Three critical points for quick ASFV elimination:
Implications of mathematical model innovation
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Evolution of ASF control practice and methodology
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Derivation of a "discrete-continuum’™ mathematical model
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Implications by a mathematical model: critical control points for ASF
elimination by “whole herd testing and precise removal® strategy
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New situation of ASF prevention, control, and elimination in sow farms/self fatting farms with poor
results
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* New changes have taken place in the personnel and team!
* For a company, most things have changed.
* Many new employees on the site are not familiar with the original successful techniques and methods
* The accumulated successful experience was not well passed on!
* Due to the downturn in the early market, the established biosecurity plan has been ' adjusted
* Process formalization; process fatigue
* Leaders think " are all the same *
» Fear spreads
» After weak drug infection, the sow farm should be cleared as soon as possible, and the fattening farm should be brought with D
production...
* Lack of solid group mathematical theory guidance
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Evolution of epidemic prevention and
control strategies for African swine fever

in China
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B EASFREWERE, EMFRELE TESREA?

Is the gap in the prevention and control of ASF a matter of science

or engineering?

DR, b5 A A T A —
o B LB BRI, B Rk

= H A Science
Why a heal issue dld not SOIVC rlght‘? Knowledge of general truths and laws
« 1/ s F5 F 2 ? Not have scientific B

knowledge? ) :

2/ %A FT & H A8 Ry T4 T A ? Not handle AcquiringandEAr:g\,:lri:]gesfi:l[ilfgkﬂowledge -
COI‘I‘GCt tOOIS? build/design/create something

3/ WA kKB A?
4/ B K IE A B 3 A AR 77 B I ? Not Technology
managed execution?

5/ &, EZRTANVEERIL? Limite
by company resources?

The sum of all the engineered
tools/devices/processes available
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##Science
X FEE o A AR E AR
Knowledge of truth and law

I# Engineering
SREIE R A 5 AR,

Acquire and apply scientific
knowledge,
WA H TR

Design and develop methods and tools

# A Technology

B IRITE/MNHE/ FTEEAR
Integration of engineering
tools/instruments/methods
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Biosecurity System: Great Wall — Pass — Guard theory

| Green: inside pig barns

« WBRAEERGNENE,

* Pigs always in Green area
on a farm.

« SZ#EImplementation
1.  Categorize zones X [X
PAT R
2. Define zone borders & X
X 3%, 1 7
Setup Passes 1% & i i1

4.  Deter carriers & & # &

(V)

| Yellow: festricted zone

| Orange/ Primary control zone
| Red: contamingted

Risk carriers:
1 live/dead pigs

2 pork/blood/semen

3 feces/urine/body fluids

4 bedding/drinking water
5 trucks

6 tools

7 boot/clothes

8 people
9 feeds

10 dog

11 cats

12 rodents

13 birds

14 flies/mosquitoes/insects
15 dusts

16 aerosol
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Engineering and technical measures widely adopted by Chinese
industryers after ASF epidemic 2/5 o
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Welcome to the New Era of Pig Production

c QLABITHER: BIPRRMEFRELZARIE., A, DATHEEMNERRENTEFE,

» 2.Upgrading pig raising technology: The construction of pig farms and the process of production have been greatly
improved and innovated, forming the Chinese characteristics of epidemic prevention and control of African swine fever....

« RORERA A AT,

* Reduce the transfer of pigs and materials, Each building is ONE
° %:\\T_%%W&/Gﬁj’%’fﬁfééﬁ%, weaning group lﬂi%ﬁ

* Establish a core herd in the pig farm to provide gilts;

Single group farrowing

o j(%l;t )k &:‘ )‘fﬂ éy'\] %1- ‘;EE ——% jE % ;l—ﬁ . Gestation w/ internal gilt

production
¥

* A new one-stop pig farm with large batch production;

« 2R ERRAAE K

* Full closure and air filtration technology popularization;
© RI/DNETUHEERD R R

* Large field small unit pig barns reduce cross transfer;

On-site feed milling
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Pigs can not coexist with ASFV

kY% e #EEE N B EREME SRR, ERARNE, WREYRER

Biosecurity measures can prevent exposure to the virus and infection, but unfortunately, if an infection
has developed

BHu AL, FNBEEREN—AER, TEZMDWEA, LMW A
So far, the African swine fever virus to a herd, 1s not more or less, is yes and no!

c LTREEERERTUS LKL, e BBk

* Few ASFYV strains can coexist with them for a long time and "produce with the virus"

« ZHENT, 5FLFF L Z 5 In most cases, coexisting with poison is even less economical
XA R R, e EHWIERER ZE, A REFRAFE?
In the face of infected swine, the only correct way to control ASF is still to quickly eliminate the virus?
B LB ECDEARREE RWEER, hRERFEH? LA REFFN?

* How can we quickly eliminate the virus in a group that already has infected pigs and achieve viral
eradication?
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Biosecurity 1s very important, but biosecurity
can not eliminate the ASF virus 1n infected
swine herds!
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Innovative engineering technical measures to eliminate the
virus in infected swine

C CATRWNEMBRT EAL SRR, MR T CEERET R
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* The successtul practice of "comprehensive detection + precision elimination"

in many enterprises has eliminated the understanding that "ASFV can not be
eradicated in the group'', '"testing will cause a lot of pollution", and "'material

9
personnel are generally contaminated and soon get sick after removal"'.

s EREWFEY, EFRERTHREITH, BAELEURE,
* Chinas pig industry has been upgraded during the epidemic period, and the supply
of pork has been guaranteed.
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The strategy and method of combining whole group testing
with precise clearance is very effective, but 1s there a scientific
principle that conforms to the purification epidemiology of
group disease control? Is there a mathematical model that
reflects the dynamic changes of the epidemic within a group?
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Whole herd detection + precise clearance" method
for eradication of ASFV 1n infected swine herd:

//////////////% derivation and application implications
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Application of "Whole herd detection + precise removal" method and
ASFV eradication in infected swine herd: time

RURFH D: BN 05 RE R NEREE, B EW KA 3R/ # XA I K oY
i8] R
* Hidden infection period D: "The number of days from exposure to the virus to the formation
of infectious capacity/ detectable by sampling in a "group of susceptible pigs
« WIEAASFVEYA TIRMER I RIS, TR Fd, WREFENEERFFFRRERETI R
WEERE! TREBESEHRNRTEEHTEEZRE KA,
 Pigs in the incubation period of ASFV infection can not be detected by sampling, which may be an important

reason why weak strains of ASFV are not removed in time! The incubation period of different ASFV strains
may vary greatly.

» R ARAWERRE R, TR N ) F 5 vk Revet 7 — 2 30R IR (3L
T/ W/ IR B % B 8] B R 4K

 Infection period F: The ability of an infected pig in the infection period to infect other pigs (can be
detected as positive) until the date of 1solation (death/removal/discontinuation).
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Dynamics of ASFV transmission: herd status/number of pigs
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Uninfected, non—immune individuals
at risk of infection

Individuals who have been infected
with a pathogen but have not yet
shown clinical symptoms, usually do
not excrete (or excrete very little)
and are difficult to detect

An individual who has been infected
with a pathogen, can transmit the
virus to the outside world and can
be sampled and tested positive

Individuals who recover from the
infection and develop immunity, or
who die of the disease and are
culled
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ERFASFV, RTFHMAHA (FEHE3-19
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Pig performance

Healthy pigs not
infected with ASF are
susceptible to the
virus

Infected with ASFV, in
the incubation period
(usually 3-19 days),
apparently healthy, but
the virus is
replicating in the body

Pigs that have died of
ASF or have been
disposed of; a small
number of surviving
pigs may carry the
virus for a long time
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Application of "Whole herd detection + precise clearance" method and ASFV
eradication 1n infected swine herds: ASFV transmission

A study by the Royal College of Veterinary

U T | Medici in the United Kingdom, i th
BOST  upugn .  ANSXSESEEE ANy ik in i Ui Kinudm uein e
2007/ 2.8 (95% CI:'1.3—4.8) ﬁgii° 2?@%%5E§?E§§t0%§égﬁﬁﬁ§f§VJﬁ? virus was more transmi;sible in closely
(EHITAE) Hat TR, EEEFHENEERRK. : S
contacted pig pens, but significantly less
transmissible between pens.
EHEEE R
1.4 (95% CI: 0.6-2.4)
The propagation rate is estimated to be
N RN high under laborat diti . Thi
, Ro : 18.0 (95% CI: ?EQE%&%?%%??T?ﬁ#%?, f?ﬁ%ﬁﬁﬁfﬁ%o s Vifueu?segthigzz ?Eyacﬁ?gﬁléozintroiied
Malta' 78% i A ST R S I BN o 2, | . .
6.90-46.9) a0 = .y — 7. experimental environment and may differ
RES H[EZTERNERAER. . o
greatly from the actual situation in the
field.

The ASFV infection index reference value at
S b A 8 %%EU3’%ET%%WE%ASFYH@E&?E??%kéiﬁ?ﬁﬁ, the beginning of the outbreak was mentioned,
£ T BN R o: 8-11 %ﬁﬁ?ﬁ%%ﬂﬁH%Eiﬁﬁﬁ%iiﬁﬁ%ﬁgﬁﬁ#jQ@ﬁ§ﬁ§ which refers to the transmission intensity
5, in the unimmunized herd at the beginning of
the outbreak.

¥3E Ro : 2-3
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Application of "Whole herd testing + precise removal" method for ASFV eradication in
infected swine herds: "Whole herd testing + precise removal"
2FA: RA B T +RAERR: Bk TR S
Full group detection: Identify "E" and "I'"" + Precise removal: Remove "I'" and protect "'S"
MR & A (QPCRAZER /4 & i fk; A8 IR 2 T; 30 Bl 7 % -

Detection object; detection technology (qPCR nucleic acid/bonding antibody; detection frequency T; Immediate exclusion:

FHEfe: She Rt

Regular general examination: multiple rounds of general examination for all staff

B | |
| IBEBRRERE

YEE B Key points
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Secure removal
Environmental grid disinfection

SR 117/

Cross—silencing production prevention

Drinking water acidification
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Continuous monitoring confirms success




“/\%ﬁ/\u”‘JJr*%fE/iFfﬁ” % N5 EREEAASFVE: ASFVIN LN “HE&” 5 “EH#”
Application of the "Whole herd detection + precise clearance" method and ASFV

eradication in infected swine herds: The "continuous" and "discrete" transmission of
ASFV

« ESRR: BE T, NASFVEADBEMFEDWREEDIAT/HREH, wWRRAAANEEFLFNTH, 2 ASFREEHE
FIMATHEERRE;

« HHMER: EL, RETRW “efnilltiaER”, wR— Réﬁﬁﬂﬂﬂﬁ%%%ﬁﬂ Flan B[RS K, R0 2| 6y FE 2% R
@_%ﬁéﬁé’%%ﬁ REBEZL— M EAEE, FRFRGNHERER, ETEE2K 0T RENEIRER, BELEEE
%R o

© EZR “AHRNHEEER” BIRKEEXE, BT

- EERReRZENHERN, HENTEXEESNTE,
o ERIHFEEAMRB B AT, TR E S e EREE, ERENEERN SN “BR-ER” KR

* Continuous process : 'From ASFV in the 'group’ - Exposure to the virus—=Forming an infection—=>die/Remove the outliers, and if theres no
human intervention or anything like that, its aASFVirus transmission and epidemica continuous process;

* Discrete intervalsHowever, China has carried out "whole group testing+"Precision cleaning", according to a certain timemarginConduct
tests, such as every interval5The pigs detected as positive are quickly isolated without contamination; and then after a certain interval of time,
the test is carried out again+Clear operation, until continuous2If no positive pigs are detected in the next total inspection, the virus is declared
to be cleared.

* continuation2NextThe number of days between "whole group detection + precise removal" is denoted as T
* Atintervals2During the interval between the next total inspection, the transmission of the virus is a continuous process.

» This is done in a group of people who have tested positive intermittent’ The complete elimination of the virus makes the transmission of the
virus a unique “ dispersed-Continuous' model
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Derivation of integral calculus model......

| l SRCAUH 2025, 61(9):127433
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Continuous-discrete mixed model
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The "continuous-discrete mixed model" for virus elimination in swine populations
infected with ASFV was "fully tested and precisely cleared"

« Fhl R aBERNOEEFR B, FEA
When the k+1th round * full group detection + precise clearance * is performed, the group is

TRARRE RO LK Ly, BT A Hy P2 RO Hh -

The number of infected pigs in the period of infection Ik+1, that is, the number of positive pigs detected is:

FIAR20R ™ A A0 B Th & Ze B %% o T FaAh I 77 i Y
18] 1% B K % ERF AN, B R

R, T
1 D

l/f.-+] \ ](1 4

ke e N e L B E
e HA R B B K

R R e SR RE WY Sh N
TR R FF ] WA B R S R AR

BF, T—dbAh et By FE A R, BB —RARWFR AR, x RH
That is, the number of positive individuals I k+1 in the next round of testing is the coefficient of the number of positive individuals I k x in the previous round of testing
PRI RFRRRBEIERREL), WERTURSRIER

If this coefficient is attenuated (called the "attenuation coefficient’), the virus can be gradually cleared
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The "continuous-discrete mixed model" for virus elimination in swine populations
infected with ASFV was "fully tested and precisely cleared"

« B kAL 2BRNMIEERR T, BEAAZTRAREEROAK I, ,

* The number of infected pigs in the group at the k+1th round * full herd detection +
precise clearance  Ik+1,

== =i - )

K
S o A BN, BRERBEEE I, = 15,
REXAEEHRERA/ BEE/ARN/ X XWER, FEARRNERTFLL R, = 6,
RERLHF = 30K; WERTVELEH D = TX,
HE2R 2REHR WEEERRENRED> TREREMAK T = 4K,
BT RAE ARG VR EA, B S A A 2 B R B 65%:
RANERAR, HETRLEEH, NHTAHAEERNEERREER [, = 6.95%
i EFERNEERSRE R, EHik, 2k &8ER TAELKSE.
WMBEHBREEZRRNFEN S HAE £ = 95%;

mmEggER I, = 0.99x%

When the last whole group test was conducted for group &L a positive pig in the infectious period was detected I k = 15,
Based on the characteristics of the virus, pig density, ventilation, and cross—over in this outbreak, the basic reproduction number R
0 is expected to be 6,

Viral infection period F = 30 days; viral invisible infection period D = 7 days,
The time interval principle for determining the time between two full clearance is less than the number of days of invisible
infection T = 4 days,

Due to the unsatisfactory sampling method and sample source, the diagnostic sensitivity of the sample and detection method is p = 65%;
Substituting the above formula, it can be calculated that the number of positive infected pigs that should be detected during the
infectious period at the next full inspection is I k+l1 = 6.95

There are still positive infected pigs in the infectious period, so two full inspections can not purify the virus ~

If the diagnostic sensitivity of the sample and test method is significantly improved to p = 95%;
Then the positive infection of pigs is I k+1 = 0.99 head



“ABRUEER B CE L E YR p A
HER: 2. ESE XTSI RS E mMEE? The inspiration of the
"continuous-discrete hybrid model" of "whole group detection + precise removal": 2.

Which parameters are more important for rapid eradication?
_ln(lo)

T{. R,T
o AR3 k= ceil ln{ {1 - f(l "D )](1 B p)} H S B WA E R ? Which parameter in formula 3 k = ceil is more sensitive?

+ HRFERMEAR FRRMELNT: AR FESHKERLC HW/FUL R ER B /A FRER1000k, £100210F T %, /i

* Therefore, sensitivity analysis of the k-value formula is required: each parameter in the formula is iterated 1000 times in its
known/predefined value range, a total of 100 quadrillion possibilities, and the results are obtained

-40.0% -30.0% -20.0% -10.0% 0.0% 10.0% 20.0% 30.0% 40.0% 50.0%
i i s, ——

#

| e 1

L e
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B S KRR S
Fig. 1 Sensitivity analysis of parameter k
W1, Zfp; 5A:R,; #HEA D BEA.T; KEA-F

o BN, o/ XAEHE TR PR R AR EAEE! ETRNEMNEBERFRENL, FRI WA LHEE! 46.9%

* That is, the number of positive pigs detected at the beginning of this "group’, 10, is most important! This reminds us that in African swine
fever virus eradication, "early detection” is more important than anything else! 46.9%

b/ K5 B W] DA FE M2 RORUBT b FEAE B AR e L 3 A RE B AR VT DKUY O FE MR B SR+ B AL B+ 7 R D BT R M E R E R
36.9%

b/ The collection of samples that can be identified as positive for positive pigs, and the detection of such samples can be determined as
positive * sampling + sample processing + testing * method diagnostic sensitivity is very important! 36.9%



AREBIREER B RS ERORSERE”
b 3. IR RHED & 42K 4t I8 R 0 1 TG o T
Discussion of the "continuous-discrete hybrid model" of "whole-group detection + precise removal":
3.The interval between the adjacent two complete clearance of hidden infection period D and T
LB+ HORIER T RS AN BRI TR S R AR ) |
EA S, AR E PHEERINAEE ALK, FURENFENRNBRESF, BOBEFS2EXERIN. FE. &
SETERMESHHAR, KRIAELXF

* In the "Continuous-Discrete Hybrid Model" for African Swine Fever epidemiology, the method of "Whole-Group Testing + Precise Elimination"
is used to predict the number of infectious positive pigs in the "population’ and the required number of testing rounds for virus clearance. The core
indicators are closely related to key characteristic parameters such as whole-group sampling testing, virus characteristics, and transmission
capacity, which are reflected in the formula.

_ln(lo)

)](l - p) A3 k= ceil lnH:l—rl:(l—R().T)}(l—p)}

. AR 1,1.+1=1,,[1—l(1—R”'l

D F D

F

o U Yh, ABAR2K A T Tt IR TR R R B AR, TR DA YR B e L R . R R E A R,
ETARDF 5 R F N Feh B 5 5 L E 5 50k H T DL R b MR B R B R D, 4 87 B ISR B B £,

* Among these parameters, the interval time T between two consecutive full clearance checks is not a characteristic value of the epidemic/virus, but
rather a manually adjustable time interval in days. The fundamental principle behind this interval setting is that T must be shorter than the
incubation period D from when susceptible pigs are exposed to the virus until they become contagious and can be detected through sampling.
Only by doing so can the transmission rate of the virus be significantly reduced.

s EAEFK. BEZXE., BEKIAEcHNNERN, NEREAKAXXEEEELERLHT, BERLHAKZDHE—AEHEME, #FIA
HERA, 3~28K. EHELRBEER, T REFRFE, BFHRERLMRAEDEM/ANWME, Flofidly7K. T<DE, &
ERTRARN2K, BRIAEEREREHNENEE,

* The incubation period (D) varies significantly across different virus strains, pig herd densities, ventilation conditions in “housing units’, and cross-
contamination levels of risk vectors. Typically, the incubation period ranges from 3 to 28 days. In field operations, to ensure rapid viral clearance,
practitioners usually set a shorter incubation period (D) value, such as 7 days. When T <D, it is generally recommended to conduct two
consecutive tests within 7 days, particularly during the initial intervention phase.



R % Summary

AR GREHFEENE A “LBHEN + HEFR” B1E, StASFVRERFEF N REFNERE, IFHTHLNEHREFER, ZEA X
Bx 7 ASFVIE RIERFARAT R F N EE S8, A KB X LS ASFVE LR ERN TR, N HEREERS RN RANE R TES .
@Zi’f?ﬁ%%%)ﬂ%}(, ALENER L P NRERGDZHWUREA, EANEFRE LIEH, EARESRFERXRKIAM
« 1/ ATRIBIHAS, FEEFSNMASFVA T E, REZWREEMEHE HUERXERRN, RERIABEER: —EXTMEEER, NRARITE
S BRI ER B B A
< 2/ KM, HRAE, BRI ETENDHERE. hELHEHAEFETER.
© 3/ ARAR2K “ABBN + HOEER” BE R R, R E Y ANT B A IR R A
31 B B E B AR, TR RASFREMRENRESR, ERAAENTUE nH KEMTEEZELE, TOTRERK.

This study pioneers the integration of routine monitoring with a "full herd testing + precision clearance" protocol to develop a precise
mathematical model for ASFV (African swine fever virus) eradication strategies. The model correlates key clinical clearance parameters and
epidemiological factors of ASFV, accurately illustrating their impacts on eradication operations. This framework enables identification of
critical priorities for different phases of field epidemic control.

The significant practical value of this mathematical model can be demonstrated through the influence of its parameters on formula results. The
model mathematically proves that it is essential to strictly define the population of pigs with positive findings,

e 1/ In order to reduce the number of detection rounds and shorten the time required for herd eradication ASFV, it is most important to
strengthen the daily monitoring of sampling and testing to detect positive pigs as early as possible; once positive pigs are found, herd
testing should be carried out as soon as possible and isolated positive pigs should be removed.

* The diagnostic sensitivity and timeliness of rapid detection are very important for 2/ sampling, sample processing, detection and
other methods.

e 3/ The interval between two adjacent "full group detection + precise clearance" should be set to be less than the expected incubation
period of latent infection.

Through field practice and observation, the characteristics of ASF epidemic and virus are constantly explored. The use of this model can carry
out epidemic control more reliably and predict the effect of disposal



