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Abstract: Between 2017 and 2018, several farms across Bulgaria reported outbreaks of H5 highly-

pathogenic avian influenza (HPAI) viruses. In this study we used genomic and traditional 

epidemiological analyses to trace the origin and subsequent spread of these outbreaks within 

Bulgaria. Both methods indicate two separate incursions, one restricted to the northeastern region of 

Dobrich, and another largely restricted to Central and Eastern Bulgaria including places such as 

Plovdiv, Sliven and Stara Zagora, as well as one virus from the Western region of Vidin. Both 

outbreaks likely originate from different European 2.3.4.4b virus ancestors circulating in 2017. The 

viruses were likely introduced by wild birds or poultry trade links in 2017 and have continued to 

circulate, but due to lack of contemporaneous sampling and sequences from wild bird viruses in 

Bulgaria, the precise route and timing of introduction cannot be determined. Analysis of whole 

genomes indicates a complete lack of reassortment in all segments but the matrix protein gene (MP), 

which presents as multiple smaller clusters associated with different European 2.3.4.4b viruses. 

Ancestral reconstruction of host states of the hemagglutinin (HA) gene of viruses involved in the 

outbreaks suggests that transmission is driven by domestic ducks into galliform poultry. Thus, 

according to present evidence, we suggest the surveillance of domestic ducks as they are an 

epidemiologically relevant species for subclinical infection. Monitoring the spread due to movement 

between farms within regions and links to poultry production systems in European countries can help 

to predict and prevent future outbreaks. The 2.3.4.4b lineage which caused the largest recorded 

poultry epidemic in Europe continues to circulate, and the risk of further transmission by wild birds 

during migration remains. 
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Supplementary Figure S1: Map showing geographical distribution of viral genetic clusters in Bulgaria between 

2017–2018. 

Supplementary Table S1: Wild Bird Surveillance results from Bulgaria, Romania and Greece (2016–2018). HPAI: 

Highly pathogenic avian influenza 

 2016 2017 2018 

Country 

Number 

of birds 

sampled 

Total 

number 

of HPAI 

H5 

detectio

ns 

Total 

number 

of HPAI 

H5N8 

detectio

ns 

Numb

er of 

birds 

sample

d 

Total 

number 

of HPAI 

H5 

detectio

ns 

Total 

numbe

r of 

HPAI 

H5N8 

detecti

ons 

Number 

of birds 

sampled 

Total 

number of 

HPAI H5 

detections 

Total 

number of 

HPAI 

H5N8 

detections 

Bulgaria 9 2 2 47 14 14 58 0 0 

Greece 16 1 1 90 13 12 13 0 0 

Romania 275 10 10 528 162 143 244 0 0 

 



 

Supplementary Figure S2: Clockwise from top left: Surveillance of dead wild birds in Bulgaria from 2017, 2018 

and 2019 (first six months). Green circles represent H5N8 wild bird positives, regional shading indicates number 

of dead wild birds tested

 



 

Supplementary Figure S3: Maximum-likelihood tree for MP (matrix protein) gene segment from Bulgarian (2017–

18) and related viruses. Colours indicate location the virus was isolated from, and black diamonds at nodes indicate 

approximate likelihood ratio test (aLRT) branch supports > 0.9.  
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A/chicken/Anhui/AH329/2016 (Asia group1−nonH5)

A/Chicken/Guangdong/DG0188/2017 (Asia group2)
A/chicken/Guangdong/SD027/2017 (Asia group2)

A/chicken/Guangdong/SD032/2017 (Asia group2)
A/Chicken/Guangzhou/HD621/2017 (Asia group2)

A/chicken/Guangdong/J2/2017 (Asia group2)

A/chicken/Hebei/S1257/2016 (Asia group2)
A/Chicken/Liaoning/16138/2016 (Asia group2)

A/chicken/Liaoning/03.04_LN−083/2017 (Asia group2)

A/chicken/Zhejiang/12.15_HZ293/2016 (Asia group2)
A/chicken/Jiangsu/TM315/2017 (Asia group1−nonH5)

A/Chicken/Guangdong/DG16419/2016 (Asia group2)

A/chicken/Longquan/LQ78/2016 (Asia group2)

A/duck/Ganzhou/GZ188/2016 (Asia group1−nonH5)
A/chicken/Guangdong/12.10_DGCPLB032/2016 (Asia group2)

A/chicken/Huaian/HA9/2016 (Asia group1−nonH5)

A/chicken/Guangdong/30/2017 (Asia group2)
A/Dressed_chicken/Guangdong/GZ631/2017 (Asia group2)
A/duck/Japan/AQ−HE29−22/2017 (Asia group2)
A/duck/Japan/AQ−HE29−52/2017 (Asia group2)

A/chicken/Bangladesh/28182/2016 (Asia group1−nonH5)
A/chicken/Bangladesh/32287/2017 (Asia group1−nonH5)

A/quail/Bangladesh/29564/2016 (Asia group1−nonH5)

A/chicken/Bulgaria/Dobrich/115/2018 (Bulgar ia_North−East BGR−2)
A/chicken/Bulgaria/Dobrich/12−1/2018 (Bulgar ia_North−East BGR−2)
A/chicken/Bulgaria/Dobrich/12−2/2018 (Bulgar ia_North−East BGR−2)

A/chicken/Bulgaria/Dobrich/163−1/2018 (Bulgar ia_North−East BGR−2)
A/chicken/Bulgaria/Dobrich/163−2/2018 (Bulgar ia_North−East BGR−2)

A/duck/Bulgaria/Dobrich/407/2017 (Bulgar ia_North−East BGR−2)

A/wild_duck/Tatarstan/3059/2016 (Europe 2344b)
A/turkey/England/052131/2016 (Europe 2344b)

A/Mew_Gull/Netherlands/1/2016 (Europe 2344b)
A/chicken/Germany−MV/R10048/2016 (Europe 2344b)
A/herring_gull/Poland/84/2016 (Europe 2344b)

A/M_Swan/NL−Roggebotsluis/16014462−019/2016 (Europe 2344b)

A/wild_duck/Poland/57/2017 (Europe 2344b)
A/spoonbill/Taiwan/DB645/2017 (Asia 2344b)

A/chicken/Kursk/284/2018 (Europe 2344b)
A/swan/Italy/17VIR537−2/2017 (Europe 2344b)

A/Mute_swan/Hungary/5879/2017 (Europe 2344b)

A/grey_heron_/Uvs−Nuur_Lake/20/2016 (Europe 2344b)

A/Chicken/Jiangsu/1/2018 (Asia group2)

A/duck/Bulgaria/Plovdiv/75/2018 (Bulgar ia_Centre group2)

A/duck/Fukui/181015/2016 (Asia group1−nonH5)
A/gadwall/Russia_Primorje/394/2016 (Asia group1−nonH5)

A/duck/Fujian/SD061/2017 (Asia group1−nonH5)

A/chicken/Bangladesh/32747/2017 (Asia H5)
A/duck/Bangladesh/33287/2017 (Asia H5)

A/duck/Bangladesh/31023/2016 (Asia H5)
A/duck/Bangladesh/32502/2017 (Asia H5)

A/duck/Bangladesh/31095/2016 (Asia H5)

A/duck/Bangladesh/17D1012/2018 (Asia H5)
A/duck/Bangladesh/33775/2017 (Asia H5)

A/chicken/Denpasar/06160095/2016 (Asia H5)
A/chicken/Lampung_Utara/03160217/2016 (Asia H5)

A/chicken/Lebanon/157/2016 (Asia H5)
A/duck/Sidrap/07160336−3/2016 (Asia H5)

A/crane/Kagoshima/KU−4/2016 (Asia H5)

A/duck/Hyogo/1/2016 (Asia H5)
A/northern_goshawk/Tochigi/0912A004/2016 (Asia H5)

A/northern_goshawk/Mie/2412C007/2016 (Asia H5)
A/tundra_swan/Niigata/5112006/2016 (Asia H5)

A/pochard/Ibaraki/268T/2016 (Asia H5)
A/eurasian_wigeon/Kagoshima/KU−32/2016 (Asia H5)

A/duck/Anhui/S4/2016 (Asia H5)

A/goose/Yangzhou/YZ587/2016 (Asia H5)
A/muscovy_duck/Vietnam/HU7−20/2017 (Asia H5)

A/Duck/Yunnan/YN−2/2016 (Asia H5)
A/Ostrich/Guangxi/GX−1/2017 (Asia H5)

A/Quail/Zhanjiang/16887/2016 (Asia H5)

A/duck/Guangdong/01.01_SZSGXJK001−Y_/2016 (Asia H5)
A/Goose/Qingyuan/16875/2016 (Asia H5)

A/duck/Vietnam/HU8−1621/2017 (Asia H5)

A/chicken/Guangdong/GD1602/2016 (Asia H5)
A/quail/Deliserdang/01160025/2016 (Asia H5)

A/duck/Fukui/181019/2016 (Asia group2)

A/duck/Ganzhou/GZ151/2016 (Asia group1−nonH5)
A/duck/Fujian/SD013/2017 (Asia group1−nonH5)

A/duck/Ibaraki/22/2016 (Asia H5)
A/white−fronted_goose/Korea/H909−1/2017 (Asia group1−nonH5)

A/chicken/France/160013g/2016 (Europe H5)

A/common_teal/Korea/H937−5/2017 (Asia group2)
A/mallard/Korea/WA245/2017 (Asia group2)

A/teal/Chany/135/2016 (Asia group2)
A/chicken/Netherlands/16007311−037041/2016 (Europe group2)

A/mallard_duck/Georgia/9/2016 (Asia group2)
A/duck/Gunma/1/2016 (Asia group2)
A/duck/Gunma/2/2016 (Asia group2)

A/duck/Yamanashi/191109/2016 (Asia group1−nonH5)
A/duck/Yamanashi/191113/2016 (Asia group1−nonH5)

A/duck/Yamanashi/191112/2016 (Asia group1−nonH5)

A/Bar−headed_Goose/Qinghai/BTY1−B/2016 (Asia 2344b)
A/chicken/Korea/Gunsan/2017 (Asia 2344b)

A/great_crested_grebe/Uvs−Nuur_Lak e/341/2016 (Europe 2344b)

A/Goose/Hungary/982/2017 (Europe 2344b)

A/duck/Bulgaria/Plovdiv/76−1/2018 (Bulgar ia_Centre BGR−1)
A/duck/Bulgaria/Plovdiv/76−2/2018 (Bulgar ia_Centre BGR−1)
A/partridge/Bulgaria/Plovdiv/60−1/2018 (Bulgar ia_Centre BGR−1)
A/partridge/Bulgaria/Plovdiv/60−2/2018 (Bulgar ia_Centre BGR−1)

A/Goose/Hungary/65817/2016 (Europe 2344b)

A/chicken/Bulgaria/Hasskovo/411/2017 (Bulgaria_Centre BGR−1)

A/chicken/Bulgaria/Sliven/432/2017 (Bulgaria_East BGR−1)
A/duck/Bulgaria/Yambol/35−1/2018 (Bulgar ia_East BGR−1)

A/duck/Bulgaria/Stara−Zagora/623/2017 (Bulgaria_Centre BGR−1)

A/Pheasant/Hungary/6553/2017 (Europe 2344b)

A/turkey/Poland/63/2016 (Europe 2344b)
A/greylag_goose/Germany−NI/AR1395−L02144/2017 (Europe 2344b)

A/greylag_goose/Germany−NI/AR703−L02138/2017 (Europe 2344b)

A/Cygnus_olor/Belgium/2967/2017 (Europe 2344b)

A/mallard/Hungary/57857/2016 (Europe 2344b)

A/chicken/Bulgaria/Haskovo/286/2018 (Bulgaria_Centre BGR−1)
A/chicken/Bulgaria/Plovdiv/295/2018 (Bulgar ia_Centre BGR−1)
A/turkey/Bulgaria/Haskovo/336/2018 (Bulgaria_Centre BGR−1)

A/chicken/Bulgaria/Plovdiv/224−2/2018 (Bulgar ia_Centre BGR−1)
A/chicken/Bulgaria/Plovdiv/224−1/2018 (Bulgar ia_Centre BGR−1)

A/chicken/Bulgaria/Plovdiv/224−3/2018 (Bulgar ia_Centre BGR−1)

A/chicken/Bulgaria/Plovdiv/333/2018 (Bulgar ia_Centre BGR−1)

A/Duck/Netherlands/17017236−001−005/2017 (Europe 2344b)
A/mute_swan/England/AVP_18_001986/2017 (Europe 2344b)

A/Mute_swan/Hungary/6092/2017 (Europe 2344b)

A/chicken/Italy/17VIR1684−2/2017 (Europe 2344b)
A/duck/Bulgaria/Yambol/436/2017 (Bulgar ia_East BGR−1)

A/duck/France/161108h/2016 (Europe 2344b)

Location

●

●

●

●

●

Asia

Bulgaria_Centre

Bulgaria_East

Bulgaria_North−East

Europe



Supplementary Table S2: A record of highly pathogenic avian influenza disease events recorded in Bulgaria between 1 January 2019 and 8 April 2020. Table downloaded on 8 

April 2020 from the FAO (Food and Agriculture Organisation) EMPRES-i (EMPRES Global Animal Disease Information System) initiative website: http://empres-

i.fao.org/eipws3g/.  

http://empres-i.fao.org/eipws3g/
http://empres-i.fao.org/eipws3g/


 


