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ABSTRACT

Animal husbandry is one of the main agricultural industries in most countries over the world as well as in the Russian Federation, and its profitability is determined
by three main factors: the animal genetic potential, complete diet and freedom from infectious, invasive and mass non-infectious diseases. One of the most
significant and difficult tasks is to generate and rear healthy young cattle. Digestive disorders clinically manifested by diarrhea resulting in apparent dehydration,
toxemia, enophthalmos, membrane pathology, immunodeficiency and metabolic disorders are prevalent among neonatal calf diseases in early postnatal period.
Massive diarrhea in neonatal calves is characterized by significant polymorphism, involving a wide range of various factors including genetic, physiological, sanitary
and hygienicas well as infectious factors. Infectious agents are the main causes of massive gastroenteritis in neonatal calves. In most cases viruses serve as triggers
for gastrointestinal pathology development and bacteria play the secondary role. For a long time, rotaviruses, coronaviruses and pestiviruses have been believed
to play the main role in etiology of massive neonatal calf diarrhea. In recent years, a number of new and understudied viruses, including kobuvirus, nebovirus,
norovirus, torovirus and astrovirus, have been detected in fecal samples from diarrheic calves and their role in diarrhea development has not been definitively
determined. Their role as primary pathogens, coinfection agents or commensals remains unclear. Recently these animal pathogens have widely spread in different
countries of the world. At the end of the XX century — beginning of the XXI century, large numbers of cattle were imported to the Russian Federation, including
cattle from the nebovirus-infected countries. Data on nebovirus infection (occurrence, pathogen characteristics, disease clinical signs and epizootological features)
are given in the paper.
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PE3IOME

KMBOTHOBOACTBO ABNAETCA OAAHOIA 3 OCHOBHBIX OTPAC/Iel CENbCKOro X03AiCTBA B 60NbLUMHCTBE CTPaH MIPa, B TOM uucne 1 B Poccuiickoil DefiepaLiun, peHTadens-
HOCTb KOTOPOIA 06yCIaBNNBAIOT TPU OCHOBHBIX (aKTOPa: FEHETUYECKMIA NOTEHLMAN XUBOTHBIX, MONHOLIEHHO KOpMAIeHHe 1 6niaronosyume no MHGEKLUMOHHbIM,
JHBA3MOHHBIM 1 MACCOBbIM He3apa3HbIM 6oe3HAM. [TonyueHne 1 BbipaLLMBaHye 350POBOT0 MONOAHAKA KPYMHOTO POraToro CKoTa ABNAETCA 0fiHOI 13 Hanbonee
BaXHbIX U TPYAHDIX 33/3au. B cTpyKType 3a60neBaHuil HOBOPOXKAEHHbIX TENAT B paHHHIA NOCTHATaNbHbIii NepUog NpeBanupyioLLiee MeCTo 3aHNMAIOT HapyLLeHHA
GYHKLIMM NULLEBAPUTENBHOI CUCTEMDbI, KMHUYECKI NPOABANLLMECA Anapeeii, 06ycnaBnMBatoLLeil pa3BuTve BbIpaXKeHHOI ervapatalmy, ToKemun, SHod-
TanbMuy, MembpaHonatonoru, UMMyHoedULITOB U HapyLLeHnii 06MeHa BelecTs. MaccoBble napen HOBOPOXIEHHDIX TENAT OTAMYAIOTCA 3HAUUTENbHBIM
MoNMMOPOU3MOM, BKIIOUAIOLLIMM LUNPOKIAI CMEKTP Pa3NnuHbIX GaKTOPOB, B TOM YMCTIE TEHETYECKIAX, DU3MONOTUUECKNX, CAHUTAPHO-TUTUEHNYECKNX 1 NHOEK-
LIMOHHbIX. Beyluieil IpUUMHOI MacCoBbIX FaCTPOIHTEPUTOB HOBOPOXKAEHHIX TENAT ABNAITCA MHOEKLMOHHDIE areHTbl. B 60NIbLIMHCTBE ClTyyaeB BUPYCbI C1yaT
MyCKOBbIM MeXaHU3MOM B Pa3BUTIV MATONOT M KeNyA0UHO-KULLIEYHOTO TPaKTa, a 6aKkTepuu UrpaioT BTOPUUHYHO posib. [loniroe Bpems cunTanocb, 4to nepeocTe-
MeHHOE 3HaueH e B 3TONOTMN MacCOBbIX AVapeii HOBOPOXAEHHbIX TENAT UMEIOT POTaBUPYCbl, KOPOHABUPYCHI 11 NECTUBUPYCHI (BO36YAUTENM BUPYCHOIA Anapen —
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6onesHn ciu3nctbix). B nocnesnme rogpl B npobax dekanuii 6onbHbIX Auapeeit TenAT 6bin 06HapyeH pAf HOBbIX 1 Manon3yyeHHbIX BUPYCOB, B TOM uncie
kobyBupyc, He6OBMPYC, HOPOBUPYC, TOPOBMPYC 1 ACTPOBUPYC, PONIb KOTOPbIX B Pa3BUTUI Anapey OKOHUaTeNbHO He onpefeneHa. 0CTaeTca HeBbIACHEHHOI MX posib
B KauecTBe NepBIYHbIX NATOreHOB, areHTOB KOMHQEKLMI N KOMMEHCanoB. B nocnesHee Bpema NpouM30LLAO0 LWUPOKOe pacnpocTpaHeHie AaHHbIX Bo30yauTe-
neii Gone3Heil XXBOTHBIX B pa3NuuHbIX cTpaHax mupa. B koHue XX — Hauane XXI Beka B Poccuiickyto Oegiepaumto 6bio IMNOPTPOBaHO 60MbLIOE KONMYECTBO
KPYMHOro poraToro CkoTa, B TOM Unciie U3 CTpaH, HebnarononyyHbIX no HeboBMpYCHOIi MHPeKLMI. B cTaTbe npuBeaeHbl (BefeHNa 0 HeboBUPYCHON MHdeKLMN
KpyMHOro poraToro ckoa (pacnpocTpaHeHue, xapakTepucTuka Bo30yanTens, KIMHUYeCKe npu3Hakm 3abonesaxna, anu3ootonornyeckue 0cobeHHoCTy 6onesmm).

KntoueBbie cnoBa: 0030p, KpynHblii poraTblii CKOT MOMOUHBIX 11 MACHbIX OPOZ, HOBOPOXEHHbIE TEATA, AKH, Anuapes, HebOBUPYCbI, FeHETUYECKA reTeporeH-
HOCTb, PeKOMOUHALMM

[ina yutupoanma: Muwenko B. A., Muwenrko A. B., Hukewnna T. b., bposko 10. B., Kywny6aesa A. I1. HeboupycHada uHdeKLMA KpyNHOTO poraToro ckota

(0630p nutepartypbl). Bemepurapus ce200xs. 2023; 12 (4): 278-283. DOI: 10.29326/2304-196X-2023-12-4-278-283.

Koudnukr untepecos: ABTopbl 3aABAAKT 00 0TCYTCTBIM KOHGANKTA MHTEPECOB.

[ina koppecnoHpeHuumu: MuieHko Bnagnumunp AnekcaHaposiy, 4-p BeT. Hayk, Npodeccop, IMaBHbIi HayYHblii COTPYAHUK NabopaTopui 61oTeXHONOT I U KOH-
CTpyMpoBaHuA BUpYcHbIX npenapatos OIBY «BHUN3¥», 600901, Poccus, r. Bnagumup, mkp. 0pbesew, e-mail: mishenko@arriah.ru.

For a long time, rotaviruses, coronaviruses, parvoviru-
ses, enteroviruses and pestiviruses, one of which is bovine
viral diarrhea — mucosal disease agent have been believed
to play the main role in etiology of massive diarrhea in
neonatal calves [1, 2, 3, 4, 5, 6, 7, 8,9, 10]. Inactivated
vaccines were developed in the Russian Federation for
prevention of rotavirus, coronavirus infections and bo-
vine viral diarrhea-mucosal disease caused by genotype |
virus [1, 2, 3, 4]. To date, bovine viral diarrhea-mucosal
disease agents belonging to more than 15 subgenotypes
of all 3 genotypes have been reported to circulate in the
country [3]. Recently, some new and understudied viru-
ses including kobuviruses, toroviruses, neboviruses, noro-
viruses and astroviruses were detected in fecal samples
from diarrheic calves [5, 6, 11, 12, 13, 14, 15] which role in
the disease development has not been yet clearly defined.
Such agent diversity makes difficult identification of etio-
logical factors responsible for gastrointestinal pathologies
in neonatal calves and leads to the choice of insufficient-
ly effective specific preventive tools and great economic
losses. This aspect is very important for the holdings in-
volved in high-yielding animal breeding.

In 1976, RNA virus was detected in fecal samples col-
lected from diarrheic neonatal calves kept in the settle-
ment located near Newbury in the South England and was
named Newbury agent 1. Electronic microscopy showed
that the said virus virions were small (36.6 nm in diame-
ter) non-enveloped icosahedral (E = 3) particles consisting
of 90 dimers of main structural protein VP1 (58-62 kDa).
There were calicivirus-characteristic 32 cup-shaped de-
pressions on the external capsid surface. Isolated agent
was classified to Caliciviridae family. The virion mole-
cular mass was 15 MDa, sedimentation coefficient was
170-187 S, buoyant density in CsCl is 1.34 g/cm?. As all
other caliciviruses, the isolated agent was stable in the en-
vironment, resistant to acid, heating and to chloroform
agent. Calves were found to be infected with nebovirus by
fecal-oral route or by contact. However, the isolated virus
differed from Caliciviridae family representatives known at
that time [6, 16,17, 18, 19].

New system for calicivirus classification based on results
of molecular biological tests of the viruses was proposed in
the beginning of XXI century [20]. Caliciviridae family com-

prised four genera: vesiviruses, sapoviruses, noroviruses,
and lagoviruses. Newbury 1 virus was classified to Norovirus
genus. Therewith, molecular biological test results showed
that Newbury 1/76UK virus as some viruses identical to it
isolated from feces of diarrheic neonatal calves differed
from all known noroviruses. In 1980, the calicivirus related
to Newbury 1/76UK virus was isolated from fecal samples
collected from diarrheic calves in the holding located
in Nebraska (Ohio, USA). However phylogenetic analysis of
the nucleotide sequences showed that this agent named
after the place of sampling (Nebraska/80/US), differed from
all known viruses and, as a result, the isolated virus was
classified to a new genus — Nebovirus genus [18, 21].

Nebovirus is a non-enveloped virus with icosahedral
geometries, and T =3, T =1 symmetry and is 35 nm in dia-
meter. Cattle is the main host of the virus. This pathogen
can cause necrotic hepatitis resulting in fatal hemorrhages.
Nebovirus replicates in intestinal epithelial cell cytoplasm.
Neboviruses, as all other caliciviruses, are stable, highly re-
sistant to physical and chemical environmental factors and
retain infectivity at pH 2.7 for 3 hours at room temperature.
The viruses are resistant to ether, chloroform, guanidine,
sodium deoxycholate, bile acids. The agent remains infec-
tious at 60 °C for 30 minutes [6, 19, 22, 23].

In 2010, Newbury 1/76/UK and Nebraska/80/US viruses
were classified to new Nebovirus genus of Caliciviridae fam-
ily.Then, isolated nebovirus strains were classified based on
the results of VP1 nucleotide sequence phylogenetic analy-
sis [14, 21, 23]. Nebovirus genome is a single-stranded RNA
with molecular weight of 2.6-2.8 MDa, 7.4 kbpin length and
is organized into two major ORFs encoding nonstructural
polypeptide with the major structural capsid protein (VP1)
gene in the frame with non-structural polypeptide.

All isolated neboviruses have closely related genome
structures but genetically and antigenically diverse. Nebo-
virus genome is liable to mutations that resulting in anti-
genicdriftand recombinations as well asemergence of new
antigenically altered agent variants [14, 24, 25, 26, 27, 28].
Mutations occur in the genome segments responsible
for calicivirus binding to receptors of intestinal mucosal
epithelial cells [1]. The neboviruses are believed to evolve
through recombination [23, 24, 27, 29, 30]. Nebovirus
replication and assembly take place in cytoplasm and
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the viral particles are released from the cell by lysis. All
known caliciviruses have similar replication cycles: they
interact with many cell attachment factors (glycans) and
with co-receptors (proteins) for adsorption and penetra-
tion, use cell membranes for formation of replication com-
plexes [1, 16, 17, 29]. Attempted cultivation of nebovirus
in MDBK and PB cells was unsuccessful [6, 21].

Pathomorphological changes and clinical signs caused
by nebovirus infection are similar to that ones caused
by rotavirus, coronavirus and kobuvirus infections, as well
as by bovine viral diarrhea — mucous disease virus that
makes difficult clinical and postmortem diagnosis [11, 31].

Neboviruses replicate in intestinal villi epithelium as
well as in the immune system cells. The virus replication is
characterized with intestinal villus expanding and blunt-
ing, epithelial cell detachment, crypt epithelial hyperpla-
sia, cytoplasm vacuolization, infiltration of affected cells.
The most pronounced changes are recorded in the mucous
membrane of the proximal intestine (duodenum, jejunum
and ileum), where inflammatory processes accompanied
by intestinal villus atrophy and intestinal gland hypertro-
phy are found [9, 29, 31, 32]. Necrosis of small intestine villi
epithelium was reported. Decreased enzymatic activity in
cells and secondary disaccharide deficiency development
resulting in diarrhea were reported [9, 32].

Nebovirus infection has the following epizootological
characteristics: long-term agent shedding by diseased ani-
mals and virus carrier animals, high contagiousness and
virus persistence in the environment. Infected (diseased
and convalescent) animals are the nebovirus reservoir and
source. The virus-contaminated feed and water can be ne-
bovirus transmission factors.

Incubation period in the nebovirus-infected neonatal
calves is considered to be 12-48 hours, and the disease
lasts for 2-30 days. Duodenum and jejunum mucosal le-
sions were detected in gnotobiotic calves 12 hours after ex-
perimental infection with Newbury 1/76UK. Nebovirus was
detected in enterocytes located on villi sides [18]. Anorexia,
diarrhea, enophthalmos, dehydration and metabolism dis-
orders were reported in neonatal calves with the disease
caused by nebovirus infection kept in animal holdings. Duo-
denum and jejunum mucosal inflammation was observed in
necropsied dead animals. No difference in clinical signs was
observed in colostrum-deprived calves experimentally in-
fected with nebovirus Newbury 1/76UK and Nebraska 80/US
strains. No difference in postmortem lesions was also ob-
served in necropsied dead calves [9, 16, 18, 21, 26, 33, 34].

Chinese researchers investigated the causes of diarrhea
outbreaks in newborn yak calves kept on the Qinghai-
Tibetan Plateau. For this purpose, 354 fecal samples were
taken from newborn animals on 55 farms. Nebovirus RNA
was detected with polymerase chain reaction in 22% of
the samples. Phylogenetic analysis of 78 virus isolates
showed that 69 of them were closely related to Nebraska-
like strains, and 9 isolates circulating on 6 farms in 2 admi-
nistrative districts were representatives of a new nebovirus
genotype [13].

In 2012, mass gastrointestinal disorder was reported in
neonatal calves on the farm located in the town of Kirklareli
(East Thrace, Turkey) where 250 cows and 200 calves were
kept. About 60% of calves became diseased and 30% of
them died. Lesions characteristic for rotavirus and corona-
virus infections were detected in necropsied dead animals.
Rotavirus, coronavirus and Cryptosporidium were detected
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in fecal samples collected from diseased calves. Calicivirus
demonstrating 65% homology to Nebraska nebovirus was
detected in 3 fecal samples when the samples were tested
with molecular methods. Isolated pathogen was named
as Kirklareli virus after the sampling place. It was classified
to Nebovirus genus based on phylogenetic analysis data.
Detailed analysis of the obtained data has suggested that
Kirklarelivirus may be the ancestor of Nebovirus genus [21].

Guo Z. et al. detected norovirus and nebovirus in fecal
samples collected from gastroenteritis-affected neonatal
calves on one Chinese dairy farm that was indicative of
co-circulation of these pathogens causing mixed infec-
tions [14].

Rotavirus was detected in 73.2% of fecal samples, coro-
navirus was detected in 36.6% of fecal samples, bovine vi-
ral diarrhea virus was detected in 31.7% of fecal samples
and nebovirus was detected in 41.8% of fecal samples
during tests of the fecal samples collected from neona-
tal calves kept on 13 commercial dairy farms located in
5 Chinese provinces for etiology of mass gastrointestinal
diseases. Two-three pathogens were detected in many
samples and all 4 viruses were detected in some samples.
Phylogenetic analysis data showed that all tested nebo-
virus isolates belonged to Nebraska group (Nebraska-like
strains), 14 out of them belonged to lineage 1 and 4 out
of them belonged to lineage 3. Also recombinations in
nebovirus VP1 were detected [32]. The data obtained by
Chinese researchers indicate that nebovirus is widespread
in meat and dairy cattle herds as well as yak herds in the
country [13, 14, 26, 27, 32].

According to numerous publications, nebovirus was
isolated from fecal samples taken from diarrheic neona-
tal calves in England [16, 18, 19, 23], Brazil [12], Hunga-
ry [15], Germany [34], France [30], Italy [24], Sweden [35],
Iran [36], China [13, 14, 26, 27, 32], USA [33, 37], Tunisia [28],
Turkey [21, 38, 39], South Korea [40] and other countries.
Some researchers detected the virus in fecal samples col-
lected from both diseased and clinically healthy calves
kept on the same farms. It is suggested that the biologi-
cal materials have been collected at different periods of
the pathological process (incubation period or convales-
cence stage). This could also explain the different level
(4.8-41.8%) of the detected nebovirus prevalence.

Characteristics of neboviruses detected in the fecal
samples from neonatal calves and circulating in various
countries are given in the table below.

CONCLUSION

Nebovirus infection of neonatal calves is registered in
many countries of the world having close economic ties
with the Russian Federation. A large number of dairy and
meat cattle were imported into Russia from Germany,
the USA, France, Hungary and some other countries where
nebovirus infection was diagnosed. All this is indicative
of high probability of importation of animals infected with
various infectious disease pathogens that is confirmed by
the presence of pestiviruses (bovine viral diarrhea — mu-
cosal disease agents) in biological material samples taken
from aborted fetuses and dead neonatal calves born from
imported heifers. Evidence of recombinant nebovirus
strain circulation was found. In some cases, other patho-
gens including norovirus and astrovirus, were detected
together with nebovirus in pathological material samples
taken from the same animals.
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Table
Characteristics of the neboviruses circulating in the countries

Countries Nebovirus genotype Publication number
England Newbury 1/76/UK; Nebraska80/US 16,18,19,23
USA Nebraska80/US 33,37
Germany Newbury 1/76/UK 34
France Nebraska80/US; Dijon A216/06/FR 30
China Newbury 1-like strains; Nebraska-like strains; Dijon A216-like strains 13,14,26, 27,32
Brazil Newbury 1/76/UK 12
Turkey Newbury 1-like strains; Nebraska-like strains; Kirklareli virus 21,38,39
Italy Newbury 1/76/UK; Nebraska80/US 24
Hungary Newbury 1/76/UK 15
Iran Newbury 1/76/UK; Nebraska80/US 36
Tunisia Nebraska80/US; Dijon A216-like strains 28
South Korea Newbury 1/76/UK; Nebraska-like strains 40
Sweden Newbury 1-like strains; Nebraska-like strains 35

Pathomorphological changes caused by nebovirus
infection are similar to that ones caused by rotavirus,
coronavirus, norovirus, torovirus infections, as well as of
bovine viral diarrhea - mucous disease. Diarrhea in neo-
natal calves is generally caused by mixed infections. All
this makes much more difficult clinical and postmortem
diagnosis of detected gastrointestinal disorders as well as
specific prevention of viral diarrheas.

Presented data on bovine nebovirus infection and its
wide spread in many countries of the world show that
further studies, particularly on breeding farms, monito-
ring tests of pathological material samples from neonatal
calves with clinical signs of gastrointestinal diseases, de-
velopment of tools and methods for this infection control
and prevention are required.
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