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Canine adenoviruses (CAdVs) include type 1 (CAdV-1, virulent strain) and type 2 (CAdV-2, attenuated strain). In recent years, the incidences of CAdV infections are increasing. However, they are difficult to distinguish when the symptoms are untypical. It is pivotal to find the differences between the two virus types for scientific, epidemiological, and specific treatment. CAdV-1 (virulent strain) and CAdV-2 (attenuated strain) induced canine hepatitis (ICH) and tracheobronchitis (ITB), respectively, but the clinical symptom is not obvious. CAdV-1 and CAdV-2 have the same genome structure, diameter, morphological features, and cytopathic features, but the same character hinder the diagnose time of the serotypes. CAdV-1 and CAdV-2 have a difference in the genome sequence, coding proteins, viral activity, hemagglutination patterns. After infection, pathogenicity and transmission route are different between the two serotypes. Sequence alignment, PCR, Real time-PCR assay are useful methods to distinguish the two serotypes. The attenuated live CAdV-2 vaccine is currently used to protect against CAdV-1, but it also has a risk. The further research should focus on the pathogenicity mechanism and the useful vaccine for the two serotypes of canine adenovirus.
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Introduction

Canine adenovirus (CAdV) belongs to the Adenoviridae family and Mastadenovirus genus (Decaro et al., 2008). CAdV is classified into canine adenovirus type 1 (CAdV-1) and type 2 (CAdV-2) serotypes (Decaro et al., 2008). Infectious canine hepatitis (ICH) induced by CAdV-1 is characterized by acute hepatitis. Infectious tracheobronchitis (ITB) induced by CAdV-2 is characterized by respiratory symptoms (Balboni et al., 2015). There is a high frequency of CAdV-1 and CAdV-2 coinfection (Balboni et al., 2014; Crespo et al., 2019; Headley et al., 2019a). Thus, the diagnosis and distinction between CAdV-1 and CAdV-2 are important for scientific, epidemiological, and specific treatment in domestic dogs and wildlife.

The differences between CAdV-1 and CAdV-2 have been reviewed by Marusyk (Marusyk et al., 1970; Marusyk, 1972; Marusyk and Hammarskjold, 1972), Hamelin (Hamelin et al., 1984), Zhong (Zhong and Yang, 1990), Linné (Linné, 1992) and Decaro (Decaro et al., 2008). Accordingly, it is necessary to update the currently available literature on the differences between CAdV-1 and CAdV-2 as the related research has been developed for nearly 20 years. Clear differentiation between CAdV-1 and CAdV-2 will help appropriate diagnosis and may prevent the further spreading of CAdVs among domestic dogs and wildlife. Therefore, the virus genome, viral activity, infection characteristic, distinguishing method and vaccination development of CAdV-1 and CAdV-2 are evaluated.



Virus Genome

The whole genome of CAdV-1 and CAdV-2 have been uploaded to the GeneBank (Shibata et al., 1989; Morrison et al., 1997; Zhu et al., 2021). The genetic evolution tree of the virus is shown in Figure 1. The genome maps of CAdV-1 and CAdV-2 are showed in the Figure 2. The Inverted terminal repeats (ITR) are vital in the replication of the CAdV-1 and CAdV-2, and the ITR length of CAdV-1 (AC_000003.1, 161bp) and CAdV-2 (M17111.1, 196 bp) are different. Cell transformation is a multistep process regulated by the cooperation of several adenoviral gene products encoded in the early regions 1 (E1) and 4 (E4) (Ip and Dobner, 2020). The E1 can participate in cell transformation and promote/inhibit the expression of cellular and viral genes. The E1 region of CAdV-2 has the complementary function of complete cell transformation, but that of CAdV-2 does not have the function (Shibata et al., 1989). The homology between the E1 region of CAdV-1 and CAdV-2 is 75% (Spibey et al., 1989). The region between E1 to the end coding region of the first protein in E1B is 153 bp longer in CAdV-2 than that in CAdV-1. E3 is a nonessential region for adenovirus replication, but E3 gene products play an important role in inhibiting host antiviral immune defense in vivo. Genes on both ends (fiber and pVIII) of the E3 region of CAdV-1 and CAdV-2 show high homology. The E3 region of CAdV-2 (U77082.1, 31323) is approximately 500 bp longer than that of CAdV-1 (AC_000003.1, 30536bp). The 500 bp insertion of the E3 region contributes to the observed biological differences between Cav-1 and Cav-2. CAdV-1 infection was found in the Eurasian wolf (Canis lupus lupus) with CAdV-2 vaccine in a French zoological park (Dowgier et al., 2018). The present of CAdV-1 infection suddenly occurs without epidemiology evidence, and it indicates that the sequential circulation of canine adenoviruses 1 and 2 may occur.




Figure 1 | Genetic elolusion analysis with MEGA 5. CAdV-1 (AC_000003.1, U55001.1, Y07760, NC_001734.1, MH048659, KX545420.1,. CAdV-2 (AC_000020.1, U77082.1).






Figure 2 | The genome maps of the CAdV-1 and CAdV-2. (A) CAdV-2, (B) CAdV-1.



Overall, 75% homology is found, and the sequence alignment can be used to distinguish CAdV-1 and CAdV-2.



Virus Activity


Viral Structure

CAdV-1 and CAdV-2 have typical morphological features when observed under an electron microscope. The diameter of CAdV is approximately about 70-90 nm, and the shape is icosahedral (Ramidi et al., 2019). The linear double-stranded DNA is wrapped in a protein shell (Verin et al., 2019). The capsid consists of 252 shell grains, of which 240 are hexons, which make up the surface of the icosahedron. The other 12 are penton bases, which are located on the top of the icosahedron. Each has a fiber extending outwards, and the top of the fiber has a ball, namely the Knob. The Knob has the function of adsorbing cells and agglutinating erythrocytes (Yang et al., 2019a). The sialic acid has a binding site on the top of the CAdV-2 knob (Seiradake et al., 2009b). Crystal structures of CAdVs have been reported (Seiradake et al., 2009a), and the three-dimensional structure of CAdV-2 capsid has been constructed. The capsid is responsible for tissue tropism, and the capsid of the CAdV-2 is modified to alter tissue tropism (from canine to human) compared with human adenovirus (hAdV)-5 (Schoehn et al., 2008). However, the three-dimensional structure of CAdV-1 capsid has not been constructed.

Both CAdV-1 and CAdV-2 contain soluble components such as hexon and penton base (Zhong and Yang, 1990). Moreover, hexon is found to carry the complement binding reaction antigen common to the mammalian adenovirus group, and penton base is found to be a completely soluble hemagglutinin (Zhong and Yang, 1990). However, the binding characteristics of the two serotypes for hexon are significantly different because of the structural difference of hexon (Zhong and Yang, 1990). The fiber diameter of CAdV-2 is approximately 35 ~ 37 nm, and it is 10 nm longer than that of CAdV-1. The fiber plays a decisive role in the whole process of the binding of the adenovirus to a host cell receptor. Further, 22 and 40.7 kDa polypeptide are encoded by the E3 regions of CAdV-1 and CAdV-2, respectively (Linné, 1992; Qin, 2013). These two polypeptides share conserved amino and carboxyl domains, and show conservation at the nucleotide level.

Therefore, they share the same crystal structures and soluble components in the icosahedral. They have differences in the genome structure, diameter, morphological features, encoding proteins (knob, fiber, hexon, and E3 protein) (Figure 2).



Culture Characteristics

The two serotypes of CAdVs have frequently been proliferated in MDCK cells (Carinhas et al., 2016; Pizzurro et al., 2017). The CAdV-1 can grow and proliferate in the testicular, lung, liver, and spleen cells of dogs. CAdV-1 can also proliferate in cells of other members of the canine family, such as raccoon dog kidney cells. The cells of other animals far related to dogs are also sensitive to CAdV-1, e.g., as the primary cells of pigs, guinea pigs, hamsters, minks, and other animals (Zhong and Yang, 1990). In contrast, CAdV-2 can only infect tissue cells from the dogs (Fan et al., 2009). CAdV-2 is not sensitive to primary or passage cells of other animals (such as humans, sheep, monkeys) (Fu et al., 2004).

They show the same cytopathogenic effects (grape-like cytopathic changes) on cell culture (Fan et al., 2009; Yang et al., 2010). However, the viral arrangement in the infected cell is different. CAdV-2 is closely arranged in a typical crystalline structure in the nucleus of the infected cells (Fan et al., 2009). The arrangement of the CAdV-1 is relatively loose, and the crystals formed are not as obvious as those seen in CAdV-2 (Yang et al., 2010). Further, CAdV-1 releases progeny virus through nuclear membrane degeneration, whereas CAdV-2 releases progeny virus through nuclear membrane budding (Zhong and Yang, 1990).

Therefore, they are different in the culture cell types.



Hemagglutination and Antigenicity

Luo proposes that the relationship between the two serotypes of CAdV is mainly a one-way relationship because CAdV-1 contains more common antigenic determinants compared with CAdV-2 (Luo et al., 2008). Whetstone et al. have also reported that the two serotypes have cross-reactions (Whetstone, 1988). The serological analysis shows similarities and differences between CAdV-1 and CAdV-2. An anti-serum of CAdV-2 can neutralize the infectivity of a homologous virus (CAdV-1) and a heterologous virus (CAdV-2) with the same ability. However, the anti-serum of CAdV-1 can only neutralize the homologous virus (CAdV-1). Furthermore, Accordingly, CAdV types are distinguishable based on the antigenicity. Because CAdV-1 and CAdV-2 have cross-protection, live attenuated CAdV-2 vaccines are often used to protect animals from CAdVs.

CAdV-1 and CAdV-2 show different hemagglutination patterns (Marusyk and Yamamoto, 1971). CAdV-2 agglutinate chickens, human (O-type), and albino rat erythrocytes, but cannot agglutinate erythrocytes of mice, geese, pigeons, ducks, cattle, sheep, pigs, etc (Fan et al., 2009). In contrast, CAdV-l can agglutinate the erythrocytes of humans (O-type), albino rats (Yang et al., 2010), guinea pigs, and chickens (Hongmei Guo and Ruiliang, 2010). This difference is associated with different fiber structures between the two serotypes. The Knob of the CAdV has the function of adsorbing and agglutinating erythrocytes (Yang et al., 2019a). Their hemagglutinins bind to different receptors on the surfaces of erythrocytes.

Further, the properties of hemagglutinin receptor complexes are different. CAV-2 binding depends on electrostatic interactions, sialic acid-binding, and the coxsackievirus and adenovirus receptor (CAR) on human erythrocytes (Seiradake et al., 2009b). Based on this characteristic, we can distinguish the two types of CAdVs (Luo et al., 2008). However, it is not a regular detection method for CAdVs because dogs are commonly vaccinated with live attenuated CAdV-2 vaccines. The serum antibody of the CAdV-2 will present in most vaccine dogs and exert hemagglutination patterns. It will perturb the diagnosis of the CAdV-2 through hemagglutination patterns. Besides, CAdV-1 and CAdV-2 coinfection are often observed.

Therefore, CAdV-1 and CAdV-2 have cross-reactions and display different hemagglutination patterns. But an unambiguous diagnosis is not possible by hemagglutination test if there is coinfection with CAdV-1 and -2.




Infection Characteristics


Pathogenicity

The two serotypes differ in their pathogenicity, and this may be attributed to the fact that CAdV-1 and CAdV-2 are virulent and attenuated virus strains, respectively. Thus, CAdV types are distinguishable by pathogenetic characteristics. The clinical symptoms of CAdV-1 have been observed in the fennec fox (Vulpes zerda) (Choi et al., 2014), red fox (Vulpes vulpes) (Walker et al., 2016a), gray fox (Urocyon cinereoargenteus) (Gerhold et al., 2007), and arctic fox (Vulpes lagopus) (Balboni et al., 2019). However, CAdV-1 replicates in healthy red foxes (Vulpes vulpes) without clinical symptoms (Walker et al., 2016b), but it does not always have to be asymptomatic. The susceptibility of a silver fox to CAdV-1 is higher than that of the arctic foxes, and that of the arctic foxes is higher than that of dogs (Sun et al., 2019). Based on the recent data (Balboni et al., 2013; Walker et al., 2016b; Hechinger et al., 2017), red foxes show low susceptibility to CAdV-1, but the typical lesions of CAdV-1 are rare (Thompson et al., 2010b; Walker et al., 2016a). The rare typical lesions may attribute to the cross-protection conferred by earlier CAdV-2 infection, leading to milder clinical outcomes (or subclinical course) of CAdV-1 infections. In general, the potential influence of existing immunity toward CAdV-2 may also interfere with the clinical outcome of CAdV-1 infection. The pathogenicity of CAdV-1 F1301 strain in dogs, arctic foxes, and silver foxes is different (Sun et al., 2019). This indicates that the pathogenicity of CAdV-1 is different in different fox species.

Infection with CAdV-1 is also accompanied by other pathogenic infections. Fungal infection is found in a dog coinfected with CAdV-1, canine parvovirus type 2 (CPV-2), and Cladosporium halotolerans (Headley et al., 2019a). Further, coinfection of pasteurella pneumotropica and CAdV-1 is reported in a puppy (Pintore et al., 2016). CPV and CAdV-1 co-infection has been observed in 51% of wolves as a previous study (Millán et al., 2016). Co-infection with another pathogen can exacerbate CAdV-1 infection, increasing the mortality rates. The clinical signs of CAdV-2 infections are rarely apparent. The typical clinical symptom of CAdV-2 are observed in CPV-2 (Silva et al., 2014), canine distemper virus (Chvala et al., 2007), and mycoplasma cynos (Chvala et al., 2007) infection animals. Co-infection with other viruses and bacterial exacerbates CAdV-2 infection.

In brief, CAdV-1 and CAdV-2 are virulent and attenuated strains, respectively. Co-infection with other pathogens enhances the pathogenicity of the two serotypes of CAdVs. Further, the pathogenicity of CAdV-1 from different fox species is different.



The Host Spectrum

The host spectrum of CAdV-1 is extensive. CAdV-1 is found in dogs (Chouinard et al., 1998; Balboni et al., 2014), foxes (Gerhold et al., 2007; Balboni et al., 2013; Thompson et al., 2013; Choi et al., 2014), wolves (Millán et al., 2016), raccoons (Hechinger et al., 2017), Eurasian River Otter (Lutra lutra) (Park et al., 2007), and coyotes (Canis latrans) (Miller et al., 2009), brown bears (Ursus arctos) (Ramey et al., 2018). The spectrum is believed to be narrow before, but new findings suggest that these serotypes also have a vast spectrum. Infection with CAdV-2 has been documented in dogs (Gerhold et al., 2007; Balboni et al., 2014; Millán et al., 2016; Tİmurkan et al., 2018; Yang et al., 2019b), Marsican brown bears (Ursus arctos marsicanus) (Di Francesco et al., 2015), raccoon (Dowgier et al., 2018), raccoon dogs, dogs, horses, cattle, cats (Yang et al., 2018) and wolves (Millán et al., 2016). Further, CAdV-2 is present in healthy red foxes, indicating that CAdV-2 shows subclinical circulation in wild carnivores (Balboni et al., 2013). Other evidence also shows the prevalence of CAdV-2 in the wildlife of zoological parks, given that animals with CAdV-2 infection did not show typical clinical symptoms. Another study that conducted a serological evaluation of ill or dead wild animals reported widespread CAdV-1 exposure in wildlife from different countries (Dowgier et al., 2018).

Wild foxes are considered to be the bridge between domestic animals and wildlife in terms of CAdV-1 epidemiology. Based on serological studies, CAdV is found to be circulating in 97% of island foxes (Urocyon littoralis) in California, (Garcelon et al., 1992), 88% of grey foxes in California (Riley et al., 2004), and 94.7% of wolves (Canis lupus) in Alaska (Stephenson et al., 1982). The seroprevalence of CAdV in red foxes has been reported to be 19% -64.4% in the UK (Thompson et al., 2010b; Walker et al., 2016b), 3.5% in Germany (Truyen et al., 1998), 59.6% in Scandinavia (Akerstedt et al., 2010), and 23.2% in Australia (Robinson et al., 2005).

The red foxes are a source for transmitting CAdV-1 infection to other species (Verin et al., 2019a). Canine adenovirus type-2 infections are found in neotropical otters (Lontra longicaudis) from southern Brazil (de Mello Zanim Michelazzo et al., 2022). Red foxes have more chances to contact domestic dogs because red foxes are extensively distributed in Europe and have an intrusive behavior (Bateman and Fleming, 2012). This results in a growing concern regarding the threat of CAdV infection from livestock to wildlife. In recent days, further evidence is necessary to ascertain transmission in carnivore species susceptible to CAdV. More attention should be paid to CAdV infection dynamics in wildlife.

Thus, the host spectrum of CAdV-1 and CAdV-2 is extensive. Red foxes, pine martens, and otters, with inappropriate infections, are the sources of CAdV-1.



Clinical Symptom

CAdV-1 and CAdV-2 have different tissue tropism (Buonavoglia and Martella, 2007). CAdV-1 are identified within the epithelial cells of the liver and lungs (Headley et al., 2019). The CAdV-2 mainly invades the respiratory tract epithelium and intestinal epithelium (Michelazzo et al., 2020).

CAdV-1 transmit through feces, saliva, respiratory secretions, and urine, but CAdV-2 has an oronasal transmission (Decaro et al., 2008). The main manifestations of CAdV-1 in dogs, coyotes, raccoons, opossum rats, and skunks are hepatitis, and that in foxes and black bears is encephalitis (Fan et al., 1992; Laurenson et al., 1997), but hepatitis has also been well documented as a symptom of infection in foxes (Thompson et al., 2010a). Neurologic signs of CAdV-1 are observed occasionally in dogs and may be attributed to the damage of the blood vessels in the nervous system (Hornsey et al., 2019). The deposition of immune complexes may induce iridocyclitis (blue eye) and interstitial nephritis after recovery from CAdV-1 infection (Decaro et al., 2008). CAdV-1 can also cause simple respiratory diseases (Hornsey et al., 2019). Low titers of CAdV-2 have been detected in lung tissue samples (Sun et al., 2019). CAdV-2, however, causes infectious laryngotracheitis, pharyngitis, necrotizing bronchitis, and other respiratory diseases in dogs and foxes (Balboni et al., 2015a). However, fever is rare in infections with CAdV-2. Once the disease occurs, it is difficult to treat, and the mortality rate is high.

CAdV-1 and CAdV-2 induce different clinical symptoms. As CAdV-1 is also detected in the lung, respiratory symptoms are not included as an index to diagnose CAdV-1 and CAdV-2.



Histopathology

The histopathological changes in the Kupffer’s cells and hepatocytes of dogs livers with CAdV-1 include swelling, yellowish color, centrilobular necrosis, neutrophilic and mononuclear cell infiltration, and intranuclear inclusions (Decaro et al., 2008). Hepatocytes with CAdV-1 are vacuolated, and cell necrosis is rare. Hepatocyte nuclei with CAdV-1 are also frequently observed to contain large basophilic inclusion bodies (Hornsey et al., 2019). The gallbladder appears thickened and edematous, and edema of the gallbladder wall maintains during infection (Decaro et al., 2008). Further, the kidney shows congestion, hemorrhage, leukocyte infiltration, and histological changes attributed to vascular damage and inflammation (Decaro et al., 2008). After recovery from ICH, interstitial nephritis and iridocyclitis may occur in dogs (Decaro et al., 2008). Congestion and hemorrhagic lesions are also observed in the spleen, lymph nodes, thymus, pancreas, and hemorrhagic enteritis (Hornsey et al., 2019).

On postmortem examination of dogs infected with CAdV-2, the histological change in the lung show red areas of consolidation necrotizing bronchitis and bronchiolitis obliterans. It attributes to the damage of bronchial epithelial cells and infection of type 2 alveolar cells (Tİmurkan et al., 2018). CAdV-2 infection results in significant respiratory illness in dogs (Yang et al., 2019b).

CAdV-1 and CAdV-2 are mainly located in the liver and lungs respectively, and they exert different histopathological changes. After infection with CAdV-1 and CAdV-2, nuclear inclusions can form in infected cells (Hornsey et al., 2019), and the formation time and the shape and type of inclusion body have their characteristics (Zhong and Yang, 1990). The liver cell swelling, degeneration, interstitial vascular congestion in the lung, and reduction of the spleen lymphocytes are observed in the silver fox, arctic fox, and dog. The positive immunohistochemical staining with CAdV-1 is observed in the liver and spleen (Sun et al., 2019).

Based on the above-mentioned data, the inclusion bodies are observed in the tissue with CAdV-1 and CAdV-2. The main histopathological changes in infections with CAdV-1 and CAdV-2 are observed in the liver and lungs, respectively.




Distinguishing Method

In a clinical setting, ocular swabs, feces, and urine samples, and kidney, lung, and lymphoid tissues can be collected to isolate CAdV-1 and CAdV-2. Traditionally, viral isolation, electron-microscopic observation (Hongmei Guo and Ruiliang, 2010), and serological tests (Walker et al., 2016b) are used to identify CAdV-1 and CAdV-2 infections. Interestingly, respiratory secretions, trachea, and lungs can be used for CAdV-1 isolation, so the collected tissue do not indicate the type of CAdV infection. Immunofluorescence (IF) test can be used to determine CAdV in acetone-fixed tissue sections, smears, and cells. Compared with the conventional pathological methods, immunohistochemical (IHC) analysis is considered to be a reliable diagnostic method for CAdV infections. IHC of CAdV-2 diagnosis should be conducted with PCR (Yoon et al., 2010). However, the IF and IHC tests are not adequate for distinguishing between the CAdV-1 and CAdV-2, because antibodies of CAdV-1 and CAdV-2 have cross-reactions with each other. Thus, viral isolation, IF and IHC tests do not differentiate between CAdV-1 and CAdV-2. After CAdV-1 and CAdV-2 infection, nuclear inclusion body can be observed by hematoxylin-eosin (HE) staining. But HE-staining cannot identify viruses. It merely makes the intracellular inclusion bodies visible, which indicate viral infection and those inclusion bodies can give a hint as to which virus is probably involved (based on the animal involved, staining characteristics and localization of inclusion bodies within the cell), but they do not identify the virus. The recent discrimination methods are established mainly based on sequence difference. However, it is expensive to sequence the genome of the two serotypes of CAdVs. The genomes of CAdV-1 and CAdV-2 can be differentiated by restriction endonuclease analysis (Assaf et al., 1983; Hamelin et al., 1984) and DNA hybridization (Marusyk and Hammarskjold, 1972). But the method is complex and requires high purified viral DNA and more time (Decaro et al., 2008).

One pair of common primers is designed and synthesized according to the sequences of the E3 and flanking regions and a polymerase chain reaction (PCR) assay is established to amplify E3 region in CAdV-1 (508 bp) or CAdV-2 (1030 bp) (Hu et al., 2001). Furthermore, the common set of primers are used to amplify the fragments of the CAdVs in the feces and urine samples, respectively (Chaturvedi et al., 2008). This provides a useful way of identifying the nature of CAV infection. A TaqMan RT-PCR is used to determine CAdV-1 in red foxes (Vulpes vulpes) and raccoons (Procyon lotor) in Germany (Hechinger et al., 2017). Moreover, to detect and simultaneously differentiate between the two serotypes of CAdVs, a duplex RT-PCR is established based on TaqMan technology (Dowgier et al., 2016). Compared with the SYBR Green qPCR, a probe-based RT-PCR assay has high specificity. However, a real-time instrument and two specific probes are necessary to detect the different wavelengths of CAdV-1 and CAdV-2. Furthermore, probe-based RT-PCR is more expensive compared with SYBR green qPCR because probes are necessary to the primers. And nucleotide mutations will affect the specificity of reaction in probe-based RT-PCR in the hybridization sites of the probes (Balboni et al., 2015).

Melting curve analysis is also used in the SYBR Green RT-PCR for simultaneous detection and differentiation between the two serotypes of CAdVs (Balboni et al., 2015b). A binding dye is used to intercalates nonspecifically into the double-stranded DNA in SYBR® Green methods, whereas the specificity is improved by sequence-specific amplification in the TaqMan® approach. Accordingly, the melting curve analysis based on SYBR Green PCR is performed given that the instrumentation is less complex, the method is simple, and the procedure is cost-effective.

During PCR amplification, the double-standard DNA binds to SYBR Green, and SYBR Green is not a specific fluorescent dye. Thus, the product length and the melting curve analysis method ensured the specificity of the SYBR Green assay. Conversely, primers and probes enhance the specificity of TaqMan technology.

Therefore, sequence alignment, PCR, and RT-PCR assay are useful methods to distinguish between the two serotypes of CAdVs.



Vaccination Development

In 1976, CAdV-1, which is cultured with MDCK, is inactivated to prepare the vaccine (Fishman and Scarnell, 1976). The inactivated CAdV-1 vaccine has immunogenicity and safety. But the inactivated CAdV-1 vaccine cannot protect the CAdV-2 from the dog, it is eliminated by the market at last. The CAdV-1 is attenuated in the MDCK by consecutive passage, the early attenuated CAdV-1 vaccine is prepared based on the attenuated virus strain (Pepevnak et al., 1960). But the attenuated virus strain has the risk of the virulence return. The attenuated CAdV-2 virus strain (Toronto A26-61) has cross-protection to CAdV-1 (Bru et al., 2010). The usage of the attenuated live CAdV-2 vaccine reduces the spread of the CAdV-1 and CAdV-2 (Bass et al., 1980). The virus shedding will find after the immunization of the attenuated live CAdV-2 vaccine, and the virus shedding will lead to the inapparent infection of the fox without CAdV-2 (Dowgier et al., 2018), and this phenomenon also attracts attention (Decaro et al., 2007). Thus, the attenuated live CAdV-2 vaccine has a risk in the clinical setting.

Therefore, the attenuated live CAdV-2 vaccine is currently used to protect against CadV-1 whereas a vaccine against CadV-1 is difficult to develop due to safety concerns and less cross-protection. However, the attenuated live CAdV-2 vaccine also has a risk.



Conclusion

CAdV-1 (virulent strain) and CAdV-2 (attenuated strain) induced ICH and ITB, respectively, but the clinical symptom is not obvious. CAdV-1 and CAdV-2 have the same genome structure, diameter, morphological features, and cytopathic features, but the same character hinder the diagnose time of the serotypes. CAdV-1 and CAdV-2 have a difference in the genome sequence, coding proteins, viral activity, hemagglutination patterns. After infection, pathogenicity and transmission route are different between the two serotypes. Sequence alignment, PCR, RT-PCR assay are useful methods to distinguish the two serotypes. The attenuated live CAdV-2 vaccine is currently used to protect against CAdV-1, but it also has a risk. The further research should focus on the pathogenicity mechanism and the useful vaccine for the two serotypes of canine adenovirus.



Author Contributions

YZ wrote the manuscript. JX, SL, and RZ collected the reference. JH, MW and XY review the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by grants from the Science and technology department of Jilin Province (20200402045NC).



References

 Akerstedt, J., Lillehaug, A., Larsen, I. L., Eide, N. E., Arnemo, J. M., and Handeland, K. (2010). Serosurvey for Canine Distemper Virus, Canine Adenovirus, Leptospira Interrogans, and Toxoplasma Gondii in Free-Ranging Canids in Scandinavia and Svalbard. J. Wildl. Dis. 46, 474–480. doi: 10.7589/0090-3558-46.2.474

 Assaf, R., Marsolais, G., Yelle, J., and Hamelin, C. (1983). Unambiguous Typing of Canine Adenovirus Isolates by Deoxyribonucleic Acid Restriction-Endonuclease Analysis. Can. J. Comp. Med. 47, 460–463.

 Balboni, A., Dondi, F., Prosperi, S., and Battilani, M. (2015). Development of a SYBR Green Real-Time PCR Assay With Melting Curve Analysis for Simultaneous Detection and Differentiation of Canine Adenovirus Type 1 and Type 2. J. Virol. Methods 222, 34–40. doi: 10.1016/j.jviromet.2015.05.009

 Balboni, A., Mollace, C., Giunti, M., Dondi, F., Prosperi, S., and Battilani, M. (2014). Investigation of the Presence of Canine Adenovirus (CAdV) in Owned Dogs in Northern Italy. Res. Vet. Sci. 97, 631–636. doi: 10.1016/j.rvsc.2014.10.010

 Balboni, A., Musto, C., Kaehler, E., Verin, R., Caniglia, R., Fabbri, E., et al. (2019). Genetic Characterization of Canine Adenovirus Type 1 Detected by Real-Time Polymerase Chain Reaction in an Oral Sample of an Italian Wolf (Canis Lupus). J. Wildl. Dis. 55, 737–741. doi: 10.7589/2018-08-206

 Balboni, A., Verin, R., Morandi, F., Poli, A., Prosperi, S., and Battilani, M. (2013). Molecular Epidemiology of Canine Adenovirus Type 1 and Type 2 in Free-Ranging Red Foxes (Vulpes Vulpes) in Italy. Vet. Microbiol. 162, 551–557. doi: 10.1016/j.vetmic.2012.11.015

 Bass, E. P., Gill, M. A., and Beckenhauer, W. H. (1980). Evaluation of a Canine Adenovirus Type 2 Strain as a Replacement for Infectious Canine Hepatitis Vaccine. J. Am. Vet. Med. Assoc. 177, 234–242.

 Bateman, P. W., and Fleming, P. A. (2012). Big City Life: Carnivores in Urban Environments. J. Zool. 287, 1–23. doi: 10.1111/j.1469-7998.2011.00887.x

 Bru, T., Salinas, S., and Kremer, E. J. (2010). An Update on Canine Adenovirus Type 2 and its Vectors. Viruses 2, 2134–2153. doi: 10.3390/v2092134

 Buonavoglia, C., and Martella, V. (2007). Canine Respiratory Viruses. Vet. Res. 38, 355–373. doi: 10.1051/vetres:2006058

 Carinhas, N., Pais, D. A., Koshkin, A., Fernandes, P., Coroadinha, A. S., Carrondo, M. J., et al. (2016). Metabolic Flux Profiling of MDCK Cells During Growth and Canine Adenovirus Vector Production. Sci. Rep. 6, 23529. doi: 10.1038/srep23529

 Chaturvedi, U., Tiwari, A. K., Ratta, B., Ravindra, P. V., Rajawat, Y. S., Palia, S. K., et al. (2008). Detection of Canine Adenoviral Infections in Urine and Faeces by the Polymerase Chain Reaction. J. Virol. Methods 149, 260–263. doi: 10.1016/j.jviromet.2008.01.024

 Choi, J. W., Lee, H. K., Kim, S. H., Kim, Y. H., Lee, K. K., Lee, M. H., et al. (2014). Canine Adenovirus Type 1 in a Fennec Fox (Vulpes Zerda). J. Zoo Wildl. Med. 45, 947–950. doi: 10.1638/2013-0286.1

 Chouinard, L., Martineau, D., Forget, C., and Girard, C. (1998). Use of Polymerase Chain Reaction and Immunohistochemistry for Detection of Canine Adenovirus Type 1 in Formalin-Fixed, Paraffin-Embedded Liver of Dogs With Chronic Hepatitis or Cirrhosis. J. Vet. Diagn. Invest. 10, 320–325. doi: 10.1177/104063879801000402

 Chvala, S., Benetka, V., Möstl, K., Zeugswetter, F., Spergser, J., and Weissenböck, H. (2007). Simultaneous Canine Distemper Virus, Canine Adenovirus Type 2, and Mycoplasma Cynos Infection in a Dog With Pneumonia. Vet. Pathol. 44, 508–512. doi: 10.1354/vp.44-4-508

 Crespo, S. E. I., Lunardi, M., Otonel, R. A. A., Headley, S. A., Alfieri, A. F., and Alfieri, A. A. (2019). Genetic Characterization of a Putative New Type of Bovine Papillomavirus in the Xipapillomavirus 1 Species in a Brazilian Dairy Herd. Virus Genes 55, 682–687. doi: 10.1007/s11262-019-01694-8

 Decaro, N., Campolo, M., Elia, G., Buonavoglia, D., Colaianni, M. L., Lorusso, A., et al. (2007). Infectious Canine Hepatitis: An "Old" Disease Reemerging in Italy. Res. Vet. Sci. 83, 269–273. doi: 10.1016/j.rvsc.2006.11.009

 Decaro, N., Martella, V., and Buonavoglia, C. (2008). Canine Adenoviruses and Herpesvirus. Vet. Clin. North Am. Small Anim. Pract. 38, 799–814. doi: 10.1016/j.cvsm.2008.02.006

 de Mello Zanim Michelazzo, M., Martinelli, T. M., de Amorim, V. R. G., Silva, L. E., Silva, F. H. P., Xavier, A. A. C., et al. (2022). Canine Distemper Virus and Canine Adenovirus Type-2 Infections in Neotropical Otters (Lontra Longicaudis) From Southern Brazil. Braz. J. Microbiol. 53 (1), 369–375. doi: 10.1007/s42770-021-00636-7

 Di Francesco, C. E., Gentile, L., Di Pirro, V., Ladiana, L., Tagliabue, S., and Marsilio, F. (2015). Serologic Evidence for Selected Infectious Diseases in Marsican Brown Bears (Ursus Arctos Marsicanus) in Ital–09). J. Wildl. Dis. 51, 209–213. doi: 10.7589/2014-01-021

 Dowgier, G., Lahoreau, J., Lanave, G., Losurdo, M., Varello, K., Lucente, M. S., et al. (2018). Sequential Circulation of Canine Adenoviruses 1 and 2 in Captive Wild Carnivores, France. Vet. Microbiol. 221, 67–73. doi: 10.1016/j.vetmic.2018.05.025

 Dowgier, G., Mari, V., Losurdo, M., Larocca, V., Colaianni, M. L., Cirone, F., et al. (2016). A Duplex Real-Time PCR Assay Based on TaqMan Technology for Simultaneous Detection and Differentiation of Canine Adenovirus Types 1 and 2. J. Virol. Methods 234, 1–6. doi: 10.1016/j.jviromet.2016.03.011

 Fan, Q., Qi, G., Qiao, G., Li, G., Wang, D., Zhong, Z., et al. (1992). Isolation and Identification of Bear Encephalitis Virus. Chin. J. Prev. Vet. Med. 5, 1–2.

 Fan, Q. S., Zheng, Y., Qiu, W., Zhang, F. Q., Li, G. S., Li, Z. S., et al. (2009). The Isolation and Identification of the Canine Adenovirus 2 in Yunnan Province. Proc. 13th Natl. Symposium Dog Breed. 124–132.

 Fishman, B., and Scarnell, J. (1976). Persistence of Protection After Vaccination Against Infectious Canine Hepatitis Virus (CAV/1). Vet. Rec. 99, 509. doi: 10.1136/vr.99.25-26.509

 Fu, S. C., Chen, W. R., and Shang, T. C. (2004). Isolation and Identification of Canine Infectious Laryngotracheitis Virus. Chin. J. Prev. Vet. Med. 24 (1), 2.

 Garcelon, D. K., Wayne, R. K., and Gonzales, B. J. (1992). A Serologic Survey of the Island Fox (Urocyon Littoralis) on the Channel Islands, California. J. Wildl. Dis. 28, 223–229. doi: 10.7589/0090-3558-28.2.223

 Gerhold, R. W., Allison, A. B., Temple, D. L., Chamberlain, M. J., Strait, K. R., and Keel, M. K. (2007). Infectious Canine Hepatitis in a Gray Fox (Urocyon Cinereoargenteus). J. Wildl. Dis. 43, 734–736. doi: 10.7589/0090-3558-43.4.734

 Hamelin, C., Marsolais, G., and Assaf, R. (1984). Interspecific Differences Between the DNA Restriction Profiles of Canine Adenoviruses. Experientia 40, 482. doi: 10.1007/bf01952396

 Headley, S. A., de Mello Zanim Michelazzo, M., Elias, B., Viana, N. E., Pereira, Y. L., Pretto-Giordano, L. G., et al. (2019). Disseminated Melanized Fungal Infection Due to Cladosporium Halotolerans in a Dog Coinfected With Canine Adenovirus-1 and Canine Parvovirus-2. Braz. J. Microbiol. 50, 859–870. doi: 10.1007/s42770-019-00082-6

 Hechinger, S., Scheffold, S., Hamann, H. P., and Zschöck, M. (2017). Detection of Canine Adenovirus 1 in Red Foxes ( Vulpes Vulpes) and Raccoons ( Procyon Lotor) in Germany With a TaqMan Real-Time PCR Assay. J. Vet. Diagn. Invest. 29, 741–746. doi: 10.1177/1040638717712331

 Hongmei Guo, C. W., and Ruiliang, Z. (2010). Isolation and Identification of the Canine Adenovirus 1 From Fox. Acta Agricult. Boreali-Occidentalis Sin. 19, 35–39. doi: 10.3969/j.issn.1004-1389.2010.10.007

 Hornsey, S. J., Philibert, H., Godson, D. L., and Snead, E. C. R. (2019). Canine Adenovirus Type 1 Causing Neurological Signs in a 5-Week-Old Puppy. BMC Vet. Res. 15, 418. doi: 10.1186/s12917-019-2173-5

 Hu, R. L., Huang, G., Qiu, W., Zhong, Z. H., Xia, X. Z., and Yin, Z. (2001). Detection and Differentiation of CAV-1 and CAV-2 by Polymerase Chain Reaction. Vet. Res. Commun. 25, 77–84. doi: 10.1023/a:1006417203856

 Ip, W. H., and Dobner, T. (2020). Cell Transformation by the Adenovirus Oncogenes E1 and E4. FEBS Lett. 594, 1848–1860. doi: 10.1002/1873-3468.13717

 Laurenson, K., Van Heerden, J., Stander, P., and Van Vuuren, M. J. (1997). Seroepidemiological Survey of Sympatric Domestic and Wild Dogs (Lycaon Pictus) in Tsumkwe District, North-Eastern Namibia. Onderstepoort J. Vet. Res. 64, 313–316.

 Linné, T. (1992). Differences in the E3 Regions of the Canine Adenovirus Type 1 and Type 2. Virus Res. 23, 119–133. doi: 10.1016/0168-1702(92)90072-h

 Luo, G. L., Yan, X. J., and Zhong, W. (2008). Progress in Etiology of Fox Infectious Encephalitis. Adv. Anim. Med. 29 (8), 4. doi: 10.16437/j.cnki.1007-5038.2008.08.028

 Marusyk, R. G. (1972). Comparison of the Immunological Properties of Two Canine Adenoviruses. Can. J. Microbiol. 18, 817–823. doi: 10.1139/m72-127

 Marusyk, R. G., and Hammarskjold, M. L. (1972). The Genetic Relationship of Two Canine Adenoviruses as Determined by Nucleic Acid Hybridization. Microbios 5, 259–264.

 Marusyk, R., Norrby, E., and Lundqvist, U. (1970). Biophysical Comparison of Two Canine Adenoviruses. J. Virol. 5, 507–512. doi: 10.1128/jvi.5.4.507-512.1970

 Marusyk, R. G., and Yamamoto, T. (1971). Characterization of a Canine Adenovirus Hemagglutinin. Can. J. Microbiol. 17, 151–155. doi: 10.1139/m71-026

 Michelazzo, M., de Oliveira, T. E. S., Viana, N. E., de Moraes, W., Cubas, Z. S., and Headley, S. A. (2020). Immunohistochemical Evidence of Canine Morbillivirus (Canine Distemper) Infection in Coatis (Nasua Nasua) From Southern Brazil. Transbound Emerg. Dis. 67, 178–184. doi: 10.1111/tbed.13456

 Millán, J., López-Bao, J. V., García, E. J., Oleaga, Á., Llaneza, L., Palacios, V., et al. (2016). Patterns of Exposure of Iberian Wolves (Canis Lupus) to Canine Viruses in Human-Dominated Landscapes. EcoHealth 13, 123–134. doi: 10.1007/s10393-015-1074-8

 Miller, D. L., Schrecengost, J., Merrill, A., Kilgo, J., Ray, H. S., Miller, K. V., et al. (2009). Hematology, Parasitology, and Serology of Free-Ranging Coyotes (Canis Latrans) From South Carolina. J. Wildl. Dis. 45, 863–869. doi: 10.7589/0090-3558-45.3.863

 Morrison, M. D., Onions, D. E., and Nicolson, L. (1997). Complete DNA Sequence of Canine Adenovirus Type 1. J. Gen. Virol. 78 (Pt 4), 873–878. doi: 10.1099/0022-1317-78-4-873

 Park, N., Lee, M., Kurkure, N., and Cho, H. (2007). Canine Adenovirus Type 1 Infection of a Eurasian River Otter (Lutra Lutra). Vet. Pathol. 44, 536–539. doi: 10.1354/vp.44-4-536

 Pepevnak, F. L., Taylor, P. A., and Walker, V. C. (1960). Infectious Canine Hepatitis Modified Live Virus Vaccine Produced in Ferret Kidney Cells. Can. Vet. J. 1, 186–193.

 Pintore, M. D., Corbellini, D., Chieppa, M. N., Vallino Costassa, E., Florio, C. L., Varello, K., et al. (2016). Canine Adenovirus Type 1 and Pasteurella Pneumotropica Coinfection in a Puppy. Vet. Ital. 52, 57–62. doi: 10.12834/VetIt.270.934.1

 Pizzurro, F., Marcacci, M., Zaccaria, G., Orsini, M., Cito, F., Rosamilia, A., et al. (2017). Genome Sequence of Canine Adenovirus Type 1 Isolated From a Wolf (Canis Lupus) in Southern Italy. Genome Announcements 5, e00225–e00217. doi: 10.1128/genomeA.00225-17

 Qin, Q. L. (2013). Study on Recombinant Vaccine of Small Ruminant Disease Based on Canine Adenovirus Type 2 and Adeno-Associated Virus Type 1 (Changchun City: Jilin University).

 Ramey, A. M., Cleveland, C. A., Hilderbrand, G. V., Joly, K., Gustine, D. D., Mangipane, B., et al. (2018). Exposure of Alaska Brown Bears (Ursus Arctos) to Bacterial, Viral, and Parasitic Agents Varies Spatiotemporally and may be Influenced by Age. J. Wildl. Dis. 55, 576–588. doi: 10.7589/2018-07-173

 Ramidi, A., Ganji, V. K., Buddala, B., Yella, N. R., Manthani, G. P., and Putty, K. (2019). E3 Gene-Based Genetic Characterization of Canine Adenovirus-2 Isolated From Cases of Canine Gastroenteritis in India Revealed a Novel Group of the Virus. Intervirology 62, 216–221. doi: 10.1159/000507329

 Riley, S. P. D., Foley, J., and Chomel, B. (2004). Exposure to Feline and Canine Pathogens in Bobcats and Gray Foxes in Urban and Rural Zones of a National Park in California. J. Wildl. Dis. 40, 11–22. doi: 10.7589/0090-3558-40.1.11

 Robinson, A. J., Crerar, S. K., Sharma, N. W., Muller, W. J., and Bradley, M. P. (2005). Prevalence of Serum Antibodies to Canine Adenovirus and Canine Herpesvirus in the European Red Fox (Vulpes Vulpes) in Australia. Aust. Vet. J. 83, 356–361. doi: 10.1111/j.1751-0813.2005.tb15634.x

 Schoehn, G., El Bakkouri, M., Fabry, C. M. S., Billet, O., Estrozi, L. F., Le, L., et al. (2008). Three-Dimensional Structure of Canine Adenovirus Serotype 2 Capsid. J. Virol. 82, 3192–3203. doi: 10.1128/JVI.02393-07

 Seiradake, E., Henaff, D., Wodrich, H., Billet, O., Perreau, M., Hippert, C., et al. (2009a). The Cell Adhesion Molecule “CAR” and Sialic Acid on Human Erythrocytes Influence Adenovirus In Vivo Biodistribution. PloS Path. 5, e1000277. doi: 10.1371/journal.ppat.1000277

 Seiradake, E., Henaff, D., Wodrich, H., Billet, O., Perreau, M., Hippert, C., et al. (2009b). The Cell Adhesion Molecule "CAR" and Sialic Acid on Human Erythrocytes Influence Adenovirus In Vivo Biodistribution. PloS Path. 5, e1000277–e1000277. doi: 10.1371/journal.ppat.1000277

 Shibata, R., Shinagawa, M., Iida, Y., and Tsukiyama, T. (1989). Nucleotide Sequence of E1 Region of Canine Adenovirus Type 2. Virology 172, 460–467. doi: 10.1016/0042-6822(89)90188-8

 Silva, A. P., Bodnar, L., Headley, S. A., Alfieri, A. F., and Alfieri, A. A. (2014). Molecular Detection of Canine Distemper Virus (CDV), Canine Adenovirus A Types 1 and 2 (CAdV-1 and CAdV-2), and Canine Parvovirus Type 2 (CPV-2) in the Urine of Naturally Infected Dogs. Semina: Cienc. Agrar. 35, 3231–3235. doi: 10.5433/1679-0359.2014v35n6p3231

 Spibey, N., McClory, R. S., and Cavanagh, H. M. (1989). Identification and Nucleotide Sequence of the Early Region 1 From Canine Adenovirus Types 1 and 2. Virus Res. 14, 241–255. doi: 10.1016/0168-1702(89)90005-1

 Stephenson, R. O., Ritter, D. G., and Nielsen, C. A. (1982). Serologic Survey for Canine Distemper and Infectious Canine Hepatitis in Wolves in Alaska. J. Wildl. Dis. 18, 419–424. doi: 10.7589/0090-3558-18.4.419

 Sun, J., Qin, F. Y., Zhu, Y. Z., Xue, X. H., Wang, Y., Lian, S. Z., et al. (2019). Comparison of Pathogenicity of Canine Adenovirus Type 1 to Arctic Fox and Silver Fox. Chin. Vet. Sci. 49, 625–631. doi: 10.16656/j.issn.1673-4696.2019.0094

 Thompson, H., O'Keeffe, A. M., Lewis, J. C., Stocker, L. R., Laurenson, M. K., and Philbey, A. W. (2010). Infectious Canine Hepatitis in Red Foxes (Vulpes Vulpes) in the United Kingdom. Vet. Rec. 166, 111–114. doi: 10.1136/vr.b4763

 Thompson, H., O'keeffe, A., Lewis, J., Stocker, L., Laurenson, M., and Philbey, A. (2013). Infectious Canine Hepatitis in Red Foxes (Vulpes Vulpes) in the United Kingdom. Vet. Rec. C. R. 1, eb4763. doi: 10.1136/vetreccr.b4763rep

 Tİmurkan, M., Aydİn, H., and Alkan, F. (2018). Detection and Molecular Characterization of Canine Adenovirus Type 2 (CAV-2) in Dogs With Respiratory Tract Symptoms in Shelters in Turkey. Veterinarski Arhiv. 88, 467–479. doi: 10.24099/vet.arhiv.0052

 Truyen, U., Müller, T., Heidrich, R., Tackmann, K., and Carmichael, L. E. (1998). Survey on Viral Pathogens in Wild Red Foxes (Vulpes Vulpes) in Germany With Emphasis on Parvoviruses and Analysis of a DNA Sequence From a Red Fox Parvovirus. Epidemiol. Infect. 121, 433–440. doi: 10.1017/S0950268898001319

 Verin, R., Forzan, M., Schulze, C., Rocchigiani, G., Balboni, A., Poli, A., et al. (2019). Multicentric Molecular and Pathologic Study On Canine Adenovirus Type 1 in Red Foxes (Vulpes Vulpes) in Three European Countries. J. Wildl. Dis. 55, 935–939. doi: 10.7589/2018-12-295

 Walker, D., Abbondati, E., Cox, A. L., Mitchell, G. B., Pizzi, R., Sharp, C. P., et al. (2016a). Infectious Canine Hepatitis in Red Foxes (Vulpes Vulpes) in Wildlife Rescue Centres in the UK. Vet. Rec. 178, 421. doi: 10.1136/vr.103559

 Walker, D., Fee, S. A., Hartley, G., Learmount, J., O'Hagan, M. J., Meredith, A. L., et al. (2016b). Serological and Molecular Epidemiology of Canine Adenovirus Type 1 in Red Foxes (Vulpes Vulpes) in the United Kingdom. Sci. Rep. 6, 36051. doi: 10.1038/srep36051

 Whetstone, C. A. (1988). Monoclonal Antibodies to Canine Adenoviruses 1 and 2 That are Type-Specific by Virus Neutralization and Immunofluorescence. Vet. Microbiol. 16, 1–8. doi: 10.1016/0378-1135(88)90121-6

 Yang, D., Kim, H., Lee, E., Yoo, J., Yoon, S., Park, J., et al. (2019a). Recharacterization of the Canine Adenovirus Type 1 Vaccine Strain Based on the Biological and Molecular Properties. jbv 49, 124–132. doi: 10.4167/jbv.2019.49.3.124

 Yang, D., Kim, H., Yoon, S., Ji, M., and Cho, I.-S. (2018). Incidence and Sero-Survey of Canine Adenovirus Type 2 in Various Animal Species. J. Bacteriol. Virol. 48, 102–108. doi: 10.4167/jbv.2018.48.3.102

 Yang, D., Kim, H., Yoon, S., Lee, H., and Cho, I. (2019b). Isolation and Identification of Canine Adenovirus Type 2 From a Naturally Infected Dog in Korea. Korean J. Vet. Res. 58 (4), 177–182. doi: 10.1080/00480169.1998.36068

 Yang, S., Zhang, A., Yang, Z., and Liu, G. (2010). Change of Orchard Soil pH in the Loess Plateau. Chin. J. Eco-Agricult. 18, 1385–1387. doi: 10.3724/sp.J.1011.2010.01385

 Yoon, S., Byun, J., Park, Y., Kim, M., Bae, Y., and Song, J. (2010). Comparison of the Diagnostic Methods on the Canine Adenovirus Type 2 Infection. Basic Appl. Pathol. 3, 52–56. doi: 10.1111/j.1755-9294.2010.01073.x

 Zhong, Z. H., and Yang, C. M. (1990). Difference Between Canine Adenovirus Type 1 and 2. Chin. J. Prev. Veterinary Med., 000 (005), 59–62.

 Zhu, Y., Sun, J., Yan, M., Lian, S., Hu, B., Lv, S., et al. (2021). The Biological Characteristics of the Canine Adenovirus Type 1 From Fox and the Transcriptome Analysis of the Infected MDCK Cell. Cell Biol. Int. 45 (5), 936–947. doi: 10.1002/cbin.11537




Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Zhu, Xu, Lian, Zhang, Hou, Wang and Yan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fcimb-12-854876-g002.jpg
A. CAdV-2

(31,323) End

T z
HI I ] -—-— N

| E1B 55kDa | | | pvI | pVIII | |
repeat_region pmten X DNA polymerase pMu endoproteinase E4 ORF5 E4 ORF2
[ | IS E— | = Il B 0
E1B 19 kDa Iva2 | 52,55kDa protein | pvII L4-33kDa | U-exon
terminal protein precursor terminal protein precursor ORF1; putative E3 region

B. CAdV-1

| D) By > M-Dnib—. H @mm.’.»

MRL EIA| EIB-55K | |
E1A X le pmtease 33k anm E43s  E4 ORFB

w2 | [BTEN)> (52K >

E1B 19k Va2 22K E3 12.5K U exon E4 ORF6-7

L]

33K





OEBPS/Images/fcimb.2022.854876_cover.jpg
, frontiers

in Cellular and Infection Microbiology

Difference Analysis Between Canine
Adenovirus Types 1 And 2





OEBPS/Images/logo.jpg
’ frontiers
in Cellular and Infection Microbiology





OEBPS/Images/fcimb-12-854876-g001.jpg
8.2

4
Nucleotide Substitutions (x100)

YO/7/760.1
NC_001734.1
AC_000003.1
KX545420.1
MHO048659.1
U55001.1
AC_000020.1
U77082.1





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Difference Analysis Between Canine Adenovirus Types 1 And 2

      

        		

          Introduction

        



        		

          Virus Genome

        



        		

          Virus Activity

        

          		

            Viral Structure

          



          		

            Culture Characteristics

          



          		

            Hemagglutination and Antigenicity

          



        



        



        		

          Infection Characteristics

        

          		

            Pathogenicity

          



          		

            The Host Spectrum

          



          		

            Clinical Symptom

          



          		

            Histopathology

          



        



        



        		

          Distinguishing Method

        



        		

          Vaccination Development

        



        		

          Conclusion

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





