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asstrRACT. Canine herpesvirus-1 (CaHV-1) is a globally distributed pathogen causing reproductive, respiratory, ocular and neurological dis-
orders in adult dogs and neonatal death in puppies. This pathogen is considered poorly immunogenic, and neutralizing antibodies are found
for only a short time following exposure. Further, seroprevalence can be affected by several epidemiological factors. A virological survey
was conducted in a high-density population breeding kennel in Central Italy. There were several factors predisposing animals to CaHV-1
infection, such as age, number of pregnancies, experience with mating and dog shows, cases of abortion, management and environmental
hygiene. Serum neutralization (SN) and nested PCR assays were used to estimate prevalence of CaHV-1. None of the submitted samples
tested positive for nested PCR, and none of the sera tested CaHV-1 positive. No association was observed between antibody titers and risk
factors, and no sign of viral reactivation was detected in either males or females. These results suggest that CaHV-1 is not circulating within
this kennel and that further studies are needed in order to better understand the distribution of the virus within Italy.
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In 1965, three different research groups described for the
first time a fatal hemorrhagic disease in domestic puppies
and fetuses [10, 44, 45] and subsequently identified the
etiological agent as canine herpesvirus-1 (CaHV-1). This
virus belongs to the genus Varicellovirus, subfamily Alpha-
herpesvirinae, family Herpesviridae. Host range seems to be
limited to domestic and wild canids (red fox, gray fox and
coyotes) [13, 15, 17, 48], but neutralizing antibodies have
been found in North American river otters [24]. The virus
has a global distribution in canine populations, especially in
breeding kennels, with prevalences varying amongst differ-
ent countries: 80% in Norway and Finland [12, 27], 39% in
Turkey [53], 40-88% in Belgium, U.K. and the Netherlands
[37, 38, 41], and 21.7% in Japan [23].

Puppies become infected through direct contact of infect-
ed oronasal secretions from their mother, in utero, or during
parturition and passage through the birth canal [2, 19, 20].
Transmission in adult dogs occurs through venereal, orona-
sal and ocular contact [16, 34].

CaHV-1 is typically inactivated by exposure to tempera-
tures above 40°C, explaining viral localization in the cooler
external mucous membranes of both nasal and genital tracts
of adult canines. In neonates, normal body temperature is
1 to 1.5°C lower than an adult dog. This, in conjunction
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with an immature body-thermoregulation-system, allows
for generalized systemic viral replication [1, 2]. CaHV-1 can
cause subclinical to mild upper respiratory, genital, ocular
and neurological disorders both in puppies older than three
weeks and adult dogs [1, 8].

Nowadays, the primary involvement of CaHV-1 as the
cause of an upper respiratory tract infection (tracheobronchi-
tis) is controversial [3, 5, 26, 51, 52]. According to studies,
CaHV-1 is not the most prevalent respiratory pathogen in
dogs [4, 6, 22]. However, Ronsse and colleagues [40] no-
ticed that the virus is primarily maintained and distributed
among dogs through respiratory infections. As it pertains
to the genital tract, CaHV-1 is a known agent for vesicular
vulvovaginitis and vesicular balanoposthitis [4, 18, 21]. In
pregnant females, CaHV-1 may cause systemic infection
that results in embryo resorption, fetal death, abortion with
or without mummification, premature parturition and still-
birth [19, 20, 34]. Neonatal puppies of antibody negative
dams exposed to the CaHV-1 develop an acute, systemic
infection. Symptoms include anorexia, dyspnea, abdominal
pain, incoordination, yellowish soft feces, serous or hemor-
rhagic nasal discharge, petechial hemorrhage of the mucous
membranes, hypothermia, coma and death [1, 14]. On the
contrary, puppies from antibody positive dams are protected
from the infection through maternal antibodies received via
the placenta during gestation and maternal milk [40].

Recovery from infection is associated with lifelong laten-
cy and recrudescence with subsequent mucosal replication
followed by viral shedding. CaHV-1 travels through sensory
nerves to sensory ganglia neurons (trigeminal, lumbosacral
and vestibular ganglia), tonsils, thymus and lymph nodes
(retropharyngeal, hypogastric and pulmonary) [30], where
it establishes latency [11, 36]. Reactivation is thought to
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be the product of several factors including age, pregnancy,
stress, immunosuppressive therapy and concomitant disease
[7,9,47]. After reactivation, it is supposed that the lumbosa-
cral ganglia play an important role in venereal infection after
viral reactivation [8].

CaHV-1 is poorly immunogenic. Neutralizing antibodies
are produced 7 to 14 days following primary infection and
circulate for approximately 8 months. In cases of viral reac-
tivation, antibody titers increase 7 days post-recrudescence
and then wane in a few weeks [29]. This makes serological
diagnosis complicated. In large kennels, however, there is
a constant presence of circulating virus as a consequence
of frequent reactivation and reinfection. As a result, high
antibody titers may be detected for more than two years
[49]. There are many assays for serological investigation
of CaHV-1, such as immunofluorescence, hemagglutination
inhibition and ELISA; however, Serum neutralization [33] is
a generally accepted technique. This widely adopted assay,
known for its excellent specificity [41], represents one of the
methods of choice for CaHV-1 serology.

The aim of this survey was to analyze immunological
changes in a dog population in order to: (1) evaluate pos-
sible signs of viral reactivation in bitches during estrus,
before mating, and immediately after parturition, and (2) to
investigate the effect on antibody titer in breeding males. In
addition, possible viral shedding from animals was investi-
gated using a nested PCR assay.

MATERIALS AND METHODS

Dogs and samples: For this survey, a breeding kennel in
Central Italy was chosen. The kennel contained 243 dogs
(160 breeders) of different sex, age, breed, origin, experi-
ences of mating, number of pregnancies, performance of
current and previous pregnancies. Furthermore, the kennel
participated in canine exhibitions and competitions. Dogs
had never been vaccinated against CaHV-1. Sixty—80 bitches
were coupled every year, but for the aim of this work, only
females that came into estrus at the same time were included,
a total of 27 bitches. Blood samples and vaginal swabs were
collected from each of the 27 bitches during estrus, when
progesterone values were between 2 and 20 ng/m/. One week
after parturition, 14 of the bitches were re-sampled (blood
and vaginal swabs). [Samples from 13 bitches, which did
not get pregnant and consequently excluded from this sur-
vey, were analyzed as well.] Blood samples were collected
from 9 studs prior to mating and then again approximately
4 weeks post-mating. All animals were apparently healthy at
physical examination. Blood was collected from the cephalic
vein in vacutainer tubes without additives and stored in the
refrigerator until centrifugation. Samples were centrifuged
at 2,200 rpm for 15 min, and serum was separated from the
clot. Serum was stored at —80°C until serological analysis.
Vaginal swabs were collected as follows: the lips of the
vulva were parted, and then, the swab was gently inserted at
a relatively steep angle. When the swab was fully inserted:
it was rotated through 2—3 revolutions, allowing the cotton
tip to pick up an adequate amount of material. Vaginal swabs

were collected in sample medium (Dulbecco Minimal Es-
sential Medium, DMEM). Any aborted fetuses, stillborn
pups, umbilical cords and placentas from all the bitches
of the breeding kennel were collected and stored at —80°C
together with vaginal swabs until tested.

Serum neutralization: For antibody analysis, virus strain
CaHV-1 ATCC VR-552 was used. SN titration was per-
formed through serial dilutions in Madin-Darby Canine Kid-
ney (MDCK) cells supplemented with 10% fetal calf serum
and EMEM (Eagle’s minimal essential medium) to obtain
an antibody titer. The viral concentration, calculated through
the Spearman-Karber method, was 10>° 50% tissue culture
infective dose (TCIDsg) in 100 /. All sera were analyzed at
the same time. Sera were inactivated by heating at 56°C for
30 min. Fifty u/ of sera, placed in 96-well microplates, were
diluted twofold starting at 1:4. Fifty u/ of virus was added,
corresponding to 150 TCIDs,. After incubating at 37°C for
2 hr with 5% CO,, 100 u/ of suspension containing 15,000
MDCK cells was added to each well. Virus, serum and cell
controls were included, and serum cell toxicity was assessed
as well. Two sera from known infected dogs with a titer
of 1:64 and 1:128 respectively, have been used as positive
controls for the test. Plates were incubated at 37°C with 5%
CO,. After 3 days, the final reading was carried out through
Spearman-Karber method.

PCR and Nested PCR analysis: DNA was extracted from
vaginal swabs using QIAmp® DNA mini Kit (QIAGEN,
Hilden, Germany) according to manufacturer’s directions.
DNA extraction from lung, liver, and spleen of the stillborn
pups and the aborted fetuses, as well as from placentas and
umbilical cords was performed using GenElute™ Mam-
malian Genomic DNA Miniprep Kit (SIGMA, St. Louis,
MO, U.S.A.). A PCR assay targeting the CaHV-1 thymidine
kinase (TK) gene and a nested PCR were performed [43].
Two primer pairs were used (Table 2). Four hundred and
ninety three bp and 168 bp amplicons were obtained with the
first and the second primer pair, respectively. The first PCR
reaction-mix consisted of 150 ng of template DNA, 2.5 u/ of
buffer 10X, 2.5 ul of bovine serum albumin (0.1 mg/m/), 3 ul
of MgCl, 25 mM, 0.5 ul of ANTPs 20 mM, 1 u/ of CaHV-
1 primer 1 10 pmol/ul, 1 ul of CaHV-1 primer 2 10 pmol/
ul and 0.1 ul of 5 U/ul Taq DNA polymerase (Microtech).
Water was added to the mixture in order to obtain a final
volume of 25u/. The PCR amplification was carried out after
initial DNA denaturation at 94°C for 5 min, then 35 cycles
of 94°C for 30 sec, an annealing step for 30 sec at 55°C,
the elongation at 72°C for 45 sec and a final elongation at
the same temperature for 5 min. Nested PCR was performed
with the same reaction mixture, using 1 #/ DNA of the previ-
ous PCR product. The second PCR reaction-mix consisted
of 150 ng of template DNA, 2.5 ul of buffer 10X, 2.5 ul of
bovine serum albumin (0.1 mg/m/), 3 ul of MgCl, 25 mM,
0.5 ul of ANTPs 20 mM, 1 ul of CaHV-1 primer 3 10 pmol/
ul, 1 ul of CaHV-1 primer 4 10 pmol/u/ and 0.1 ul of 5 U/
ul Taqg DNA polymerase (Microtech). Water was added to
the mixture in order to obtain a final volume of 25 ul. The
PCR cycling protocol was carried out as previously reported,
using an annealing temperature of 56°C instead of 55°C. In
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Table 1. Dogs belonging to the study group and risk factors predisposing to CaHV-1 infection
. . Participationin ~ Experiences of
Sl;?'] ect Breed F/M® Age Origin Number .Of Reproductlve canine e?(hibitions mart,ing outside
0. (years) pregnancies disorders and competitions the kennel
1 Poodle F Six Bought adult Multiparous None No No
2 Yorkshire Terrier F Four Bought at 1 year Multiparous None No Yes
3 Dachshund F  Two and a half Born in kennel Multiparous None Yes No
4  Poodle F  Oneand ahalf Born in kennel Primiparous Abortion Yes No
5 German Spitz F  Oneand ahalf Borninkennel  Primiparous None No No
6  German Spitz F  Oneand a half Born in kennel Primiparous Stillbirth Yes No
7  German Spitz F  Oneand a half Bought puppy Primiparous Stillbirth No No
8  Poodle F  Two and a half Bought puppy Multiparous  Premature parturition No No
9  Poodle F Eight Born in kennel ~ Multiparous None No No
10 Poodle F Two Bought puppy Multiparous None No No
11 Pug F Four Bought puppy Multiparous Stillbirth No No
12 Poodle F Five Bought puppy Multiparous None No No
13 German Spiz F Two Born in kennel ~ Multiparous Pseudopregnancy No No
14 Poodle F Four Bought puppy Multiparous NN No No
15 Yorkshire Terrier M Five Bought puppy None No Yes
16 ~ Dachshund M Two Bought puppy None Yes Yes
17 Poodle M Four Bought puppy None Yes No
18  Poodle M Two Bought puppy None Yes Yes
19 German Spitz M Four Bought adult None No No
20  German Spitz M Four Bought puppy None No Yes
21 Poodle M Six Bought adult None No No
22 Poodle M Five Bought puppy None No No
23 Poodle M Two Bought puppy None No No

a) F: Female, M: Male.

Table 2.  Primer orientation, length and nucleotide sequence
Primer Pairs  Designation of Primers ~ Orientation Length Nucleotide Sequence
| CaHV-1 primer 1 sense 19 mer TGC CGC TTT TAT ATA GAT G
CaHV-1 primer 2 antisense 20 mer AAG CGT TGT AAA GTT CGT
CaHV-1 primer 3 sense 19 mer CGT GGT GAATTAAGC CTAA
2 CaHV-1 primer 4 antisense 19mer ATG CTATTG GGG TGT CTATC

each PCR, both positive (CaHV-1 ATCC VR 552 strain) and
negative (double-distilled water) controls were included.

RESULTS

None of the dogs under examination showed any clinical
sign related to CaHV-1 infection during the study period, and
none of the dogs demonstrated the presence of antibodies for
CaHV-1 by SN assay. Subject N°4 had an abortion, and N°
6,7 and 11 gave birth to stillborn pups (Table 1). The aborted
fetuses, umbilical cords, placentas and vaginal swabs (col-
lected during estrus and after parturition), as well as stillborn
pups all tested negative by nested PCR assay, while the virus
template, used as a positive control, was successfully ampli-
fied.

DISCUSSION

In this survey, 59 serum specimens were tested using an
SN assay, including acute and convalescent samples. None

of the dogs had primary antibody titers to CaHV-1 by SN,
including bitches that had abortions and stillbirths. Nor did
any dog seroconvert, suggesting that these animals are not
generating an immune response to CaHV-1 either because
the virus is not being reactivated during breeding or these
dogs are not being exposed. Even though it is known that an-
tibody titers against CaHV-1 considerably decrease quickly
after infection, which could explain why none of the dogs
tested positive, it has been reported that antibodies in sero-
positive animals from kennels may be detected for up to 15
months [25]. Latent infection by CaHV-1 has been detected
in the lumbosacral ganglion [8] and in vaginal swabs after
the immunosuppressive state caused by an administration
of prednisolone [32] and subsequent stress conditions, but
not as frequently detected as in samples from the upper re-
spiratory tract [31]. Because it has been hypothesized that
the carrier mother spreads the virus to her young because of
viral reactivation due to the immunosuppressive state caused
during pregnancy and parturition [27, 32], the authors de-
cided to take blood samples and vaginal swabs at two criti-
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cal points in order to find any evidence of viral reactivation
due to stress: during estrus before mating and immediately
after parturition. Since the survey was performed as a cross-
sectional virological study of bitches simultaneously in heat,
the dogs were influenced by the same conditions at the time
of the survey making the study group homogeneous. Ani-
mals were previously allowed to travel outside of the kennel
and do various normal activities—such as contests or breed-
ing—which could have exposed them to other infected dogs,
increasing the possibility of circulation of CaHV-1 among
the 160 breeders in the kennel. Because this was not a closed
population of animals, it was anticipated that at least some
percent of animals would be exposed and would be seroposi-
tive or PCR positive. Surprisingly, this was not the case.

The present research did not show any association be-
tween antibody titers and risk factors, such as age, sex, breed,
experiences of mating, number of pregnancies, participation
in dog shows and origin of the animals. This could be due to
a limited number of animals tested during the study period.
Although the dogs in the kennel were toy breeds, there is
no published scientific evidence of breed disposition for
CaHV-1 infection. However, the small number of animals
evaluated in this survey limits the analysis of CaHV-1 infec-
tions among dogs as it pertains to breed. Our results partially
contrast with a survey in Belgium [39] regarding the cor-
relation between risk factors and reproductive disorders. In
this survey, Ronsse and colleagues demonstrate supportive
evidence for the influence on antibody titers due to several
factors including aging, estrous stage, number of pregnan-
cies, experience with mating, cases of abortion, management
and environmental hygiene. Similar to a Swedish study pub-
lished in 2012 [46], our survey had no change in antibody
titer in correlation with mating, pregnancy and parturition.

None of the vaginal swabs tested positive via nested PCR
analysis. Presumably, there was a low probability of detect-
ing the virus, because there were no vaginal lesions related
to CaHV-1 infection on the breeding bitches at the time of
sampling [35]. Stillborn pups, umbilical cords, placentas
and aborted fetuses from bitches excluded from the pres-
ent survey were also analyzed and tested PCR-negative for
CaHV-1. Negative results of the nested PCR—in association
with the outcome of the serological analysis—raise doubts
about the circulation of the virus, despite the large size of the
breeding kennel examined.

The PCR negative results could be due to the short dura-
tion of virus spread and the intermittent elimination of the
virus from the animals. Moreover, the probability of detect-
ing the virus was likely very low, because none of the dogs
showed vaginal lesions consistent with CaHV-1 [35]. Failure
to detect CaHV-1 reactivation in the survey could be due to
short, self-limiting reactivations that occurred between sam-
pling and examination periods. Ledbetter and collaborators
[28] maintain that viral reactivation varies amongst different
species, and recurrent herpetic ocular disease in dogs is less
frequent compared to that of cats and humans. Indeed, after
human herpesvirus-2 (HSV2) reactivation, asymptomatic
patients sometimes exhibit viral shedding for only one day
[50]. Similarly, the negative results observed in our survey

might be a consequence of the brief viral shedding docu-
mented for CaHV-1 under our field conditions, despite the
endemic prevalence of the virus in Italy.

Both PCR and SN negative results allow the authors to
assume that the virus was not circulating within the breeding
kennel studied despite the presence of several risk factors
predisposing to CaHV-1 infection, as mentioned above. On
the other hand, we can assume that the absence of neutral-
izing antibodies could be associated with the rapid decline
of these following exposure to CaHV-1, because the virus is
known to be poorly immunogenic and viral DNA detection
via PCR assay may not be possible because of the very short
viral shedding period of this pathogen.

Although it is difficult to extrapolate to the general Italian
dog population from a survey based on an examination of
23 dogs in a breeding kennel, these findings indicate that
CaHV-1 may not occur as widely in the Italian dog popula-
tion. Albeit too few have been investigated in Italy since only
two works are present in literature, Sagazio and colleagues
found a lower seroprevalence in Apulia region (11.4%) than
other European Countries [42]. Another epidemiological
Italian study in 2014 showed a seroprevalence of 14.6% in
Southern Italy and, in particular, 12.5% in breeding kenneled
dogs [35]. However, it is hard to compare our survey with
the other studies mentioned above due to their different ex-
perimental scheme. They differ for total sample numerosity,
sample homogeneity and samples modality, since in both
works, dogs were chosen randomly. So, it can only be said
that CaHV-1 is not circulating within this specific kennel. It
is generally accepted that CaHV-1 is a major cause of repro-
ductive disorders and stillbirths in dog kennels, and vaccina-
tion for CaHV-1 is common practice for disease prevention.
However, our results, along with other seroprevalence stud-
ies, suggest that further investigation is warranted to better
understand the distribution of CaHV-1. Existing studies are
limited to geographical regions within Italy, and they are not
representative of Italy in its entirety. Additionally, thorough
diagnostic work-ups on abortion cases would provide insight
as to the major causes of abortion in dog kennels, thereby
allowing for future, targeted, preventative medicine.

REFERENCES

1. Anvik, J. O. 1991. Clinical considerations of canine herpesvirus
infection. Vet. Med. 86: 394—403.

2. Appel, M. J. 1987. Virus infections of vertebrates. pp. 5-15. In:
Virus Infectious of Carnivores (Appel M. J. ed.), Elsevier Sci-
ence Publisher, Amsterdam.

3. Appel, M. J. and Binn, L. N. 1987. Canine infectious tracheo-
bronchitis. Short review: kennel cough. pp. 201-211. In: Virus
Infectious of Carnivores (Appel M. J. ed.), Elsevier Science
Publisher, Amsterdam.

4. Appel, M. J., Menegus, M., Parsonson, I. M. and Carmichael,
L. E. 1969. Pathogenesis of canine herpesvirus in specific-
pathogen-free dogs: 5- to 12-week old pups. Am. J. Vet. Res. 30:
2067-2073. [Medline]

5. Binn, L. N., Alford, J. P., Marchwicki, R. H., Keefe, T. J., Beat-
tie, R. J. and Wall, H. G. 1979. Studies of respiratory disease in
random-source in laboratory dogs: viral infections in uncondi-


http://www.ncbi.nlm.nih.gov/pubmed/4311021?dopt=Abstract

10.

12.

13.

16.

17.

18.

20.

21.

22.

CAHV-1 SEROLOGICAL AND BIOMOLECULAR SURVEY

tioned dogs. Lab. Anim. Sci. 29: 48-52. [Medline]

Binn, L. N., Eddy, G. A., Lazar, E. C., Helms, J. and Murnane,
T. 1967. Viruses recovered from laboratory dogs with respiratory
disease. Proc. Soc. Exp. Biol. Med. 126: 140-145. [Medline]
[CrossRef]

Bujko, M., Sulovic, V., Zivanovic, V., Lako, B. and Dotlic, R.
1988. Effect of progesterone and pregnancy on the replication of
herpes simplex virus type 2 in vivo. Clin. Exp. Obstet. Gynecol.
15: 34-37. [Medline]

Burr, P. D., Campbell, M. E. M., Nicolson, L. and Onions, D.
E. 1996. Detection of canine herpesvirus | in a wide range of
tissues using the polymerase chain reaction. Vet. Microbiol. 53:
227-237. [Medline] [CrossRef]

Carmichael, L. E. and Greene, C. E. 1998. Canine herpesvirus
infection. pp. 28-32. In: Infectious Diseases of the Dog and Cat,
3rd ed. (Greene C. E. ed.), WB Saunders, Philadelphia.
Carmichael, L. E., Squire, R. A. and Krook, L. 1965. Clinical
and pathologic features of a fatal viral disease of newborn pups.
Am. J. Vet. Res. 26: 803—814. [Medline]

Cook, M. L. and Stevens, J. G. 1973. Pathogenesis of herpetic
neuritis and ganglionitis in mice: evidence for intra-axonal trans-
port of infection. Infect. Immun. 7: 272-288. [Medline]
Dahlbom, M., Johnsson, M., Myllys, V., Taponen, J. and An-
dersson, M. 2009. Seroprevalence of canine herpesvirus-1 and
Brucella canis in Finnish breeding kennels with and without
reproductive problems. Reprod. Domest. Anim. 44: 128-131.
[Medline] [CrossRef]

Davidson, W. R., Appel, M. J., Doster, G. L., Baker, O. E. and
Brown, J. F. 1992. Diseases and parasites of red foxes, gray fox-
es, and coyotes from commercial sources selling to fox-chasing
enclosures. J. Wildl. Dis. 28: 581-589. [Medline] [CrossRef]
Decaro, N., Martella, V. and Buonavoglia, C. 2008. Canine
adenoviruses and herpesvirus. Vet. Clin. North Am. Small Anim.
Pract. 38: 799-814. [Medline] [CrossRef]

Evermann, J. F., LeaMaster, B. R., McElwain, T. F., Potter, K.
A., McKeirnan, A. J. and Green, J. S. 1984. Natural infection
of captive coyote pups with a herpesvirus antigenically related
to canine herpesvirus. J. Am. Vet. Med. Assoc. 185: 1288—1290.
[Medline]

Evermann, J. F., Ledbetter, E. C. and Maes, R. K. 2011. Canine
reproductive, respiratory, and ocular diseases due to canine
herpesvirus. Vet. Clin. North Am. Small Anim. Pract. 41: 1097—
1120. [Medline] [CrossRef]

Garcelon, D. K., Wayne, R. K. and Gonzales, B. J. 1992. A sero-
logic survey of the island fox (Urocyon littoralis) on the Chan-
nel Islands, California. J. Wildl. Dis. 28: 223-229. [Medline]
[CrossRef]

Greene, C.E. and Carmichael, L.E. 2006. Canine Herpesvirus
Infection. pp. 47-53. In: Infectious Diseases of the Dog and Cat,
3rd ed. Elsevier Inc., St. Louis.

Hashimoto, A., Hirai, K., Suzuki, Y. and Fujimoto, Y. 1983.
Experimental transplacental transmission of canine herpesvirus
in pregnant bitches during the second trimester of gestation. Am.
J. Vet. Res. 44: 610-614. [Medline]

Hashimoto, A., Hirai, K., Yamaguchi, T. and Fujimoto, Y. 1982.
Experimental transplacental infection of pregnant dogs with
canine herpesvirus. Am. J. Vet. Res. 43: 844-850. [Medline]
Hill, H. and Mar¢, C. J. 1974. Genital disease in dogs caused by
canine herpesvirus. Am. J. Vet. Res. 35: 669—-672. [Medline]
Karpas, A., King, N. W., Garcia, F. G., Calvo, F. and Cross, R. E.
1968. Canine tracheobronchitis; isolation and characterization of
the agent with experimental reproduction of the disease. Proc.
Soc. Exp. Biol. Med. 127: 45-52. [Medline] [CrossRef]

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

801

Kawakami, K., Ogawa, H., Maeda, K., Imai, A., Ohashi, E.,
Matsunaga, S., Tohya, Y., Ohshima, T. and Mochizuki, M. 2010.
Nosocomial outbreak of serious canine infectious tracheobron-
chitis (kennel cough) caused by canine herpesvirus infection. J.
Clin. Microbiol. 48: 1176-1181. [Medline] [CrossRef]

Kimber, K. R., Kollias, G. V. and Dubovi, E. J. 2000. Serologic
survey of selected viral agents in recently captured wild North
American river otters (Lontra canadensis). J. Zoo Wildl. Med.
31: 168-175. [Medline] [CrossRef]

Koénig, M., Neiseke, J. and Thiel, H. J. 2004. Prevalence of
canine herpesvirus 1 (CHV-1) in German kennels. Tierarztl.
Umsch. 59: 559-565.

Kraft, S., Evermann, J. F., McKeirnan, A. J. and Riggs, M. 1986.
The role of neonatal canine herpesvirus infection in mixed in-
fections in older dogs. Compend. Contin. Educ. Pract. Vet. 8:
688-696.

Krogenes, A., Rootwelt, V., Larsen, S., Sjeberg, E. K., Akselsen,
B., SkAr, T. M., Myhre, S. S., Renstrom, L. H., Klingeborn, B.
and Lund, A. 2012. A serologic study of canine herpes virus-1
infection in the Norwegian adult dog population. Theriogenol-
ogy 78: 153—158. [Medline] [CrossRef]

Ledbetter, E. C., Da Silva, E. C., Kim, S. G., Dubovi, E. J.
and Schwark, W. S. 2012. Frequency of spontaneous canine
herpesvirus-1 reactivation and ocular viral shedding in latently
infected dogs and canine herpesvirus-1 reactivation and ocular
viral shedding induced by topical administration of cyclosporine
and systemic administration of corticosteroids. Am. J. Vet. Res.
73: 1079-1084. [Medline] [CrossRef]

Ledbetter, E. C., Kim, S. G., Dubovi, E. J. and Bicalho, R. C.
2009. Experimental reactivation of latent canine herpesvirus-1
and induction of recurrent ocular disease in adult dogs. Ver. Mi-
crobiol. 138: 98-105. [Medline] [CrossRef]

Miyoshi, M., Ishii, Y., Takiguchi, M., Takada, A., Yasuda, J.,
Hashimoto, A., Okazaki, K. and Kida, H. 1999. Detection of ca-
nine herpesvirus DNA in the ganglionic neurons and the lymph
node lymphocytes of latently infected dogs. J. Vet. Med. Sci. 61:
375-379. [Medline] [CrossRef]

Okuda, Y., Hashimoto, A., Yamaguchi, T., Fukushi, H., Mori, S.,
Tani, M., Hirai, K. and Carmichael, L. 1993a. Repeated canine
herpesvirus (CHV) reactivation in dogs by an immunosuppres-
sive drug. Cornell Vet. 83: 291-302. [Medline]

Okuda, Y., Ishida, K., Hashimoto, A., Yamaguchi, T., Fukushi,
H., Hirai, K. and Carmichael, L. E. 19935. Virus reactivation in
bitches with a medical history of herpesvirus infection. Am. J.
Vet. Res. 54: 551-554. [Medline]

Percy, D. H., Carmichael, L. E., Albert, D. M., King, J. M. and
Jonas, A. M. 1971. Lesions in puppies surviving infection with
canine herpesvirus. Vet. Pathol. 8: 37-53. [Medline]

Poste, G. and King, N. 1971. Isolation of a herpesvirus from
the canine genital tract: association with infertility, abortion and
stillbirths. Vet. Rec. 88: 229-233. [Medline] [CrossRef]
Pratelli, A., Colao, V. and Losurdo, M. 2014. Serological and
virological detection of canine herpesvirus-1 in adult dogs with
and without reproductive disorders. Vet. J. 200: 257-260. [Med-
line] [CrossRef]

Puga, A., Rosenthal, L. D., Openshaw, H. and Notkins, A. L.
1978. Herpes simplex DNA and mRNA sequences in acutely
and chronically infected trigeminal ganglia of mice. Virology 89:
102—111. [Medline] [CrossRef]

Reading, M. J. and Field, H. J. 1998. A serological study of
canine herpes virus-1 infection in the English dog population.
Arch. Virol. 143: 1477-1488. [Medline] [CrossRef]

Rijsewijk, F. A., Luiten, E. J., Daus, F. J., Van Der Heijden, R.


http://www.ncbi.nlm.nih.gov/pubmed/220463?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4294430?dopt=Abstract
http://dx.doi.org/10.3181/00379727-126-32386
http://www.ncbi.nlm.nih.gov/pubmed/2834118?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9008334?dopt=Abstract
http://dx.doi.org/10.1016/S0378-1135(96)01227-8
http://www.ncbi.nlm.nih.gov/pubmed/5892835?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4348966?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18992103?dopt=Abstract
http://dx.doi.org/10.1111/j.1439-0531.2007.01008.x
http://www.ncbi.nlm.nih.gov/pubmed/1474656?dopt=Abstract
http://dx.doi.org/10.7589/0090-3558-28.4.581
http://www.ncbi.nlm.nih.gov/pubmed/18501279?dopt=Abstract
http://dx.doi.org/10.1016/j.cvsm.2008.02.006
http://www.ncbi.nlm.nih.gov/pubmed/6096324?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22041206?dopt=Abstract
http://dx.doi.org/10.1016/j.cvsm.2011.08.007
http://www.ncbi.nlm.nih.gov/pubmed/1318424?dopt=Abstract
http://dx.doi.org/10.7589/0090-3558-28.2.223
http://www.ncbi.nlm.nih.gov/pubmed/6307085?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6283965?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4364456?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/5644666?dopt=Abstract
http://dx.doi.org/10.3181/00379727-127-32618
http://www.ncbi.nlm.nih.gov/pubmed/20107103?dopt=Abstract
http://dx.doi.org/10.1128/JCM.02128-09
http://www.ncbi.nlm.nih.gov/pubmed/10982127?dopt=Abstract
http://dx.doi.org/10.1638/1042-7260(2000)031[0168:SSOSVA]2.0.CO;2
http://www.ncbi.nlm.nih.gov/pubmed/22494683?dopt=Abstract
http://dx.doi.org/10.1016/j.theriogenology.2012.01.031
http://www.ncbi.nlm.nih.gov/pubmed/22738061?dopt=Abstract
http://dx.doi.org/10.2460/ajvr.73.7.1079
http://www.ncbi.nlm.nih.gov/pubmed/19345521?dopt=Abstract
http://dx.doi.org/10.1016/j.vetmic.2009.03.013
http://www.ncbi.nlm.nih.gov/pubmed/10342288?dopt=Abstract
http://dx.doi.org/10.1292/jvms.61.375
http://www.ncbi.nlm.nih.gov/pubmed/8306652?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8387252?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4333733?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4323253?dopt=Abstract
http://dx.doi.org/10.1136/vr.88.9.229
http://www.ncbi.nlm.nih.gov/pubmed/24685471?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24685471?dopt=Abstract
http://dx.doi.org/10.1016/j.tvjl.2014.03.001
http://www.ncbi.nlm.nih.gov/pubmed/210566?dopt=Abstract
http://dx.doi.org/10.1016/0042-6822(78)90044-2
http://www.ncbi.nlm.nih.gov/pubmed/9739327?dopt=Abstract
http://dx.doi.org/10.1007/s007050050391

802

39.

40.

41.

42.

43.

44,

45.

M. BOTTINELLI ET AL.

W. and Van Oirschot, J. T. 1999. Prevalence of antibodies against
canine herpesvirus 1 in dogs in the Netherlands in 1997-1998.
Vet. Microbiol. 65: 1-7. [Medline] [CrossRef]

Ronsse, V., Verstegen, J., Onclin, K., Farnir, F. and Poulet, H.
2004. Risk factors and reproductive disorders associated with
canine herpesvirus-1 (CHV-1). Theriogenology 61: 619-636.
[Medline] [CrossRef]

Ronsse, V., Verstegen, J., Thiry, E., Onclin, K., Aeberlé, C.,
Brunet, S. and Poulet, H. 2005. Canine herpesvirus-1 (CHV-1):
clinical, serological and virological patterns inbreeding colonies.
Theriogenology 64: 61-74. [Medline] [CrossRef]

Ronsse, V., Verstegen, J., Onclin, K., Guiot, A. L., Aeberlé, C.,
Nauwynck, H. J. and Poulet, H. 2002. Seroprevalence of canine
herpesvirus-1 in the Belgian dog population in 2000. Reprod.
Domest. Anim. 37: 299-304. [Medline] [CrossRef]

Sagazio, P., Cirone, F., Pratelli, A., Tempesta, M., Buonavoglia,
D., Sasanelli, M. and Rubino, G. 1998. Infezione da herpesvirus
del cane: diffusione sierologica in Puglia. Obiettivi e Documenti
Veterinari 5: 63—67.

Schulze, C. and Baumgirtner, W. 1998. Nested polymerase
chain reaction and in situ hybridization for diagnosis of canine
herpesvirus infection in puppies. Vet. Pathol. 35: 209-217.
[Medline] [CrossRef]

Spertzel, R. O., Huxsoll, D. L., McConnell, S. J., Binn, L. N. and
Yager, R. H. 1965. Recovery and characterization of a herpes-
like virus from dog kidney cell cultures. Proc. Soc. Exp. Biol.
Med. 120: 651-655. [Medline] [CrossRef]

Stewart, S. E., David-Ferreira, J., Lovelace, E., Landon, J. and
Stock, N. 1965. Herpes-like virus isolated from neonatal and
fetal dogs. Science 148: 1341-1343. [Medline] [CrossRef]

46.

47.

48.

49.

50.

51.

52.

53.

Strom Holst, B., Hagberg Gustavsson, M., Grapperon-Mathis,
M., Lilliehook, 1., Johannisson, A., Isaksson, M., Lindhe, A.
and Axnér, E. 2012. Canine herpesvirus during pregnancy and
non-pregnant luteal phase. Reprod. Domest. Anim. 47: 362-365.
[Medline] [CrossRef]

Thiry, E., Saliki, J., Schwers, A. and Pastoret, P. P. 1985. Parturi-
tion as a stimulus of IBR reactivation. Vet. Rec. 116: 599-600.
[Medline] [CrossRef]

Truyen, U., Miiller, T., Heidrich, R., Tackmann, K. and Carmi-
chael, 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. Epide-
miol. Infect. 121: 433-440. [Medline] [CrossRef]

Verstegen, J., Dhaliwal, G. and Verstegen-Onclin, K. 2008. Ca-
nine and feline pregnancy loss due to viral and non-infectious
causes: a review. Theriogenology 70: 304-319. [Medline]
[CrossRef]

Wald, A., Zeh, J., Selke, S., Ashley, R. L. and Corey, L. 1995.
Virologic characteristics of subclinical and symptomatic genital
herpes infections. N. Engl. J. Med. 333: 770-775. [Medline]
[CrossRef]

Wright, N. G. and Cornwell, H. J. 1970. Further studies on ex-
perimental canine herpesvirus infection in young puppies. Res.
Vet. Sci. 11: 221-226. [Medline]

Wright, N. G., Cornwell, H. J., Thompson, H. and Stewart, M.
1970. Canine herpesvirus respiratory infection. Ver. Rec. 87:
108-109. [Medline] [CrossRef]

Yesilbag, K., Yalcin, E., Tuncer, P. and Yilmaz, Z. 2012. Sero-
prevalence of Canine herpesvirus-1 in Turkish dog population.
Res. Vet. Sci. 92: 36-39. [Medline] [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/10068123?dopt=Abstract
http://dx.doi.org/10.1016/S0378-1135(98)00285-5
http://www.ncbi.nlm.nih.gov/pubmed/14698053?dopt=Abstract
http://dx.doi.org/10.1016/S0093-691X(03)00249-8
http://www.ncbi.nlm.nih.gov/pubmed/15935843?dopt=Abstract
http://dx.doi.org/10.1016/j.theriogenology.2004.11.016
http://www.ncbi.nlm.nih.gov/pubmed/12354184?dopt=Abstract
http://dx.doi.org/10.1046/j.1439-0531.2002.00363.x
http://www.ncbi.nlm.nih.gov/pubmed/9598584?dopt=Abstract
http://dx.doi.org/10.1177/030098589803500306
http://www.ncbi.nlm.nih.gov/pubmed/5858689?dopt=Abstract
http://dx.doi.org/10.3181/00379727-120-30615
http://www.ncbi.nlm.nih.gov/pubmed/14281717?dopt=Abstract
http://dx.doi.org/10.1126/science.148.3675.1341
http://www.ncbi.nlm.nih.gov/pubmed/23279539?dopt=Abstract
http://dx.doi.org/10.1111/rda.12099
http://www.ncbi.nlm.nih.gov/pubmed/2990084?dopt=Abstract
http://dx.doi.org/10.1136/vr.116.22.599
http://www.ncbi.nlm.nih.gov/pubmed/9825797?dopt=Abstract
http://dx.doi.org/10.1017/S0950268898001319
http://www.ncbi.nlm.nih.gov/pubmed/18547635?dopt=Abstract
http://dx.doi.org/10.1016/j.theriogenology.2008.05.035
http://www.ncbi.nlm.nih.gov/pubmed/7643884?dopt=Abstract
http://dx.doi.org/10.1056/NEJM199509213331205
http://www.ncbi.nlm.nih.gov/pubmed/5498549?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4319526?dopt=Abstract
http://dx.doi.org/10.1136/vr.87.4.108
http://www.ncbi.nlm.nih.gov/pubmed/21075406?dopt=Abstract
http://dx.doi.org/10.1016/j.rvsc.2010.10.016

