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Prevention of disease transmission from feed mill to pig farms
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TErRRL AN /B R R g 19 ik Pathogens capable of
surviving in feed and/or feed ingredients

» ZliErl Bacteria ._a nsboundo nd
o W17 E Salmonella spp.
o XM #F i Escherichia coli
 JHEF Viruses
o JEURAT R VS 9% E Porcine epidemic diarrhea virus (PEDV) § ~
« JEVYNIEIE IR 5 African swine fever virus (ASFV) .
« ZEN-FJHEEA Senecavirus A (SVA)
« J& IR R Classical swine fever virus (CSF)
« fFE R EE Pseudorabies virus (PRV)
« 1Y% Foot and mouth disease (FMD)
o HAth? Others?
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R PREANFRENR

Pathogen survival in ingredients
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Data generated with
37 d trans-pacific
shipping conditions
vomios £ | N B ¢ or 30 d trans-Atlantic
_mrm I e e e e e e - Sipping conditions
it I (ASFV only)

Fig 4. Virus viability in feed ingredient from Batch 4 samples, inclusive of previous PEDV results [14]. A red-colored box with a (+) indicates that virus was
recovered in a viable form from a specific ingredient, while a green-colored box with a (-) indicates that viable virus was not recovered by VI and/or swine bioassay.
Finally, a blue-colored box with NT denotes that these ingredients were not used in this study and therefore, no results are available.

5 4 HEERPEBROIRSEN  BIEZHIN PEDV £8R, 46 (+ ) RERFEATBEREREFRSE
ERER , Ze(NEREYRNGDERGNEERS EERER , B8 (NT) KFRKENERS HE.

piy K-STATE Dee et al., 2018
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ELeIFEER
Biosecurity is very
complicated!
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& & & Structure of feed

[Eg} Ingredient  Ingredient Ingredient
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Addressing Feed Safety

igY3]
Prevention
RIRINFS

Pathogen T
survival Intervention

EREHIE TN HE

Exposure at
sufficient dose
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Contamination

o SRNXFEEURTF Risk of contamination depends on:
— IhIEEIZE Geographical considerations
- ERIEAEKNER/XIE Countries/regions with active disease outbreaks

- EREEBAERNTERLEFINE Location of pigs with disease relative to
location of ingredient production

— RAAR{ERISE Agricultural practices
— % Packaging

. —RMERFRFRESSESFEANFIRESESEEEE  Single use bags or totes vs. re-
used totes or bulk trailers

1. THEEARIEE Understand where ingredients are
coming from

2. &, fEFMisEdERIEYIZ S BIOSECURITY during
manufacture, storage, and delivery

piy K-STATE
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CnentE ik % ZResearch partnership

ST E =R Production system located in Vietnam

B iR A2 LS T fRASFVE R A = R F PMERB X G Goal:
Use d|agnost|c testing capabilities to understand the risk of ASFV spread
within their production system. B T ——

1. [AFAE =R % Feed production system

a. 1A% Feed mill

b. [RFFIRLREF Ingredients and flnlshed,feed |

c. [A¥ZE Feed trucks
2. ERENY5EE) Live animal transport g
3. _EhaEhEsis =iy Market animal transfer cen -

e K-STATE Gebhardt et al., 2022
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Contamination (iTf S iﬁéji_ Feed delivery vehicles

350
300 1027 /A 1,027 total samples
‘g 550 7NPCRPAMEEEZA 7 PCR-positive samples
9 6 RBEZEMZ=ZERME 6 from cab surfaces
%_ 200 11MKBZEANEREA 1 from exterior surfaces
&
& 150
=
& 100 0
;].H_
= 50 0 0 0 0
0

Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
2019 2020
H Month

r(gv K-STATE Gebhardt et al., 2022
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anfaIsci ? How can this be accomplished?

Step 1: Step 2: Step 3:

EFRB114 Remove organic material T2 Dry EEES Apply disinfectant

F(b K-STATE Gebhardt et al., 2022
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aneIsci 2 How can this be accomplished?

BERIXFRIE) Avoid this

F(b K-STATE Gebhardt et al., 2022
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/1_ e i S :
Contamination LE_H{—H_EE . Feed mill surfaces
T A\ARZEWorker clothing
.
1159 A 1,159 total samples

o~ 200 9MNPCRPEEREZA 9 PCR-positive samples Al foh T
= TN E X 1IPMEEENWRERX 1 from driver resting area Non-feed

8 Driver resting area| 3/\\3kE{afkH=ZAtmE 3 from feed contact surfaces contact iurface
o 150 / 3R B3EEREEATE 3 from non-feed contact surfaces 1
%_ 1 2 RBEIARE 2 from worker clothing

c 100 N

1

8 0

ig 50

bl

S 0)

Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
2019 2020
Month
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Contamination AR FEF Feed and ingredients

WEFNDTT14270MEZ 142 total samples collected and
analyzed.

A0 BEIEFOKEE 40 ingredient and water samples
102102 EHERR 102 complete feed samples OJ%PCRBE'& :
0.7% PCR positive

1IN2MEHERPCRZME™M 1 complete feed sample PCR
positive
IZ AR INEREE 2575 Batch of feed did not
contain added formaldehyde-based product

O PCR-negative B PCR-positive
PCR-BAE PCR-PRE

piy K-STATE Gebhardt et al., 2022
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Contamination WEH S 2 Where is the contamination at?

2328 MARMERNEFARTH 17 (0.7% ) ZPCRIGINHIFMIEE
%@DNA 17 of 2,328 samples (0.7%) from the feed supply chain

contain ASFV DNA as determined by PCR

o 3MIKH EkHEAYZEM 3 Feed-Contact Surfaces in Mill
ANNERNERRHERTZRE 4 Non-Feed-Contact Surfaces in Mill
2Maf RTAKPR 2 Employee clothing in Mill
1ITMENHE 1 Complete Feed
IMNMERIZE 7 Feed Trucks

@ N
KERIAMSHIFEEE !

Key finding: People and fomites are

incredibly important!
o /

O O O O

’(" K-STATE Gebhardt et al., 2022
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SR B4 TEM P AEERENEEDT
Contamination Quantification of endemic swine viruses in feed

under field conditions
B8 : SNEEF S XESE 2N ERT B4 ERE IR TR S

faMl, Objective: Quantify the viral presence in 224 feed samples during two
different times of year in Midwest US.

3\~

RE-BFHMRSEBINXIEE S, Winter — greater risk of seasonal viral
transmissio O%PCRBH'&

n.
BEZ-F MRS EREIIXPEIFR. Summer —reduced risk of seasonal viral  \ 9% PCR positive
transmission.

2Bzt Diagnostic testing performed:

PRRSV PCR (Ct cutoff of 37) @ PCR-negative =k
PEDV/PDCoV/TGEV PCR (Ct cutoff of 36) P =
B PCR-positive

HF HF

FieHPCRPEMEREZ No PCR positive samples were detected

P K-STATE Kellner et al., 2022
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S VI EA 2 TIN5 1548 < M2 B E Multiple

recent feed-related diagnostic investigations

Contamination

PEER REVIEWED CASE STUDY
T RRE R R eSS REPEHER

Understanding the role of feed manufacturing
and delivery within a series of porcine
deltacoronavirus investigations

C. Grace Elijah, DVM; Olivia L. Harrison; Allison K. Blomme; Jason C. Woodworth, PhD; Cassandra K. Jones, PhD;
Chad B. Paulk, PhD; Jordan T. Gebhardt, DVM, PhD
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Iransboundary and Enféaing Diseases!
- -

[rﬂnshcurldul'-_-.-' and Emgrging Diseases!
A - i

SPECIAL ISSUE ARTICLE SPECIAL ISSUE ARTICLE

Feed or feed transport as a potential route for a porcine Interventions to reduce porcine epidemic diarrhea virus

epidemic diarrhoea outbreak in a 10,000-sow breedin herd in | |prevalenceinfeed ina Chinese swine production system:

Mexico (AFFEL] —_IJH SRR EFREr 1 5 LA SR Acasestudy FRERFEFEE=RRFIRHIERITE
R TIHIE SR ISR S SRS T T a2 G

Jorge Garrido-Mantilla® | AIu:la Lara? Ezequiel Guardado! | Joselopez? | Fangzhou Wu! | Roger Cochrane! | JosephYaros? | CaixiaZhang® |

Joel Nerem! | Gustavo Pizarro! | JeanPaul Cano! Shih-YiTsai® | Gordon Spronk?
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O R EETR RE h ETEASFVRIXBS Risk of
ASFV carryover in feed after contaminated batch

#tkBatch 5 ¥ElIngredients
FH14:Negative

2RI ASFV Inoculated
FH14:Negative

FH 4 Negative

FH 4 Negative
FH14:Negative
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S R =25 E RN P HETSASFVRIXIPE Risk of

Seluelullehdels ASFV carryover in feed after contaminated batch

100%

“'qo: 90%
& o 80%
o 2 70%
5 2 60% =

0 Ay N
S e o FEREAS MR AR S
- 0
ﬁ o 400 ASFV, ASFV was still detected after

Q
2 30% 4 subsequent batches of feed
£ 3 20%
S  10%
0%
" Batch 1 Batch 2 Batch 3 Batch 4 Batch 5 Batch 6
%gg“gﬁ B Positive OSuspect B Non-detected
=fics S5t RigH
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Research and Extension



=5 ZiSRALRANMETF 180K G, (A PASFVRITRE NG

S
Contamination Risk of ASFV carryover in feed after contaminated batch

6 and storage up to 180 days

#HxxK#Batch x day, P =0.023
*and * P<0.05

o
I' I‘Miﬁ h %ﬁ[lhﬁw i

w S ol

LogloEE FE&/g Logl0 genomic copies per g
N

1

0

Batch 2 Batch 3 Batch 4 Batch 5 Batch 6
POra
checkoff md 1 md 3 =d 7 md 14 =d 28 =d 60 md 90 md 180

o K-STATE Elijah et al., 2022
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= BT 2 fE ASFVAE TR R 3R E RN A BR PR 7% B2 RO XU B

195

Contamination Risk of ASFV carryover on feed surfaces and within
environment after contaminated batch

w CIX Zone C
), | BX Zone B
- 1 meter
4

. i AIZ. I:>
" | Zone A
sl
§ . & E , ¢
| 4 S B R
. In }" e
P-4 & “i# D[X Zone D

=z
/

‘(?hgg(off
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- ARt R =25 E, ASFVIERFREmMIMERIETRIX S

195

Risk of ASFV carryover on feed surfaces and within
environment after contaminated batch

00%

80%

60%

: I I I I
0%

Batch 1 Batch 2 Batch 3 Batch 4 Batch 5 Batch 6

Contamination

N
3
>

PCREBM4FAB DL
Percentage of samples PCR positive,

porA,

checkoff TERHERDZEME mFeed Contact Surface @<1m E>1m ®Shoes #F

o K-STATE Elijah et al., 2021
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oy T R FNMETF180K G, ASFVIEINE R EIES RIS

TS

Contamination Risk of ASFV carryover on environmental surfaces after
contaminated batch and storage up to 180 days
21 Day, P =0.433

1 d3 d7 d14 d 28 d 60 d 90

d 180

ol

1N

N w

FmLEYLogl0EEH HERER
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sSs [AFHE R 2D EE, ASFVEIEH R EMINE NEHRIXG
Contamination Risk of ASFV carryover on feed surfaces and within environment
after contaminated batch

- FELRWKey findings:

— EEET R, ASFVEPEDVEBHELEYEE ASFV has similar characteristics to PEDV
within a feed mill

- BFIAATE It goes everywhere!

- ZHtERETIREE . TLMENEERFIZREAYSE Contamination of feed and surfaces
can be detected after multiple batches of feed pass through the equipment

- ARIEEEERZEEREZE People are extremely important to consider!

piy K-STATE

(- Research and Extension




RS REE S/ HEREPrinciples of surface
cleaning/disinfection

Contamination

1. XiBBEH Removal of organic material
—  (EFSESIE Inactivates many disinfectants

2. SRS ERENYERESR Detergents can be useful to remove organic
material

3. sk ERY Rinse off any residue
4. BT Allow to dry
5. SAERAEESRI Then apply disinfectant
— REFNERERYE Concentration & contact time

piy K-STATE http://www.cfsph.iastate.edu/Disinfection/

G Research and Extension
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Contamination

3EiE Source:

https://www.aphis.us
da.gov/animal_healt
h/emergency _manag
ement/downloads/as
f-virus-
disinfectants.pdf

e K-STATE

Research and Extension

ASFVH 3R M i

EPAERRS FRE 7B

i ek

T EMERRRTSZ AT (TRIE

NPIRS A/ S e iy

{2 Surface di\sinfection of ASFV

EPARJuG-IATERRES

EPA Manufactu | Active &/F(g: qc sites (according to | Website for EPA-
Reg No rer ingredient(s) IS, ¥ t‘#““ confirm with label approved label
on container)
39967- Lanxess Sodium chloride In/on animal feed equipment, https://www3.epa gov/pe
137 Corporation | Potassium livestock barns, livestock pens, sticides/chem search/ppl
peroxymonosulfate livestock stalls, livestock stables, s/039967-00137-
livestock equipment, hog farrowing | 20091011 pdf
UL pen premises, hog
ﬁl barns/houses/parlors/pens, animal
HEFRERA quarters, animal feeding and
watering equipment, animal
transportation vehicles, animal
equipment, agricultural premises,
agricultural equipment, railroad
boxcars, transportation vehicles,
and human footwear
69470- Clearon Sodium dichloro-s- In/on animal living quarters, farm https://www3.epa gov/pe
37 Corp trazinetrione premises, and shoe baths sticides/chem search/ppl
— = —1E=—fA 5/069470-00037-
— A== 20160908 pdf
T1847-2 Medentech Sodium dichloro-s- African swine fever virus in amimal | hitps://www3.epa.govipe
Lid. tnazinetrione quarters and anmimal living quarters | sticides/chem search/ppl
— e —E— 5/071847-00002-
—A=lE=AuN 20130805 pdf
TIR47-6 Medentech Sodium dichloro-s- In/on anmimal quarters, animal https://'www3.epa.gov/pe
Ltd. triazinetrione feeding/watering, animal sticides/chem search/ppl
— = — e — equipment, and animal s/071847-00006-
—R= =R transportation vehicles 20181227 pdf
TIR47-7 Medentech, | Sodium dichloro-s- In/on livestock premises, animal https://www3 epa.gov/pe
Lid. triazinetrione feeding/watering equipment, animal | sticides/chem search/ppl

— R =E=FEiN

equipment, animal transportation
vehicles, farm premises, and shoe
baths

s/071847-00007-
201 80806.pdf
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Contamination

3Ei[& Source:
https://www.aphis.us

da.gov/animal_healt
h/emergency _manag
ement/downloads/as
f-virus-
disinfectants.pdf

% K-STATE

Research and Extension

ASFVEIZ=R M E = Surface disinfection of ASFV

3 13 Continued:

i ERHE BRI (HRIE

ISR EPAEME FEE 4FE  EERS BRI \plpe pmisteis pay  EPARIA-INIERE
Reg. EPA Product Manufactu | Active Contact Resisgeredpse sites (according o | Website for EPA-
type Reg No | name rer ingredient(s) time Nﬁ&% ;‘Eﬁ confirm with label approved label
on container)
FIFEA N/A Various Varous Sodium 15 min Federal, State, or private indoor or https://www.aphis.usda.
section hypochlornite nonporous | outdoor use sites, such as govianimal health/emer
18 SRS ANiB1ERY | agricultural, transportation, gency _management/dow
30 min quarantine, and laboratory nloads/sodium-
porous equipment and facilities; and, hypochlonte-label pdf
A 8iERY | footwear/personal protective
equipment.
FIFRA N/A various Archer Citric acid 15 min Federal, State, or private indoor or hitps:/fwww aphis usda.
section Daniels FTEES nonporous | outdoor use sites, such as govianimal health'emer
18 Midland Co. Ai21ER | agricultural and nonagricultural gency management/dow
30 min equipment and facilities; laboratory | nloads/19citricacid-
porous equipment and facilities; and exemption-label pdf
SEN footwear/personal protective

equipment.
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Contamination

Ch
bt

rlst:%g? of Selected Disinfectants

ltti%ﬁz{ E%EF‘%E&?‘UHT“/ \ﬁﬁ'\]—ﬂﬁ{ﬁu This table provides general information for each disinfectant chemical class.

i LS e BEE B AR E T & Antimicrobial activity may vary with formulation and concentration.
Always read and follow Ihe product Iabel for l:pnc:»&le-r preparatlon and ap Ilcatlon dlrectlons

:-'-

Sle N ethanal, calcium hydroxide, formaldehyde, sodium hypochlarite povidone-ioding hydrogen peroxide/ ortho-phenylphenal, benzalkonium chloride,
.%)(I_I_,E’\JHECOHIIIIGII isopropanol sodium carbonate, glutaraldehyde, (bleach), calcium accelerated HE, orthobenzylpara- alkyldimethyl
A s\ | Active calcium owide artho-phthalaldehyde, | hypachlorite, chlorine peracetic acid, chlorophenol ammanium chlaride
Eﬁfﬁj Ingredients dioxide potassium
peroxymonosulfate
- Precipitates Alters pH through ) _ _ Denatures proteins;
'ﬂzﬁﬁ Mechanism : : Denatures proteins; - Denatures Denature proteins Denatures proteins; . -
N proteins; hydroxyl ions; - Denatures proteins h e g binds phospholipids of
1:”'%] of Action P P et alkylates nucleic acids proteins and lipids disrupts cell wall call membrane
o + Fast acting » Slow acting + Slow acting » Fast acting # Stable in storage | « Fast acting » Can leave residual » Stable in storage
- Sourceo + Rapid » Affected by pH » Affected by pH » Affected by pH » Affected by pH » May damage some film on surfaces + Best at neutral or
Ky L) evaparation  Best at high temps and temperature « Frequent application | « Reguires metals (e.g., lead, » Can damage alkaline pH
+ = + Leaves no « Comrosive to metals | « Irritation of skin/ » Inactivated by UV frequent copper, brass, zinc) rubber, plastic; » Effective at high temps
. !I:‘__'.'“\ residus » Severe skin burns; mucous membrane radiation application » Powdered form non-cormosive + High concentrations
h tt pS ® //WWW Cfs p h I a Characteristics | « Can swell or mucous membrane | « Only use in well » Corrodes metals, » Corrosive may Cause mucous » Stable in storage corrosive to metals
* * ° harden rubber irritation ventilated areas rubber, fabrics, « Stains clothes membrane irritation | « Irritation to skin « Irritation to skin, eyes
and plastics » Environmental » Pungent odor » Mucous membrang and treated » Low toxicity at lower and eyes and respiratory tract
t t d D 11 f t M hazard « Noncorrosive irritation surfaces concentrations
state.eau/uisinrectio sy
friendly
ics-of-selected -
ICS-O _Se eC e - Bactericidal + + + + + + +
. . ;%ﬁ
disinfectants.pdf i * * * * * * * *+ Emeloped
¢ PARS
Fungicidal +* +*= + +* + + + +=
j—— e
b oA ial + + + + + + + -
ﬂ:'_,
gRinn - : ' ‘ : + - :
BnmAT Factors Inactivated by . Effective in presence Effective in presence Inactivated by
55/”[&])(‘& Affectin Inactivated by variable organic matter, Rapidly inactivated inafal' pldhrl by of organic matter, of organic matter, organic matter,
$E§ i organic matter hard water, by organic matter . t hard water, soaps, hard water, soaps,and hard water, soaps and
§ Effectiveness soaps and detergents arganic matier and detergents detergents anionic detergents
+ = effective; & =variable or limited activity; = = not effective a - slow acting against nonenveloped viruses (e.g., norovirus) The Center for

e K-STATE

Research and Extension
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REFERENCES: Fraise AP, Lambert P‘BEESGE Iﬂa&aeﬁl Hugo & Ayfiffe’s Principles and Practice of Disinfection, Presernvalion and Sterlization, 5th ed. 2013. Ames, I1A: Wiley-Blackwell:

McDonnell GE. Antizepais, Disinfeclion, and Sterilizafion: Types, Action, and Resisfance. 2007. ASM Press, Washington DC. Rutala WA, Weber DJ, Healthcare Infection Conirol Practices
Advisory Committee (HICPAC). 2008. Guideline for disinfection and sterilization in healthcare facilities. Available at: hitpzfeww cde gowhicpao/Dizinfection_ Sterilizationfoc. himi;
Guinn PJ, Markey FC et al. (eds). Veterinary Microbiology and Microbial Disgease. 2nd ed. 2011. West Sussex, UK: Wiley-Blackwell, pp 851-880.
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%= MEATEAY B 24 = H Natural decay of viruses

~\-

over time
- REKRTEREF G RES [RERER Pathogen has to
survive on surface to cause infection ’
- WEEIKEBENER FFA=BIKESE Viruses do not replicate
outside of host .
. . N . B 14'000 E*E(ﬁ%)ﬂb) ~#— Soybean meal —O—Moisldogfoodiﬁaﬁj*a
- BEEREAEREARM(REESRM) Naturally decay over R 12,0001 Ngigain) = somenmenl - rorsaisage oADBAEI
time (lose infectivity) 8 10,000 S e e ke :(ﬁﬁﬁfﬁiﬂfﬁed%’ﬁhﬂig%
. . . - L. gﬁﬁt +Chqline oy r;ons‘itivecontrol) -
- B8, R, JBE , TRETime, temperature, humidity, '; 8,000 ST MR fnegfij?;;gﬁf,o,,ﬁ%)(Ei I
environment 8 6,000 £iiel (RAXEg)
- BAMEEEE : Greatest survival in: = 4,000
\ ) 2,000 {
o fB#E Choline 0 i $ @
o =#H Soybean meal 0 5 11=1(;) 15 20 25 30
. : D r contamination
o E5HBE Soy oil cake ays d %;g%;;a atio

F(g» K-STATE Stoian et al., 2019
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ERERSATERRE PR EMEEREEK Stability of
Senecavirus A in feed ingredients over time

R EERISVA (105 f558E) |, 754, 15530°C#4% Ingredient samples inoculated with SVA (10°
TCID.,) and stored at 4, 15, or 30 C

4°C 15°C 30°C
ge svA  R° g e
SVA 8 HE P SVA B
S == iﬁg = 4 910 e 4 7%&_ - 4
it at==s (loglo 8 TCID50 8 (logl0
TCID50 5 2 L2 TCID50 52
g = &
Viable virus 3 z )
> U I T L] L] 1 L L 1 ] L L] L] 1 ) D a D 1 l T b
w [74] T T L L) T T
0 7T 14 21 28 35 42 49 56 63 70 77 84 91 7 14 21 28 35 0 14 21
IEFRREY Day of incubation BEFFREL Day of incubation i“?%%%[ Day of incubation
-+ Lysine = SBM -+ DDGS -+ Control -+ Lysine -# SBM - DDGS -+ Control -+ Lysine = SBM -+« DDGS -+ Control
=i 0 4 = e 0y 4
- SN SBM DDGS X4RBZH c HEER SBM DDGS XfHEZH - HEES SBM DDGS XJEBE
g 4°c g 15°C g 30°C
29 ' 29
1%"1[’@”— Loglo_n * —— # § ~#SVA 58 H 3 —
SVAEE 7 2H 5,
26 gﬁéﬁ a 6
Genetic 2% 3 /mL 3
terial ™ 1 : og1g —
€ 44 T T T T T T T T T T T T 1 c 4 T T T T 1 £ 44 T T 1
ma erla ® 0 7 14 21 28 35 42 49 56 63 70 77 84 91 S o0 7 14 21 28 35 & 0 7 14 21
% BZFKE] Day of incubation {% B2 K2 pay of incubation % 1 F K E{Day of incubation

- | 5|ne = 5BM -+ DDGS -+ Cantraol

pi» K-STATE

o~

Research and Extension

DDGS -* Control
QLSS

- |ysme = SBM -+
it = g B\

-4 Lysine % SBM -+ DDGS -* Control
hAS o

Caserta et aI., 2022



OFsE RS ERfISAPERErfaEd Stability of FMDV in
feed and soybean meal over time

+ SERFHIRFMDV (10° TCID,)AIERFMD VAR RREREIHIZSAL., (a)sﬁtﬂn v PV oS
Samples inoculated with two strains of FMDV (10° e The—s
TCID¢,) and infectious FMDV measured over time. o | ey | P Ey
- E2/NBEE BT Stored at 2 temperatures: o) Wl et W o
45120°c 4 Cand 20 C o Who;:; ;;454 " | =
- WEERBEIHER MRS NEZEER. Natural ?{E NN
decay over time observed, with differences observed OggDTs L ;T?é%}”fm; et
between soybean mean and complete feed. R -t T R
GEARIENERS | SHEEENFMOVARESEN, Amount of  © 3%4.3 = o

viable FMDV greater over time in soybean meal.
54°Cfty , 20°CRIRIEmAIEE SR Rate of decay more AN
rapid at 20 C compared to 4 C TR

37 h123 7 14 21
Days
FH R

= 4°C - 20°C X Vl-negative sample

r(g» K-STATE Stenfeldt et al., 2022

Titer recovered
- N W
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S HEF R 2RO SN 3E M A 3 Risk of

Exposure at

sufficient dose inoculated feed causing infection - ASFV

BURBE—FE1) ZIREBEA—H]
Single Exposure to a Single Animal Multiple Exposures to a Single Animal
(100 g x 1 time) (100 g x 20 times)
— Liquid g {i — Liquid 3z
B — Feed il — Feed (!

1.0
1.0

L —

0.50 0.75

0.00 :
L |
|

4 A @
Infection Probability
0.25 0.50 0.75
4 A @
Infection Probability
0.25

0.00

1 | [Hll] 1

T T T T T T T T

1 2 3 4 5 6 7 s

10 10 10 10 10 10 10 10 10 10° 10 102 10° 10* 10° 10° 107 10°

fEEEERIE Dose (TCIDs,) SRS Dose (TCIDs)

ZRBEESEINRANXMultiple exposures increases risk of infection

piy K-STATE Niederwerder et al., 2019
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EAIERE R B AR AR XS O B3 Risk of

Exposure at

sufficient dose inoculated feed causing infection - FMDV

- (ANBEFIEL0% ~ 107 HIFMDVHIES B
BEE. No pigs fed a single =FHAIR

were infected. P 3

Three Feedi
dose of FMDV from 10*4 to 1072 S - m;f\ W L i
e B L "3 §° 3 I :

. HFMDVISRRUIEE | tIERLIEBEN Rl
KERMERIEIE | TSR, Feed M

107-°TCID5,
contaminated with FMDV can WS .
cause infection if provided at -

high enough levels with multiple
-~ Serum -= OPSwab -+ Score | | Primary Infection

feedings.
b OPHF? &> RRRR

Vlogi

s

Y S —
» & 2 2 8

91008
FMDV logyg GEN/m!
« w» @ 8

L -

"

-

\\1
L @ - - »
3 & B
01028
FMDV logyg GCN/ml
e v o w B
°
~
»
]
3
2l
MDV logy, GCN/m
L S
-
e
8

10%-1 TCID;,

FMDV logyo GCN/mI

—.—.—.—.
2 2 8
2J00%

FMDV logso GCNIm!

o i 9 B

-

»

\\

-

-

&

&

3

8

2

- & 3 2 ¥
84025

FMDV log, GCN/ml
. o B
240!

FMDV logso GCN/ml

6§ 8 10 12 o 2 4 & 8
dpe dpe dpe

p(-» K-STATE Stenfeldt et al., 2022
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EFIEFE

Exposure at
sufficient dose

\ts 9 » \ \
W v )
A y yi y

J
I
y
b

Group 3 (G3)
10° TCID,, SVA
Contaminated feed

Group 1 (G1)
10° TCID,, SVA
Contaminated feed

1 11 B

L L] L L)

0 1 3 7 14

EZE IR R 3K Pigs fed inoculated feed
for 3 consecutive days
A=A ERFIEDoses provided to 3
different groups:
« 10% 10 and 107 TCID.,/50gfa#} 10°,
10°, and 107 TCID., per 50 gram feed

Group 2 (G2)
10° TCID,, SVA
Contaminated feed

fAIR10° TCID,,/50gH EHI & SEURR
Consumption of 10° TCID., per 50 grams of
feed resulted in infection.

K:-STATE

Research and Extension

BRI 517

[M;&RT-qPCR

RT-qPCR serum

A
2

=
3

BVA gename copy number mL"! logil
- = = -

Opi  3pl Tpl g opi 3pl Tpl gl
Dy past infection

JRHEAERT-qPCR

RT-gPCR tonsil

(©)

:l:
!

VA genome copy number mL log1d
w &t = e F

T T
Tdpi Tdpi
Darys posit infection

TR R IXS- EARmE Risk of
inoculated feed causing infection - SVA

SERTRT-qPCR

RT-gPCR facal swaly

-
. =
? e

SWA gename cogy number mL ! 16g10
Ly 3 & @

opl 3p Tp tp opi 3p Tpd tapl op 3 Tpl tapl
Dy post infection

(d) ﬁ%q:lﬂ] Virus petra REation

159

& svar®

Titar {logZ)

L W svair®

A svA07

T T Ll T
o 14pi Opi Mdpi opi 14pi
Days post infection

BELREL

FIGURE 4 Viralload and neutralizing antibodies levels after bioassay with piglets. Viral load in serum (a), faecal swabs (b) and tonsil (c) were
determined by RT-gPCR and neutralizing antibodies levels were determined by virus neutralization assay (d) after the consumption of feed
contaminated with 10°, 10% and 107 TCIDsp of SVA per 50 g of feed. Asterisks indicate significant differences: *P=.0221; **P = .0083;

P < 0.0001

B4, (P ERRSHRENPFINAKE. BEIRT-gPCRIGIIIE(a). ZEEEF(b)FImUIR(C)BRS
#HE , ELRsPAENE(d)NES50giFR105, 10980107 TCIDS0AISVARRRERIHFITIAKE, *F&
RESEE*P=0.0221, **P=0.0083 , ****P<0.0001

Caserta et al., 2022




S B R SRR NG R TIAE R Risk of

Exposure at _
sufficient dose inoculated feed causing infection - PEDV

ZR1- RT-qPCRIG10 HEIE (LT3R AR, @R rAMEmRA S FPEDVAICHE.
Table |—The Ct values for an RT-gPCR assay to detect PEDY in feed fed to and fecal swab

N i d cecal contents obtained from |0-day-old pigs (3 pigs/treatment).
. PEDViE pay PEDV specimens an
S EsERRER A - B
serially inoculated into feed. EIEPEDY Fecal swab specimens I
PEDV Infeed  culture kst 0x 2K 4K 6K 7%  Cecal
{TEIDgg.:rg}* medium Feed Day 0 Day 2 Day4 Dayé  Day7 contentst
¢ 9D%’fﬁ]*4¢$ﬁﬁ'§*¢56 TCID50/9§EE V?ruﬁrzz%feed MNegz a1 Mes Meg Meg MNeg MNeg MNeg Neg
_ 2pe AL . 56 X 10+ N N M N N N N N
5, BEiewsek, Pigs became 5.6 X 107 Nes Nee  Nes Neg Nz  Neg  Nes  Nes
. 56 X 107 38.0 Meg Meg MNeg Neg MNeg Neg Neg
infected if feed samples were 5.6 X 10 43 Ne  Neg Nez ~ Neg  Nez  Neg  Neg
5.6 10° 30.6 Meg Mes MNeg E MNeg Nes Neg

inoculated with 56 TCID.,/g or
greater.

P K-STATE Schumacher et al., 2016
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EFIERE

Exposure at HEMENEIBERIE S Feed as vector for disease

sufficient dose

+  XFPEDV , kB3 RIERY1 e ZEE R LASE500MERYA
B, B (EEEEERM  For PEDV, 1 gram of feces from
an acutely infected pig can contaminate 500 tonnes of

feed — with EACH GRAM being infective.

. B s

piy K-STATE Schumacher et al., 2016
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fARtEYIZ S B IDRRNEE [FRHE N SE P RIPERS
Feed Biosecurity:
Hurdles to Prevent Pathogen Transfer through feed supply

chain
¥afFPrevention FFalntervention

[ ERskRIngredient sourcing” | kfjEs Point-in-time

ﬂi#@féBiosecurity \l)lﬁf =2 Residual

piy K-STATE
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iyl

Prevention

Dirty
- BEMRET BEIFRINI |, LRGIRE REFARIRE
Extend biosecurity to feed mills to limit contamination
from trucks and people
— (ERAEREL/IRUse receiving mats/funnels
— PR#IARESN Restrict movement of personnel

- BRI EIEUse your own employees to unload
— SoiERTimahs%) Implement control of employee movement

- YRR | SENESE , 9K Physical barriers,
foot baths, zoning

- WEEEYMAREmETES Disinfection of trucks
and other surfaces

pi» K-STATE

(- Research and Extension



B35l Point-in-Time

- BRWEIRSH
Susceptible to recontamination

* B8] Time

oiE':

. FRAb]
VAN NY

'y

HA Irradiation

I|'|-

2 Thermal processing

)

e K-STATE

TintEhE

Intervention approaches

¥z ElResidual

— F BB IRIE BRI TR LR BRI TR
Have some level of residual activity to help
combat possible recontamination

o BRFOMR, Acids and alkalis

* f5,H Essential oils

« FfESS A0 Formaldehyde-based products
o h5EASHEAER Medium chain fatty acids

Research and Extension



“ DRSS - AE7EATE]

) Point in time: Holding time

-  BEEBR T ETH =M ERIHEEFEEFRIE

PEAR99.9% ARYZFE R E (SVA) TR IEFRT 8]

. . . Mean Holding Time for 99.99% SVA Degradati
Based on half-life estimates, recommended holding e =
s it oy ot By
times have been established 4C(8EF) | 15CISIF) | 30°C (86°F)
‘= ,_‘_ TESHH | Conventional SEM 143 days | 52 days 2b days
1. ;ﬂmﬁTemperatu re DDGS | DDGS 494 days | 182 days | 26 days
IN S : : #eE 2D | Vitamin D 39 days | 26days | 26 days
2. ZSIngredient matrix
JE*—I%EFK & SR | Lysine 78 days 13 days 13 days

- H—SIRIEEERNFREMETE

54°TF BT , BEfE99.9% FENIBIEFE (ASF) B IMEFRTIE

Half-life estimates improving Moan Holding Time for 29.9%% Ai:%iﬂm :;in:ﬂ:::c:
MEr3ZE | \iterval-Lower | Interval - Higher
e A_ @ | Conventional SBM | 125 days | 113 days 135 days
@ Sl'm POIa rOR HHSHi| Organic SBM | 168 days | 150 days | 186 days
verewn™™ Saine Health Information Canter comar BE%% | Choline 155 days 142 days 168 days

%= K:-STATE

Research and Extension

-

95U E(ZX|E

R 95%E({=X[E] LR

https://www.swinehealth.org/wp-content/uploads/2020/02/Holding-Time-Calculations-for-Feed-Ingredients-to-
Mitigate-Virus-Transmission-Print-02.04.20.pdf




[ J fETERTE] ; ITHER SRR

Holding time: Recent data

1SS RIS E%mE ( PRRS ) B
SVATRE
1 tonne totes of soybean meal inoculated

with PRRSV or SVA.

«  7£10. 15.5. 23.9BKE FMEFE30X
Stored for 30 d at 10, 15.5 or 23.9 C.

»  23.9°CTMER3OKEIERM
No infectivity after 30 d storage at 23.9 C.

e K-STATE

100

80

60

40

20

% of samples bioassay positive

m10C
m155C
@239C

SVAU PRRSV
N

No infectivity
Dee et al., 2022
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RPASI=H) - JEimATIERE SimE ( PEDV ) #AtE

Point in time: PEDV thermal processing

Feed 0 dpi 2 dpi 4 dpi 6 dpi 7 dpi C7ecc:lt?;n
No PEDV 0 0 0 0 0 0 0
38°C 9/9 0 1/9 3/9 3/9 3/9 3/9
46°C 9/9 0 3/9 3/9 3/9 3/9 3/9
4 54°C 9/9 0 0 0 0 0 0 A
63°C 8/9 0 0 0 0 0 0
_ 71°C 8/9 0 0 0 0 0 0

HRFIRLEE > 54°CIa &Rt
No infectivity in diets pelleted > 54°C

P.' K-STATE Cochrane et al., 2018

Research and Extension



[ J PR aHYTaTE

Approaches with residual activity

.« pHIEZEE ( BR/FW ) pH adjustment (acid/alkalis)
o #5H Essential oils
« HFAEE3E= 5 Formaldehyde-based products

« BHLE Organic acids
— rhgk. F2%%. H'E Medium chain, short chain, others

- ZFETEEIERYIEANE Modes of actions differ across mitigant type
- BINES R © PHEisiEER

Dlsruptlon of viral envelope — medium chain fatty acids

- (ERTESEEYR - FEE

Interactlons with viral genetic material - formaldehyde

* K- STATE Images: Thormar et al., 1987; Vesicular stomatitis virus

Il'r
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ORIGINAL ARTICLE ks, ey WILEY

B KR SR AN BN PR IR S SR BR AR
An evaluation of additives for mitigating the risk of virus-
contaminated feed using an ice-block challenge model

Scott A. Dee! | MeganC. Niederwerder? | Roy Edler’ | DanHanson! |

Aaron Singrey® | Roger Cochrane! | Gordon Spronk® | Eric Nelson®

. AR S K EERN AR ESD
Block of frozen virus applied directly into feed bins

—  ABYZENKJEE 100 mL SVA Senecavirus A (105 TCID50/mL)

—  ISHEfEfRE 100 mL Porcine reproductive and respiratory syndrome virus (10°
TCID50/mL)

TS 5% e 100 mL Porcine epidemic diarrhea virus (10° TCID50/mL)

. ,JLJm%EFT BAE , BEZHEELRINFIFIARFIZE

19 different combinations of feed additives and concentrations tested

» K- STATE Dee et al., 2021
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ASFV BA7 1V{RINKGETIER
In vitro inactivation of ASFV BA71V

@ 7- EERFIE0.325% (b) 7.
. US labeled dose of 0.325% B
6 - 6 -
E 5- E 5- -
> ' &
O 4- Q 4- '
° 5 * )
o o
9 2 - 9 2
14 1-
0 0,03 006 0.13 0.20 0.30 0.35 0 0 013 025 050 060 070
Formaldehyde-based additive (%) MCFA-based additive (%)
BREESARI07 (% ) thyEASRRERSSANI0 (% )

» K-STATE Niederwerder et al., 2021
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R0 B N EYINTE

Virus isolation and bioassay

FAfiE histISIPERIR S
Formaldehyde, 6.5 Ib/ton MCFA blend, 20 Ib/ton
A8} E#lFeed ingredient No treatment do d 28 do d 28
1@ = fHConventional SBM 10390
BHYL.=%H0rganic SBM 1030 +
2 HSoy oilcake 1031 —-- - - -
FAH=Dry dog food 1027 --- —- - +
YEIEMEMoist cat food 1030
IEAFREMoist dog food 1028
BB Choline 1032 - - . .
Y&ARBA<Pork sausage casings 1029 - - - -
2N 1ERComplete feed 1027 —ee --- == -
2iniErt (RAXIEE ) ND ND ND ND
Complete feed (negative control)

o K-STATE : - Bitbioassay negative; + fRfttbioassay positive Niederwerder et al., 2021

_~ Research and Extension



AR ER AN B AEER SR BEXT ASFVATAGRRER

In vitro inactivation of ASFV using medium chain fatty

acids and glycerol monolaurate
a 5 b 4.0
) T T T T T ) 3.5 -‘- T
=l T I
e EEEEEEE g Il Tm,. 11
: B Saod UM Amm e
: 3 l t e e
8 8 25- I
2 | | | | | | | 1 | 2*0 | | | 1 ] | 1 | ]
STPA 2l oA alPA sl R S R "\ ‘?‘ oA " S CO S T VO
aa&\‘oﬁ \3"(? \?gj‘ '@d‘u@c’ﬁ.\aﬁixn&ﬁpe@ \‘@“0 \3‘ @‘é @‘t\fﬁ\uei\a&t\a&@
d“}a}{g\;ﬁﬁ! o hﬁ\ﬂm s\e .hff*ﬁ Qﬁﬁ h'l:.':p "'],.? 4-& a‘\, @ ﬂ"‘nmn\n q;{:, Q@ h? I"'|:'h

Fig. 2 Effect of MCFA mixture and GML additives on ASFv infectivity in feed. 0-2.0% (wt/wi) feed additives were included in the feed and the
effects on ASFv infectivity were measured (a) 30 min and (b) 24 h post-incubation. Viral titers were measured by CPE-based assay. Data are
reported as mean + standard deviation from three independent experiments (n = 3 per group). The markers ** and *** indicate P < 001 and P <
0,001, respectively, versus the virus-only control

» K-STATE Jackman et al., 2020
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AR EXSASFVEY K ERIER
In vitro inactivation of ASFV using commercial feed
additive products

E(EHIR R EAE

Genetic material Viral infectivity

&

Cad
th

e

b
-

[
th
Mean Lg [HAD,)

Mean of Cq Value
= [
th [—]

-
[—]

N

=

D1 D3 D7 D1 D3 D7 D1 D3 D7 ) l D1 l D3 ‘ D7 I D1 D3 D7 D1 D3 D7 D1 D3 D7 D1 D3 D7

Positive control Curb RM E liquid Curb F2Dry Curb K2 liquid Positive control Curb RM E liquid Curb F2Dry Curb K2 liguid

1IEXTHR Curb RM Ei&fK  Curb F2F#; Curb K2&{K IEXSRE Curb RM Ef&fK  Curb F2F#; Curb K2i&{K

» K-STATE Tran et al., 2020
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&SRR EEXTASFVEY R BRI ER

In vitro inactivation of ASFV using medium chain fatty acids

B(EYIR REERE

Genetic material Viral infectivity

B " Product 1 RAG 8) [l Product 2 (RAG C6-C8-C10) B " Product 1 RAG €8) [l Product 2 RAG €6-C8-C10)
55
ais Bl rositive control B product 3 (RAG 8 C10 C12) Bl cositive control Bl Product 3 ®AG C8-C10-C12)
5.0 -
13.0 - oy e R
© 28.0 =
E Z 45
% 23.0 <
S =
< 180 5 4.0
= -
S 13.0
= 35
8.0
3.0 3.0
0.125% 0.25% 0.375% 0.50%

0.125% 0.25% 0.375% 0.50%

% Medium chain fatty acid (MCFA)

% Medium chain fatty acid (MCFA)

chEERSAER RN E thiERERRER ANINE (% )
» K- STATE Tran et al., 2021
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I \\I

KSU Feed Addi

Summary

1A[8]Available at:
www.ksufeed.org

e K-STATE

Research and Extension

Q; EI (AR

itive

P ~ ﬁ' Updated April 2022
K ST ATE J I%\7 E ICA To check for updates, visit www.ksufeed.org
Summary of available information: ORI EE IR
Research and Extension - y TR . e ﬁ&&lﬂgﬂﬂ p==1 litgﬂl%l\éﬁ
A?EJ }_l_nnﬁ [E'rﬂzbjzjj /J\\}Jui 197425 | # of published studies | Total # of published
Company Product name Active ingredient(s) Inclusion, |b/ton Pricing® documenting efficacy? studies
ADM DaaFit & Lauric and myristic acids and 10 (Daafit S) 56 1 1
DaaFit S glycerol monolaurate 6 (Daafit)
ADM DaaFit PLUS Lauric Acid, GML-90, formic acid,
. . 10 1 1
short chain fatty acids
Alltech Guardian Lactic acid, propionic acid, essential 8 (dry) 5SS (dry) 3 3
oils 5.3 (liquid) SS (liquid)
Anitox Terming Formaldehyde, propionic acid
L. 6 —- 0 0
(liquid or powder form)
Anpario pHorce Formic e.|(:|d, propionic acid, 6 56 1 1
ammonium formate
DSM Nutritional | VWC Premix Blend of essential oil compounds 7 $ 2 3
Products and benzoic acid
Feed Energy R2 Short, medium, long chain fatty 60 (R2 active .
. Lo . : S (active
acids and essential oils ingredients along ingredient) 1 1
with added fats/oils) | ""®
Feedworks USA | LipoVital Glycerol monolaurate 5 t0 4 56 0 0
GL-90
Form A Feed Prohibio-R Medium -::h;a_ln fatty a!fld a['.d 45 569 0 0
monoglyceride, organic acids
Furst McNess Furst Protect | Monoglycerides, Essential oil, 3 883 1 1
natural extracts
Kemin FeedSURE MG | Monoglyceride blend, organic acids 3.3t07.7 55 1 1
Kemin Sal CURB Formaldehyde, propionic acid 6.5 5 8 8
Novus Activate DA Organic acids, 2-Hydroxy-4-
Methylthio Butanoic acid 10 295 2 3
PMI Vitacy Blend of activated medium chain a $ 0 0
FeedlLock fatty acids
Provimi Vigilex Fatty acids 8 S 1 1
Ralco Dual Defender | Phytonutrients 2 SS to 555 1 1

! Pricing at recommended inclusion. § = < $10/treated ton; 55 = $10-15/treated ton; 555 = > $15/treated ton. — indicates that pricing estimate not available.
? Efficacy defined as a reduction in the infectivity of viral samples (PEDV, PRRSV, SVA, ASFV, FMDV) using either a cell culture based assay or swine bioassay.
Other non-peer reviewed data may be available to support the products such as meeting abstracts and proceedings, but not considered in this summary.
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FRIRARIZ AR
Addressing Feed Safety

1. 2860 %&1'5’}1' ? ij

Is it I|ker to get Prevention
contaminated?

2. 82 Ez:A ¥I§ 9
Can it survive?

NTAN
/1A
Intervention

Is it mfectlous?

piy K-STATE
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FHREHFENIIRIREE

Keys to a successful biosecurity program

[ 4 Culture } [ £223)|| Training }

e TS — o o fﬁ?:::j I, s,

éﬁ , ;Eﬁ%&%lj ENTION AREA 9&5$ " ?Sl 1 _|_ Zu

Consistent expectations and Training and re_training
accountability at all levels of | s,/ 1 Focus on WHY
organization :
F2EMOFH Continuous
{ fE{&Infrastructure ] } [ - ’%EQL
Improvement

B DA E=-E—ERY T3] BRRARBZAL |, SRENSUHIENE

Minimize inconvenience = more Identifying gaps, implement
consistent implementation corrective measures

B K-STATE

‘ Research and Extension



1. =FEHYE

PrILERmM AR REIES

Prevention of disease transmission from feed mill to pig farms

=YL EiEEE IR AT LA

53z HIASFVIIE BRIRAEYD

Extreme biosecurity measures have been shown to be effective controlling
ASFV and other pathogens

)Y

. R

- BPAGHIE

2. HWk

~/

P e |, LARHFES

=7k ibEn

"W S Ingredient biosecurity B eveumion et -
ES) Truck washing (inside and outside) ‘

FR#EIARTESN Control people movement
IF LS HIFEME Point-in-time or residual control strategies

TRAEZAE

Sampling and surveillance to identify gaps in biosecurity practices.

piy K-STATE

‘ Research and Extension



Kansas State Unlversitv Feed Safety Team

Dr. Jordan Gebhardt —-IZWi[E=/fi5IE= Diagnostic Medicine/Pathobiology
Dr. Cassie Jones — ZIYIR}Z 5T AlF Animal Sciences & Industry
Dr. Chad Paulk -f@#}Rl= Feed Science

Dr. Jason Woodworth — ZI¥JRIZ 5Tl Animal Sciences & Industry 4 :E
K
www.ksufeed.org
Applied Swine mf,e,nrltil?lﬁﬁﬁf i
Nutrition Kansas State University ‘ il kel
\V/
aaaaa State University
Kansas State | applied Feed 2 GRAIN SCIENCE
U n Ive rs I ty nutrition Safety & |NDUSTRY

Diagnostic
Medicine

Feed
Science Animal Sciences and Industry

e K-STATE
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