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Zoonotic Potential of Currently Circulating Avian Influenza Viruses
Zoonotski potencijal trenutno cirkulirajućih virusa ptičje gripe
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Abstract

Over the past and the current centuries, human influenza pandemics have been attributable to viruses with an 
avian ancestry. Birds are the main source of influenza A viruses and harbour a variety of antigenic subtypes. 
Certain avian influenza viruses are capable for cross-species transmission including human infections. Although 
sustained intrehuman transmission of such viruses has not been documented so far, each human infection with 
avian influenza viruses provides chances for the virus adaptation towards efficient transmission within human 
population. Here are reviewed currently circulating avian influenza viruses that are of major significance for public 
health.

Sažetak

Pandemije humane influence tijekom prošlog i ovog stoljeća pripisuju se virusima ptičjeg podrijetla. Ptice su 
glavni izvor virusa influence A i domaćini su različitim antigenskim podtipovima. Određeni virusi influence ptica 
imaju svojstvo prijenosa na različite vrste domaćina uključujući i ljude. Premda održivi interhumani prijenos takvih 
virusa do sada nije dokumentiran, svaka humana infekcija virusima influence ptica pruža im mogućnost prila-
godbe prema učinkovitom prijenosu unutar ljudske populacije. Ovdje su razmotreni trenutno cirkulirajući virusi 
influence ptica koji su od najveće važnosti za javno zdravstvo.
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Introduction
 Influenza has been an enormous threat for hu-
man health over the history. First records describing 
a putative influenza-like illness date in 412 BC, in the 
Hippocrates’s „Book of Epidemics” [1]. Today, influen-
za virus infections in humans are caused by influenza 
viruses type A, B and C, the first two are associated 
with significant morbidity and mortality [2]. They are 
generally manifested as seasonal, zoonotic and pan-
demic influenza varying from mild, severe to fatal in-
fection. The most threatening influenza infections are 
the ones caused by zoonotic and/or pandemic strains 
due to little or no pre-existing specific or cross pro-
tective immunity [3]. Although it is not known when 
the first influenza pandemic occurred, most historians 
agree that the first pandemic was recognized in 1510 

[4]. It is understandable that the subtype of the virus 
that caused this pandemic is unknown, as well as for 
almost 30 flu pandemics that occurred over the next 
three centuries[5]. The first attempts to type the pan-
demic virus from the end of the 19th century was made 
using seroepidemiologic data and type A influenza 
virus of the H3N8 subtype was proposed [6]. In the 
20th century several pandemics occurred, all of them 
caused by type A virus. The most significant pandem-
ic, also known as the Spanish flu, occurred in 1918 and 
was caused by H1N1 subtype virus [7]. The next pan-
demic, known as the Asian flu occurred in 1957 and 
was caused by H2N2 subtype [8]. Already in the next 
decade (1968), a new pandemic, so called the Hong 
Kong influenza was caused by H3N2 subtype virus [9]. 
More recently, H1N1 subtype virus, different from the 
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due to the abundance of different influenza A viruses.
AI viruses can be divided into subgroups according to 
differences in their surface glycoproteins. So far, 16 HA 
subtypes (H1 to H16) and nine NA subtypes (N1 to 
N9) are known and each AI virus has one HA and one 
NA subtype that can occur in any of the 144 possible 
combinations (from H1N1 to H16N9). While only a 
few HA subtypes and several NA subtypes were found 
in aberrant hosts, all 16 HA and all 9 NA subtypes were 
isolated from aquatic birds, in most possible combina-
tions. Influenza A viruses are most commonly found 
in wild ducks in which most HA subtypes are found[14], 
while subtypes H13 and H16 are found almost exclu-
sively in gulls and related birds[17]. The virus excretion 
from infected ducks lasts only 2 to 4 weeks, but the 
virus can be found in their feces in extremely large 
quantities, even in hundreds of millions of infectious 
particles per gram of faeces [18]. Avian influenza viruses 
were isolated from freshly deposited faecal material 
and from unconcentrated lake water [19]. This provides 
for the virus to transmit efficiently among gregarious 
aquatic birds. The virus is further spread to long dis-
tances by seasonal bird migrations [20].
 Terrestrial poultry are aberrant hosts for influenza 
A viruses, in which the virus is subjected to strong se-
lection pressure possibly resulting in increased virus 
pathogenicity, particularly for chickens and turkeys[13, 

21]. According to the pathogenicity for chickens and 
turkeys, influenza A viruses can be divided into two 
clearly separated groups. Very virulent viruses are 
multiplied practically in all organic systems and can 
cause mortality up to 100% causing highly pathogenic 
AI (HPAI). Such viruses are found only in subgroups 
H5 and H7, but not all viruses within these two sub-
groups are necessarily highly pathogenic. The second 
group includes viruses that cause mild, predominantly 
respiratory disease, called low-pathogenic AI [14].
 Humans are probably the least prone to infection 
with AI viruses among mentioned aberrant hosts. 
There are several biological barriers preventing in-
terspecies transmission as well as adaptation to new 
hosts. One of them seems to be of a particular sig-
nificance for humans. Influenza A virus attachment 
to host cellular receptors is mediated by the HA pro-
tein, which binds to glycans expressed on the surface 
of host cells. AI viruses preferentially bind to glycans 
harbouring sialic acids with α2,3 linkage to galactose. 
These glycans are abundantly expressed on the surface 
of avian intestinal and respiratory epithelial cells and 
they are also present in pig and horse epithelial cells. 
In contrast, they are poorly expressed in human upper 
respiratory tract, where glycans harbouring sialic acids 
with α2,6 linkage to galactose are abundant instead[22]. 

Spanish flu virus, caused another pandemic in 2009 [10]. 
Viruses from the last two pandemics are still circulat-
ing in human population causing seasonal influenza A 
outbreaks. The major pandemics during the past and 
the current century have been attributable to viruses 
with an avian ancestry that entered the human popula-
tion directly or indirectly through intermediate hosts 

[11]. Unlike others, the 1918 pandemic virus have been 
wholly derived from avian-like influenza virus from 
an unknown source [12]. Thus avian influenza (AI) vi-
ruses make the foundation of influenza virus infection 
in humans including previous pandemics, seasonal 
outbreaks as well as recent human infections caused by 
zoonotic AI viruses. This paper focuses on AI viruses 
of major significance for public health.

ecology and evolution of Influenza A Viruses
 Type A influenza viruses can infect a wide variety of 
birds and mammals, but the natural hosts and the main 
source of these viruses are birds from orders Anseri-
formes (ducks, geese and swans) and Charadriiformes 
(gulls, waders and terns). Therefore, AI, for most pur-
poses including this article, refers to the influenza A 
virus. Other species infected with influenza A virus-
es are considered aberrant hosts. The most common 
aberrant hosts are terrestrial poultry (chickens and 
turkeys), domestic mammals (swine and horses) and 
humans. Distinguishing natural from aberrant hosts 
is very important in order to understand the ecology 
of these viruses. The vast majority of influenza A vi-
rus is completely adapted to aquatic birds in which the 
infection does not cause virtually any signs of illness 
and such viruses in these hosts are in the evolutionary 
stasis. In contrast, very intense evolution in aberrant 
hosts is attributed to selection pressure due to the ad-
aptation of these viruses to a new host. Such adaptation 
can also result in very high virulence for the new host, 
and sometimes for other species, too[13, 14].
 The evolution and diversity of influenza A viruses 
are driven by two mechanisms (Figure 1). The virus 
has a negative sense, single-stranded viral RNA ge-
nome comprised of eight segments that encode tran-
scripts for 10 essential viral proteins, of which two are 
surface glycoproteins, hemagglutinin (HA) and neu-
raminidase (NA)[15]. Accumulation of point mutations 
in either of the genome segments leading to amino 
acid changes in the corresponding protein is referred 
to as antigenic drift, while reassortment (exchange) 
of virus genome segments from different influenza A 
viruses during co-infection is referred to as antigenic 
shift[16]. The point mutation rate is higher in aberrant 
hosts due to the selection pressure, while the gene seg-
ment reassortment is more common in natural hosts 
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ed cases of AI virus isolation from humans, in all cas-
es H7N7 subtype virus [23]. The situation has changed 
dramatically after 1997, when 18 humans in Hong 
Kong who were in contact with poultry contracted 
infection with the zoonotic H5N1 subtype virus and 
six of them consequently died. This H5N1 is a typi-
cal poultry virus belonging to the lineage A/goose/
Guangdong/96-like (GD/96) [24]. It is important to 
emphasise here that lineage GD/96 and its subsequent 
clades refer exclusively to HA gene, and not to other 
gene segments. The H5N1 virus spilled-over in 2005 

Nevertheless, it appears that certain AI viruses can 
cross the biological barriers, attach to human recep-
tors and successfully multiply in humans which means 
that they posses zoonotic potential.

Human Infections with AI Viruses of 
Major significance for Public Health

 Although viruses from the several past pandemics 
have avian ancestry, direct virus transmission from 
birds to humans was considered rare events of little 
consequence. Up to 1996, there were only few record-

Figure 1 Evolution and antigenic diversity of influenza A virus is driven by two mechanisms, antigenic drift and 
antigenic shift. Antigenic drift (above) is the result of accumulation of point mutations in virus genome segments 
(shown as horizontal bars). Antigenic shift (below) occurs when two or more influenza A viruses of different sub-
types infect the same host cell which results in reassortment (exchange) of the genome segments and emergence of 
new virus subtype. HA represents virus hemagglutinin and NA represents virus neuraminidase.
Slika 1 Evoluciju i antigensku raznolikost virusa influence A pokreću dva mehanizma, antigensko skretanje i antigen-
sko preslagivanje. Antigensko skretanje (gore) rezultat je nakupljanja točkastih mutacija u segmentima genoma viru-
sa (prikazanih horizontalnim linijama). Do antigenskog preslagivanja (dolje) dolazi kada dva ili više virusa influence 
A različitih podtipova inficiraju istu stanicu domaćina, što rezultira preslagivanjem (razmjenom) segmenata genoma 
i nastankom novog podtipa virusa. HA predstavlja virusni hemaglutinin, dok NA predstavlja virusnu neuraminidazu.
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reassortment events between viruses harbouring an 
HA segment originally derived from clade 2.3.4.4 vi-
ruses and a range of other avian influenza viruses have 
generated the H5N2, H5N5, H5N6, and H5N8 sub-
types [35]. Similarly to the spread of H5N1 viruses by 
wild birds in 2005-2006 from Asia to Europe, the Mid-
dle East, and Africa during the course of a few months, 
H5N8 viruses of clade 2.3.4.4 rapidly spread by wild 
birds from eastern Asia worldwide in 2014-2015 
reaching also North America. Subsequent reassort-
ment of these Eurasian origin H5N8 viruses with 
North American low-pathogenic AI viruses occurred 
generating intercontinental clade 2.3.4.4 reassortants 
H5N1 and H5N2 [37]. Second intercontinental spread 
of this clade reassortant viruses from Asia to Europe 
and Africa including in most cases subtype H5N8, but 
also subtype H5N5, occurred in 2016-2017 causing 
the largest ever recorded epidemic by an HPAI virus in 
Europe in terms of number of poultry outbreaks, geo-
graphical extent and number of dead wild birds[38, 39]. 
The virus has remained circulating in poultry in Eu-
rope at few locations. Nevertheless, H5N8 and related 
viruses including H5N6 derived from H5N8 virus and 
European HxN6 (x meaning any H subtype) viruses 
do not show considerable zoonotic potential with no 

into ecosystem infecting migratory wild birds and 
spreading across Asia, Europe and Africa during the 
course of a few months [25-27]. The virus became enzo-
otic and still perpetuates in poultry in several Asian 
and African countries [28-31]. Recently, from January 1, 
2018 up to March 25, 2019, the virus was confirmed in 
poultry in Bangladesh, Bhutan, Cambodia, China, In-
dia, Ivory Coast, Laos, Malaysia, Nepal, Nigeria, Togo 
and Vietnam [32]. The large number of infected poultry 
in Asia and Africa provided for local human infections 
with H5N1 virus. From 2003 to 2017, the laboratories 
confirmed 860 human cases, out of which 454 (52.8%) 
of them had fatal outcome. No human cases were 
reported in 2018 [33]. Detailed numbers of laboratory 
confirmed human cases by countries and time periods 
are shown in Table 1.
 Since 2003, the GD/96 lineage viruses have been 
evolving into diverse clades and subclades [34], most of 
them emerging in Asia. During the evolution of HPAI 
H5N1 viruses, reassortment events involving the 6 in-
ternal gene segments have often been detected, but 
novel subtypes (i.e., combinations of HPAI H5 with 
other N subtypes) have rarely been isolated [35]. Unlike 
other GD/96 clades, a new clade designated 2.3.4.4 [36] 
comprises of several other H5Nx subtypes. Subsequent 

Table 1 Cumulative number of confirmed human cases for avian influenza virus H5N1 reported to WHO, 2003-2017a

Tablica 1 Kumulativni broj potvrđenih humanih slučajeva influence ptica H5N1 prijavljenih Svjetskoj zdravstvenoj 
organizaciji (SZO) od 2003. do 2017. godinea

country
2003-2014 2015 2016 2017 Total

cases Deaths cases Deaths cases Deaths cases Deaths cases Deaths

Azerbaijan 8 5 - - - - - - 8 5

Bangladesh 7 1 1 - - - - - 8 1

Cambodia 56 37 - - - - - - 56 37

Canada 1 1 - - - - - - 1 1

China 47 30 6 1 - - - - 53 31

Djibouti 1 - - - - - - - 1 -

Egypt 210 77 136 39 10 3 3 1 359 120

Indonesia 197 165 2 2 - - 1 1 200 168

Iraq 3 2 - - - - - - 3 2

Lao People’s Democratic Republic 2 2 - - - - - - 2 2

Myanmar 1 - - - - - - - 1 -

Nigeria 1 1 - - - - - - 1 1

Pakistan 3 1 - - - - - 3 1

Thailand 25 17 - - - - - - 25 17

Turkey 12 4 - - - - - - 12 4

Vietnam 127 64 - - - - - - 127 64

Total 701 407 145 42 10 3 4 2 860 454

ANo new cases were reported in 2018
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lic health by donating partial or even whole cassette of 
internal genes to generate novel human-lethal reassor-
tants like H5N1, H7N9, H10N8 and H5N6 viruses [56].

conslusions
 Apart from human infections with the H5N1 virus 
which in most instances occurred in Egypt, Indonesia, 
Vietnam and Cambodia (Table 1), all other human in-
fections with AI viruses occurred exclusively or most 
frequently in China. Beside the world's largest human 
population, China hosts a unique ecosystem, compris-
ing large numbers of poultry intermingled with vari-
ous other animal species which offers an environment 
for the emergence and spread of novel influenza virus-
es with the potential for cross-species transmission. In 
addition, the existence of the large live-poultry mar-
kets also increases the possibility of human contact 
with poultry [57]. Although in most cases infected pa-
tients were in contact with infected poultry, there are 
reports of human infections with no previous contact 
with poultry, including Canadian resident (Table 1) 
who returned from China and succumbed due to the 
infection with H5N1 virus [58]. Such cases raise at least 
two questions: human-to-human transmission of zo-
onotic AI viruses and possible infection by food of 
poultry origin for human consumption. The vast ma-
jority of zoonotic events caused by influenza viruses 
are restricted to sporadic individual cases, without any 
evidence of sustained human-to-human transmission[59]. 
Nevertheless, clusters of human infections with AI vi-
ruses have occurred on multiple occasions, particular-
ly due to the infection with H7N9 virus. In many situ-
ations it is unclear whether these clusters result from 
person-to-person transmission or exposure to a com-
mon infectious source. Limited person-to-person 
transmission is likely to have occurred, but sustained 
person-to-person transmission of this virus has not 
been documented so far [60-62]. However, each human 
infection with avian influenza virus provides chances 
for the virus adaptation with subsequent sustained in-
terhuman transmission. The acquisition of human-to- 
human transmissibility by a zoonotic virus could mark 
the beginning of a new influenza virus pandemic [59]. 
Major risk factor for acquiring AI virus infection is 
intense human exposure to infected poultry like poul-
try rearing, slaughtering and processing. Food-borne 
transmission of infection through poultry products 
may only occur if there is viable virus in the commod-
ity and the concentration of the virus is sufficient to 
infect the exposed host. Although sufficient viral in-
fectivity to cause interspecies transmissions can be 
present in poultry commodities from infected birds, 
consumption of contaminated food has not been sub-

evidence of key mammalian adaptation markers [40-43]. 
In contrast to the mentioned Asian origin viruses de-
tected in Europe, Far East H5N6 viruses belonging to 
the same clade (2.3.4.4) cause human infections. Se-
vere infection with avian influenza H5N6 virus in hu-
mans was identified first in 2014 in China in patient 
who presented with fever, severe pneumonia, leucope-
nia, and lymphopenia, developed septic shock and 
acute respiratory distress syndrome, and died on day 
10 after illness onset [44]. Up to March 14, 2019, a total 
of 23 laboratory-confirmed cases of human infection 
with the H5N6 virus, including seven deaths have 
been reported to WHO [45]. All cases occurred in China 
between 2014 and 2016. It is interesting that H5N6 vi-
rus belonging to the relatively rare clade 2.3.2 of the 
GD/96 lineage also circulated in poultry in China dur-
ing this period [46], but no human infections with this 
virus have been reported so far.
 Concurrently with the H5N6 human cases but in 
a much larger extent, a newly emerged AI virus of the 
H7N9 subtype was found to infect humans in China. 
In early 2013, three patients infected with the H7N9 
AI virus presented with fever, cough, and dyspnoea. 
Complications included acute respiratory distress syn-
drome and multiorgan failure. All three patients died 

[47]. Up to September 2017 numerous human infections 
with H7N9 virus occurred in mainland China, result-
ing in a total of 1,567 laboratory-confirmed cases with 
615 (39.2%) fatal outcomes. No new cases of human 
H7N9 infection were found up to March 14, 2019 [45, 

48]. Both, low pathogenic form of this H7N9 virus and 
its HPAI virus derivate that emerged in poultry in Chi-
na in early 2017 have been isolated from humans and 
caused fatal outcomes [49]. Nevertheless, the low path-
ogenic H7N9 could trigger no illness in birds, which 
might increase possibility of close contact with virus 
contaminated poultry [50]. Beside the H7N9 virus, a 
fatal human infection with related AI virus of H7N4 
subtype was reported in China in December 2017 [51]. 
In addition, two fatal and one severe human infection 
with AI virus of H10N8 subtype were also reported in 
China in late 2013 and early 2014 [52].
Another AI virus poses an ongoing concern for hu-
man health, namely H9N2 subtype. Since mid 1990s, 
this virus is widespread in poultry in numerous coun-
tries on several continents [53] thus providing abundant 
chances for human infections. First laboratory con-
firmed human infections with this virus were reported 
in 1998 in Hong Kong [54]. Recently, seven human cases 
were reported in 2018 China and two cases thus far in 
2019 [45]. Although human infections with the H9N2 
virus do not occur frequently and appear to be mild 

[55], H9N2 virus has demonstrated significance to pub-



13

Zoonotic Potential of Currently Circulating Avian Influenza Viruses    Vladimir Savić    2019;39(1):8-14  INFEKTOL GLASN

 [18] Webster RG, Yakhno M, Hinshaw VS, Bean WJ, Murti KG. In-
testinal influenza: replication and characterization of influenza 
viruses in ducks. Virology, 1978; 84: 268-278.

 [19] Webster RG, Bean WJ, Gorman OT, Chambers TM, Kawaoka 
Y. Evolution and ecology of influenza A viruses. Microbiol Rev, 
1992; 56: 152-179.

 [20] Gilbert M, Xiao X, Domenech J, Lubroth J, Martin V, Sling-
enbergh J. Anatidae migration in the western Palearctic and 
spread of highly pathogenic avian influenza H5NI virus. 
Emerg Infect Dis, 2006; 12: 1650-1656.

 [21] Fourment M, Holmes EC. Avian influenza virus exhibits dis-
tinct evolutionary dynamics in wild birds and poultry. BMC 
Evol Biol, 2015; 15: 120.

 [22] Baigent SJ, McCauley JW. Influenza type A in humans, mam-
mals and birds: determinants of virus virulence, host-range 
and interspecies transmission. Bioessays, 2003; 25: 657-671.

 [23] Capua I, Alexander DJ. Avian influenza: recent developments. 
Avian Pathol, 2004; 33: 393-404.

 [24] Shortridge KF, Zhou NN, Guan Y, et al. Characterization of 
avian H5N1 influenza viruses from poultry in Hong Kong. Vi-
rology, 1998; 252: 331-342.

 [25] Normile D. Evidence points to migratory birds in H5N1 
spread. Science, 2006; 311:1225.

 [26] Olsen B, Munster VJ, Wallensten A, Waldenström J, Osterhaus 
AD, Fouchier RA. Global patterns of influenza a virus in wild 
birds. Science, 2006; 312: 384-388.

 [27] Salzberg SL, Kingsford C, Cattoli G, et al. Genome analysis 
linking recent European and African influenza (H5N1) virus-
es. Emerg Infect Dis, 2007; 13: 713-718.

 [28] Cuong NV, Truc VN, Nhung NT, et al. Highly pathogenic avi-
an influenza virus A/H5N1 infection in vaccinated meat duck 
flocks in the Mekong delta of Vietnam. Transbound Emerg 
Dis, 2016; 63: 127–135.

 [29] Fasanmi OG, Odetokun IA, Balogun FA, Fasina FO. Public 
health concerns of highly pathogenic avian influenza H5N1 
endemicity in Africa. Vet World, 2017; 10: 1194-1204.

 [30] Artois J, Ippoliti C, Conte A, et al. Avian influenza A (H5N1) out-
breaks in different poultry farm types in Egypt: the effect of vacci-
nation, closing status and farm size. BMC Vet Res, 2018; 14: 187.

 [31] Mellor KC, Meyer A, Elkholly DA, et al. Comparative Epidemi-
ology of Highly Pathogenic Avian Influenza Virus H5N1 and 
H5N6 in Vietnamese Live Bird Markets: Spatiotemporal Pat-
terns of Distribution and Risk Factors. Front Vet Sci, 2018; 5: 51.

 [32] OIE - World Organisation for Animal Health. Update on avian 
influenza in animals (type H5). 2019. Available at http://www.
oie.int/animal-health-in-the-world/update-on-avian-influen-
za/. Accessed 27 March 2019.

 [33] World Health Organization. Cumulative number of confirmed 
human cases of avian influenza A(H5N1) reported to WHO. 2019. 
Available at: https://www.who.int/influenza/human_animal_in-
terface/2018_03_02_tableH5N1.pdf. Accessed 27 March 2019.

 [34] World Health Organization/World Organisation for Animal 
Health/Food and Agriculture Organization (WHO/OIE/FAO) 
H5N1 Evolution Working Group. Revised and updated no-
menclature for highly pathogenic avian influenza A (H5N1) 
viruses. Influenza Other Respir Viruses. 2014; 8: 384-388.

 [35] de Vries E, Guo H, Dai M, Rottier PJ, van Kuppeveld FJ, de 
Haan CA. Rapid emergence of highly pathogenic avian influ-
enza subtypes from a subtype H5N1 hemagglutinin variant. 
Emerg Infect Dis, 2015; 21: 842-846.

stantiated to cause human infections. Heating poultry 
products, according to kitchen standards, rapidly inac-
tivates AI virus infectivity and renders fully cooked prod-
ucts safe. For example, complete inactivation of zoonot-
ic H5N1 virus was obtained after exposure at 70°C (1 
sec) and at 70°C for 5 seconds for chicken breast and 
thigh meat respectively. Risks of presence, introduc-
tion and transmission of AI viruses through poultry 
products have been comprehensively reviewed [63-65].

RefeReNces
 [1] Pappas G, Kiriaze IJ, Falagas ME. Insights into infectious disease 

in the era of Hippocrates. Int J Infect Dis, 2008; 12: 347-350.
 [2] Cox NJ, Subbarao K. Global epidemiology of influenza: past 

and present. Ann Rev Med, 2000; 51: 407-421.
 [3] Reperant LA, Moesker FM, Osterhaus AD. Influenza: From 

zoonosis to pandemic. ERJ Open Res, 2016; 2: 1-4.
 [4] Morens DM, Taubenberger JK, Folkers GF, Fauci AS. Pandem-

ic Influenza's 500th Anniversary. Clin Infect Dis, 2010; 51: 
1442-1444.

 [5] Lazzari S, Stohr K. Avian influenza and influenza pandemics. 
Bull World Health Org, 2004; 82: 242.

 [6] Valleron AJ, Cori A, Valtat S, Meurisse S, Carrat F, Boëlle PY. 
Transmissibility and geographic spread of the 1889 influenza 
pandemic. Proc Natl Acad Sci U S A, 2010; 107: 8778-8781.

 [7] Reid AH, Fanning TG, Hultin JV, Taubenberger JK. Origin and 
evolution of the 1918 „Spanish” influenza virus hemagglutinin 
gene. Proc Natl Acad Sci U S A, 1999; 96: 1651-1656.

 [8] Viboud C, Simonsen L, Fuentes R, Flores J, Miller MA, Chow-
ell G. Global mortality impact of the 1957-1959 influenza pan-
demic. J Infect Dis, 2016; 213: 738-745.

 [9] Viboud C, Grais RF, Lafont BA, Miller MA, Simonsen L. Mul-
tinational Influenza Seasonal Mortality Study Group. Multi-
national impact of the 1968 Hong Kong influenza pandemic: 
evidence for a smoldering pandemic. J Infect Dis, 2005; 192: 
233-248.

 [10] Dawood FS, Iuliano AD, Reed C, et al. Estimated global mor-
tality associated with the first 12 months of 2009 pandemic 
influenza A H1N1 virus circulation: a modelling study. Lancet 
Infect Dis, 2012; 12: 687–695.

 [11] Nelson MI, Vincent AL. Reverse zoonosis of influenza to 
swine: New perspectives on the human-animal interface. 
Trends Microbiol, 2015; 23: 142-153.

 [12] Taubenberger JK, Reid AH, Lourens RM, Wang R, Jin G, Fan-
ning TG. Characterization of the 1918 influenza virus poly-
merase genes. Nature, 2005; 437: 889-893.

 [13] Suarez D L. Evolution of avian influenza viruses. Vet Microbi-
ol, 2000; 74: 15-27.

 [14] Capua I, Alexander DJ. Avian influenza infections in birds – a 
moving target. Influenza Other Respir Viruses, 2007; 1: 11-18.

 [15] Dou D, Revol R, Östbye H, Wang H, Daniels R. Influenza A 
virus cell entry, replication, virion assembly and movement. 
Front Immunol. 2018; 9: 1581.

 [16] Martcheva M. An evolutionary model of influenza A with drift 
and shift. J Biol Dyn, 2012; 6: 299-332.

 [17] Verhagen JH, Majoor F, Lexmond P, et al. Epidemiology of in-
fluenza A virus among black-headed gulls, the Netherlands, 
2006-2010. Emerg Infect Dis, 2014; 20: 138-141.



14

INFEKTOL GLASN 2019;39(1):8-14    Vladimir Savić    Zoonotic Potential of Currently Circulating Avian Influenza Viruses

 [50] Xiang B, Zhu W, You R, Chen et al. Human infections with 
avian influenza viruses in mainland China: A particular risk 
for southeastern China. J Infect, 2017; 75: 274-276.

 [51] Tong XC, Weng SS, Xue F, Wu X, Xu TM, Zhang WH. First 
human infection by a novel avian influenza A(H7N4) virus. J 
Infect, 2018; 77: 249-257.

 [52] Liu MB, Li XD, Yuan H, et al. Genetic diversity of avian influ-
enza A (H10N8) virus in live poultry markets and its associa-
tion with human infections in China. Sci Rep, 2015; 5: 7632.

 [53] Capua I, Alexander DJ. Avian influenza infection in birds: A 
challenge and opportunity for the poultry veterinarian. Poult 
Sci, 2009; 88: 842-846.

 [54] Peiris M, Yam YC, Chan KH, Ghose P, Shortridge KF. Influen-
za A H9N2: aspects of laboratory diagnosis. J Clin Microbiol, 
1999; 37: 3426-3427.

 [55] Pan Y, Cui S, Sun Y, et al. Human infection with H9N2 avian 
influenza in northern China. Clin Microbiol Infect, 2018; 24: 
321-323.

 [56] Gu M, Xu L, Wang X, Liu X. Current situation of H9N2 sub-
type avian influenza in China. Vet Res, 2017; 48: 49.

 [57] Gao P, Du H, Fan L, Chen et al. Human infection with an 
avian-origin influenza A (H7N4) virus in Jiangsu: A potential 
threat to China. J Infect, 2018; 77: 249-257.

 [58] Maurer-Stroh S, Li Y, Bastien N, et al. Potential human adap-
tation mutation of influenza A(H5N1) virus, Canada. Emerg 
Infect Dis, 2014; 20: 1580-1582.

 [59] Short KR, Richard M, Verhagen JH, et al. One health, multiple 
challenges: The inter-species transmission of influenza A virus. 
One Health, 2015; 1: 1-13.

 [60] Zhou L, Chen E, Bao C, et al. Clusters of Human Infection and 
Human-to-Human Transmission of Avian Influenza A(H7N9) 
Virus, 2013-2017. Emerg Infect Dis, 2018; 24: 397-400.

 [61] Liu B, Havers FP, Zhou L, et al. Clusters of Human Infections 
With Avian Influenza A(H7N9) Virus in China, March 2013 to 
June 2015. J Infect Dis, 2017; 216(suppl 4): S548-S554.

 [62] Wang X, Wu P, Pei Y, et al. Assessment of Human-to-Human 
Transmissibility of Avian Influenza A(H7N9) Virus Across 
5 Waves by Analyzing Clusters of Case Patients in Mainland 
China, 2013-2017. Clin Infect Dis, 2019; 68: 623-631.

 [63] Beato MS, Capua I, Alexander DJ. Avian influenza viruses in 
poultry products: a review. Avian Pathol, 2009; 38: 193–200.

 [64] Beato MS, Capua I. Transboundary spread of highly patho-
genic avian influenza through poultry commodities and wild 
birds: a review. Rev Sci Tech, 2011; 30: 51–61.

 [65] Harder TC, Buda S, Hengel H, Beer M, Mettenleiter TC. Poul-
try food products-a source of avian influenza virus transmis-
sion to humans? Clin Microbiol Infect, 2016; 22: 141-146.

 [36] Smith GJ, Donis RO; World Health Organization/World 
Organisation for Animal Health/Food and Agriculture Or-
ganization (WHO/OIE/FAO) H5 Evolution Working Group. 
Nomenclature updates resulting from the evolution of avian 
influenza A(H5) virus clades 2.1.3.2a, 2.2.1, and 2.3.4 during 
2013-2014. Influenza Other Respir Viruses, 2015; 9: 271-276.

 [37] Lee DH, Torchetti MK, Winker K, Ip HS, Song CS, Swayne 
DE. Intercontinental Spread of Asian-Origin H5N8 to North 
America through Beringia by Migratory Birds. J Virol, 2015; 
89: 6521-6524.

 [38] Napp S, Majó N, Sánchez-Gónzalez R, Vergara-Alert J. Emergence 
and spread of highly pathogenic avian influenza A(H5N8) in Eu-
rope in 2016-2017. Transbound Emerg Dis, 2018; 65: 1217-1226.

 [39] Alarcon P, Brouwer A, Venkatesh D, et al. Comparison of 
2016-17 and Previous Epizootics of Highly Pathogenic Avian 
Influenza H5 Guangdong Lineage in Europe. Emerg Infect 
Dis, 2018; 24: 2270-2283.

 [40] Arriola CS, Nelson DI, Deliberto TJ, et al. Infection risk for 
persons exposed to highly pathogenic avian influenza A H5 vi-
rus-infected birds, United States, December 2014-March 2015. 
Emerg Infect Dis, 2015; 21: 2135-2140.

 [41] Adlhoch C, Brown IH, Angelova SG, et al. Highly pathogenic 
avian influenza A(H5N8) outbreaks: protection and manage-
ment of exposed people in Europe, 2014/15 and 2016. Euro 
Surveill. 2016; 21: 1-7.

 [42] Savić V. Novel reassortant clade 2.3.4.4 avian influenza 
A(H5N5) virus in wild birds and poultry, Croatia, 2016-2017. 
Vet arhiv, 2017; 87: 377-396.

 [43] Thornton AC, Parry-Ford F, Tessier E, et al. Human exposures to 
H5N6 Avian influenza, England, 2018. J Infect Dis, 2019; [in press]

 [44] Pan M, Gao R, Lv Q, et al. Human infection with a novel, high-
ly pathogenic avian influenza A (H5N6) virus: Virological and 
clinical findings. J Infect, 2016; 72: 52-59.

 [45] World Health Organization. Avian Influenza Weekly Update Num-
ber 680. Available at: https://www.who.int/docs/default-source/
wpro---documents/emergency/surveillance/avian-influenza/ai-
20190315.pdf?sfvrsn=223ca73f_10. Accessed 27 March 2019.

 [46] Du Y, Chen M, Yang J, et al. Molecular Evolution and Emer-
gence of H5N6 Avian Influenza Virus in Central China. J Vi-
rol, 2017; 91: 1-8.

 [47] Gao R, Cao B, Hu Y, et al. Human infection with a novel avian-ori-
gin influenza A (H7N9) virus. N Engl J Med, 2013; 368:1888-1897.

 [48] FAO. H7N9 situation update. Available at: http://www.fao.org/
ag/againfo/programmes/en/empres/h7n9/situation_update.
html. Accessed 27 March 2019.

 [49] Zhu W, Zhou J, Li Z, et al. Biological characterisation of the 
emerged highly pathogenic avian influenza (HPAI) A(H7N9) 
viruses in humans, in mainland China, 2016 to 2017. Euro 
Surveill, 2017; 22: 1-5.


	IG_01_2019_final za web

