
The first scientific evidence of avian influenza, a-
ccording to most authors, is considered to be from the 
year 1878, when researchers first succeeded in diffe-
rentiating the new poultry disease from other highly 
pathogenic infectious diseases that already existed 
(1). Avian influenza (AI) virus is classified according to 
the pathogenicity of the strains into low pathogenic 
avian influenza (LPAI) and highly pathogenic avian in-
fluenza (HPAI). Birds infected with LPAI strains may 
show slight signs such as reduced egg production, re-
spiratory signs, and ruffled plumage, which subside 
after approximately 10 days. The main signs in HPAI-
infected birds include severe respiratory and nervous 
signs and the collapse of various organs, ending with 
the exitus within 48-96 hours. The mortality rate in 
highly pathogenic strains can be up to 100% (4, 24). 

Wild birds, especially waterfowl, represent the na-
tural reservoir of AI and are the main vectors of the 
virus in poultry. The main route of transmission is fae-
cal-oral via contaminated water sources, feed, and 
housing (the virus can survive in faeces for up to 35 
days). Other secondary routes of transmission of the 
virus may be through aerosols, contaminated equip-
ment, contaminated clothing and footwear of workers, 

etc. (3, 20). The latest research shows that highly pa-
thogenic viruses responsible for causing avian influen-
za arise through successive mutations of low pathoge-
nic viruses after they have been introduced into exten-
sive poultry farming systems. From the first evidence 
of this virus to the present day, avian influenza has 
been epidemic in nature, causing tens of millions of 
birds, and unfortunately, the same virus has also had a 
negative impact on society due to its infectious capaci-
ty in the population (12). 

Due to the spread of this virus in many parts of the 
world, between 2005 and 2022, a total of 8534 out-
breaks were detected, resulting in the loss of 389 mi-
llion poultry around the world. The evolution of avian 
influenza between 2005 and 2022 had three major 
waves, namely: the first major wave between 2005 - 
2010, produced by the H5N1 strain, which evolved in 
North America, Europe, Asia, and Africa and resulted 
in the extermination of 55.2 million birds. The second 
major wave occurred between 2011 and 2019 and re-
sulted in the loss of 139.9 birds, with Europe again 
affected. The third major wave started in 2020, with 
the main outbreaks occurring in North America and 
Europe, although isolated cases have also been repor-
ted in Asia and Africa. The third wave was also the 
most aggressive,mainly due to infection with the H5N8 
and H5N1 strains, resulting in the euthanasia and 
death of almost 200 million birds (11). 

 The paper presents results obtained after monito-
ring the situation of avian influenza produced by HPAI 
strains in European countries in the period 2005-2023. 
The monitored interval was subdivided into four peri-
ods: 2005–2009, 2010–2014, 2015–2019, and 2020– 
2023. Throughout the study period, several subtypes 
of highly pathogenic avian influenza type H5 and H7 
were reported, which had irregular variations over 
time. From the World Organisation for Animals Health 
(WOAH) evidence, it appears that the most frequent 
subtypes were H5N1 and H5N8.
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 În lucrare sunt prezentate rezultatele obținute du-
pă monitorizarea situației influenței aviare, produse 
de tulpini HPAI în țările din Europa, în perioada 2005 – 
2023. Intervalul monitorizat a fost subîmpărțit în 4 pe-
rioade: 2005–2009, 2010-2014, 2015-2019 și 2020-
2023. Pe întreaga perioadă luată în studiu au fost ra-
portate mai multe subtipuri ale tipului H5 și H7 de in-
fluența virus aviar înalt patogene, care au avut variații 
neregulate în timp. Din evidențele Organizației Mondi-
ale privind Sănătatea Animală (WOAH) reiese ca sub-
tipurile cele mai frecvente au fost H5N1 și H5N8. 

Cuvinte cheie: Influența aviară, HPAI, 
H5N1, H5N8

EVOLUTION OF HPAI AVIAN INFLUENZA VIRUS STRAINS 
IN EUROPE BETWEEN 2005 AND 2023

EVOLUȚIA TULPINILOR VIRUSULUI INFLUENȚEI AVIARE HPAI 
ÎN EUROPA ÎNTRE 2005 ȘI 2023

1 1) 1)Ionica IANCU , E. TIRZIU , Corina PASCU , 
1) 1) 1)Luminița COSTINAR , J. DEGI , Corina BADEA , 

1) 1) 1),*)A. GLIGOR , Iulia BUCUR , S. A. POPA , 
1) V. HERMAN

ISSN: 1220-3173;  E-ISSN: 2457-7618 

1) University of Life Sciences "King Mihai I", 
    Faculty of Veterinary Medicine, Timisoara, Romania
*) Corresponding author: popa_sebastian_alexandru@yahoo.com

138                                                                                                                                                           Rev Rom Med Vet (2024) 34 | 1: 138-144



Considering that a virus was detected more than 
100 years ago, due to its increased pathogenicity lea-
ding to very high mortality rates (over 90%), research 
aimed at prophylaxis and control is of crucial impor-
tance soon.

MATERIALS AND METHODS

To accomplish the study's aim, peer-reviewed ar-
ticles were selected from the PubMed database and 
data reported to the World Organisation for Animals 
Health (25). The articles included in the present study 
were published between January 2005 and December 
2023. Even though the period considered covers seve-
ral years, the study was intended to create an over-
view of the research conducted on AI and to build a 
solid basis for further research with the certain pur-
pose of finding solutions to stop the spread of this virus 
and the appearance of new outbreaks. 

The strategy used to search for scientific papers 
was to introduce three or four keywords in the search 
area of the database. The terms were represented by 
"avian influenza", the species of bird from which the 
virus has been isolated, the name of the country, and 
other specific terms (poultry, waterfowl, outbreaks, 
etc.). From the results, only the most relevant articles 
were selected, which provide reliable and suggestive 
data for the ongoing situation at the European level 
but also provide information on how the virus is trans-
mitted via different routes (feed, equipment, cages, 
etc.) and strategies to stop this transmission.

RESULTS AND DISCUSSION

Before the 2000s, at the European level, very few 
local outbreaks of avian influenza were observed and 

confirmed, which were quickly eliminated and did not 
cause very significant damage (except the 1999 HPAI 
outbreak in Italy). However, after the 2000s, things 
changed, as the virus caused several outbreaks that 
resulted in the culling of millions of birds. Taking into 
account the temporal distribution and the main AI epi-
sodes, four main periods of AI spread have been iden-
tified at the European level between 2005 and 2023.

First period: 2005-2009
The first significant outbreak was identified in Russia 

in the summer of 2005, caused by the H5 strain. The vi-
rus continued to spread across Russia and Kazakhstan 
during the same year, causing several outbreaks on 
poultry farms (Fig. 1). At the same time, cases have 
also been identified in wild birds, which is particularly 
important due to their high capacity to spread the virus 
over a very large territory in a short period (6).

Fig. 1. Number of new outbreaks and subtypes 
of HPAI in poultry between 2005 and 2009 

in European countries

In October 2005, the virus also spread to south-
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eastern Europe, with outbreaks of the H5N1 strain de-
tected in Turkey, the Danube Delta (Romania), and 
Croatia, affecting both domestic and wild birds (10). 

By the end of 2009, AI outbreaks had been identi-
fied in 22 European countries (Fig. 2), causing the loss 
of millions of birds, domestic and wild (22).

Second period: 2010-2014

	

Fig. 3. Number of new outbreaks of HPAI in poultry 
between 2010 and 2014 in European countries

In early 2010, the first alert of a potential AI case 
was made in Tulcea County, Romania (Fig. 3). 

Thus, during the post-mortem examination of two 
chickens reared in an extensive system, samples were 
taken for a certain diagnosis. Following reverse trans-
cription polymerase chain reaction (RT-PCR), infection 
with HPAI of the H5N1 subtype was confirmed (Fig. 4). 
Unfortunately, full isolation of the outbreak was not a-
chieved, and in two weeks, another outbreak was de-

tected in a flock 55 km away from the first one (19). 
At the same time, AI was confirmed in Bulgaria in a 

dead common buzzard, Buteo buteo (14). Other cases 
of AI in poultry and wild birds were reported in Russia 
(13) and Romania at Dalmatian pelicans (21).

Fig. 4. Number of new outbreaks and subtypes 
of HPAI in poultry between 2010 and 2014 

in European countries

Third period: 2015-2019
The third period when more AI outbreaks were de-

tected at the European level was between 2014 and 
2019. Thus, the first outbreak occurred in November 
2014, when the HPAI H5N8 infection was confirmed in 
both poultry and wild birds. For the first time, cases 
were confirmed in a turkey farm in Germany (9), and 
the virus was later isolated in England (8) and the Ne-
therlands (2, 26). Eurasian wigeons (Anas penelope) 
were the only species from which the virus was isola-
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ted during the H5N8 group A epidemic in the Nether-
lands in 2014–2015, although extensive sampling of 
other wild bird species was also carried out (17, 18).

Due to the inefficiency of isolating the virus in a li-
mited territory and, secondly, the infection of migra-
tory birds, other outbreaks have been detected in 
Italy, Hungary, and Sweden (Fig. 5). In 2016, HPAI H5 
was isolated from poultry in Hungary, and since 2017, 
the same virus has been isolated in Greece, Russia, 
and Mongolia. In total, outbreaks have been confirmed 
in more than 31 European countries during this period 
(14, 25, 27). 

Fig. 6. Number of new outbreaks and type 
of HPAI in poultry between 2015 and 2019 

in European countries

It was discovered that wild birds were infected be-
fore domestic birds in the majority of the European 
countries hit by the H5N8 pandemic. This indicates 
that H5N8 was successfully discovered early on in wild 
birds using passive detection-based surveillance sys-
tems (Fig. 6). The current H5N8 virus was more viru-
lent than the H5N8 that occurred in 2014–2015, based 
on mortality rates in ducks, swans, and geese (26). 
Further research is needed to determine how suscep-
tibility to the 2016–2017 H5N8 varies amongst and 
within wild bird species. The discovery of HPAI H5N8 in 
two Eurasian wigeons through active surveillance 
shows that HPAI circulation is not always present in 
wild birds, even in the absence of clinical symptoms 
and/or mortality (5, 10, 18, 28).

Fourth period: 2020-2023

During the 2020-2023 period, HPAI H5N1 (Fig. 8) 
viruses were frequently isolated from migratory and 
domestic birds in different countries around the world 
(Fig. 7). Before the detection of H5N8 viruses in poul-
try in the Republic of Iraq in May 2020, in Russia in July 
and August 2020, and in Kazakhstan in September 
2020, small outbreaks of H5N8 were reported in the 
European poultry sector in early 2020 (7). 

Phylogenetic patterns in Europe in the early 2020s 
suggested that some H5N8 viruses were being main-
tained in European poultry, while additional new vari-
ants from unknown sources were sporadically intro-
duced into other European countries, such as Hun-
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gary, Germany, the Czech Republic, and Poland, and 
detected in wild and domestic birds. On November 1, 
2020, H5 HPAI was detected in chickens in the UK. 
Genetic analysis showed that this H5N8 virus was 
"Iraq-like". To date, no wild birds have been detected 
in the UK (15, 29).

Fig. 8. Number of new outbreaks and type 
of HPAI in poultry between 2020 and 2023 

in European countries

The emergence of these 2.3.4.4.4b H5 clade viru-
ses in Eurasia has significant implications for the poul-
try sector in Europe, Central Asia, the Middle East, and 
Africa during the winter of 2020-2021 (23, 32).

Unfortunately, in the period 2020-2023, the virus 
continued to spread across several continents, cau-
sing substantial losses to both wild and domestic birds.

International collaborations and research initia-
tives, as well as the public availability of virus sequen-
ce data, are critical in advancing knowledge on HPAI 
virus emergence, evolution, and epidemiology.

The spread of AI-HPAI has been significantly facili-
tated by migratory wild birds (16, 22).

Fig. 9. Number of new outbreaks and type 
of HPAI in poultry between 2005 and 2023 

in European countries

CONCLUSIONS

In the period 2005-2023, outbreaks of AI-HPAI, 
produced by H5 and H7 subtypes, were registered in 
many European countries. Annually, most outbreaks 
were produced by the H5N1 subtype, which was more 
prevalent in the analysed period with 4860 outbreaks, 
followed by the H5N8 subtype with 3410 outbreaks. It 
is crucial to understand the epidemiology of earlier 
HPAI incursions in Europe to detect new HPAI viruses 
early on and potentially stop them from spreading to 
humans as well as other bird populations. Due to the 
H5N1 virus's rapid spread throughout Europe, people, 
birds, and other animals all need to be closely moni-
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tored. Continuous monitoring of HPAI virus strains is 
necessary.

Acknowledgments: 
This work was delivered by project ADER 10.1.2. 

REFERENCES

1. Alexander D.J., Brown I.H., (2009), History of 
highly pathogenic avian influenza. Revue scienti-
fique et technique (International Office of Epizoo-
tics), 28(1):19-38

2. Bouwstra R.J., Koch G., Heutink R., Harders F., Van 
Der Spek A., Elbers A.R., Bossers A., (2015), Phy-
logenetic analysis of highly pathogenic avian influ-
enza A (H5N8) virus outbreak strains provides evi-
dence for four separate introductions and one be-
tween-poultry farm transmission in the Nether-
lands, Nov. 2014. Eurosurveillance, 20:21174

3. Brown J.D., Stallknecht D.E., Valeika S., Swayne 
D.E., (2007), Susceptibility of wood ducks to H5N1 
highly pathogenic avian influenza virus. Journal of 
wildlife diseases, 43(4):660-667

4. Chmielewski R., Swayne D.E.,(2011), Avian influen-
za: public health and food safety concerns. Annual 
review of food science and technology, 2: 37-57

5. Cotuna M., Iancu I., Pascu C., Costinar L., Dégi J., 
Hulea A., Herman V., (2021), Evolution of avian in-
fluenza in a laying hens farm, from Seini-Romania, 
in 2020. Lucr St Med Vet Timisoara, 54(4):31-36

6. Coulombier D., Paget J., Meijer A., Ganter B., 
(2005), Highly pathogenic avian influenza reported 
to be spreading into western Russia. Wkly Relea-
ses, 10:2776

7. Hagag N.M., Yehia N., El-Husseiny M.H., Adel A., 
Shalaby A.G., Rabie N., Samy M., Mohamed M., El-
Oksh A.S.A., Selim A., Arafa A.S., Eid S, Shahein 
M.A., Naguib M.M., (2022), Molecular Epidemio-
logy and Evolutionary Analysis of Avian Influenza 
A(H5) Viruses Circulating in Egypt, 2019–2021. 
Viruses, 14:1758 

8. Hanna A., Banks J., Marston D.A., Ellis R.J., 
Brookes S.M., Brown I.H., (2014), Genetic Charac-
terization of Highly Pathogenic Avian Influenza 
(H5N8) Virus from Domestic Ducks, England, No-
vember 2014. Emerging infectious diseases, 21 
(5):879-882

9. Harder T., Maurer-Stroh S., Pohlmann A., Starick 
E., Höreth-Böntgen D., Albrecht K., Pannwitz G., 
Teifke J., Gunalan V., Lee R.T., Sauter-Louis C., 
Homeier T., Staubach C., Wolf C., Strebelow G., 
Höper D., Grund C., Conraths F.J., Mettenleiter 
T.C., Beer M., (2015), Influenza A (H5N8) Virus Si-
milar to Strain in Korea Causing Highly Pathogenic 
Avian Influenza in Germany. Emerg Infect Dis, 21 
(5):860-863

10. Herman V., Cranta I., Cătană N., Iancu I., Degi J., 
Mozos C., Ciobanu G., Pascu C., (2017), Avian in-
fluenza evolution in Romania between 2005-2017, 
Book of Abstracts. XII National Congress of Veteri-
nary Medicine, Sept.20-23, 2017, Cluj-Napoca, 28

11. Shi J., Zeng X., Cui P., Yan C., Chen H., (2023), 
Alarming situation of emerging H5 and H7 avian in-
fluenza and effective control strategies. Emerging 
microbes & infections, 12(1):2155072

12. Krammer F., Smith G.J.D., Fouchier R.A.M., Peiris 
M., Kedzierska K., Doherty P.C., Palese P., Shaw 
M.L., Treanor J., Webster R.G., ., Garcia-Sastre A
(2018), Influenza. Nat Rev Dis Primers, 4(1):3

13. Marchenko V.I., Sharshov K.A., Silko N.I., 
Susloparov I.M., Durymanov A.G., Zaıkovskaia 
A.V., Alekseev A.I., Smolovskaia O.V., Stefanenko 
A.P., Malkova E.M., Shestapolov A.M., (2011), 
Characterization of the H5N1 influenza virus isola-
ted during an outbreak among wild birds in Russia 
(Tuva Republic) in 2010. Mol Genet Microbiol Virol, 
26:36-40

14. Marinova-Petkova A., Georgiev G., Seiler P., 
Darnell D., Franks J., Krauss S., Webby R.J., 
Webster R.G., (2012), Spread of Influenza Virus A 
(H5N1) Clade 2.3.2.1 to Bulgaria in Common Bu-
zzards. Emerg Infect Dis, 18:1596-1602

15. Lewis N.S., Banyard A.C., Whittard E., Karibayev 
T., Al Kafagi T., Chvala I., Byrne A., Meruyert 
Akberovna S., King J., Harder T., Grund C., Essen 
S., Reid S.M., Brouwer A., Zinyakov N.G., 
Tegzhanov A., Irza V., Pohlmann A., Beer M., 
Fouchier R.A.M., Brown I.H., (2021), Emergence 
and spread of novel H5N8, H5N5 and H5N1 clade 
2.3.4.4 highly pathogenic avian influenza in 2020. 
Emerging microbes & infections, 10(1):148-151

16. Olsen B.,Munster V.J.,Wallensten A., Waldenström 
J., Osterhaus A.D., Fouchier R.A., (2006), Global 
patterns of influenza A virus in wild birds. Science, 
312:384-388

17. Poen M.J., Venkatesh D., Bestebroer T.M., Vuong 
O., Scheuer R.D., Munnink B.B.O., De Meulder D., 
Richard M., Kuiken T., Koopmans M.P.G., Kelder L., 
Kim Y-J., Lee Y-J., Steensels M., Lambrecht B., Dan 
A., Pohlmann A., Beer M., Savic V., Brown I.H., 
Fouchier R.A.M., Lewis N.S., (2019), Co-circulation 
of genetically distinct highly pathogenic avian in-
fluenza A clade 2.3.4.4 (H5N6) viruses in wild wa-
terfowl and poultry in Europe and East Asia, 2017– 
18. Virus Evol, 5:004

18. Poen M.J., Verhagen J.H., Manvell R.J., Brown I., 
Bestebroer T.M., van der Vliet S., Vuong O., 
Scheuer R.D., van der Jeugd H.P., Nolet B.A., 
Kleyheeg E., Müskens G.J., Majoor F.A., Grund C., 
Fouchier R.A., (2016), Lack of virological and sero-
logical evidence for continued circulation of highly 
pathogenic avian influenza H5N8 virus in wild birds 



144                                                                                                                                                                           Rev Rom Med Vet (2024) 34 | 1

in the Netherlands, 14 November 2014 to 31 Janu-
ary 2016. Euro Surveill, 21(38):30349

19. Reid S.M., Shell W.M., Barboi G., Onita I., Turcitu 
M., Cioranu R., Marinova-Petkova A., Goujgoulova 
G., Webby R.J., Webster R.G., Russell C., Slomka 
M.J., Hanna A., Banks J., Alton B., Barrass L., 
Irvine R.M., Brown I.H., (2011), First reported in-
cursion of highly pathogenic notifiable avian influ-
enza A H5N1 viruses from clade 2.3.2 into Euro-
pean poultry. Transboundary and emerging disea-
ses, 58 (1):76-78

20. Stallknecht D.E., Brown J.D., Swayne D.E., 
(2008), Ecology of avian influenza in wild birds. 
Avian influenza, 1:43-58

21. Stoimenov G., Goujgoulova G., Hristov K., Teneva 
A., (2015), Outbreak of influenza A virus (H5N1) in 
Dalmatian pelicans Srebarna Reserve, Bulgaria. 
Tradit Mod Vet Med, 3:61-66

22. Verhagen J.H., Fouchier R.A.M., Lewis N., (2021), 
Highly Pathogenic Avian Influenza Viruses at the 
Wild–Domestic Bird Interface in Europe: Future 
Directions for Research and Surveillance. Viruses, 
13:212

23. ***, (2020), FAO, Global AIV with Zoonotic Poten-
tial situation update Available at: https://mcuser 
content.com/dc0b96ca6646c8eedf16a2216/files/
e1b47dc0-f32e-4805-b086-3446dacf9115/Global 
_update_zoonoticAIV_2020_10_28.pdf. (Ac-
cessed: 27.02.2024)

24. ***, (2018), Summaries of EU Legislation, (2018) 
Avian influenza. Available at: https://eur-lex. 
europa.eu/EN/ legal-content/summary/avian-
influenza.html (Accessed: 26.02.2024)

25. ***, (2024), WAHIS, Quantitative Data Dash-
board, Available at: https://wahis.woah.org/#/ 
dashboards/qd-dashboard (Accessed:26.02.2024)

26. ***, (2019), EFSA, Annual Report on surveillance 
for avian influenza in poultryand wild birds in Mem-
ber States of the European Union in 2018, Available 
at: https://efsa.onlinelibrary.wiley.com/doi/epdf/ 
10.2903/j.efsa.2019.5945 (Accessed:27.02.2024)

27. ***, (2020), EFSA, Annual Report on surveillance 
for avian influenza in poultryand wild birds in Mem-
ber States of the European Union in 2019, Available 
at: https://efsa.onlinelibrary.wiley.com/doi/epdf/ 
10.2903/j.efsa.2020.6349 (Accessed:26.02.2024)

28. ***, (2021), EFSA, Annual Report on surveillance 
for avian influenza in poultryand wild birds in Mem-
ber States of the European Union in 2020, Available 
at: https://efsa.onlinelibrary.wiley.com/doi/epdf/ 
10.2903/j.efsa.2021.6953 (Accessed:26.02.2024)

29. ***, (2022), EFSA, Annual Report on surveillance 
for avian influenza in poultryand wild birds in Mem-
ber States of the European Union in 2021, Available 
at: https://efsa.onlinelibrary.wiley.com/doi/epdf/ 
10.2903/j.efsa.2022.7554 (Accessed: 27.02.2024)

30. ***, (2023), EFSA, Annual Report on surveillance 
for avian influenza in poultryand wild birds in Mem-
ber States of the European Union in 2022, Available 
at: https://efsa.onlinelibrary.wiley.com/doi/epdf/ 
10.2903/j.efsa.2023.8480 (Accessed: 27.02.2024) 

31. ***, (2021), AHW PAFF Committee, Update on 
avian influenza in the EU, Available at: https:// 
food.ec.europa.eu/system/files/2021-02/reg-
com_ahw_20210115_pres_hpai_eur.pdf (Ac-
cessed: 27.02.2024)

32. ***, (2014), European Centre for Disease Preven-
tion and Control, Highly pathogenic avian influenza 
A subtype H5N8, Available at: https://www. 
academia.edu/12794959/Highly_pathogenic_avia
n_influenza_A_subtype_H5N8 (Accessed: 28.02. 
2024).


