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INFLUENZA D VIRUSES - PATHOGENS FORMING
A NEW GENUS IN THE ORTHOMYXOVIRIDAE FAMILY

Abstract. Influenza pathogens belong to the Orthomyxoviridae family and are divided into genera:
Influenzavirus A, B, C, D, as well as Quaranjavirus, Thogotovirus, and Isavirus. For the first time, the influenza
D virus was isolated from swine nasal swabs in 2011 in the United States, and its widespread distribution among
cattle in France, China, Italy, Ireland, Japan, and several African countries, as well as its ability to infect ferrets,
guinea pigs, is further shown. Antibodies to influenza D virus are found in the blood serum of horses, sheep, goats,
and in people who have been in contact with cattle. The RNA genome of the influenza D virus is represented by
seven fragments responsible for the synthesis of nine proteins. The longest three segments encode for polymerases
PB2, PBI, and P3; the fourth and fifth segments encode for hemagglutinin-esterase fusion protein — HEF and
nucleoprotein — NP, respectively. The sixth fragment is involved in the synthesis of membrane polypeptides DM 1
and DM2, which, in accordance, lines the viral membrane from the inside and performs the function of proton
channels. The seventh segment encodes the non-structural protein NS1 and the nuclear export protein NEP;
NS1 helps to neutralize cellular interferon and NEP mediates the nuclear export of ribonucleoprotein. Three
phylogenetic lines of the influenza virus D are described — D/OK, D/660, and D/Japan, which must be taken into
account when preparing vaccines. It is concluded that from its epidemiological, pathological and biological
characteristics, the potential ability to cause disease in humans and be transmitted from person to person, new, more
in-depth studies are required using ecological-virological and molecular genetic methods.

Key words: virus, influenza D, genome, variability, cattle, phylogenesis, clade, HEF fusion protein, serology.

Characteristics of the Orthomyxoviridae family. Influenza occupies one of the first places among
infectious diseases in terms of the number of species involved in the infectious process and is
characterized by global distribution and high economic and social significance [1].

All currently known influenza pathogens belong to the family Orthomyxoviridae and are divided into
genera: Influenzavirus A, B, C, D, as well as Quaranjavirus, Thogotovirus and Isavirus; the last two infect
rabbit-like mammals and salmon fish [2,3,4]. Representatives of Quaranjavirus found among both
invertebrates (ticks) and vertebrates (water birds) hosts [5].

Influenza A viruses are widespread in the environment and infect humans, mammals and birds. The
global spread of influenza A pathogens is due to unique variability, which is based on point mutations and
recombinations of eight segments of the genome. The classification of influenza A viruses is determined
by a combination of the known subtypes of surface antigens of hemagglutinin (HA) and neuraminidase
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(NA) — HIN1, H3N2, H5N1, H7N7, etc. [6]. In Kazakhstan, as a result of long-term studies of influenza
A virus ecology, eight different subtypes of this pathogen were identified [7,8,9,10,11,12,13].

The causative agents of influenza A along with influenza B viruses, cause annual epidemics,
accompanied by 3-5 million cases of severe morbidity and about 300,000 deaths, with a mortality rate
reaching 16 % and 10 %, respectively [14,15].

Modern epidemic influenza B viruses are phylogenetically and antigenically divided into two lines -
Yamagata-like and Victoria-like, which are easily differentiable in the hemagglutination inhibition assay
(HI) [16]. The natural host of influenza B virus is human but sporadic infections of pheasants, horses, and
dogs have been reported in 1960-1980 [17,18,19]. Further, this virus was isolated from a seal (Phoca
vitulina) in the Netherlands in 1999, the B/Seal/Netherlands/1/99 [20]. Antibodies to influenza B virus
were detected in pig sera in China in 2015, their sensitivity to experimental infection was also shown [21].

Representatives of the genus C predominantly infect the children's contingent and differ significantly
in structural characteristics from A and B viruses. They possess an RNA genome consisting of seven
fragments, one of which encodes hemagglutinin-esterase (HEF) synthesis, which combines the functions
of HA and NA in the virion. Another feature of the influenza C virus (ICV) is the ability to infect pigs,
which was first demonstrated in China in 1982 [22], in addition to this, antibodies to it were detected in
2015 in the horse sera of in the USA [23].

The Orthomyxoviridae family is represented by the so-called newly emerging infectious diseases, the
number of which is growing in the world, and many of them pose a serious threat to wildlife, domestic
animals, and public health [24,25].

In April 2011, B.M. Hause et al. [26] in Oklahoma (USA), during the virological study of nasal
swabs from pigs, isolated an influenza virus with an RNA genome consisting of 7 fragments that are
50% structurally similar in amino acid sequence to ICV. Originally designated as
C/Oklahoma/1334/2011, it diverged from ICV in phylogenetic analysis to the same extent as influenza A
viruses differ from representatives of genus B. No cross-reactivity was observed between the new isolate
and ICV in HI. Antibodies to this strain were found in 9.5 % and 1.3 % of pig sera and staff, respectively;
in addition, it was transmitted to healthy animals through direct contact and was able to infect pigs,
ferrets, and guinea pigs in the experiment. Cell tropism of the new virus was superior to that of ICV,
while conservative enzymatic and divergent receptor-binding sites were detected in the HEF fusion
protein. In experiments with two human ICVs and two newly isolated swine and cattle viruses, no
reassortment and production of viable generation were found. In experiments with specific polyclonal
antibodies, cross-recognition was not observed in agar gel immunodiffusion. Based on the data obtained,
the isolated virus was assigned to the new genus D [27], which was adopted by the decision of the
International Committee on Taxonomy of Viruses (ICTV) in 2018 [28]. Subsequent molecular genetic
studies have identified several characteristics of the causative agent of influenza D.

Structural features of the influenza D virus. The RNA genome of the influenza D virus (IDV) is
represented by seven fragments responsible for the synthesis of 9 proteins. The longest three segments
encode polymerases PB2, PBI1, and P3, the fourth — protein HEF, the fifth — NP. The sixth fragment is
involved in the synthesis of membrane polypeptides DM1 and DM2, one of which underlines the viral
membrane from the inside, the other performs the function of proton channels [29]. The seventh segment
encodes the non-structural protein NS1, and the nuclear export protein NEP; NS1 helps neutralize cellular
interferon, NEP mediates the nuclear export of ribonucleoprotein [30]. IDV, like ICV, uses cellular
9-O-acetylated sialic acid as its receptor but exhibits a broader cellular and host tropism [31]. The reason
for this lies in the structural features of the molecule of the HEF monomer, consisting of two subunits
HEF1 and HEF2, As revealed by comparative X-ray crystallographic study and following the domain
nomenclature previously used for ICV, H. Song et al. [31] divided the structure of IDV HEF into three
domains: a receptor-binding domain (R), an esterase domain (consisting of subdomains E1, E' and E2)
and a fusion domain (consisting of subdomains F1, F2, and F3). The general structure and structural folds
of the individual HEF subdomains of both viruses were similar. E domains are the most conserved; the F1
and F2 subdomains are less identical, while the F3 subdomain contains the fusion peptide, which is
essential for the viral membrane fusion.

The E domain of IDV HEF, harboring the receptor-destroying enzyme (RDE) activity, has a
hydrolase fold that is highly similar to that of ICV HEF. The active-site architecture of the HEF
sialate-9-O-acetylesterase is fully conserved in ICV and IDV HEF and has oxyanion hole. The pocket is
13
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extremely conserved not only in IDV HEF and ICV HEF but also in some nidovirus hemagglutinin-
esterase (HE) proteins such as bovine coronavirus, porcine torovirus and bovine torovirus HE [32].
Phylogenetic analysis also shows the relationship between HEF and HE to be much closer than the
relationship between HEF and HA or hemagglutinin-neuraminidase (HN) proteins, implying common
ancestral origins.

Epidemiology of influenza D. Following the first report on the isolation of IDV in 2013,
L. Ferguson et al. [33] in 2014 recovered 15 IDVs from surveillance of bovine herds in Mississippi
belonging to two genetic lines. Based on the serological analysis of “archived” sera, it was shown that the
pathogen has been circulating in cattle stock in this region since at least 2014. Active transmission of the
virus has been detected in places where newborn, weaned, and comingled calves were maintained. The
detection rate of IDV in RT-PCR was 2.4 % of 82 healthy calves, which was significantly higher than in
Chinese Shandong — 0.7 % of 453 calves [34], which indicates its possible participation in the etiology of
respiratory cattle disease, as an infection with many potential pathogens. Continuing his research,
L. Ferguson et al. [29] conducted an experimental intranasal infection of three dairy calves with the
influenza virus D/bovine/Mississippi/C00046N/2014 followed by replanting of a seronegative contact
calf. Seroconversion and the presence of the virus in the respiratory tract were detected in all animals. The
infection of ferrets with nasal discharge from calves has not yielded results. These data are consistent with
Koch's postulates and confirm the hypothesis that cattle are a natural reservoir of the virus.

In subsequent years, IDVs were found in cattle in France, China, Italy, and Japan [35,34,36,37].
E. Collin et al. [38] studied 208 biological samples from cattle from 12 US states in real-time PCR and
found 10 positives for IDV samples, using passages on cell cultures, they isolated six IDV strains.

O. Flynn et al. [38] examined 320 “archival” samples in the form of nasal swabs taken from cattle in
Ireland during 2014-2016. Using RT-PCR on IDV and Sanger sequencing, five partial RNA sequences
suitable for phylogenetic analysis were obtained from 18 positive samples.

In Japan, according to a national serological study, the average level of seropositivity in cattle for the
influenza virus is 30%, and the values vary depending on the region [37,40]. At the same time, a
molecular epidemiological analysis of cattle samples with symptoms of respiratory disease collected from
23 different farms in this country revealed 2.1 % (8/377) influenza D infection [41].

E. Salem et al. [42] conducted a serological search for antibodies to influenza C and D viruses among
ruminants and camelids in Africa in 1991-2015, and for this purpose, they collected 2083 blood serum
samples from a cattle, pigs, small ruminants, and dromedary camels in Morocco (n=200), Togo (n=540),
Cote d'Ivoire (n=203), Benin (n=308) and Kenya (n=1231). The percentage of positive samples from
cattle in Morocco was 35 %, Togo — 10.4 %, Coéte d'Ivoire — 0 %, Benin — 1.9 %, Kenya — 0 %.
Noteworthy is the high percentage (99 %) of positive blood serum from camels in Kenya (287 out of 293),
but the serum was not pre-adsorbed by ICV in this test. The results indicated a wide circulation in Africa
of IDV, and its significant tropism to all the hosts studied.

H. Nedland et al. [23] examined 364 serum samples from horses of 141 farms in the Midwestern
United States and showed that animals are susceptible to two IDV lines represented by
D/swine/Oklahoma/1334/2011 (D/OK line) and D/bovine/Oklahoma/660/2013 (line D/660), as 12 % and
11 % of sera, respectively, were seropositive in HI.

The hosts of the influenza D virus. IDV can be transmitted
between cattle and also between pigs as indicated by the
solid line. Antibody specific for IDV were also detected in
sera from small ruminants (sheep and goat), horses, camels
and humans, especially in people with cattle exposure, but
no virus was isolated (indicated by the broken line),
indicating that IDV may be transmitted from cattle to
humans (broken line)

—— |4 ——
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M. Quast et al. [43] in a serological analysis of 648 sheep and goat blood serum samples collected in
2014 in the USA and Canada, detected antibodies to IDV in 5.2 % (29/557) of the studied sheep from
13.5 % (17/126) of farms. In turn, 8.8 % (8/91) of goats from 13.3 % (2/15) of the tested farms also
contained antibodies against IDV.

IDV was first isolated from pigs and then from cattle. Since cattle seropositivity is much higher than
that of pigs, it is believed that it is the main natural reservoir. Currently known IDV hosts are shown in
figure. In addition, the ability of D/OK to infect ferrets, guinea pigs, and transmit them to native animals
by direct contact is shown [26,44], which allows them to be used as models in the study of IDV.

Phylogenesis of influenza D. viruses. With the accumulation of IDV strains of various origins and
places of isolation, the possibility of their comparative antigenic and phylogenetic studies appeared.
E.A. Collin et al. [38] performed full genome sequencing and phylogenetic analysis of 7 viral RNA
segments of six new strains and four previously registered IDVs and revealed two different circulating
lines — D/OK and D/660, which often reassorted with each other. Antigenic analysis using representative
viruses D/swine/Oklahoma/1334/2011 and D/bovine/Oklahoma/660/2013 and their antisera in the
HI showed an approximately 10-fold loss of cross-reactivity. An important finding was that one of the
isolates (D/bovine/Texas/3-13/2011) belonged to the D/bovine/Oklahoma/660/2013 cluster, but was
characterized by high titers with a serum to the heterologous variant D/swine/Oklahoma/1334/2011.
Molecular modeling of the HEF fusion protein of strain D/bovine/Texas/3-13/2011 made it possible to
identify the mutation at position 212 responsible for unusual serological test titers. The obtained data
indicate the widespread prevalence of at least two genetically different IDV lines in cattle, and also the
vital role of lysine (K212) in antigenic recognition of D/swine/Oklahoma/1334/2011-like viruses.
IDVs related to D/bovine/Oklahoma/660/2013 clade carried arginine in this position (R212).

Phylogenetic analysis of the HEF sequence of the USA IDV isolates performed by L. Ferguson et al.
[26], aligned them into two genetic clusters: viruses D/bovine/Mississippi/C00046N/2014 and
D/bovine/Mississippi/C00030P/2014 were genetically close toD/swine/Oklahoma/1334/2011 (D/OK),
while D/bovine/Mississippi/C00013N/2014 and D/bovine/Mississippi/C00014N/2014 were genetically
related to D/bovine/Oklahoma/660/2013 (D / 660).

O. Flynn et al. [39] found that five IDV strains isolated in Ireland in 2014-2016 were grouped in the
same clade together with the virus from Europe D/swine/OK/1334/2011.

S. Murakami et al. [37] using reverse transcription-PCR successfully amplified the complete genome
sequence of the first Japanese IDV strain (D/bovine/Ibaraki/7768/2016), sequenced its seven segments
and built their phylogenetic trees. The results indicated that it occupies a separate position from strains
from other countries, and only the M gene is included in one cluster with isolates from France
(D/bovine/France/2986/2012) and China (D/bovine/Shandong/Y 127/2014,
D/bovine/Shandong/Y217/2014, D/bovine/Shandong/Y 125/2014). Later on, in Japan, from a cow with
signs of respiratory disease, the D/bovine/Yamagata/10710/2016 strain highly related
D/bovine/Ibaraki/7768/2016 according to the HEF gene was isolated, the homology of the nucleotide and
amino acid sequences was 99.8 % and 100 %, respectively [45]. H. Mekata et al. [41] performed analysis
of 46 nasal swabs from cattle with signs of respiratory disease from 26 different farms in Japan, using the
Next Generation Sequencing, the nucleotide sequence of the complete IDV genome was determined, and
it was shown that it forms a separate cluster. According to the authors, the virus could develop uniquely
over a long period, and its pathogenic properties differ from the strains found in other countries. In 2018
T. Odagiri et al. [46] studied IDV phylogenesis and established the presence of three genetically distinct
lines: D/OK, D/660, and D/Japan. In addition, in the cross-linked HI, it was found that representatives of
three lines in the composition of the surface protein HEF present both common for all and line-specific
antigens.

The most conserved PB1 viral protein gene is often used to evaluate the evolutionary relationships of
influenza viruses. S. Su et al. [2] based on the nucleotide sequences of the PB1 genes of influenza A, B,
C, and D viruses, constructed a phylogenetic tree to determine the relationship between them.
IDV clusters turned out to be the most closely related to ICV, which suggests their common ancestor.
Sequence analysis of the PB2, P3, NP, M, and NS genes also confirmed the origin of IDV from human
ICV [26]. To study the origin and evolutionary history of IDV, the authors conducted a Bayesian analysis
of the HEF ICV gene sequences, indicating 1896 as the average time (t-MRCA) of the most recent
common ancestor, which is consistent with previously obtained data [47]. For the HEF genes of ICV and
15
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IDV, the t-MRCA value was 482 A.D. It is shown that two IDV lines — D/OK and D/660 had the last
common ancestor (t-MRCA) about 44.6 years ago. The average frequency of substitution for the HEF
IDV gene was calculated using Bayesian analysis and amounted to 1.54 x 107, which exceeds the
frequency of ICV [47]. From this point of view, the causative agent of influenza D has great epidemic
potential, and in the future, it is necessary to monitor its development constantly.

Conclusion. To date, an intensive study of IDV has shown that it infects pigs, cattle, and small
ruminants, but the full spectrum of its susceptible hosts remains to be determined. To better understand
the causative agent of influenza D from epidemiological, pathological and biological characteristics, in
particular, the ability to cause disease in humans and be transmitted from person to person, new, more in-
depth studies using molecular genetic tools are required. A significant stock of broad species range of
susceptible farm animals needs a study of IDV prevalence in Kazakhstan.

Taken together, the epidemiological and metagenomic data, as well as experimental infection of
animals, showed that the influenza virus D is the causative agent of respiratory disease of cattle, and
therefore there is the task of appropriate vaccination. Moreover, the antigenic heterogeneity of HEF IDV
explains the need to take into account which strains of which line circulate in a given region to prepare the
most effective vaccine against this infection.

, A. M. Kpiabipmanos, M. X, Casartos

MHUKpOOHOIOTHH JKoHE BUPYCOJIOTHS FEUIBIMU OHIIPICTIK OpTaJbIFbl, AnMaThl, Kazakcran

TYMAY D BUPYCBI - ORTHOMYXOVIRIDAE TY¥YKBIMJACBIHIAT bI
KAHA TYP KAJIBIIITACTBIPATBIH TATOT'EHAEP

Anparna. Tymay ko3msipreimrapsl Orthomyxoviridae TykeIMImaceiHa xatanbl koHe A, B, C, D Ttymaysl
6ombim, coHpaif-ak Quaranjavirus, Thogotovirus xone Isavirus TypICTRIKTapbiHA OemiHei. D TymMaysl BUPYCHI ayFail
per 2011 x. AKII-ta momkaHblH KEHCIpIiK IIANBIHABICBIHAH OeiHIN aimblHABI, KeiiHipek ®panrus, Keiraii,
Uramus, Upnanaus, XKamonus, O6ipkatap Adpuka ennepinae ipi Kapa MalAblH apacblHIa KEH TaparaHbl, COHBIMCH
KaTap OHBIH KY3CHJIICp MEH TCHI3 IIONIKAIapbIHA JKYFATHIHBI aHBIKTAIFaH. D TYMaybl BUPYCHIHA KapChl aHTHIICHEIICP
KBUTKBUTAPIBIH, KOH MEH CIIKUICP/IiH *oHE MaJMeH OaiilaHbICTa OOJIFaH alaMIapIblH KaH CaphICYbIHAH KE3AeCe]i.
D tymaysr Bupyceiasig PHK reHomsr 9 akybI3 cuHTe3iHE kayan OepeTiH keTi (parMeHTTeH Typansl. EH Y3bIH yII
cermedT PB2, PB1 xone P3 mommmepasanmapein xoxaraiasl, TepTinmici — HEF remarrmoruHuH-3cTepaza Tyracy
aKybI3bl, Oecinmi — NP HykmeonpoTenHi. ANThIHIIEI (pparMeHT MeMOpaHa monunentuATepinin DM1 sxone DM2
CHUHTE31HE KAThICaabl, OJApIbIH Oipi BHPYCTHIK MeMOpaHaHBl INIHEH KalTam >KaTajpl, CKIHIIICI MPOTOH
apHAJApBIHBIH KbI3METiH opbIHAainbl. XKetinmm cermeHT NS1 KypbUIBIMABIK eMeC aKybI3anl skoHe NEP sapomisik
OKCIIOPT aKyBI3BIH KoaTaiael; NSI1 skacymanblk WHTEpPepoHAbl OelTapantaHaplpyFa Kemekreceni, NEP
PUOOHYKIICONPOTEHHHIH SAPOJIBIK SKCTIOPTHIH Ky3ere acwkipaabl. Tymay D BupycwiabiH ym — D/OK, D/660 xone
D/Japan ¢unoreHeTHKaNIBIK JKEJCi CHNATTalfaH, OJlap BaKIMHA JAaiiblHmay Ke3iHnae eckepinyl kepek. OHBIH
SMHUIEMHOJIOTUSUIBIK, TATOJOTHSITBIK XKOHE OMOJIOTHSUIBIK CHIIATTaMalaphl TYPFBICBIHAH, agaMaapaa aypy TYABIPYHI
KOHE aJaMHaH ajamra Oepilyi MYMKiH OOJaThIH Ka3ipri 3aMaHfbl SKOJOTHSIIBIK-BUPYCOJIOTHSIIBIK JKOHE
MOJICKYTANTBIK-TCHETUKANBIK OMICTEPAl KOJIIaHa OTHIPHIIN, JKaHA, TCPEHIPEK 3epTTeyiep KaKET NEreH TY KBIPhIM
kacainel. Aca KOHCEPBAaTHBTI BHPYCTHIK PB1 akysl3 TeHi TyMay BUPYCTapBIHBIH 3BOJIONUSIBIK KATHIHACTAPHIH
Oaraynay ymIiH ui Koanansuiansl. S. Su et al. [2] A, B, C sxone D Bupycrapsisiy PB1 reninin HykiaeoTuarik Ti30eri
HETi3iHIe OJIAapABIH apachlHIaFbl OallIaHBICTBI AHBIKTAy YIINiH (WIOTEHETHKAIBIK TapakK KypacTeIpbuInbl. IDV
knactepiiepi ICV-MeH eH jkakplH OaiyaHbicTa OOJIBI, OYJI ONapAblH aTta-0abanapblHBIH OpTaK eKeHiH Oimmipei.
PB2, P3, NP, M, NS renzaepiniy Ti30eriH Tanmay HoTwkecine, onapasH agam ICV-uen IDV mbIkKaHBIH pacTajisl
[26]. IDV-nbIH maitna 6oiybl MEH SBOJIIONMSIBIK TapuxblH 3epTTey yiniH aBropiaap HEF ICV renmik Tizberine
0aifeCOBCKHIA TaaybIH KYpri3ai, 0y 1896 k., opTak TyBICTAaCTBHIKTHIH opTara yakeIThl (t-MRCA) nen kepcerteni,
OyJ1 anabeIHFEL AepekTepMeH cobikec keneni [47]. HEF renmepi, ICV xone IDV ymin t-MRCA moHi 482 H.T., OOIIBL
Exi nuaust IDV-D/OK sxone D/660 mamamen 44.6 >xbl1 OypbIH COHFBI JKaIbl ata-6adanaps! (t-MRCA) GosnraHbIH
kepcereni. HEF IDV reni anmacysiHbIH opraina >xuijiri baiiec ananusiHiH keMeriMeH ecenteni skoHe 1,54x10-3
Kypazael, O6yn ICV skuinirinen aceinm tycti [47]. Ocbl TyprbliaH anFanaa, D TyMaybIHBIH KO3ABIPFBIIBI YIIKCH
SMUEMISUTBIK, TIOTCHITUANIFA UC JKOHE 3aMaHayH JKOJIOTHSIIBIK-BHPYCOJIOTHSITBIK JKOHE MOJICKYIIAIBIK-TCHETUKATBIK
oMIicTep i KOJIIaHy apKbLUIBI OOJalIaKTa OHBIH JAMYBIH YHEMI OaKbLIay Kaxer.

Tyiiin ce3aep: Bupyc, TymMay D, reHOM, ©3reprimTik, MyHi3mi ipi Kapa, uioreHes, Kiaim, TyTacy aKybI3bl
HEF, ceponorusi.
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Hay4Ho npon3BoICTBEHHBIH IIEHTP MUKPOOHOJIOTHH 1 BUpYcosoruu, Anmarsl, Kazaxcran

BUPYCBHI I'PUIITIA D — TATOI'EHBI,
OBPA3YIOIIUE HOBBII PO B CEMEMCTBE ORTHOMYXOVIRIDAE

AnHOTauusa. Bo3Oyaurenu rpumma OTHOCATCSA K ceMmeilcTBy Orthomyxoviridae u pasgenstorcs Ha pPOIBI:
Influenzavirus A, B, C, D, a Taxoke Quaranjavirus, Thogotovirus u Isavirus. Briepsrsie Bupyc rpunma D Beigenumm u3
Ha3abHBIX cMBIBOB cBuHEH B 2011 r. B CIIIA, B manpHeWeM moka3aHa ero mupokasi pacpoCTPaHEHHOCTh CPeau
KpymHOTO poraTtoro ckota Bo ®pannum, Kurae, Utanuu, Upnanauu, Smoxun, psaae ahprukaHCKUX CTPaH, a TaKXKe
crocoOHOCTh HH(UITUPOBATH XOPHKOB, MOPCKHUX CBHHOK. AHTHTENA K BUPYCY rpunma D oGHapyeHBI B CBIBOPOTKAX
KpPOBH JIOIIAJCH, OBEI, KO3 W y JIOJCH, KOHTAKTUPOBABIIUX C KPYMHBIM porateiM ckoToM. PHK-remom Bupyca
rpunma D mpezacraBieH ceMbl0 (parMeHTaMHu, OTBETCTBCHHBIMH 3a CHHTe3 9 OenkoB. CaMble JUIMHHBIC TPH
cerMeHTa KoaupyloT mosmMepassl PB2, PB1 u P3, werBepthiii — Oenok cinusiHUs remMarrmotuHuH-crepasy HEF,
naThli — HykiaeonpotenH NP. Illectoit ¢pparmeHT yyacTByeT B cuHTe3¢ MeMOpaHHBIX nosmnentuaos DM1 n DM2,
OIMH W3 KOTOPBIX BBICTHJIACT BHUPYCHYIO MEMOpaHy H3HYTPH, IPYTOM OCYIIECTBISACT (YHKIHIO HPOTOHHBIX
kaHanoB. CenbMOM CETMEHT KOIMpYeT HeCTpYKTypHbIH Oenmok NS1 m Genmok simepHoro skcropra NEP; NSI
CIOCOOCTBYeT — HeWTpamm3anmuu  KietodHoro  uHTepdepona, NEP  omocpemyer  smepHbBIi  9KCTHOPT
pubonyxieonporenHa. Onucansl Tpu (rutoreHeTHdeckue auaUKA Bupyca rpunma D — D/OK, D/660 u D/Japan, ato
HEOOXOIMMO YYHTHIBATH IPH TNPUTOTOBICHUHM BakIMH. JlemaeTcs BBIBOX O TOM, YTO C TOYKH 3PEHHS €ro
SUHUIEMHUOIOTHIECKUX, TIATOJIOTHUECKUX ¢ OHOJOTHYECKUX XapaKTEPHUCTHK, MOTCHIHATLHOW CIIOCOOHOCTH
BBI3BIBAThH 3a00JIEBaHWE y JIIOJIECH W MepenaBaThcs OT YeOBEKa YeIOBEKY TpPeOYIOTCS HOBBIC, OoJiee yriTyOJIeHHBIC
nccnenoBanus. Haumbonee KOHCepBaTUBHBIM TeH BHpycHoro Oenmka PB1 wacTto wcmomb3yercs IIsl OIEHKH
SBOJIIOLMOHHBIX B3aMMOOTHOLIEHMH BHUpycoB Tpumma. S.. Su et al. [2] Ha oOCHOBE HYKJICOTHIHBIX
nocnenoBarenbHocTedt TeHoB PB1 BupycoB rpunma A, B, C u D mocrpownn ¢uioreHeTH4ecKoe ApPEeBO JUIA
OTIpeNICICHUsT B3aUMOCBs3W Mexay Humu. Kmacreper IDV okaszammce Hambonee TecHO cBsizaHbl ¢ ICV, dto
MpeJroaraeT ux o0Iero npeaka. Ananms nociienaoBarenbHocT TeHOB PB2, P3, NP, M u NS Takke moarsepaut
npoucxoxaenue IDV u3 ICV genoseka [26]. UToOBI M3YYHTH MPOUCXOKACHUE M 3BONIONUOHHYIO McTOpHio 1DV,
aBTOPHI TIpoBeny OaliecoBckuii aHanm3 nocienoBatenbHocTedt renoB HEF ICV, ykazaB 1896 rox kak cpemHee BpeMst
(t-MRCA) camoro mocneaHero ooImero npeaka, 9To CoriacyeTcsi C paHee MoJyIeHHBIMU JaHHBIMU [47]. JIns reHoB
HEF ICV u IDV 3nauenune t-MRCA 65110 482 H.3. Ilokaszano, yro ase auauu IDV — D/OK un D/660 nmenu
nociieHero oo6mero npenka (t-MRCA) okono 44,6 et Hazaa. Cpennsst 9actota 3amenienus rena HEF IDV Opuia
paccunTaHa ¢ HCITOJIb30BaHHeM OalieCOBCKOTO aHaim3a U coctaBuia 1,54 x 10-3, yro npesbimraet gactoty ICV [47].
C »T0#t TOUKM 3peHHsA BO30yauTeNnb rpumnma D obragaeT OrpOMHBIM SIHIEMHYECKAM MOTEHIINAIOM, U B OyIyIIeM
HEOOX0ANMO MOCTOSIHHO CJIEIHTH 32 €0 Pa3BUTHEM. HCIIOJIb30BAHUEM COBPEMEHHBIX 9KOJIOT0-BHPYCOJIOTHUECKHUX H
MOJIEKYJISIPHO-TEHETUUECKUX METOOB.

KaroueBbie ciaoBa: Bupyc, rpunn D, TeHOM, U3MECHYHMBOCTh, KPYITHBIH POTaThlii CKOT, (hUIIOTEHE3, KiacTep,
6enox camusiaus HEF, cepornorust.
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