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ABSTRACT

Livestock industry efficiency strongly depends on the livability of young animals, mainly during the early postnatal period. Infectious gastroenteritis of newborns
manifested as diarrhea occupies the leading place among the diseases of young animals and brings the production and economic losses. The cause of numerous
gastrointestinal disorders are physiological, hygienic, infectious and other factors. This pathology is reported in 50—80% of newborn calves, while 15-55% of dis-
eased animals die. The investigations of the etiology of numerous diarrhea cases revealed rota-, corona-, parvo-, enteroviruses and bovine viral diarrhea virus in
fecal samples from calves. Inactivated vaccines have been developed in the Russian Federation to prevent viral diarrhea in cattle. Despite their high antigenicity
and field effectiveness, numerous cases of diarrhea in newborn calves have been reported in a number of large livestock farms. In fecal samples collected from
diseased individuals, noroviruses along with the above-mentioned viruses were detected by electron microscopy. The noroviruses were detected in fecal samples
from humans, cattle, pigs, sheep, dogs, cats, mice, as well as in pork and milk samples. The norovirus genome is prone to mutations, resulting in antigenic shifts
and recombination, as well as the emergence and rapid spread of new epidemic and epizootic variants. Epidemiological features of norovirus infection include:
prolonged shedding of the virus by the diseased animals and carriers, various transmission routes (fecal-oral, contact) and high contagiousness. In late 20" and
early 21 century a large number of dairy and meat cattle were imported to the Russian Federation from various countries, including norovirus-infected countries.
All this suggests the need to take noroviruses and other viruses (neboviruses, toroviruses, astroviruses, kobuviruses) into account when investigating the etiology
of numerous diarrhea cases in newhorn calves and necessitates the development of norovirus diagnostic tools and methods, as well as control measures.
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PE3IOME

(OcHoBoIA NOBbILEHNA IPPEKTUBHOCTI XKIBOTHOBOACTBA ABNAGTCA COXPAHHOCTb MOJIOAHAKA, FMaBHbIM 00pa3oM B paHHII MOCTHaTaNbHbIA nepuop. BepyLuee
MecTo cpeau bonesHeil MONOAHAKA 3aHUMAIOT UHGEKLIMOHHDIE FaCTPOIHTEPUTBI HOBOPOXKAEHHDIX XKIUBOTHBIX, KOTOPbIE NPOABAAKTCA AMapeeit U NPUBOAAT K Npo-
113BO/CTBEHHbIM 1 SKOHOMUYECKM NoTepAM. [pUUNHOI MacCoBbIX HapyLLEHMil YHKLMI OPraHoB NULLEBAPEHINA ABNAIOTCA GU3NONOTIYecKHe, CHUTAPHO-TUTIA-
eHnyeckme, MHGeKLMoHHble 1 fipyrue dakTopbl. laHHaa natonorua pernctpupyetca y 50-80% HOBOPOXKAEHHDIX TENAT, BO MHOTIX Cyyadx 0TMeyaeTca rubenb
o1 15 10 55% 60nbHBIX XMBOTHBIX. [Py YCTaHOBNEHNN 3TONOTM MACCOBbIX Anapeil B Npobax Gekanuii TeNAT BbIABAAN POTa-, KOPOHa-, NapBO-, SHTEPOBMPYChI
11 BO36yAuTeNV BUPYCHOI Anapen — 6one3Hu cusnctbix. 1nA npodunakTukm BUPYCHbIX Anapeli KpynHoro poratoro ckota B Poccuiickoii Oepepaumn bbinu pas-
paboTaHbl MHAKTUBMPOBAHHbIE BaKLIMHbI. HECMOTPA Ha UX BbICOKYH0 aHTUTEHHYH aKTUBHOCTb 1 oneByto 3G¢eKTUBHOCTb, B PAAE KPYMHbIX XKUBOTHOBOAYECKIX
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X03AIACTB 6blIN 3aperncTpUpoBaHbl CTyyal MaccoBbIX Auapeii HOBOPOXAEHHbIX TenAT. B npobax Gekanuii, 0T06paHHbIX 0T OTAENbHbIX 60MbHbBIX XUBOTHBIX,
HapaAy ¢ BO30yANTENAMM YKa3aHHbIX MHGEKLMIA METOAOM MeKTPOHHOI MUKPOCKONUI BLIABAANNCH HOPOBUPYCbI. Bo36yauTenb HOpOBMpPYCHON MHdeKLMM bbin
06Hapy»eH B npobax heKanuii yenoseka, KPynHoro poratoro CKoTa, CBIMHelf, 0BeLl, C06aK, KOLLeK, MblLLIel, a TaKke B CBUHIHE 1 MOMOKe. [eHOM HOpOBMpYca NoA-
BEpXKEH MyTaLNAM, UTo NPUBOJMT K aHTUTEHHOMY CABUTY U PEKOMOMHALIMAM, @ TaKKe BO3HUKHOBEHMH) 1 ObICTPOMY pacnpoCTpaHEHM HOBbIX SMMAEMUYECKIX
11 3M1300TUYECKIX BAPUAHTOB BO30OYAUTENA. INM300TONOTNYECKIIMU 0COBEHHOCTAMIN HOPOBUPYCHOI MHGEKLUN ABNAIOTCA: ANNTENbHOE BbifeneHe Bo30yauTens
113 OpraHN3ma 6oMbHbIX KMBOTHBIX U KMBOTHBIX-BUPYCOHOCUTENEN, peanu3aLms pa3nuuHbIx nyTeil nepesaun (dekanbHo-opanbHoro, KOHTAKTHOTO) U BbICOKas
KOHTarno3HocTb. B koHue XX 1 B Hauane XXI Beka B Poccuiickyto Oefepavinto 3 pasHbix CTpaH, B TOM UnCIe 1 13 HebnarononyyHbIX no HOPOBYUPYCHOI UHdeKLMK,
6bIn0 33Be3€eH0 60MbLLIOE KONMYECTBO KPYMHOT0 POratoro ckota MOMOYHbIX 1 MACHBIX MOPOA. Bce 370 (BUAETENbCTBYET 0 HEOOXOAUMOCTM YYeTa HOPOBMPYCOB
11 pyrux natoreHoB (He60BYPYCOB, TOPOBYUPYCOB, aCTPOBUPYCOB, KOOYBMPYCOB) NP BbIACHEHNN STUONOTUN MACCOBBIX Cy4aeB Anapeil HOBOPOX/AEHHbIX TENAT,
a Takxe pa3paboTKy CPeACTB U METOL0B ANATHOCTUKN U Mep 60pbObl C HOPOBMPYCHOI MHGEKLIMEN XKUBOTHBIX.

KnioueBbie cnosa: 0630p, Hoposupycwl, Caliciviridae, pnapes, Tendta, CBUHbI, FEHOTUNMbI, FeHOTPYNNbI, 300HO3, eKanbHO-0panbHbIA MyTb 3apaxeHua
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Historically, new pathogens of viral gastrointestinal
infections in cattle were described based on electron mi-
croscopy results of faecal samples from newborn diarrheic
calves. Subsequently, other methods, including molecu-
lar biology, began to be used for this purpose. Rotaviru-
ses, coronaviruses, caliciviruses, toroviruses, astroviruses,
kobuviruses, neboviruses and pestiviruses (causing bovine
mucosal complex) were found in fecal samples from diar-
rheic calves using electron microscopy, molecular biology
and fecal immunochemical test) [1, 2, 3,4, 5,6,7,8,9, 10,
11,12, 13]. A study of 269 fecal samples from sheep, goats,
cattle, pigs and rabbits taken from livestock farms in Hun-
gary revealed a new picornavirus, which was classified as
Bopivirus genus [14].

Caliciviruses infecting a wide range of vertebrates,
as well as humans, were separated from the Picornavi-
ridae family in 1979 [12]. The Caliciviridae family unites
a group of RNA viruses with similar morphology and dif-
ferent antigenic properties [15]. Caliciviruses are stable
and highly resistant to physical and chemical exposures
(factors) of the environment; remain infectious at pH 2.7
for 3 hours at room temperature. Viruses are resistant
to ether, chloroform, guanidine, sodium deoxycholate,
as well as to pH 4-5, and are active for 30 minutes when
heated to 60 °C [3, 15, 16, 17]. Calicivirus virions are small
non-enveloped particles 27-40 nm in diameter with ico-
sahedral symmetry (T = 3). A characteristic feature of cali-
civirus capsid architecture is 32 cup-shaped depressions at
each of the icosahedral five-fold and three-fold axes (calyx
is derived from the Latin which means cup). The molecu-
lar weight of the virion is 15 MDa, the sedimentation con-
stant is 170-183 S, the buoyant density in CsCl gradient
is 1.36-1.41 g/cm?. The capsid is comprised of 180 cop-
ies of the major capsid protein VP1 and 1-2 copies of
the minor structural protein VP2, around the VPg-linked
genome.VP1 dimers form 90 arch-shaped capsomers that
form visible 40 A deep and 90 A wide depressions (cups).
The genome of caliciviruses is positive-sense, single-
stranded RNA with a molecular weight of 2.6-2.8 MDa and

7,500-7,700 bp in size. The infectivity of calicivirus RNA is
caused by the VPg peptide covalently linked to genomic
RNA[2,3,16,17,18, 19, 20].The classification of calicivirus-
es was approved by the decision of the International Com-
mittee on Taxonomy of Viruses in 2002. This classification
was based on the results of nucleotide sequence phylo-
genetic analysis [20, 21, 22]. Currently, the Caliciviridae
family comprises pathogens belonging to eleven genera,
among them noroviruses, neboviruses, sapoviruses, vesi-
viruses, lagoviruses, etc.

In 1972, a new virus was discovered by immune elec-
tron microscopy in an infectious stool filtrate derived
from an outbreak of human gastroenteritis in Norwalk,
Ohio. The virus was named Norwalk virus [16, 17, 23], and
the disease was named a norovirus infection. The results
of numerous studies conducted in many countries indi-
cate that all identified noroviruses have closely related
genome structures, but are genetically and antigenically
highly diverse and infect a wide range of mammalian host
species including humans. This virus was detected in bio-
logical samples from cattle [24, 25, 26], pigs [12, 27, 28],
sheep [29], cats [30, 31], dogs [32, 33], and mice [34].

Based on the phylogenetic analysis of the genome
nucleotide sequences, noroviruses were classified into
7 genogroups [16, 18, 35]. Subsequently, separate clusters
(genotypes) and genetic variants were recognized in each
genogroup [11, 16, 18, 20, 35, 36, 37, 38, 39, 40, 41, 42, 43].
Noroviruses are characterized by rapid genetic variabili-
ty [18]. The results of the VP1 phylogenetic analysis sug-
gest that new norovirus strains emerge every 2-3 years
and there is a risk of highly virulent strain occurrence.
About 5% of Norwalk virus population evolve into new ge-
netic variants every year [16, 44]. Recombinations of cali-
civiruses are frequently reported, being the reason of an-
tigenically altered viral strain emergence [16, 39, 45, 46].
The Norwalk virus genome is prone to mutations, result-
ing in antigenic shifts and recombinations, as well as the
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emergence and rapid spread of new epidemic and epi-
zootic variants [17, 18, 24, 41, 45]. The mutation process-
es involve the genome regions responsible for the virus
binding to host receptors on the intestinal mucosal epi-
thelium [16, 41].

Epidemiological features of norovirus infection include:
prolonged shedding of the virus by the diseased animals
and carriers, various transmission routes (fecal-oral, con-
tact) and high contagiousness [16, 18]. Norovirus-contam-
inated feed and water can serve as transmission factors.
The virus reservoir and source are infected (diseased and
convalescent) animals. Bovine norovirus or human noro-
virus are responsible for the infection in cattle [24, 28]. One
gram of feces from a diseased animal contains 108 viral
particles or norovirus RNA copies [2, 8, 16, 17, 18, 38]. It
has been proven that the ingestion of 10 norovirus viri-
ons is sufficient for the development of clinical manifes-
tations [8, 16, 17, 18]. The norovirus infection incubation
period in newborn calves infected with the virus isolated
from cattle is 14-48 hours, the duration of the disease
is from 2 to 30 days. Following the recovery, the virus is still
shed for 5-50 days in the amount of 10* copies of viral RNA
per 1 g of feces. Calves infected with human norovirus start
demonstrating clinical signs 2-6 days post infection [47].

Virions replicate and assemble in the cytoplasm, and vi-
ral particles are released when the cell is destroyed. The rep-
lication cycles of the caliciviruses are similar as far as they
have been explored: viruses interact with a multitude
of cell surface attachment factors (glycans) and co-recep-
tors (proteins) for adsorption and penetration, use cellular
membranes for the formation of replication complexes [48].

Noroviruses propagate in the epithelium cells of small in-
testinal villi, as well as theimmune system cells (macrophages,
dendritic cells, T and B-lymphocytes) [18, 38, 49, 50, 51]. At
the same time, a broadening and blunting of the intestinal
villi, epithelial cell peeling, crypt epithelial hyperplasia, cyto-
plasmic vacuolization, infiltration of the affected cells into
the lamina propria are observed. The lesions are more se-
vere in the small intestine (duodenum, jejunum and ileum),
where mucosal inflammation involving atrophy of intesti-
nal villi and hypertrophy of intestinal glands are detected.
Decreased cell enzymatic activity and development of sec-
ondary disaccharide deficiency are observed. In the setting
of this infection gastric motility disorder frequently occurs.
Increased intestinal epithelial apoptosis, epithelial barri-
er malfunction, and development of diarrhea due to loss
of ions and water from subepithelial capillaries into the lu-
men are observed [16, 18]. Moreover, villous necrosis and
villous atrophy are reported [38, 45, 50, 51]. Norovirus was

Table
Genetic characteristics of noroviruses isolated from fecal samples

Hosts Genogroups

Human @l, GlI, GIV, GVI, GVII
Ruminants (cattle, sheep) Glll, GV

Pigs Gll

Mice q1

Dogs GIV, GVII

(ats Glv
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detected in the epithelial cells of the duodenum, jejunum
and ileum, Peyer’s patches and large intestinal mesenteric
lymph nodes [38].

Macroscopic lesions and clinical signs caused by noro-
virus infection are similar to those caused by rotavirus
and coronavirus infections, which complicates clinical
and post-mortem diagnosis [1, 3, 4, 8, 19, 52]. Noroviru-
ses are detected in fecal samples from cattle of different
ages. The greatest economic losses are caused by noro-
virus infection in calves, who manifest diarrhea, depres-
sion, fever, and digestive disorders. Diarrhea is observed
on days 3-7 post infection and can persist for a month.
Diarrhoea is more severe in 3-week old calves than in
neonatal animals [24]. In addition to norovirus, rota-, co-
rona-, neboviruses, bovine diarrhea virus [53], and other
microorganisms [10, 11] were frequently isolated from
fecal samples collected from diarrheic calves. When in-
vestigating the reasons of gastrointestinal disorders
in newborn calves in England, Belgium, Hungary, Germa-
ny, Italy, the Netherlands, France, Slovenia, Norway, Swe-
den, China, South Korea, India, Iran, Turkey, Egypt, Tunisia,
the USA, Australia and New Zealand, noroviruses were
detected in faecal samples. The results of numerous tests
suggested that norovirus infection is a highly contagious
zoonotic disease with the fecal-oral route of transmis-
sion [11, 20, 28, 29, 36, 38, 39, 40, 41, 44, 49, 53, 54, 55, 56].

The table provides data on the detection of different
norovirus genogroups in different hosts. Each norovirus
genogroup comprises several genetic clusters (geno-
types) depending on the similarity of genetic characte-
ristics [45, 571.

The results of the VP1 phylogenetic analyses suggest
a high frequency of norovirus recombination. Noroviru-
ses of genogroup Il (Gll) isolated from fecal samples of di-
seased humans and pigs are characterized by a high level
of variability [16, 12, 28, 58]. The study of genogroup Gll
norovirus RNA isolated from pig faecal samples in Japan,
the USA and several European countries, revealed that
porcine/human recombinants can emerge in subclinically
infected adult animals, and pigs may be reservoirs of new
human noroviruses [42, 52, 59].

Noroviruses have been shown to undergo extensive ge-
netic recombination. Co-infection of calves with bovine
and human strains of norovirus can produce a recombi-
nant virus with altered virulence properties [46, 60]. Noro-
viruses of genogroup GllI (bovine) and genotype Gll.4 (hu-
man) were simultaneously identified in fecal samples from
diarrheic calves in Canada [12].

There is a high probability that recombinant norovirus
strains can emerge which potentially can transmit to hu-
man population.

The results of the experimental infection of gnotobiotic
calves and piglets with human norovirus confirmed virus
replication and seroconversion in infected animals [45, 47].
Spontaneous infections of piglets with norovirus have
been reported. In this case, diarrhea occurred 2-6 days af-
ter the experimental infection. The data from these studies
led to the assumption that cattle and pigs may serve as
a reservoir of human norovirus, due to viral mutations in
the animal organism and emergence of strains with new
properties. Long-term contacts between humans and vi-
ruses, which previously infected only animals, can lead to
mutations and replication in the intestinal epithelium of
the human [9, 11, 12, 38, 42, 46, 47, 52, 58, 59, 61]. It is
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believed that humans can be infected with bovine and
porcine noroviruses through contaminated animal meat
and milk [46]. The detection of human noroviruses in ani-
mals, as well as the simultaneous presence of human and
animal noroviruses in bivalves, suggests a risk of the hu-
man norovirus transmission [62].

The results of serological tests showed antibodies to hu-
man norovirus in porcine sera in 36-71% of cases [27]. In
the Netherlands, antibodies (IgG) to bovine norovirus were
detected in 28 and 20% of serum samples, collected from
210 veterinarians and 630 animal owners, respectively [49].
In Sweden, 26.7% of blood donors were antibody-positive
for bovine norovirus (GllI.2) [61]. It has been established
that human norovirus has a clear tropism to the canine
intestinal epithelial cells [18].

These data are based on the assumption that zoonotic
transmission is typical for norovirus [20, 45, 46, 59, 61, 63].

CONCLUSION

These data suggest a high prevalence of highly con-
tagious norovirus infection in the world, which is of so-
cial and economic importance. Noroviruses are the most
common cause of epidemic gastroenteritis, responsible
for at least 50% of all gastroenteritis outbreaks in humans
worldwide, and a major cause of foodborne iliness. Noro-
virus infection outbreaks among children have also been
reported in the Russian Federation. Norovirus is extremely
contagious, with an estimated infectious dose as low as
10-1,000 viral particles. Many researchers have revealed
that transmission might occur directly through the fecal-
oral route and there is a potential for zoonotic transmis-
sion. Noroviruses have been found in fecal samples from
humans, cattle, pigs, sheep, dogs, cats, as well as in pork
and milk. Epidemiological features of the norovirus in-
fection include long-term viral shedding with feces in
high concentrations. Transmission of noroviruses occurs
in three general routes typical of acute gastrointestinal in-
fections: waterborne, foodborne, and contacts. At the be-
ginning of the 215 century, a large number of cattle were
imported to Russia from norovirus-infected countries. This
suggests the need for monitoring tests, the development
of diagnostic agents and methods, and measures to con-
trol norovirus and other emergent infections.
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