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Abstract A total of 26 nasal swab samples were collected

from dogs with gastroenteritis and respiratory tract infec-

tions in and around Chennai, India during 2019–20. All the

samples were subjected to PCR using common primers for

rapid diagnosis and differentiation of CAV1 and CAV2.

Only one sample produced an amplicon of 1030 bp indi-

cating the presence of CAV2 which was confirmed by

further sequencing. The analysis of the sequence revealed

100 per cent identity with other CAV type 2 isolates from

Brazilian, Canadian and USA strains and 95.9 per cent

identity with other Indian CAV2 strains. The phylogenetic

analysis of E3 gene reveal two distinct clusters (Asian and

America-Europe subgroup) in which our strain (ABT/

MVC/CAV2/001) grouped with CAV2 of America-Europe

subgroup instead of Asian continent subgroup.This study

confirms a novel CAV2 strain using molecular techniques

which are genetically distinct in nature from other Indian

CAV2 strains that is currently circulating in India.
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Canine adenovirus (CAV) is a linear non enveloped

icosahedral double stranded DNA virus that belongs to the

genus Mastadenovirus of the family Adenoviridae [1]. It

causes severe fatal disease in canids and is endemic among

domestic dogs. The CAV has two distinct serotypes CAV1

and CAV2. The CAV1 targets the digestive tract tissue and

causative agent of infectious canine hepatitis (ICH) (also

called Rubarth’s disease), a life-threatening disease of

puppies. The CAV2 replicates in respiratory epithelium

and associated with respiratory diseases [2]. The disease

also called as kennel cough and common among breeding

stocks of dogs. The complete genome sequences of both

CAV1 and CAV2 have been published by many workers

[3, 4]. However, studies on CAV2 are very limited. There

is about 75% homology between CAV1 and CAV2 and the

CAV2 genome consists of gene regions that encode various

proteins with specific functions. The most important ones

are E1A, E1B (19 K and 55 K), E3, E4, pIVa2, pIIIa, pVI,

pVII, pVIII, Pol, pTP, and DBP. E3 encodes the membrane

proteins that modulate the host response to infection [5, 6].

The open reading frame of the E3 regions of CAV1 and

CAV2 encodes a 22 kDa and a 40.7 kDa polypeptide

respectively and an additional region of about 510

nucleotides is present in CAV2. This region was consid-

ered to contribute to the observed biological differences

between CAV1 and CAV2 [7].

Diagnosis and identification of CAV1 and CAV2 are

usually based on virus isolation which is time consuming

and laborious. Likewise, CAV1 and CAV2 can be difficult

to differentiate in the laboratory by haemagglutination and

neutralization test, especially when the infection occurs in

the digestive tract [8]. In the recent years, for molecular

detection and differentiation, a pair of common primers in

the E3 and flanking regions for both CAV1 and CAV2 used

in polymerase chain reaction, so as to provide a relatively

simple method for diagnosing and differentiating the two

serotypes of CAV [2]. In this study, nasal swab samples

collected from dogs with gastroenteritis and respiratory

illness were tested using PCR, targeting the E3 gene to
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obtain information about the occurrence of CAV2 in dogs

and further this CAV2 strains were characterized using

sequencing and phylogenetic analysis.

In this study, a total of 26 swab samples (14 nasal and 12

faecal swab samples) were collected from dogs with clin-

ical signs of gastroenteritis and respiratory tract infec-

tion.The nasal swabs were resuspended in 1 ml sterile

phosphate buffer solution (1X PBS) and subjected to DNA

extraction using QIAamp� virus isolation kits as per the

manufacturer’s instructions and subjected to PCR using

one common pair of primers for detecting both CAV1 and

CAV2. The primer sequences and thermal cyclic condi-

tions already described by Hu et al. [2] were used in this

study.The following primer sequences were used: Forward

primer-HA1-50-CGCGCTGAACATTACTACCTTGTC-30

and Reverse primer-HA2-50-CCTA-

GAGCACTTCGTGTCCGCTT-30. The PCR amplification

reactions were performed in a 25 ll mixture containing

12.5 ll of Pfu 2 9 DNA Polymerase Master Mix

(GOLDBIO, USA), 20 pmol of each primers and 2 ll of

DNA template and the final volume was adjusted to 25 ll

by adding nuclease free water. The cycle condition for

PCR amplification consists of initial denaturation 95 �C for

5 min; 35 cycles of denaturation 96 �C for 30 s; annealing

58 �C for 1 min; extension 72 �C for 1 min and final

extension 72 �C for 5 min. The final PCR amplified

products were electrophoresed in 1.5% agarose gel and

examined under gel documentation.

The PCR amplified products were purified using PCR

gel purification kit (Bio Basic Inc, Canada) and sequencing

was performed using both forward and reverse primers at

M/s. Shrimpex Biotech, Chennai-600019 (India). The

nucleotide sequence data was subjected to BLAST analysis

(www.ncbi.nlm.nih.gov), assembled and analyzed using

Seqman and MegAlign programs of Lasergene package

(version 7.1.0) (DNA Star Inc. Madison, WI). Nucleotide

sequence alignment was performed by ClustalW method

with MegAlignTM program (DNA Star Inc), and the pre-

dicted amino acid sequence was analyzed by ProteanTM

program of Lasergene (DNA Star Inc). Phylogenetic

analysis of E3 gene, was performed using Neighbor—

Joining method with 1000 bootstrap replication in the

MEGAsoftware version 6.

The CAV2 is a highly contagious virus that is involved

in canine respiratory tract disease, particularly in puppies

that are kept in a crowded environment. The CAV2 is

characterized by respiratory disorders, with clinical signs

that include tonsillitis, pharyngitis, tracheitis, and bron-

chitis [12–14]. The CAV2 has an affinity for the epithelium

of the upper airway, the nasal cavity, and especially the

throat, larynx, and trachea tissue. This virus was first

detected in dogs in a Canadian shelter in 1961 that had

symptoms of upper respiratory tract infection [15]. In

subsequent years, the presence of CAV-2 was reported in

many countries such as Italy, Brazil, and India

[16, 17, 20].There have been several reports that CAV2 can

also infect the intestinal tract, one of the major target

organs for CAV- 1 [9, 10]. However, there are reports that

the recovered dogs from adenoviral infection and vacci-

nated dogs can shed virus continuously for prolonged

period of time [11].

In the present study, the E3 gene region of 1030 bp was

amplified using the common pair of PCR primers and

phylogenetic analysis was carried out to track the evolu-

tionary changes at molecular level. Among 14 nasal and 12

faecal swab samples, only one nasal swab sample (3.84%)

found to be positive by PCR amplification and no ampli-

fication was observed in negative control and for CAV1

(Fig. 1). The results of the present study are in agreement

with Timurkan et al. [18] who also reported that the dogs

with respiratory system infection from two different shel-

ters showed 2% and 2.8% CAV2 positivity, respectively.

However, the results of the present study are in agreement

with Schulz et al. [19] who also reported CAV2 in addition

with other canine virus infections (canine parainfluenza

virus, canine influenza virus and canine respiratory coro-

navirus) in dogs kept in crowded environment. Ramidi

et al. [20], also screened a total of 302 fecal/rectal swabs

collected from dogs with gastroenteritis in India and 4.9%

of samples found to be positive for CAV2 based on

the E3 gene amplification. Similar findings were also

reported by several workers all over the world regarding

prevalence of CAV2 infections in dogs [13, 14]. However,

contrary results have been reported by Parthiban et al. [8]

who screened 32 numbers of nasal swabs samples initially

by HA and confirmed presence of CAV1 from using PCR

and sequencing of E3 gene in India.

The partial nucleotide sequences of the CAV2 E3 gene

(912 bp) has been submitted to the Gen Bank with the

accession number MT892837.The percentages of nucleic

acid identity for the sequence of our CAV2 E3 genes was

compared with CAV1 and CAV2 sequences available from

NCBI and are shown in Table 1. The homology studies of

ABT/MVC/CAV2/001 strain revealed 100 per cent identity

with CAV2 of Canadian (U77082), Brazilian (KU315336,

KU725673) and USA (AC_000020) strains. It also

revealed 99.9 and 91.4 per cent identity with CAV2 strains

of Italy (JX41684) and Chinese (GQ915311) respectively.

While comparing with Indian CAV2 isolates and vaccine

strain, the ABT/MVC/CAV2/001 strain revealed only 95.9

and 96.8 per cent identity (MN652563, MN652564,

MN652565, MN652566, MN652567) respectively. While

comparing with Indian CAV1 strains (EF090910 &

KT853097), the ABT/MVC/CAV2/001 strain revealed

42.1 and 22 per cent identity respectively. The results of

the present study are in agreement with Timurkan et al.
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[18] who also reported the similarities among the Turkish

strains in about 97.7–98.9% and 84.2–99.7% nucleotide

similarities with Chinese reference strains.

The phylogenetic analyses of the CAV2 based on E3

gene revealed a formation of two different clusters (sub-

groups) with other CAV2 strains (America-Europe and

Asian continent subgroup) from Genbank, NCBI databases

(Fig. 2). The ABT/MVC/CAV2/001 strain belongs to

CAV2 strain and grouping with Brazilian, Italy, Canadian

and USA strains of CAV2 which in turn forms the Amer-

ica-Europe subgroup where previous study in India,

showed the close relationship with Chinese and Turkish

strains which in turn comprising the Asian continent sub-

group. This present study revealed the unique nature of

new strain that is currently circulating in India is geneti-

cally distinct novel strain from other Indian CAV2 strains.

Fig.1 PCR amplification of E3

gene of Canine adenovirus. M-

1 Kb Marker, L1- Negative

control, L2- Positive control

(vaccine), L3-L23- CAV

suspected samples

Table 1 Average nucleotide identity of canine adenovirus type 2 with the reference strain and with our strain
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The results of the present study in agreement with Ramidi

et al. [20], who also reported circulation of novel strain and

phylogenetically classified as three groups instead of two

groups with the novel group of CAV-2 strains in India.The

CAV1 forms single cluster and Equine and Bovine aden-

ovirus used as out group.

The partial 842 nucleotide sequence of ABT/MVC/

CAV2/001 of E3 gene coded for 254 amino acids were

shown in Table 2. The deduced amino acid sequence of

ABT/MVC/CAV2/001 is compared with other Indian

(Protein ID: QJZ27972-QJZ27977), Chinese (Protein ID:

ACV90490), Italy (Protein ID: ADN96228-ADN96229,

AFZ61865), Brazilian (Protein ID: ANF99502) and

Canadian (Protein ID: AAB38732) isolates of CAV2.The

deduced amino acid ABT/MVC/CAV2/001 revealed the

consistent amino acid change at positions 126 (A ? T),

136 (M ? K), 138 (N ? D), 172 (T ? V), 186 (E ? D),

216 (V ? M), 222 (N ? D), 227 (V ? I), and 254 (S ? P)

are predominant mutations in CAV-2 of Indian strain while

comparing with Chinese strain (ACV90490) and more

similar with Brazilian, Italy and USA strains of CAV2.

While comparing with Indian CAV2 isolates, the ABT/

MVC/CAV2/001 revealed an additional amino acid chan-

ges at the position 251 to 255 as ‘‘KIRPM’’ instead of

‘‘ENQAH’’. This is characteristic unique amino acid

mutations present in the newly reported Indian strain. The

Fig.2 Phylogenetic Analysis of Canine Adenovirus type 2 based on

E3 gene. Phylogenetic tree based on a 842 nucleotide sequence of 26

strains of adenoviruses (CAV-1, CAV-2, EAV1 and BAV2) generated

by using the neighbor- joining algorithm, test of phylogeny is the

bootstrap method with 1000 replicates, using the MEGA 6.0 software

program. Equine, and bovine adenoviruses were used as an out group
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results of the present study are in agreement with Timurkan

et al. [18] who also reported the fixed substitutions changes

at amino acid position 126, 136, 138, 172, 186, 216, 222,

227 and 254 could be the result of the differences in the

CAV-2 subgroups. There are nine different amino acids

differences reported between the China-Indian strains.

These amino acid differences suggest that the Indian strain

belongs to America-Europe subgroup.

In the present study molecular characterization and

evolutionary analyses based on the E3 gene of CAV2

revealed a novel strain that is currently circulating in field

and also throw lights on needs of epidemiological

surveillance of different subgroups of CAV type 2 in India.

The CAV2 strain exhibited 96.8% and 100% homology at

nucleotide and amino acid level respectively. Hence, the

current vaccine strain may be used for control of canine

adenovirus type 2 infections. However, more number of

samples to be analysed to derive the conclusion about the

relationship between vaccine and field strains.
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