14th Leman China Swine Conference

Cost/Benefit Analysis of Air Filtration
ISR A/ B 73 BT

Mark Schwartz
University of Minnesota

t"\\\\

.\
October 18-20, 2025 B T

. lli-é*-‘!t b [ tls)
Changsha International Conference N .
Center Scienc . \

Changsha, China ‘ "“




Topics of Discussionitit : &

Filtering pig farms-brief history/timeline

T IBTRHE 1] S/ [A] £

MSHMP database: outbreak incidence since 2009
MSHMP¥4E E:  20094F AR AR I R AR

Data: Z(35:

— Prelpost filtration outbreak frequency
- SRS RS R RIAR
— Risk factors G FEHE
Understanding filter rating T fBiL 8352
— MERV
— Log reduction Xt &us />
Filtration cost/benefit analysis: examples and models
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US filtration history and timeline
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- 2002- HEPA filtration of a US boar stud

- 200243 E Mg HHEPATL I8

« 2004- boar studs- MERV16

«  2004%E-Fh/A¥E-MERV16

« 2009- commercial sow farm filtration

- 20094FE- W ahBRET IR

« 2011-2015- rapid, widespread adoption of filtration of sow farms

. 2011-2015%F-BPRE R PE . |2 R EEAR

« 2025- estimated 15-20% of US commercial sow farms under filtration

«  2025%F, FiHEE15-20%K BB R AT ERE AR




Morrison Swine Health Monitoring Project
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Morrison Swine Health Monitoring Project
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Risk factors for PRRSV introductions into pig populations

PRRSVE| NJE LRI XS R 2=

Regional pig density X A 2
_ Number of pig sites FHEGBE
_ Number of pigs per site SN ESE

- Health status of neighboring pig populations LRI HE B I BRI
. Animal and semen movement YIRS IRIZ BN
. Transport and traffic patterns A BAE AR

Personnel and fomites N R A5 49
. Insects BH
. Wildlife gLy

. Aerosol transmission SBRAERE ‘ .» .:




Detection of new PRRSYV infections in breeding
herds:pre and post filtration
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Evaluation of the long-term effect of air filtration on the occurrence of new PRRSV
infections in large breeding herds in swine-dense regions*
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Risk factors for PRRSV outbreaks in US breeding herds
5< B Fh R #E HPRRSV R % B XU R 3%

Summer ﬁut:.lmn )
Variable Levels Coef (SE) IRR (95 % CI) p-value Variable Levels

Sanhueza JM, Stevenson MA, Vilalta C, Kikuti M, Corzo CA. Spatial relative risk and factors
associated with porcine reproductive and respiratory syndrome outbreaks in United States

breeding herds. Prev Vet Med. 2020 Oct;183:1051238.

Coef (SE) IRR (95 % CI) p-value
et - —7.245 (0.320) et - —2.325 (0.208)
Inventory  >2500 0.448 (0.156) 1.56 (1.15-2.12)  0.004 g e v s Eg}gg; . Eg‘gg:gf; g
<2500 Reference 20092012 Reference
Air-filter Year-round —0.396 (0.227) 0.67 (0.43-1.05) 0.082 ki iy ~2500 0.308 (0.100) 136 (112-1.66)  0.002
Partial 0.161 (0.432) 1.17 (0.50-2.74) 0.710 ~9500 Reforagiea
None Reference Air-filter Year-round ~0.36 (0.146) 0.70 (0.52—0.93) 0.014
Pigs/mile? >80 to <232 0.296 (0.311) 1.34 (0.73-2.47) 0.341 Partial ~0.098 (0.402)  0.91(0.41-1.99)  0.807
>232 to <460 1.23 (0.283) 3.42 (1.97-5.95) <0,001 None Reference
=460 1.688 (0.281) 5.41 (3.12-9.38) ~0.001 =80 & <232 0.018 (0.172) 1.02 (0.73-1.43)  0.916
<80 Brberiids =232 & <460  0.682 (0.159) 1.98 (1.45-2.70)  <0.001
5 0.161 (0.370) 1.17 (0.57—-2.43) 0.664 =460 1.042 (0.144) 2.83 (214-3.76) <0.001
4 ~0.685 (0.503)  0.50(0.19-1.35)  0.174 <80 Reference
e _0.547 (0.359) 0.58 (0.29-1.17) iy 2 0.154 (0.271) 1.17 (0.69-1.98)  0.570
4 _1,778(0.509)  0.17 (0.06-0.46)  <0.001
3 Reference
5_6 _0.898 (0.351)  0.41 (0.20-0.81)  0.010
3 Reference



Risk factors for PRRSV outbreaks in US breeding herds

Levels
2013-2014
2015-2018
2009-2012
=2500
<2500
Year-round
Partial

MNone

=80 & <232
=232 & <460
=460

<80

Region 2

Inventory

Air-filter

Pigs/mile”

—6

[ -1, I -9

Coef (SE)
—5.407 (0.196)
—0.606 (0.148)
—-0.172(0.114)
Reference
0.383 (0.099)
Reference
—0.681 (0.170)
—0.577 (0.542)
Reference
0.237 (0.164)
0.585 (0.159)
1.041 (0.152)
Reference
—0.029 (0.266)
—0.917 (0.356)
0.053 (0.253)
Reference

*

i)

riyis

IRR (95 % CI)

0.55 (0.41-0.73)
0.84 (0.67-1.05)

1.47 (1.21-1.78)

0.51 (0.36—-0.71)
0.56 (0:19-1.63)

1.27 (0.92-1.75)
1.79(1.31-2.45)
2.83(2.10-3.81)

0.97 (0.58—1.64)
0.40 (0.20—0.80)
1.05 (0.64-1.73)

p-value

<0.001
0.131

=0.001

<0.001
0.287

0:149
<0.001
=0.001

0.913
0.010
0.834

Air-filter

Pigs/mile”

Region

Levels
2013-2014
2015-2018
2009-2012
Year-round
Partial

MNone

=80 & <232
=232 & <460
=460

HPRRSVER & B XU Rl 2=

>

Coef (SE)
—6.398 (0.225)
—0.239 (0.195)
0,479 (0.151)
Reference
—0.460 (0.208)
—(0.282 (0.464)
Reference
0.483 (0.195)
0.945 (0.178)
1.005 (0.189)
Reference
D.464 (0.238)
—(.985 (0.361)
0.233 (0.233)
Reference

Sanhueza JM, Stevenson MA, Vilalta C, Kikuti M, Corzo CA. Spatial relative risk and factors
associated with porcine reproductive and respiratory syndrome outbreaks in United States

breeding herds. Prev Vet Med. 2020 Oct;183:1051238.

IRR (95 % CI)

0.79 (0.54-1.15)
1.61 (1.20-2.17)

0.63 (0.42-0.95)
0.75 (0.30-1.87)

1.62 (1.11-2.38)
2,57 (1.82—-3.65)
2.73 (1.89-3.95)

1.59 (1.00-2.54)
0.37 (0.18—0.76)
1.26 (0.80—1.99)

p-value

0.219
0.002

0.027
0.544

0.013
<0.001
<0.001

0.052
0.006
0.319



Considerations in filtration system deS|gn and operation

TR ARG R ABRIEF NEREMR

Full filtration 2 uE

_ Year-around EETOAR

Partial filtration i R

- Seasonal-unfiltered air in late spring-early autumn
- BEEZ2EKFTHERTETS

Negative pressure  fiJE

Positive pressure B

Filter rating U7 $

- MERV

Increased pressure drop and ventilation design and operation

K DL RE R S N




Factors affecting the feasibility of air filtration

S EAAT RN R R

Production model (multi-site vs single-site)

- AR (BHA vs BHLR)

_ Breed to wean M\ EFE 2K
. New construction vs retrofit/remodel 58/ suk
. Ventilation system(s) HR RS
Historical outbreak rate ip kY &S
Regional pig density DX A
Filtration cost per sow S5 U A I PURY A5 N
Burden of disease B £ 4H
- PRRSYV outbreak cost per pig -

- LM HFIPRRSVE K A




MERV (Minimum Expected Reporting Value)and log reduction

MERV (&/ 1}

MERV Composite Average Particle Size Efficiency, % in
(Minimum size, pm
Efficiency
Reporting 0.3-1.0 1.0-3.0 3.0-10.0
Value)
6 = 2 -49%
7 - ' -
8 - 20% or better | 70

Credit: Air Quality Engineering, Inc.

mEE) LA HERED

MERV14 E1 (0.30-1.0 um) fractional efficiency — 75%
MERV14 E1 (0.30-1.0%8K) 4r4&3&FE - 75%
Penetration: 1 — fractional efficiency
FES: 1 - HHHE
0.25
Log reduction = -log(0.25) = log(4)
XIS E = ~1og(0.25) = log(4)
0.60 log reduction 0.60X & />
MERV16 E1 (0.30-1.0 um) fractional efficiency — 95%
MERV16 E1 (0.30-1.0%K) 2r&¥%E - 95%
Penetration: 1 — fractional efficiency
FiEN: 1 - R
0.05
Log reduction = -log(.05) = log(20)
SRR = -1og(0.05) = log(20)
1.30 log reduction 1.30%} />
Fractional efficiency: 1 — 10A-LR
AYOHE: 1 - 10°-LR .~
1-107-3 =0.999




Cubic meters/minute airflow, 0.20 static pressure (in. w.c.)

SEHOR/ BRI, 0. 2009FR . (R~ KA
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Model assumptlons in developing a cost/benefit analysis

AT RRAS /R 3 53 AT R OB R AR i3t

Historical outbreak rate JisE B R HR
-~ New introductions or re-break of resident variants?
- FEIABREHFRRIEFRM?

Post-filtration outbreak rate estimate

TR e B KB

Burden of disease %&J5 fi$H
— Cost per pig of each PRRSV outbreak

- FIRPRRSVZ k&L K A
Air filtration is more feasible with: LB R TH &
_ Increased outbreak cost per pig 3L K8 )2 R LA 3G

— History of frequent PRRSV outbreaks #M%E® KXPRRSVH]J;E F“
_ Cost of filtration is lower 138 Rl A B N




Model assumptions in developing a cost/benefit analysis
A3 3 A P AR R R

Hypothetical example of filtered vs unfiltered outbreak rate and costs

P85 R I I8 2 R A A B R e B

YEAR 1 2 3 4 5 6 7 8 9 10 11 12 12 11 15
Unfiltered 51,015,000 51,015,000 51,015,000 51,015,000 51,015,000 51,015,000 51,015,000

Filtered $3,750,000

Filtered $65,000 $65,000 $65,000 $65,000 $65,000 $65,000 $65,000 $65,000 $65,000 $65,000 $65,000 $65,000 $65,000 $65,000 $65,000
Filtered $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000 $25,000
Filtered outbreak 51,015,000

A negative NPV: net cost/pig is reduced with filtration
FIFIE: R, BB AS DR

Net present value (NPV) {#31{E (NPV)

— Cost of filtration  TJERA

— Cost of outbreaks 15 & KK

— 5% discount rate used for NPV calculations

- AR B 5% AT I " &




Assumptions:Unfiltered outbreak rate: every 24 months
BRiX: RTERRER: F241H
Filtered outbreak rate: every 60 months

TERRER: 601 H

- PRRSV cost/weaned pig —~

{ T——\—s$400 __ $5.00 $6.00 $7.00 $8.00  $9.00 $10.00 _ $11.00 .

/ $350\ 0.2026 0.006 -0.1907 -0.3874 -0.5841 -0.7808 -0.9774 -1.1741 -1.3708
$450 0.4853 0.2886 0.0919 -0.1047 -0.3014 -0.4981 -0.6948 -0.8914 -1.0881
$550 0.768 0.5713 0.3746 0.1779 -0.0187 -0.2154 -0.4121 -0.6088 -0.8055
$650 1.0506 0.854 0.6573 0.4606 0.2639 0.0672 -0.1294 -0.3261 -0.5228
$750] 1.3333 1.1366 0.9383 0.7433 0.5466 0.3499 0.1532 -0.0434 -0.2401

Net present value of filtration implementation,
operation and replacement, 15 year time period
Filtration I5AE AR PESL i 12T A He i i U
cost/sow g

/B3 e
f




$350
$450
$550
$650
$750

Assumptions:Unfiltered outbreak rate: every18 months

fRix: RIIWHIBRKE:

%181 H

Filtered outbreak rate: at 72 months

TREBRE: T27H

PRRSV cost/weaned pig

$10.00 M

$3.00 $4.00 $5.00 $6.00 $7.00 $8.00 $9.00
0.2517 -0.1171 -0.4859 -0.8547 -1.Z235 -1.5923 -1.0611 -2.3299 -2.6987 -3.0675
0.5344  0.1656 -0.2032 -0.572  -0.9408 -1.3096 -1.6784 -2.0472 -5.2008 -2.7848
0.8171 0.4483  0.0795 -0.2893 -0.6581 -1.0269 -1.3957 -1.7645 -2.1333 -2.5021
1.0997 0.7309 0.3621 -0.0067 -0.3755 -0.7443 -1.1131 -1.4819 -1.8507 -2.2195
1.3824  1.0136  0.6448 0.276 -0.0928 -0.4616 -0.8304 -1.1992 -1.568 -1.9368

Net present value of filtration implementation,

-3.4363
-3.1536
-2.8709
-2.5883
-2.3056

operation and replacement, 15 year time period

ISR R] L Y St < 3247 NTEE i (1)1 BIUE

Filtration cost/sow

LLYE AR/ BESE




Ventilation desigh and management considerations

BRI EESRER

Increased pressure drop with filtration

YRR s fef 18 1

Static Pressure Speed Airflow Efficiency
In. water rpm cfm cfm/Watt
0.00 -
0.065 575
0.10 574 28,200 8.8
0.15 573 26,400 17.2
0.20 572 23,900 15.2

0.25 571 20.900
0.30 571

Bioenvironmental and Structural Systems Laboratory #3853 5 451 KRG 5260 =
University of Illinois, Department of Agricultural and Biological Engineering ff F] 1% £ K224 M 549 T2 R




Key points and summary=XE S5 585

Data indicates that air filtration reduces the frequency of PRRSV outbreaks

iR, =S AT PRRSV BR KR
— Prelpost filtration dataset /5 LB EIEE

— Incidence rate ratio of filtered vs. unfiltered sow farms
- SR SRIESEDR KRR

Mechanical filters reduce the quantity of particles

HUBRT e 28 Ji DR 3 B
— Does not eliminate virus-laden particles Joi:7E FR 151 5 K Bk

— Larger particles are captured at a higher rate than smaller particles
- BB IREE TR/
— MERV rating: MERV&:%;:

- Air flow vs particle capture tradeoff S it -5 Bk 3k KA 1




Key points and summary>x4g 5 5845

The feasibility of air filtration is a function of: =< iT B AT HERT L FHEE:

— The historical outbreak rate of a sow farm BRI R KR
— The ability to control non-aerosol modes of entry  #&EH|IEK BN T RHIGES
— The cost of filtration U8 B A
— The burden of disease (cost per outbreak) TR AHE (BIRBRRIRAE)
Filtered sow farms operate in pig-dense regions
SRS GEREEEMXIEE

— (There is little/no advantage to filter sow farms in low-dense regions)
- (EREEMX, NEEGHTERIVFRE AN
Filtering sow farms in low-dense regions will increase the cost of production

FEAR T B 3 X 7 e BEE 3 08 N A2 72 B A
Filtration is one component of the biosecurity program
IR A THRIN— AN HRER N
— All components of biosecurity must be sound Ny

— MR AMFTE SRS B A S,




Thank you!
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