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1. Introduction
Canine Herpesvirus-1(CHV-1) infection is one of the most 
common diseases in domestic and wild dogs worldwide. 
The disease, which usually has a systemic and fatal course in 
animals younger than three weeks of age, causes respiratory, 
urinary, genital, ocular, and neurological disorders at 
higher rates in adults [1,2]. Nonhygienic environments, 
malnutrition, other diseases, and various stress factors 
leading to immunosuppression play a role in the etiology 
of the disease. CHV-1 is a DNA virus belonging to the 
Alphaherpesvirinae subfamily under the Herpesviridae 
family. Considering that the temperatures convenient for 
virus growth are 35–36 °C, hypothermia is an important 
factor in the formation of infection. Puppies that are more 
susceptible to the disease have a worse prognosis and 
a higher mortality rate. In adults, the disease is usually 
asymptomatic, and the mortality rate is low. Infection 

is transmitted by contact (saliva, vaginal secretion) and 
transplacental routes [3–5]. The agent that enters the body 
first multiplies in the mucosal epithelium, and there, it 
infects macrophages as well, leading to primary viremia 
by entering the systemic circulation. Afterwards, the agent 
attaches to lymphoid tissues, especially to the uterus, spleen, 
liver, kidneys, and lungs. It causes widespread multifocal 
necrosis, necrotizing vasculitis, and thrombocytopenia 
in these regions, resulting in hemorrhagic syndrome. In 
adults, although the infection is subclinical, lesions can 
be observed in the upper respiratory tract, genital and 
urinary systems, as well as the eyes [2,6]. Like other herpes 
viruses, in CHV-1 infection, the agent can reside latently 
in the trigeminal and lumbosacral ganglia, tonsils, and 
parotid salivary glands after primary infection. In cases of 
immunosuppression, the latent agent may cause reinfection 
[7,8]. Various diagnostic methods are used to diagnose the 
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disease, showing the presence of antigens or antibodies in 
the blood, fresh tissue, and swab samples. For the diagnosis 
of the disease, serum  neutralization (SN), ELISA, IFAT, 
Direct Fluorescent Antibody Test (DFAT), virus isolation, 
electron microscopy, PCR, and immunohistochemical 
methods are used [5,9,10].

CHV-1 is a disease with serious consequences on the 
uterus health of canines and its prevalence has been increasing 
lately. To manage the disease, it is necessary to determine 
the most appropriate and practical diagnostic method in 
the determination of its prevalence. For this reason, in this 
study, the prevalence of CHV-1 in dogs was demonstrated by 
different diagnostic methods, trying to determine the most 
ideal one. Additionally, histopathological examinations 
of positive samples were performed to contribute to the 
knowledge of the pathogenesis of the disease.

2. Material and method
2.1. Animal material 
This study was conducted with the approval of Atatürk 
University Animal Experiments Local Ethics Committee, 
dated 12.06.2018, and numbered 2018/65. The study 
materials consisted of 100 uteruses of unvaccinated dogs of 
different ages and breeds removed by ovariohysterectomy at 
Atatürk University, Faculty of Veterinary Medicine, Animal 
Hospital, as well as their blood samples. While some of 
the removed uterus tissues were kept in 10% Neutral 
Buffer Formalin (NBF) for histopathological (HE) and 
immunopathological (IHC, IF) examinations, some were 
stored at –80 °C for molecular (PCR) examinations. Before 
the operation, blood samples taken through the cephalic 
and jugular veins were centrifuged at 1200 g for 10 min, and 
their sera were extracted. The sera to be used in serological 
(ELISA, IFAT) studies were placed in Eppendorf tubes, 
and stored at –80 °C. Since these methods are the most 
widely used diagnostic methods recently, it was preferred 
to evaluate them.
2.2. Histopathology 
Dehydration, transparentizing, and paraffinization 
processes were consecutively applied to the uterus tissues 
which were fixated in a formalin solution, and routine 
tissue follow-ups were performed. Then, 5 µ thick sections 
from each of the samples which were embedded in paraffin 
blocks were taken onto normal and adhesive slides with a 
rotary microtome (Leica RM 2235, Nussloch, German). 
After HE staining the sections were examined under a 
light microscope (Leica DM 2500, Nussloch, German). 

According to their findings, the samples were evaluated as 
catarrhal endometritis, purulent endometritis, and chronic 
nonpurulent endometritis, and those with no lesions were 
considered healthy.
2.3. Immunohistochemical staining 
Deparaffinization and dehydration processes were applied 
to the tissues taken onto adhesive slides. For endogenous 
peroxidase inactivation, the tissues were treated with 
3% H2O2. Tissues were boiled in a microwave oven 
with antigen retrieval solution to reveal any presence of 
antigens. A protein block solution was dripped onto the 
tissues to prevent nonspecific antigen binding. The tissues 
were incubated at 37 °C with the primary antibody (Cat 
No: SLD-IFA-CHV; VMRD, Pullman, USA) reconstituted 
at a ratio of 1:50. Then, the tissues were incubated first 
with biotinylated secondary antibody and then with 
the streptavidin-peroxidase conjugate. To demonstrate 
the reactions on the tissues, 3-3’ Diaminobenzidine 
(DAB) chromogen was dripped onto sections, and 
after counterstaining with Mayer’s hematoxylin, the 
preparations were examined under a light microscope 
(Leica DM 2500, Nussloch, German).
2.4. Immunofluorescent staining 
After applying the same procedures including primary 
antibody incubation, as in immunohistochemical 
staining, immunofluorescent antibody (Anti-Canine IgG 
(FITC), Code: CJ-F-CANG-AP, VMRD, Pullman, USA) 
reconstituted at 1:20 was dripped onto the tissue sections 
and incubated for 45 min in a dark environment. Then, 
the preparations, which were covered with a coverslip 
by dripping glycerol/distilled water (1:9) solution on the 
tissues, were examined under a fluorescence microscope 
(Zeıss Axıo Scope A1, Göttingen, German).
2.5. PCR 
Uterine tissues homogenized in PBS for viral nucleic acid 
isolation. For PCR first, DNA extraction was performed 
with the PureLink Genomic DNA mini kit (Catalog no: 
2024278, Invitrogen, USA) using the manufacturer’s 
protocol on the homogenized uterus tissues. To examine 
CHV-1 DNA in samples with isolated nucleic acid, the 
primer pairs used by Monteiro et al. [11] were adopted 
as references. Primer sequences are listed in Table 
1. Both positive (Canine herpesvirus 1 VR-552) and 
negative (double distilled water) controls were used in 
the PCR application. DNA dye was added to the PCR 

Table 1. Primer sequences, gene region, and product sizes.

Region Primers sequences F/R(5’-3’) bp Reference

CHV-1 gb CHV-1gB
CHV-1gB

F: CCTAAACCTACTTCGGATGA
R: GGCTTTAAATGAACTTCTCTGG 450 11
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products obtained by this reaction, the products were 
electrophoresed in 0.7% agarose gel and were visualized 
under a UV transilluminator. 
2.6. ELISA 
In the ELISA test, after the serum samples frozen in 
Eppendorf tubes were adjusted to room temperature, a 
commercial ELISA kit (EVL™ Woerden, Holland) was used 
to detect the presence of CHV-1 antibodies (IgG). Finally, 
the optical densities of the samples on the plate were read 
with the help of a spectrophotometer (Thermo Scientific, 
Multiskan GO, USA) in a microplate with a 450 nm filter.
2.7. IFAT 
For the IFA test, the frozen serum samples were adjusted to 
room temperature and diluted with buffered saline at a ratio 
of 1:80. Then, the IFA test kit (FluoHerpesvırus Canine, Cat 
No. 27262610, Agrolabo, Italy) was used on the samples in 
accordance with the manufacturer’s recommendations to 
determine CHV-1 antibodies (IgG) presence. Two to three 
drops of glycerin buffer were dropped onto the slides on 
which antigens resided, and the kit protocol was applied. 
The samples were then covered with a coverslip. Finally, 
the preparations were examined under the ×400 lens of the 
fluorescence microscope (Zeıss Axıo Scope A1, Göttingen, 
German).

3. Results
3.1. Histopathological findings 
According to the histopathological findings observed on 
the uterus tissues, the samples were classified as catarrhal, 
purulent, and chronic nonpurulent endometritis. No 
pathologic findings were found in some positive samples. The 
samples that did not have any lesions in their uterus sections 
were considered healthy. In the samples with catarrhal 
endometritis, hyperemia, edema, neutrophil leukocytes, 
and a small number of infiltrating mononuclear cells were 
detected in the lamina propria of the uterus. Desquamated 
cells and seromucous exudate-containing leukocytes were 
observed in the lumen of the uterus (Figure A). In purulent 
endometritis, numerous neutrophil leukocyte infiltrations 
were seen in the lamina propria of the uterus, and purulent 
exudate consisting of desquamated cells, neutrophil 
leukocytes, and partially mononuclear cells was observed in 
the lumen (Figure B). In chronic nonpurulent endometritis, 
lymphoplasmacytic cell infiltration in the lamina propria 
of the uterus, polypoid hyperplasia in the uterus glands, 
and localized increases in connective tissue were observed 
(Figure C). Additionally, basophilic inclusion bodies were 
found in the epithelium in some of the cases with chronic 
endometritis (Figure D). According to the diagnostic 
methods that were applied, the histopathological findings in 
the CHV-1-positive samples are presented in Table 2.

3.2. Immunohistochemistry findings 
In the immunohistochemical staining processes, 33 (33%) 
of the uterus samples turned out positive. It was observed 
that the highest degrees of immunopositivity were in 
macrophages, the mucosal epithelium, and the glandular 
epithelium, respectively (Figure E, F).
3.3. Immunofluorescence findings 
In the immunofluorescent staining processes, 35 
(35%) of the uterus samples turned out positive. As in 
immunohistochemical staining, immunopositivity was 
found mostly in macrophages, the mucosal epithelium, and 
the glandular epithelium (Figure G.H).
3.4. PCR findings 
Although the herpesvirus template used as a positive 
control was amplified in the analysis of the uterus tissue 
homogenates by the PCR method, no positivity was 
observed in any of the materials used.
3.5. ELISA findings 
The presence of CHV-1 antibodies was detected in 37% of 
the serum samples analyzed using the ELISA test methods.
3.6. IFAT findings 
The presence of CHV-1 antibodies was observed in 37% of 
the serum samples with the IFA test (Figure I).

4. Discussion 
Canine herpesvirus infection is one of the major health 
problems of wild and domestic dogs worldwide. In 
particular, this infection progresses along with hemorrhagic 
syndrome in puppies, which is systemic and fatal. In 
adults, it causes respiratory, urinary, genital, ocular, and 
neurological disorders. The mortality rate of this infection 
in adults is not as high as in that puppies. However, in the 
infection of adults, as in other viral infections, sensitivity 
to secondary infections increases, and infertility becomes 
inevitable especially in cases in which the genital organs are 
affected [2,5,12]. In this study, the prevalence of CHV-1 in 
adult dogs was determined by various diagnostic methods, and 
pathological changes in the genital organs were investigated. 

It has been reported in the serological studies of 
CHV-1 on dogs that the prevalence of this infection can 
vary between 0% and 100% [13–15]. It was stated that the 
seroprevalence of CHV-1 in kennels in South Africa was 
21.5% according to the SN test and 21.6% according to 
the ELISA test, and there was no significant difference in 
terms of reliability between the two methods [16]. It was 
suggested that the seroprevalence of CHV-1 in Mexico 
was 87%, and the ELISA test provided more reliable results 
than the SN test [17]. In Romania, CHV-1 antibodies 
were detected in 86.36% of dog blood sera by the IFA test 
[18]. In a study conducted using the IFA test in Iran, the 
seroprevalence of CHV-1 was reported to be 20.7% [19]. 
In their study in Turkey, Yapici et al. [20] reported that 
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Table 2. Histopathological findings of CHV-1 positive samples according to the diagnostic methods used.

Histopathological findings IHC IF IFAT ELISA PCR
Catarrhal endometritis 11 12 12 12 -
Purulent endometritis 9 9 10 10 -
Chronic non-purulent endometritis 7 8 8 8 -
Healthy uterus 6 6 7 7 -
Total 33 35 37 37 -

Figure A; Catarrhal endometritis, catarrhal exudate (arrow), inflammatory cell infiltration (star), hyperemia (arrowhead), HE, ×200. B; 
Purulent endometritis, neutrophil leukocyte cell infiltration (asterisks), HE, ×200. C; Chronic nonpurulent endometritis, mononuclear 
cell infiltration (stars), polypoid hyperplasia in endometrial glands (arrowhead), fibrous connective tissue formation (arrow), HE, ×100. 
D; Basophilic inclusion bodies in uterine epithelium, HE, ×400. E; CHV-1 immunopositivity in uterine epithelium and macrophages, 
IHC, ×100. F; CHV-1 immunopositivity in uterine epithelium and endometrial glands, IHC, ×200. G; CHV-1 immunopositivity in 
uterine epithelium and inflammatory cells, IF, ×200. H; Immunopositivity in uterine inflammatory cells and endometrial glands, IF, 
×200. I; Immunopositivity in CHV-1 loaded epithelial cell lines, IFAT, ×400.
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although they detected 68.79% CHV-1 positivity by the 
ELISA test in dog serum samples, these samples did not 
cause morphological changes in MDCK cell cultures and 
there was no positivity with the DFAT test. In another study 
in Turkey, a CHV-1 seroprevalence of 39.3% was reported 
with the ELISA method, and 29.4% seropositivity was 
reported with a virus neutralization test (VNT) [21]. The 
same prevalence value was obtained with ELISA and IFAT 
in the serological tests that were used in this study, in which 
the seroprevalence of CHV-1 was found to be 37%. In this 
study, it was determined that the prevalence of CHV-1 in 
Turkey was common, similar to the findings of Yeşilbağ et 
al [21]. 

Apart from serological methods, cell culture, PCR and 
EM techniques can also be used in the diagnosis of CHV-1 
infection. Rezaei et al. [22] detected CHV-1 DNA in 20% 
of uterus biopsy samples and 10% of vaginal swabs. Pratelli 
et al. [23] stated that they detected CHV-1 seropositivity at 
a rate of 14.6% with the SN test and 18.6% with the IFAT 
test in dog sera, but they found the PCR result negative in 
vaginal swab samples. Although they amplified the virus 
DNA sample using PCR, which was the sample they used 
as a positive control, Bottinelli et al. [24] reported negative 
PCR for CHV-1 in vaginal swab samples from dogs. In this 
study, also although the control was positively amplified by 
the PCR method, no positivity was observed in the tissue 
analyses similar way. This situation can be explained by 
the persistence of herpesviruses in the sacral ganglia. As a 
result of persistent infection, it sends its nucleic acid to the 
ganglia via neurons. However, the capsid protein remains 
at the site of infection. Although nucleic acid could not be 
determined in PCR analysis, the determination of capsid 
protein with ELISA is due to the virus’s life cycle and 
pathogenesis [25,26].

In the literature review, no studies in which the presence 
of antigens in uterus tissue sections was demonstrated by 
immunopathological (IHC, IF) staining methods were 
encountered. However, Krogenæs et al. [27] detected 
CHV-1 antibodies in 85.5% of sera which were immune-
cytologically collected using the IPMA method. In this 
study, CHV-1 immunopositivity was detected in 33% of the 
uterus tissue sections by immunohistochemical staining 
and 35% by immunofluorescent staining. In both staining 
methods, antigen positivity was demonstrated mostly 
in macrophages, the uterus epithelium, and the gland 
epithelium, respectively. As in the study by Çomaklı et al. 
[28] the presence of antigens was demonstrated in more 
samples using the IF method compared to IHC staining. 
It was observed that there was no significant diagnostic 
difference between the two methods, but the positivity was 
more selective with the IF method. It was stated in another 
study that the IF method had disadvantages such as not 
providing enough morphological detail as IHC staining 

did and limited working time due to loss of fluorescence 
[29]. It was thought that the prevalence value being lower 
in the immunopathological staining methods of the uterus 
tissues than that in the serological findings was due to 
the investigation of the presence of antigens rather than 
antibodies. These findings supported the knowledge in 
previous studies that the presence of antibodies persists in 
the organism for a while after infection [3,30]. 

In this study, besides prevalence determination by 
different diagnostic methods, histopathological changes 
in positive samples naturally infected by CHV-1 were 
also investigated. Accordingly, it was determined that 
the CHV-1-positive samples were mostly catarrhal 
endometritis, purulent endometritis, and chronic 
nonpurulent endometritis case, respectively. Additionally, 
it was observed that healthy uterus tissues that did not 
demonstrate any pathological findings could also be 
infected. This may be due to the latent nature of the virus 
or the fact that the agent has not yet created an infection 
that will create an observable pathological lesion.

5. Conclusions
As a result, it was determined that the best methods for 
the diagnosis of CHV-1 infection were ELISA and IFAT, 
followed by IF and IHC staining, respectively. In this 
study, the prevalence of infection was found to be at a 
substantial level. A remarkable finding was that the PCR 
results turned out negative in this study. The presence 
of some studies with similar findings and the fact that 
the tissue analyses were negative in this study despite 
the amplification from positive controls caused the PCR 
method’s effectiveness in the diagnosis of CHV-1 infection 
to be questioned. Additionally, the histopathological 
examinations of the specimens naturally infected with 
CHV-1 revealed that the agent most commonly caused 
catarrhal endometritis, followed by purulent and chronic 
nonpurulent endometritis, and the agent could also reside 
in healthy tissues.

Conflict of interest statement 
None of the authors of this article has any conflict of 
interest.

Acknowledgments
The project was supported by Atatürk University Scientific 
Research Council (project number: 2018/6536). This 
study was derived from a thesis (ID: 586052), which was 
conducted by Fatma Gülten Bayraktar.



YILDIRIM et al. / Turk J Vet Anim Sci

220

References

1. Ledbetter EC. Canine herpesvirus-1 ocular diseases of mature 
dogs. New Zealand Veterinary Journal 2013; 61 (4): 193-201. 
https://doi.org/10.1080/00480169.2013.768151

2. Krakowka S. Canine herpesvirus-1. In  book: Comparative 
Pathobiology of Viral Diseases, Vol. I, First Edition, Edited by 
Olsen RG, Krakowka S, Blakeslee JR. CRC Press. 2019; pp. 137-
144. https://doi.org/10.1201/9780429286629-9

3. Ronsse V, Verstegen J, Onclin K, Farnir F, Poulet H. Risk 
factors and reproductive disorders associated with canine 
herpesvirus-1 (CHV-1). Theriogenology 2004; 61 (4): 619-636. 
https://doi.org/10.1016/S0093-691X(03)00249-8

4. Dahlbom M, Johnsson M, Myllys V, Taponen J, Andersson 
M. Seroprevalence of canine herpesvirus‐1 and Brucella canis 
in Finnish breeding kennels with and without reproductive 
problems.  Reproduction  in Domestic  Animals 2009;  44 (1): 
128-131. https://doi.org/10.1111/j.1439-0531.2007.01008.x

5. Ogbu KI, Ochai SO, Danladi MMA, Abdullateef MH, Agwu 
EO, et al. A review of Neonatal mortality in Dogs. International 
Journal of Life Sciences 2016; 4 (4): 451-460.

6. Lara EGV, Romero BLB, Marín LC, Solis JIÁ et al. Pathology 
Isolation and Identification of Canine Herpesvirus (CHV-1) in 
Mexico.  Open  Veterinary Journal Medicine 2016; 6 (3): 111-
121. https://doi.org/10.4236/ojpathology.2016.63014

7. Ledbetter EC, Kice NC, Matusow RB, Dubovi EJ, Kim SG. 
The effect of topical ocular corticosteroid administration in 
dogs with experimentally induced latent canine herpesvirus-1 
infection.  Experimental Eye Research 2010; 90 (6): 711-717. 
https://doi.org/10.1016/j.exer.2010.03.001

8. Hernández OM, Cuenca VC, Valdivia LE, Valdivia AG. 
Investigation of DNA Sequences Related to Latency-Associated 
Transcripts in the Genome of Canine Herpesvirus Type 1 
(CHV-1) by Means of Bioinformatics Tools. Open Veterinary 
Journal Medicine 2019; 9 (10): 147. https://doi.org/10.4236/
ojvm.2019.910013

9. Ronsse V, Verstegen J, Thiry E, Onclin K, Aeberlé C et al. 
Canine herpesvirus-1 (CHV-1): clinical, serological and 
virological patterns in breeding colonies.  Theriogenology 
2005; 64 (1): 61-74. https://doi.org/10.1016/j.
theriogenology.2004.11.016

10. Drechsler Y, Canine Herpesvirus, In book: Clinical Small 
Animal Internal Medicine, Vol. II, First Edition, Edited by 
David S. Bruyette; John Wiley & Sons, Inc., 2020; Ch. 81: pp. 
855-856. https://doi.org/10.1002/9781119501237.ch81

11. Monteiro FL, Cargnelutti JF, Martins M, Anziliero D, Erhardt 
MM et al. Detection of respiratory viruses in shelter dogs 
maintained under varying environmental conditions. Brazilian 
Journal of Microbiology 2016; 47 (4): 876-881. https://doi.
org/10.1016/j.bjm.2016.07.002

12. Decaro N, Martella V, Buonavoglia C. Canine adenoviruses 
and herpesvirus.  Veterinary Clinics of North America: Small 
Animal Practice 2008; 38 (4): 799-814. https://doi.org/10.1016/j.
cvsm.2008.02.006

13. Rota A, Dogliero A, Biosa T, Messina M, Pregel P, et al. 
Seroprevalence of Canine Herpesvirus-1 in Breeding Dogs with 
or Without Vaccination in Northwest Italy. Animals 2020; 10 
(7): 1116. https://doi.org/10.3390/ani10071116

14. Sykes J, Greene C. Infectious Diseases of the Dog and Cat. 4th 
ed. St. Louis: Elsevier Saunders. 2012; pp. 374-380. 

15. Lavan R, Knesl O. Prevalence of canine infectious respiratory 
pathogens in asymptomatic dogs presented at US animal 
shelters.  Journal  of  Small Animal Practice 2015; 56 (9): 572-
576. https://doi.org/10.1111/jsap.12389

16. Nöthling JO, Hüssy D, Steckler D, Ackermann M. 
Seroprevalence of canine herpesvirus in breeding kennels 
in the Gauteng Province of South Africa.  Theriogenology 
2018;  69 (3): 276-282. https://doi.org/10.1016/j.
theriogenology.2007.09.022

17. Lara EGV, Solis JIÁ, Verde CC, Crespo JAM, Marín LC et al. 
Canine Herpesvirus Seroprevalence and Associated Factors in 
Dogs of Mexico.  Open  Veterinary Journal Medicine 2016; 6 
(10): 149-162. https://doi.org/10.4236/ojvm.2016.610019

18. Cobzariu D, Necula GA, Bărăităreanu S, Stefan G, Danes D. 
Canine herpesvirus-1 specific seroconversion and clinical 
aspects in kennel dogs from Romania. Scientific Works Series C 
Veterinary Medicine 2018; 64 (2): 23-28. 

19. Babaei H, Akhtardanesh B, Ghanbarpour R, Namjoo A. 
Serological Evidence of Canine Herpesvirus‐1 in Dogs of 
Kerman City, South‐east of Iran. Transboundary and Emerging 
Diseases 2010; 57 (5): 348-351. https://doi.org/10.1111/j.1865-
1682.2010.01155.x

20. Yapici O, Avci O, Bulut O, Hasircioglu S, Kale M,et al. Detection 
of canine herpesvirus infection on dogs. Microbiology Research 
Journal International 2018; 24 (1): 1-6. https://doi.org/10.9734/
MRJI/2018/41967

21. Yeşilbağ K, Yalçın E, Tuncer P, Yılmaz Z. Seroprevalence of 
canine herpesvirus-1 in Turkish dog population.  Research in 
Veterinary Science 2012; 92 (1): 36-39. https://doi.org/10.1016/j.
rvsc.2010.10.016 

22. Rezaei M, Jajarmi M, Alizadeh R, Khalili M, Babaei 
H. First molecular study of Canine herpesvirus-1 in 
reproductive specimens of adult dogs in southeast of 
Iran. Comparative Immunology, Microbiology & Infectious 
Diseases 2020; 71 (2020): 101487. https://doi.org/10.1016/j.
cimid.2020.101487

23. Pratelli A, Colao V, Losurdo M. Serological and virological 
detection of canine herpesvirus-1 in adult dogs with 
and without reproductive disorders.  The Veterinary 
Journal 2014;  200 (2): 257-260. https://doi.org/10.1016/j.
tvjl.2014.03.001

24. Bottinelli M, Rampacci E, Stefanetti V, Marenzoni ML, 
Malmlov AM et al. Serological and biomolecular survey on 
canine herpesvirus-1 infection in a dog breeding kennel. 
Journal of Veterinary Medical Science 2016; 78 (5): 797–
802. https://doi.org/10.1292/jvms.15-0543

https://doi.org/10.1080/00480169.2013.768151
https://doi.org/10.1201/9780429286629-9
https://doi.org/10.1016/S0093-691X(03)00249-8
https://doi.org/10.1111/j.1439-0531.2007.01008.x
https://doi.org/10.4236/ojpathology.2016.63014
https://doi.org/10.1016/j.exer.2010.03.001
https://doi.org/10.4236/ojvm.2019.910013
https://doi.org/10.4236/ojvm.2019.910013
https://doi.org/10.1016/j.theriogenology.2004.11.016
https://doi.org/10.1016/j.theriogenology.2004.11.016
https://doi.org/10.1002/9781119501237.ch81
https://doi.org/10.1016/j.bjm.2016.07.002
https://doi.org/10.1016/j.bjm.2016.07.002
https://doi.org/10.1016/j.cvsm.2008.02.006
https://doi.org/10.1016/j.cvsm.2008.02.006
https://doi.org/10.3390/ani10071116
https://doi.org/10.1111/jsap.12389
https://doi.org/10.1016/j.theriogenology.2007.09.022
https://doi.org/10.1016/j.theriogenology.2007.09.022
https://doi.org/10.4236/ojvm.2016.610019
https://doi.org/10.1111/j.1865-1682.2010.01155.x
https://doi.org/10.1111/j.1865-1682.2010.01155.x
https://doi.org/10.9734/MRJI/2018/41967
https://doi.org/10.9734/MRJI/2018/41967
https://www.sciencedirect.com/journal/research-in-veterinary-science
https://www.sciencedirect.com/journal/research-in-veterinary-science
https://doi.org/10.1016/j.rvsc.2010.10.016
https://doi.org/10.1016/j.rvsc.2010.10.016
https://doi.org/10.1016/j.cimid.2020.101487
https://doi.org/10.1016/j.cimid.2020.101487
https://doi.org/10.1016/j.tvjl.2014.03.001
https://doi.org/10.1016/j.tvjl.2014.03.001
https://doi.org/10.1292/jvms.15-0543


YILDIRIM et al. / Turk J Vet Anim Sci

221

25. Burr PD, Campbell MEM, Nicolson L, Onions DE. Detection 
of canine herpesvirus 1 in a wide range of tissues using the 
polymerase chain reaction. Veterinary Microbiology 1996; 
53 (3-4): 227-237. https://doi.org/10.1016/S0378-
1135(96)01227-8

26. Serquiña AK, Ziegelbauer JM. How herpesviruses pass on 
their genomes. Journal of Cell Biology 2017; 216 (9): 2611. 
https://doi.org/10.1083/jcb.201708077

27. Krogenæs A, Rootwelt V, Larsen S, Renström L, Farstad W 
et al. A serological study of canine herpesvirus-1 infection 
in a population of breeding bitches in Norway.  Acta 
Veterinaria Scandinavica 2014; 56 (1): 1-7. https://doi.
org/10.1186/1751-0147-56-19

28. Comakli S, Sağlam YS, Timurkan MÖ. Comparative 
detection of bovine herpesvirus-1 using antigen ELISA, 
immunohistochemistry and immunofluorescence methods 
in cattle with pneumonia. Turkish Journal of Veterinary & 
Animal  Sciences 2019; 43 (3): 306-313. https://doi.
org/10.3906/vet-1812-85

29. Dörtbudak MB, Sağlam YS, Yıldırım S, Timurkan MÖ. 
Examen de adenovirus con métodos moleculares y 
patológicos en casos de pneumonía ovina (in Spanish).
Revista MVZ Córdoba 2022;  27 (s): e2738-e2738. https://
doi.org/10.21897/rmvz.2738

30. Evermann JF, Ledbetter EC, Maes RK. Canine 
reproductive, respiratory, and ocular diseases due to 
canine herpesvirus.  Veterinary Clinics of North America: 
Small Animal Practice 2011; 41 (6): 1097-1120. https://doi.
org/10.1016/j.cvsm.2011.08.007

https://doi.org/10.1016/S0378-1135(96)01227-8
https://doi.org/10.1016/S0378-1135(96)01227-8
https://doi.org/10.1083/jcb.201708077
https://doi.org/10.1186/1751-0147-56-19
https://doi.org/10.1186/1751-0147-56-19
https://doi.org/10.1016/j.cvsm.2011.08.007
https://doi.org/10.1016/j.cvsm.2011.08.007

