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ABSTRACT
Viral agents are a major cause of mass gastroenteritides in newborn calves in the countries around the world. Early postnatal diarrhea as the main reason of morbidity 
and mortality in young animals leads to serious problems in the commercial livestock farming and causes a considerable economic damage. The most common viral 
gastroenteritis agents in calves are rotaviruses, coronaviruses and pestiviruses, and, along with these, astroviruses are increasingly being detected. The members 
of the family Astroviridae can cause various pathologies in animals: enteritis, hepatitis and nephritis in birds, gastroenteritis, neurological syndromes and enceph-
alitis in mammals. The role of these viruses in the etiology of respiratory pathology in animals has been demonstrated. The following animals are the natural hosts 
of astrovirus: cattle, small ruminants, camels, deer, yaks, roe deer, buffaloes, alpacas, pigs, wild boars. The virus has been detected in bats, rodents and marine 
mammals, as well as in mollusks. Presently, the list of animals susceptible to astrovirus infection has expanded to over 80 species from 22 families, including domestic, 
synanthropic and wild animals, birds and mammals living in the terrestrial and aquatic environments. In recent times, there has been a lot of evidence of occurrence 
of recombinant astrovirus isolates, which contributes to the emergence of new genetic variants of the pathogen. A wide variety of infected animal species, the genetic 
diversity of the virus and the recombination events are indicative either of the cross-species transmission and subsequent adaptation of the virus to new hosts, or 
of the coinfection of the same host with different virus genotypes, which may lead to the emergence of novel astroviruses that are capable of infecting animals 
or possess a zoonotic potential. Astrovirus infection has no specific clinical features that allow for its differentiation from other intestinal infections. The presented 
data highlight the necessity for taking into account astrovirus infection when testing pathological material samples from diarrhea-affected newborn calves, lambs, 
goat kids and piglets on the commercial farms of the country. 
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РЕЗЮМЕ
Во всех странах мира основной причиной массовых гастроэнтеритов новорожденных телят являются возбудители вирусной природы. Диарея в ранний 
постнатальный период, как основная причина заболеваемости и смертности молодняка, вызывает серьезные проблемы в промышленном скотоводстве 
и причиняет значительный экономический ущерб. Наиболее распространенными возбудителями вирусного гастроэнтерита у телят являются ротавирусы, 
коронавирусы и пестивирусы, наряду с которыми все чаще выявляют астровирусы. Представители семейства Astroviridae способны вызывать у животных 
различные патологии: у птиц – энтерит, гепатит и нефрит, у млекопитающих – гастроэнтерит, неврологические синдромы и энцефалит. Доказана роль 
данных вирусов в этиологии респираторной патологии животных. Естественными хозяевами астровируса являются: крупный и мелкий рогатый скот, 
верблюды, олени, яки, косули, буйволы, альпаки, свиньи, дикие кабаны. Возбудитель был выявлен у летучих мышей, грызунов и морских млекопи-
тающих, а также в моллюсках. В настоящее время список животных, восприимчивых к астровирусной инфекции, расширился более чем до 80 видов 
из 22 семейств, включая домашних, синантропных и диких животных, птиц и млекопитающих, обитающих в наземной и водной среде. В последнее время 
увеличивается количество свидетельств о появлении изолятов астровируса с рекомбинациями, что способствует возникновению новых  генетических 
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MAIN PART 
Until recently, human pathology was thought to be as-

sociated with 8 serotypes of astroviruses (Human astrovirus, 
HAstV). However, in the last few years, the wide use of mo-
lecular biological test methods allowed for the detection 
of some more groups of the pathogen (MLB and VA) dif-
fering from conventional human astroviruses in patients 
with acute diarrhea manifestations. These groups of astro-
viruses are detected quite rarely, but can cause a group 
disease [22, 23, 24]. Astrovirus serotypes (genotypes) 1 
and 2 are most common in children, and serotype 4 – in 
older persons. Astrovirus infection has no specific clinical 
features that allow for its differentiation from other intes-
tinal infections. The contribution of this infection to the 
sporadic morbidity in different regions of the world varies 
widely (4–17%) [25, 26]. 

Spherical non-enveloped virions with a size of about 
28–30 nm were detected in the faecal samples from di-
arrhea-affected newborn calves born to cows immunized 
with vaccines against rotavirus, coronavirus infections 
and bovine viral diarrhea/mucosal disease. The surface of 
the virion resembled five- or six-pointed stars. Such viri-
ons were first detected using electron microscopy in 1975 
during the tests of faecal samples from children with di-
arrhea; subsequently, similar viruses were found in faecal 
samples taken from diarrhea-affected animals of different 
species [27, 28]. The name of the detected virus comes 
from the Greek word “astron”, meaning “star”, which the vi-
rions resemble in electron micrographs (Fig. 1) [13, 26, 29].

In  1995, the  International Committee on Taxonomy 
of Viruses assigned all astroviruses to the new family As
troviridae [30]. This family includes two genera: Mamastro
virus (from the Latin word “mamma”, meaning “mammary 
gland”) and Avastrovirus (from the Latin word “avis”, mean-
ing “bird”) [25, 31, 32]. Viruses belonging to the genus Ma
mastrovirus cause pathology in humans and mammalian 
animals. The  representatives of the  genus Avastrovirus 
cause the disease in birds (Fig. 2). Methods such as elec-
tron microscopy, polymerase chain reaction and metage-
nomic analysis allowed for the detection of astroviruses 

INTRODUCTION
Gastrointestinal diseases of newborn calves and young 

cattle are widespread all over the world and second only 
to  respiratory pathology in the  extent of the  econom-
ic damage caused [1, 2, 3, 4, 5]. Newborn calf diarrhea is 
the main cause of morbidity, mortality and economic los-
ses in livestock farming [3, 6, 7, 8, 9, 10, 11, 12]. Vaccines 
have been developed to prevent rotavirus, coronavirus 
infections and bovine viral diarrhea/mucosal disease 
( BVD-MD) [1, 2, 3, 13, 14]. However, diarrhea is sometimes 
repor ted in newborn calves born to vaccinated cows. Diag-
nosis in mass viral diarrhea cases is based on the detection 
of rotavirus, coronavirus and pestivirus (the causative agent 
of viral diarrhea) or postinfection antibodies. There is no dif-
ference in the clinical signs demonstrated by diseased new-
born calves with diarrheas caused by bovine viral diarrhea/
mucosal disease agents, rotaviruses, coronaviruses, kobu-
viruses, toroviruses, parvoviruses, enteroviruses, neboviru-
ses, noroviruses, bopiviruses [3, 8, 11, 14, 15, 16, 17, 18]. Also, 
no differences in the postmortem lesions were detected by 
the necropsy of calves that had died of rotavirus, corona-
virus, parvovirus and enterovirus infections.

The negative results of laboratory tests aimed at the de-
tection of the said pathogens prompted additional tests 
of pathological material samples using other diagnostic 
methods. Reports on the detection of astroviruses in the 
faecal samples from diarrhea-affected calves were pub-
lished in 1977–1978  [19]. The  astrovirus isolated from 
the faecal samples from calves with diarrhea in England 
was found to be antigenically related to the pathogen re-
covered from a diseased animal from Florida (USA). Then 
the  targeted testing of faecal samples for astroviruses 
revealed the wide occurrence (46%) of the virus on live-
stock farms. On 88% of the tested farms, other pathogens 
(rotaviruses, coronaviruses, parvoviruses, noroviruses and 
enteroviruses) were detected along with astrovirus. In 8% 
of cases, only astroviruses were detected [5, 19, 20, 21]. 
The members of the family Astroviridae can cause disea-
ses in various vertebrates, with the isolates recovered from 
birds and mammals being the most well studied.

 вариантов возбудителя. Большое разнообразие видов инфицированных животных, генетическое разнообразие вируса и случаи рекомбинации ука-
зывают либо на межвидовую передачу и последующую адаптацию вируса к новым хозяевам, либо на коинфекцию одного и того же хозяина разными 
генотипами возбудителя, что может приводить к появлению новых астровирусов, способных заражать животных или имеющих зоонозный потенциал. 
Астровирусная инфекция не обладает клиническими особенностями, позволяющими дифференцировать ее от других кишечных инфекций. Представ-
ленные данные указывают на необходимость учета астровирусной инфекции при исследовании проб патологического материала от больных диареей 
новорожденных телят, ягнят, козлят и поросят в промышленных хозяйствах страны. 
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Astroviruses are represented by non-enveloped virions 
of icosahedral symmetry with a diameter of 28–30 nm. 
The nucleocapsid consists of three main capsid proteins. 
The virion capsid is covered with 30 dimeric spikes pro-
truding above the  virion surface at  3–8  nm. The mo-
lecular weight of the virion is 8 MDa. The astrovirus ge-
nome is represented by a single-stranded infectious RNA 
 ( 6.4–7.9) × 103 nucleobases long, containing three open 
reading frames. The genomic sequence of bovine astrovi-
ruses was determined in 2011 [27, 34, 35, 36]. The buoyant 
density of astrovirus in caesium chloride is 1.36–1.39  g / cm3. 
The sedimentation constant is 140S.

Astroviruses are inactivated at 50 °C for 60 minutes or at 
60 °C for 5 minutes. The virus is stable at pH 3.0, as well as 
resistant to various detergents and fat solvents. In faecal 
samples from animals with astrovirus diarrhea, the patho-
gen was detected at a concentration of up to 1010 par-
ticles/mL. The natural hosts of astrovirus are cattle, small 
ruminants, camels, deer, yaks, roe deer, buffaloes, alpacas, 
pigs, wild boars. The pathogen has been detected in bats, 
rodents and marine mammals, as  well as in  mollusks. 
Presently, the list of animals susceptible to astrovirus in-
fection has expanded to over 80 species from 22 families, 
including domestic, synanthropic and wild animals, birds 
and mammals living in the terrestrial and aquatic environ-
ments [25, 37, 38, 39, 40, 41, 42, 43].

Astroviruses are transmitted via the faecal-oral route. 
The RNA of this pathogen is infectious, and after the virion 
enters the target cell, it serves as an mRNA for the transla-
tion of two non-structural proteins. Astroviruses replicate 
in the cytoplasm of sensitive cells, they destroy intestinal 
cells and release during lysis [2, 13, 27, 44].

Astrovirus infection is  geographically widespread 
throughout the world [6]. Genetic variability has been de-
scribed for almost all sufficiently studied species of astro-
viruses infecting mammals and birds; however, antigenic 
variability has been demonstrated in human astrovirus, 
but is much less studied in animal viruses. In recent times, 
there has been a lot of evidence of occurrence of recom-
binant astrovirus isolates, which contributes to the higher 
genetic variation in this group of viruses. A wide variety 
of infected animal species, the evident genetic diversity 
of the viruses and the recombination events are indicative 
either of the cross-species transmission and subsequent 
adaptation of the virus to new hosts, or of the coinfection 

in  pathological material samples from domestic and wild 
 animals, including cattle (Bovine astrovirus, BoAstV), camels 
(Dromedary camel astrovirus, DcAstV), sheep (Ovine astrovi
rus, OAstV), goats (Caprine astrovirus, CapAstV), pigs (Por
cine astrovirus, PoAstV), dogs (Canine astrovirus,  CaAstV), 
cats (Feline astrovirus, FeAstV), minks (Mink astrovirus,  
MiAstV), mice (Murine astrovirus, MuAstV), rats (Rat astro
virus, RatAstV), dolphins (Bottlenose dolphin astrovirus, 
BdAstV), pinnipeds (California sea lion astroviruses, CslAstV; 
Steller sea lion astroviruses, SslAstV), chickens ( Chicken 
astrovirus, CAstV), turkeys (Turkey astrovirus, TAstV), 
ducks  (Duck astrovirus, DAstV), geese (Goose astrovirus, 
GAstV) and other animal species [25, 28, 33].

REVIEWS | EPIZOOTOLOGY ОБЗОРЫ | ЭПИЗООТОЛОГИЯ 

Fig. 1. An electron micrograph of an astrovirus: А – [26]; B – [29]

Fig. 2. Phylogenetic relationships within the family Astroviridae [28]

A B
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the samples from cattle and in 36.84% of the samples from 
buffaloes. The phylogenetic analysis results indicate that 
the pathogens had a common ancestor [34]. In the pas-
tures of Tibet, diarrhea of newborn cattle and yak calves is 
the most common disease causing significant economic 
damage. The tests of the faecal samples collected from 
young yaks revealed the presence of the following viru ses: 
rotavirus, parvovirus, astrovirus, nebovirus, enterovirus, 
influenza A virus, hepatitis E virus, kobuvirus and bovine 
viral diarrhea/mucosal disease virus. The astrovirus iso-
lated from the faecal samples from yaks was 46.4–66.2% 
identical to the virus isolated from the faeces of diseased 
cattle. The test results showed that yak astroviruses be-
long to the cluster of bovine astroviruses. However, yak 
astroviruses demonstrate a more close genetic related-
ness to deer astroviruses. The researchers suggested that 
interspecies recombination had occurred in the astrovirus 
ORF2. All this indicates that the pathogen isolated from 
the faeces of newborn yak calves with diarrhea is a novel 
astrovirus [9]. In South Korea, the studies of diarrhea etio-
logy in 115 newborn calves from different farms revealed 
the  presence of  astroviruses in  7.83% of  samples  [36]. 
Zhu J. et al. detected astrovirus both in the faecal samples 
taken from clinically healthy calves and in the samples 
from calves with diarrhea [54].

Astroviruses were detected in 3.15% of faecal samples 
from newborn calves with diarrhea in three provinces 
of Central Turkey. Based on the phylogenetic analysis data, 
the detected new strains of astrovirus were 75.8–100.0% 
identical [55]. In 2012–2013, faecal samples were collected 
on 36 farms in Scotland to investigate the etiology of mass 
diarrhea cases in newborn calves. Astroviruses were de-
tected in 80.0% of the samples from diseased calves, and 
rotaviruses were detected in 77.1% of the samples. Astro-
viruses (64.4%) and rotaviruses (17.8%) were also detected 

of the same host with different astroviruses. It is believed 
that the coinfection may lead to the emergence of novel 
astroviruses that are capable of infecting animals or pos-
sess a zoonotic potential [25, 45, 46].

It was found that an astrovirus can be cultivated in a pri-
marily trypsinized human embryo cell culture when the se-
rum-free maintenance medium is  supplemented with 
10 µg/mL of trypsin to activate the replication. In the ab-
sence of trypsin, the astrovirus entry into the target cells 
and their infection, as well as the release of the infectious 
pathogen do not occur. All this indicates that astrovirus 
replication is trypsin-dependent [1, 47, 48, 49]. Astroviru-
ses of cattle and small ruminants replicate in the primarily 
trypsinized cultures of calf embryo kidney cells, as well as 
in continuous cell lines (MDBK, BT, EBK, GBK). The astrovi-
rus infection incubation period is 4.5 days [50]. The studies 
of the disease pathogenesis in newborn lambs showed 
that two-day-old animals developed diarrhea 48 hours af-
ter experimental infection [12, 51]. In the body of newborn 
calves and lambs, astrovirus replicates in the enterocytes 
of the apical surface of the small intestine villi. After enter-
ing the intestines of newborn animals, the virus infects the 
enterocytes of the ileum and epithelial M cells of the epi-
thelium of the dome of Peyer’s patches [34, 44, 52, 53]. De-
spite astrovirus detection in faeces, in some cases calves 
had no clinical signs of the disease.

Bovine astroviruses were detected in 60% of faecal 
samples taken from newborn calves with diarrhea on Bra-
zilian farms. According to the phylogenetic analysis data, 
the detected isolates demonstrated a 74.3–96.5% simila-
rity based on the amino acid sequence [47].

Chinese scientists conducted polymerase chain reac-
tion tests of 211 rectal swab samples from cattle and wa-
ter buffaloes with the signs of diarrhea living in the same 
ecocluster. Astrovirus RNA was detected in  46.10% of 
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Fig. 3. Histopathological changes and detection of BoAstV RNA in the affected brain tissues of a cow 
with nonsuppurative encephalitis: А – gliosis and neuronal necrosis;  
В – necrotic neurons (magnification of the marked area in panel A);  
С and D – dark blue labelling indicates the presence of the viral RNA [59]
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an astrovirus [59, 60, 61, 62]. The role of astroviruses in 
the  etiology of  respiratory pathology in  animals was 
demonstrated [35, 63, 64]. A number of researchers clas-
sify astroviruses as  pathogens with a  zoonotic poten-
tial [25, 28, 38, 52, 65]. All this indicates the importance 
of the timely diagnosis of astrovirus infection. Currently, 
all modern immunochemical and molecular biolog-
ical methods are used to diagnose this infection in ani-
mals [51, 61, 66].

CONCLUSION
Astrovirus infection is considered to be one of the most 

common causes of mass gastroenteritides in various ani-
mal species in many countries of the world. The role of as-
troviruses in the etiology of respiratory pathology in cattle 
has been determined. The disease cases in cattle charac-
terized by central nervous system disorders have been 
reported. The results of molecular biological tests of as-
trovirus isolates recovered from pathological material sam-
ples indicate the genetic variability of the virus. There are 
regular reports of recombinations detected in astroviruses. 
A wide variety of infected animal species and the occur-
rence of recombinations are indicative of the cross-species 
transmission and subsequent adaptation of the astrovirus 
to new hosts or of the coinfection of the same host with 
different viruses. This can also lead to the  emergence 
of novel astroviruses that infect animals and possess a zoo-
notic potential. The presented data highlight the necessity 
for taking into account astrovirus infection when testing 
pathological material samples from diarrhea-affected 
newborn calves, lambs, goat kids and piglets on the com-
mercial farms of the country. Astrovirus infection should 
also be taken into consideration when exa mining patho-
logical material samples collected from animals with respi-
ratory pathology. Data on recombination events occurring 
between human astroviruses and animal astroviruses sug-
gest the possibility of formation of new groups of viruses 
potentially capable of causing the disease in animals. Feed 
and water, as well as animal care tools contaminated with 
the pathogen can serve as astrovirus transmission factors. 
All this indicates the need to take into account astrovirus 
infection when conducting epizootiological investigations 
and identifying the etiology of mass cases of gastrointesti-
nal pathology in newborn calves, piglets, lambs, goat kids, 
foals, dogs and cats.
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