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Summary. The article provides a brief review of the literature on influenza viruses, including their prevalence,
classification, pathogenicity, ability to mutate and reassort, and some peculiarities of their biological properties. Special
attention is given to swine influenza, since interspecies transmission of influenza viruses between pigs and humans can
have serious consequences for both human and veterinary medicine. The results of pilot studies conducted at the
NSC ‘IECVM’ prove the circulation of influenza A viruses among pigs in Ukraine — 324 samples of blood sera from
pigs of different age groups from different regions of Ukraine were tested using an ELISA test system,
48 (14.8%) positive samples were found. Seroprevalence reached 100% in some farms and antibodies were detected in
animals aged 24-73 days. The prospect of further work is to conduct surveillance studies (serological, molecular
biological, virological) of pigs in both large breeding complexes and private households to detect antibodies to
influenza A and, based on the results obtained, to draw conclusions about the circulation of influenza A viruses in

Ukraine
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Introduction. Today, the issue of zoonotic pathogens
has become particularly relevant following the pandemic
of animal-borne coronavirus infections. Of particular
concern are avian influenza viruses, swine influenza, and
coronaviruses, which can cause severe morbidity and
mortality in humans (Coker etal., 2011a; Coker etal.,
2011b). According to the WHO, influenza epidemics and
pandemics are among the ten worst epidemics and
pandemics in recent human history caused by zoonotic
viral agents, along with diseases such as Marburg, Ebola,
Nipah, MERS, SARS-CoV2. In particular, influenza
viruses have caused at least four confirmed pandemics —
1918 (H1NZ1), 1957 (H2N2), 1968 (H3NZ2), and 2009
(HIN1) (Piret, and Boivin, 2021; Easterday, 2003;
Krueger and Gray, 2012; Scholtissek et al., 1978). Despite
its long history, influenza remains one of the most
dangerous and unpredictable infectious diseases in the
world. To date, influenza A viruses are considered one of
the greatest threats for the next global pandemic due to
the peculiarities of the pathogen's structure, the large
number of natural reservoirs and hosts of the virus, and
the ability of the virus to move beyond the natural
reservoir and cross the interspecies barrier to infect other
species, including humans.

The ecology of influenza A viruses is complex and
includes a wide range of host species in birds and
mammals, such as human influenza virus (h1V), swine
influenza virus (swlV), avian influenza virus (AIV),
equine influenza virus (EIV), canine influenza virus
(CIV), and bat influenza virus (Muramoto etal., 2013;
Shi et al., 2014; Yamayoshi et al., 2016; Suarez, 2016).

The current classification of influenza viruses is based
on subtypes of surface glycoproteins, hemagglutinin
(HA) and neuraminidase (NA). Currently, there
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are 18 HA subtypes (H1-H18) and 11 NA subtypes
(N1-N9). It is believed that influenza in humans is
caused by viruses containing subtypes H1, H2, H3 and
N1, N2, although cases of human infection with other
influenza virus subtypes are reported. Avian influenza
viruses include viruses with subtypes H1 to H16 and N1
to N9, while H17N10 and H18N11 have so far been
detected only in bats (Suarez, 2016; Gamblin and Skehel,
2010).

Influenza viruses have a high mutation rate and are
constantly changing, which allows them to adapt quickly
to environmental changes, such as interspecies
transmission. The rapid evolution of influenza viruses is
the result of two mechanisms: reassortment (antigenic
shift) and point mutations (antigenic drift) (Shao etal.,
2017). Both mechanisms play a key role in the emergence
of new influenza viruses capable of crossing the host
barrier. Once the virus enters the body of a new host, it
must adapt and change in order to spread in the new
population (Nelson et al., 2014; Lewis et al., 2016; Rajao
etal., 2018).

Of all animals and birds, pigs can play a major role in
the amplification and creation of new viruses, including
influenza (Krueger and Gray, 2012; Mena etal., 2016;
Pepin, Miller and Wilber, 2021; Pickering etal., 2021;
Wardeh, Baylis and Blagrove, 2021; Hennig et al., 2022).

Transmission between pigs usually occurs through
close contact between animals and contaminated objects.
Although the severity of the disease is influenced by
many factors, including the virus strain, the disease
usually begins suddenly as an acute respiratory illness —
asymptomatic or mild fever, coughing, sneezing, nasal
and ocular discharge, shortness of breath, inactivity and
decreased appetite (Rajao et al., 2014; Rajao and Vincent,
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2015). There is high herd morbidity (approximately
100%) and usually low mortality (< 1%), but the disease
causes high economic losses due to reduced weight gain,
especially in young animals (Vincent etal., 2008). The
incubation period of the disease is 1-3 days, and recovery
begins 4-7 days after disease onset. Virus replication is
usually limited to the epithelial cells of the respiratory
tract, especially the nasal mucosa, tonsils, trachea, and
lungs (Abdelwhab and Mettenleiter, 2023). However, the
main concern about swine flu is not so much the
economic consequences for the swine industry, but the
risks of a new pandemic virus.

Several subtypes of influenza A viruses circulate in
swine, including HIN1, HIN2, H3N1, and H3N2 (Lewis
etal., 2016; Brockwell-Staats, Webster and Webby, 2009;
Chauhan and Gordon, 2020). The classical ‘swine’ HIN1
virus was first isolated from a pig in the United States in
1930 (Shope, 1931), although an influenza-like disease
was clinically recognized in the second half of 1918
during the so-called ‘Spanish flu’ epidemic (Koen, 1919;
Hinshaw etal,, 1978). The origin of this pandemic
virus — from humans to swine or vice versa — is still
unclear (Reid and Taubenberger, 1999; Webster, 1999),
but the human virus of 1918 and the swine viruses of
1930 are closely related (Taubenberger et al., 1997; Reid
etal., 1999).

Most swine influenza viruses are reassortants,
combining genes from swine, avian and human viruses.
This confirms the basic dogma that pigs can act as a
‘mixing vessel’ between human and avian influenza
viruses (Wardeh, Baylis and Blagrove, 2021; Hennig et al.,
2022; Abdelwhab and Mettenleiter, 2023). This is mainly
due to the fact that pigs have both avian and human type
receptors (a-2.3 and a-2.6) and can be infected with both
avian and human influenza viruses (Nelli etal., 2010).
However, it is not entirely clear whether pigs are more
susceptible to avian virus infection than humans (Rajao,
Vincent and Perez, 2019), although transmission of swlV
to poultry, mainly turkeys, has been reported (Choi et al.,
2004; Reid et al., 2012; Berhane et al., 2016).

The influenza virus that caused the 1918 pandemic
has remained relatively antigenically stable for eight
decades without causing major problems for pig farms.
The pathogen first entered the European continent in
1976 with exported animals from the United States to
Europe and spread rapidly among pigs. And in 1979, a
new virus was identified in Europe, which originated
from wild ducks and was antigenically different from the
‘classic’ swine A (HL1N1) strain (Zell, Scholtissek and
Ludwig, 2012). This ‘avian’ strain quickly and completely
replaced the ‘classical’ swine influenza viruses circulating
on the European continent and also spread in Asia. The
classic swine HIN1 and avian H1N1 viruses were the
main ones circulating in pigs until the 1990s. In the
1980s, new reassortant HIN2 viruses were discovered in
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England and then in Europe, which gave rise to new
strains of swine influenza virus (Brown et al., 1998).

A new triple reassortant virus with seasonal human
H3N2 surface genes emerged in North America in the
late 1990s (Olsen, 2002) and subsequently reassortment
with classical viruses (HIN1, HIN2) and the creation of a
new H3 lineage (H3N2) (Bakre et al., 2021; Karasin et al.,
2002; Webby et al., 2004).

In Europe, the H3N2 virus of ‘human’ origin, derived
from the 1968 pandemic virus, was introduced in the
1980s. This virus became widespread after reassorting
with the avian H1N1 virus, which was introduced into
European pigs in 1979 and remains endemic today
(Castrucci et al., 1994; Simon et al., 2014).

Another virus, HIN2, was discovered in 1994 and
contained H1, derived from the 1980 seasonal human
HIN1 influenza virus, and N2, distinct from the
previously isolated H3N2 virus. This virus acquired the
internal gene set of the 1979 avian virus through
recombination and is now also endemic in Europe (Lewis
etal., 2016; Brown et al., 1998; Marozin et al., 2002).

In 2009 these viruses recombined again, this time
with influenza A viruses from the Eurasian swine flu
lineage. As a result, the strain known as pandemic
influenza virus or A/HLN1pdmQ9 spread rapidly around
the world, sickening millions of people (Hennig etal.,
2022).

As noted above, interspecies transmission of influenza
viruses between pigs and humans is believed to have
occurred since the 1918 pandemic and is at least partially
responsible for the 2009 swine-origin human influenza,
highlighting its zoonotic potential (Hennig etal., 2022;
Reid and Taubenberger, 1999; Webster, 1999).

The exchange of viruses between humans and pigs in
most cases occurs through close contact, especially on pig
farms or slaughterhouses, which is an important risk
factor for swine flu infection among pig farm workers.
(Borkenhagen etal., 2020; Ma etal., 2018; El Zowalaty
etal,, 2022; Chauhan and Gordon, 2022). Due to the
industrialization of pig production, dense populations of
pigs and humans remain in close proximity, and this can
increase the risk of transmission of influenza viruses.
Zoonotic transmission of HIN1 viruses from pigs has
been reported repeatedly in the United States (Hinshaw
etal., 1978; Wentworth etal., 1997; Dacso etal., 1984),
Europe (Jong et al., 1988; Andersen et al., 2022), Asia (Li
etal., 2019; Yang etal., 2022), New Zealand (Eason and
Sage, 1980) and Australia (Deng et al., 2020), and in some
cases, deaths of infected people have been recorded
(Smith et al., 1976; Top and Russell, 1977; Patriarca et al.,
1984; Rota etal., 1989; Kimura, Adlakha and Simon,
1998; Wentworth etal., 1994). Thus, from 2010 to
2021, about 700confirmed cases were reported
worldwide, most of which occurred in children or
immunocompromised patients (Hennig etal., 2022).
Interestingly, transmission of the influenza virus from pig
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to human is regularly reported, but the number of human
infections is much lower than in pigs (Freidl et al., 2014).

Human influenza is rarely recorded in swine; usually
these viruses are reassorted and reappear, retaining only
some segments of viral genes of human origin, often with
marked genetic differences from the ancestral strain
(Nelson et al., 2014; Lewis et al., 2016; Rajao et al., 2018).

It should be noted that since 1918, all pandemic
human influenza viruses, with the exception of the 1958
H2N2 virus, have been transmitted by zoonotic means —
from humans to swine populations (Hennig et al., 2022).
Human influenza viruses have been regularly isolated
from swine in the United States, Europe, Asia, and
Australia (Castrucci etal, 1994; Deng etal., 2020;
Shortridge etal., 1977; Shortridge, Cherry and Kendal,
1979; Nakajima et al., 1982; Katsuda et al., 1995; Nelson
etal., 2015a). In addition, anthropozoonotic transmission
of seasonal and pandemic influenza viruses to swine has
resulted in the creation of a long-term reservoir of
zoonotic influenza viruses in swine (Kessler et al., 2021;
Glud et al., 2021). In addition to the ‘human’ subtypes of
the virus, the circulation of other subtypes such as H5,
H7 and H9 has been reported in pigs (Hennig etal.,
2022).

According to some reports (Sikkema et al., 2016), the
frequency of subclinical infections in livestock workers
ranges from 15% to 40%. And only vaccination programs
for workers against seasonal influenza can prevent the
occurrence and transmission of infections from animals
or vice versa (El Zowalaty et al., 2022).

Swine flu, one of the most prominent zoonotic
infections, illustrates the role of trade in its global spread
(Nelson etal., 2015b; Gcumisa, Oguttu and Masafu,
2016). In most cases, this is true for regions such as
Southeast Asia, where more than 50% of the world's pork
production is produced in enterprises of various types
(pig farms, households) (Gale, 2017).

Thus, in most cases, small-scale pig farms are
characterized by a lack of highly qualified personnel,
uncontrolled movement of breeding animals and lack of
quarantine measures, intensive and frequent contact
between humans and different animal species. All this
increases the risk of virus spread between pigs and
service personnel, as well as the emergence of new
infectious diseases, including zoonotic diseases with
pandemic potential (Trevennec et al., 2011; Baudon et al.,
2017).

Large industrial swine farms, commonly known as
indoor animal feeding operations, are also believed to be
sites of origin and transmission of various pathogens,
such as porcine reproductive and respiratory syndrome
virus, porcine epidemic diarrhea virus, coronavirus acute
diarrhea syndrome, and African swine fever (massive
outbreak in 2018-2019) (Borkenhagen et al., 2020). For
influenza, the importation of livestock in China and
other Asian countries has led to the co-circulation of
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both European (or Eurasian) and North American triple
reassortant virus strains containing genes of human
origin (Nelson et al., 2015b; Poonsuk et al., 2013).

In addition, reassortant genotypes between these
strains containing HA and/or NA genes from human
HIN1 and H3N2 viruses have been detected in Asia
since the 1960s and have become widespread in swine
(Nelson etal., 2014; Liang etal., 2014; Cheung etal.,
2023).

Although there have been numerous reports on the
prevalence of 1AV in organized (commercial) pig farms
worldwide during the twentieth century (Chauhan and
Gordon, 2020), surveillance of influenzaA in pig
populations was ignored until the outbreak of the swine
flu pandemic in March 2009 (Mena etal., 2016). This
appears to have served as a catalyst for surveillance, as
most studies were initiated in 2009 (Chumsang etal.,
2021, Bravo-Vasquez et al., 2020; Gonzalez-Reiche et al.,
2017).

The special role of swine influenza has long been
recognized, but these viruses remain highly mobile
targets that are notoriously difficult to diagnose due to
their remarkable genetic flexibility. One of the main
diagnostic tools is molecular genetic testing, which is
increasingly replacing traditional laboratory methods.
These methods, which use nucleic acid amplification, are
characterized by high sensitivity, specificity, and less
stringent requirements for the biological material to be
tested (El Zowalaty etal., 2022; Chauhan and Gordon,
2022: Gonzalez-Reiche etal., 2017; Mahardika etal.,
2018). In most cases, nasal secretions from animals are
used as the test sample for molecular studies (Decorte
etal., 2015; Janke, 2014). The polymerase chain reaction
method provides reliable results in a short period of time,
but due to the simultaneous circulation of several
influenza virus subtypes, identification errors may occur
(Abdelwhab and Mettenleiter, 2023). Consequently, if the
virus concentration in samples with these specific
subtypes is low, these samples may be misidentified and
the subtype with the lower concentration may not be
successfully detected (Blair et al., 2019). According to the
literature, misidentification also occurs for H3N2 and
HIN1 swine subtypes. This is due to the fact that
both viruses have genetic similarities with the seasonal
human H1N1pdmO09 virus (sharing some common gene
segments such as M, NS, NP, and HA) (Taylor et al., 2019).

Serologic tests are crucial for the diagnosis of clinical
disease, for the immune profile of the herd, for
determining the timing of vaccination, for monitoring
the effectiveness of vaccination, and for epidemiological
studies to identify the dominant virus serotype. Modern
serological tests include the hemagglutination inhibition
test (HIT) and the enzyme-linked immunosorbent assay
(ELISA). ELISA is the most popular serologic test for the
diagnosis of swine influenza due to its simplicity, wide
range of available tests, low cost and screening nature

35



Part 3. Biosafety

(Bravo-Vasquez et al., 2020; Osoro et al., 2019; Jimenez-
Bluhm et al., 2018). However, it should be noted that this
reaction only detects antibodies to specific subtypes and
does not provide complete information on all genotypes
circulating in the herd (Chauhan and Gordon, 2022). The
ELISA can effectively detect antibodies to swine
influenza virus in the serum of animals seven days after
exposure to the pathogen or vaccination with a
prophylactic vaccine, while the peak may be reached in
two to three weeks (Van Reeth, Labarque and Pensaert,
2006; Larsen et al., 2000).

However, it is important to remember that serological
tests can produce false-positive or false-negative results,
so it is necessary to send material from a large number of
animals to obtain reliable test results. In addition, the test
systems detect specific antibodies homologous to the
antigens in the test system, and all are of little use in
detecting antibodies to heterologous influenza viruses.

There is no current information on the
epidemiological situation of swine flu in Ukraine. There
are only some reports on the presence of antibodies to
influenza A virus in wild boars (up to 22.5% of positive
samples were detected) (Kovalenko etal., 2017).
Therefore, the aim of our study was to perform pilot
studies on blood sera of pigs of different age groups from
different farms for the presence of antibodies to
influenza A viruses.

Materials and methods. The study was conducted at
the Department of Poultry Diseases of the NSC ‘IECVM.
Blood sera from pigs were collected according to
generally accepted methods. For analysis, 324 samples of
blood sera from pigs of different ages from farms located
in different regions of Ukraine were selected. The
sampling scheme is presented in Table 1.

Table1 — Sampling of blood sera from pigs in
different years

Total Total
Year of . number of [ number
. Region -
sampling involved |of samples
farms | collected
2015 (archive Poltava 5 60
samples)
Poltava 2 119
2021 Zaporizhzhia 2 14
Khmelnytskyi 1 15
Dnipropetrovsk 3 75
2023 Zaporizhzhia 1 15
Sumy 1 16
Lviv 1 10
Total 324

The study for the presence of antibodies to influenza
viruses was carried out by ELISA wusing Kits
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manufactured by IDEXX Influenza A Ab Test (USA) and
ID Screen® Influenza A Antibody Competition Multi-
species (France). All studies were performed according to
generally accepted methods in compliance with all
biosecurity and biosafety requirements.

Results. The results of serologic testing of samples
collected in 2015, 2021, and 2023 are presented in Tables 2-4.

Table2 — ELISA results for the presence of
antibodies to influenza A in pigs from farms in Poltava
Region in 2015

Number | Techno- . Sero-
No. . Posi- | Nega-
f of samples| logical . : preva-
arm tive | tive
tested area lence, %
1 5 SOWS 0 5 0
5 fattening | O 5 0
5 10 fattening | O 10 0
10 SOWS 3 7 30
3 5 fattening | O 5 0
4 5 fattening | 4 1 80
5 7 boars 4 3 57.1
4 fattening 2 2 50
6 2 SOWS 0 2 0
7 fattening | 3 5 42.9

Table 2 shows that 30% of the sows from farm 2 were
seropositive for influenza A, while no antibodies to this
pathogen were detected in the fattening pigs. In the blood
sera of fattening pigs from farms 4-6, antibodies were
present in 43% to 80% of the animals, and 57.1% of boars
from farm 5 were seropositive for the virus.

Table3— ELISA results for the presence of
antibodies to influenza A in pig blood sera, 2021
Techno-
No, | Number logical | Posi- | Nega- Sero-
farm | O Samples period/ | tive | tive | PV
tested lence, %
group
Poltava Region, XII-139-21
1 99 fattening 1 98 1
5 10 growing 0 10 0
10 fattening 0 10 0
Zaporizhzhia Region
3 5 SOWS 4 1 80.0
4 9 SOWS 2 7 22.2

Analyzing the results presented in Table 3, it can be
concluded that only one blood serum sample was
positive for influenza in the Poltava Region, and 22.2%
and 80% of positive samples were found in sows, i.e.
animals older than one year, in two farms in the
Zaporizhzhia Region.
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Table4 — ELISA results for the presence of
antibodies to influenza A in pig blood sera, 2023.
Techno-
No. Number Iog_ical Posi- | Nega- Sero-
farm of samples| period/ tive | tive | Preva
tested age of lence, %
animals
Khmelnytskyi Region
5 24 days 1 4 20
1 5 45-49days| O 5 0
5 73 days 2 3 40
Dnipropetrovsk Region
5 24 days 0 5 0
2 5 45-49days| O 5 0
5 73 days 0 5 0
5 24 days 0 5 0
3 5 45-49days| O 5 0
5 73 days 0 5 0
5 24 days 2 3 40
4 5 45-49 days| 3 2 60
5 73 days 0 5 0
Zaporizhzhia Region
5 24 days 0 5 0
5 5 45-49 days| 2 3 40
5 73 days 5 0 100
Sumy Region
6 [ 16 [ growing | O [ 16 [ 0O
Lviv Region
7 | 10 [ fattening [ 10 [ 0 | 100

As shown in Table 4, 101 samples of pig blood sera
from farms in five regions of Ukraine were tested in 2023,
and in each region, animals of all ages were found to be
positive for influenza A, with seroprevalence ranging
from 20 to 100%.

Conclusions. Analyzing the results of our serological
studies of unvaccinated pigs of different age groups, it can
be stated that most of the animals positive for influenza
were older than 3 months (fattening groups, sows, boars,
seroprevalence 20-100%). However, antibodies were also
detected in blood sera collected in 2023 in animals aged
24-73 days (15 positive samples out of 75 tested), and in
the Zaporizhzhia region, 40 and 100% of samples from
animals aged 45-49 and 73days, respectively, were
positive.

This is a very high rate of seropositivity to influenza A
among pigs. For example, in Asian countries (China,
India, Bangladesh, Bhutan, etc), the average
seropositivity from 2009 to 2021 was 18.28% (25.49%,
19.83%, 12.22%, and 7.74%, respectively). A more
thorough typing of the positive samples isolated during
2009-2021 wusing the HIA showed the following
proportions: HIN1 (n=9, 24.32%); pandemic
A/HIN1pdm09 (n=7, 18.92%); H3N2 (n =6, 16.22%);
H5N1 (n =2, 541%); H5N8 (n=1, 2.7%); HIN2 (n =1,
2.7%) (Chauhan and Gordon, 2022).

Therefore, domestic pig populations should not be
considered as the only or most important reservoir of
potentially zoonotic influenza A virus worldwide.
Regular and thorough surveillance of pig populations for
influenza A virus is essential to monitor the evolution of
swlV. The emergence of influenza A virus in pigs during
the last human pandemic in 2009 highlighted the major
risks for pig populations in which influenza A virus
circulates freely and can trigger zoonotic and
anthropozoonotic transmission that endangers human
health. In addition, understanding the mechanisms
associated with host range specificity and adaptation to
pigs will allow us to assess the risks associated with the
introduction of new viruses into the pig population, and
determining the antigenic characteristics of strains
circulating in a particular area will ensure the accurate
selection of representative vaccine strains to protect the
industry.

The prospect of further research is to conduct
monitoring studies (serological, molecular biological,
virological) of pig herds in both large breeding complexes
and private households to detect antibodies to
influenza A and, based on the results obtained, to draw
conclusions about the circulation of influenza A viruses
in Ukraine. The relevance of the planned work is
reflected in our pilot serological studies and the high
seropositivity of pigs to influenza A (up to 100%).

Acknowledgements. The authors would like to
express their gratitude to the National Research
Foundation of Ukraine for funding the work carried out
under the project No. 2021.01/0006 ‘Study of circulation
of zoonotic influenza A viruses in a natural reservoir,
assessment of their epidemic risks and hazards to human
health in Ukraing within the framework of the
competition ‘Science for Security and Sustainable
Development of Ukraine’

References

Abdelwhab, E. M. and Mettenleiter, T. C. (2023) ‘Zoonotic
animal influenza virus and potential mixing vessel hosts,
Viruses, 15(4), p. 980. doi: 10.3390/v15040980.

Andersen, K. M., Vestergaard, L. S., Nissen, J. N.,
George, S.J,, Ryt-Hansen, P,  Hijulsager, C. K., Krog, J. S,
Skov, M. N., Alexandersen, S., Larsen, L.E. and Trebbien, R.
(2022) ‘Severe human case of zoonotic infection with swine-

ISSN 2411-0388 (online) 2411-3174 (print)

origin influenza A virus, Denmark, 2021, Emerging Infectious
Diseases, 28(12), pp. 2561-2564. doi: 10.3201/eid2812.220935.
Bakre, A. A, Jones, L. P, Murray, J., Reneer, Z.B.,
Meliopoulos, V. A.,  Cherry,S.,  Schultz-Cherry,S.  and
Tripp, R. A. (2021) ‘Innate antiviral cytokine response to swine
influenza virus by swine respiratory epithelial cells, Journal of
Virology, 95(15), pp. €00692-21. doi: 10.1128/JV1.00692-21.

37


https://doi.org/10.3390/v15040980
https://doi.org/10.3201/eid2812.220935
https://doi.org/10.1128/JVI.00692-21

Part 3. Biosafety

Baudon,E., Fourni¢, G, Hiep,D.T, Pham, T.T.H,
Duboz, R., Gély, M., Peiris, M., Cowling, B.J., Ton, V. D. and
Peyre, M. (2017) Analysis of swine movements in a province in
northern Vietnam and application in the design of surveillance
strategies for infectious diseases, Transboundary and Emerging
Diseases, 64(2), pp. 411-424. doi: 10.1111/tbed.12380.

Berhane, Y., Ojkic, D., Pople, N., Lung, O. and Pasick, J.
(2016)  ‘Reoccurrence of suspected human-to-turkey
transmission of HIN1 pandemic 2009 virus in turkey breeder
flocks in Ontario and Manitoba, 2016, Transboundary and
Emerging Diseases, 63(6), pp.590-594. doi: 10.1111/tbed.
12566.

Blair, R. H., Dawson, E.D., Taylor, A. W, Johnson, J.E.,
Slinskey, A. H., O’'Neil, K., Smolak, A. W,, Toth, E., Liikanen, K.,
Stoughton, R. S., Smith, C.B., Talbot,S. and Rowlen, K. L.
(2019) Clinical validation of the FluChip-8G Influenza A+B
Assay for influenza type and subtype identification, Journal of
Clinical Virology, 118, pp. 20-27. doi: 10.1016/j.jcv.2019.07.008.

Borkenhagen, L. K., Wang, G.-L., Simmons, R. A, Bi, Z.-Q.,
Lu,B., Wang, X.-J, Wang, C.-X.,, Chen,S.-H., Song, S.-X,,
Li, M., Zhao, T., Wu, M.-N., Park, L. P,, Cao, W-C., Ma, M.-J.
and Gray, G. C. (2020) ‘High risk of influenza virus infection
among swine workers: Examining a dynamic cohort in China,
Clinical Infectious Diseases, 71(3), pp. 622-629. doi: 10.1093/
cid/ciz865.

Bravo-Vasquez, N., Baumberger, C., Jimenez-Bluhm, P,
DiPillo,F, Lazo, A., Sanhueza,J., Schultz-Cherry,S. and
Hamilton-West, C. (2020) ‘Risk factors and spatial relative risk
assessment for influenza A virus in poultry and swine in
backyard production systems of central Chile, Veterinary
Medicine and Science, 6(3), pp.518-526. doi: 10.1002/vms3.
254,

Brockwell-Staats, C., Webster, R. G. and Webby, R. J. (2009)
‘Diversity of influenza viruses in swine and the emergence of a
novel human pandemic influenza A (H1N1), Influenza And
Other Respiratory Viruses, 3(5), pp.207-213. doi: 10.1111/
j-1750-2659.2009.00096 ..

Brown, I. H., Harris, P. A., McCauley, J. W. and
Alexander, D. J. (1998) ‘Multiple genetic reassortment of avian
and human influenza A viruses in European pigs, resulting in
the emergence of an H1N2 virus of novel genotype, Journal of
General Virology, 79(12), pp.2947-2955. doi: 10.1099/0022-
1317-79-12-2947.

Castrucci, M. R., Campitelli, L., Ruggieri, A., Barigazzi, G.,
Sidoli, L., Daniels,R., Oxford,J.S. and Donatelli, . (1994)
‘Antigenic and sequence analysis of H3 influenza virus
haemagglutinins from pigs in Italy] Journal of General Virology,
75(2), pp. 371-379. doi: 10.1099/0022-1317-75-2-371.

Chauhan,R.P. and Gordon, M. L. (2020) ‘A systematic
review analyzing the prevalence and circulation of influenza
viruses in swine population worldwide, Pathogens, 9(5), p. 355.
doi: 10.3390/pathogens9050355.

Chauhan,R.P. and Gordon, M. L. (2022) ‘A systematic
review of influenza A virus prevalence and transmission
dynamics in backyard swine populations globally, Porcine
Health Management, 8(1), p.10. doi: 10.1186/540813-022-
00251-4.

Cheung,J, Bui,A.N.,  Younas,S., Edwards, K. M.,
Nguyen,H.Q., Pham,N.T, Bui,V. N, Peiris; M. and
Dhanasekaran, V.  (2023) ‘Long-term epidemiology and
evolution of swine influenza viruses, Vietnam’, Emerging

38

Infectious Diseases, 29(7), pp. 1397-1406. doi: 10.3201/eid2907.
230165.

Choi, Y. K., Lee, J. H., Erickson, G., Goyal, S. M., Joo, H. S.,
Webster, R. G. and Webby, R.J. (2004) ‘H3N2 influenza virus
transmission from swine to turkeys, United States, Emerging
Infectious Diseases, 10(12), pp.2156-2160. doi: 10.3201/
eid1012.040581.

Chumsang, S., NalLampang, K., Srikitjakarn,L. and
Pringproa, K. (2021) ‘Seroprevalence of the viral pig diseases
among backyard pigs in Chiang Mai, Thailand’, Preventive
Veterinary Medicine, 190, p. 105330. doi: 10.1016/j.prevetmed.
2021.105330.

Coker, R.J., Hunter, B. M., Rudge, J. W, Liverani, M. and
Hanvoravongchai, P. (2011a) ‘Emerging infectious diseases in
southeast Asia: Regional challenges to control, The Lancet,
377(9765), pp. 599-609. doi: 10.1016/S0140-6736(10)62004-1.

Coker, R., Rushton,J, Mounier-Jack, S., Karimuribo, E.,
Lutumba, P, Kambarage, D., Pfeiffer, D. U, Stark, K. and
Rweyemamu, M. (2011b) “Towards a conceptual framework to
support one-health research for policy on emerging zoonoses,
The Lancet Infectious Diseases, 11(4), pp. 326-331. doi: 10.1016/
S1473-3099(10)70312-1.

Dacso,C.C,, Couch,R.B., Six,H.R., Young,JF,
Quarles, J. M. and Kasel, J. A. (1984) ‘Sporadic occurrence of
zoonotic swine influenza virus infections, Journal of Clinical
Microbiology, 20(4), pp.833-835. doi: 10.1128/jcm.20.4.833-
835.1984.

Decorte, I., Steensels, M., Lambrecht, B., Cay, A.B. and
De Regge, N.  (2015) ‘Detection and isolation of swine
influenza A virus in spiked oral fluid and samples from
individually housed, experimentally infected pigs: Potential role
of porcine oral fluid in active influenza A virus surveillance in
swing, PLoS One, 10(10), p.e0139586. doi: 10.1371/journal.
pone.0139586.

Deng, Y.-M., Wong, F.Y.K., Spirason, N., Kaye, M.,
Beazley, R., Grau, M. L., Shan,S. Stevens, V. Subbarao, K.,
Sullivan, S., Barr, I. G. and Dhanasekaran, V. (2020) ‘Locally
acquired human infection with swine-origin influenza A
(H3N2) variant virus, Australia, 2018, Emerging Infectious
Diseases, 26(1), pp. 143-147. doi: 10.3201/eid2601.191144.

Eason,R.J. and Sage, M.D. (1980) ‘Deaths from
influenza A, subtype HINZ1, during the 1979 Auckland
epidemic, The New Zealand Medical Journal, 91(654),
pp. 129-131. PMID: 6929971.

Easterday, B. ~ (2003) “Swine influenza:  Historical
perspectives, Proceedings of the 4" International Symposium on
Emerging and Re-emerging Pig Diseases (Rome, Italy, June 29"-
July 2" 2003). Parma: University of Parma, pp.241-244,
Available at: https://citeseerx.ist.psu.edu/pdf/28799f5a9c0c6bad
96a0fac0321ea71c2eb64c26.

El Zowalaty, M. E.,  Abdelgadir, A., Borkenhagen, L. K.,
Ducatez, M. F, Bailey, E. S. and Gray, G. C. (2022) ‘Influenza A
viruses are likely highly prevalent in South African
swine farms, Transboundary and Emerging Diseases, 69(4),
pp. 2373-2383. doi: 10.1111/tbed.14255.

Freidl, G. S., Meijer, A., De Bruin, E., De Nardi, M., Munoz, O.,
Capua, I, Breed, A. C., Harris, K., Hill, A., Kosmider, R., Banks, J.,
\on Dobschuetz, S, Stark, K., Wieland, B, Stevens, K., Van Der Werf, S,
Enouf, V., Van Der Meulen, K., Van Reeth, K., Dauphin, G.,
Koopmans, M. and FLURISK Consortium (2014) ‘Influenza At
the animal-human interface: A review of the literature for

www.jvmbbs.kharkov.ua


https://doi.org/10.1111/tbed.12380
https://doi.org/10.1111/tbed.12566
https://doi.org/10.1111/tbed.12566
https://doi.org/10.1016/j.jcv.2019.07.008
https://doi.org/10.1093/cid/ciz865
https://doi.org/10.1093/cid/ciz865
https://doi.org/10.1002/vms3.254
https://doi.org/10.1002/vms3.254
https://doi.org/10.1111/j.1750-2659.2009.00096.x
https://doi.org/10.1111/j.1750-2659.2009.00096.x
https://doi.org/10.1099/0022-1317-79-12-2947
https://doi.org/10.1099/0022-1317-79-12-2947
https://doi.org/10.1099/0022-1317-75-2-371
https://doi.org/10.3390/pathogens9050355
https://doi.org/10.1186/s40813-022-00251-4
https://doi.org/10.1186/s40813-022-00251-4
https://doi.org/10.3201/eid2907.230165
https://doi.org/10.3201/eid2907.230165
https://doi.org/10.3201/eid1012.040581
https://doi.org/10.3201/eid1012.040581
https://doi.org/10.1016/j.prevetmed.2021.105330
https://doi.org/10.1016/j.prevetmed.2021.105330
https://doi.org/10.1016/S0140-6736(10)62004-1
https://doi.org/10.1016/S1473-3099(10)70312-1
https://doi.org/10.1016/S1473-3099(10)70312-1
https://doi.org/10.1128/jcm.20.4.833-835.1984
https://doi.org/10.1128/jcm.20.4.833-835.1984
https://doi.org/10.1371/journal.pone.0139586
https://doi.org/10.1371/journal.pone.0139586
https://doi.org/10.3201/eid2601.191144
https://pubmed.ncbi.nlm.nih.gov/6929971
https://citeseerx.ist.psu.edu/pdf/28799f5a9c0c6bad96a0fac0321ea71c2eb64c26
https://citeseerx.ist.psu.edu/pdf/28799f5a9c0c6bad96a0fac0321ea71c2eb64c26
https://doi.org/10.1111/tbed.14255

Journal for Veterinary Medicine, Biotechnology and Biosafety

Volume 9, Issue 3, 2023

virological evidence of human infection with swine or avian
influenza viruses other than A(HS5N1), Eurosurveillance,
19(18), p. 20793. doi: 10.2807/1560-7917.ES2014.19.18.20793.

Gale, F. (2017) Chinas Pork Imports Rise Along with
Production Costs. LDPM-271-01. Washington, DC: USDA
Economic Research Service. Available at: https://www.ers.usda.
gov/publications/pub-details/?pubid=81943.

Gamblin,S.J. and  Skehel,J.J. (2010) ‘Influenza
hemagglutinin and neuraminidase membrane glycoproteins,
Journal of Biological Chemistry, 285(37), pp. 28403-28409. doi:
10.1074/jbc.R110.129809.

Gceumisa, T. S., Oguttu, W, J. and Masafu, M. M. (2016) ‘Pig
farming in rural South Africa: A case study of uThukelaDistrict
in KwaZulu-Natal, Indian Journal of Animal Research, 50(4),
pp. 614-620. doi: 10.18805/ijar.11175.

Glud, H. A,, George, S., Skovgaard, K. and Larsen, L. E.
(2021) “Zoonotic and reverse zoonotic transmission of viruses
between humans and pigs, APMIS, 129(12), pp. 675-693. doi:
10.1111/apm.13178.

Gonzalez-Reiche, A.S.,  Ramirez, A. L,  Miiller, M. L.,
Orellana, D., Sosa, S. M., Ola, P, Paniagua, ], Ortiz L.,
Hernandez, J., Cordén-Rosales, C. and Perez, D.R. (2017)
‘Origin, distribution, and potential risk factors associated with
influenza A virus in swine in two production systems in
Guatemalg, Influenza And Other Respiratory Viruses, 11(2),
pp. 182-192. doi: 10.1111/irv.12437.

Hennig, C., Graaf, A., Petric, P. P, Graf, L., Schwemmle, M.,
Beer, M. and Harder, T. (2022) Are pigs overestimated as a
source of zoonotic influenza viruses?, Porcine Health
Management, 8(1), p. 30. doi: 10.1186/s40813-022-00274-X.

Hinshaw, V. S., Bean, W.J, Webster, R. G. and
Easterday, B. C. (1978) “The prevalence of influenza viruses in
swine and the antigenic and genetic relatedness of influenza
viruses from man and swine, Virology, 84(1), pp. 51-62. doi:
10.1016/0042-6822(78)90217-9.

Janke, B. H. (2014) ‘Influenza A virus infections in swine:
Pathogenesis and diagnosis, Veterinary Pathology, 51(2),
pp. 410-426. doi: 10.1177/0300985813513043.

Jimenez-Bluhm, P, Di Pillo, F, Bahl, J., Osorio, J., Schultz-
Cherry,S. and Hamilton-West, C. (2018) ‘Circulation of
influenza in backyard productive systems in central Chile and
evidence of spillover from wild birds, Preventive Veterinary
Medicine, 153, pp. 1-6. doi: 10.1016/j.prevetmed.2018.02.018.

Jong,J.C.D., Paccaud, M.F, Ronde-Verloop, F. M. D,
Huffels, N.H.,  Verwei,C., Weijers, T.F,  Bangma, P.J,
Kregten, E. V., Kerckhaert, J. A. M., Wicki, F. and Wunderli, W.
(1988) “Isolation of swine-like influenza A(H1N1) viruses from
man in Switzerland and The Netherlands, Annales de I'Institut
Pasteur / Virologie, 139, pp.429-437. doi: 10.1016/S0769-
2617(88)80078-9.

Karasin, A. I., Landgraf,J, Swenson,S., Erickson, G.,
Goyal, S., Woodruff, M., Scherba, G., Anderson, G. and
Olsen, C.W. (2002) ‘Genetic characterization of HIN2
influenza A viruses isolated from pigs throughout the United
States, Journal of Clinical Microbiology, 40(3), pp. 1073-1079.
doi: 10.1128/JCM.40.3.1073-1079.2002.

Katsuda, K., Shirahata, T.,, Kida, H. and Goto, H. (1995)
Antigenic and genetic analyses of the hemagglutinin of
influenza viruses isolated from pigs in 1993, Journal of
Veterinary Medical Science, 57(6), pp. 1023-1027. doi: 10.1292/
jvms.57.1023.

ISSN 2411-0388 (online) 2411-3174 (print)

Kessler, S., Harder, T., Schwemmle, M. and Ciminski, K.
(2021) ‘Influenza A viruses and zoonotic events — are we
creating our own reservoirs?, Viruses, 13(11), p.2250. doi:
10.3390/v13112250.

Kimura, K., Adlakha, A. and Simon, P. M. (1998) ‘Fatal case
of swine influenza virus in an immunocompetent host, Mayo
Clinic Proceedings, 73(3), pp. 243-245. doi: 10.4065/73.3.243.

Koen, J. S. (1919) ‘A practical method for field diagnosis of
swine disease, American Journal of Veterinary Medicine, 14,
pp. 468-470. Available at; https://hdl.handle.net/2027/ucl.b424
8572?2urlappend=%3Bseq=476%3Bownerid=900719926680150
9-518.

Kovalenko, G., Molozhanova, A., Halka, I. and Nychyk, S.
(2017) Antibody prevalence to influenza type A in wild boar of
northern Ukraing, Vector-Borne and Zoonotic Diseases, 17(12),
pp. 836-839. doi: 10.1089/vbz.2017.2118.

Krueger, W. S. and Gray, G. C. (2012) ‘Swine influenza virus
infections in man, in Richt, J. A. and Webby, R.J. (eds) Swine
Influenza. Berlin, Heidelberg: Springer Berlin Heidelberg
(Current Topics in Microbiology and Immunology, 370),
pp. 201-225. doi: 10.1007/82_2012_268.

Larsen, D. L., Karasin, A., Zuckermann, F. and Olsen, C. W.
(2000) ‘Systemic and mucosal immune responses to H1N1
influenza virus infection in pigs, Veterinary Microbiology, 74(1-
2), pp. 117-131. doi: 10.1016/50378-1135(00)00172-3.

Lewis,N.S., Russell, C. A,, Langat, P, Anderson, T.K,,
Berger, K., Bielejec, F.,, Burke, D. F, Dudas, G., Fonville, J. M.,
Fouchier, R. A., Kellam, P, Koel, B.F, Lemey, P, Nguyen, T,
Nuansrichy, B., Peiris, J. M., Saito, T., Simon, G., Skepner, E.,
Takemae, N., ESNIP3 Consortium, Webby, R. J., Van Reeth, K.,
Brookes, S. M., Larsen, L., Watson,S.J., Brown,l.H. and
Vincent, A. L. (2016) ‘The global antigenic diversity of swine
influenza A viruses, eLife, 5, p. €12217. doi: 10.7554/eL ife.12217.

Li,X., Guo,L., Liu,C., Cheng, Y. Kong, M., Yang,L.,
Zhuang, Z., Liu, J., Zou, M., Dong, X., Su, X. and Gu, Q. (2019)
‘Human infection with a novel reassortant Eurasian-avian
lineage swine HIN1 virus in northern China Emerging
Microbes & Infections, 8(1), pp.1535-1545. doi: 10.1080/
22221751.2019.1679611.

Liang, H., Lam, T.T.-Y,, Fan, X, Chen, X, Zeng,Y.
Zhou, J., Duan, L., Tse, M., Chan, C.-H., Li,L., Leung, T.-Y.,
Yip, C.-H., Cheung, C.-L., Zhou, B., Smith, D. K., Poon, L. L.-
M., Peiris, M., Guan, Y. and Zhu, H. (2014) ‘Expansion of
genotypic diversity and establishment of 2009 HIN1
pandemic-origin internal genes in pigs in China, Journal of
Virology, 88(18), pp. 10864-10874. doi: 10.1128/JV1.01327-14.

Ma, M.-J., Wang, G.-L., Anderson, B. D., Bi, Z.-Q., Lu,B.,
Wiang, X.-J., Wang, C.-X., Chen, S.-H., Qian, Y.-H., Song, S.-X.,
Li, M., Lednicky, J. A, Zhao, T., Wu, M.-N., Cao, W-C. and
Gray, G. C. (2018) ‘Evidence for cross-species influenza A virus
transmission within swine farms, China: A one health,
prospective cohort study, Clinical Infectious Diseases, 66(4),
pp. 533-540. doi: 10.1093/cid/cix823.

Mahardika, G. N., Adi, A. A A M, Besung, N. K.,
Dharmawan, N. S., Kencana, G. A. Y., Rompis, A. L. T,
Sampurna, P, Setiasih, L. E., Suardana, W, Suardana, I. B. K.,
Suarjana, G. K., Suartha, N., Suartini, G. A. A., Suwiti, N. K.
and Utama, 1. H. (2018) ‘Surveillance of avian influenza virus of
H5N1 subtype in backyard animals and its introduction in Bali,
Indonesia, Pakistan Veterinary Journal, 38(1), pp.7-12.
Available at: http://www.pvj.com.pk/pdf-files/38_1/7-12.pdf.

39


https://doi.org/10.2807/1560-7917.ES2014.19.18.20793
https://www.ers.usda.gov/publications/pub-details/?pubid=81943
https://www.ers.usda.gov/publications/pub-details/?pubid=81943
https://doi.org/10.1074/jbc.R110.129809
https://doi.org/10.18805/ijar.11175
https://doi.org/10.1111/apm.13178
https://doi.org/10.1111/irv.12437
https://doi.org/10.1186/s40813-022-00274-x
https://doi.org/10.1016/0042-6822(78)90217-9
https://doi.org/10.1177/0300985813513043
https://doi.org/10.1016/j.prevetmed.2018.02.018
https://doi.org/10.1016/S0769-2617(88)80078-9
https://doi.org/10.1016/S0769-2617(88)80078-9
https://doi.org/10.1128/JCM.40.3.1073-1079.2002
https://doi.org/10.1292/jvms.57.1023
https://doi.org/10.1292/jvms.57.1023
https://doi.org/10.3390/v13112250
https://doi.org/10.4065/73.3.243
https://hdl.handle.net/2027/uc1.b4248572?urlappend=%3Bseq=476%3Bownerid=9007199266801509-518
https://hdl.handle.net/2027/uc1.b4248572?urlappend=%3Bseq=476%3Bownerid=9007199266801509-518
https://hdl.handle.net/2027/uc1.b4248572?urlappend=%3Bseq=476%3Bownerid=9007199266801509-518
https://doi.org/10.1089/vbz.2017.2118
https://doi.org/10.1007/82_2012_268
https://doi.org/10.1016/S0378-1135(00)00172-3
https://doi.org/10.7554/eLife.12217
https://doi.org/10.1080/22221751.2019.1679611
https://doi.org/10.1080/22221751.2019.1679611
https://doi.org/10.1128/JVI.01327-14
https://doi.org/10.1093/cid/cix823
http://www.pvj.com.pk/pdf-files/38_1/7-12.pdf

Part 3. Biosafety

Marozin, S.,  Gregory, V., Cameron, K., Bennett, M.,
Valette, M., Aymard, M., Foni, E., Barigazzi, G., Lin,Y. and
Hay, A. (2002) ‘Antigenic and genetic diversity among swine
influenza A HIN1 and HIN2 viruses in Europe, Journal of
General Virology, 83(4), pp. 735-745. doi: 10.1099/0022-1317-
83-4-735.

Mena, I., Nelson, M. l., Quezada-Monroy, F, Dultta,J,,
Cortes-Fernandez, R., Lara-Puente, J. H., Castro-Peralta, F,
Cunha, L. E, Trovéo, N. S., Lozano-Dubernard, B., Rambaut, A.,
Van Bakel, H. and Garcia-Sastre, A. (2016) ‘Origins of the 2009
HIN1 influenza pandemic in swine in Mexico, eLife, 5,
p. e16777. doi: 10.7554/eLife.16777.

Muramoto, Y., Noda, T., Kawakami, E., Akkina, R. and
Kawaoka, Y. (2013) ‘Identification of novel influenza A virus
proteins translated from PA mRNA Journal of Virology, 87(5),
pp. 2455-2462. doi: 10.1128/JV1.02656-12.

Nakajima, K.,  Nakajima, S.,  Shortridge, K.F.  and
Kendal, A. P. (1982) ‘Further genetic evidence for maintenance
of early Hong Kong-like influenza A(H3N2) strains in swine
until 1976, Virology, 116(2), pp. 562-572. doi: 10.1016/0042-
6822(82)90148-9.

Nelli, R. K., Kuchipudi, S. V., White, G. A, Perez,B.B,,
Dunham,S.P. and Chang, K-C. (2010) ‘Comparative
distribution of human and avian type sialic acid influenza
receptors in the pig, BMC Veterinary Research, 6(1), p. 4. doi:
10.1186/1746-6148-6-4.

Nelson, M. 1., Wentworth, D. E., Culhane, M. R, Vincent, A. L.,
Viboud, C., LaPointe, M.P, Lin, X,, Holmes, E.C. and
Detmer, S. E. (2014) ‘Introductions and evolution of human-
origin seasonal influenza A viruses in multinational swine
populations, Journal of Virology, 88(17), pp. 10110-10119. doi:
10.1128/JV1.01080-14.

Nelson, M. I., Stratton, J., Killian, M. L., Janas-
Martindale, A. and Vincent, A.L. (2015a) ‘Continual
reintroduction of human pandemic HIN1 influenza A viruses
into swine in the United States, 2009 to 2014, Journal of
Virology, 89(12), pp. 6218-6226. doi: 10.1128/JV1.00459-15.

Nelson, M. I., Viboud, C., Vincent, A.L., Culhane, M.R.,
Detmer, S. E., Wentworth, D. E., Rambaut, A., Suchard, M. A,
Holmes, E.C. and Lemey, P. (2015b) ‘Global migration of
influenza A viruses in swing, Nature Communications, 6(1),
p. 6696. doi: 10.1038/ncomms7696.

Olsen, C.W. (2002) ‘The emergence of novel swine
influenza viruses in North America, Virus Research, 85(2),
pp. 199-210. doi: 10.1016/S0168-1702(02)00027-8.

Osoro, E. M., Lidechi,S.,, Marwanga, D., Nyaundi, J.,
Mwatondo, A., Muturi, M., Ngang’a, Z. and Njenga, K. (2019)
‘Seroprevalence of influenza A virus in pigs and low risk of
acute respiratory illness among pig workers in Kenya,
Environmental Health and Preventive Medicine, 24(1), p.53.
doi: 10.1186/512199-019-0808-6.

Patriarca, P. A., Kendal, A. P, Zakowski, P.C., Cox, N.J,
Trautman, M. S., Cherry, J. D., Auerbach, D. M., McCusker, J.,
Belltveau, R. R. and Kappus, K. D. (1984) ‘Lack of significant
person-to-person spread of swine influenza-like virus following
fatal infection in an immunocompromised child, American
Journal of Epidemiology, 119(2), pp.152-158. doi: 10.1093/
oxfordjournals.aje.al13733.

Pepin, K. M., Miller,R.S. and Wilber, M. Q. (2021) A
framework for surveillance of emerging pathogens at the
human-animal interface; Pigs and coronaviruses as a case

40

study, Preventive Veterinary Medicine, 188, p.105281. doi:
10.1016/j.prevetmed.2021.105281.

Pickering, B.S.,  Smith, G.,  Pinette, M. M.,  Embury-
Hyatt, C., Moffat, E., Marszal, P and Lewis, C.E. (2021)
‘Susceptibility of domestic swine to experimental infection with
severe acute respiratory syndrome coronavirus 2, Emerging
Infectious Diseases, 27(1), pp.104-112. doi: 10.3201/eid2701.
203399.

Piret,J. and Boivin,G. (2021) ‘Pandemics throughout
history’, Frontiers in Microbiology, 11, p. 631736. doi; 10.3389/
fmich.2020.631736.

Poonsuk, S., Sangthong, P, Petcharat, N. and
Lekcharoensuk, P. (2013) ‘Genesis and genetic constellations of
swine influenza viruses in Thailand, Veterinary Microbiology,
167(3-4), pp. 314-326. doi: 10.1016/j.vetmic.2013.09.007.

Rajao, D. S. and Vincent, A. L. (2015) ‘Swine as a model for
influenza A virus infection and immunity’, ILAR Journal, 56(1),
pp. 44-52. doi: 10.1093/ilar/ilv002.

Rajao, D.S., Vincent, A.L. and Perez,D.R. (2019)
‘Adaptation of human influenza viruses to swine, Frontiers in
Veterinary Science, 5, p. 347. doi: 10.3389/fvets.2018.00347.

Rajao, D. S., Anderson, T. K., Gauger, P. C. and
Vincent, A. L. (2014) ‘Pathogenesis and vaccination of
influenza A virus in swing, in Compans,R.W. and
Oldstone, M. B. A. (eds) Influenza Pathogenesis and Control.
Volume I. Cham: Springer International Publishing (Current
Topics in Microbiology and Immunology, 385), pp. 307-326.
doi: 10.1007/82_2014 391.

Rajao, D.S., Anderson, T. K., Kitikoon, P, Stratton, J.,
Lewis, N. S. and Vincent, A. L. (2018) ‘Antigenic and genetic
evolution of contemporary swine H1 influenza viruses in the
United States, Virology, 518, pp.45-54. doi: 10.1016/j.virol.
2018.02.006.

Reid, A. H. and Taubenberger, J. K. (1999) “The 1918 flu
and other influenza pandemics: “over there” and back again,
Laboratory Investigation; a Journal of Technical Methods and
Pathology, 79(2), pp. 95-101. PMID: 10068198.

Reid, A. H., Fanning, T. G, Hultin, J. V. and
Taubenberger, J. K. (1999) ‘Origin and evolution of the 1918
“Spanish” influenza virus hemagglutinin gene, Proceedings of
the National Academy of Sciences, 96(4), pp. 1651-1656. doi:
10.1073/pnas.96.4.1651.

Reid, S. M., Cox, W.J., Ceeraz, V., Sutton, D., Essen, S.C.,
Howard, W. A., Slomka, M. J,, Irvine, R. M. and Brown, I. H.
(2012) First reported detection of influenza A (HIN1)pdmO09
in turkeys in the United Kingdom, Avian Diseases, 56(4sl),
pp. 1062-1067. doi: 10.1637/10178-041012-Reg.1.

Rota, P. A.,, Rocha, E.P, Harmon, M. W, Hinshaw, V. S.,
Sheerar, M. G., Kawaoka, Y., Cox, N.J. and Smith, T. F. (1989)
‘Laboratory characterization of a swine influenza virus isolated
from a fatal case of human influenza, Journal of Clinical
Micrabiology, 27(6), pp. 1413-1416. doi: 10.1128/jcm.27.6.1413
-1416.1989.

Scholtissek, C., Rohde, W,, Von Hoyningen, V. and Rott, R.
(1978) ‘On the origin of the human influenza virus subtypes
H2N2 and H3NZ2; Virology, 87(1), pp. 13-20. doi: 10.1016/0042
-6822(78)90153-8.

Shao, W,, Li, X, Goraya, M., Wang,S. and Chen,J.-L.
(2017) ‘Evolution of influenza A virus by mutation and re-
assortment, International Journal of Molecular Sciences, 18(8),
p. 1650. doi: 10.3390/ijms18081650.

www.jvmbbs.kharkov.ua


https://doi.org/10.1099/0022-1317-83-4-735
https://doi.org/10.1099/0022-1317-83-4-735
https://doi.org/10.7554/eLife.16777
https://doi.org/10.1128/JVI.02656-12
https://doi.org/10.1016/0042-6822(82)90148-9
https://doi.org/10.1016/0042-6822(82)90148-9
https://doi.org/10.1186/1746-6148-6-4
https://doi.org/10.1128/JVI.01080-14
https://doi.org/10.1128/JVI.00459-15
https://doi.org/10.1038/ncomms7696
https://doi.org/10.1016/S0168-1702(02)00027-8
https://doi.org/10.1186/s12199-019-0808-6
https://doi.org/10.1093/oxfordjournals.aje.a113733
https://doi.org/10.1093/oxfordjournals.aje.a113733
https://doi.org/10.1016/j.prevetmed.2021.105281
https://doi.org/10.3201/eid2701.203399
https://doi.org/10.3201/eid2701.203399
https://doi.org/10.3389/fmicb.2020.631736
https://doi.org/10.3389/fmicb.2020.631736
https://doi.org/10.1016/j.vetmic.2013.09.007
https://doi.org/10.1093/ilar/ilv002
https://doi.org/10.3389/fvets.2018.00347
https://doi.org/10.1007/82_2014_391
https://doi.org/10.1016/j.virol.2018.02.006
https://doi.org/10.1016/j.virol.2018.02.006
https://pubmed.ncbi.nlm.nih.gov/10068198
https://doi.org/10.1073/pnas.96.4.1651
https://doi.org/10.1637/10178-041012-Reg.1
https://doi.org/10.1128/jcm.27.6.1413-1416.1989
https://doi.org/10.1128/jcm.27.6.1413-1416.1989
https://doi.org/10.1016/0042-6822(78)90153-8
https://doi.org/10.1016/0042-6822(78)90153-8
https://doi.org/10.3390/ijms18081650

Journal for Veterinary Medicine, Biotechnology and Biosafety

Volume 9, Issue 3, 2023

Shi, Y, Wu,Y.,, Zhang, W, Qi,J. and Gao, G.F. (2014)
‘Enabling the “host jump”: structural determinants of receptor-
binding specificity in influenza A viruses, Nature Reviews
Microbiology, 12(12), pp. 822-831. doi: 10.1038/nrmicro3362.

Shope, R.E.  (1931) ‘Swine influenza: Ill. Filtration
experiments and etiology, Journal of Experimental Medicine,
54(3), pp. 373-385. doi: 10.1084/jem.54.3.373.

Shortridge, K.F, Cherry,A.and Kendal, A.P. (1979)
‘Further studies of the antigenic properties of H3N2 strains of
influenza A isolated from swine in South East Asia, Journal of
General Virology, 44(1), pp. 251-254. doi: 10.1099/0022-1317-
44-1-251.

Shortridge, K. F,, Webster,R. G., Butterfield, W. K. and
Campbell, C. H. (1977) ‘Persistence of Hong Kong influenza
virus variants in pigs, Science, 196(4297), pp. 1454-1455. doi:
10.1126/science.867041.

Sikkema, R. S., Freidl, G. S., De Bruin, E. and
Koopmans, M. (2016) ‘Weighing serological evidence of
human exposure to animal influenza viruses — a literature
review, Eurosurveillance, 21(44). doi: 10.2807/1560-7917.ES.
2016.21.44.30388.

Simon, G,, Larsen, L. E., Diirrwald, R., Foni, E., Harder, T.,
Van Reeth, K., Markowska-Daniel, I, Reid,S. M., Dan, A,,
Maldonado, J., Huovilainen, A., Billinis, C., Davidson, I.,
Agtiero, M., Vila, T., Hervé,S., Breum,S. @., Chiapponi, C.,
Urbaniak, K., Kyriakis, C. S., ESNIP3 Consortium, Brown, I. H.
and Loeffen, W. (2014) ‘European surveillance network for
influenza in pigs: Surveillance programs, diagnostic tools and
swine influenza virus subtypes identified in 14 European
countries from 2010 to 2013 PLoS One, 9(12), p. €115815. doi:
10.1371/journal.pone.0115815.

Smith, T.F, Burgert, E.O., Dowdle, W.R., Noble, G.R.,
Campbell, R.J. and Van Scoy, R. E. (1976) ‘Isolation of swine
influenza virus from autopsy lung tissue of man, New England
Journal of Medicine, 294(13), pp. 708-710. doi: 10.1056/NEJM
197603252941308.

Suarez, D.L. (2016) ‘Influenza A virus, in Swayne, D. E.
(ed.) Animal Influenza. 2"@ed. Ames, lowa: John Wiley and
Sons, pp. 3-30. doi: 10.1002/9781118924341.ch1.

Taubenberger, J. K., Reid, A. H., Krafft, A. E.,
Bijwaard, K.E. and Fanning, T. G. (1997) ‘Initial genetic
characterization of the 1918 “Spanish” influenza virus, Science,
275(5307), pp. 1793-1796. doi: 10.1126/science.275.5307.1793.

Taylor, A. W, Dawson, E.D., Blair,R.H., Johnson, J. E.,
Slinskey, A.H.,  Smolak, A. W,  Toth,E., Liikanen, K,
Stoughton, R. S., Smith, C., Talbot, S. and Rowlen, K. L. (2019)
‘Analytical evaluation of the microarray-based FluChip-8G
Influenza A+B Assay, Journal of Virological Methods, 273,
p. 113686. doi: 10.1016/j.jviromet.2019.113686.

Top, FE H. and Russell, P. K. (1977) ‘Swine influenza A at
Fort Dix, New Jersey (January-February 1976). I\V. Summary
and speculation, Journal of Infectious Diseases, 136(Suppl3),
pp. S376-S380. doi: 10.1093/infdis/136.Supplement_3.S376.

ISSN 2411-0388 (online) 2411-3174 (print)

Trevennec, K., Cowling, B.J., Peyre, M., Baudon,E.,
Martineau, G.-P. and Roger, F. (2011) ‘Swine influenza
surveillance in East and Southeast Asia; A systematic review,
Animal Health Research Reviews, 12(2), pp.213-223. doi:
10.1017/51466252311000181.

Van Reeth, K., Labarque, G. and Pensaert, M. (2006)
‘Serological profiles after consecutive experimental infections
of pigs with European HIN1, H3N2, and HIN2 swine
influenza viruses, Viral Immunology, 19(3), pp. 373-382. doi:
10.1089/vim.2006.19.373.

Vincent, A.L, Ma, W, Lager,K. M., Janke,B.H. and
Richt, J. A. (2008) ‘Chapter 3 Swine influenza viruses: A North
American perspective, Advances in Virus Research, 72,
pp. 127-154. doi: 10.1016/S0065-3527(08)00403- X.

Wiardeh, M., Baylis, M. and Blagrove, M.S.C. (2021)
‘Predicting mammalian hosts in which novel coronaviruses can
be generated, Nature Communications, 12(1), p.780. doi:
10.1038/s41467-021-21034-5.

Webby, R.J., Rossow, K., Erickson, G., Sims,Y. and
Webster, R. (2004) ‘Multiple lineages of antigenically and
genetically diverse influenza A virus co-circulate in the United
States swine population, Virus Research, 103(1-2), pp. 67-73.
doi: 10.1016/j.virusres.2004.02.015.

Webster, R. G. (1999) ‘1918 Spanish influenza: The secrets
remain elusive;, Proceedings of the National Academy of Sciences,
96(4), pp. 1164-1166. doi: 10.1073/pnas.96.4.1164.

Wentworth, D. E., Thompson, B. L., Xu, X., Regnery, H. L.,
Cooley, A.J., McGregor, M. W, Cox, N.J. and Hinshaw, V.S.
(1994) An influenza A (H1N1) virus, closely related to swine
influenza virus, responsible for a fatal case of human influenza,
Journal of Virology, 68(4), pp. 2051-2058. doi: 10.1128/jvi.68.4.
2051-2058.1994.

Wentworth, D.E.,  McGregor, M. W, Macklin, M. D.,
Neumann, V. and Hinshaw, V. S. (1997) ‘Transmission of swine
influenza virus to humans after exposure to experimentally
infected pigs, Journal of Infectious Diseases, 175(1), pp. 7-15.
doi: 10.1093/infdis/175.1.7.

Yamayoshi, S., Watanabe, M., Goto, H. and Kawaoka, Y.
(2016) ‘Identification of a novel viral protein expressed from
the PB2 segment of influenza A virus, Journal of Virology,
90(1), pp. 444-456. doi: 10.1128/JV1.02175-15.

Yang, J-R., Kuo,C.-Y,, Yu,l.-L., Kung,E-Y., Wu, E-T,
Lin,J-S. and Liu, M.-T. (2022) ‘Human infection with a
reassortant swine-origin influenza A(H1IN2)v virus in Taiwan,
2021, Virology Journal, 19(1), p. 63. doi: 10.1186/512985-022-
01794-2.

Zell,R., Scholtissek, C. and Ludwig, S. (2012) ‘Genetics,
evolution, and the zoonotic capacity of European swine
influenza viruses, in Richt, J. A. and Webby, R.J. (eds) Swine
Influenza. Berlin, Heidelberg: Springer Berlin Heidelberg
(Current Topics in Microbiology and Immunology, 370),
pp. 29-55. doi: 10.1007/82_2012_267.

41


https://doi.org/10.1038/nrmicro3362
https://doi.org/10.1084/jem.54.3.373
https://doi.org/10.1099/0022-1317-44-1-251
https://doi.org/10.1099/0022-1317-44-1-251
https://doi.org/10.1126/science.867041
https://doi.org/10.2807/1560-7917.ES.2016.21.44.30388
https://doi.org/10.2807/1560-7917.ES.2016.21.44.30388
https://doi.org/10.1371/journal.pone.0115815
https://doi.org/10.1056/NEJM197603252941308
https://doi.org/10.1056/NEJM197603252941308
https://doi.org/10.1002/9781118924341.ch1
https://doi.org/10.1126/science.275.5307.1793
https://doi.org/10.1016/j.jviromet.2019.113686
https://doi.org/10.1093/infdis/136.Supplement_3.S376
https://doi.org/10.1017/S1466252311000181
https://doi.org/10.1089/vim.2006.19.373
https://doi.org/10.1016/S0065-3527(08)00403-X
https://doi.org/10.1038/s41467-021-21034-5
https://doi.org/10.1016/j.virusres.2004.02.015
https://doi.org/10.1073/pnas.96.4.1164
https://doi.org/10.1128/jvi.68.4.2051-2058.1994
https://doi.org/10.1128/jvi.68.4.2051-2058.1994
https://doi.org/10.1093/infdis/175.1.7
https://doi.org/10.1128/JVI.02175-15
https://doi.org/10.1186/s12985-022-01794-2
https://doi.org/10.1186/s12985-022-01794-2
https://doi.org/10.1007/82_2012_267

