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Highly Pathogenic Avian Influenza (HPAI)

Affected

» Since 2021, the emergence of H5N1
clade 2.3.4.4b has caused

substantial outbreaks in both wild N
birds and poultry. A .
» Great Britain had its largest outbreak v a‘,.J
of H5N1 in the 2022-2023 season. . ot
0%00

» HPAI has been circulating within
Great Britain in the wild bird
population with persistence over
summer months.

Global distribution of AlV with zoonotic potentlal observed in the perlod 1 October 2022 to 30
September 2023. Source: https: ituati

zoonotic-potential/en
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Aims of this project

N

Create a framework to
fit a mathematical
model to HPAI
outbreak datain
poultry that could be
applied to future
outbreaks.

Assess the spatial risk
of HPAI outbreaks in
poultry and how
transmission might
change in time.

Investigate the
potential for spread

within the po
industry.

ultry

o\
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Consider the impact of
potential interventions
on the spread of HPAI.
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Poultry premises of Great Britain

Galliformes only
Waterfowl only
Other birds only
Mixed species type

Demographic data - as registered on 01 December 2022. o ’

Bird type Number of | Number of ) ?
premises | birds P o R

&
L

Galliformes 26 013 281.8 million “””
Waterfowl 1205 4.2 million ‘
Other 4 871 43.2 million

Mixed 12 539

With thanks to the Animal & Plant Health Agency for provision of data.
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Weekly HS5N1 infected premises (2022/2023)

# Oct 2022 Dec 2022 Feb 2023 Apr 2023 Jun 2023 Aug 2023 Oct 2023
o W

Weekly number of notified premises

b m,mﬂ% I

40 42 44 46 48 50 52 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
Week number

With thanks to the Animal & Plant Health Agency for provision of data.
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Modelling approach
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Modelling approach

Poultry premises:

S usceptible I nfectious N otified I emoved

O =e®+ ) By+r ) By

€7 () iEN (L)

https://doi.org/10.1371
/journal .1013874
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Modelling approach

I emoved

Poultry premises:
N otified

S usceptible I nfectious

Baseline infectious
pressure

4i(t) = €(t) + z Bij + 72 z Bij
LEN () o

€7 ()

9
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Modelling approach

https://doi.org/10.1371

/journal.pcbi. 1013874

Poultry premises:

S usceptible

pressure

Ai(t) = e(t) + z Bij +72 z Bi;
. i€7(t) IEN (L) .
U-OAug Sep OCt Nov Dec Jan Fob Mar Apr May Jun Jul Aug 0'000.0 25 5.0 ?.Igista];\iﬁ{kr:}glls 150 17.5 20.0
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Baseline infectious

N otified

I nfectious

Infection from
notified premises

Infection from

I emoved

infected premises

0.08 4
T
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Aims of this project

v

Q

o\

<

Create a framework to Assess the spatial risk Investigate the Consider the impact of

fit a mathematical of HPAI outbreaks in potential for spread potential interventions

model to HPAI poultry and how within the poultry on the spread of HPAI.
outbreak datain transmission might industry.

poultry that could be change in time.
applied to future
outbreaks.
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Model fitting and simulations (2022/2023) =

» Used reversible-jump Markov chain Monte Carlo
(MCMC) to estimate 16 model parameters plus the Posterior parameter
time to notification for each infected premises. distributions

https://doi.org/10.1371
/journal.pcbi. 1013874
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MCMC iteration
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Model fitting and simulations (2022/2023) 3

» Used reversible-jump Markov chain Monte Carlo E!Sz,,doi.org,mm

(MCMC) to estimate 16 model parameters plus the Spatial model fit o
time to notification for each infected premises. e . Data o

§

» We used the obtained parameter estimates to run ;
10,000 model simulations. : ?

L 100

Temporal model fit
Oct 2022 Feb 2023 Jun 2023 Oct 2023

t
Ul
o

Model
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o

Premises reported as infec
= N
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X
X
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X
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Week number
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Aims of this project

N

Create a framework to
fit a mathematical
model to HPAI
outbreak datain
poultry that could be
applied to future
outbreaks.

Assess the spatial risk
of HPAI outbreaks in
poultry and how
transmission might
change in time.
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Investigate the
potential for spread
within the poultry
industry.
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on the spread of HPAI.
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Enhanced biosecurity

Enhanced biosecurity in response to
local infection could include:

» Increased cleaning and
disinfection,

» Reduced contamination risk
for water sources, feed
storage and housing,

» Reduced risk of contact with
wild birds.

https://doi.org/10.1371

/journal.pcbi. 1013874
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Enhanced biosecurity

https://doi.org/10.1371

/journal.pcbi. 1013874

Enhanced biosecurity in response to 100
local infection could include: Size of enhanced biosecurity
zone reduces total infections
o Small reduction in
> Increased cleaning and g 1% — susceptibility due to
. . . £ biosecurity reduces
disinfection, a P~ S
T 800 -
» Reduced contamination risk g
for water sources, feed 8 6001
storage and housing, 5
o
S 400 -
» Reduced risk of contact with 2
5 5 S 3
wild birds. Z 200- i ‘
0 T T T T T T T T T T T
Baseline 5km 10 km 15 km County Region 5km 10 km 15 km County Region
@bnity fact@ @ibility fact@
Size of enhanced biosecurity region around infected premises
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Comparing strategies o

Work in
progress
» Enhanced biosecurity results 00 |
in a reduction of susceptibility. o
- 2 400
£ 1000 - € W
. : 2 =
» This canonly resultin a = £ 200
reduction in infections. T 800
5 e
3 2
n ] o —200 A
» The mean simulated behaviour $ 000 g
ShOWS pOSItIVG ave rted g 400 5ll<m 101km 15Ikm Coulnty Reglion 5ll<m 10lkm 15|km COtjnty Reg'ion
|nfect|0ns. qé 400 ~ Susceptibility factor = 0.8 Susceptibility factor = 0.6
(O] o ‘
E :
2 I
i l].ii
» Many individual simulations oWm ..y
show negative number of .
ave rted infectio ns. Baseline 5km 10 km 15 km County Region 5km 10 km 15 km County Region
Susceptibility factor = 0.8 Susceptibility factor = 0.6

Size of enhanced biosecurity region around infected premises
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Sellke construction M

Work in
progress

Original method:

For susceptible premises j attime ¢, the
probability of becoming infected by time t + 6t is:

pi(t) =1— e MO

Using Sellke construction:
For susceptible premises, set thresholds z;~Exp(1).

Premises j becomes infected at time T, the first time
when Y[y A;(£)6t > z;.
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Sellke construction M

Work in
Day 1 progress

Original method:

For susceptible premises j attime ¢, the
probability of becoming infected by time t + 6t is:

pi(t) =1— e MO

Using Sellke construction: Z
For susceptible premises, set thresholds z;~Exp(1).

Premises j becomes infected at time T, the first time
when Y[y A;(£)6t > z;.

Premises1 Premises2 Premises 3
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Sellke construction M

Work in
Day 2 progress

Original method:

For susceptible premises j attime ¢, the
probability of becoming infected by time t + 6t is:

pi(t) =1— e MO

Using Sellke construction: Z
For susceptible premises, set thresholds z;~Exp(1).

Premises j becomes infected at time T, the first time
when Y[y A;(£)6t > z;.

Premises1 Premises2 Premises 3
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Sellke construction M

Work in
Day 3: Premises 1 infected progress

Original method:

For susceptible premises j attime ¢, the
probability of becoming infected by time t + 6t is:

pi(t) =1— e MO

Using Sellke construction: Z
For susceptible premises, set thresholds z;~Exp(1).

Premises j becomes infected at time T, the first time
when Y[y A;(£)6t > z;.

Premises1 Premises2 Premises 3
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Sellke construction M

Work in
Day 4: Premises 2 infected progress

Original method:

For susceptible premises j attime ¢, the
probability of becoming infected by time t + 6t is:

pi(t) =1— e MO

Using Sellke construction: Z
For susceptible premises, set thresholds z;~Exp(1).

Premises j becomes infected at time T, the first time
when Y[y A;(£)6t > z;.

Premises1 Premises2 Premises 3
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Sellke construction M

Workin

.. Day 4: Premises 2 infected progress
Original method:
For susceptible premises j attime ¢, the . Premises 3
probability of becoming infected by time t + 6t is: 3 not infected
pj(t) — 1 — A6t (as of day 4)

Z1

Using Sellke construction: Z

For susceptible premises, set thresholds z;~Exp(1).

Premises j becomes infected at time T, the first time
when Y[y A;(£)6t > z;.

Premises1 Premises2 Premises 3
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Sellke construction M

Work in

progress
Original method:

For susceptible premises j attime ¢, the Benefit of Sellke construction:

probability of becoming infected by time t + 6t is: 1) Algorithm encodes randomness

pi(t) =1- e~ Aj()ot, to the values of the resistance
thresholds z;.

2) We can choose the same set of
resistance thresholds Z; for each

intervention strategy and compare
For susceptible premises, set thresholds z;~Exp(1). simulations to the baseline.

Using Sellke construction:

Premises j becomes infected at time T, the firsttime 3) Can measure the direct impact of
when ZZ:O/lj(t)(St > z;. the intervention, removing
stochastic simulation uncertainty.

Ed Hill ECMTB 2026 16 July 2026 25



Sellke construction M

Work in
progress
Original method:
For susceptible premises j attime ¢, the Benefit of Sellke construction: Reduce

babili fb . inf d by ti 5 e susceptibility
probability of becoming infected by time t + ot Is: 1) Algorithm encodes randomness

pj(t) =1- endjtase to the values of the resistance
thresholds Zj. Reduces
2) We can choose the same set of |nfe::;2:3r§tal
resistance thresholds z; for each
Using Sellke construction: intervention strategy and compare
For susceptible premises, set thresholds z;~Exp(1). simulations to the baseline. Lonhgertr:) rlzach
thresholds

Premises j becomes infected at time T, the firsttime 3) Can measure the direct impact of
when ZZ:O/lj(t)(St > z;. the intervention, removing
stochastic simulation uncertainty.

Fewer premises
can be infected

Ed Hill ECMTB 2026 16 July 2026 26



Preventative vaccination M

Work in progress

In the UK, use of HPAI vaccinations in poultry o0

is not currently permitted.
50 A

The benefits of vaccination are being
considered in the UK, with programmes
ongoing in European countries.

40 A

30 4

Reduction in number of IPs (%)

» Sellke construction used to compare different ?
preventative vaccine strategy allocations. 104
» The reduction in number of infections is always 0 | | |
.. Random Poultry Poultry Premises Recent infection
pOS|t|Ve. numbers density density density
— _ _ , —

» With capacity of 200,000 birds being
vaccinated daily, vaccinating in areas with high
premises density is the most effective strategy.
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Emergency responsive vaccination ‘,,z

Work in
progress

Ring vaccination could be used in response to infected premises.

We can determine optimal 550
vaccination radius for a
given number of doses.

N
o
o

For example, at 200,000
vaccine doses per day,
of the tested ring
vaccination radii a
radius of 5km gave the
largest reduction in
infections (on average).

150

100

Vaccine doses per day (000s)
Reduction in infections (%)

50

1 2 3 4 5 6 7 8 9 10
Ring vaccination radius (km)
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Vaccination efficacy \ﬁ

Work in
We highlight the importance of a robust surveillance system and high vaccine efficacy. progress

Vaccinated poultry can stillbecome
infected and transmit HPALI.

Poultry may show fewer symptoms.

This may increase time to detection
for premises.

More silent spread may occur before
detection.

Reduction in infections (%)

Increased time to detection (%)

Could lead to more total infections
that without vaccination.

30 50 70 90 _ _
Vaccine efficacy (%) Baseline assumption

Ed Hill ECMTB 2026 16 July 2026 29



Concl

usions

We constructed a spatial HPAI transmission model that wa

ownership of poultry farms increases the transmission risk.

D O =

s fitto 2022/2023 HPAI outbreak data in poultry in Great Britain.

We would like to investigate further the spatial heterogeneity of wild bird spillover into poultry farms and whether shared

Model can simulate different intervention strategies to assess their impact. Vaccination could be very beneficial reducing

the number of infected premises (noting that we have not considered any costs).
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