefit the AASV
Foundation!

Hey bidder, bidder - What are you
REALLY bidding on? When you bid in
the foundation auction, you are bidding
on much more than a trip to a fun event

or an item to display in your home. You
are bidding to support research that will
open a window on new information to
help you understand and address the lat-
est disease challenges. You are bidding
on developing a veterinary student into
a colleague ready to join your practice

or research team. You are bidding on re-
ducing the debt of the young swine vet-
erinarian getting started in their career.
You are bidding on helping a seasoned
colleague (or yourself!) pursue advanced
training. Look past the “market value” of
the auction item to see the true value of
your bid: Priceless!

As in the past couple of years, the silent
auction will be conducted entirely online
using the popular ClickBid site. Bidding
will open in February at aasvf.cbo.io.
Anyone can bid anytime until the auc-
tion closes at 7:00 PM MST on March 6.
Donors will ship or deliver items to the
winning bidders after the auction.

The live auction will be conducted on
site at the Gaylord Rockies Resort imme-
diately following the Awards Reception

2. Five or more years of continuous
membership in the AASV

Applicants are required to submit the
following for consideration as a Hogg
Scholar:

1. Current curriculum vitae

2. Letter of intent detailing his or her
plans for graduate education and fu-
ture plans for participation and em-
ployment within the swine industry

3. Two letters of reference from AASV
members attesting to the applicant’s
qualifications to be a Hogg Scholar

Applications and requests for informa-
tion may be addressed to:

AASV Foundation

830 26t Street

Perry, IA 50220
foundation@aasv.org

Monday, March 6. “BE there” to bid in
person or submit bids for live auction
items to foundation@aasv.org.

Hey bidder, bidder - Whatcha gonna
bid?
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New Heritage Video featuring KT Wright

A new Heritage Video, featuring Dr KT
Wright, is now available. The Heritage
Video Series is an ongoing project of the
AASV Communications Committee, with
support from the AASV Foundation and
the creativity of Dr Sarah Probst Miller

and Ag Create, to record and preserve
AASYV history through the recollections
of its members. The video is available
for viewing by AASV members at aasv.
org/members/only/video.

A new year, a new face, a new email address

The beginning of a new year is
frequently a starting point for change,
and the AASV Foundation has a couple of
recent changes to report.

The foundation is pleased to announce
that it has contracted with Rhea Schirm
to serve as part-time foundation
manager. Under the auspices of AASV,
Rhea will be performing the day-to-day
administrative duties of the foundation,
including receiving and acknowledging
applications for grants and scholarships
as well as contributions. She will

be working closely with the AASV
Foundation Board of Directors to

carry out the many projects currently
administered by the foundation, while
at the same time making an effort to
expand its funded programs as well as
its giving opportunities.

While Rhea may be new to the
foundation, there is a good chance she
is already familiar to many. Last year,
she was contracted to fill the part-time
role of JSHAP publications manager.

Prior to that, she worked for the National

Pork Board for 10 years. In her role at
the National Pork Board, she worked
extensively to coordinate their research
grant process. Her skills will be put

to good use for the AASV Foundation!
You can learn more about Rhea in her
Publication Manager’s message in the
September/October issue of JSHAP.

The foundation also reports that it has
established a dedicated email address,
separate from that of AASV. The address
foundation@aasv.org is intended for all
communications directed to the AASV
Foundation, including contributions,
applications, and questions or
suggestions regarding foundation
programs or activities.

As 2023 gets underway, please take a few
moments to update your email contact
list with the AASV Foundation’s new
email address and send a quick message
to welcome Rhea to her new role. Happy
New Year!

AASV Foundation to cosponsor Annual
Meeting luncheon

Attendees will see an exciting change at
the 2023 AASV Annual Meeting Monday
luncheon. Seizing an opportunity to
increase its exposure and broaden its
outreach, the AASV Foundation Board
of Directors recently voted to cosponsor
the Monday luncheon with AASV. The
luncheon is included with meeting
registration and will take place on
Monday, March 6 in Aurora, Colorado.

As in the past, the veterinary

student scholarship recipients will

be announced during the luncheon.
In addition, the recipients of other
foundation-funded programs will

be recognized, including the Hogg
Scholarship, debt-relief scholarships,
and research grants. The foundation
will also honor its newest Heritage and
Legacy donors and highlight its recent
and upcoming activities.

Previously, the “Foundation Luncheon”
was hosted on Sunday for Leman,
Heritage, and Legacy donors to attend.
By cosponsoring the well-attended
luncheon on Monday instead, the
foundation will be able to increase
the visibility of its many activities and
giving opportunities across a broader
cross-section of the AASV membership
while also providing support for the
Annual Meeting.
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ADVOCACY IN ACTION

When hoofbeats really are from zebras

Differential diagnosis rule number one:
When you hear hoofbeats, think horses.
In an ever-changing global environment
and the severe consequence of a foreign
animal disease introduction, we must
always consider those hoofbeats could be
from zebras.

This past October, 156 stakeholders, in-
cluding representatives from the Ameri-
can Association of Swine Veterinarians,
registered to attend the hybrid Japanese
Encephalitis Virus (JEV) Symposium,
hosted by the Center for the Ecology

of Infectious Disease at the University
of Georgia and sponsored, in part, by
the Swine Health Information Center
(SHIC). Stakeholders gathered to learn
more about the Australian experience
with JEV, discuss the known and un-
known of JEV introduction and spread,
and consider the potential animal and
human health consequences if JEV were
diagnosed in the United States.!

Japanese encephalitis virus is a zoonotic
flavivirus in the same genus as dengue,
yellow fever, and West Nile virus. It is
transmitted primarily by the Culex mos-
quito species. Natural reservoirs include
waterbirds from the Ardeidae family,
such as herons and egrets. Clinical ill-
ness predominately occurs in equids,
pigs, and humans; illness and asymp-
tomatic infections have been document-
ed in other species. Equids and humans
are dead-end hosts while pigs are ampli-
fying hosts.?

Dr Mark Schipp, Australia’s Chief Veteri-
nary Officer, described 3 ways in which
JEV might be detected. Animals or hu-
mans may present with clinical signs, or
the virus may be identified through mos-
quito surveillance. In Australia, JEV was
first diagnosed by multiple different vet-
erinarians on different farms in different
states simultaneously. It was subsequent-
ly identified in humans and mosquitoes.?

As with African swine fever, early detec-
tion of JEV and any other foreign animal
disease relies on producers and veteri-
narians to react to and report anything
out of the ordinary. During the 2022 JEV
outbreak in Australia, swine veterinar-
ians Drs Kirsty Richards and Bernie
Gleeson observed delayed farrowing,
reduced litter size, increased return to
service, late term abortions, and mum-
mified, stillborn, and shaking piglets.?

With these clinical signs, Dr Schipp cau-
tioned of the likelihood of detection bias.
Clinical manifestation of JEV may be no-
ticeable in large sow farms, but it may be
easily missed in smaller farms or when
only a small percentage of animals is in-
fected. In fact, JEV was likely circulating
in Australia for at least 1 year before it
caused a major outbreak in 2022.2

Dr Michael Neafsey, One Health Coordi-
nator for the US Department of Agricul-
ture’s Animal and Plant Health Inspec-
tion Service, also expressed concerns
about delayed detection because of JEV’s
nonspecific clinical presentation.?

“Be vigilant, investigate every unusual
health event, report anything
different, and question the result.”

JEV could have been introduced into
Australia via migratory waterbirds, mi-
crobats or fruit bats, wind dispersed
mosquitoes, or mosquitos in shipping
vessels or aircraft. Previous risk assess-
ments indicated aircraft and cargo ships
as the most likely pathways for the intro-
duction of JEV into the United States. Cli-
mate and geography likely impacted the
sylvatic lifecycle and sustained trans-
mission in Australia.?

Observed risk factors for JEV in Aus-
tralian farms included the presence of
standing water, water birds, and mos-
quitoes. Pig movement and semen move-
ment, due to high quality control, did not
seem to be risk factors.?

All presenters from Australia empha-
sized the importance of a One Health
approach for a coordinated and efficient
response. Dr Richards acknowledged
time and resources spent on preparing
for an African swine fever incursion was
crucial to the JEV response. “It might
not have been African swine fever that
arrived, but nothing in that preparation
was wasted. The work that we've done
for African swine fever absolutely un-
derpinned the collaboration we had with
government during this response. We've
learned that relationships, understand-
ing, and credibility between government
and industry stakeholders is pivotal to
having a successful emergency disease
response.”?

Further, Australian consumer impact
was minimal largely in part because of
messaging. The public was reassured that
pork is safe, JEV is a mosquito-borne dis-
ease, and pigs are incidental hosts.2

A key action item from the symposium
was to further educate swine veterinarians
about JEV. In 2022, Dr Harry Snelson

Advocacy in Action continued on page 49
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Advocacy in Action continued on page 47

challenged veterinarians to report more
often when things are unusual. “Every-
one who sees pigs in the field must be
empowered to raise the alarm when
there are suspicions that things just
aren’t normal.™

Be vigilant, investigate every unusual
health event, report anything different,
and question the result.

There is still much to learn about JEV
and its potential to impact human and
animal health in the United States. If
we can at least recognize the hoofbeats
might be coming from a zebra, we will
be ahead.

Presentations from the symposium have
been archived and are freely available
at ceid.uga.edu/jev2022/archive/.? Ad-
ditionally, information about the Aus-
tralian JEV outbreak and response was
featured in episode 10 of the SHIC Talk
podcast (swinehealth.org/podcasts/)
and the March 29, 2022 SHIC/AASV we-
binar (aasv.org/members/only/video/
webinars/#v1l).

Abbey Canon, DVM, MPH, DACVPM
Director of Public Health
and Communications
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Guidelines

Journal description

The Journal of Swine Health and Produc-
tion (JSHAP) is published bi-monthly

by the American Association of Swine
Veterinarians (AASV) and is freely avail-
able online. The journal accepts manu-
scripts for peer review that encompass
the many domains of applied swine
health and production, ie, the diagno-
sis, treatment, management, prevention
and eradication of swine diseases, swine
welfare and behavior, nutrition, public
health, epidemiology, food safety, bi-
osecurity, pharmaceuticals, antimicro-
bial use and resistance, reproduction,
growth, systems flow, economics, and
facility design.

Types of papers

The Journal of Swine Health and Produc-
tion currently accepts manuscripts that
meet the descriptions and formatting re-
quirements defined in Table 1.

Policies and procedures

Animal care and use

For animal experiments performed in
research facilities or on commercial
farms, include a statement indicating
that the studies were reviewed and ap-
proved by an institutional animal care
and use committee or equivalent. For
case reports and studies performed un-
der field conditions, in which animals
are not manipulated beyond what would
be required for diagnostic purposes, it
must be clear that housing was adequate
and that the animals were humanely
cared for. If the study is exempt from an-
imal care and use approval (eg, use of di-
agnostic records), authors need to clear-
ly state the reasons in the manuscript.
Place animal care and use statements in
a separate section labeled with an “Ani-
mal care and use” heading. This section
should immediately precede the “Materi-
als and methods” heading or equivalent
position depending on genre.

AUTHOR GUIDELINES
Journal of Swine Health and Production Author

Authorship

According to the International Commit-
tee of Medical Journal Editors, all listed
authors must have participated suffi-
ciently to take public responsibility for
the work. Individuals should only be list-
ed as authors if contributions have been
made in each of the following areas!:

1) Conception and design, acquisition
of data, or analysis and interpreta-
tion of the data,

2) Drafting the manuscript or revising
it critically for important intellec-
tual content,

3) Approval of the version of the manu-
script to be published, and

4) Agreement to be accountable for all
aspects for the work, ensuring ques-
tions related to accuracy and integ-
rity are investigated and resolved.

Ethics

Authors are expected to observe high
standards with respect to research and
publication ethics. Fabrication, falsifi-
cation, or plagiarism in proposing, per-
forming, or reviewing research, or in
reporting research results is considered
research misconduct.? All cases of re-
search misconduct will be investigated
and addressed accordingly.

Conflict of interest

Authors are required to declare the pres-
ence of any personal, professional, or
financial relationships that could poten-
tially be construed as a conflict of interest
for the submitted manuscript, regardless
of genre. This declaration is placed just
before the reference section, and pro-
vides information concerning authors
who profit in some way from publication
of the paper. For example, one or more of
the authors may be employed by a phar-
maceutical company that manufactures

a drug or vaccine tested in the study re-
ported. Other examples include consul-
tancies, stock ownership, honoraria, paid
expert testimony, patent applications/reg-
istrations, and grants or other funding. If
there is no conflict of interest to declare,
the statement under the “Conflict of inter-
est” heading is “None reported.”

Copyright transfer

When a manuscript is submitted to the
JSHAP, a pre-review copyright agreement
and disclosure statement must be signed
by all authors. It is the responsibility of
the corresponding author to secure these
signatures. This form is available from
the publications manager. Scan and email
signed copies to jshap@aasv.org. When
the manuscript is accepted for publica-
tion, the corresponding author will be re-
quired to transfer copyright to the AASV,
with the exceptions of US government
employees whose work is in the public
domain and portions of manuscripts used
by permission of another copyright hold-
er. Anyone acknowledged by name in the
manuscript will need to sign an acknowl-
edgment permission form.

Prior publication

We do not republish materials previously
published in refereed journals. Sections
of theses and extension publications that
may be of value to our readership will be
considered. Prior publication of an ab-
stract only (eg, in a proceedings book) is
generally acceptable.

Permissions

If copyrighted material is used, advise
the editors of this at the time of manu-
script submission. Authors are respon-
sible for securing permission to use
copyrighted art or text, including the
payment of fees.

Publication fees

There is no fee for publication of manu-
scripts in the JSHAP.

Manuscript preparation

File types

All manuscripts must be submitted as a
Microsoft Word document using 1-inch
margins, Times New Roman 12-point
font (unless otherwise specified), and
left justification with double-spacing
throughout. Include continuous page
and line numbers. Do not use numbered
or bulleted lists in the summary or the
text. Do not include tables or figures in
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Table 1: Manuscript genres and formatting requirements currently accepted by the Journal of Swine Health and Production

Maximum words

Maximum No.

Figures
Manuscript | and Other

Genre Description Abstract body Tables References requirements*

Original Reports the results 250 4000 As 35 =

Research of original research on needed

topics that are within
journal scope.
Brief Documents observations 50 2000 2 15 =
Communication made in a narrowly
defined research area
or a mini-review
of a subject area.
Case Describes an unusual 100 3000 As As Manuscript should not
Report or interesting case. needed needed exceed 20 pages
including figures,
tables, and
references.
Case Describes unusual or 100 3000 As As Manuscript should not
Study interesting cases needed needed exceed 20 pages
occurring on two or including figures,
more farms. tables, and
references.

Literature Review of the published 200 5000 As As needed but Manuscript should not

Review scientific literature about needed | most references exceed 30 pages

a specific topic area in should be recent including figures,
which important advances (within 5 yrs) tables, and
have been made in the and avoid use references.
past five years and is of non-refereed
of current interest. references and
personal
communications.

Production Tool Describes a practical, 100 3000 As As Manuscript should not
state-of-the-art technique needed needed exceed 20 pages
for improving an individual including figures,

swine enterprise or the tables, and
swine industry at large. references.

Diagnostic Note Describes methods 100 3000 As As Manuscript should not

of diagnosis for swine needed needed exceed 20 pages
diseases. A brief literature including figures,
review may be included tables, and
and use of non-refereed references.
references and personal
communications
is not restricted.
Practice Tip Describes new 100 3000 As As Manuscript should not
technological methods needed needed exceed 20 pages
likely to be of use to including figures,
swine practitioners. tables, and
references.
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Table 1: Continued

Genre Description

Peer- Commentary on diagnostic,
reviewed research, or production
Commentary techniques used in the field

of swine health and
production.

Letter to the
Editor (LTE) critique on materials

published in the journal.

Offers comment or useful

Maximum words

Maximum No.

Figures
Manuscript and
Abstract body Tables
100 3000 As
needed
= 500 0

Other
References requirements*
As Manuscript should not
needed exceed 20 pages
including figures,
tables, and references.
5 The decision to publish

an LTE rests solely with
the executive editor.
Letters referring to a
published article will
be forwarded to the
author of the article,
and both the original
letter and the response
will be published in the
same issue if possible.
Letters to the Editor
are not peer-reviewed
but are subject to
editorial changes.

*

justification with double-spacing throughout.

Page limits are for Microsoft Word documents using 1-inch margins, Times New Roman 12-point font (unless otherwise specified), and left

this file, but do include table and figure
references, such as (Table 1) or (Figure 1),
within the text. Software programs that
automatically create endnotes, footnotes,
and references should be avoided in the
final submitted version of the manuscript
as the embedded formatting cannot be
read by the publication software.

If the manuscript includes tables, create
and submit them in a second Microsoft
Word document titled “Art”. Multiple
tables can be submitted in a single Word
document.

If the manuscript includes figures
(graphs or images), submit each figure in
a separate file titled as the respective fig-
ure number. Graphs created in Microsoft
Excel should be submitted in the origi-
nal .xls file(s). A graph created in statis-
tics software can be submitted as a .pdf
file. Photographs and images need to be
high resolution .jpg files. Figure caption
and legend texts should be submitted in
a Microsoft Word file titled “Art” (includ-
ed with Tables if applicable).

Sample templates have been created for
each genre to assist authors in format-
ting their manuscript and can be ac-
cessed at aasv.org/shap/guidelines.

Supplementary materials

Supplementary materials are additional
materials that are not essential to the
understanding of the manuscript but
provide important context to the manu-
script and may be submitted for online
only publication. Examples of materials
accepted include extended descriptions
of experimental methods or statistical
analysis, extended bibliographies, addi-
tional supporting tables and figures, re-
porting checklists, copies of surveys or
questionnaires, handouts, and forms.

For supplementary materials that are
too large or in a format not consis-
tent with JSHAP publication (eg, data
sheets, presentations, audio, or video),
authors are encouraged to upload and
publish these files to a repository, such
as FigShare, and reference the DOI
within the manuscript.

Supplementary materials must be for-
matted according to the JSHAP Author
Guidelines. There is no word or page
limit for supplementary materials, but
they should be succinctly presented to
facilitate peer review. Acceptance of
supplementary materials for publication
is at the discretion of the editor. All
JSHAP published supplementary mate-
rials are subject to copyright.

General style

Manuscripts must be written in English
and use American spelling and usage.
The JSHAP uses the AMA Manual of
Style for guidance on general style and
form.2 Please review the complete au-
thor guidelines and author checklist at
aasv.org/shap/guidelines for full details
on journal formatting requirements for
submitted manuscripts.

Manuscript submission

Submission instructions

All submissions must be accompa-
nied by a cover letter. The cover letter
should be on official letterhead, not ex-
ceed 1 page, and include the following
information:

+ astatement acknowledging the
manuscript is not currently un-
der consideration for publication
elsewhere,
a statement that all co-authors have
reviewed and approve the manu-
script submission,
the intended genre of the submitted
manuscript,
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+ abrief description of how the manu-
script relates to the scope of JSHAP
(optional),

 suggestions for potential reviewers
of the submitted manuscript (op-
tional), and

+ signature of the corresponding
author.

All manuscript files should be submitted
to the JSHAP publications manager via
email: jshap@aasv.org.

Unless given alternate instructions at
the time of submission, we will corre-
spond with the corresponding author.

Questions about manuscript submission
or status can be directed to the JSHAP
publications manager:

Rhea Schirm

Journal of Swine Health and Production
c/o American Association of Swine
Veterinarians

830 26'h Street

Perry, IA 50220

Email: jshap@aasv.org
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JSHAP Author Guideline Updated January 2022
Checklist

Title page
o My manuscript is a Word document with double spacing, footer page numbers, continuous line numbers, and Times New
Roman 12 pt font.
I have provided a short title of 90 characters or less (including spaces).
I have included the genre of publication.
I have created a title that is concise, specific, and informative without using abbreviations.
I have properly formatted the author byline.
o Alpha B. Charlie, degree, degree; Juliett K. Lima, degree; Mike N. Oscar, degree
o List only the highest level of degree or professional certification except if additional degree denotes a different field of
study or a specialty degree, license, certification or credentials.

o Ihave properly formatted the author affiliations.

o ABC, MNO: department, college, institution, City, State or Country. (State only if in the United States)

o JKL: company, City, State or Country. (State only if in the United States)
o Ihave properly formatted the Corresponding Author information.

o Corresponding author: Dr Alpha B. Charlie, street address, City, State Zip; Tel: 555-555-5555; Email: email@email.com.

O ooao

Summary

o Ihaveincluded a Summary not exceeding the word limit for the genre:
o 250 words for original research including these subheadings - Objective(s), Materials and methods, Results, and
Implication(s).
o 200 words for literature review. No subheadings needed.
o 100 words for case report, case study, production tool, diagnostic note, practice tip, or peer-reviewed commentary.
No subheadings needed.
o 50 words for brief communication. No subheadings needed.
o Ihave defined abbreviations at the first mention of the term being abbreviated in the summary.
o Ihave only introduced abbreviations if they are used again in the summary and have used the abbreviation whenever the
term is mentioned in the summary except at the beginning of a sentence.
o Ihave included “swine” as the first keyword with up to 4 additional words or phrases for a total of 5 keywords.

Manuscript body

o Ihave included the required sections for the genre of manuscript.

o Ihave defined abbreviations at the first mention of the term being abbreviated in the body of the manuscript except in titles,
headings, and subheadings.

o Ihave only introduced abbreviations if they are used again in the manuscript body and have used the abbreviation when-
ever the term is mentioned in the manuscript body except at the beginning of a sentence or as the sole term in headings and
subheadings.

o Ihaveincluded an animal care and use statement in a separate section preceding the Materials and methods section.

I have provided the manufacturer’s name for all equipment and reagents used in my study.

When P values are reported, I have capitalized and italicized the P and have not included a zero to the left of the decimal

point. The numerical value is rounded to 2 or 3 digits to the right of the decimal point with the smallest being P < .001.

I have included spaces around signs of operation (4, <, >, =, etc).

I have used commas to separate all parts of a series (eg, green, red, and yellow).

I have spelled out all units of measure unless they are accompanied by a numerical value.

I have not used numbered or bulleted lists in the manuscript.

I have used brackets to indicate a parenthetical expression within a parenthetical expression: ([ ]).

O o

O oooaog

Implications

o Ihave included up to 3 bulleted implications, each with a maximum of 80 characters or less (including spaces). This section
is exempt only for literature review and practice tip manuscripts.

Acknowledgments
o Ihave mentioned any individuals, companies, or funding sources that I would like to acknowledge.
o Ihave disclosed all conflicts of interest for this paper. If none exist, I have included the statement “None reported.”
o Ihaveincluded the JSHAP disclaimer.
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References

I have checked that all reference numbers in the manuscript are listed in sequential order.

I have formatted reference numbers in the manuscript as superscripts placed after periods and commas and before colons
and semicolons.

I have properly formatted references according to the table in the author guidelines.

I have italicized and abbreviated all journal titles according to the US National Library of Medicine rules (www.nlm.nih.gov/
pubs/factsheets/constructitle.html) and catalog (www.ncbi.nlm.nih.gov/nlmcatalog/journals).

I have provided complete page numbers in all references (eg, 120-128, not 120-8).

I have used a hyphen to separate page numbers in all references.

I have identified all non-refereed references with an asterisk (*) to the left of the reference list number and have included the
following notation at the end of the reference list.

o *Non-refereed references.

Tables

O

O ooao

O

O
O

I have included all tables in an “Art” file separate from the manuscript (may include figure legends).

I have created tables that stand alone from the manuscript (ie, they do not rely on explanatory materials from the manu-
script) and are numbered in the order they are referenced in the text.

My table titles are brief, in sentence case with only the first word capitalized, and do not end with a period.

I have created my tables using Microsoft Word.

I have included the appropriate unit of measure for each row and column.

I have no missing data in my tables (eg, empty cell, hyphen, period) and used the numeral “0” to indicate the value of the data
is zero or “NA” to denote not available, not analyzed, or not applicable and have defined the abbreviation accordingly in the ab-
breviations footnote.

I have used parentheses instead of the + symbol throughout my table (eg, “1 (3.5)” rather than 1 + 3.5”).

I have used footnotes to explain data in the table using symbols in the designated order (*t3§€) and doubled the symbols in
that order if more were needed.

When appropriate, I have provided a footnote to describe the level of significance and the statistical method of analysis
used.

When appropriate, I have used lower case letters as superscripts to designate significant differences and have created a foot-
note to explain the level of significance and the statistical method used.

I have defined all abbreviations used in the table in the last footnote, which does not use a footnote symbol.

I have ensured the abbreviations used in the table are consistent with any abbreviations used in the manuscript.

Figures

O
O

O
O

I have included all figure legends in an “Art” file separate from the manuscript (may include tables).

I have created figures that stand alone from the manuscript (ie, they can be understood without referencing information
from the manuscript) and are numbered in the order they are referenced in the text.

My figure title is descriptive, brief, and followed by the legend and abbreviations. The legend includes a brief description of
treatments, level of significance, P values, and the statistical method used. All abbreviations used in the figure are defined.
I have created a separate file for each figure in the acceptable file types (ie, .xls, .pdf, or .jpg).

All axes are labeled with a description followed by the unit of measure, when needed, separated by a comma.

Manuscript submission

O
O

I have included my manuscript file and a separate art file with my submission.
I have included a cover letter that does not exceed 1 page and includes the requested information.
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VICE-PRESIDENTIAL CANDIDATE

Dr Locke Karriker

for vice president and for the chance

to serve an organization of peers for
whom I have so much respect and owe
so much. I grew up on a small, diversi-
fied farm in Eastern North Carolina in
the late 1980’s through early 1990’s that
mirrored the transitions in the industry
at the time. We started with a few sows
outdoors, eventually built a small wood-
en farrowing house, and later a modern
sow farrowing unit and nursery. Four
important values born out of that time
on the farm influenced my professional
development and approach today:

I am truly honored to be nominated

® High-quality challenges are oppor-
tunities, and they develop problem-
solving skill sets that are valuable in
swine medicine and beyond. You had
to own the problems on a small farm.
“Not my problem” was not an accept-
able answer - the problem would still
be there tomorrow.

® Work ethic is critical to success and
includes BOTH working smarter and
harder.

e It is important to be generous with
your time, effort, and knowledge and
be willing to help when needed with-
out expectations or conditions.

* Treat everyone respectfully, as indi-
viduals, regardless of title or back-
ground. Being respectful includes
acknowledgement and sincere
appreciation.

I attended the University of North Caro-
lina as a Morehead Scholar enroute to
Mississippi State University College

of Veterinary Medicine, where a case-
based teaching format was used to jump
start the clinical thought processes on
day one. I took advantage of a concur-
rent Master of Science program with
food-animal focus to expand my epide-
miology and financial toolbox.

I began practice in an integrated pro-
duction system, a great place for a new
graduate because there were plenty of
opportunities to contribute and constant
opportunities to learn about all facets of
pig farming and pork production. Later,

during trips to China, Serbia, Mexico, and

other destinations, I gained appreciation
for the valuable resources we have and a
lot of respect for effective veterinarians
around the world that do with less.

I joined the faculty at Iowa State Univer-
sity intent on researching solutions to
some of the challenges that confounded
me in practice 19 years ago. The chal-
lenges continue and the complexity
grows, but I get to teach, do applied re-
search, and work with clients as part of
a great team devoted to service. Since
2011, I have had the privilege of serving
as the Director of the Swine Medicine
Education Center with a mission to teach
every swine medicine or research clini-
cal skill and provide a place for students
to practice those skills in modern farm
environments.

Being a swine veterinarian in an aca-
demic environment impacts my percep-
tion of the challenges and future oppor-
tunities for our association. To be a good
teacher, you must be an efficient and ef-
fective student and our organization has
a fine history of this integration. Our for-
mal engagement of students in programs
and governance is a respected model.
However, we must urgently expand our
influence on swine medicine training
beyond AASV activities. There has been
a precipitous decline in the number of
schools teaching swine medicine and
the scope of that training. Our associa-
tion generates meaningful information,
but we need to facilitate a faster knowl-
edge economy and shorten the distance
between discovery and the pig without
compromising scientific rigor. There
are many references to the “informa-
tion superhighway” which expedites our
access to knowledge. With expanding
broadband access, emerging telehealth
tools, and smart barn technologies, that
highway has finally built an exit ramp at
the farm. It is time to push forward with
point-of-care reference systems that are
flexible and able to engage in new topics
quickly. Evidence-based medicine does
not preclude anecdotes when it is the
best information available, it simply re-
quires that we identify them as such.

If we engage these challenges and con-
tinue to maintain and expand pathways
into the profession, the future is unlim-
ited. The best and brightest students of
today are some of the best in the profes-
sions’ history. Trust me, at times it is
tough to stay ahead of them to provide
value!

I appreciate your consideration and I
look forward to opportunities to tack-
le high-quality challenges and learn
together.

Locke Karriker, DVM, MS, DACVPM
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AVMA Leadership

Conference

January 5 - 7, 2023 (Thu-Sat)
Chicago, Illinois

Hosted by the American Veterinary
Medical Association

For more information:
Web: avma.org/events/
veterinary-leadership-conference

Banff Pork Seminar

January 10 - 12, 2023 (Tue-Thu)
Fairmont Banff Springs Hotel
Banff, Alberta, Canada

For more information:
Web: banffpork.ca

AVMA Humane Endings
Symposium

January 27 - 29, 2023 (Fri-Sun)
Chicago, Illinois

Hosted by the American Veterinary
Medical Association

For more information:
Web: avma.org/events/
avma-humane-endings-symposium

Pig Ski Conference

February 8 - 10, 2023 (Wed-Fri)
Copper Mountain, Colorado

For more information:
Dr Paul and Lori Yeske
Tel: 507-381-1647
Web: pigski.com

American Association of
Swine Veterinarians 54th

Annual Meeting
March 4 - 7, 2023 (Sat-Tue)
Gaylord Rockies Resort &
Convention Center
Aurora, Colorado

For more information:
American Association of Swine
Veterinarians

830 26t Street

Perry, Iowa

Tel: 515-465-5255

Email: aasv@aasv.org

Web: aasv.org/annmtg

Animal Agriculture
Alliance Stakeholders

Summit
May 4 - 5, 2023 (Thu-Fri)
Arlington, Virginia

For more information:

Animal Agriculture Alliance

2101 Wilson Blvd, Suite 810B

Arlington, VA 22201

Web: animalagalliance.org/initiatives/
stakeholders-summit

Safepork 2023
May 15 - 17, 2023 (Mon-Wed)
New Orleans, Louisiana

For more information:
Web: regcytes.extension.iastate.edu/
safepork

World Pork Expo
June 7 - 9, 2023 (Wed-Fri)
Iowa State Fairgrounds
Des Moines, Iowa

For more information:
World Pork Expo

10676 Justin Drive
Urbandale, Iowa 50322
Web: worldpork.org

AVMA Convention
July 14 - 18, 2023 (Fri-Tue)
Denver, Colorado

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

Allen D. Leman Swine

Conference

September 16 - 19, 2023 (Sat-Tue)
Hosted by the University of Minnesota
College of Veterinary Medicine

Saint Paul, Minnesota

For more information:
Web: lemanconference.umn.edu

Pig Research Summit -
THINK Piglet Health &

Nutrition 2023

September 21 - 22, 2023 (Thu-Fri)
Crowne Plaza Copenhagen Towers
Copenhagen, Denmark

For more information:

Danish Agriculture & Food Council
Web: tilmeld.dk/thinkpiglet2023/
conference

27th International Pig
Veterinary Society
Congress & 15t European
Symposium of Porcine

Health Management
June 4 - 7, 2024 (Tue-Fri)
Leipzig, Germany

Organized by IPVS, ESPHM, and
Universitat Leipzig
Congress Centre Leipzig

For more information:
Web: ipvs2024.com

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