Landscape and spatial patterns of avian influenza virus in Danish
wild birds, 2006-2020

Lene Kjeer!, Charlotte Hjulsager?, Lars Larsen®, Anette Boklund?, Tariq Halasa?, Michael
Ward®, and Carsten Kirkeby*

!University of Copenhagen Faculty of Health Sciences

2Statens Serum Institut

3University of Copenhagen

4University of Copenhagen Faculty of Health and Medical Sciences
®University of Sydney

November 19, 2020

Abstract

Avian influenza (Al) is a contagious disease of birds with zoonotic potential. AI virus (AIV) can infect most bird species, but
clinical signs and mortality vary. Assessing the distribution and factors affecting Al incidence can direct targeted surveillance
to areas at risk of disease outbreaks, or help identify disease hotspots or areas with inadequate surveillance. Using virus
surveillance data from passive and active AIV wild bird surveillance, 200672020, we investigated the association between a
range of landscape factors and game bird release and the presence of AIV. Furthermore, we assessed potential bias in the
passive AIV surveillance data submitted by the public, via factors related to public accessibility. Lastly, we tested the AIV
data for possible hot and cold spots within Denmark. The passive surveillance data was biased regarding accessibility to areas
(distance to roads, cities and coast) compared to random locations within Denmark. We found significant effects of variables
related to coast, wetlands and cities for the passive and active AIV surveillance data (P< 0.01), but found no significant effect
of game bird release. We used these variables to predict the risk of AIV presence throughout Denmark, and found high-risk
areas concentrated along the coast and fjords. For both passive and active surveillance data, low-risk clusters were mainly seen
in Jutland and northern Zealand, whereas high-risk clusters were found in Jutland, Zealand, Funen and the southern Isles such
as Lolland and Falster. Our results suggest that landscape affects AIV presence, as coastal areas and wetlands attract waterfowl
and migrating birds and therefore might increase the potential for AIV transmission. These findings have enabled us to create
risk maps of AIV incidence in wild birds and pinpoint high-risk clusters within Denmark. This will aid targeted surveillance

efforts within Denmark and potentially aid in planning the location of future poultry farms.

Hosted file

AT_wildbirds_draft8_noRef.pdf available at https://authorea.com/users/377250/articles/493974~
landscape-and-spatial-patterns-of-avian-influenza-virus-in-danish-wild-birds-2006-2020


https://authorea.com/users/377250/articles/493974-landscape-and-spatial-patterns-of-avian-influenza-virus-in-danish-wild-birds-2006-2020
https://authorea.com/users/377250/articles/493974-landscape-and-spatial-patterns-of-avian-influenza-virus-in-danish-wild-birds-2006-2020

AV
° Negative
e Positive
Relative risk
e .06

1.8
e— 12.23



Density

Density

Passive AIV data
N=2,089 \

T
Unique dates

Wild bird AIV data
N=11,001

Active AIV data
N=8,912

Unique PCand month

Passive AV data Unique PC and month Active AV data
N=1,614 N=873
oM Wild bird AIV data P
n N=1,977 v
Passive AIV final model : Active AV final model
variables: o !
Corine LC, DistToCoast, N >
-« Coast, City
Dist
Wild Bird GLM final model
variables:
Coast, City
@
8
=
q s
3 5
B 3
s 2
8 g
§ - g
3 T T T T T 2 T T T T T T
-100 0 100 200 300 400 0 200 400 600 800 1000
Population density (per km2) Distance to road (m)
3 g
& g
i B
8 -
T - 2 3
B 5 g
i s
8 g
? 8
3 T — T T 1 g T T T T T
0 10000 30000 50000 0 10000 20000 30000 40000

Distance to city (m)

Distance to coast (m)



be prelimina

5 # AIV Cases within zip code
4 B o0

E ) [ 00- 60
& [ 160-130
z " [ 113.0- 260
3 [ 26.0- 49.0
- v Bl 40.0-172.0
= [ ] Not sampled
i Relative risk

2 — (.28

3 — 205



preliminary.

Data may be

This a preprint and has not been peer reviewed

10.22541/au.160580354.45426969 /v1

doi.org

https

ghts reserved. No reuse without permission

All

der is the author/funder

T'he copyright ho

)20

(

Nov

Posted on Authorea 19

# AIV Cases within zip code

B o0
i [ 00- 60
5 [ ]60-130
" [ ]130- 260
[ 26.0- 49.0
- B 29.0-173.0
[ ] Not sampled

Relative risk

—— () D



B AWV negative

2000

B AWV positive
o
3 |
n
Eal
o
o
o
-
’ I
S |
n
»
% o J -———_____----7
k]
z
E g, °
z &
o
o
n
—
o
o
o
—
’ I I
S |
n
. i . .-
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Year
A
s Il AV negative
9 Il AWV positive
o
3 |
n
-
: .
S |
n
1]
£ ol mmm [ ] [ ] ]
s B
@ _
Qo
5
E 8 J
n
N
o
o
n
—
: I I I
S |
wn
o - I
1 2 3 4 5 6 7 8 9 10 11 12

Month

Hosted file

Figure8.pdf available at https://authorea.com/users/377250/articles/493974-1landscape-and-
spatial-patterns-of-avian-influenza-virus-in-danish-wild-birds-2006-2020


https://authorea.com/users/377250/articles/493974-landscape-and-spatial-patterns-of-avian-influenza-virus-in-danish-wild-birds-2006-2020
https://authorea.com/users/377250/articles/493974-landscape-and-spatial-patterns-of-avian-influenza-virus-in-danish-wild-birds-2006-2020

has not been peer re:

This a preprint an

The cop

1 19 Nov

e

Predicted probability of AIV
e High : 0.29

- Mid:  0.06
S Low : 7.19-11

Predicted probability of AIV

B 0.03-0.14
[014-020
[ J]o020-025
[ 0.25-034
B 0.34-047




