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			Introduction

			

			Infectious Canine Hepatitis (ICH) is a viral disease that is considered a highly contagious and threatening life disease to canine (Sykes, 2014). Canine adenovirus type 1 (CAV-1) is a cause of ICH, which is a dsDNA non-enveloped virus and is classified under the genus Mastadenovirus (Chander et al., 2021). According to genetic and antigenic properties, CAV is classified into CAV-1 and CAV-2, CAV-1 is caused infectious canine hepatitis and uveitis in canines and also affects the digestive system, while CAV-2 is caused by respiratory disease disorders (Hu et al., 2001; Sykes, 2014). The Infectious Canine Hepatitis is characterized by acute enterohaemorrhagic hepatitis. However, it exhibits a broader spectrum of clinical manifestations, including corneal edema (blue eye), uveitis, and interstitial nephritis. The latter may occur following the acute phase of the disease due to the deposition of circulating immune complexes (De Jonge et al., 2020; Essa et al., 2020). The genetic and antigenic matching between CAV-1 and CAV-2 reached 75% nucleotide identity (Chander et al., 2021). However, the genetic and antigenic relationship between the two types can be distinguished by DNA hybridization and restriction endonuclease analysis (Decaro et al., 2008; Thanoon et al., 2019). The target sites for CAV-1 replication are the endothelial cells of the vessels and parenchymal cells of the liver and kidneys. In contrast, the CAV-2 replication site is in the respiratory system and intestinal epithelia. The cause of ICH, mast-adenovirus A, formerly known as CAV-1, is an acute liver infection affecting dogs (Decaro et al., 2008) but also wild Canidae (e.g., foxes, wolves, and coyotes), Ursidae (bears), and Mustelidae (e.g., martens, weasels, sloats) can be infected (De Jonge et al., 2020). The virus spreads through nasal discharge, blood, urine, saliva, and faces. When it enters through the nose and mouth, it localizes and replicates in the tonsils before affecting the liver and kidneys (Greene, 2006; Sykes, 2014; Balboni et al., 2022; Decaro et al., 2008). The virus, an icosahedral double-stranded DNA virus, shares antigenic similarities with CAV-2, while interestingly, CAV-1 is not limited to canine hosts; it can also cause diseases in other animals such as wolves, coyotes, skunks, and bears (Majeed and Mahmood, 2024; Sykes, 2014). The latter may occur following the acute phase of the disease due to the deposition of circulating immune complexes (De Jonge et al., 2020). The CAV-1 has a predilection for replicating in vascular endothelial cells and hepatocytes since this replication process leads to the development of acute necro hemorrhagic hepatitis, with a more pronounced clinical impact observed in young dogs compared to their adult counterparts (Pereira et al., 2021). Adenovirus infections in dogs, those caused by CAV-1, exhibit a diverse array of clinical manifestations, underscoring the systemic nature of these infections. Furthermore, according to serologic surveys, CAV-1 infections can be caused by clinical acute or chronic disease (Evermann and Kennedy, 2011). The disease can impact multiple organs, including the liver, kidneys, eyes, respiratory tract, and neurologic system (Mohmoud, 2018; Polovitzer et al., 2022).

			The CAV-1 primarily targets the liver, inducing hepatic necrosis characterized by the death of liver cells (Greene, 2006). The clinical signs were recorded that related to hepatic injury, vomiting, fever, diarrhea, hepatomegaly, and abdominal pain (Decaro et al., 2008; Pereira et al., 2021). An effective early immune response can limit hepatic injury, but severe cases may progress to disseminated intravascular coagulation, causing a hemorrhagic diathesis (Goggs et al., 2018). Chronic hepatopathy may develop in cases of partial immune responses, marked by persistent hepatic inflammation (Bergmann et al., 2020; Mansour and Hasso, 2021).

			Materials and Methods

			Animals of study

			The study was conducted on 200 stray dogs from three provinces in Iraq (Baghdad, Najaf, Karbala, and Diwaniya) These dogs were selected randomly through the period from April 2022 to December 2023. Clinical examinations and signs were documented. Blood samples were obtained from the cephalic vein of dogs with EDTA tubes for molecular assay, and without anticoagulant tubes for serological test. Polymerase Chain Reaction (PCR) and Enzyme-linked immunosorbent assay (ELISA) tests were used to identify CAV-1. The study aimed to detect the prevalence of ICH in stray dogs in some provinces of Iraq (Abd-Almoneim and Mahmood, 2019). Samples were collected according to Valenciano et al. (2013). Eight ml of blood were divided into four milliliters with EDTA tube for PCR analysis and four milliliters without anticoagulant and centrifuged at 3000x g for 5 minutes to obtain serum for serological tests (ELISA) (Al-Dujaily and Mahmood, 2021).

			The clinical examination

			Clinical manifestations were evaluated in all investigated animals. The clinical examination included: A general assessment: Measurement of heart rate, pulse rate, and body temperature, documentation of clinical symptoms, and recording any additional clinical symptoms observed during the examination (Al-Hadithy and Badawi, 2015).

			DNA extraction method

			Genomic DNA was isolated from buffy coats using the ReliaPrep™ Blood gDNA Miniprep System (Promega, USA) according to the manufacturer’s instructions. The purity and concentration of DNA were assessed using the Nanodrop device following Thermo Fisher Scientific instructions. Gel electrophoresis was performed according to Voytas (2000) with 1.2% of the gel and visualized the template DNA and bands positive under UV light.

			 

			Primers of the study

			Specific primers targeting the E3 gene were employed for the diagnosis of canine adenovirus type 1 (CAV-1). These primers were selected for their high specificity and sensitivity in detecting the presence of CAV-1 in the collected blood samples, ensuring accurate and reliable molecular analysis. The primers of the study were F: CGC GCT GAA CAT TAC TAC CTT GTC, and R: CCT AGA GCA CTT CGT GTC CGC TT; these primers were produced product size 508bp (Yoon et al., 2010).

			For primer preparation, deionized distilled water was added to lyophilized primers (IDT Company, USA) to form a concentration of 100 μM for each primer and ten picomoles for each primer. This was achieved by adding ten μL of primer stock to 90 μL of deionized distilled water. The primers were then ready for use in the PCR master mix reaction.

			PCR thermocycler conditions include denaturation (15 minutes at 95◦C, annealing (1 minute at 58 oC), then extension (1 minute at 72oC) for 35 cycles. The final extension was five minutes at 72◦C. Gel electrophoresis was run on 1.2% agarose gels at 90 Vol. for 40 minutes to visualize PCR products (Yoon et al., 2010). The master mix protocol was done according to the protocol of green master mix kits (Promega, USA) including Master mix reagent 12.5 µl, Primer (10 picomol) Forward 1 µl and Reverse 1 µl, Template DNA 4µl, Nuclease-free water 6.5 µl, and final total reaction 25 µl.

			The enzyme-linked immunosorbent assay (ELISA) 

			The enzyme-linked immunosorbent assay (ELISA) method was employed to detect and quantify the presence of canine adenovirus type 1 (CAV-1) in serum samples. Sample preparation involved allowing the collected whole blood to clot and then centrifuging it to obtain serum. Test conducted according to instructions of (SunLong Biotech Co., LTD, China).

			Statistical analyses

			Statistical analyses were conducted using SPSS version 20 software. One-way ANOVA was used to compare the means between the two groups. The Odds ratio was chosen to detect the risk factor of the infection between studied tests. The results were considered statistically significant if the p-value was less than 0.05.

			Results and Discussion

			Molecular test

			DNA extraction was done for all blood samples of dogs. The results of extraction were very good, and an assessment of the quality of the DNA was performed by using agarose gel electrophoresis as displayed in Figure 1. The bands of DNA were appeared as clear and regular edges. The purity and concentrations of the template DNA were measured by Nano drop, the purity ranges between 1.6 to 2 and concentrations ranges of DNA between 63.1 to 89.4 ng/mg. The PCR results indicated the presence of canine adenovirus type 1 (CAV-1) in 9 out of the 200 animals tested, with the remaining 191 animals testing negative for the virus. This finding suggests a prevalence rate of approximately 4.5% for CAV-1 infection among the sampled stray dog population in Iraq (Figure 2).

			The partial sequences of E3 gene of three isolates of CAV-1. These sequences of CAV-1 submitted to gene bank under accession number (PP900637.1, PP900638.1, and PP900639.1), the phylogenetic analysis of CAV-1 Iraqi isolates close to other isolates of isolates as India, Australia, U.K., Canada, Portugal, Italy (Figure 3).
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			Figure 1: Template DNA loading on agarose gel 1.2% loading with red safe stain.
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			Figure 2: Results of gel electrophoresis 1.2% with red safe stain at 80 A and 120 Vol. of fragment 508bp E3 gene of CAV-1 in dogs of survay. A: Lane M: Molecular weight marker (Sizer 100bp). Lane 1-9: positive cases. Lane C: Negative control.
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			Figure 3: Phylogenetic tree depends on the partial sequence of E3 gene of 3 isolates of CAV-1 created by using the Maximum Composite Likelihood method. Evolutionary analyses were generated by using MEGA6 software.

			Clinical signs

			The results of the clinical study showed that the Mean of temperature. respiratory rates, and pulse rates were significant increase in the infected dogs with CAV-1 compared to the non-infected dogs (Table 1). The clinical signs in the infected dogs with CAV-1 included loss of appetite, emaciation, respiratory signs, vomiting, pallor of mucous membranes, depression, and eye cloudiness (Figure 4).

			Table 1: Physical examination values of dogs in CAV-1 infection.

			
				
					
					
					
				
				
					
							
							Groups/ Test

						
							
							Non-infected (191)

						
							
							Infected dog (9)

						
					

					
							
							Temperature °C

						
							
							38.73± 0.03 B

						
							
							39.10± 0.18A

						
					

					
							
							Pulse rate/minute

						
							
							96.85± 2.08 B

						
							
							103.37± 8.65A

						
					

					
							
							Respiratory rate/minute

						
							
							53.02± 2.01 B

						
							
							74.87± 14.45A

						
					

				
			

			The differences in capital letters horizontally statistically significant at P> 0.05.
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			Figure 4: Male dogs aged 1.5 years suffering from eye clouding, this infected by CAV-1.

			Serological diagnosis 

			The serological study detected five positive dogs, all positive results showing optical density higher than the Cut-off value of optical density of the standard positive. The infection rate was five out of 200 stray dogs (2.5%) fixed by ELISA in the survey study, which is lower non-significantly when compared to the PCR diagnosis. Therefore, the molecular diagnosis produced higher results than the ELISA technique (Table 2). 

			Table 2: The infection rate of CAV-1 according to ELISA and PCR.

			
				
					
					
					
				
				
					
							
							Tests

						
							
							ELISA

						
							
							PCR

						
					

					
							
							Positive cases

						
							
							5 (2.5%)

						
							
							9 (4.5%)*

						
					

					
							
							Negative cases

						
							
							195

						
							
							191

						
					

					
							
							Total 

						
							
							200

						
							
							200

						
					

				
			

			*Non-significant, O.R. 1.83. confidence interval (CI 95%) = 0.60-5.58

			The findings of this study are crucial for several reasons; firstly, they provide a clear indication of the presence and prevalence of CAV-1 in stray dogs in Iraq, contributing to the broader understanding of the epidemiology of this virus in the region. Secondly, the significant differences in clinical signs between infected and control groups highlight the importance of thorough clinical examinations in the early detection and management of CAV-1. The increase in body temperature in the infected dogs is one of the findings of canine adenovirus infections which Decaro (2021) reported similar result in infected dogs, also (Al-Hyani and Al-Hasan, 2019), the increase in the temperature refer to inflammatory processes in the viral infection. High body temperature is a physiological response of the body, the biphasic fever in CAV-1 infections considered importance diagnostic indicator (Doronin et al., 2024; Romon-Ochoa et al., 2023). Previous study by Pereira et al. (2021) detected changes in pulse rate in CAV-1 infection in dogs, but the pulse rate not be considered diagnostic marker. However, it may still be needed to study other symptoms of disease for clinical diagnosis (Badawi and Yousif, 2020; Decaro, 2021). The significant increase in respiratory rate in the infected dogs consistent with findings by Brown et al. (2018), the increase in respiratory rate because of increased oxygen intake during CAV infection. The importance of respiratory rate in the monitoring of animal state and clinical assessment (Al–Obaidi et al., 2021; Matsuu et al., 2020; Priestnall and Sykes, 2021). 

			The PCR results detecting 9 out of 200 dogs positive for CAV-1 (4.5%). The numbers of studies in Italy documented prevalence of CAV-1 2.9% (4/138 dogs) in stray dead dogs (Cardillo et al., 2020), while other research had 7.8% percentage (4/51 dogs) in alive dogs (Balboni et al., 2014). In Iraq/ Nineveh province when used same ELISA kit of Canine adeno virus constituted 9% seropositive of 78 different dogs (Al-Jumaa et al., 2020a). Although these studies had high infection rate when compared to our studies because of our study conducted on crossbreed without any history to vaccination, but in Italy study on stray dogs not highly variation with current study in Iraq. On the other hand, some reports recognized the seroprevalence of CADV-1in red foxes about 19% -64.4% in the UK (Thompson et al., 2010; Walker et al., 2016), 3.5% in Germany (Truyen et al., 1998), 23.2% in Australia (Robinson et al., 2005), and 59.6% in Scandinavia (Åkerstedt et al., 2010). The investigation of CAV-1 in these studies was varied in the percentage of infection, and this study suggest the percentage of infection was depended on the type of test, samples, animals, and stage of the disease. The role of CAV-1 in threat life of in dog populations need that for increasing control and vaccination efforts (Abdous et al., 2021; Day et al., 2020; Isvand et al., 2020). The ELISA results, indicating a 2.5% infection rate of CAV-1. This lower rate in ELISA may be due to increase in sensitivity of the PCR. Studies had established the useful the PCR, indicating its use as a importance diagnostic method for diseases in dogs (Al-Jumaa et al., 2020; Badawi, 2022).

			On phylogenetic analysis, CAV-1 in Iraq were clustered in same groups, India isolates, Australia isolates, and sequences of UK and Canada isolates formed in the same-group of phylogenetic tree. Spain, Brazil, UK (Accession no. KU755720.1), Italy and Portugal strains formed a different subgroup separated from the Iraq group. The study of sequences of Iraq group revealed an evolutionary divergence 0.0017 with the Indian strain (Accession no. KX181846.1) and 0.00002 the Austerlia strain (Accession no. KT853097.1). However, this study is deepened on E3 region but the partial sequence therefore, further studies with long sequence data are improved to become the sequences analysis a clear picture in Iraq.

			Conclusion

			In conclusion, this study confirmed some the clinical manifestations of CAV-1 infection and considered first molecular evidence of CAV-1 in Iraq.

			Acknowledgements

			The authors would like to express their gratitude to the Department of Internal and Preventive Veterinary Medicine at the University of Baghdad for their support in conducting this research. Special thanks go to the field veterinarians and staff involved in sample collection, as well as to the laboratory technicians for their assistance with molecular and serological analyses. We also extend our appreciation to everyone who contributed insights and expertise that greatly assisted this research.

			NOVELTY STATEMENT

			This study is the first to provide molecular evidence of Canine Adenovirus Type 1 (CAV-1) in stray dogs in Iraq, shedding light on the epidemiology and clinical impacts of Infectious Canine Hepatitis (ICH) in this region. Our findings contribute new insights into the prevalence and phylogenetic positioning of CAV-1 in Iraq, establishing a foundation for future research and preventative strategies.

			AUTHOR’S CONTRIBUTION

			AMBA-D conducted the experimental research, field data collection, and initial data analysis. AKM, as the supervisor, guided the research design, oversaw the laboratory analysis, contributed to data interpretation, and provided substantial input in manuscript preparation and revisions. Both authors were actively involved in the study’s final analysis and manuscript completion.

			Conflict of interest

			The authors have declared no conflict of interest.

			References

			Abd-Almoneim SS, Mahmood AK (2019). Survey on heart disorder in dogs by electro cardiography in Iraq. Biochem. Cell. Arch., 19(2).

			Abdous A, Jokar M, Shams F, Moghadam MF, Arfaee F, Karami N (2021). Risk factors of canine neosporosis in Iran: A meta-analysis study. https://doi.org/10.5958/0974-0813.2021.00003.6

			Åkerstedt J, Lillehaug A, Larsen IL, Eide NE, Arnemo JM, 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(2): 474–480. https://doi.org/10.7589/0090-3558-46.2.474

			Al-Dujaily AH, Mahmood AK (2021). The effectiveness of biogenic silver nanoparticles in the treatment of caprine mastitis induced by Staphylococcus aureus. Iraqi J. Vet. Sci., 35(Suppl. I-III): 73–78. https://doi.org/10.33899/ijvs.2021.131415.1946

			Al-Hadithy HA, Badawi NM (2015). Determination of serum proteins and glucose concentrations in clinically normal and anemic Awassi sheep. World Vet. J., 5(1): 1–6. https://doi.org/10.5455/wvj.20150246

			Al-Hyani OH, Al-Hasan AM (2019). A comparative study of two techniques for repairing of tracheal defect in dogs. Iraqi J. Vet. Med., 43(1): 1. https://doi.org/10.30539/iraqijvm.v43i1.462

			Al-Jumaa ZM, Ajaj EA, Dahl MO (2020). Seroprevalence of canine hepatitis in stray dogs in Nineveh Province, Iraq. Vet. World, 13(11): 2326. https://doi.org/10.14202/vetworld.2020.2326-2329

			Al–Obaidi SSA, Al-Ani JMK, Al-Shammari NB (2020). Molecular detection of some anaplasma species in blood of dogs in Baghdad province, Iraq. Iraqi J. Vet. Med., 44: 39–45. https://doi.org/10.30539/ijvm.v44i1.933

			Al-Obaidi, Q. T. Saaed, M. M.,  (2021). Clinical, Hematological and Some Biochemical Changes In Dogs Infected With Canine Distemper. Journal of Agriculture and Veterinary Science, 14(5), 26-33

			Badawi M (2022). First molecular detection and phylogenetic analysis of Ehrlichia canis in dogs from Baghdad, Iraq. Arch. Razi Inst., 77(6): 2431.

			Badawi NM, Yousif AA (2020). Survey and molecular study of Babesia gibsoni in dogs of Baghdad Province, Iraq. Iraqi J. Vet. Med., 44(E0): 34–41. https://doi.org/10.30539/ijvm.v44i(E0).1019

			Balboni A, Mollace C, Giunti M, Dondi F, Prosperi S, Battilani M (2014). Investigation of the presence of canine adenovirus (CAdV) in owned dogs in Northern Italy. Res. Vet. Sci., 97(3): 631–636. https://doi.org/10.1016/j.rvsc.2014.10.010

			Balboni A, Terrusi A, Urbani L, Troia R, Stefanelli SAM, Giunti M, Battilani M (2022). Canine circovirus and Canine adenovirus type 1 and 2 in dogs with parvoviral enteritis. Vet. Res. Commun., 46(1): 223–232. https://doi.org/10.1007/s11259-021-09850-y

			Bergmann M, Freisl M, Zablotski Y, Speck S, Truyen U, Hartmann K (2020). Antibody response to canine adenovirus-2 virus vaccination in healthy adult dogs. Viruses, 12(10): 1198. https://doi.org/10.3390/v12101198

			Brown, D. L., Van Wettere, A. J., Cullen, J. M. (2018). Hepatobiliary system and exocrine pancreas. Pathologic Basis of Veterinary Disease, 412–470.

			Cardillo L, Piegari G, Iovane V, Viscardi M, Alfano F, Cerrone A, Pagnini U, Montagnaro S, Galiero G, Pisanelli G (2020). Lifestyle as risk factor for infectious causes of death in young dogs: A retrospective study in Southern Italy (2015–2017). Vet. Med. Int., 2020(1): 6207297. https://doi.org/10.1155/2020/6207297

			Chander V, Sharma GK, Bhatt M, Nandi S, Mahajan S, Singh M, Mahendran K, Karikalan M, Pawde AM, Gupta V (2021). Isolation and genetic characterization of canine adenovirus type 2 from a domestic dog showing neurological symptoms. Braz. J. Microbiol., 52(4): 2521–2528. https://doi.org/10.1007/s42770-021-00540-0

			Day MJ, Carey S, Clercx C, Kohn B, MarsilIo F, Thiry E, Freyburger L, Schulz B, Walker DJ (2020). Aetiology of canine infectious respiratory disease complex and prevalence of its pathogens in Europe. J. Compar. Pathol., 176: 86–108. https://doi.org/10.1016/j.jcpa.2020.02.005

			De Jonge B, Van Brantegem L, Chiers K (2020). Infectious canine hepatitis, not only in the textbooks: A brief review and three case reports. Vlaams Diergeneeskundig Tijdschrift, 89(5). https://doi.org/10.21825/vdt.v89i5.16956

			Decaro N (2021). Infectious canine hepatitis and feline adenovirus infection. In: Greene’s infectious diseases of the dog and cat. Elsevier. pp. 289–300. https://doi.org/10.1016/B978-0-323-50934-3.00023-9

			Decaro N, Martella V, Buonavoglia C (2008). Canine adenoviruses and herpesvirus. Vet. Clin. North Am. Small Anim. Pract., 38(4): 799–814. https://doi.org/10.1016/j.cvsm.2008.02.006

			Doronin MI, Mikhalishin DV, Shishkova AA, Galkina TS, Shishkov AV, Malygin MP (2024). Quantitative PCR to determine the titer of infectious activity of the canine hepatitis virus. E3S Web Conf., 486: 01011. https://doi.org/10.1051/e3sconf/202448601011

			Essa HH, Jasim HS, Kadhim HA (2020). Immunological and hematological response to local transplantation of stem cells in injured radial nerve of dogs. Iraqi J. Vet. Med., 44(2): 45–55. https://doi.org/10.30539/ijvm.v44i2.976

			Evermann JF, Kennedy MA (2011). Viral infections. Small Anim. Pediat., 119. https://doi.org/10.1016/B978-1-4160-4889-3.00016-4

			Goggs R, Mastrocco A, Brooks MB (2018). Retrospective evaluation of 4 methods for outcome prediction in overt disseminated intravascular coagulation in dogs (2009–2014): 804 cases. J. Vet. Emerg. Crit. Care, 28(6): 541–550. https://doi.org/10.1111/vec.12777

			Greene CE (2006). Infectious canine hepatitis and canine acidophil cell hepatitis. Infect. Dis. Dog Cat, 3: 41–53.

			Hu RL, Huang G, Qiu W, Zhong ZH, Xia XZ, Yin Z (2001). Detection and differentiation of CAV-1 and CAV-2 by polymerase chain reaction. Vet. Res. Commun., 25(1): 77–84. https://doi.org/10.1023/A:1006417203856

			Isvand M, Mokhtari A, Esmailnejad A (2020). Genomic and immunological identification of canine distemper virus (Cdv) and investigation of coinfection with Bordetella bronchiseptica among dogs in Iran. Jentashapir J. Cell. Mol. Biol., 11(4). https://doi.org/10.5812/jjcmb.111677

			Majeed R, Mahmood AK (2024). Protective effects of ginger ethanolic extract, chitosan nanoparticles, and ginger ethanolic extract-loaded chitosan nanoparticles on pancreatic DNA damage and histological changes in dogs with alloxan-nicotinamide induced type 2 diabetes. Adv. Anim. Vet. Sci., 12(1): 32–43. https://doi.org/10.17582/journal.aavs/2024/12.1.32.43

			Mansour KA, Hasso SA (2021). Molecular detection of canine distemper virus in dogs in Baghdad Province, Iraq. Iraqi J. Vet. Med., 45(2): 46–50. https://doi.org/10.30539/ijvm.v45i2.1267

			Matsuu A, Yabuki M, Aoki E, Iwahana M (2020). Molecular detection of canine respiratory pathogens between 2017 and 2018 in Japan. J. Vet. Med. Sci., 82(6): 690–694. https://doi.org/10.1292/jvms.20-0017

			Mohmoud MHS (2018). Dipstick urine analysis screening among asymptomatic dogs of k9 units: Marai Hamid Saad Mohmoud1 and Ali Hussein Al-Dujaily2. Iraqi J. Vet. Med., 42(1): 61–64. https://doi.org/10.30539/iraqijvm.v42i1.32

			Pereira FMAM, de Oliveira AR, Melo ES, Soares-Neto LL, Mangueira DKA, Dos Santos DO, de Carvalho TP, Momo C, Santos RL (2021). Naturally acquired infectious canine hepatitis in two captive maned wolf (Chrysocyon brachyurus) puppies. J. Comp. Pathol., 186: 62–68. https://doi.org/10.1016/j.jcpa.2021.05.006

			Polovitzer J, Guija-De-Arespacochaga A, Auer A, Künzel F (2022). Successful treatment of coagulation disorders and hypoalbuminaemia in a puppy with Infectious Canine Hepatitis. Tierärztliche Praxis Ausgabe K: Kleintiere/Heimtiere, 50(4): 302–307. https://doi.org/10.1055/a-1907-0877

			Priestnall SL, Sykes JE (2021). Miscellaneous and emerging canine respiratory viral infections. In: Greene’s infectious diseases of the dog and cat, Elsevier. pp. 332–340. https://doi.org/10.1016/B978-0-323-50934-3.00028-8

			Pereira, F. M., de Oliveira, A. R., Melo, E. S., Soares-Neto, L. L., Mangueira, D. K., Dos Santos, D. O.,  Santos, R. L. (2021). Naturally acquired infectious canine hepatitis in two captive maned wolf (Chrysocyon brachyurus) puppies. Journal of Comparative Pathology, 186, 62-68

			Robinson AJ, Crerar SK, Sharma NW, Muller WJ, Bradley MP (2005). Prevalence of serum antibodies to canine adenovirus and canine herpesvirus in the European red fox (Vulpes vulpes) in Australia. Austral. Vet. J., 83(6): 356–361. https://doi.org/10.1111/j.1751-0813.2005.tb15634.x

			Romon-Ochoa P, Lewis A, Gorton C, van der Linde S, Pérez-Sierra A (2023). Effects of growth medium, temperature and mycelium age on CHV-1 accumulation and transmission. For. Ecol. Manage., 529: 120705. https://doi.org/10.1016/j.foreco.2022.120705

			Sykes JE (2014). Infectious canine hepatitis. Canine and feline infectious diseases, pp. 182. https://doi.org/10.1016/B978-1-4377-0795-3.00018-1

			Thanoon MG, Eesa MJ, Alkenanny ER (2019). Histopathological evaluation of the platelets rich fibrin and bone marrow on healing of experimental induced distal radial fracture in local dogs. Iraqi J. Vet. Med., 43(1): 11–20. https://doi.org/10.30539/iraqijvm.v43i1.465

			Thompson H, O’keeffe AM, Lewis JCM, Stocker LR, Laurenson MK, Philbey AW (2010). Infectious canine hepatitis in red foxes (Vulpes vulpes) in the United Kingdom. Vet. Rec., 166(4): 111–114. https://doi.org/10.1136/vr.b4763

			Truyen U, Müller T, Heidrich R, Tackmann K, Carmichael LE (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(2): 433–440. https://doi.org/10.1017/S0950268898001319

			Valenciano, A. C.; Cowell, R.; Rizzi, T. and Tyler, R. D. (2013). Atlas of Canine and Feline Peripheral Blood Smears-E-Book. Elsevier Health Sciences, 1-21.

			Voytas, D. (2000). Agarose gel electrophoresis. Current Protocols in Molecular Biology, 51(1), 2–5.

			Walker D, Fee SA, Hartley G, Learmount J, O’Hagan MJH, Meredith AL, de Bronsvoort CBM, Porphyre T, Sharp CP, Philbey AW (2016). Serological and molecular epidemiology of canine adenovirus type 1 in red foxes (Vulpes vulpes) in the United Kingdom. Sci. Rep., 6(1): 36051. https://doi.org/10.1038/srep36051

			Yoon SS, Byun JW, Park YI, Kim MJ, Bae YC, Song JY (2010). Comparison of the diagnostic methods on the canine adenovirus type 2 infection. Basic Appl. Pathol., 3(2): 52-56. https://doi.org/10.1111/j.1755-9294.2010.01073.x

		

	OEBPS/image/Image57572927.jpg
A 1 PP900639.1:C. adenovirus 11RAQ

1 KX181846.1:C. adenovirus 1India

A 1PP900637.1:C. adenovirus 1TIRAQ
2 KT853097.1:C. adenovirus 1-Australia
3 AC 000003.1:C. adenovirus 1:Urited Kingdom
11 KT853096.1:C. adenovirus 1:Australia

4 US5001.1:C. adenovirus 1:Canada.

opad1 o6
10 MZ574094.1:C. adenovirus 1-India
0,004
7 MH469715.1:C. adenovius 1:Spain
25902
12000 L §1%008001.1:C. adenovivs 1:Braai
25902
9 KU755720.1:C. adenovirus 1-United Kingdom
3.6967
5 KC577558.1:C. adenovirus 1-Portugal
0 31794
OSI7h 61X416838.1C. adenovius Lty
31794





OEBPS/image/Image57572926.png





OEBPS/image/Image57572929.png





OEBPS/image/1.png
OPEN aACC ESS Journal of Animal Health and Production

Gheck for
updates.

Special Issue:
Emerging and Re-emerging Animal Health Challenges in Low and Middle-Income Countries

Molecular Study of Infectious Canine Hepatitis in Stray Dogs
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Abstract | Infectious Canine Hepatitis (ICH) is a viral disease that is considered a highly contagious and is life-
threatening disease in dogs. Canine adenovirus type 1 (CAV-1) is a cause of ICH, which is caused infectious canine
hepatitis and uveitis in canine.The study was conducted on 200 stray dogs from three provinces in Iraq (Baghdad,
Najaf, Karbala, and Diwaniya). Clinical examinations and signs were documented. Blood samples were obtained from
the cephalic vein of dogs with EDTA tubes for molecular assay, and without anticoagulant tubes for serological tests.
Polymerase Chain Reaction (PCR) and Enzyme-linked immunosorbent assay (ELISA) tests were used to identify
CAV-1. Specific primers targeting the E3 gene were employed for the diagnosis of canine adenovirus type 1 (CAV-
1). The PCR results indicated the presence of canine adenovirus type 1 (CAV-1) in 9 out of the 200 animals tested,
with the remaining 191 animals testing negative for the virus (4.5%) while the infection rate was five out of 200 stray
dogs (2.5%) fixed by ELISA in the survey study. The partial sequences of the E3 gene of three isolates of CAV-1.
These sequences of CAV-1 were submitted to the gene bank under accession numbers (PP900637.1, PP900638.1, and
PP900639.1), the phylogenetic analysis of CAV-1 Iraqi isolates close to other isolates of isolates as India, Australia,
U.K., Canada, Portugal, Italy. The results of the clinical study showed that the Mean of temperature. respiratory rates
and pulse rates were significantly increased in the infected dogs with CAV-1. The clinical signs in the infected dogs
with CAV-1 included loss of appetite, emaciation, respiratory signs, vomiting, pallor of mucous membranes, depression,
and eye cloudiness. This study confirmed some of the clinical manifestations of CAV-1 infection and is considered the
first molecular evidence of CAV-1 in Iraq.
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INTRODUCTION

Infectious Canine Hepatitis (ICH) is a viral disease that is
considered a highly contagious and threatening life disease
to canine (Sykes, 2014). Canine adenovirus type 1 (CAV-1)
is a cause of ICH, which is a dsSDNA non-enveloped virus
and is classified under the genus Mastadenovirus (Chander
et al., 2021). According to genetic and antigenic properties,
CAV is classified into CAV-1 and CAV-2, CAV-1 is caused

infectious canine hepatitis and uveitis in canines and
also affects the digestive system, while CAV-2 is caused
by respiratory disease disorders (Hu ez a/, 2001; Sykes,
2014). The Infectious Canine Hepatitis is characterized
by acute enterohaemorrhagic hepatitis. However, it
exhibits a broader spectrum of clinical manifestations,
including corneal edema (blue eye), uveitis, and interstitial
nephritis. The latter may occur following the acute phase
of the disease due to the deposition of circulating immune
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