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Summary.  – A  study was conducted to detect and characterize the enteric viruses (chicken astrovirus, 
avian nephritis virus and avian orthoreovirus) present in flocks of commercial broiler chickens suffering from 
enteritis in Haryana, India. The intestinal contents were collected from 65 enteritis-affected flocks (cases) and 
tested by reverse transcription PCR (RT-PCR). Of these 65 cases, 35 (53.80%) were positive for a single virus 
and 26 (40.00%) for two viruses. The remaining four samples were negative for all three viruses tested. Of the 
65 cases, 57 were positive for chicken astrovirus (CAstV) while 30 cases had avian nephritis virus (ANV). None 
of the cases were positive for orthoreovirus. Comparison of 12 CAstVs of this study with previously published 
CAstV sequences revealed nucleotide identities ranging from 73.20 to 98.00%. The nucleotide identities ranged 
between 83.10–95.50% when nine ANVs of this study were compared with previously reported ANV sequences. 
The amino acid sequences of CAstVs in comparison to previously published sequences revealed certain unique 
changes. Phylogeny based on polymerase gene revealed that CAstVs and ANVs of this study were under the 
same monophyletic clade. In conclusion, a large number of broiler chicken flocks experiencing enteritis were 
positive for CAstV and ANV by RT-PCR. The presence of more than one enteric virus in enteritis-affected 
flocks and changes at the genetic level in these viruses may affect the severity of disease.
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Introduction

Several enteric diseases have been described in chickens 
over the years namely, coronaviral enteritis, maldigestion 
syndrome, malabsorption syndrome, runting and stunting 
syndrome (RSS) and viral enteritis. Enteritis is an economi-
cally important disease of young chickens and is character-
ized by diarrhoea, poor weight gain, and in some flocks, high 

mortality (Saif, 2003). Enteric viruses can cause damage to 
the gastro-intestinal (GI) tract of birds thereby providing 
a conducive environment for bacteria and/or protozoa to grow 
and cause further damage to the gut. It is possible that damage 
caused to the gut initially by enteric viruses and subsequently 
by secondary pathogens may lead to irreversible changes to the 
host, which may result in irreversible damage to the flock (Saif, 
2003). Several pathogens such as avian rotavirus, astrovirus, 
reovirus, coronavirus, adenovirus, Salmonella, Escherichia coli, 
Enterococcus, and Eimeria spp. have been detected either alone 
or in different combinations from broiler chickens and turkey 
flocks afflicted with enteritis (Barnes et al., 2000; Jindal et al., 
2010; Pantin-Jackwood et al., 2007, 2008, 2011; Day and Zsak, 
2013; Koo et al., 2013; Mettifogo et al., 2014).

Astroviruses are small, non-enveloped, single-stranded, 
positive-sense RNA viruses belonging to the family Astro-
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viridae (Matsui and Greenberg, 2001), which is divided 
into two genera: Mamastrovirus containing mammalian 
astroviruses and Avastrovirus containing avian astrovi-
ruses. To date, two different astrovirus species have been 
recognized in chickens: avian nephritis virus (ANV) and 
chicken astrovirus (CAstV). The ANV, originally regarded 
as a picornavirus, was characterized as the first astrovirus 
of chickens on the basis of its genome sequence (Imada et 
al., 2000) and was first isolated from the cloacal contents 
of apparently normal broiler chickens (Yamaguchi et al., 
1979). This virus is known to cause diarrhoea, tubule-
nephrosis, interstitial nephritis, gout and death in broiler 
chickens (Mandoki et al., 2006b; Bulbule et al., 2013). 
Serological studies suggested widespread prevalence of 
ANV infections in commercial broiler chickens in vari-
ous countries (Imada et al., 1980; Connor et al., 1987). 
In recent years, ANVs have been detected in enteritis- or 
RSS-affected broiler chickens from many different coun-
tries by molecular methods (Pantin-Jackwood et al., 2008; 
Smyth et al., 2009; Roussan et al., 2012; Koo et al., 2013; 
Mettifogo et al., 2014).

The CAstVs are antigenically and serologically distinct 
from ANVs, although their genomes share some sequence 
identity with ANV and other astroviruses (Koci and 
Schultz-Cherry, 2002). The detection/isolation of CAstVs 
has been reported from broiler chickens exhibiting RSS 
and from dead-in-shell chicks having hatchability prob-
lems (Baxendale and Mebatsion, 2004; Smyth et al., 2009; 
Pantin-Jackwood et al., 2011; Kang et al., 2012; Koo et al., 
2013; Smyth et al., 2013; Mettifogo et al., 2014; Sajewicz-
Krukowska et al., 2016). In most of these studies, CAstVs 
have been detected using reverse transcription PCR (RT-
PCR) and/or quantitative RT-PCR targeting ORF1b or 
ORF2 genes.

Avian reoviruses (ARVs) (the genus Orthoreovirus, the 
family Reoviridae) are prevalent worldwide and are often as-
sociated with stunting syndrome, malabsorption syndrome, 
tenosynovitis, respiratory disease, immunosuppression, and 
enteric disease in chickens, turkeys and other avian species 
(Rosenberger, 2003). The ARVs have been detected in en-
teritis- or RSS-affected broiler chickens (Davis et al., 2013; 
Koo et al., 2013; Mettifogo et al., 2014).

In India, Bulbule et al. (2013) published a study on the 
detection of CAstVs in gout-affected broiler chickens. 
However, there seems to be no published report on detec-
tion and characterization of CAstVs, ANVs and ARVs 
from enteritis-affected broiler chickens. We conducted this 
study for the detection and characterization of three enteric 
viruses (CAstV, ANV and ARV) in enteritis-affected broiler 
chickens in India. The aim was to detect the presence of these 
enteric viruses and to elucidate the genomic diversity among 
circulating strains of these three viruses in broiler chickens 
experiencing enteritis.

Materials and Methods

Collection of samples. Birds are routinely submitted to the Disease 
Investigation Laboratory of the Department of Veterinary Public 
Health and Epidemiology, College of Veterinary and Animal Sci-
ences, Lala Lajpat Rai University of Veterinary and Animal Sciences, 
Hisar, Haryana (India) for disease investigation. During years 2011 
to 2015, intestinal contents were collected from 65 enteritis-affected 
broiler chicken flocks. A flock (case) was diagnosed as suffering 
from enteritis based on clinical findings of diarrhoea, dullness and 
depression and/or post-mortem findings of thin-walled intestines 
with watery, foamy and frothy intestinal contents. The intestinal 
contents of 4–5 chicks were pooled to make one pooled sample. 
Thus a  total of 65 pooled samples of intestinal contents (repre-
senting 65 flocks) were collected and processed further. Pooled 
samples were referred hereinafter as ‘sample'. A 10% suspension 
of the samples was prepared in phosphate buffered saline (PBS; pH 
7.4) followed by homogenization and centrifugation at 3,000 rpm 
for 10 min at room temperature. The supernatants were collected 
and tested for the presence of CAstV, ANV and ARV by RT-PCR. 

RNA extraction and RT-PCR. Total genomic RNA was extracted 
from the supernatant using Trizol LS reagent (Invitrogen, USA) 
following the manufacturer's  protocol. The extracted RNA was 
dissolved in 40 µl of nuclease free water and was stored at -20oC 
until used. Total RNA extracted from known strains of ARV, 
CAstV and ANV was used as positive control. The extracted RNA 
templates were subjected to RT-PCR individually for CAstV, ANV 
and ARV using virus-specific primers. Primers for polymerase 
gene of CAstV (F-5'-GAYCARCGAATGCGRAGRTTG-3' and 
R-5'-TCAGTGGAAGTGGGKARTCTA-3') with a  product 
size of 362 bp; polymerase gene of ANV (F-5'-GYTGGGC 
GCYTCYTTTGAYAC-3'and R-5'-CRTTTGCCCKRTARTCT 
TTRT-3') with a  product size of 473 bp (Day et al., 2007); and 
S4 gene of ARV (F-5'-GTGCGTGTTGGAGTTTCCCG-3' and  
R-5'-TACGCCATCCTAGCTGGA-3') with an expected product 
size of 1120 bp (Pantin-Jackwood et al., 2008) were used. Amplifi-
cation for all three viruses was carried out using OneStep RT-PCR 
kit (Qiagen, USA). The reaction mix for all three viruses consisted 
of 1x RT-PCR reaction buffer, 320 μmol/l of each deoxynucleotide 
triphosphate (dNTP), 0.6 μmol/l of each primer, 2 μl of enzyme 
blend and 1.5 μl of extracted RNA for a total volume of 25 μl. The 
reaction conditions for CAstV consisted of reverse transcription 
at 50°C for 30 min, Taq activation at 94°C for 15 min, 35 cycles of 
denaturation at 94°C for 30 sec, annealing at 53°C for 1 min, exten-
sion at 72°C for 1 min, and a final extension at 72°C for 10 min. 
The reaction conditions for ANV and ARV were similar to those of 
CAstV except that the annealing temperatures for ANV and ARV 
were 56ºC and 57ºC, respectively. The amplified PCR products 
were visualized on 1.2% agarose gel in Tris-acetate ethylenediamine 
tetraacetic acid buffer. In positive cases, bands of 1120, 362 and 473 
bp were observed for ARV, CAstV and ANV, respectively. Jindal 
et al. (2012) tested fivefold serial dilutions of the ARV and this 
virus in a multiplex RT-PCR assay could be detected up to the last 
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dilution (1:625) which corresponded to total RNA concentration 
of 27 ng/μl of ARV. 

Sequencing and phylogenetic analysis. Randomly selected virus-
positive PCR products (12 CAstVs and nine ANVs) were purified 
using a QIAquick PCR purification kit (Qiagen). The purified PCR 
products were subjected to sequencing in both directions using the 
same primers as used for virus amplification. Since none of the sam-
ples were positive for ARV by RT-PCR, no sequencing was done for 
this virus. The sequencing was done in the Department of Animal 
Biotechnology using an ABI 3130XL sequencer. A contig sequence 
was generated from forward and reverse sequence using DNA Baser 
software program. The contig sequences were subjected to BLAST 
analysis (http://www.ncbi.nlm.nih.gov) to confirm their identity. The 
related sequences obtained during BLAST search were retrieved from 

GenBank and multiple sequence alignment was carried along with 
nucleotide (nt) sequences of present study using Clustal W program 
of MEGA 6.0 software (Tamura et al., 2013). The pair wise distance 
method using the maximum composite likelihood model was used 
for computing evolutionary distances. A phylogenetic tree of aligned 
sequences of each virus was then constructed by Neighbor-Joining 
method with 500 bootstrap values. A conservation plot was con-
structed using Bioedit software program to determine variations at 
the nt level among different strains of the present study and earlier 
reported viral strains of India and abroad. Further, the nt sequences 
were translated to deduced amino acid (aa) sequences, which were 
also compared using conservation plot to determine differences at 
the aa level, if any. The details of previously published sequences used 
for comparison are given in Table 1.

Table 1. Previously published polymerase gene sequences of astrovirus and avian nephritis virus used for comparison

Gene/Virus Strain name Country GenBank
Acc. No. Host species

Polymerase gene of 
chicken astrovirus

GA2011/2007 USA JF414802 Chicken
GA-SEP-A450-05/2005 USA DQ324844 Chicken
DE-SEP-A654-05/2005 USA DQ324848 Chicken
GE-SEP-A364-05/2005 USA DQ324839 Chicken
GE-SEP-A792-05/2005 USA DQ324849 Chicken
GE-SEP-A368-05/2005 USA DQ324842 Chicken
4175/2006 USA JF832365 Chicken
MO-SEP-A799/2005 USA DQ324850 Chicken
ADL121238/2012 S. Korea KC593413 Chicken
ADL110638/2011 S. Korea KC593405 Chicken
ADL102655-1/2010 S. Korea JN635502 Chicken
ADL122057/2012 S. Korea KC593414 Chicken
324595_08/2008 Italy JN048391 Chicken
325004_08/2008 Italy JN048401 Chicken
327845-1_08/2008 Italy JN048402 Chicken
324996-4/2008 Italy JN048400 Chicken
324169/2008 Italy JN048393 Chicken
11672/2004 UK EU668998 Chicken
CRO-443/2011 Croatia JQ946070 Duck
Indovax/APF/1319/2013 India KC865608 Chicken
Indovax/EI/1078/2013 India KC855215 Chicken
Indovax/SH/1079/2013 India KC855214 Chicken
PDRC/1803/South zone/2012 India KC633179 Chicken
PDRC/1804/South zone/2012 India KC633180 Chicken
PDRC/200/East zone/2011 India JX945868 Chicken
PDRC/447/South zone/2012 India KC633178 Chicken
PDRC/579/West zone/2011 India JX945879 Chicken
PDRC/580/West zone/2011 India JX945880 Chicken
PDRC/588/North zone/2011 India JX945881 Chicken
PDRC/589/North zone/2011 India JX945882 Chicken
USP238-1/2010 Brazil JF309118 Chicken
USP337-2/2009 Brazil GU585496 Chicken
USP388-3/2010 Brazil JF309117 Chicken
USP358-4/2009 Brazil GU014472 Chicken

http://www.ncbi.nlm.nih.gov
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Gene/Virus Strain name Country GenBank
Acc. No. Host species

Polymerase gene of 
avian nephritis virus

2009/Sichuan China HM029238 Chicken
255554-3/2009 Italy JN048380 Guinea fowl
ADL110638/2011 S. Korea KC593390 Chicken
ADL111234/2011 S. Korea KC593391 Chicken
ADL120886/2012 S. Korea KC593400 Chicken
ADL120915/2012 S. Korea KC593401 Chicken
CRO-799/2011 Croatia JQ692619 Chicken
DE-CK-SEP/811-2005 USA HQ188693 Chicken
G4260/1999 Japan AB033998 Chicken
GA/SEPA368/05/2010 Australia HM017850 Chicken
GA-CK-SEP/364-2005 USA HQ188698 Chicken
GA-CK-SEP/451-2005 USA HQ188696 Chicken
GA-CK-SEP/458-2005 USA HQ188699 Chicken
NC-TK-SEP/537-2005 USA HQ188695 Turkey
NC-TK-SEP/670-2005 USA HQ188697 Turkey
NSW3/2010 Australia HM017854 Chicken
NSW4/2010 Australia HM017855 Chicken
Sichuan80/2011 China HQ603055 Chicken
Sichuan87/2011 China HQ603056 Chicken
TK/G145/08/2008 Poland HQ317722 Turkey
VIC3b/2010 Australia KM985697 Chicken
VIC-5b/2010 Australia KM985700 Chicken
VIC-6a/2010 Australia KM985702 Chicken
NSW 1a Australia KM985690 Chicken
VIC-5c/2010 Australia KM985701 Chicken
VIC-4a/2010 Australia KM985694 Chicken

GenBank accession numbers.The sequence data of the present 
study were submitted to the GenBank database with the following ac-
cession numbers (Acc. Nos.): CAstV polymerase gene (KT386327 to 
KT386338) and ANV polymerase gene (KT376411 to KT376419).

Results

Prevalence of enteric viruses

Of the samples collected from 65 enteritis-affected cases, 61 
(93.80%) were positive for either CAstV or ANV or both and 
four samples did not contain any of the three viruses tested. 
Also, none of the 65 samples was positive for ARV. A total of 
57 samples (87.69%) were positive for CAstV while 30 samples 
(46.15%) were positive for ANV by RT-PCR (Table 2). Of the 
total samples, 35 (53.80%) were positive for individual viruses 
and 26 (40.00%) for both CAstV and ANV (Table 2). 

Nucleotide and amino acid identities

The PCR products from 12 CAstV-positive samples were 
purified and sequenced and compared with previously pub-

Table 2. Detection of enteric viruses alone or in combination

Pathogen(s) Number (%) of intestinal content samples posi-
tive for indicated virusesa

CAstV 31 (47.69)
ANV 4 (6.15)
ARV 0
CAstV + ANV 26 (40.00)
CAstV + ARV 0
ANV + ARV 0
Total 61 (93.84)

aA total of 65 samples were examined. Four samples were negative for 
all three viruses. Total samples positive for CAstV = 57 (31+26) and for 
ANV = 30 (4+26), CAstV = chicken astrovirus; ANV = avian nephritis 
virus; ARV = avian reovirus.

lished polymerase gene sequences. The polymerase gene nt 
sequences of CAstV (corresponding to nt positions 4170 to 
4494 of GenBank Acc. No. JF414802) were used to compare 
the nt identities with previously published CAstV strains from 
India and abroad. Nucleotide sequence similarity of 85.90 
to 100% was observed among different strains of this study. 
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Comparison of CAstVs of this study with those of chicken 
origin CAstV from India revealed nt identities ranging be-
tween 86.80-98.00%. Similarly, when CAstV sequences of this 
study were compared with CAstVs from abroad, the identities 
ranged from 73.20 to 97.60%.The comparison of deduced 
aa sequences of CAstVs of the present study corresponding 
to aa positions 248–348 of ORF1b of protein ID AEE88304 
revealed that the CAstVs of this study had 91.00–100% iden-
tity among themselves. At the aa level, our CAstV strains had 
identity of 91.00–100% with CAstV strains from India and of 
82.10–98.50% with those from other countries. 

The polymerase gene nt sequences of ANV of this study 
(corresponding to nt positions 3722–4083 of GenBank Acc. 
No. HM029238) were used to compare the nt identities with 
previously published ANV strains from abroad. Comparison 
of ANV sequences among themselves revealed nt identity of 
87.60–98.90%. Comparison of ANVs of this study with ANV 
sequences of chicken origin from abroad revealed nt identities 
ranged from 83.10–95.50%. Similarly, when ANV sequences of 
this study were compared with sequences of turkey and guinea 
fowl astroviruses, the identities ranged from 84.80–88.30% 
and 86.00–89.90%, respectively. The analysis of deduced aa 
sequences of ANV corresponding to aa positions 1238–1356 of 
ORF1b of protein ID ADG45752 revealed that the ANV strains 
of this study had 91.50 to 100% identity among themselves 
and 89.80 to 100% identity with ANV strains of non-Indian 
origin. Compared to three turkey astrovirus strains used for 
comparison, the identity at the aa level was 93.20 to 96.60%. 

The polymerase gene nt sequences of CAstV (correspond-
ing to nucleotide positions 4170 to 4494 of GenBank Acc. 
No. JF414802) were translated to deduced aa sequences. The 
aa sequences of CAstV of this study corresponding to aa 
positions from 248348 of ORF1b of protein ID AEE88304 
revealed certain changes as depicted in Table 3. Nine of the 
12 CAstV strains of this study revealed a change of aa from 
isoleucine to valine at position 256. Similarly, eight of the 12 
strains also revealed aa change from lysine to aspartic acid 
at position 257 when compared to the reference strain. The 
strains that showed aa change at position 257 also showed aa 
change at position 256. None of these changes (i.e. isoleucine 
to valine at position 256 and lysine to aspartic acid at position 
257) were observed in CAstV strains used for comparison. 
Similarly, the change of aa from leucine to glutamic acid in 
three CAstVs of this study at position 310 was unique as this 
change was not observed in any of the CAstV strains used for 
comparison. The change of aa from serine to phenylalanine 
and glycine to cysteine at positions 330 and 331 in three 
and two CAstV strains of this study, respectively were also 
unique. Point mutations at one or two positions in one or 
two CAstVs of this study were also observed (Table 3).

The polymerase gene nt sequences of ANV of this study 
(corresponding to nt positions 3722–4083 of GenBank Acc. 
No. HM029238) were translated to deduced aa sequences. 

Table 3. Amino acid changes in chicken astrovirus of this study

Change of amino acid 
Position No. of strains showing 

the changeaFrom To
Isoleucine Valine 256 9/12
Lysine Aspartic acid 257 8/12
Alanine Threonine 259 1/12
Alanine Proline 259 1/12
Phenylalanine Valine 261 1/12
Valine Glycine 262 2/12
Methionine Arginine 264 1/12
Isoleucine Valine 281 1/12
Alanine Arginine 290 1/12
Alanine Glutamic acid 296 1/12
Alanine Aspartic acid 297 1/12
Leucine Glutamic acid 310 3/12
Leucine Phenylalanine 315 1/12
Isoleucine Valine 324 1/12
Serine Phenylalanine 330 3/12
Glycine Cysteine 331 2/12
Threonine Proline 335 1/12

Aspartic acid Glutamic acid 338 1/12
Alanine Serine 343 1/12

aTotal number of CAstV strains of this study was 12.

Table 4. Amino acid changes in avian nephritis virus of this study

Change of amino acid 
Position No. of ANV strains 

showing the changeaFrom To
Valine Glutamic acid 1256 1/9
Valine Glycine 1256 1/9
Valine Aspartic acid 1256 1/9
Arginine Tryptophan 1271 8/9
Phenylalanine Cysteine 1275 1/9
Methionine Valine 1287 1/9
Threonine Glycine 1289 1/9
Threonine Alanine 1289 8/9
Arginine Proline 1297 1/9
Lysine Arginine 1301 1/9
Arginine Lysine 1302 2/9
Isoleucine Valine 1318 1/9
Valine Alanine 1329 1/9
Phenylalanine Serine 1338 1/9

Serine Leucine 1339 1/9
Valine Proline 1342 1/9
Phenylalanine Valine 1347 8/9

aTotal number of ANV strains of this study was 9.

The aa sequences of ANV corresponding to aa positions 
1238–1356 of ORF1b of protein ID ADG45752 revealed cer-
tain changes as shown in Table 4. The aa changes from arginine 
to tryptophan at position 1271, threonine to alanine at position 
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Fig. 1

Phylogenetic tree of the nucleotide sequences (corresponding to nucleotide positions 4170 to 4494 of GenBank Acc. No. JF414802)  
of polymerase gene of chicken astrovirus

Sequences with GenBank Acc. Nos. are from the present study (in bold) or previously published sequences (in regular).
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1289, arginine to lysine at position 1302 and phenylalanine to 
valine at position 1347 were observed in 8, 8, 2, and 8 ANV 
strains of this study in comparison to the reference strain, 
respectively; however, these changes were also observed in 
other ANV strains used for comparison. Point mutations at 
positions 1256, 1275, 1287, 1289, 1297, 1301, 1318, 1329, 1338 
and 1339 were observed in ANVs of this study.

Phylogenetic analysis of CAstV and ANV

For phylogenetic analysis of CAstVs, 11 previously 
published CAstV's sequences of Indian origin and 23 from 

abroad were used (Fig. 1). Phylogenetic analysis based 
on partial polymerase gene nt sequences revealed that all 
CAstVs clustered in three groups with a majority in group 
I. All 12 CAstV strains of this study were in group I. The 
CAstVs (11 of 12 strains) of this study were closer to three 
previously reported CAstVs from USA and eight previously 
published Indian strains. The remaining 12th strain of this 
study (CAstV/23324/2014/HR/India) was closer to a CAstV 
strain from India (JX945868) and four CAstV strains from 
Italy. Four American strains, three S. Korean strains and one 
Croatian strain formed group II while one Italian, U.K. and 
S. Korean CAstV strains formed group III.

Fig. 2

Phylogenetic tree of the nucleotide sequences (corresponding to nucleotide positions 3722 to 4083 of GenBank Acc. No. HM029238)  
of polymerase gene of avian nephritis virus

Sequences with GenBank Acc. Nos. are from the present study (in bold) or previously published sequences (in regular).
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For phylogenetic analysis of ANVs, 26 previously pub-
lished ANV sequences from abroad including one strain 
of guinea fowl origin and three of turkey origin were used 
(Fig. 2). Phylogenetic analysis based on partial polymerase 
gene nt sequences revealed that eight of the nine strains 
of ANV of this study formed a  separate cluster from all 
other ANV strains used for comparison. The ninth strain 
(ANV/1043/2014/ HR/India) of this study clustered with 
an ANV (GA-CK-SEP/364-2005 (HQ188698)) of US ori-
gin. The ANVs of turkey origin used for comparison were 
distantly placed from the ANVs of this study.

Discussion

The aim of this study was to detect and characterize the 
presence of three enteric viruses (CAstV, ANV and ARV) 
in enteritis-affected broiler chickens in India. We did not 
find any published report on the detection of these three 
enteric viruses from enteritis cases in India although CAstV 
and ANVs have been recently detected and characterized 
from kidneys of gout-affected broiler chickens (Bulbule et 
al., 2013). None of the samples in this study were positive 
for ARV by RT-PCR. It might either be due to very low 
virus titre that went undetected by RT-PCR or the samples 
were truly negative for ARV. In one study, Pantin-Jackwood 
et al. (2007) found commercial turkeys to be negative for 
ARVs in the US. In a  subsequent study, however, these 
authors (Pantin-Jackwood et al., 2008) reported ARVs 
in 62.80% of the chicken flocks and 45.50% of the turkey 
flocks tested. Previous studies have reported the presence 
of ARV in intestinal/faecal samples of broiler chickens (Koo 
et al., 2013; Mettifogo et al., 2014) although most of these 
studies indicated low prevalence of ARV as compared to 
other enteric viruses. 

Four flocks were found negative for all three enteric 
viruses in this study. Pantin-Jackwood et al. (2008) also 
reported that three of the 43 broiler chicken flocks were 
negative for enteric viruses (astrovirus, reovirus, rotavirus 
and coronavirus). There are a number of factors (viruses, 
bacteria, protozoa, nutritional and management) other than 
the tested viruses that can cause enteritis. The study revealed 
high prevalence with 93.80% samples as positive either for 
CAstV or ANV or both. Our findings of high prevalence 
of these two viruses in broiler chickens with diarrhoea are 
consistent with those of Pantin-Jackwood et al. (2007, 2008). 
The CAstVs or ANVs have previously been detected from 
chicken flocks (Baxendale and Mebatsion, 2004; Mandoki 
et al., 2006b; Smyth et al., 2009, 2013; Hewson et al., 2010; 
De Wit et al., 2011). We did not test these samples for the 
presence of other viruses and bacteria; their presence in the 
samples cannot be ruled out. Further studies are required 
to test these samples for other pathogens.

Both CAstV and ANV have been reported to cause 
stunted growth and/or diarrhoea in chickens. Baxendale 
and Mebatsion (2004) isolated CAstV from diarrhoeic 
broiler chicks and inoculated this virus to 1 day old SPF 
White Leghorn chicks. The inoculated chicks developed 
diarrhoea and distension of small intestine and none of the 
uninoculated chicks showed signs of diarrhoea. De Wit et 
al. (2011) inoculated 3-week-old SPF layer chickens with an 
ANV (isolate 19), which resulted in diarrhoea and severe 
depression and mortality and pathological changes in kid-
neys and lymphoid organs. Kang et al. (2012) exposed 1 day 
old commercial broilers to litter contaminated by chickens 
with RSS and reported a 70% decrease in weight in the RSS-
exposed group compared with the unexposed controls. The 
nucleic acid specific for CAstV and ANV-1 and ANV-2 were 
detected in RSS exposed birds indicating that astroviruses 
probably play an important role during RSS. These studies 
indicate that both the viruses have potential to cause enteritis 
in chickens on their own.

Both CAstV and ANV together were found in 40.00% 
of cases. Detection of two or more than two enteric viruses 
from enteritis cases in chickens has been reported earlier 
(Pantin-Jackwood et al., 2008; Smyth et al., 2009; Roussan 
et al., 2012; Koo et al., 2013; Mettifogo et al., 2014). Two or 
more enteric viruses have also been reported in turkeys by 
Jindal et al. (2010) and Moura-Alverez et al. (2013). It is 
possible that these viruses in combination may cause ad-
ditive or synergistic adverse effects in birds. As mentioned 
earlier, both viruses (CAstV and ANV) individually can 
cause diarrhoea, depression, decreased weight gain and 
mortality. Growth depression due to diarrhoea may lead 
to considerable economic losses to the poultry farmers as 
the affected birds may not attain desired weight at market-
ing. In a study, Barnes et al. (2000) reported that estimated 
losses to the US turkey industry from growth depression 
due to poult enteritis complex would be between US$300 
and US$400 million annually if 10-15% growth depression 
would occur throughout the turkey industry in the US. In 
an experimental study, Jindal et al. (2009) orally inoculated 
PES material in 14-day old turkey poults to produce PES and 
found 31.80% decrease in body weight in inoculated poults as 
compared to controls. Such a decrease in body weight would 
certainly lower the profit margins of poultry growers. Such 
a situation as observed in turkeys with regards to decreased 
body weights can also be expected in broiler chickens and 
experimental studies are needed on this aspect.

Analysis of nt and aa sequences of CAstV of this study 
revealed varied identity with previously reported strains 
from India and abroad. The conservation plot based analy-
sis revealed unique and consensus aa changes in CAstV 
strains of this study from earlier reported strains used for 
comparison. All CAstVs of this study clustered in a group 
in polymerase gene phylogeny. However, Smyth et al. (2009) 



	 B. KAITHAL et al.: Enteric viruses in broiler chickens in India� 369

reported the existence of two groups of CAstVs based on 
partial ORF1b phylogeny. Based on polymerase and capsid 
gene phylogeny of 23 isolates of TAstVs, Pantin-Jackwood 
et al. (2006) reported high level of genetic variations among 
the astrovirus isolates suggesting the possibility of circula-
tion of more than one serotype of the virus. Bulbule et al. 
(2013) reported two groups of CAstVs from gout cases and 
designated them as Indian group 1 and Indian group 2 based 
on phylogenetic analysis of the polymerase aa sequences. 
Genetic variations in polymerase gene have been reported 
due to positive selection because of synonymous to nonsyn-
onymous nucleotide substitution ratio (Pantin-Jackwood et 
al., 2006). Positive molecular selection was also observed 
for the polymerase gene of other viruses including avian 
influenza virus (Campitelli et al., 2006). In the present study, 
we amplified a part of polymerase gene; determination of 
the complete genome therefore needs to be considered for 
genotyping of CAstVs. Though the present study was con-
ducted in a specific region, screening of suspected enteritis 
cases in large geographical region may help uncover other 
types of CAstVs circulating in poultry. 

Our observations of varying levels of nt and aa identities 
of ANV compared with previously published polymerase 
gene sequences of ANV from abroad are consistent with 
the earlier reports (Canelli et al., 2012; Kang et al., 2012). 
Phylogenetic analysis revealed that all ANVs of this study 
clustered together. Mandoki et al. (2006a) reported that nt 
sequences of Hungarian ANVs showed 76 to 86% identity 
with the reference strain from Japan and had high diversity 
regardless of their origin and year of sampling. Similarly, 
Todd et al. (2011) reported high level of capsid gene diver-
sity and co-circulation of diverse ANVs based on capsid 
gene sequence analysis of 25 ANVs from UK, Germany and 
Belgium. ANVs differ antigenically and at least two different 
serotypes (ANV-1 and ANV-2) have been detected on the 
basis of indirect immunofluorescence and virus neutraliza-
tion tests (Shirai et al., 1991). ANV isolates may also vary 
with regard to pathogenicity and tropism. For example, the 
G-4260 isolate (ANV-1) differed from the M8 (ANV-2) 
and WG5 (ANV-3) isolates in terms of causing growth 
retardation and kidney lesions (Shirai et al., 1991, 1992). It 
remains to be seen as to which serotype(s) the ANVs of our 
study belong. 

The present study revealed the presence of CAstV and 
ANV either alone or in combination in enteritis-affected 
broiler chickens in India. This appears to be first report 
indicating the presence of both of these viruses in enteritis-
affected birds in India. The changes at the nucleotide/amino 
acid level both in CAstV and ANV warrant further studies for 
better understanding of their epidemiology. Further studies 
are also needed to determine the changes in highly variable 
capsid gene of both viruses which will help to understand 
the virus epidemiology regarding the types of viral strains 

circulating in enteritis-affected broiler chickens and correla-
tion of their virulence and antigenicity with the prevailing 
changes at genetic level.

The impact of aa changes in polymerase gene on antigenic-
ity and virulence of the CAstVs needs to be explored. Also, 
the impact of these viruses on broiler performance needs to 
be thoroughly investigated. Although virally induced enteric 
diseases are economic burden on poultry growers, no single 
virus has emerged as a likely causative agent so that appro-
priate prevention and control efforts could be applied (Day 
et al., 2010). Complete understanding of the contribution 
of enteric viruses and other pathogens in enteric diseases 
of chicken still have a long way to go in the development of 
preventive and control measures.
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