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Abstract

Avian influenza viruses are now widely recognized as important threats to agricultural biosecurity and public health, and as the 
potential source for pandemic human influenza viruses. Human infections with avian influenza viruses have been reported from 
Asia (H5N1, H5N2, H9N2), Africa (H5N1, H10N7), Europe (H7N7, H7N3, H7N2), and North America (H7N3, H7N2, H11N9). Direct 
and indirect public health risks from avian influenza are not restricted to the highly pathogenic H5N1 “bird flu” virus and include 
low pathogenic as well as high pathogenic strains of other avian influenza virus subtypes, e.g. H1N1, H7N2, H7N3, H7N7, and H9N2. 
Research has shown that the 1918 Spanish Flu pandemic was caused by an H1N1 influenza virus of avian origins, and during the past 
decade, fatal human disease and human-to-human transmission has been confirmed among persons infected with H5N1 and H7N7 
avian influenza viruses. Our ability to accurately assess and map the potential economic and public health risks associated with avian 
influenza outbreaks is currently constrained by uncertainties regarding key aspects of the ecology and epidemiology of avian influ-
enza viruses in birds and humans, and the mechanisms by which highly pathogenic avian influenza viruses are transmitted between 
and among wild birds, domestic poultry, mammals, and humans. 
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Introduction
Avian influenza or bird flu is a highly contagious acute viral dis-

ease that can occur in epidemics and cross-border forms in poul-
try. Influenza A viruses are the etiological agent of avian influenza 
and belong to the Orthomyxoviridae family. Influenza viruses also 
includes types B, C [19] viruses; however, there is no evidence that 
type B, C, and D can infect avian species. The natural reservoir of in-
fluenza A viruses are avian species within the orders Anseriformes 
and Charadriformes. At least 16 of the 18 known haemagglutinin 
subtypes (H1-H16) and 9 of the known neuraminidase (N1-N9) 
subtypes have been identified in avian species [19]. Additionally, 
influenza A viruses can also infect different mammal species in-
cluding humans, horses, pigs, cats, dogs, and even some marine 
mammals [6,43]. 

Furthermore, a new lineage of influenza A viruses have been 
recently identified in bats in Guatemala and Peru, suggesting the 
existence of other natural reservoirs of the virus. Nevertheless, the 
mechanisms that allow some influenza A viruses to cross the inter-
species barrier are not clearly understood [2]. Influenza A viruses 
are pleomorphic, enveloped, and contain 8 genomic segments of 
negative- sense single strand RNAs (-ssRNA) [19]. The high genetic 
variability of this virus is the result of its mutagenic capacity (an-
tigenic drift) and its potential to exchange genetic segments when 
two or more viruses infect the same cell (antigenic shift) [1]. These 
mechanisms of viral diversification have allowed the emergence 
of new variants, some with zoonotic and pandemic potential, hin-
dering prevention, control, and treatment [43]. Additionally, these 
genetic changes may be associated with patterns of infection (e.g. 
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epidemic or pandemic) and the course of the disease (morbidity 
and mortality rates) [35].

From the pathogenic point of view, influenza A viruses in birds 
are classified as highly pathogenic (HPAI) or low pathogenic (LPAI) 
avian influenza viruses. To date, only the H5 and H7 subtypes have 
been proven to be HPAI viruses, although not all H5 and H7 viruses 
are HPAI viruses [1,2]. However, LPAI H5 or H7 viruses may become 
HPAI viruses due to mutations that occur after infection of poultry 
[2]. The presence of influenza viruses in poultry has serious reper-
cussions on animal health, public health and trade of live poultry or 
poultry products. Due to some influenza a viruses are zoonotic and 
zoonotic influenza infections are a pandemic threat, all influenza 
a viruses found in poultry need to be notified to the World Organ-
isation for Animal Health (OIE). It is estimated that HPAI viruses 
have greatly affected avian health and poultry production world-
wide. More than 500 million poultry deaths have been associated 
with avian influenza infections [14] producing economic, political 
and/or socio cultural repercussions [41]. The influenza A viruses 
exist as several distinct subtypes, defined by the hemagglutinin (H) 
and neuraminidase (N) surface antigens, which infect humans and 
a range of avian and mammalian species. The influenza B viruses 
do not exhibit subtype variation and appear to infect humans only, 
causing epidemics but not pandemics—presumably because there 
is no reservoir of novel antigenic variation in nonhuman hosts. In-
fluenza C viruses infect humans and have also been isolated from 
pigs in China, but these viruses are not associated with either epi-
demic or pandemic disease in the human population. The influenza 
A viruses exist in greatest profusion in waterfowl. At present, 15 
distinct H and 9 distinct N antigenic types are recognized (Table 
1), all of which occur in waterfowl in virtually all combinations. It 
is generally accepted that feral aquatic birds are the reservoir for 
influenza A viruses and that influenza in aquatic birds has achieved 
“evolutionary stasis” [2], meaning that the internal genes of the vi-
ruses show little genetic variation even over many decades, unlike 
those of the influenza viruses present in other species. 

Global distribution of avian influenza subtypes

HPAIV H5N1 cumulative cases from 2003 to March 2012, as re-
ported to OIE, were 2,655 in Viet Nam, 1,141 in Thailand, 1,084 in 
Egypt, 525 in Bangladesh, 273 in Romania,261 in Indonesia, 219 
in Turkey, 149 in Russia, 114 in Myanmar, 112 in Korea, and 99 
in China, including a total of 51 countries (OIE, 2012). Circulating 
H5N1 clades (1, 2.1.3, 2.2, 2.2.1, 2.3.2, 2.3.4 and 7) were examined 

for average within-group pair wise nucleotide distances, and found 
divergence greater than 1.5% within-group, indicating the need to 
split these groups into new order clades. Monophyletic groups of 
clade-specific trees resulted in the establishment of 12 new sec-
ond, third-, and fourth-order clades. However, thirteen clades (0, 
2.1.1, 2.1.2, 2.3.1, 2.3.3, 2.4, 2.6, 3, 4, 5, 6, 8, and 9) have not been 
detected since at least 2008. (Updated..., 2011). Avian outbreaks 
have been documented since the late 1950s, including A/chicken/
Scotland/59, A/ tern/South Africa/61 and A/turkey/England/63 
and the various H5N1 viruses, widespread since 2003 [35]. Global 
data on poultry imports, exotic bird trade and bird migrations were 
combined in an integrative analysis with phylogenetic data, identi-
fying the possible pathway of 36 out of the 52 viral introductions. 
Spread through Asia and to Africa involved both migratory birds 
and poultry trade, and to Europe, mostly migratory birds (20 out 
of 23 countries). The North American risk was considered an as-
sociation of the introduction of infected poultry, indicating the ex-
istence of illegal trade, with the North-South American bird travel 
dissemination [14]. In 2005, a new event occurred in the region of 
the Qinghai Lake nature reserve in the community of Gangcha, Qin-
ghai Province, China, with mortality of natural reservoir species, 
especially the barred head goose, the brown and black head gull, 
ruddyshell ducks and great cormorant [15]. The isolate sequences 
of the HA, NA and NP genes were similar to those of the A/chick-
en/Shantou/4231/2003 (H5N1) gene, whereas other genes were 
similar to the A/chicken/Shantou/810/2005 (H5N1) strain found 
in Hong Kongin a peregrine falcon in 2004 and present in domes-
tic chickens in 2005 [15]. In the middleof-2005, H5N1 strains de-
rived from the isolates from Qinghai Lake Reservation, were found 
in Kazakhstan, Mongolia and Russia, and in 2006, these strains 
widespread across Southwestern and Central Europe, Africa and 
the Middle East [30]. An early warning system for HPAIV was es-
tablished for surveillance in Alaska by the United States Geological 
Society. Sampling priority involves geographical areas used as cor-
ridors by migratory birds. The two main migratory routes moni-
tored are East Asia-Australasian and East Asia-Southeast Asia-Arc-
tic Siberia-Eastern Russia and Alaska. In the East Asia-Australasia 
route (20 countries), beach/shore birds of Russia, Siberian Arctic, 
Alaska and Southeast Asia, including North American islands of the 
Pacific, Australia and New Zealand are monitored for morbidity 
and mortality. Live wild birds killed by hunters, poultry sentinels 
or sentinel ducks placed in aquatic and terrestrial habitats are also 
under surveillance [39]. The frequency of exchange between AIV 
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clades or super families of Eurasia and America isolates of subtypes 
H1 to H13 and N1 to N9 were detected, but not of H14 and H15, in 
mallards of Alberta (Canada) and other birds, and seagulls in New 
Jersey (USA) between 2001 and 2006. HPAIV H5N1 strains were 
not detected in Eurasia and serological studies provided no confir-
mation of their movement into America. In North America, subtype 
H16 and an unusual cluster of H7N3, lethal to embryos, were found 
in beach birds and seagulls, but not in wild ducks. The results of 
6,767 genetic analyses and 248 complete sequences suggested the 
lack of HPAIV H5N1 strains perpetuation in migratory birds and 
that its introduction from birds of Eurasia into America seems to 
be a rare event [16]. However, the relationship between epidemio-
logical dynamics and genetic diversity patterns is not known at a 
continental scale [6]. The interface between migration routes in the 
northern hemisphere has allowed the exchange of infections, such 
as the transmission of AIV H2 into sea birds, from Asia to North 
America. Eurasian HA lineages were detected in North American 
AIV isolates, and considering that the 1957 pandemic was of the 
H2 sub-type, these data reinforce the need for continued surveil-
lance [21].

Human-to-human transmission

Human-to-human transmission has been documented for H5N1 
and H7N7 avian influenza viruses [3], and human-tohuman trans-
mission of an H7N2 avian influenza virus may have occurred dur-
ing a May 2007 outbreak in the United Kingdom. Human-to-human 
transmission of an H5N1 HPAI virus was first documented dur-
ing the 1997 outbreak in Hong Kong, and subsequent instances 
of probable human-to-human transmission of H5N1 viruses have 
been reported from Thailand, Vietnam, Indonesia, and Pakistan 
[3]. Human-to-human transmission of highly pathogenic H7N7 vi-
rus was documented in conjunction with a widespread series of 
outbreaks of a highly pathogenic H7N7 virus among poultry farms 
in the Netherlands during March-May 2003, in which there was at 
least one human fatality from this virus among the 89 cases diag-
nosed at the time of the outbreak [13]. Subsequent serological in-
vestigations documented at least 33 instances of human-to-human 
transmission among the families of infected poultry workers, and 
estimated that at least 1000 individuals and possibly as many as 
2000 people in the Netherlands were infected by the H7N7 virus 
over the course of the 2003 outbreak [4]. Epidemiological investi-
gations were undertaken to determine whether human-to-human 
transmission of an H7N2 avian influenza virus occurred during an 
outbreak in the United Kingdom during May 2007 involving at least 

four confirmed human cases, three of whom were hospitalized for 
treatment prior to their diagnosis as human avian influenza cases 
[24].

Prevention and control

On April 27, 2007, the United States of America Food and Ag-
riculture Administration (FDA) authorized the first HPAIV H5N1 
vaccine to humans for the protection of groups at high risk (Skeika 
and Jabrb, 2008). The Food and Agriculture Organization of the 
United Nations published the list of the manufacturers of poultry 
influenza vaccines (FAO, 2012a). Vaccinations may reduce the risk 
of infection and lower virus output, with birds representing a lower 
sanitary risk, and may be used for poultry surrounding outbreaks 
zones. The three categories of strategies proposed for vaccination 
by FAO are: (1) Response to an outbreak, employing perifocal vac-
cination (ring vaccination) or vaccination only of domestic poultry 
at high risk, in combination with the destruction of infected domes-
tic poultry; (2) Vaccination in response to a “trigger”, upon the de-
tection of the disease by surveillance studies, in areas where bios-
ecurity is difficult to be implemented (e.g., high density of poultry 
farms); and (3) Pre-emptive baseline vaccination of chickens and 
other avian species when the risk of infection is high and/or the 
consequences of infection are very serious (FAO, 2012b).

After the influenza outbreaks in poultry and the potential pan-
demics threat to humans caused by the HPAIV of the H5N1 subtype, 
improvements in biosecurity and the use of inactivated vaccines 
are the two main options for the control of the disease. Vaccines 
against avian influenza are designed to induce the protection of 
flocks, preventing outbreaks, and can be used as tool in perifocal 
vaccinations to fight isolated episodes of the disease Although in 
the United States the control of the HPAIV was obtained by eradica-
tion programs, strategies were also employed against the velogenic 
and mesogenic strains of the Newcastle disease virus [40]. On April 
27, 2007, the U.S. Food and Drug Administration (FDA) approved 
the first vaccine against HPAIV H5N1 for use in humans at high 
risk of infection [33]. A model plan for human influenza pandemics 
preparedness was published in Ireland. The essence of biosecurity 
is to minimize the risk of extraneous organisms from entering the 
premises where poultry are housed, and therefore it is the best 
strategy to reduce the risk of diseases in general, particularly when 
poultry are reared in confinement. Ideally, farms should be de-
signed for biosecurity from the beginning. The costs of adaptation 
may be high and not very cost-effective, as changes in structures
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Clinical sign of avian influenza 

Clinical symptoms of avian influenza infections in humans 
range from asymptomatic infection or mild conjunctivitis to fatal 
systemic disease and multiorgan failure, including severe or fatal 
respiratory, gastrointestinal, or neurological syndromes [1]. Avian 
influenza infections in humans are believed to occur through virus 
contact and inoculation of the eyes, respiratory tract, and possibly 
the gastrointestinal tract: gastrointestinal infection by the H5N1 
avian influenza viruses has been demonstrated in other species of 
mammals and is a normal route of infection in birds [32]. Although 
most human infections by avian influenza viruses are attributable 
to exposure to infected poultry, human infections resulting from 
exposure to avian influenza viruses from wild birds have been 
documented from Eurasia (H5N1: Azerbaijan), North America 
(H11N9: United States), and Africa (H10N7: Egypt) [31]. Although 
documented human infections with most avian influenza viruses 
have involved only conjunctivitis or only mild respiratory disease 
symptoms, fatal disease has been reported from persons infected 
with H5N1 and H7N7 viruses (Fouchier., et al. 2004, Beigel., et al. 
2005). Human infections with the H5N1 virus are typically asso-
ciated with pneumonia and other severe acute respiratory tract 
symptoms. Nonetheless, the clinical spectrum of H5N1 infections 
in humans is quite broad, and H5N1 virus has been recovered from 
many different body tissues, i.e., lung, brain, large intestine, small 
intestine, cerebrospinal fluid, kidney, spleen, liver, pharynx, blood, 
placenta, and the in-utero transmission of H5N1 from mother to 
fetus has also been reported [33]. Fatal atypical human H5N1 in-
fections involving only gastrointestinal and neurological symptoms 
have been documented from patients in Vietnam and Thailand [7], 
and asymptomatic human infections with H5N1 have been report-
ed from China, Vietnam, Japan, and Korea. Avian influenza infec-
tions have been reported from North America (H7N2) and China 
(H5N1) from individuals with no evident direct exposure to dis-
eased birds or poultry [47]. No specific risk factors for human in-
fection with the H5N1 virus other than exposure to sick and dead 
poultry or birds have been identified with absolute certainty [7], 
and it remains unclear why acute illness from H5N1 infections is so 
infrequently reported among poultry industry workers in countries 
where H5N1 outbreaks have been reported on commercial poul-
try farms [3]. Plucking and butchering of diseased poultry or wild 
birds, handling of fighting cocks, exposure to live poultry, consump-
tion of uncooked duck’s blood, and intimate contact with infected 
humans in household or hospital settings have been implicated as 
risk factors for human infection with the H5N1 virus [3]. Environ-

mental exposure to poultry viruses through swimming or bathing 
in contaminated water, and exposure to poultry manure fertilizer, 
have been identified as possible risk factors for human infection 
with the H5N1 avian influenza virus [1]. Serological surveys con-
ducted during an epidemiological investigation of the 1997 H5N1 
outbreak in Hong Kong detected possible asymptomatic infections 
in 10 people. Confirmed asymptomatic H5N1 cases were identified 
in three people in Vietnam who were close relatives of confirmed 
H5N1 cases, and two animal attendants who had contact with in-
fected tigers in Thailand. Serological studies have detected mild 
or asymptomatic H5N1 infections in five people involved in cull-
ing operations in Japan during 2004 [12], and among 10 poultry 
workers in Korea exposed to the H5N1 virus during outbreaks in 
2003-2004 and 2006. The serologically confirmed human cases 
reported from H5N1 outbreaks in Japan and Korea are unusual in 
at leastwo respects: first, because all the recorded infections were 
from poultry workers or people involved in culls, and second, be-
cause all reported cases in these countries involved asymptomatic 
or only very mild clinical disease symptoms. Serological surveys 
have confirmed at least 13 human infections with an H5N2 virus 
in conjunction with outbreaks of a low pathogenic H5N2 on com-
mercial poultry farms in Japan during 2005 [26].

Although most human infections with H7N7 viruses have in-
volved conjunctivitis or mild respiratory symptoms, a fatal H7N7 
case involving severe acute respiratory distress syndrome was re-
ported from a veterinarian involved in culling operations during 
a widespread outbreak of an H7N7 virus in the Netherlands dur-
ing 2003 [8]. Conjunctivitis was reported as the principal symp-
tom for human H7N3 infections in the United Kingdom in 2006, 
and conjunctivitis and mild respiratory illness were reported for 
human H7N3 cases recorded in Canada during 2004 [38]. Human 
infections from an H9N2 virus have been recorded in Hong Kong 
and mainland China on several occasions since 1999, and involved 
patients who presented with nonfatal respiratory or influenza-like 
disease symptoms [18] Conjunctivitis and respiratory symptoms 
were reportedly exhibited by suspected human H7N2 cases during 
a May 2007 outbreak in the United Kingdom. Three of four con-
firmed human H7N2 cases from this outbreak reportedly exhibited 
respiratory disease symptoms, whereas one confirmed case was 
reportedly hospitalized for treatment of gastrointestinal and neu-
rological symptoms the clinical presentation of AI in humans may 
be highly variable both between and within haemagglutinin sub-
types. As with seasonal human influenza, a person infected with 
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AI may have no symptoms, mild upper respiratory symptoms, or 
symptoms typical of influenza (fever, cough, fatigue, myalgia, and 
sore throat, shortness of breath, runny nose, and headache); diar-
rhea may also occur (World Health Organization) [44].

Mild symptoms, including conjunctivitis and gastrointestinal 
symptoms, have been typically associated with several AI subtypes 
and should be considered in any person who has had close expo-
sure to birds infected with any subtype of AI. World Health Orga-
nization, 2013An outbreak of LPAI H10N7 on a chicken farm in 
Australia was associated with conjunctivitis and mild respiratory 
symptoms in seven abattoir workers processing birds from this 
farm. H10 influenza subtype was laboratory confirmed in two of 
the cases [2]. A large outbreak of HPAI H7N7 in the Netherlands 
in 2004 was reported to have resulted in a rate of conjunctivitis 
of 8%, influenza like illness in 2%, and one death associated with 
respiratory failure in those exposed. The H5N1 subtype has caused 
viral pneumonia with a high case fatality rate, and in a small num-
ber of cases, diarrhoea, vomiting, abdominal pain, chest pain, and 
bleeding from the nose and gums have also been reported as early 
symptoms [44]. 

Avian influenza virus A(H5N1) 

In 2017, highly pathogenic avian influenza A(H5N1) virus 
caused continued outbreaks and was detected in poultry and wild 
birds. Sporadic transmission to humans was observed in Egypt, 
with three reported cases, including one fatality, and in Indonesia, 
with one fatal case [WHO; 2018]. Transmission patterns were simi-
lar to previous years: cases were linked to close contact with in-
fected poultry. Between 2003 and 2017, WHO reported 860 human 
cases of influenza A(H5N1), including 454 deaths [46]. 

A younger family member also died of a respiratory illness, but 
the aetiology was undetermined No new human cases due to AI 
A (H5N1) have been reported since the last report and within the 
reporting period. Since 2003 and as of 15 May 2018, 860 labora-
tory- confirmed cases of human infection with AI A (H5N1) virus, 
including 454 deaths, have been reported from 16 countries out-
side the EU/EEA. The latest case was reported in September 2017 
by Indonesia (Figure 1 Source: Data from WHO) [15]. 

Figure 1 Distribution of confirmed human cases of A(H5N1) by 
country of reporting 2003-2018 (n = 860) Highly pathogenic avian 
influenza (HPAI) A (H5N1) virus, also known as ‘Bird Flu’, is respon-

sible for sporadic cases of human infection. This virus was first de-
tected in 2003. Since 2003, more than 600 human cases have been 
reported by WHO from 15 countries in Asia, Europe, the Pacific and 
the Near East. Case fatality rate of the infection is approximately 
60%. Indonesia, Vietnam and Egypt have reported the highest 
number of human cases to date 9. HPAI H5N1 virus can infect the 
respiratory tract of humans. When people develop illness from 
HPAI H5N1 virus infection, severe respiratory illness (e.g. pneumo-
nia and respiratory failure) and death may occur. The majority of 
HPAI H5N1 cases have occurred among children and adults young-
er than 40 years old. Mortality has been highest in people aged 10-
19 years old and young adults. In the majority of cases, the person 
got HPAI H5N1 virus infection after direct or close contact with 
sick or dead infected poultry. Currently, there is limited evidence 
of human to human transmission of H5N1 infection. Some cases of 
limited, non-sustained human-to-human transmission have likely 
occurred. Seasonality of human cases of HPAI H5N1 has been ob-
served with increases during months at the end and beginning of 
the year. This seasonality corresponds to the seasonality of HPAI 
H5N1 virus outbreaks among poultry, which increase during the 
relatively cooler periods. However, human cases can occur at any 
time, especially in countries where HPAI H5N1 is endemic in poul-
try. Currently, HPAI H5N1 virus is considered endemic in poultry in 
six countries (Bangladesh, China, Egypt, India, Indonesia, and Viet-
nam). However, many other countries have experienced poultry 
outbreaks 9 unlike influenza viruses that have achieved ongoing 
transmission in humans; the sporadic human infections with avian 
A (H5N1) viruses are far more severe with high mortality. Initial 
symptoms include a high fever and other influenza-like symptoms. 
Diarrhea, vomiting, abdominal pain, chest pain, and bleeding from 
the nose and gums have also been reported. Watery diarrhea with-
out blood appears to be more common in H5N1 influenza than in 
normal seasonal influenza. The disease often manifests as a rapid 
progression of pneumonia with respiratory failure ensuing over 
several days. It also appears that the incubation period in humans 
may be longer for avian (H5N1) viruses, ranging from 2 to 8 days, 
and possibly as long as 17 days. As already noted, the HPAIV H5N1 
strain was documented for the first time to have crossed the an-
imal-to-human barrier in 1997, causing zoonotic fatal infections. 
By genetic analysis of the 1997 HPAIV H5N1, it was revealed that 
the six internal protein-encoding segments (PB2, PB1, PA, NP, M, 
NS) were derived from co-circulating avian H9N2 viruses [9]. The 
presence of the same set of segments in two human H9N2 isolates 
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in 1999 indicates an involvement of these segments in interspecies 
transmission [18]. Continuous evolution of the HPAIV H5N1 virus-
es that have undergone further multiple reassortments with other 
AIVs since 2003 was reported in several studies [20]. From January 
2003 to May 2018, 860 human HPAIV H5N1 infections (including 
454 fatalities) were reported worldwide. As evidenced by the low 
incidence rate compared to the H7N9 infections B(, H7N9), the risk 
of poultry-to-human transmission of HPAIV H5N1 strains is rela-
tively low, but the case fatality rate (53%) is high. Due to their rapid 
evolution and genetic diversity, HPAIV H5N1 viruses were classi-
fied into first order clades (designated clades 0 to 9), which are 
further diversified into second, third or fourth order clades (e.g., 
2.3, 2.3.4, 2.3.4.4) and sub-clades (e.g., 2.3.4.4b) according to their 
HA segment sequence [44] and genotypes [40] further diversified 
into second, third or fourth order clades (e.g., 2.3, 2.3.4, 2.3.4.4) 
and sub-clades (e.g., 2.3.4.4b) according to their HA segment se-
quence and genotypes. In 2003, clade 1 strains were first detected 
in northern Vietnam. Recently, clade 1 viruses are phylogenetically 
designated as clades 1.1.1 and 1.1.2. In 2005, clade 2.2 viruses were 
transmitted by wild birds from Qinghai Lake in western China to 
other Asian, European and African countries. Clade 2.2 has disap-
peared worldwide, except for Egypt, where in 2008 the virus be-
came endemic in poultry and evolved into two distinct clades (e.g., 
2.2.1.1 and 2.2.1.2). From March 2006 to May 2018, Egypt has re-
ported a total of 359 cases, including 120 deaths. Since 2008 virus-
es evolved in China, Southeast Asia forming the new clade 2.3.2.1, 
which gained high prevalence, gradually replacing clade 1 viruses, 
and were also transmitted to Europe. Clade 2.3.2.1 continued its 
evolution resulting in new, genetically diverse sub-clades (2.3.2.1a, 
b and c) which are associated with sporadic, but fatal human infec-
tions in the last few years [6]. Currently, clade 2.3.2.1c viruses have 
become dominant in poultry throughout China, Cambodia, Laos, 
Indonesia, and Vietnam. Similar to the geographically restricted 
clade 2.2.1.2 in Egypt, endemic clade 2.1.3 viruses in Indonesia, re-
cently evolved to the new clade 2.1.3.2b. Furthermore, viruses of 
clade 2.3.2.1c have been introduced to Indonesia, representing a 
challenge for the implemented strategies for diagnosis and control 
of HPAIV H5N1 viruses in this area. Currently, out of the more than 
30 previously reported genetic clades, clades 1.1.2 (Cambodia and 
Vietnam), 2.1.3.2b (Indonesia), 2.2.1.2 (Egypt), 2.3.2.1c (Bangla-
desh, China, India, Indonesia, Korea, Nepal, and Vietnam), 2.3.4.2 
(China), and 7.2 (China and Vietnam) are circulating in domestic 
poultry [7].

Avian influenza virus A (H5N6)

In 2017, China reported two human cases infected with avian 
influenza A(H5N6) virus, with the likely source of infection be-
ing exposure to infected poultry. No new human cases due to AI 
A(H5N6) have been reported since the last report and within the 
reporting period [12]. 

Figure 2 Number of human cases due to A(H5N6), clade 2.3.4.4, 
infection by year of onset, 2014-2018 (n = 19) HPAI A(H5N6) virus 
of clade 2.3.4.4 rom South Korea showed a higher pathogenicity 
and viral replication in the upper respiratory tract in ferrets than a 
HPAI A(H5N8) virus [13]. HPAI A(H5N6) was transmitted between 
ferrets through direct contact, whereas HPAI A(H5N8) did not 
transmit between ferrets. Both viruses had strong α-2,3 syliac acid 
receptor specificity with low α-2,6 syliac acid receptor specific-
ity indicating an avian receptor preference. Unlike HPAI A(H5N8), 
the HPAI A(H5N6) virus had a NA stalk deletion and an 80 to 84 
residue deletion in the NS1 gene. This study indicates a higher po-
tential for HPAI A(H5N6) than for A(H5N8) to infect humans. Ex-
periments with AI H5Nx viruses of clade 2.3.4.4 suggested that the 
lack of glycosylation could be involved in the induction of a T160A 
mutation in the HA protein, which exhibits binding to the α-2,3 and 
α-2,6 receptors [9].

In April 2014, the first fatal human infection with HPAI H5N6 
was reported in China [31]. Patients acquired the infection through 
contact with infected poultry, particularly in live bird markets. The 
manifestation of the infection in humans ranged from influenza-like 
illness including fever and severe pneumonia to death. The genome 
of this strain was a combination of the HA segment from avian in-
fluenza A/H5N2 viruses (clade 2.3.4.4), the NA segment from avian 
influenza A/H6N6 viruses and internal protein encoding genes 
from avian influenza A/H5N1 viruses (clade 2.3.2.1c) [31]. To date, 
three different reassortants of HPAIV H5N6 crossed the species 
barrier and caused severe infections in human with high mortality 
rate. The strain “reassortant A-HPAIV H5N6” represents the proto-
typic HPAI H5N6 strain, which led to the first fatal H5N6 infection 
in humans. Independently, “reassortant B-HPAIV H5N6” concur-
rently resulted from reassortment between H5N8 (clade 2.3.4.4), 
and H6N6 viruses. Subsequently, the “reassortant B-HPAIV H5N6” 
was subjected to a single reassortment event by which it acquired 
the six internal genes of a co-circulating influenza A/H9N2 strain 
resulting in “reassortant C-HPAI H5N6” [47]. In November 2016, a 
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human fatality was associated with the isolation of H5N6 viruses, 
which originated in poultry after multiple reassortment events of 
several AIVs, including H3N2, H5Nx, H6N2, H7N3, and/or H9N2. 
This indicates the high zoonotic potential of these H5N6 viruses. 
From 2014 to May 2018, a total of 19 laboratory-confirmed human 
H5N6 infections (including six fatalities, case fatality rate = 32%) in 
China have been reported to WHO [44].

Avian influenza virus A(H7N4) 

In December 2017, China reported the first human case infected 
with avian influenza A(H7N4) virus in a woman hospitalised with 
severe pneumonia. Before onset of disease, the patient had contact 
with live poultry in her backyard, which was also confirmed to be 
infected with A(H7N4) [44]. In February 2018, the Chinese Nation-
al Health and Family Planning Commission (NHFPC) announced 
the first non-fatal human infection of H7N4 in Jiangsu Province. 
The patient was a 68-year-old woman who acquired the infection 
after exposure to poultry in a live bird market [44].

H6N1 (LPAIV)

Although the avian H6Nx viruses have shown the ability to pro-
ductively infect and cause illness in mammalian model animals 
(mice and ferrets) without prior adaptation, the H6-type viruses 
were not detected in humans until May 2013 [10], when a human 
infection with LPAIV H6N1 was reported for the first time in Tai-
wan (Wei, S.H., et al. 2013). Coalescent-based phylogenetic analy-
ses of the human influenza H6N1 strain showed that it was likely 
to be derived from different H6N1 strains and not by direct reas-
sortment with the co-circulating AIV H5N2 [33]. Due to the high 
compatibility and the frequent reassortment between H5N2 and 
the internal genes of H6N1, there is a concern about the indirect 
contribution of H6N1-internal genes to trigger human infections 
when incorporated into the genetic backbone of American lineage 
influenza A/H5N2 viruses [18].

H7N2 and H7N3 

First evidence of human infections with H7N2 (LPAIV) and 
H7N3 (LPAIV) was based on positive retrospective serologic anal-
ysis of workers involved in the poultry outbreaks in the United 
States (USA, Virginia) and Italy in 2002 and 2003, respectively [4]. 
The H7N2 (LPAIV) was then virologically reported in 2003 in an 
immune-compromised patient in the United States (New York, NY, 
USA), and later in 2007, it was detected in four human cases in the 
United Kingdom (Wales, UK). In addition, H7N3 (HPAIV/LPAIV) 

and H7N3 (LPAIV) led to sporadic human infections in 2004 and 
2006 in Canada (British Columbia) and the UK (Norfolk), respec-
tively). In 2012, two confirmed mild infections of humans with 
H7N3 (HPAIV) were detected following exposure to infected poul-
try in Mexico (Jalisco) [Centers for Disease Control and Prevention] 
[5].

H7N7 

Mild human infections with HPAIVH7N7 “conjunctivitis” was 
reported in 1959, 1977, and 1981 [Belser, J.A., et al. 2009]. The 
most prominent human outbreak of HPAIV H7N7 occurred in the 
Netherlands in the spring of 2003 leading to 89 human cases in-
cluding the first reported fatality due to HPAIV H7N7 infection 
[Koopmans, M.., et al. 2004, Van Kolfschooten, F. 2003]. The inter-
nal genes of this HPAIV H7N7 were of avian origin and were geneti-
cally related to the previously circulating LPAIV H7N7 in ducks in 
the same region in 2000 [Koopmans, M., et al. 2004]. In September 
2013, three poultry workers in Italy were infected with H7N7 AIV. 
They acquired the infection after participation in culling of poul-
try infected with HPAIV H7N7. The patients had conjunctivitis. Ge-
netic analyses of all gene segments indicated high similarity to the 
H7N7 viruses isolated from chickens on affected farms. In 2013, 
a previously unrecognized low pathogenic H7N7 lineage carrying 
the complete set of internal genes from H9N2 subtype AIV was de-
tected in chickens in China and has the ability to infect mammals 
experimentally [17].

Avian influenza virus A(H7N9) 

After the identification of a novel reassortant low pathogenic 
avian influenza virus A(H7N9) in China in March 2013, which has 
since mutated into a highly pathogenic form for poultry, 1 566 hu-
man cases, including 613 deaths, were reported from China, Hong 
Kong Special Administrative Region (SAR) and Taiwan, while Cana-
da and Malaysia had previously reported travel-related cases [44]. 
In 2017, WHO reported 600 laboratory-confirmed human cases 
due to avian influenza A(H7N9) viruses, including at least 248 
deaths (41%) [28]. The main sources of infection were exposure 
to infected poultry or contaminated environments. No sustained 
human-to-human transmission has been recorded, although clus-
ters of human cases were identified. In March 2013, China first re-
ported human infections with a novel avian influenza A (H7N9). 
It is a serotype of ‘Influenza A’ virus (RNA virus from ‘Orthomyxo-
viridae’ family).H7N9 infection is hosted by birds, pigs, dogs and 
human as well. Though some mild illnesses in human H7N9 cases 
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have been seen, most patients had exhibited severe respiratory ill-
ness, with about one-third resulting in death. Close contacts with 
infected poultry or contaminated environment considered to be 
the mode of transmission of the virus. However, recent study shows 
the evidence of airborne exposure too. No evidence of sustained 
person-to-person spread of H7N9 has been found, though in rare 
circumstances some evidence indicates to limited person-to-per-
son spread 4. No cases of H7N9 outside of China have been report-
ed yet. A case has been detected in Taiwan; however, the patient 
has a recent travel history to affected area of China. China has acted 
very efficiently to control the recent H7N9 outbreak. Though the 
last outbreak of H7N9 did not cause a pandemic, a case has crossed 
international borders. The most concerning in this situation is that 
if there is another H7N9 outbreak, the infection might end up as a 
pandemic the result of which can be catastrophic. Influenza viruses 
constantly change their genetic properties. It is possible that dur-
ing this process a virus could gain the ability to spread easily and 
sustainable among people, triggering a global outbreak of disease 
(pandemic). International health agencies like WHO, CDC are fol-
lowing this situation closely and coordinating with domestic and 
international partners.

In 2013, zoonotic infections with LPAIV H7N9 were first re-
ported in China. The human pathogenic H7N9 is derived from 
multiple reassortments between AIV H7N9 (NA), H7N7 (HA), and 
H9N2 (internal proteins coding gene segments) in domestic ducks 
and chickens [17]. The virus is still maintained in poultry leading 
only to sporadic human infections. In February 2017, the Chinese 
province Guangdong reported the first human infection with the 
mutated trypsin-independent HPAIV H7N9 [13]. Recent studies 
revealed that the newly emerging HPAIV H7N9 viruses acquired 
the internal protein-coding genes from co-circulating H9N2 strains 
[47]. Despite the higher viral polymerase activity, increased repli-
cation efficiency and pathogenicity in human, no clear impact on 
viral transmissibility or virulence was noticed for HPAIV H7N9. 
From February 2013 to July 2018, there were a total of 1625 hu-
man infections (LPAIV H7N9: 1593 cases, HPAIV H7N9: 32 cases) 
in China, Malaysia (one case, imported from China) and Canada 
(two cases, imported from China) with an average of 295 cases per 
year. The infections caused a total of 623 fatalities (38% case fa-
tality rate]. Since 2013, six waves of LPAIV and HPAIV H7N9 were 
documented. No additional human cases have been reported since 
the last report in March 2018 [44]. 

The total number of human cases since February 2013 remains 
at 1,567, all outside of Europe, including 569 with fatal outcome; 
see figure 3 and table 1). According to the Chinese National Influ-
enza Center (2018), 32 human cases have been infected with HPAI 

A (H7N9) (Source: Data from WHO. A report of a patient infected 
with HPAI A (H7N9) in Shaanxi, China in May 2017 supported the 
notion of a westward spread of the infection as well as the key role 
of poultry trade in driving the geographic distribution of the virus 
[47]. The influence of weather conditions was investigated for the 
time period 2013-2016 [18]. The risk of infection increased on 
cold-dry days with risk-associated temperatures and vapour pres-
sures differing between the north (0-18C, 313mb) and south of 
China (7-21C, 3-17mb). 

The genetic diversity of A(H7N9) viruses in China increased af-
ter emergence and during the first three waves but decreased in the 
recent waves indicating a more stable situation. It was during these 
more recent waves, however, that most human infections occurred, 
possibly due at least in part to differences in gene composition. Ge-
netic variability has also been observed in human patients infected 
with A(H7N9) viruses [48]. However, it is not fully understood how 
high polymorphism and variation within different viral genes con-
tributed to disease progression and severity overall. A recurrent 
study describes a potential family cluster of A (H7N9) infection in 
China in 2016 [41]. A likely transmission occurred from the father 
to his daughter through close contact. Virological analyses identi-
fied nearly identical sequence data with three amino acid muta-
tions in the HA protein that might have increased the binding af-
finity for the human receptor. A retrospective study of hospitalized 
patients infected with A (H7N9) between 2013 and 2017 looked 
at the impact of treatment with neuraminidase inhibitors on virus 
shedding showed that RNA shedding was shorter in survivors than 
patients with fatal outcome [41]. 

Avian influenza virus A(H9N2) 

In 2017, China reported six human cases due to avian influ-
enza A(H9N2) virus. All six were exposed to poultry before onset 
of symptoms. Since 1998 and as of 15 May 2018, 46 laboratory-
confirmed cases of human infection with AI A(H9N2) virus, includ-
ing one death, have been reported globally. These are three addi-
tional cases than those reported in the previous report (EFSA., et 
al. 2018). Cases occurred in China [39], Egypt [3] and Bangladesh 
[3] (Figure). The latest case was reported in February 2018 from 
China. Since the mid-1980s, the LPAIV H9N2 circulates extensively 
worldwide in poultry resulting in high genetic diversity [18]. Based 
on phylogenetic analysis of the HA segment sequence, H9N2 virus-
es are designated either as Eurasian or American lineages [9]. 

Since the mid-1990s, the BJ/94-, G9-, and G1-like H9N2 viruses 
are predominantly circulating in chickens and quails in China. Since 
2010, the G1-like lineage demonstrated a widespread distribution 
and prevalence throughout Asia, the Middle East, North Africa, 
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and Europe [22]. The seroprevalence for G9- and G1-like H9N2 
antibodies among occupationally exposed populations in Southern 
China emphasized the high incidence rate of subclinical human in-
fections with both prevalent H9N2 lineages. Moreover, in different 
geographical locations, H9N2 IAVs have crossed the species barrier 
due to their mammalian-like characteristics, causing mild to mod-
erate infections [24,42]. Globally, since March 2013, a total of 27 
laboratory confirmed human clinical infections were reported in 
three hotspots of human AIV infections (21 cases in China, 4 cases 
in Egypt, and 2 cases in Bangladesh). Currently, the global concern 
about H9N2 viruses is associated with their ability to donate their 
genes to other AIV giving rise to high and low pathogenic IAVs that 
could cross species barriers and infect humans. In addition to the 
zoonotic H5N6, H7N9 and H10N8 AIV, the H9N2 viruses also do-
nated their internal genes to other IAVs, such as avian H5N1 [7].

H10N7 (LPAIV)

Although outbreaks of H10N7 are uncommon, this virus can 

sporadically cross the species barrier to mammals including hu-
mans. Human infections with H10N7 were occasionally reported 
from Egypt (2004) and Australia (2010). Recent H10N7 AIV-asso-
ciated natural outbreaks in harbor seals and experimental infec-
tion of ferrets emphasize that H10N7 may possess a zoonotic po-
tential [40].

H10N8 (LPAIV)

In late 2013, a fatal human infection with LPAIV H10N8 was 
identified in China [Chen, H., et al., 2014]. Notably, the human 
H10N8 IAV isolate possessed genes coding for internal proteins, 
which were genetically related to the contemporary AIV H9N2 
strains [6]. suggesting that this unique genetic constellation was 
established in poultry. Non-fatal human infections with H10N7 IAV 
were previously reported in 2004 and 2010 at other geographical 
localities (reviewed in) [34].

Influenza A/H5N1

Year Place Virus sub type Infection (death) Symptoms
1995 UK H7N7 1 Conjunctivitis
1997 Hong Kong H5N1 18(6) Respiratory
1999 Hong Kong H9N2 2 Respiratory
2003 Hong Kong, Netherland H5N1, H7N7, H9N2 2(1), 83,1 Respiratory
2004 Canada H7N3 2 Conjunctivitis 1, respiratory 1
2004 - 2006 Vietnam, Thailand H5N1 93(42), 22(14) Respiratory
2005 - 2006 Cambodia, Indonesia and China H5N1 4(4), 29(22) Respiratory
2006 Tukey, Iraq H5N1 15(10), 12(4), 2(2) Respiratory

Table 1: Confirmed cases of avian-to-human transmission of influenza A subtypes [27,53].

http://www.who.int/csr/disease/avian_influenza.

On the basis of antigenic and genetic analyses of influenza virus 
isolates from migratory ducks, domestic ducks, pigs, and humans 
and experimental infection studies of birds and mammals with 
those viruses, the OIE Reference Laboratory proposed that the 
hemagglutinin (HA) gene of A/Hong Kong/68 (H3N2) strain was 
introduced into the precedent human H2N2 Asian influenza virus 
by genetic reassortment, that occurred in the epithelial cells lining 
the upper respiratory tract of pigs, through domestic ducks from an 
H3 influenza virus circulating in migratory ducks in southern China 
[15]. Both influenza A and B viruses cause seasonal epidemics each 
year, with 3 to 5 million infections and 250,000 to 500,000 deaths 
worldwide. Over 200,000 hospitalizations and 30,000 to 50,000 
deaths are attributed to seasonal influenza infection in the United 
States annually. Some groups, including the elderly, infants, chil-

dren under 5 years old, pregnant women, and people with chronic 
diseases, are at high risk of influenza infection with increased mor-
tality rates. In addition to annual seasonal outbreaks, influenza 
pandemics also occur occasionally. In the past 200 years, there 
have been five pandemics: the 1918 H1N1 Spanish flu pandemic, 
the 1957 H2N2 Asian pandemic, the 1968 H3N2 Hong Kong pan-
demic, the 1977 H1N1 pandemic, and the 2009 H1N1 pandemic 
[36]. From 2003 to 2017, the World Health Organization (WHO) 
reported that 453 cases of deaths happened in a total of 858 con-
firmed human cases of H5N1 infection, which indicated that H5N1 
HPAI leads to more than 50% mortality in humans. In addition, 
some avian H7 and H9 subtypes, such as H9N2 LPAI (low patho-
genic avian influenza), H7N7 HPAI, and H7N3 HPAI, have been re-
ported to cause human infections [2]. 
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Human infections due to A(H5N6) Human infections due to A(H7N9)

Figure 1: Distribution of confirmed human cases of A(H5N1) by 
country of reporting 2003 - 2018 (n = 860).

Source: Data from WHO [44]. 

Human infections due to A(H5N1) 

Figure 2: Number of human cases due to A(H5N6), clade 2.3.4.4, 
infection by year of onset, 2014-2018 (n = 19) HPAI A(H5N6) virus 
of clade 2.3.4.4 from South Korea showed a higher pathogenicity 
and viral replication in the upper respiratory tract in ferrets than a 
HPAI A(H5N8) virus [15]. HPAI A(H5N6) was transmitted between 
ferrets through direct contact, whereas HPAI A(H5N8) did not 
transmit between ferrets. Both viruses had strong α-2,3 syliac acid 
receptor specificity with low α-2,6 syliac acid receptor specific-
ity indicating an avian receptor preference. Unlike HPAI A(H5N8), 
the HPAI A(H5N6) virus had a NA stalk deletion and an 80 to 84 
residue deletion in the NS1 gene. This study indicates a higher po-
tential for HPAI A(H5N6) than for A(H5N8) to infect humans. Ex-
periments with AI H5Nx viruses of clade 2.3.4.4 suggested that the 
lack of glycosylation could be involved in the induction of a T160A 
mutation in the HA protein, which exhibits binding to the α-2,3 and 
α-2,6 receptors [9].

Figure 3: Distribution of confirmed human cases of A(H7N9) by 
month of onset of disease or month of reporting, February 2013-15 
May 2018 (n= 1 567).

Source: Data from WHO [44]. 

Signs and symptoms of avian influenza a virus infections in 
humans

Signs and symptoms may depend on which avian influenza A 
virus caused the infection.

Low pathogenic avian influenza (LPAI) A virus infections of hu-
mans have been associated with generally mild, non-fatal illness. 
The reported signs and symptoms of LPAI A virus infections in 
humans have ranged from conjunctivitis to influenza-like illness 
(e.g., fever, cough, sore throat, muscle aches) to lower respiratory 
disease (pneumonia) requiring hospitalization. On the other hand, 
highly pathogenic avian influenza (HPAI) A virus infections of hu-
mans have been associated with a wide range of illness. Illness has 
ranged from conjunctivitis only, to influenza-like illness, to severe 
respiratory illness (e.g. shortness of breath, difficulty breathing, 
pneumonia, acute respiratory distress, viral pneumonia, respira-
tory failure) with multi-organ disease, sometimes accompanied by 
nausea, abdominal pain, diarrhea, vomiting and sometimes neuro-
logic changes (altered mental status, seizures). Sometimes infec-
tion with highly pathogenic avian influenza A virus infection leads 
to death, especially with HPAI H5N1 virus [11]. The precision of 
clinical diagnosis of human infection with avian influenza A viruses 
on the basis of signs and symptoms alone is limited because symp-
toms from illness can be caused by other pathogens, such as Respi-
ratory syncytial virus, Pneumococcus including seasonal influenza 
A or B viruses, can overlap considerably.
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Detecting avian influenza a virus infection in humans

Avian influenza A virus infection in humans cannot be diag-
nosed by clinical signs and symptoms alone; laboratory testing is 
required. Avian influenza A virus infection is usually diagnosed by 
collecting a swab from the nose or throat of the sick person during 
the first few days of illness. In some cases, specimen from lower re-
spiratory tract is also done. This specimen is sent to a lab; the labo-
ratory looks for avian influenza A virus either by using a molecular 
test, by trying to grow the virus, or both [11]. In Bangladesh, usual-
ly Rrtpcr method is used to diagnose the infections. Viral isolation 
facility is also available. Treatment of Avian Influenza A Virus Infec-
tions in Humans CDC and WHO currently recommend Neuramini-
dase inhibitors such as Oseltamivir or Zanamivir, for treatment and 
prevention of human infection with avian influenza A viruses. 

Prevention of human infection with avian influenza a viruses

The best way to prevent infection with avian influenza A viruses 
is to avoid sources of exposure i.e. direct or close contact with in-
fected poultry. As there are evidence of rare episodes of limited, 
non-sustained human-to human transmission of HPAI H5N1 virus, 
persons should avoid sick patients who have suspected or con-
firmed HPAI H5N1 virus infection. Frequent hand wash with soap 
water and maintenance of hygiene practices can prevent influenza 
virus infection. Seasonal influenza vaccination will not prevent in-
fection with avian influenza A viruses, but can reduce the risk of 
co-infection with human and avian influenza A viruses [11]. Health 
care personnel caring for patients with suspected or confirmed 
HPAI H5N1 virus infection should wear recommended personal 
protective equipment and follow recommended infection control 
measures (standard, droplet, contact, and airborne precautions.

Prevention and control

On April 27, 2007, the United States of America Food and Agri-
culture Administration (FDA) authorized the first HPAIV H5N1 vac-
cine to humans for the protection of groups at high risk (Skeika and 
Jabrb, 2008). The Food and Agriculture Organization of the United 
Nations published the list of the manufacturers of poultry influen-
za vaccines [28]. Vaccinations may reduce the risk of infection and 
lower virus output, with birds representing a lower sanitary risk, 
and may be used for poultry surrounding outbreaks zones. The 
three categories of strategies proposed for vaccination by FAO are: 
(1) Response to an outbreak, employing perifocal vaccination (ring 
vaccination) or vaccination only of domestic poultry at high risk, 

incombination with the destruction of infected domestic poultry; 
(2) Vaccination in response to a “trigger”, upon the detection of the 
disease by surveillance studies, in areas where biosecurity is diffi-
cult to be implemented (e.g., high density of poultry farms); and (3) 
Pre-emptive baseline vaccination of chickens and other avian spe-
cies when the risk of infection is high and/or the consequences of 
infection are very serious. After the influenza outbreaks in poultry 
and the potential pandemics threat to humans caused by the HPAIV 
of the H5N1 subtype, improvements in biosecurity and the use of 
inactivated vaccines are the two main options for the control of the 
disease. Vaccines against avian influenza are designed to induce 
the protection of flocks, preventing outbreaks, and can be used as 
tool in perifocal vaccinations to fight isolated episodes of the dis-
ease Although in the United States the control of the HPAIV was 
obtained by eradication programs, strategies were also employed 
against the velogenic and mesogenic strains of the Newcastle dis-
ease virus [40]. On April 27, 2007, the U.S. Food and Drug Admin-
istration (FDA) approved the first vaccine against HPAIV H5N1 for 
use in humans at high risk of infection [34]. 

The 2009 H1N1 pandemic in United States resulted in approxi-
mately 43 million to 89 million cases, 195,000 to 403,000 hospi-
talizations, and 8,900 to 18,300 deaths, including 910 to 1,880 
deaths among children. The pH1N1 influenza virus contained a 
combination of gene segments that had not been previously re-
ported in animals or humans. The early serologic data suggested 
that many older adults had some cross-reactive immunity to the 
pH1N1 due to prior infection with antigenically related strains, 
while children and most young adults were immunologically na-
ive. In the United States, the pandemic was characterized by two 
distinct waves: first, April through July 2009, and the second, from 
August 2009 to February 2010. Within 1 week of the recognition 
of the nation’s first case, 10 cases had been confirmed in 3 states 
signaling onset of a first wave. Consistent with early serological 
data, the majority of reported cases were in people <= 24 years of 
age, and only 1 % of cases were in individuals >=65 years of age. 
The signs and symptoms reported among the pH1N1 cases were 
similar to those observed in patients with seasonal influenza, with 
the exception of diarrhea which was more common in pandemic 
patients. Unlike seasonal influenza when hospitalizations are more 
common among persons over 65 years of age, the majority (>70%) 
of pH1N1 hospitalizations were in people younger than 50 years 
of age, with hospitalization rates highest in 0-4-year-old group. 
The majority of adults and children hospitalized with pH1N1 infec-
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tions had at least 1 underlying medical condition, and 20-25% of all 
hospitalized people required intensive care unit (ICU) admission. 
The age distribution of laboratory-confirmed pH1N1 influenza-
associated death rate was also markedly different from that seen in 
typical influenza seasons. In contrast to typical influenza seasons, 
when 90% of deaths occur in the elderly population, over 80% of 
reported pH1N1 deaths were in persons younger than 65 years 
of age. Reported pediatric deaths from the pH1N1 were almost 4 
times higher compared to death rate during the seasonal influenza. 
Pregnant women were more than 4 times more likely to be hospi-
talized with pH1N1; estimated 5.8% of all deaths from pH1N1 were 
in pregnant women even though they comprise only 1% of the to-
tal population. Epidemiological studies indicated that the virus was 
at the low end of transmissibility, compared with the strains that 
caused the 1918 pandemic, and was comparable to or slightly less 
transmissible than the strains that caused the 1957 and 1968 pan-
demics. On average, there were 1.5 secondary cases per one per-
son with pH1N1. The CDC estimated that, from April 2009 through 
March 2010, pH1N1 virus was associated with about 60 million 
cases, 270,000 hospitalizations, and 12,270 deaths in the United 
States. This estimate represents a cumulative pH1N1 attack rate in 
the United States of approximately 20%. In conclusion, the H1N1 
pandemic experience showed that disease estimates were substan-
tially lower than envisioned in the pandemic preparedness plan-
ning assumptions. 

Highly versus low pathogenic avian influenza viruses (HPAIV 
vs. LPAIV)

AIV are typed according to their pathogenicity in chickens into 
low pathogenic (LP) and highly pathogenic (HP) strains. LPAIVs are 
maintained in wild aquatic birds almost without developing severe 
clinical signs of the disease. The clinical signs in domestic poultry 
induced by LPAIVs include a body weight reduction and/or a slight 
drop in egg production in layers poultry. In contrast to LPAIV, the 
HPAIV phenotype is restricted to H5Nx, H7Nx, and H9N2 subtypes 
that carry a multi basic cleavage site in their HA and cause up to 
100% mortality in several bird species [2].

Until the mid-1950s, all HPAIVs were characterized as H7-sub-
types, while, in 1959, the first outbreak with HPAIV H5N1 in chick-
ens was reported. Except for the fatal outbreak in terns caused 
by HPAIV H5N3 in South Africa, the HPAIV outbreaks were only 
reported in flocks of domestic birds until 2002. Since that time, 

HPAIVs were frequently reported to cause fatal outbreaks in wild 
aquatic and terrestrial birds [6].

Evolution and Epidemiology of IAV

IAV evolve mainly by two mechanisms: (1) through accumula-
tion of point mutations due to the lack of a proof-reading function 
of the RdRp, leading to aa changes (referred to as antigenic drift) 
(Figure 3A) and (2) by reassortment of viral segments from dif-
ferent IAV during co-infection (referred to as antigenic shift) (Fig-
ure 3B). Interestingly, the point mutation rate is higher in human 
than in avian IAV [25]. In addition, a slower evolution rate has been 
observed in IAV isolated from wild aquatic birds compared with 
those from terrestrial poultry, swine or humans. This is probably 
due to adaptation of IAV to new hosts, while genetic stasis is main-
tained in its natural reservoir [8]. Additionally, reassortment was 
only reported to take place within each influenza virus genus (A, B, 
and C), but has not been observed among different genera. Genetic 
reassortment and antigenic drift, resulted in 5 documented influ-
enza pandemics since 1900 and in annually repeated seasonal epi-
demics, respectively [20]. Unlike epidemics, pandemics can spread 
over a wide geographic area in relatively short time resulting in 
thousands or even millions of fatal infections. The notorious Span-
ish influenza (H1N1) led to the most dramatic pandemic of the last 
century, globally killing more than 25 million people in 25 weeks 
between 1918/1919. Subsequently, a new pandemic strain—
Asian Flu (H2N2)—a reassortant of 1918/H1N1 and the HA/NA/
PB1 segments of an AIV, emerged in China in 1957 leading to at 
least one million fatalities. In 1968, the pandemic Hong Kong Flu 
(H3N2), a reassortant of the 1957/H2N2 and HA/PB1 segments 
from another avian IAV, emerged to replace the older H2N2 strain 
and led to about one million deaths. In 1977, Russian influenza, 
which is thought to be caused by a re-emerged H1N1 virus, spread 
worldwide, leading to severe infections in humans with a 50% fa-
tality rate among school-aged children [26]. In 2009, a reassortant 
H1N1 (H1N1pdm09) virus with a unique genome constellation 
generated in swine led to the first pandemic of the current cen-
tury, known as “Swine Flu.” The PB2 and PA segments were derived 
from a North American AIV, the PB1 segment from a human H3N2 
virus, the NA and M segments from an Eurasian avian-like swine 
virus, and the HA, NP, NS segments from the H1N1-type classical 
swine virus [11]. Unlike H2N2, the H3N2 and H1N1 viruses are still 
circulating in the human population together with IBV strains [3]. 
In March 2018, a seasonal reassortant IAV-subtype H1N2 with ge-
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nome segments from seasonal H1N1pdm09 (HA and NS) and H3N2 
(PB2, PB1, PA, NP, NA and M) was identified in a 19-months old 
patient with influenza-like illness in the Netherlands [23]. How-
ever, epidemiological and virological investigation did not reveal 
additional human infections with this H1N2-subtype in the same 
region. Since 2013, new reassortant AIVs (e.g., H5N6, H6N1, H7N4, 
H7N7, H7N9, H9N2, H10N8) have crossed the species barrier to 
infect humans inducing asymptomatic to fatal infections [42]. Re-
markably, breaking the host barrier was mostly supported by the 
acquisition of gene segment(s) from other cocirculating AIVs, es-
pecially H9N2 [17]. 

Avian influenza or bird flu is a highly contagious acute viral dis-
ease that can occur in epidemics and cross-border forms in poul-
try. Influenza A viruses are the aetiological agent of avian influenza 
and belong to the Orthomyxoviridae family. Influenza viruses also 
includes types B, C [19] viruses; however, there is no evidence that 
type B, C, and D can infect avian species [43]. The natural reservoir 
of influenza A viruses are avian species within the orders Anseri-
formes and Charadriformes. At least 16 of the 18 known haemag-
glutinin subtypes (H1-H16) and 9 of the known neuraminidase 
(N1-N9) subtypes have been identified in avian species [19]. Ad-
ditionally, influenza A viruses can also infect different mammal 
species including humans, horses, pigs, cats, dogs, and even some 
marine mammals [43]. Furthermore, a new lineage of influenza A 
viruses have been recently identified in bats in Guatemala and Peru 
[36], suggesting the existence of other natural reservoirs of the 
virus. Nevertheless, the mechanisms that allow some influenza A 
viruses to cross the interspecies barrier are not clearly understood 
[2]. Influenza A viruses are pleomorphic, enveloped, and contain 8 
genomic segments of negative- sense single strand RNAs (-ssRNA) 
[19]. The high genetic variability of this virus is the result of its 
mutagenic capacity (antigenic drift) and its potential to exchange 
genetic segments when two or more viruses infect the same cell 
(antigenic shift). These mechanisms of viral diversification have al-
lowed the emergence of new variants, some with zoonotic and pan-
demic potential, hindering prevention, control, and treatment [43]. 

Conclusion 
There are two main types of influenza, influenza A and influ-

enza B. Influenza A viruses are divided into subtypes based on the 
hemagglutinin (H) and neuraminidase (N) proteins on their sur-
faces. Influenza A viruses infecting humans have been primarily 
subtypes H1, H2, and H3 while influenza A subtypes H1 through 

H17 can infect birds and other animals such as pigs. There are in 
addition ten different neuraminidase surface proteins. Reservoirs 
for influenza A viruses include humans, swine, poultry and other 
birds and mammals. Humans are the primary reservoir for influen-
za B. Seasonal influenza viruses spread person-to-person primarily 
through large-particle respiratory droplet transmission (e.g., when 
an infected person coughs or sneezes near a susceptible person). 
Transmission via large-particle droplets requires close proximity 
between source and recipient persons because droplets do not 
remain suspended in the air and generally travel only a short dis-
tance (<6 feet). Other possible routes of influenza transmission are 
mucosal inoculation from hands touching contaminated surfaces 
and airborne transmission. The relative contribution of each type 
of transmission has not been defined but for airborne transmis-
sion is thought to be small. Avian and swine influenza viruses are 
generally less transmissible from person-to-person than seasonal 
influenza viruses. These viruses are primarily transmitted from 
animals to humans directly or through environmental contamina-
tion. However, limited person-to-person transmission has been de-
scribed with these viruses.

Recommendation

•	 Cover your nose and mouth with a tissue when you cough or 
sneeze. Throw the tissue in the trash after you use it and then 
clean your hands; 

•	 Wash your hands with soap and water frequently, especially 
after you cough or sneeze. Alcohol-based hand cleaners are 
also effective; 

•	 Try to avoid close contact with people ill with respiratory 
symptoms; 

•	 If you get sick with respiratory symptoms, stay home the rec-
ommended period and limit contact with others to keep from 
infecting them; 

•	 Avoid touching your eyes, nose or mouth; 

•	 Don a mask when entering a healthcare facility if you are 
coughing or sneezing. 
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