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A b s t r a c t  
 

Swine influenza is a highly contagious acute disease characterized by pronounced fever, gen-
eral weakness, and disorders of the respiratory system. Swine influenza virus can cause disease in 
humans and, on the contrary, swine may be infected by human influenza virus. In the pig’s organ-
ism, simultaneously infected with viruses of different origin, genetic reassortment takes place with the 
risk of occurrence of new dangerous highly pathogenic strains. The study of influenza viruses circu-
lating in the pig population therefore plays an important role in preventing the development of dan-
gerous outbreaks of the disease and planning preventive measures. In this work we studied the char-
acteristics of the newly isolated strains of swine influenza virus which are epizootically relevant in the 
specified region at the present time. Our purpose was to identify the biological and antigenic charac-
teristics of strains of swine influenza A/H1N1virus, circulating in the North Kazakhstan oblast of the 
Republic of Kazakhstan in 2018. Influenza A/H1N1 virus strains were studied including those isolat-
ed from pigs in pig farms of the North Kazakhstan oblast, the A/swine/Petropavlovsk/01/18, 
A/swine/Petropavlovsk/02/18, and A/swine/Petropavlovsk/03/18, and also the reference strains 
A/swine/Iowa/15/30, A/swine/USA/1976/31, and A/California/04/09 pdm. The strains were cloned 
in 10-day-old developing chicken embryo systems. The antigenic properties of surface glycoproteins 
of the strains were examined by cross-reactivity hemagglutination inhibition assay with rabbit im-
mune sera. Infectivity was determined in chicken embryos (CE) and MDCK cell culture. The ad-
sorption properties were studied on formalinized chicken red blood cells under constant stirring at 
4С for 18 hours. Elution from red blood cells was determined after 30, 60, 120, 180, and 240 min in 
buffered saline at 37С. The heat sensitivity of hemagglutinin was assessed by the ability to agglu-
tinate red blood cells after heating at 56 С for 5, 10, 15, 30, and 60 minutes. The hemagglutinating 
activity of strains was assayed using 0.75% suspensions of chicken, guinea pig, ram, horse erythro-
cytes, and blood group I(0) erythrocytes of human. The susceptibility of isolates to nonspecific inhib-
itors was determined in the hemagglutination inhibition assay with native and heated (30 min at 62 
С and 10 min at 100 С) blood sera of guinea pig, chicken, and rabbit. The susceptibility of virus 
strains to different concentrations of antiviral drugs was evaluated by the level of reproductive sup-
pression of lg 100 EID50/0.2 ml of virus in CE. The antigenic relationship of the examined variations 
of influenza A/H1N1 virus between each other and with the reference strains A/swine/USA/1976/31 
and A/swine/Iowa/15/30 was revealed as well as their difference from the strain А/California/04/09 
pdm. The studied strains in high titers agglutinated all types of red blood cells taken in the experi-
ment. The infectious activity of swine influenza virus strains ranged within 6.5-7.9 lg EID50/0.2 ml in 
chicken embryos, and 3.5-4.3 lg TCD50/0.2 ml in MDCK cell culture. After heating at 56 С, all 
strains agglutinated chicken erythrocytes in high titers (log2 = 6.3±0.6-9.6±0.8) and were characterized 
as thermostable. The isolated strains possessed good adsorption ability against chicken erythrocytes 
(90-100 %) and eluted from them after 30-60 min incubation at 37 С. The strains revealed inhibito-
ry resistance with native nonspecific sera and were suppressed by inhibitors of the heated sers only. 
The studied strains proved to be susceptible to Tamiflu and Remantadine (the inhibitory concentra-
tions were 5.6-6.6 and 3.7-12.7 μg/ml, respectively). Viruses exhibited resistance to the drugs Arbidol 
and Ingavirin. Thus, the study revealed similarity of isolated and reference A/H1N1 strains in ther-
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mostability of the hemagglutinin, adsorption rate and susceptibility to antiviral drugs, as well as dif-
ferences in infectious activity and the rate of elution from chicken red blood cells. 

 

Keywords: swine influenza virus, A/H1N1, strain, isolate, antigen, hemagglutinin, infectivi-
ty, thermostability, resistance, drug susceptibility 

 

Influenza A viruses are unique infectious agents in humans, as well as in 
other mammals and birds [1, 2]. Interspecific transmission of influenza A/H1N1 
viruses in humans and animals is important for studying the evolution, ecology 
and epidemiology of the pathogen. Theoretically, influenza A virus transmission 
is possible between birds of the near-water complex and other marine inhabit-
ants, birds and pigs, seals and humans, pigs and humans [3, 4]. 

In pigs infected by influenza virus clinical signs often do not appear, and 
the mortality rate does not exceed 1-4%. In temperate climates, animals can be 
infected by influenza virus year-round, but in cold weather the probability of 
infection increases [5)]. 

Swine flu virus has been found in many countries with developed live-
stock farming, including Kazakhstan [6-9]. Currently, three subtypes of influenza 
A virus have been identified in pig populations: H1N1, H3N2, H1N2. Antigeni-
cally different bird H1N1 variation has been isolated in pigs since 1979. The 
most common is A/H1N1, antibodies to which were detected in pigs in all 
countries of the world [10]. Strains of the influenza virus with the antigenic for-
mula A/H3N2, which became the result of interspecific transmission of the virus 
from humans to pigs, were first discovered in 1970. The A/H1N2 strains, result-
ing from reassortment of swine, human, and bird flu viruses, were isolated from 
pigs in 1994 and now continue to circulate [11].  

Pigs can be infected with human and bird flu viruses. Under simultane-
ous infection with these two viruses, genetic material is exchanged between 
strains of various origins; as a result, newly emerged virions acquire the ability to 
be transmitted from person to person with the likelihood of pandemic [12]. 

Monitoring of the virus spread, understanding etiology of the disease, 
and a comprehensive description of the infectious agent are important to prevent 
possible epizootics. Determination of biological and antigenic features of circu-
lating viruses allows us to identify the main parameters of variability, phylogenet-
ic relationships of strains that were previously discovered and constantly appear-
ing in different countries and regions. Information on epidemiologically relevant 
strains makes it possible to understand the origins of current and future epidem-
ics and to find the most accurate means and methods for preventing influenza, 
as well as a treatment strategy  

In this work, giving characterization of biological properties of influenza 
A/H1N1 strains isolated in a pig population in Northern Kazakhstan, we first 
established a higher degree of similarity of these strains with the classic A/H1N1 
swine influenza virus (A/Swine/USA/1976/31 and A/Swine/Iowa/15/30) than 
with related to A/California/4/09 pdm strains which are currently circulating in 
the human population. In addition, the sensitivity of isolated strains to anti-
influenza drugs of the adamantane series (Rimantadine) and neuraminidase inhibi-
tors (Tamiflu®), as well as resistance to Arbidol® and Ingavirin®, were found. 

Our goal was to identify the biological and antigenic features of strains of 
swine influenza virus A/H1N1, circulated in the North Kazakhstan region of the 
Republic of Kazakhstan in 2018.  

Materials and methods. Influenza A/H1N1 virus isolates from samples collect-
ed in 2018 in pig farms in the North Kazakhstan region (A/pig/Petropavlovsk/01/18, 
A/pig/Petropavlovsk/02/18 and A/pig/Petropavlovsk/03/18), as well as reference 
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strains A/Swine/Iowa/15/30, A/Swine/USA/1976/31 and A/California/04/09 pdm 
(collection of the Laboratory of Virus Biochemistry, Research and Production 
Center for Microbiology and Virology) were investigated. Viruses were cultivated 
in 10-day-old developing chicken embryos (CE) with inoculation of viral mate-
rial into the chorioallantoic cavity. The collected allantoic fluid was centrifuged 
at 24,000 rpm for 180 min at + 4 С. Further purification and concentration of 
viruses was carried out in a sucrose density gradient (a Beckman centrifuge, 
Beckman Coulter, USA; Ti 45 rotor, 37,000 rpm, 90 min, + 4 С) [13]. 

Antigenic properties of viral glycoproteins were studied by a cross-
reactivity in hemagglutination inhibition assay (HIA) as per the recommenda-
tions of the World Health Organization [14] with rabbit immune sera [15]. Spe-
cific hyperimmune rabbit sera were obtained by 3-fold immunization of chin-
chilla rabbits weighing 2.5-3 kg. The concentrated virus was injected subcutane-
ously, 150 μg per animal with a 21-day interval. The specific activity of the ob-
tained hyperimmune rabbit serum was determined in HIA with a set of antigens 
for the diagnosis of influenza viruses (LLC PDPP, St. Petersburg, Russia) with 
antigenic formulas A/H1N1, A/H3N2 and type B.  

Virus infectivity of the isolated strains was determined on 10-day CE and 
in an MDCK cell culture (continuous line of Madin-Darby canine kidney epithe-
lial cells, ATCC Catalog of cell lines & hybridomas, 7th edn. Rockville, MD, 
1992) according to L. Reed and H. Muench [16] by the assessment of embryonic 
infectious dose and tissue cytopathogenic dose and expressed in lg EID50/0.2 ml 
and lg TCD50/0.2 ml, respectively. 

The adsorption properties were investigated on 50% formalized chicken 
erythrocytes for 18 h at 4 С with constant stirring. Formalized chicken erythro-
cytes were obtained by treating pre-washed chicken erythrocytes with a 40% 
formaldehyde solution (1:1). After erythrocyte contact with formalin for 6 days 
with periodic resuspension, formalin was removed by repeated washing with ster-
ile saline followed by centrifugation at 3000 rpm (Rotanta 460, Hettich, Germa-
ny). Elution from red blood cells at 37 С was evaluated in buffered saline after 
30, 60, 120, 180, and 240 min. The heat sensitivity of hemagglutinin (HA) was 
assessed by the ability of viruses to agglutinate red blood cells after heating at 
56 С for 5, 10, 15, 30, and 60 min [17]. Viral hemagglutinating activity was 
assayed with 0.75% suspensions of erythrocytes of chicken, guinea pig, ram, 
horse and human with I(0) blood group in hemagglutination tests (HT) [18]. 
Red blood cells were washed thrice in a sterile buffered physiological solution by 
sedimentation for 10 min at 1500 rpm (CM-6M, Elmi, Latvia). A 0.75% suspen-
sion was prepared from the precipitate of washed red blood cells. 

Sensitivity of the isolates to nonspecific inhibitors was assayed in HIA 
with guinea pig, chicken and rabbit sera (native and warmed 30 min at 62 С 
and 10 min at 100 С).  

The sensitivity of the isolates to different concentrations of antiviral 
drugs was evaluated by suppression of viral reproduction in CE (100 EID50/0.2 
ml). Remantadine (100 mg/capsule, JSC Olainfarm, Latvia), Tamiflu® (75 
mg/capsule, Cenexi SAS, France, packed by F. Hoffmann-La Roche AG, Swit-
zerland), Arbidol® (100 mg/capsule, umifenovir hydrochloride monohydrate ex-
pressed as umifenovir hydrochloride, Pharmstandard-Leksredstva OJSC, Russia); 
Ingavirin® (90 mg/capsule, imidazolyl ethanamide pentandioic acid — vitag-
lutam, Valenta Pharmaceuticals OJSC, Russia). Drugs were dissolved in a phos-
phate-buffered solution (50 mg/ml), the resultant solutions were used as initial 
ones. The dose that suppresses 2 times the titer of the virus in HT as compared 
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to control was deemed an inhibitory concentration (IC50) [19]. 
The results were statistically processed using Microsoft Office Excel 2010 

software. For all series of results, the geometric mean inverse binary logarithms 
of hemagglutination titers (geometric mean titer, GMT) were found and their 
standard deviations (±SD) were calculated.  

 Results. To study the antigenic relationships of the isolated strains, viral 
preparations obtained in CE after purification were concentrated in a 2.0-2.7 ml 
phosphate-buffer solution. The protein content in the samples was 0.336-0.683 
mg/ml, the hemagglutinating activity was 256000-512000 HAU/ml. When rab-
bits were immunized with purified virus-containing suspensions (150 μg protein 
per animal), hyperimmune polyclonal sera were obtained. For further work, the 
serum was diluted (1:10) and warmed up according to the standard procedure at 
56 С for 30 min to inactivate the heat-labile proteins of the complement sys-
tem. The titers of specific antibodies of the obtained sera in HIA with homolo-
gous strains were 1:320 and 1:5120 

Immune rabbit sera to Kazakhstan strains of swine influenza virus in ti-
ters 1:160 inhibited the hemagglutinating activity of influenza virus A/H1N1. 
Serum did not interact with heterologous A/H3N2 and type B viruses.  

1. Cross-reaction of inhibition of hemagglutination (HIA) of the reference strains of 
swine influenza virus A/H1N1 and isolates form pig farms of Northern Kazakh-
stan (2018)   

Isolate, strain  
Antiserum to viruses 

1 2 3 4 5 6 
A/swine/Petropavlovsk/01/18  320 160 2560 1280 320 40 
A/swine/Petropavlovsk/02/18 160 320 2560 1280 160 40 
A/swine/Petropavlovsk/03/18 160 160 2560 1280 160 40 
A/Swine/USA/1976/31 80 160 1280 640 640 20 
A/Swine/Iowa/15/30 320 80 2560 640 640 40 
A/California/04/09 pdm 20 40 20 20 40 160 
N o t е. Inverse titers of anti-hemagglutinins are presented. 1 — A/pig/Petropavlovsk/01/18, 2 — A/pig/Petro-
pavlovsk/02/18, 3 — A/pig/Petropavlovsk/03/18, 4 — A/pig/Petropavlovsk/, 5 — A/Swine/Iowa/15/30, 6 — 
А/California/04/09 pdm. 

 

The isolated strains A/swine/Petropavlovsk/01/18, A/swine/Petropav-
lovsk/02/18, and A/swine/Petropavlovsk/03/18 interacted with immune sera to 
the reference viruses A/Swine/USA/1976/31 (H1N1) and A/Swine/Iowa/15/30 
(H1N1) in high titers (Table 1), while with the antiserum to the drift varia-
tion A/California/04/09 (H1N1) pdm they reacted in lower titers. According 
to the antigenic structure of HA, the studied strains did not differ significantly 
from each other. We revealed the antigenic relationship of influenza 
A(H1N1) virus isolates from pigs among the isolates themselves and with refer-
ence strains A/H1N1 (A/Swine/USA/1976/31 and A/Swine/Iowa /15/30), and 
also their difference from strain A/California/04/09 pdm. 

The infectious activity of the isolates varied within 6.5-7.9 lg EID50/0.2 ml 
on CE, and within 3.5-4.3 lg TCD50/0.2 ml on MDCK cell culture. Thence, the 
isolates were slightly inferior to the reference strains A/Swine/Iowa/15/30 and 
A/Swine/USA/1976/31 with 8.7 and 8.0 lg EID50/0.2 ml and 5.2 and 5.1 lg 
TCD50/0.2 ml, respectively (Table 2). Strain A/swine/Petropavlovsk/01/18 in its 
infectious activity was close to the reference strain A/California/04/09 pdm.  

As to heat sensitivity of HA, the tested isolates of the swine influenza vi-
rus, similar to reference strains, were assigned to thermostable, since they re-
tained the ability to agglutinate chicken erythrocytes in high titers (log2 from 
6.3±0.6 to 9.6±0.8) after heating at 56 С for 60 min (see Table 2). It was estab-
lished that all the studied strains can well adsorb chicken erythrocytes (90-
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100%); their elution occurred within 30-60 min of incubation at 37 С. 

2. Biological properties of swine influenza virus A/H1N1 isolates from pig farms of 
Northern Kazakhstan (2018)    

Isolate, strain  
IA  HT 

Ad  El  
1 2 3 4 

A/swine/Petropavlovsk/01/18 6.5 3.5 9.7±0.2 9.6±0.8 90 1.0 
A/swine/Petropavlovsk/02/18 7.8 4.3 9.6±0.4 9.6±0.8 100 1.0 
A/swine/Petropavlovsk/03/18 7.9 4.3 9.7±0.6 9.3±0.9 100 0.5 
A/Swine/USA/1976/31 8.8 5.2 9.7±0.6 6.3±0.6 100 1.0 
A/Swine/Iowa/15/30 8.0 5.2 8.7±0.6 6.6±0.6 90 0.5 
A/California/04/09 pdm 6.0 3.8 8.7±0.6 6.6±0.6 100 1.0 
N o t е. IA — infectious activity: 1 — for chicken embryo, lg EID50/0.2 ml, 2 — for MDCK cells, lg TCD50/0.2 
ml; HT — hemagglutinin thermal stability (GMT±SD): 3 — intact viral preparation, 4 — viral preparation heated 
at 56 С for 60 min; Ad — adsorption on chicken erythrocytes, %; El — time of elution from chicken erythrocytes 
at 37 С, hours. 

 

The isolates, as well as the reference strains A/Swine/Iowa/15/30 and 
A/Swine/USA/1976/31, activated all types of red blood cells in high titers (Table 3). 

3. Hemagglutinating activity of swine influenza virus A/H1N1 reference strains and 
isolates from pig farms of Northern Kazakhstan (GMT±SD, 2018) 

Isolate, strain Chicken Guinea pig Sheep Horse Human I(0) 
A/swine/Petropavlovsk/01/18 9.5±0.4 10.1±0.2 10.0±0.0 9.6±0.4 10.4±0.2 
A/swine/Petropavlovsk/02/18 9.6±0.3 10.5±0.4 10.0±0.0 9.7±0.2 10.4±0.2 
A/swine/Petropavlovsk/03/18 9.5±0.4 10.5±0.4 10.0±0.0 9.5±0.4 10.3±0.0 
A/Swine/USA/1976/31 9.7±0.6 12.0±0.0 9.5±1.4 8.7±0.3 9.6±1.5 
A/Swine/Iowa/15/30 8.7±0.6 11.0±0.0 8.2±1.6 9.7±0.4 9.3±1.2 
A/California/04/09 pdm 8.7±0.6 9.3±0.6 6.6±0.6 1.0±0.0 8.0±0.0 

N o t е. Geometrical mean binary logarithm for reverse hemagglutinin titers (GMT) are presented. 
 

In all tested isolates, hemagglutinating activity was not suppressed by 
nonspecific tested native sera (Table 4). However, heating of the sera contribut-
ed to an increase in their inhibitory activity. Inhibitor titers increased in sera 
heated for 30 min at 62 С, and even more when boiling for 10 min at 100 С. 

4. Sensitivity of swine influenza virus A/H1N1 isolates from pig farms of Northern 
Kazakhstan (2018) to different nonspecific inhibitors  

Isolate, strain 
Serum  

guinea pig chicken rabbit  
1 2 3 1 2 3 1 2 3 

A/swine/Petropavlovsk/01/18 < 20 20 160 < 20 40 80 < 20 20 20 
A/swine/Petropavlovsk/02/18 < 20 40 80 < 20 80 80 < 20 80 160 
A/swine/Petropavlovsk/03/18 < 20 40 80 < 20 160 160 < 20 80 160 
A/Swine/USA/1976/31 < 20 40 80 < 20 < 20 40 < 20 80 160 
A/Swine/Iowa/15/30 < 20 80 80 < 20 < 20 40 < 20 40 160 

A/California/04/09 pdm < 20 40 80 < 20 < 20 40 < 20 80 80 

N o t е. 1 — intact serum, 2 — serum heated for 30 min at 62 С, 3 — serum boiled for 10 min at 100 С. Inverse 
titers of nonspecific inhibitors are presented.  

 

A preliminary study on CE did not reveal the embryotoxic effect of the 
used antiviral drugs in all the doses studied (20, 21). 

5. Sensitivity of swine influenza virus A/H1N1 isolates from pig farms of Northern 
Kazakhstan (2018) to different to antiviral drugs (GMT±SD) 

Isolate, strain 
Inhibiting concentration, μg/ml 

Tamiflu® Remantadine Arbidol® Ingavirin® 
A/swine/Petropavlovsk/01/18 6.6±0.1 6.9±0.0 No inhibition No inhibition 
A/swine/Petropavlovsk/02/18 5.6±2.0 12.7±0.1 No inhibition No inhibition 
A/swine/Petropavlovsk/03/18 5.7±1.7 3.7±0.2 No inhibition No inhibition 
A/Swine/USA/1976/31 6.5±0.1 6.7±0.2 No inhibition No inhibition 
A/Swine/Iowa/15/30 6.6±0.6 7.0±0.1 No inhibition No inhibition 
A/California/04/09 pdm 3.5±0.0 No inhibition No inhibition No inhibition 
N o t е. The concentration causing a 2-fold decrease in virus reproduction in chicken embryos is indicated. 
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The studied isolates of A/H1N1 virus and the reference strains were sen-
sitive to Tamiflu® and Remantadine (Table 5). The inhibitory concentration was 
5.6-6.6 and 3.7-12.7 μg/ml, respectively. Also, the isolates, as well as the refer-
ence strains, turned out to be resistant to Arbidol® and Ingavirin® which did not 
inhibit viral reproduction even in high concentrations (50 μg/ml). 

To summarize, it should be noted that a comparison of the swine influ-
enza viruses isolated in the Republic of Kazakhstan in 2018 and in 2010-2016 
[9, 22] revealed similarities in the main biological characteristics that allows us 
to assign these isolates into a single rather homogeneous group. However, the 
isolates show slight antigenic heterogeneity that indicates a prolonged circulation 
of antigenically homogeneous swine flu virus strains among pigs. There is also a 
greater similarity of the isolates with the reference strains of swine influenza virus 
(A/Swine/USA/1976/31 and A/Swine/Iowa/15/30) than with A/H1N1 strains 
which have been circulating in the human population since 2009 and are genet-
ically related to A/California/04/09 pdm. The susceptibility to avian and human 
influenza A viruses, detected in pigs, allows us to refer them as intermediate 
hosts which provide a reassortment between the genes of influenza viruses of 
various origins. This can lead to the emergence of new antigenic variations of 
the influenza virus with epidemic potential [23]. The degree of pathogenicity and 
epidemic activity is not the same for different influenza viruses and depends both 
on their molecular biology and ecological features. Comparison of cross-
reactivity of influenza viruses by HIA discloses the nature of their serological 
relations which may reflect small antigenic differences in hemagglutinin between 
similar strains and/or indicate differences between groups of strains [24, 25]. 

Thus, the isolates of swine influenza virus of 2018 from pigs in Northern 
Kazakhstan are antigenically similar to each other, to the strains that circulated 
earlier in the pig population in the Republic of Kazakhstan, and to classical 
standards of swine flu virus, but different from strains circulating in the human 
population. The isolates of 2018 are similar to each other and to reference 
strains in thermostability of hemagglutinin and the rate of adsorption on 
chicken erythrocytes, but they differ in the rate of elution from red blood 
cells, sensitivity to antiviral drugs, and also in infectious activity. Two strains, 
the A/swine/Petropavlovsk/02/18 and A/swine/Petropavlovsk/03/18, are similar 
to the reference strains A/Swine/Iowa/15/30 and A/Swine/USA/1976/31 in in-
fectivity, while strain A/swine/Petropavlovsk/01/18 shows similarities with the 
reference strain A/California 04/09 pdm. The tested isolates are sensitive to anti-
viral drugs Tamiflu® and Remantadine and resistant to Arbidol® and Ingavirin®. 
Data on the antigenic and biological properties of animal influenza viruses reveal 
the patterns of their circulation and the development of infection, which is nec-
essary to predict an epidemic situation and an appropriate strategy and tactics 
for preventive and anti-epidemic measures. Identification of emerging variations 
of the influenza viruses in populations of susceptible animal species, especially 
pigs, is extremely important, therefore, we plan to continue monitoring studies. 
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