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SUMMARY

Data on tests of chickens for theirimmune responses to infection with low pathogenic A/HIN2 avian influenza virus isolates belonging to Y-280 and G1 genetic lines
are presented in the paper. (D4*/(D8" ratios were determined with flow cytometry for initial immune status examination and for detection of apparent immune
system disorders. Quantitative analysis of peripheral blood lymphocyte subpopulations in chickens revealed changes characteristic of the immune suppression.
Analysis of dynamics of T- and B-lymphocyte levels in blood of the infected chickens revealed decrease in relative T-lymphocyte counts and increase in relative
B-lymphocyte counts. T-lymphocyte subpopulation composition expressed as (D4*/CD8* ratio (%) changed after the infection: (D4* cell proportion was found to
decrease whereas (D8* cell proportion increased. According to literature data, immune response activated by vaccination induces the reverse dynamics towards
to increase in (D4*/CD8" ratio. Both cell-mediated immunity and humoral immunity play role in development of the immune response in chickens infected with
avian influenza viruses. Apparent humoral immune response was detected by serological tests of sera taken from chickens on day 14 after infection. Mean specific
anti-A/HIN2 AIV antibody titre in all groups of test chickens infected with low pathogenic avian influenza virus isolates was higher than 6 log,. High level of specific
antibodies to avian influenza virus was indicative of postvaccinal humoral immune response development.
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PE3IOME

[TpeacTaBneHbl AaHHble NO U3yyeHINo NapamMeTpOB UMMYHHOIO 0TBETa LbINAAT Nocne MHGULMPOBAHUA U30NATAMIU HU3KONATOrEHHOrO BIpYCa rpunna nTuy
nogruna A/HIN2, oTHocAwmMuCA K reHeTnyeckim Anknam Y-280 n G1. [1nd nepBuyHoro nccnefoBaHnA MMMYHHOTO CTaTyca U BbIABAEHUA BbIPAXKeEHHbIX Ha-
pyLUEHMil MMYHHOIA CucTeMbl b1 onpeenetbl cooTHowweHna (D4*/CD8* kneTok MeToAOM NPOTOYHOI LUTOGAYopUMETPUM. B pesynbTate KOAUYECTBEHHOTO
aHanu3a cybnonynaumit iMQoLmToB nepudepuueckoii KpoBY LbINAAT 06HaPYKeHO HannuKe U3MeHeHW, XapaKTepHbIX AN UMMYHHOI cynpeccun. Mpu u3yyeHin
ANHAMUKI YPOBHSA T- 1 B-iuMQOLUTOB B KPOBYU MHOULMPOBAHHBIX LbIMIAT YCTAHOBAEHO CHIKEHUE OTHOCUTENBHOTO KonuyecTBa T-TMMQGOLUTOB 1 yBennye-
HUe OTHOCUTENIbHOTO KonuyecTBa B-numdountos B kposu. Mocne MHGMLMPOBaHNA U3MeHeHUe CybnonynALMOHHOMO cocTaBa T-TMMQOLUTOB B MPOLIEHTHOM
cootHowweHun (D4*/CD8* KneTok 0TMeYeHo B CTOPOHY yMeHbLueHnA npoueHTa (D4* kneTok u yBenuyeHna npouenta (D8* knetok. CornacHo nuTepaTypHbIM
[AaHHbIM, NPV UMMYHU3ALNI BaKUMHHBIMU NPenapaTamMin akTUBaLmMA UMMYHHOTO 0TBETa NPUBOANT K 00paTHOI! ANHAMIKe B CTOPOHY yBeNYeHNA OTHOLLEHNA
(D4*/CD8* kneToK. B popmupoBaHum UMMYHHOTO 0TBETA Y LIbINAAT NOCAEe MHGULMPOBAHKA BUPYCaMU FPUANA NTUL, UTPaeT pofib He TONbKO KNeTOYHO-0MoC-
penoBaHHbIi, HO ¥ ryMopanbHbIii UMMYHUTET. B pe3ynbTate ceponornyeckinx UCcnef0BaHMil CbIBOPOTOK KPOBM LbIMAAT Nocnie MHGULUMpoBaHua Ha 14-e cyT
YCTaHOBMEH BbIpPaKeHHbIil ryMopanbHblii IMMYyHHbIi 0TBeT. CpeAHUiA TUTP CneLMuueckux aHTUTen K BUpycy rpunna ntiay noatuna A/HIN2 Bo Bcex rpynnax
UbINAAT, 3aPAXKEHHbIX U301ATaMU HU3KOMATOTeHHOO BUPYCa rpunna nTuL, 6bin Bbile 6 10g,. Bbicokuit ypoBeb cneunduyeckux aHTuTes K Bupycy rpunna nruy
MoKa3an passuTie NOCTUHGEKLIMOHHOMO FyMOPaNbHOTO UMMYHHOTO 0TBETa.

Kniouesbie cnoa: Bupyc rpunna ntu, HIN2, T-knetkn
bnaropapHocTy: Pabota BbinonHeHa 3a cuet cpeacTs OIBY «BHUWU3X» B pamkax TemaTuky HayuHo-uccneoBaTenbekux pabot «BetepuHapHoe 6narononyune.
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INTRODUCTION

Low pathogenic A/HIN2 avian influenza virus is a RNA
virus belonging to Orthomyxoviridae family, Alphainfluenza-
virus genus, Influenza A virus species [1]. The virus was re-
ported for the first time in birds in Wisconsin State, USA, in
1966 [2, 3]. Since then, the low-pathogenic A/HIN2 avian
influenza virus has become widespread worldwide, espe-
cially in Asia and the Middle East [4-6]. In mainland China,
A/HON2 influenza virus was first isolated in 1994 and has
become the most common subtype of avian influenza vi-
rus in poultry [4, 7].

This virus is responsible for development of clinically
pronounced disease in case of concurrent infection with
opportunistic viral and bacterial pathogens and poses
a constant threat to poultry industry [8-11]. Economic
losses are resulted from the following: increased mortali-
ty in young birds, decrease in egg and meat production in
poultry establishments.

Preventive immunization against A/HON2 avian influ-
enza aimed at reducing economic losses is used by many
countries (China, Pakistan, Iran, Israel, South Korea, etc.)
for this disease control [2, 12-15]. In the Russian Feder-
ation, programmes for health status improvement and
infection eradication can include preventive immuni-
zation with inactivated vaccines due to A/HIN2 Al virus
circulation [16].

Vaccination induces both humoral and cell immunity.
Cell mechanisms play the major role in immune response
to viruses. T-lymphocytes are the main cells of acquired
anti-virus immunity. Among them, CD8* T-lymphocytes

recognize foreign viral antigens associated with class |
histocompatibility molecules and kill cells infected with
viruses. CD4* T-lymphocytes (T-helper cells) recognize
viral antigens located on antigen-presenting cells associ-
ated with class Il histocompatibility molecules and act as
assistants in the synthesis of specific antiviral antibodies
by B-lymphocytes [17]. Antigen-recognizing CD8* T-lym-
phocytes play a critical role in specific cell-mediated re-
sponse [18, 19]. Increase in relative CD8* T-cell count was
observed in chickens infected with A/H7N9 and A/HIN2
Al viruses and these cells were demonstrated to confer an-
tivirus protection [20, 21]. However, according to literature
data, immunization of chickens against A/H9N2 Al virus
was found to result in increase in relative CD4* T-cell count
and decrease in CD8* T-cell count [21, 22]. CD4*/CD8* ratio
of T-cells are determined for initial immune status exami-
nation and for apparent immune system disorder detec-
tion. According to the published data, CD4*/CD8* ratio
markedly increased after immunization and apparently
decreased after infection that supposed immunity en-
hancement afterimmunization and immunity suppression
after infection [23-26]. CD8* T-cell deficiency could be a
reason for insufficient anti-virus immune response after
poultry vaccination and infection of poultry in vaccinated
flocks in China.

Itis alsoimportant to study humoral response since low
pathogenic Al virus is able to induce immune suppression
in case of co-infection with other pathogens. Various infec-
tious diseases become more severe when the immunity
is suppressed.
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Thus, a comprehensive study of the immune re-
sponse features in chickens experimentally infected with
low-pathogenic A/HIN2 avian influenza virus is of consid-
erable interest.

MATERIALS AND METHODS

Virus. Low pathogenic A/HIN2 avian influenza virus
isolates belonging to Y-280 genetic line (A/chicken/Tad-
jikistan/2379/2018, A/chicken/Primorsk/419/2018) and G1
genetic line (A/chicken/Chelyabinsk/30/2019) recovered
and identified in the FGBI “ARRIAH" Reference Laboratory
for Avian Viral Diseases were used for infection during the
experiment.

Virus isolation was carried out in 10 day-old specific
pathogen free (SPF) chicken embryonated eggs. 10-20%
suspension was prepared from the biological material with

phosphate buffered solution (pH 7.2-7.4) and injected into
allantoic cavity of chicken embryonated eggs, 0.2 cm? per
egg. Extraembryonic fluid was collected from the chicken
embryonated eggs with embryos dead 24 or more hours
of incubation for further examinations. Extraembryonic
fluid with infectivity of 10° EID, /cm® and hemagglutina-
tion titre of 9 log, was used for infection of chickens.
Experiment in animals. Egg cross 30 day-old chickens

without antibodies to avian influenza virus obtained from
infectious disease-free holdings were used for the experi-
ment. Chickens were divided into three groups, 5 chickens
per group, and kept in isolators. Virus-containing extra-
embryonic fluid with infectivity of 10° EID, /cm® was in-
jected to chickens intramuscularly in a volume of 0.5 cm?®.
Blood samples were collected from chickens before infec-
tion and for 14 days after infection for serological tests for
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Fig. 1. Dynamics of T-cell subpopulations in chickens
after their infection with HON2 avian influenza virus isolates.
Solid line — arithmetic mean for group of 5 chickens;
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immune response with hemagglutination inhibition test
and with flow cytometry.

All experiments in animals were carried out in strict
accordance with the interstate standards on laborato-
ry animal keeping adopted by the Interstate Council for
Standardization, Metrology and Certification as well as ac-
cording to Directive 2010/63/EU of European Parliament
and the Council of 22 September 2010 about protection
of animals used for scientific purposes.

Serological tests. Sera collected before and 14 days af-
ter infection were tested for antibodies to A/HON2 avian
influenza virus with hemagglutination inhibition (HI) test
using commercial test-kit produced by the FGBI “ARRIAH"
(Vladimir) in accordance with the instruction for its use.
Before testing, sera were inactivated by heating at 56 °C
for 30 minutes. Test results were recorded visually after
complete red blood cell sedimentation in control wells (in
the form of “button”). Test results were considered positive
when the test sera contained specific antibodies to A/HIN2
avian influenza virus at a titre of 1:16 (4.0 log,) or higher.

Quantitative analysis of lymphocyte subpopulations.
Dynamics of changes in the proportions of T-lymphocyte
(CD45*CD3*, CD45*CD4* and CD45*CD8*) and B-lympho-
cyte (CD45*, CDBu1a*) populations in the peripheral blood
of chickens was examined by flow cytometry. For this pur-
pose, blood samples were collected from chickens before
and on day 2, 4, 7, 9 and 14 after infection in tubes con-
taining K3-EDTA anticoagulant.

Lymphocytes were isolated from chicken peripheral
blood according to standard method [27] using Ficoll-
Paque™ PLUS medium for lymphocyte separation (BioW-
est, France). Labeled monoclonal antibodies, CD45-FITC,
CD4-PE, CD8a-PE, CD3-PE and Bu1a-PE (Southern Biotech,
USA), were used for sample preparation for lymphocyte
surface marker detection. Lymphocyte samples (50 pl)
were added to microtubes in several replicates (depen-
ding on number of used antibody panels). Fluorochrome-
conjugated monoclonal antibodies (2 pl) were added and

A/chicken/Primorsk/419/2018

A/chicken/Chelyabinsk/30/2019

the tubes were incubated for 30 minutes at temperature of
4-8°C. Unbound monoclonal antibodies were removed by
centrifugation with phosphate buffered solution at 260 g
for 10 minutes. BD FACS Calibur flow cytometer (Becton
Dickinson, USA) was used for quantitative analysis of cells.
Cell Quest Pro 1.0 software was used for obtained result
assessment and processing.

Statistical analysis of the results. Statistica 10.0 pro-
gramme was used for data statistical processing.

RESULTS AND DISCUSSION

Cell and humoral immunities were assessed in chickens
after their infection with different three HON2 avian influ-
enza virus isolates.

The following clinical signs were observed in chickens
on day 4 and day 7 after infection: depression, ruffled
feathers, refusal from feed. No deaths were recorded in
the infected chickens.

Blood samples collected from chickens before and on
day 2, 4, 7,9 and 14 after infection were examined with
flow cytometry for quantitative analysis of lymphocyte
subpopulations.

Significant decrease in CD45*CD4* T-cell (T-helper) pro-
portion and increase in CD45*CD8a* cytotoxic cell propor-
tion were reported in chicken blood 2-4 days after their
infection (Fig. 1). Relative counts of both populations in
infected chickens differed from the initial levels (before in-
fection) by 1.3-1.5 times for T-helpers and by 1.3-1.9 times
for cytotoxic cells.

Increase in T-helper level in the blood was observed
9 days after infection. Both T-lymphocyte populations in
infected chickens returned to normal levels by day 14 after
infection but not in all tested chickens.

Progress of the infection had a suppressive effect on
the immune system of the infected chickens. Obtained
data on decrease of relative T-helper concentration in pe-
ripheral blood after infection confirm the data obtained by
X.Hao et al. [21] and M. Dai et al. [22]. Significant increase
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Fig. 2. Dynamics of CD4*/CD8* ratio in chicken blood lymphocytes

after infection with three HIN2 avian influenza virus isolates.
Solid line — arithmetic mean for group of 5 chickens;
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Solid line - arithmetic mean for group of 5 chickens;
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in cytotoxic (CD8*) T-cell proportion in blood of chickens
infected with A/HON2 avian influenza virus on day 5-7 af-
ter infection was also reported by M. Dai et al. [22].

Analysis of changes in CD4*/CD8"* ratio showed that
it decreased by 1.9; 2.6 and 2.3 times in chickens of
group 1, 2 and 3, respectively, on day 4 after infection
due to decrease in relative CD4* counts and increase in a
CD8a* T-lymphocytes (Fig. 2). CD4*/CD8* ratio increased
again by day 14 after infection but it remained averagely
1.3-1.6 times lower than the initial one.

YangY.etal.[28] and Dai M. et al. [22] also demonstrated
that viral infections in chickens induced immune suppres-
sion manifested, among others, by decrease in CD4*/CD8*
ratio in blood T-lymphocytes. On the contrary, vaccination
gave rise to immune response activation and reverse dy-
namics towards to increase in CD4*/CD8" ratio [15, 22].

Xue M. et al.[23] and Yang S. et al. [24] believed that an
increase in the CD4*/CD8* ratio after immunization and

a decrease in the CD4*/CD8" ratio after infection sugges-
ted thatimmune response enhanced after vaccination and
immunity was suppressed in case of viral infection. Vacci-
nation induced a pronounced humoral immune response
and CD4* T-cell-mediated response.

Studies performed by L. Fu et al. [25] and M. Dai et al. [26]
showed that the virus infection mainly stimulated CD8* T-cell
response, and immunization stimulated CD4* T-cell re-
sponse. High level of antibodies to A/HIN2 avian influenza
virus and an increase in cytotoxic CD8* T-cell proportion
play an important role in anti-virus protection [29, 30].

Figure 3 shows dynamics of relative T- and B-lympho-
cyte counts in infected chicken blood. Decrease in T-lym-
phocyte counts averagely by 15-20% was reported in all
three groups that was indicative of insufficient cell-medi-
ated immunity. Increase in relative B-lymphocyte counts
by 5-10% depending on the group was reported as early
as by day 14 after infection. Together with an increase in
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the T-helper proportion, this demonstrated the activation
of the immune response in infected chickens.

The function of B-lymphocytes responsible for humoral
immunity is to transform B-cells into plasma cells secre-
ting immunoglobulins having specific activity against the
invaded antigen. Assessment of the dynamics of the rela-
tive B-lymphocyte counts in the blood of infected chickens
revealed that they increased.

Chicken sera were Hl tested before and on day 14 after
infection. Results of tests for specific antibodies to A/HON2
avian influenza virus are given in the Table.

Mean HI antibody titre in chickens of all groups was
higher than 6 log, on day 14 after infection. High anti-AlV
antibody level was indicative of pronounced post-infec-
tion humoral immune response development.

Dai M. et al. [22] during comparative analysis of the key
factors of immune protection of chickens infected with the
A/HON2 virus and SPF chickens immunized with an inacti-
vated vaccine concluded that the lack of CD8* T-cells was
a key cause ofimmunodeficiency and infection of poultry
in vaccinated flocks.

CONCLUSION

Key factors of immune response of chickens infected
with various A/HON2 avian influenza viruses were exam-
ined. Quantitative analysis of peripheral blood lymphocyte
subpopulations in chickens infected with three A/HON2
avian influenza virus isolates revealed the following chan-
ges caused by the virus infection: decrease in relative T-lym-
phocyte counts in blood, significant changes in T-lympho-
cyte subpopulation composition towards to decrease of
CD4*cell proportion and increase in CD8* cell proportion
and, as a result, decrease in CD4*/CD8" ratio. Assessment
of the dynamics of T- and B-lymphocyte levels in blood of
infected chickens showed decrease in relative T-lympho-
cyte counts and increase in relative B-lymphocyte counts.
HI tests demonstrated pronounced humoral immune re-
sponse. No significant differences both in humoral and cell
immune responses were detected in chickens infected by
three different low pathogenic A/HON2 avian influenza
virus isolates.
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