Tonsil-Oral-Scrubbing (TOSc) as a new tool to
detect PRRSV in sows and application of TOSc for
PRRSV elimination in breeding herds
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Swine health & productivity

* Epidemiology is the study of the determinants, occurrence, and distribution of health and
disease in a deflned z% ulation.
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Load-Close-Homogenize for PRRSV stabilization
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Hallmark: Consecutive PRRSV negative weaned piglets! /#{V i ThArE: FF4E 4 H B {FE
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Scientific problem in breeding herds seeking stability

£ (a)

1. Extended TTS &4k A48 e R ;
2. PRRSV Rebreaks EEH B X IR A “E—S”

Cﬂhﬂ rt Cﬂhﬂrt Scenarios for PRRSv prevalence over time, and implications for detection:

TI mE tﬂ Sta bl I Itv s Ewent favoring PRRSv transmission
{WEE H:-'-} 20 1 1 2 n 2 1 O ——n {e.q. cross fostering, or introduction of suscaptible gilts)

" £ \ Multiple reports
10th percentile 15 23| | 32 GR

. 5 infected with
25t percentile 22 29| ¢ s

| Imedian 27 35)| o

75th percentile 33 49 = :
90t percentile 46 66 E——
Source: NPB final research report, Swine Disease Management Information Program
#20-109

WHERE IS THE VIRUS??? JR S 7EH




Two major PRRSV challenges 5 B F\ i A M &

1. PRRSV can be vertically transmitted from sows to piglets. ¥ BH {£1%
2. PRRSV persist in pigs for extended period of time. 334X 2

Vertical Host
transmission

PRRSV
persistence

Agent Environment

Wills et al., 2003
JK Lunney - 2016



Proof of concept for TOSc for PRRSV detection
TOSci T

1. Current sample type in farrowing room only target suckling piglet and
might miss sow PRRSV activity;

LM TERWRAN R TERA: BAR, BR

2. No easy & practical sample type for sows

Serum, tonsil scraping for sows: BF3E ] 32 AR D>
* Labor intensive, =& H BE

 Animal offensive, Z/14 R K

Oral fluid: M 5%

e Various success rate as individual sampling method

© FINERABERIUE Serum, OF

\

Objective: an easy and practical tool to detect PRRSV in SoWwsissing link of easy & practical sow collector
Without snaring/ restraining! Brent Pepin, 2015

— P A ERIENETENEENEESSANTEA Pileri, E, 2016

Wean to Finisher:




Different sample type has different probabilities of PRRSV
detection and changes over time

AEEAEANENEEREHER, FABRNEZL

O.J. Lopez, FA. Osorio/ Veterinary Immunology and | thology 102 (2004) 155-163 =
ope sorio/ Veterinary Immunology and Immunopathology ( ) .9 100% -
5 | N = === = e
5 WOk 1 [\
o . :
> 3, | ," RNA in serum (RT-PCR) ——
@ 60% A | I Infectious virus (Bioassay) =——
— o — - l' 1 1 o 4 —— —
vinlload === I_ ed a0 | |1 Antibody in serum (ELISA)
In Tissues . - S I
Viremia IFN v Producing Cells o | | [ \
S 20% 4 ¢l N
*  Neutralizing Total Antibody L | Il
. Antibody ,Flesponse (measured ] r
%. Rgsponse by ELISA) L o S = BT TN . e
3 4 / =
Exposur e, 0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36
Week post exposure to PRRSV or MLV

0 imo. 2 mos. +/- 5mos.

Alexandra Henao-Diaz, et al, 2020, Understanding and interpreting
PRRSV diagnostics in the context of “disease transition stages”

PRRSV RNA in Serum:~30 days ;&A% B4 : 30 X
PRRSV RNA in Tonsil: up to 251 days #k{d: mAE48H o] £251K



Tonsil Scraping (reference method) Limitations
RIMERIBOR B ERR TS

* Labor intensive £ 5
* Potential of cross contamination B’EX‘}‘?%

source: SMEC, Clinical Skills: Tonsil Scrapings (iastate.edu)


https://ce2.cfsph.iastate.edu/mod/book/view.php?id=1517&chapterid=8

OBJECTIVE: an EASY and PRACTICAL sow samples(tonsil) Without snaring!

Snaring

G E




Tonsil-Oral Scrubbing (TOSc) Proof of Concepti% T

SNz

TOSc collector-design of
proof of concept

Rubber finger (thimble) to be “ABRASIVE” to collect
tonsil tissues (Protruding points for Scrubbing)

~
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Results: Comparison of sampling types for sows in terms
PRRSV PCR positivity, Ct values, and need for straining.

Tonsil Scraping

Sample type Serum [f)&

R &
PCR positive rate 6.3% © 73.5% ° 99.2% P
(95%Cl) BHTEZR (2.1%,16.3%)  (59.3%, 85.0%) | (87.2%, 99.2%)

Average and range of

PCR Ct values 35.2 30.7 29.7

. (33.6-36.4) (25.1-35.4) (24.1-36.3)
Ct{E[X [g]
Need for straining Yes Yes No
sows = & Z 4 E

ab: different superscript letters indicate significant difference in least square means (lukey
test, p<0.05)




What’s TOSc-Tonsil-oral scrubbing?

TOSc T rn &1
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Key points of TOSc collection process:

TOSc REXES
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Source: Pigs: a step-by-step guide to sampling and post-mortem | Agriculture and Food

A
Source: Adina Rachel Bujold, Role of Actinobacillus suis adhesins in host-pathogen
interactions in the tonsils of the soft palate of swine

In parallel with the vertical axis of mouth; (move ) 5415
Depth with 5 inches of handle outside the mouth {5 & E9/8-10A 9

Upwards angle X &850
Reaching soft palatine tonsil, No resistance when scraping (hard palatine or bitten by

the sow) Z IS, AZRERkE (RENNRIZAZFEEENEA)

Helpful when some sow is pushed frontwards especially for gilts.


https://www.agric.wa.gov.au/livestock-biosecurity/pigs-step-step-guide-sampling-and-post-mortem?nopaging=1

TOScEN 5 H B AN AR T SR AN B A AR K B [ S HFUE IR
Supporting evidences of TOSc as a different sample type from
Oral fluid and tonsil scraping

1. Increased cell deposit

AR LY

supernatant —

Vortex & transfer

cell deposit



2. Epithelial.cells and immune cells from TOSc
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3.Similar PRRSV detection pattern with tonsil scraping and distinct mode from
serum and OF over time

TOSc 5 BiATI BUR IE EAMEEEM, I

0.75

0.50

Detection Rate

0.25

0.00

30 days after LVI

60 days after LVI
Sample Time

90 days after LVI

&, DEREFERK

sample_type

m TSc
m TOSc

W serum
m OF



Characterize TOSc collection process by

visualization

LRI AN KRR T I AL

* Research question: Does TOSc collection really target the tonsil area?
Can we visualize TOSc collection process?

* EEENXER AKX 5

e Study design: LIS 1T

* Visualize TOSc collection process by a snake-camera ¢ fFZ %1% 3L



Assembly of TOSc with snake-camera ZH < §¢

F 52 J+TOSc K =25




.~~~ Hard palate

Soft palate — | Tonsils < N
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Major differences of TOSc with other sample types
TOSc 5 H At iF AR X 7]

* Without Snaring N"FH# =&

* Easy to collect XEHE
e more fluid and cell deposit B 2

RIS AR D

 Scrubbing: &l HY
* increase contact between
tongue, tonsil and oropharyngeal
areas
by activating swallow reflex and
adding an abrasive thimble;

- B LM HERE RSN

re _ snare snare snare _snare _snare
EIEEREES




Assessment of predictive values of TOSc for liveborn

PRR_SV status
2. A ERETOSCHAR M AL B T A PR IS RS

LI




Hypothesis & Objectives 1% 5 HH

 Hypothesis 1%

* We hypothesize that TOSc from gestating sows reflect the status of
subsequent liveborn pigs. A Z2EH5E 15 BUIR TS BE % [ B IE IR 7S

* Objectives B 1Y

This was a field study monitoring individual sows before and after
farrowing, and their offspring for PRRSV RNA by gPCR i |n dlfferent sample
types. The objectives of this study are twofold: P'%

. Determlne the 05|t|ve and negative predictive values (PPqund NPV)
%gﬁets base PCR results from sow TOSc. B} 3ETOSc s ER 7S X

9B 1%/ A II-II_TJ\/D_"J'TE (PPV/NPV)

. Descrlbe the PRRSV gPCR results OSItIVIt and Ct values) for each set
of sows and piglet specimens; £} 1% 7F EHIRSD



Study design SCE&1% T

Whole litter

Positive cohort
2 weeks before farrowing ~60 sows 12 hours within farrowing (TR
_ ==|ive piglets
~390 sows Negative cohort ~ 120 litters .

~60sows T




PRRSV positivity and Ct values of TOScs, blood
swab pools and TTF and dead serum %5:

Gestation Farrowing Blood swab TTF Dead Serum
TOSc BC R TOSc pools "R & 111b
TOSc = ETOSc K Rapi=Y =2

POD #5 34.3% (20.6- 21.0% (11.2- 8.0% (3.5- 10.9% (5.0- 4.7%(1.8-

Hi#H 51.1%)¢ 35.9%) b 17.5%)° 22.0%) 2 11.8%2

R

Positive 34.7 (26-39.6) 34.2 (26.6-39.9) 31.2(19.5-39.3) 28.9 (15.6- 20.3(11.1-

Ct range 39.3) 33.8)

Ct{H a/b/c GLMixed, LSMean

* Higher detection rate in sow TOSc samples than litter samples: Blood swab pools, TTF

and dead serum; F}HEPHMHERE 5
* Lower Ct values in litter samples than sow TOSc samples; FJE T {FiEm=HEX




* Dead serum samples were
of significantly lower Ct
values than all other
sample types;

 TTF were of significantly
lower Ct values than
TOScs

40

30

Ct values

20

10

kkk/ Kk / Rk /

Blood swab pools Dead piglet serum Post-farrow TOSc Pre-farrow TOSc TF

Sample types



Summary table for Predictive values

TOScHIBR FHME T {E

Gestation TOSc | Farrowing TOSc
testing for Live |testing for Live

litter F2fATOSc | litter 7= [ETOSCc
X /A SR AT X WA SR

TOSc Parallel TTF testing for

testing for Live | Live litter with

litter S2EXTOSc | dead piglets
M X X 7 &

NPV  87.2% (80.2- 89.0%(82.9-
94.3%) 95.1%)

PPV  22.8% (11.9- 30.2%(16.5-
33.7%) 44.0%)

SEF
91.7%(85.5-  95.4% (88.8-100%)
98.1%)

25.7%(15.5- 58.3% (38.6-
36.0%) 78.1%)

 Similar PPV for all sow groups; BHEFUN{E BE A —E125%
* NPV: TTF > Parallel TOScs > Farrowing TOSc > Gestation TOSc FATMFM{E : &

|

£TOSc > fFEFETOSc > BEEATOSC




Conclusion & indications 1-virus distribution

z-:l'l?% & F'Tl

At farrowing Interface

* We can detect more posmve sows than I|tters 3 months

after LV and cIosure HiEMIPNAE,

(RSE? 7 )

PREE

=

* But serum and TTF from dead piglets are of S|gn|f|cantly

lower Ct values than TOSc from sows {¥3& If

B, meRCt

BEEE{THEMHER (McRebel, =FEIILBEHIERTNEL)




Conclusion & indications 3-Predictive values

Repeatable in 2 farms:

 Similar PPV for all sow groups; FHEFUN{E E A —E25%
 NPV: TTF > Parallel TOScs > Farrowing TOSc > Gestation TOSc FH T4

T ME -

=I.-

EXTOSc > f=FETOSc > BRfARTOSCc

* Potential use for sow segregation/test removal of positive sows

from negative sows; ¥ MGk (BB S) BIBENE

 Potential indicator of TOSc and TT as a classification criteria for

negative herds TOScZEETEE T A R IUR B E XA EN F




T~—27 0]/ Next question

o [ATETHE M IR 4 =R 5373 21 Bx = When to detect and eliminate the highest

economic benefits of production

15 ER A DB BRI B L 5 75 4018] How is the infection dynamics of blue ear disease

in sow populations
o KHAETE? Long term carrier?
e [E— E;HEE/A EA&"7 Is the same strain outbreak again?

s {KRTT 'T_JHTJf; 110%; 5%? Low prevalence: When did it reach 10%; 5% ?
o XJT-HR EJ?TZIS WOMEE InA 22

* For which group is monltormg more effective
o £FEISM? Whole group monitoring?
o FEEHERMISM? Batch monitoring in the delivery room?




Characterizing PRRSV dynamics in the sow population
using TOSc after whole-herd exposure by live virus

FEEEERE /G BTOSOA I IR BRI

&
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Background

* Some questions on the dynamlcs of PRRSV infection in the sow

populatlon after LVI remains unanswered.LVI /5 & #& &£ PRRSV /3L 5]
SH—ERBDREEEE
* For example h /I_ ng will it take to reach low prevalence in sows? {a] i
FREEIAR|ERITE
* How many Iong -term carrier sows are there, and when do they turn
negative? % /DKHARE B
* What are the risk factors affecting the sows PRRSV dynamics? BFLE K =

SERHIRA



Hypothesis & objective R1ii.5 B Fx

Hypothesis {R1%
We hypothesized that TOSc can be used to characterize the d}'/,_n\amics PRRSV infection in
the sow population over time. TOSca] [ FHF 2552515 B 9 15 M|

Objective B #x

The objective of this proposal is to characterize the dynamics of PRRSV in breeding
hgréls%py TOSc over a complete reproduction cycle (21 weeks). Two specific aims are: XX
2 H N

Aim 1 — Reveal the dynamics of PRRSV RNA detection in individual sows over time
following whole-herd exposure to LVI. This aim will address the following questions:
What is the variability between sows of test results from 1 to 21 yveeksEloost-ex osure?
yy?gn will the herd achieve low prevalence (10%, 5% and 1%)? E5{&{a] S 8E 9% E 1K K57
T3

Aim 2 — Characterize risk factors associated with long-term carriers, Key factors include:
parity, gestation stage, PRRSV status before LVI. EiA R {TR R0 B =

Liml




Study design SIS

T (1-41F)
ik (5-8/)
(

Tk (9-12/F)

ik (13-16/F)

D IRETY)

it

WIMEER
!

week-1

week]

weekb

week9

week13

week1/

week?21

1t stage(1-dwks)

2nd stage (5-8wks

Each Gestation stage group of 60 animals contains 3 subgroups of different

parities: ML ET, B ME~HERNEIE 60k,

(1) P0=20,
(2) P1,P2=20,
(3) P3+=20




Results-TOSc Positivity over time by parity
VA 1= M S22 B7

AR X FTOScPHE R Fy 52

PRRSV positivity | Overall positivity | PO positivity P1-2 positivity P3-4 P5-9

positivity positivity

Before LVI (Jan | 80.00% 99.15% 95.28% 80.00% 25.00%
22nd )

Feb 14th 64.95% 76.58% 71.56% 57.35% 16.67%
Mar 11t 29.24% 40.95% 23.53% 23.94% 22.50%
April 6th 13.86% 21-42% 17.80% 3.08% 0%

=

May 4th 4.43% 10.00% 2.06% 0% 0%

Jun 31 3.83% 3.48% 8.71% 6.97% 0%

Jun 28th 8.00% 12.72% 20.00% 9.09% 0%

Overall, PO and P1-2 had highest PRRSV positivity 0-2 BG4 R xS




PRRSV Positivity by TOSc from 300 sows Over time by parity

99.15%
100.00% 95.28%
90.00%
80.00%
80.00% 6.58%
1.56%
70.00% Nk
O K (0]
60.00% 5/.3
50.00%
40.00%
30.00% S O0%
0. 00%
20.00% 16.67%
12.72%
2. 7134 7.
10.00% T /&885
0%
0.00%

Before LVI (Jan 22nd ) Feb 14th Mar 11st April 6th May 5th Jun 3rd Jun 28th

= Qverall positivity === PO positivity === P1-2 positivity P3-4 positivity === P5-9 positivity



Results TOSC positivity over time by gestation stages

Ot Y H 6 X -

Number of Overall

PRRSV itivit
SV positivi ysamples

Before LVI (Jan

22m) 343
Feb 14% 309
Mar 11% 318
April 6t 303
May 4" 293
Jun 3™ 287
Jun 28t 275

positivity

80.00%

64.95%
29.25%
14.19%
4.43%
3.87%
8.00%

—TOSc[H’

Week 37-38
positivity

78.46%

55.56%

e

Week 41 positivity

e=SENEA

Week 45 positivity Week 49 Week 1
(middle gestation) positivity positivity

85.29% 97.14% 84.29% 82.86%

57.81% 68.75% 63.08%

27.27% 21.21% 26.56% 39.39%
8.20% 9.52% 19.05% 27.87%
0.00% 3.23%

0.00%

0.00% 1.82% 0.00%

Blue arrow: Farrow to wean batch appear to have highest positivity at low prevalence scenario, especially
at Jun 28, 17 out of 23 positive sows were at farrow-wean stage. 13 out from the 17 farrow-wean sows were
recycled sows. (cells underlined with blue were at farrow-wean phase),

indicating that

4 7= R R B E R I T 52 5 B OB M2

might be associated with increased PRRSV positivity.
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80.00%

70.00%

60.00%
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0.00%

PRRSV Positivity by TOSc from 300 sows Over time by gestation stages

97.14%
82:39%
§g 0%
46 78.13%
68.75%
495%
.81%
05.56%
|
\
Before LVI (Jan 22nd ) Feb 14th Mar 11st April 6th

= Qverall positivity == Wk 37-38 positivity === Wk 41 positivity2

25.49%
14.55% 15.79%
8.00%
3' 0
— 83— 8:80%
D> -
May 5th Jun 3rd Jun 28th

Wk 45 positivity3 === Wk 49 positivity4



Conclusion & indications Z&

51 & B7R

* Linear decline of PRRSV positivity based on TOSc after LVI
and reached 10% 4 months after LVI;

BiEME,

~10% (TJ\/WJJ\jS_'TEE/JIL’fT—I—H_ lEﬂ

1 /8 izlill_'/f ‘I)_IJJ/ 4[ Z‘EE

< [(5% 4/\ _ :/-II-, J\\; |J
%ﬂ’ﬁ/)ﬂﬂlﬁ'ﬂ Z %3
iz‘*il‘/j/ﬂﬂ%w )

* Low parity sows (p0-p2); farrowed sows and recyclers seems
to be associated with higher”

* {f

é\_\%wﬁﬂéﬁi (IOO IOZ) /\ﬁ% ~

* (AR EN)

'OSc positivity.

ARG

‘%,3.:

|:|'T+

= FH



Conclusions & Discussions i”.:.u’_%

Shh




How to test-remove/ segregateZ14a[4& M 5|f&/Fe =

» Start TOSc screening on due to farrow or/and farrowing
population 3 month after LVI (Normally Ct value of PF starts to

increase)

175,

53

L -

| BN R/ R oG B IRE

TN,

Parallel testing increase the chance of testing TOSc positive

B &K M1

H, %

\/—l \\N/

AR

FERETZIE INTOSC 45 5

R



* Non-negotiables: Low parity sows (p0-p2); farrowed sows and recyclers

- (RAaReEHE, DR EEARIEEIE R IeM;

* 3000 sows:120-130 sows/week; 25-26 test/week
« 3000 £}3&3%: 120LE43&/E; 25-26 150/ F

* Until 9-13 consecutive week of PF/ TOSc negative
* E59-13[F Z ik /TOScR M |



SCIENCE
with
PRACTICE

ﬁeldepz

Swine health & productivity

]

* [ipeng@iastate.edu



