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2. List of Abbreviations

BoCoV = Bovine coronavirus

BLAST = Basic local alignment search tool
CAD = Canine adenovirus

CCoV = Canine coronavirus

CDhvVv = Canine distemper virus

CECoV = Canine enteric coronavirus

CHvV = Canine herpes virus

CIRD = Canine infectious respiratory disease
Civ = Canine influenza virus

CPE = Cytopathic effects

CPIV = Canine parainfluenza virus

CRCoV = Canine respiratory coronavirus

DNA = Deoxyribose nucleic acid

ELISA = Enzyme-linked immunosorbent assay
FCWF = Felis cati whole foetus

FeCoV = Feline coronavirus

FECoV = Feline enteric coronavirus

FFPE = Formalin-fixed, paraffin-embedded
FIPV = Feline infectious peritonitis

FITC = Fluorescein isothiocyanate

HCoV = Human coronavirus

HECoV = Human enteric coronavirus

IFA = Immune fluorescence dose

MDBK = Madin-Darby bovine kidney

MEM = Minimal effective medium

OIE = World Organisation for Animal Health (Offideternational des Epizooties)
PBS = Phosphate buffered saline

PRCoV = Porcine respiratory coronavirus

RNA = Ribonucleic acid

RT-PCR = Reverse transcription polymerase chaicticaa

SARS

Severe acute respiratory syndrome



TCID
TGEV
UTR
VN

Tissue culture infectious dose
Transmissible gastroenteritis virus
Untranslated region

Virus neutralisation



3. Introduction

Coronavirus infections are a worldwide problem ofm@stic dogs with significant health and
economic importance. Coronavirus infections in diogge two forms; an enteric form caused
by Canine enteric coronavirus (CECoV | and CEColalhd a respiratory form caused by
canine respiratory coronavirus (CRCoV). Many pmat owned dogs are currently

vaccinated for kennel cough (a poly-aetiologicaledise involving CRCoV) but the necessity
to vaccinate is based on the prevalence of theasksand the likelihood for the animal to be
exposed to other dogs. A vaccine for the enterienf@f coronavirus infection is also

available but is not commonly administered to dddee decision to vaccinate for both forms
of coronavirus infection must be based on a rigkefie analysis by the veterinarian and the
prevalence of the disease is the most importartbrfan deciding on the correct course of

action.

The aim of this study was to survey and quantifg firevalence of both enteric and
respiratory forms of Coronavirus infection in theirtgarian dog population. Although the
presence of CECoV and CRCoV in Hungary has prelydosen demonstrated (Lakatos et
al., 2013) there were no targeted surveys of trmuroence of CECoV and CRCoV. To
accomplish this aim a large number of samples wadten from the Hungarian shelter and
privately owned dog populations and the sample®waralysed using a mixture of direct and
indirect laboratory diagnostic methods.

The study was part of a partner project with theversity of Veterinary Medicine, Vienna,
Austria who performed the same survey on the Aarstdog population (Spiss et al, 2012).
The study was carried out on privately owned dogd shelter dogs that had not been
previously vaccinated for coronavirus. Serum samplere taken from dogs exhibiting no
clinical signs of coronavirus infection and invgstied using virus neutralisation and indirect
immune fluorescence tests. The use of indirectiegyanethods to detect the presence of the
virus allowed for a long range view of the prevakenf the virus in Hungarian population as

antibodies persist for a long time in the serumaradixposure to the virus.

Faecal samples and naso-pharyngeal swabs weretedlligom dogs exhibiting symptomatic

signs of coronavirus infection. Lung and intestitisdue samples were taken from dogs which



had recently succumbed to a disease with symptamsas to those of a coronavirus

infection. These samples were analysed with revieenscription polymerase chain reaction
(RT-PCR) assay and positive samples were furthalyaed by partial nucleotide sequence
determination to differentiate between differentnio@ coronavirus serotypes. The

epidemiological survey consisted of four distiregtttgroups;
1. Study 1: Serological survey of the prevalence o€G¥ infection in Hungarian dogs.
2. Study 2: Detection of CECoV in clinically ill anéceently deceased Hungarian dogs.
3. Study 3: Serological survey of the prevalence of08R infection in Hungarian dogs.

4. Study 4: Detection of CRCoV in clinically ill aneéceently deceased Hungarian and

Austrian dogs.



4. Literary Review

4.1Morphology and Taxonomy of coronaviruses

Coronaviridae is a family of large, pleomorphic, enveloped ssRNAises. They attach to
cells via a glycol protein called the spike protésprotein) projecting from the surface of the
envelope allowing fusion between the host cell memé and the viral envelope (Quinn et al,
2011). This S protein is the main antigenic compoioé the virus and induces the production
of neutralising antibodies during natural infectidts hypervariable domain allows the virus
to evade the immune response by producing virugpesmutants. Coronaviruses were first
described in dogs with gastroenteritis (Binn et B3.74) but the CRCoV antigenic strain was
later determined as a distinctly different serotyjme the previously known canine
coronaviruses (CCoV). CRCoV showed only 69% nudadeoidentity in the highly conserved
polymerase region with only 21% amino acid sequedeatity in the S protein, indicating
CRCoV was a novel coronavirus of dogs (Erles e28l06).

Midaovirales Coronviridas Coronavirinas

Figure 1: Taxonomy of canine enteric and respiratory covonaes.

Coronaviruses can infect a number of mammalianaai@h species and generally display a
tropism for enteric and respiratory epithelium. @daamically theCoronaviridae family is
divided into 2 subfamiliesCoronavirinae and Torovirinae. The Coronavirinae subfamily is



subsequently divided into 4 genefdphacoronavirus, Betacoronavirus, Gammacoronavirus

andDeltacoronavirus which is the most recently classified genus (Feglu).

Members of theCoronavirinae subfamily are separated into antigenic groups dasetheir
genetic similarities. CECoV (CECoV | and Il) falto the first antigenic group including
FIPV, FECoV, TGEV and PRCoV. CRCoV falls into thecend antigenic group including
BoCoV, HECoV and SARS. Most members of this secgralp are characterised by the
presence of an additional gene coding for a suti@oeagglutinin-esterase protein resulting in
their ability for hemagglutination.

The ability of canine coronavirus to cause diseaseariable and generally susceptibility
decreases with age. CECoV was first isolated bgnffaecal samples of diarrhoeic military
dogs in Germany (Binn et al.,, 1974). Different CBCgenotypes were isolated in Italy
(Pratelli et al., 2001, 2002b, 2002c). These vasiamowed variation of the sequence in the
gene encoding for the M-protein with similarity fE@eCoV type 1. This led to the division of
CECoV into two different genotypes; CECoV type liebhis genetically very similar to
FCoV type 1 in the S-gene sequence and CECoV typ#ich is similar to FeCoV type 2
(Partelli et al., 2003).

A highly virulent and fatal variant of CECoV wasstgebed in puppies following an outbreak
of canine parvovirus infection (Pratelli et al. 99%s well as a more recently described
pantropic form of coronavirus which spreads inititernal organs and caused fatal infection
in dogs (Buonavoglia et al., 2006). In general CEZQufections are mild and dogs recover
spontaneously after 7-10 days, shedding the virukeir faeces for a further 6-14 days after
infection (Keenan et al., 1976, 1979). More peesisshedding has been reported where dogs
shed the virus in faeces for up to 6 months aftercessation of clinical signs (Pratelli et al.,
2001, 2002c).

CRCoV is a close relative of BoCoV and HCoV-OC43w86% similarity in the variable S
protein. The close genetic relation to BoCoV thiougt the CRCoV genome indicates that
the virus was probably transmitted to dogs frontleand similarly HCoV-OC43 to humans
from cattle. CRCoV is associated with mild and siant respiratory signs such as nasal
discharge and persistent cough. It has been descpérticularly in kennelled dogs as part of
canine infectious respiratory disease complex (QIB&mmonly referred to as kennel cough

(Decaro and Buonavoglia, 2008).



4.2Coronavirus disease in dogs and its importance

Coronavirus infections cause respiratory, entanat generalised disease in both domestic and
wild animals as well as humans. CCoV infectionfisignificant scientific interest due to its
viral genome variability and its capability of agytomatic infection of canine hosts who shed
the virus. The coronavirus genome is highly vagabhd recombination between species
specific coronaviruses have been shown or suspéBtethen et al., 1993; Herrewegh et al.,
1998; Pratelli et al., 2002b). This ability for casbination poses a significant risk to both

animal populations and public health.

The clinical manifestation of coronavirus diseaselags is highly variable depending on the
immune status of the host and the virulence ofrtfexting strain. They are frequently found
as part of disease complexes in animals with paanunological status kept in close
confinement (Stavisky et al., 2008). Such scenaresmilt in endemic disease with high

morbidity and low mortality.

Coronaviruses are shed in high numbers by thetedidnost via bodily secretions. In the case
of CECoV the virus is shed via the faeces and sead CRCoV the virus is shed via nasal
discharge and saliva. The incubation period of rramoronavirus is approximately 3 days
post infection and although clinical disease isortgdl the asymptomatic form of CCoV
infections are much more prevalent (Quinn et aQl11). The virus has relatively low
resistance in the environment, requiring hoststfomaintenance (Pratelli et al., 2006). Long
term carrier animals may shed the virus sporadidall a long period without demonstrating
clinical signs of infection (Stavisky et al., 2008)

4.2.1 CECoV

CECoV, also refered to as alphacoronavirus 1, cagastroenteritis in dogs. The disease was
first described as a mild to severe gastroentemignly in young dogs (Binn et al., 1974).
The disease is characterised by vomiting, wateayrldbea and dehydration. The infection is
frequently complicated by parvovirus 2 infectiorussg a more pathogenic haemorrhagic
enteritis with high mortality (Quinn et al., 2011Age, immunological status and
environmental factors greatly influence the seyeot clinical signs in CECoV infection.
Both CECoV type 1 and 2 appear to behave in a byaaghilar manner clinically. Dogs of all
ages can be infected but serious illness primardgurs in pups (Quinn et al.,, 2011). The
clinical signs of CECoV infection of pups are peduwatery diarrhoea, severe dehydration,
acidosis and vomiting. The diarrhoea typically dafir 2-4 days and most pups survive,



developing long term immunological resistance aféeovery. Untreated, weak patients may
die but typically there is some other problem ie thackground such as parasitism, dual
infections with parvovirus or malnutrition (Stawskt al., 2008).

Inactivated vaccines are available for the provectf dogs. CECoV is shed in the faeces of
infected animals and infects the new host per miected dogs usually shed the virus for 9
days but infected dogs may shed CECoV intermitgeliotl months (Quinn et al, 2011). The
virus is not resistant in the environment and hasts needed for the maintenance of the
infection (Pratelli et al., 2006). CECoV is able wathstand the acidic environment of the
stomach and infect enterocytes of the upper smigtiine, spreading rapidly to other parts of
the small intestine. Damage to the mature enteescagt the tip of intestinal villi results in a
loss of the digestive and absorptive capacity efdmall intestine and watery diarrhoea as a
clinical sign. The local mucosal immunity plays @mnimportant role for protection of the
dog from re-infection than the circulating antibegli In the absence of frequent re-exposure

to the virus, the duration of the immunity may b&tively short (Quinn et al., 2011).

Sporadic outbreaks of severe pantropic enteritith) 8evere clinical signs accompanied by a
high mortality rate have been reported (Buonavoefial., 2006). These appear to be due to
spontaneous emergence of virulent strains in stibtegoung pups.

Previous serological studies indicate that infewiavith canine enteric coronaviruses are
common (Tennant et al, 1991) and spread rapidlyngstosusceptible dogs kept in close
confinement in unhygienic conditions. Tennant etrgpborted detection of antibodies in 54%
of a population of healthy and diarrheic pet dogshe United Kingdom, while CECoV
seroprevalence ranged from 76% in a rescue keari€l@% in a commercial breeding colony
(Tennant et al., 1993). These studies demonsthatie seroprevalence rates depend on the
population of dogs tested with generally higheesanh endemically infected kennels, where
population densities are high and there is a coatis influx of susceptible animals and
pathogens as a result of high dog turnover. Inthiged States, the seroprevalence of CECoV
was 26% for privately owned pet dogs and up to 8kennelled dogs (Helfer-Baker et al.,
1980). A CECoV prevalence of 2.8% was reported irass section of dogs presented to
veterinary clinics in the UK when determined by RTR from faecal samples (Stavisky et al,
2008). The Austrian partner of this project perfednserological studies to estimate the

occurrence and frequency of CECoV in the Austriaxg gopulation (Spiss el al., 2012).



Their investigation revealed a seroprevalence d%®8whilst the virus prevalence detected in

dogs with enteric disease was 31.3%.

4.2.2 CRCoV

CRCoV was isolated first in the United Kingdom frahe nasal and pharyngeal swabs of
dogs with acute respiratory signs (Erles et al.030 Tissue samples taken from the
respiratory tract of diseased dogs were testedh®rpresence of coronaviruses using RT-
PCR. Sequence analysis of four positive samplewethahe presence of a coronavirus with
high similarity to both BoCoV and HCoV-OC43 in th@olymerase and S genes, whereas
there was a low similarity to comparable geneshi énteric canine coronavirus. The virus
was subsequently detected in several other coaninedogs also suffering from acute

respiratory signs (Decaro et al., 2007, Kaneshina €2006, Preistnall et al., 2006).

The pathogenesis of CRCoV is not entirely knownhygtit is regarded as a pathogen in the
poly-aetiological disease known as canine infestioespiratory disease complex (CIRD).
Other CIRD pathogens include canine adenovirus RD(@), canine parainfluenza virus
(CPIV), canine influenza virus (CIV), canine herpgsis (CHV), Streptococcus equi subsp.
zooepidemicus, Bordatella bronchiseptica and mycoplasma species (Erles et al., 20083se
pathogens can produce clinical signs, alone or @amhgination, that are virtually
indistinguishable from one another. Diagnostic fabary testing is required in order to
identify the specific pathogens in the backgroufgpical clinical signs include coughing,
nasal discharge and mild pyrexia. Occasionally nsexeere clinical signs develop with lower
respiratory involvement and more destructive seaontacterial infections of the respiratory

tract (Quinn et al., 2011). Such cases can resuleath if left untreated.

CIRD is usually only a problem when groups of dage kept together under crowded
conditions, such as in animal shelters, laborasémiynal units, and training kennels (Quinn et
al., 2008). Despite widespread vaccination, CIRBvaims a persistent global problem. In
addition to the obvious welfare implications andtsoof treatment, the disease also delays

and disrupts re-homing and training schedules nhkbs and shelters.

The seroprevalence of CRCoV in the domestic capapailation has been shown to be 59.1%
in Canada, 54.5% in the United States, 36.0% irhiéed Kingdom, 30.3% in the Republic
of Ireland, and 17.8% in Japan (Kaneshima et @062 Preistnall et al.,, 2006). The
seroprevalence of CRCoV has been shown to incnedbkeage in both UK and US canine

populations and to decline following a plateau ghlastween 2 and 11 years (Preistnall et al.,



2006). The Austrian partner of this project perfednserological studies to estimate the
occurrence and frequency CRCoV in the Austrian pogulation (Spiss el al., 2012). Their
investigation revealed a seroprevalence of 61.2%ustrian dogs and a virus prevalence of

8.8% detected in Austrian dogs with respiratory gioms.



5. Materials and Methods
296 serum samples were taken at random from plywatened and clinically healthy

Hungarian dogs. 57 serum samples were taken abmaritbm dogs housed in three dog

shelters in Hungary;
1. Shelter A, n=25: “Arvacskak” - Gyomro (total poptiten ~ 190 dogs)
2. Shelter B, n=19: “Arvacska” - Szentendre (total plagion ~ 120 dogs)
3. Shelter C, n=13: HEROSZ - Godollo (total populatioB0 dogs)

109 faecal samples were taken from Hungarian dbgwisg clinical signs of enteritis; 81
from the Small Animal Clinic at Szent Istvan Unisgy in Budapest, 9 from private
veterinary clinics, 5 from a dog breeder and 14nffour dog shelters. 94 intestinal and lung
samples were taken from dogs dying due to symptanesiteritis similar to a canine enteric

coronavirus infection.

108 nasal/pharyngeal samples were taken from 10®)&tian dogs with respiratory signs; 87
from 9 different dog shelters, 8 from a dog kerenedl 13 from patients at the small animal
Clinic at Szent Istvan University. 47 lung samplgere obtained from the Institute of
Pathology University of Veterinary Medicine, Vienntaken from Austrian dogs that

succumbed to respiratory disease characteristtoranavirus infection.
Study 1: Serological survey of the prevalence of CECoV itietin Hungarian dogs.

Samples: Two cohorts of serum samples were cotlefcieanalysis. In the first cohort 278
serum samples were taken at random from privatetyed and clinically healthy Hungarian
dogs. In the second cohort 57 serum samples weee & random from dogs housed in three

dog shelters in Hungary;
1. Shelter A, n=25: “Arvacskak” - Gyomro (total poptiten ~ 190 dogs)
2. Shelter B, n=19: “Arvacska” - Szentendre (total glagon ~ 120 dogs)

3. Shelter C, n=13: HEROSZ - Godollo (total populatioB0 dogs)



Sample processing:

The investigations were performed at the laboraitotye Veterinary Diagnostic Directorate,
National Food Chain Safety Agency, Budapest. Tha smderwent virus neutralisation
analysis following the standard protocol descrilbedhe Manual of Diagnostic Tests and
Vaccines for Terrestrial Animals 2013 of the Wo@dganisation for Animal Health (OIE).

The test used was an adaptation of the virus Heattian protocol set out for identification of
transmissible  gastroenteritis in  pigs http://www.oie.int/fileadmin/Home/eng/Health
standards/tahm/2.08.11 TRANSMISSIBLEGASTRO)pdhe prototype CECoV strain (Df-

2) was propagated in a FCWF (felis cati whole fegtpermanent cell line. The test was

validated by testing its reaction with positiveereince sera. The test sera were two and three
fold serially diluted in minimal essential mediuMEM) and 100 TCIRyYmI (tissue culture
infectious dose) of virus was added. The samples weubated for 1 hour at 3T and then
inoculated on cell cultures. Cells were incubate®@@° C, 5% CQ and were checked for
cytopathic effects (CPE) on days 3-5 by light msompy. Serum neutralisation titres were
determined as the reciprocal of the serum dilutidre virus neutralisation test is one of the
most specific methods of virus identification aslétects the anti viral antibody level in the
serum however its sensitivity (titres) might be é&awhan other serological methods (i.e. the
indirect IFA used in Study 3)

Study 2: Detection of CECoV in clinically ill and post merh Hungarian dogs.
Samples:

A targeted survey was performed on the occurrefid@ECoV in outbreaks of enteritis in
Hungarian dog populations in Hungary between 20id 2013. 109 faecal samples, taken
from dogs showing clinical signs of enteritis, wéested for the presence of CECoV at the
Department of Pathology, Faculty of Veterinary 8&ces Szent Istvan University. The
samples were obtained from the Small Animal Cliamiche Faculty of Veterinary Science,
Szent Istvan University (n=81), a dog breeder in&hest (n=5), private veterinary clinics in
Budapest (n=9) and four dog shelters (n=14). Adddlly, intestinal tissue samples were
collected from 94 dogs that had died due to sympt(enteritis and exsiccosis) characteristic
of CECoV infections.



Sample processing:

Samples were homogenised and viral RNA was exttacteng QIAamp® viral RNA mini kit
(Qiagen, Carlsbad, USA). The extracted viral RNAswzen analysed with RT-PCR assay as
described by Decaro et al., 2005. The Qiagen ae-RT-PCR kit® was used for the
amplification reactions. Samples were also testéd the SYBR Green real-time RT-PCR
assay® for the detection of generic coronaviruskescribed by Esutenaire et al., 2007.
CECoV RNA positive extracts were subjected to noiidee sequence determination at the
institute of Virology, University of Veterinary Mé&zne, Vienna.

Nucleotide sequencing procedure:

For sequencing a region was chosen from the higbhserved 3’-untranslated region (3'-
UTR) of the FeCoV genome\phacoronavirus) published by Herrewegh el al., 1995. This
RT-PCR assay amplifies a 177 bp fragment (29-2@&5\vmal) using the following primers;

1. Forward primer: 5’- CCGAGGAATTACTGGTCATCGCG - 3
2. Reverse primer: 5- GCTCTTCCATTGTTGGCTCGTC - 3..

Viral genome amplification was confirmed by direetguencing of the amplified products in
both directions (DNA Sequencing Service from Migmth, Balgach). Sequences were
compared on both sense and antisense strandsneertsus, assembled, aligned and analysed
using BioEdit Sequence Alignment® software. Conasnsequences were identified using
the Basic Local Alignment Search Tool (BLAST) in nge bank databases
(http://blast.ncbi.nim.nih.gov/Blast.ggi

Study 3: Serological survey of the prevalence of CRCoVadtita in Hungarian dogs.
Samples:

The same sera used in study 1were also used isttidy to investigate for the presence of
CRCoV antibodiesBetacoronavirus); 278 samples extracted from privately owned dags

57 from three dog shelters.



Sample processing:

CRCoV antibodies were detected using indirect imenfloorescence assay (IFA). Madin
Darby Bovine Kidney (MDBK) cells were cultivated @6 well microtiter plates and after
incubation overnight at 3T in a humid 5% C@atmosphere, inoculated with BoCoV strain
9/W/BL/77. After 1-2 days incubation the cells wekgashed three times with phosphate
buffered saline (PBS) and fixed with 96% ethaneVofold dilutions of the dog sera, starting
“with 1:10 were incubated (one well per dilutiony 80 minutes at 37C. After three washes
with PBS anti-dog-FITC (fluorescein isothiocyanategs added to each well and incubated
for 30 minutes at 37C. After another three washes with PBS, countemisi with
Eriochrome black for 5mins and another three PBShimg cycles the wells were evaluated
using an inverse ultraviolet microscope. A cut-adfue of 1:20 or more was regarded as a
positive identification of CRCoV. The procedure vigscribed in detail by Spiss et al., 2012.
The investigations were performed at the InstitoteVirology, University of Veterinary
Medicine, Vienna.

Study4: Detection of CRCoV in clinically ill and post merh Hungarian and Austrian dogs.
Samples:

108 Nasal/pharyngeal swab samples were collectad tHungarian dogs with respiratory
signs; 87 samples from 9 dog shelters, 8 from anéleand 13 from patients at the Small
Animal Clinic at Szent Istvan University. The saegplwere tested for CRCoV at the
Department of Pathology, Faculty of Veterinary 8ce Szent Istvan University.
Additionally, 47 lung samples of Austrian dogs, abed from the Institute of Pathology,
University of Veterinary Medicine, Vienna were alswestigated for the presence of CRCoV

specific nucleic acids.
Sample processing:

The samples were tested for CRCoV RNA using a SY@RBen real-time reverse RT-PCR
assay for the presence of generic coronaviruseer@iog to the method described by
Escutenaire et al., 2007 and with the RT-PCR systesaribed by Decaro et al., 2005.

From the Austrian samples, five sections of 5unckiness were cut from paraffin blocks
under RNAse-free conditions. Total RNA purificatibrom the FFPE tissue sections was
performed using the DNA/RNA FFPE Kit (Qiagen®). Tharaffin was dissolved under



optimised lysis conditions and the nucleic acidsrewveextracted according to the
manufacturer’'s protocol. Realtime RT-PCR was pentd using SuperScript Il Platinum
One-Step Quantitative RT-PCR System® (Invitrogeiie Technologies, Carlsbad, USA)
with primers and probes amplifying a region of godymerase gene as described by Spiss et
al., 2012.



6. Results

Study 1

The adapted virus neutralisation test performedthen serum samples detected CECoV
neutralising antibodies in 76 of the 335 serum dampested, giving an average

seroprevalence of 22.7%. There was however a gignifdifference in prevalence amongst
privately owned dogs and shelter dogs as illusdratelable 1.The prevalence in shelter dogs
was much higher at an average of 79.6% compardd thwt prevalence in privately owned

dogs at 11.9%. There was also considerable vamiaimongst the seroprevalence of
individual dog shelters varying from 60.0% seropteuce in Shelter A up to 100.0% in

Shelter C.

Table 1: Results of virus neutralisation testsG&CoV in Hungarian Dog sera.

Dogs Number of sera Positive sera Seroprevalence %
Privately owned 278 33 11.9
Shelter A 25 15 60.0
Shelter B 19 15 78.9
Shelter C 13 13 100.0
Total 335 76 22.7

Serum antibody titres varied between 1:3 (cut-afifl 1:243. Details of the antibody titre

values are shown in the appendix tables 1 and 2.
Study 2

CECoV RNA was detected in 28 of the 109 faecal semmvestigated using the RT-PCR
methods described by Decaro et al. 2005 and Esmuteert al. 2007. Subsequently the
CECoV RNA extracts were subjected to nucleotideisage determination at the institute of
Virology, University of Veterinary Medicine, Viennall samples were found to be positive
for alphacoronavirus RNA fragments except for twdiewe non-specific amplification

products were detected (number 23 and 28 in tapléS@quencing results for the RNA



fragments revealed 100% homogeneity of the analysgidn between the samples. BLAST
analysis of this fragment confirmed 100% homoggneibhen compared to FeCoV (of the
Alphacoronavirus genus), strairfrelis catusNLD/UU88/2010 (Genbank AccNo. KF530123).
This analysis confirmed the presence of alphacaficim&in 26 samples. The RT-PCR testing
results of the samples and the sequencing resutteecamplification products are shown in
table 2.

Table 2: Results of RT-PCR of faecal samples aadéguencing results of the amplification

products of 28 samples from Hungarian dogs

Sequencing
PCR for
Case no. for
CECoV
alphaCoV
1 Positive Positive
2 Positive Positive
3 Positive Positive
4 Positive Positive
5 Positive Positive
6 Positive Positive
7 Positive Positive
8 Positive Positive
9 Positive Positive
10 Positive Positive
11 Positive Positive
12 Positive Positive
13 Positive Positive
14 Positive Positive
15 Positive Positive
16 Positive Positive
17 Positive Positive
18 Positive Positive
19* Positive Positive
20 Positive Positive

21 Positive Positive



22 Positive Positive

23 Positive Inconclusive
24 Positive Positive
25 Positive Positive
26 Positive Positive
27 Positive Positive
28 Positive Inconclusive

* Dogs with respiratory signs (used in study 4).
Study 3

Indirect immunofluorescence assays performed onstr@m samples to detect CRCoV
revealed 149 positive samples of the 353 totalngivan average seroprevalence of 42.7%.
Similarly to study 1 this test revealed a consibkralifference between the seroprevalence of
CRCoV in privately owned Hungarian dogs (36.8%) paned with shelter dogs in Hungary
(67.0%). There was also considerable variation aysiotne seroprevalence of individual dog

shelters varying from 42.2% seroprevalence in 8héltup to 78.9% in Shelter B.

Table 3: Results of immunofluorescence assay fa€@Rin Hungarian dog sera.

Dogs Number of sera Positive sera Seroprevalence %
Privately owned 296 109 36.8
Shelter A 25 19 76.0
Shelter B 19 15 78.9
Shelter C 13 6 46.2
Total 353 149 42.2

Serum antibody titres varied between 1:20 (cut-affyl 1:1280. Details of the antibody titre

values are shown in the appendix tables 1 and 2.

Study 4

CRCoV RNA was not detected in any of the 108 npbkallyngeal Hungarian dog samples
when tested with the RT-PCR methods described lmaideet al., 2005 and the SYBR Green
RT-PCR methods described by Eustenaire et al.,.2007



From the 47 lung samples from Austrian dogs, 6 $esnpevealed amplification products
using RT-PCR for CRCoV RNA at the University of ¥ghary Medicine in Vienna. Three
of these samples were sequenced by Microsynth @mné, Austria. Two of the obtained
sequences were suitable for further analysis arré sent for comparative sequence analysis
with the polymerase gene sequences already existinthe GenBank archive for the
coronavirus genome. The two samples confirmed 180#0logy with CRCoV strain k37
(Genbank account number JX860640). The resultsharen in table 4.

Table 4: CRCoV RT-PCR results on lung samples fAarstrian dogs with respiratory

disease.
Protocol Number Age of the dog CRCoV RT-PCR Remark
result
A834/04 8y Negative
C2229/04 8y Negative
C286/04 Unknown Negative
C827/05 Puppy, few weeks Positive Sequenced: CRCoV
D1426/05 1.5y Negative
D1850/05 11.5y Negative
D2080/02 4m Negative
D262/03 Puppy, few weeks Positive Sequenced: CRCoV
D410/04 2m Weakly Positive
D550/05 7y Negative
H1683/03 3m Negative
H248/02 Adult Negative
H539/02 3y Negative
T1408/05 2m Negative
T170/13 Unknown Negative
T195/13 Unknown Weakly Positive
T2482/03 3w Negative
T308/13 Unknown Negative
V1204/02 5.5y Negative
V163/03 6y Negative
V164/03 11y Negative CDV Negative
V1467/03 4m Negative CDV Positive
V665/03 4d Negative
W2222/02 8w Negative
W2223/02 8w Negative
W706/02 13y Negative CDV Negative
X1009/06 19d Negative



X1064/05
X1104/07
X1177/07
X1534/05
X1689/06
X1851/06
X2033/05
X2039/06
X273/07
X384/04
X384/05
X44/06
X569/07
X633/05
X778/02
X779/02
X92/07
Y1907/02
Y809/02
X990/04

9.5y

3m

2w

8w
6.5y
10m
4.5y

3m

2m
3.5y

8m

4m
6.5y

3m

Puppy, few weeks
Puppy, few weeks
Few Months

11w

7d

3w

Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Weakly Positive
Negative
Negative
Negative
Negative
Weakly Positive
Negative



7. Discussion

The serological results revealed an average of %22séroprevalence of neutralising
antibodies to CECoV in clinically healthy Hungaridogs. Austria reported a seroprevalence
of 69.9% in the clinically healthy Austrian dog pdgtion (Mostl et al., 1994) and a
seroprevalence of as high as 88.2% in privatelyemvAustrian dogs with diarrheal disease
and 0% in privately owned Austrian dogs withoutrdiaal disease (Spiss et al., 2012). It
must be taken into consideration that the Auststadies were carried out using IFA which is
known to result in higher titres compared with t& method used in this study.
Seroprevalence clearly varies between countriesadswl the detection methods used. High
seroprevalence of 91% are reported from ltaly usamg ELISA method for detecting
antibodies in serum (Pratelli et al., 2002; Priabtet al., 2007) where as much lower
seroprevalence of 44% were reported in Japan dh{Bandai et al., 1999). It is interesting
to note that 17% of seropositivity was found in #e¥a used in this study that had been
collected in 2006, while the seroprevalence was tkan 10% in the sera collected between
2010 and 2012 (8.7% in 2010, 8.3% in 2011 and 9201P).

Although the average seroprevalence in the Hungaltey population was 22.7% there were
significant differences in the seroprevalence betwprivately owned and shelter dogs. The
seroprevalence in privately owned dogs was 11.8% am average titre of 1:30.88 in the
positive samples and a standard deviation of 4lh.&helter A 60% of the dogs had VN
antibodies with an average titre of 1:26.89 andddied deviation of 21.5. In shelter B there
was a seroprevalence of 78.9% with an average ditré:26.1 and standard deviation of
24.19. In shelter C there was a seroprevalenc®@¥olwith an average titre of 1:49.89 and
standard deviation of 21.07. These results indicatemuch higher number of dogs are
infected with CECoV in shelter housing. The dasoahows that 45% of the privately owned
dogs had low antibody titres (below 1:15) compangtth 13% in shelter A, 6% in shelter B
and 0% in shelter C indicating higher levels ofestfon in seropositive dogs in sheltered
housing compared to privately homed seropositivgsdo

These findings can be attributed to the fact thatttvo sample populations had very different

epizootiological situations. Privately owned dogwén less frequent contact with other dogs



and generally come into contact with the same ddgerefore they are less likely to be
exposed to CECoV. It must also be considered tmatvaccination history of some of the
privately owned dogs was not known which complisatee interpretation of the results as
vaccinated dogs may be mistaken for infected dbégssheltered housing dogs are more
frequently exposed to CECoV but the clinical mastid¢ion of the disease was rare in the
shelters involved in this study. Mild diarrhoea laitit mortality occurred in the winter -
spring period only. At the time of sampling (Jul§13) dogs were clinically healthy, well
nourished and hygienic standards were fair. Thes doghelter A were kept on sandy ground
compared to the concrete ground found in shelteaadBC. The 100% seropositivity revealed
in shelter C may be attributed to the housing agitigs in this shelter were kept in groups of
2-3 and indirect contact between all groups of degs frequent.

CECoV RNA was found in 25.7% of the faecal sampésen from diarrhoeic Hungarian

dogs. This figure was reported as 31.3% in the vademt study of the Austrian dog

population (Spiss et al., 2012). The CECoV RNA a&otis were subjected to nucleotide
sequence determination and all samples were fauibe {positive for alphacoronavirus RNA

fragments except for two where non-specific amgaifion products were detected (Table 2).
Therefore the prevalence can be even lower (23&%9)ng Hungarian dogs tested in this
study, if we consider that the sequencing of theleon did not always prove the presence of
coronavirus in the samples found positive by PC&efal of the dogs in the study were
immunised against canine distemper virus and G@pbsitive samples were taken from dogs
co-infected by canine parvovirus type 2. A previausvey on the presence of CECoV in
western European dogs with enteric disease repoegdng prevalence between countries;
6% in Spain, 27.1% in the UK, 36.4% in Portugal,448 in Italy, 55.5% in Greece and

78.1% in Hungary (Decaro et al., 2011). In thigrfer survey the ratio of positive samples
could be higher, because the collection of samplas much more targeted to enteritis
outbreaks causing fatal cases than in the Aussiady, and samples were tested by PCR

mostly in cases when histopathology findings suggabthe diagnosis of enteritis.

This study revealed an average CRCoV seroposatofityi2.2% in the Hungarian dog
population using IFA methods. The seroprevalencthéprivately owned dogs was lower
(36.8%) than in the sheltered dogs (76% in shél{ef8.9% in shelter B and 46.2% in shelter
C). The seroprevalence in the privately owned Huagadog population was lower than
those reported for the same study of the Austriarafely owned dogs (61.2%) (Spiss et al.,

2012). When compared to other European countrigslasi seroprevalence figures are



reported in the UK (36.0%), the Republic of Irela(3@.3%) (Priestnall et al., 2006) and in
Italy (32.06%) (Decaro et al., 2007) but higheropeevalence is reported in United States
(54.5%) and Canada (59.1%) (Priestnall et al., 2006

The average CRCoV antibody titres in Hungarian deigjs private owners was 1:227 with a
standard deviation of 242, in shelter A it was 1:28ith a standard deviation of 143, in
shelter B 1:341 with a standard deviation of 138 enshelter C it was 1:133 with a standard
deviation of 97. The data shows a higher variancttrie volumes with the privately owned
dogs which may be the consequence of the diffar@edination backgrounds of these dogs as
this information was unknown. The shelter with bighest seroprevalence of CRCoV, shelter
B, also displayed the highest mean titre volumes similarly the shelter with the lowest

seroprevalence, shelter C, had the lowest meawvtilumes.

CRCoV RNA was not detected in any of the nasal phdryngeal samples taken from
Hungarian dogs, which may indicate the inadequacyhe primers applied in the tests.
Further investigations on the same samples (statre86°C) with a set of modified primers is
planned. In the equivalent Austrian study of dogthwespiratory signs, 8.8% of the 34
samples tested positive for CRCoV specific nuckads. This correlates with the results
from 47 lung samples used in this study which waken from Austrian dogs that had died
from respiratory disease. Of these samples, 12e8%d positive for CRCoV specific nucleic

acids.

The serological results for CRCoV infection in Hangn dogs indicate that there is a higher
prevalence of CRCoV infection in Austria comparetihwHungary. It must be taken into

consideration however that even between separagstigations in the same country the
results can vary remarkably as illustrated in the Where a 26.9% seroprevalence was
reported in 2003 (Erles et al., 2003) and then asBkoprevalence was reported in 2005 (Erles
and Brownlie, 2005). Regional and seasonal vanatias well as population characteristics

influence the results significantly.



8. Summary

The presence of CECoV and CRCoV was previously detnated in the Hungarian dog
population by Lakatos et al in 2013. This studyrdiiied the prevalence of these viruses in
Hungarian dogs of different epizootiological comatis and different disease statuses. The
study is part of a joint project with the Univeysdf Veterinary Medicine, Vienna who carried
out a similar study on the Austrian dog population.

The prevalence of CECoV was investigated usingdifferent methodologies. Firstly serum
samples were taken from clinically healthy dogsthborivately owned (278 samples) and
dogs housed in three different Hungarian sheltgérssamples). Virus neutralisation testing of
the samples revealed 11.9% seropositivity in pelyabwned dogs and 79.6% seropositivity
in sheltered dogs. Secondly faecal samples weentfdom 109 diarrhoeic Hungarian dogs
and tested for the presence of CECoV RNA using RRPThe amplicons of the positive
samples were subjected to nucleotide sequencirgyrdigiation for alphacoronavirus RNA
fragments. 25.7% of the samples revealed CECoV RMAwing RT-PCR however two of
these samples found positive by PCR revealed necHgpamplification products following
nucleotide sequencing indicating that the true glewce may be 23.9% among the dogs
tested in the study.

The prevalence of CRCoV was also investigated usioth serological and virological
methods. Serological examinations using the samarssamples used in the CECoV inves-
tigation revealed a seropositivity of 36.8% in ptily owned Hungarian dogs and 67% in
sheltered Hungarian dogs using an indirect immuoo#iscence detection technique.
Virological examination of 108 nasal and pharyngeabb samples taken from privately
owned and sheltered Hungarian dogs with respiradgngptoms using RT-PCR for CRCoV
RNA revealed no positive samples. The interpretatid this result should be guarded as it
was most likely due to the inadequacy of the prénapplied in the tests. Further
investigations of the same samples (stored at°@@6with a set of modified primers is
recommended. Subsequently 47 lung tissue samplésinetd from the University of
Veterinary Medicine Vienna were tested using anARR kit for CRCoV RNA that utili-sed
different primers. 6 of these samples tested pesiior CRCoV RNA (12.8% positivity).



9. Osszefoglalas (Summary in Hungarian)

A kutyak kétféle coronavirus (CECoV és CRCoV) dedttségét Lakatos és munkatarsai
(2013) mar korédbban kimutattdk Magyarorszagon. AcsBé Allatorvos-tudomanyi
Egyetemmel kdzdsen vegzett vizsgalatunk ezeknelkusoknak a kilonbdiz jarvanytani
feltételek kozott tartott kutyapopulacodkban vdlif@adulasat mérte fel.

A CECoV ebfordulasat két modszerrel vizsgéltuk. Egyrészt wnénintakat gyjtottiink
egészséges gazdas kutyakbdl (278 minta) és kutyamtyetken tartott allatokbdl (57 minta).
A virusneutralizaciés prébaban a gazdas kutyak %489 a menhelyi kutyak 79,6%-a
bizonyult pozitivnak. Masrészt bélsarmintakat tjggttink 109 hasmenéses kutyabdl,
melyeket RT-PCR modszerrel megvizsgéltunk a CECONSRelenlétére. A pozitiv mintak
amplikonjait szekvenaltattuk, hogy igazoljuk azhalporonavirus jelenlétét. A mintak 25,7%-
a lett pozitiv, de két mintdban nem specifikus afikakcios termék jelenlétét igazolta a
vizsgalat, ezért valojaban a prevalencia 23,9%hiabnyult.

A CRCoV jelenlétét ugyancsak két modszerre, szgiaidés viruskimutatasi eljarassal is
vizsgéaltuk. Az indirect immunfluoreszcencias vids$)a36,8% pozitivitast mutatott ki a
gazdas kutyadk és 67% pozitivitdst a menhelyi kutkdkében. A 108 orr- €s garattampon
kozul egy sem bizonyult pozitivnak a magyarorszgaggdas €s menhelyi kutyakbol vett
mintak esetaben. Ezt az eredményt Ovatosan keklkiezmert nagy valosziiséggel az
alkalmazott primerek nem voltak megfélek. A -80°C-on tarolt mintak Ujabb vizsgalata
szilkséges, modositott primerek felhasznalasav@éesi Allatorvos-tudomanyi Egyetemen
gyijtott 47 tudminta RT-PCR vizsgélataval hatot talaltunk poziéiknCRCoV RNS
jelenlétére, ez 12,8% pozitivitast jelent.
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12. Appendices
Appendix Table 1:Detection of anti-CECoV antibodies with virus nalisation (VN) test

and anti-CRCoV antibodies with immunofluorescensesag (IFA) in sera of Hungarian dogs

with known owners.

Samplin . CECoV VN | CRCoV
Nr. | Sample ID datep 9 Date of birth titre IEAtitre
1 34192 20.12.2012 01.05.2004 toxic negative
2 33401 14.12.2012 03.03.2012 toxic negative
3 33536/1 17.12.2012 15.08.2012 negative negative
4 34236 21.12.2012 01.04.2000 negative 1:80
5 32490 10.12.2012 19.11.2009 negative 1:160
6 29259/3 13.11.2012 02.08.2012 negative negative
7 29525 15.11.2012 07.07.2012 negative negative
8 28570 07.11.2012 negative 1:640
9 28574 07.11.2012 01.06.2012 toxic 1:1280
10 28599 07.11.2012 05.06.2012 toxic negative
11 19128 20.07.2012 06.06.2010 negative 1:320
12 15068 15.06.2012 negative negative
13 13322 31.05.2012 04.04.2004 negative negative
14 28602 07.11.2012 negative negative
15 33571 17.12.2012 23.07.2009 negative 1:320
16 365 07.01.2013 21.01.2006 1:9 1:40
17 6929 28.03.2012 negative negative
18 6382 23.03.2012 10.11.2011 1:5.2 1:320
19 31227 29.11.2012 negative 1:20
20 30501 23.11.2012 08.06.2012 negative negative
21 32059 05.12.2012 28.09.2002 1:5.2 1:320
22 7624 negative negative
23 4550 02.03.2012 negative negative
24 4746 negative negative
25 24539 27.09.2012 01.05. 2012 negative negative
26 25067 03.10.2012 1:46.8 1:320
27 25098 03.10.2012 negative negative
28 31644 01.12.2012 24.04.2012 1:3 negative
29 118 03.01.2013 negative negative
30 22338 04.09.2012 19.02.2007 negative 1:320
31 22562 06.09.2012 20. 07.2002 negative 1:160
32 11618 15.05.2012 negative 1:320
33 10789 08.05.2012 negative 1:80
34 11031 09.05.2012 negative negative
35 22384 04.09.2012 19.03.2012 negative negative
36 9421/1 24.04.2012 negative negative
37 9421/2 24.04.2012 negative negative




38 8687 18.04.2012 negative 1:320

39 9817 26.04.2012 negative negative
40 6613 26.03.2012 22.03.2011 toxic negative
41 12001 17.05.2012 negative 1:20

42 4287 28.02.2012 negative negative
43 4404 29.02.2012 negative negative
44 5034 07.03.2012 negative 1:20

45 5145 08.03.2012 negative negative
46 27572 29.10.2012 26.06.2010 1:46.8 1:640
47 27996 31.10.2012 negative negative
48 23498 18.09.2012 negative 1:160

49 27929 24.10.2011 10.06.2011 negative negative
50 27924 24.10.2011 negative 1:20

51 27815 21.10.2011 17.01.2011 negative negative
52 toxic 1:40

53 32813 08.12.2011 negative 1:20

54 toxic 1:20

55 32099 01.12.2011 negative negative
56 34399 27.12.2011 negative negative
57 1183 17.01.2012 negative negative
58 1458/1 20.01.2012 negative negative
59 1458/2 20.01.2012 negative negative
60 5067/1 08.03.2012 negative negative
61 21145/2 16.08.2012 negative negative
62 29882 14.11.2011 negative 1:40

63 29069/1 07.11.2011 negative 1:640

64 29069/3 07.11.2011 negative negative
65 27921/3 24.10.2011 negative negative
66 28434 28.10.2011 negative negative
67 27518 20.10.2011 negative negative
68 33181 14.12.2011 01.09.2010 negative 1:40

69 32253 02.12.2011 negative negative
70 33026 12.12.2011 negative negative
71 33991 21.12.2011 20.07. 2003 1:3 negative
72 33993 21.12.2011 negative negative
73 31641 29.11.2011 negative negative
74 14064 07.06.2012 08.12.2011 negative negative
75 16931 29.06.2012 negative 1:320

76 16831/2 28.06.2012 negative negative
77 16831/1 28.06.2012 negative 1:320

78 15276 18.06.2012 negative 1:40

79 14383 11.06.2012 negative 1:20

80 14394 11.06.2012 negative 1:640

81 14076 07.06.2012 negative 1:80

82 14072 07.06.2012 negative 1:320

83 12709 24.05.2012 negative 1:80

84 14682/2 13.06.2012 negative negative
85 14682/4 13.06.2012 negative negative




86 14682/3 13.06.2012 negative negative
87 12702 24.05.2012 15.03.2004 negative 1:40

88 12705 24.05.2012 2000 negative 1:160
89 21981 29.08.2012 negative 1:20

90 12665 24.05.2012 negative negative
91 7708 05.04.2012 negative 1:20

92 7464 03.04.2012 24.08.2010 1:46.8 1:320
93 20303 06.08.2012 negative negative
94 17953 06.07.2012 negative 1:160

95 17320 03.07.2012 21.05.2011 negative negative
96 18213 10.07.2012 negative negative
97 20464 07.08.2012 negative negative
98 22021 30.08.2012 negative 1:640

99 21516/1 22.08.2012 negative negative
100 | 20211 03.08.2012 negative negative
101 | 2011-155 03.01.2011 negative 1:80

102 | 2010-34059 20.12.2010 17.06.2010 negative ivegat
103 | 2010-34033 20.12.2010 06.08.2009 negative ivegat
104 | 2010-32000 02.12.2010 11.09.2009 negative ivegat
105 | 2010-32022/1 02.12.2010 08.07.2010 negative | egative
106 | 2010-33196 13.12.2010 17.08.2009 negative ivegat
107 | 2010-31788 01.12.2010 02.08.2010 negative ivegat
108 | 2010-28503 08.11.2010 25.06.2010 negative ivegat
109 | 2010-28430 05.11.2010 16.06.2006 negative 1:320
110 | 2011-25511 28.09.2011 31.05.2011 negative ivegat
111 | 2011-19477 /2 08.07.2011 07.10.2006 negative | :1601

112 | 2011-19618 11.07.2011 28.12.2008 negative ivegat
113 | 2011-18537 29.06.2011 negative negative
114 | 2011-18483/1 29.06.2011 negative negative
115 | 2011-18483/2 29.06.2011 negative negative
116 | 2011-18483/3 29.06.2011 negative negative
117 | 2011-18477/1 29.06.2011 04.10.2010 negative | egative
118 | 2011-18470 29.06.2011 18.10.2004 negative 1:80
119 | 2011-19477/1 08.07.2011 03.03.2004 negative | :1601

120 | 2011-19462 07.07.2011 31.05.2009 negative ivegat
121 | 2011-19084/1 05.07.2011 04.08.2002 negative | :1601

122 | 2011-19121/1 06.07.2011 07.07.2003 negative | egative
123 | 2011-19121/2 06.07.2011 23.04.2010 negative | egative
124 | 2011-19121/3 06.07.2011 negative negative
125 | 2011-19088 05.07.2011 11.06.2010 negative ivegat
126 | 2011-19118 06.07.2011 03.04.2008 negative 1:320
127 | 2011-18635 30.06.2011 10.06.2007 negative 1:320
128 | 2011-18766 04.07.2011 20.05.2010 negative ivegat
129 | 2011-25921 04.10.2011 05.06.2011 negative ivegat
130 | 2011-26379 07.10.2011 18.03.2011 negative ivegat
131 | 2011-26237 06.10.2011 16.06.2010 negative ivegat
132 | 2011-22070/2 12.08.2011 01.01.2008 negative | egative
133 | 2011-22831/4 25.08.2011 negative negative




134 | 2011-22394 17.08.2011 2007 1:46.8 1:320
135 | 2011-23080 30.08.2011 13.01.2004 1:81 1:160
136 | 2011-22510 18.08.2011 12.03.2007 negative 1:20
137 | 2011-22418 18.08.2011 24.09.2009 negative 1:320
138 | 2011-23210 31.08.2011 15.05.2007 negative 1:160
139 | 2011-22817 25.08.2011 20.09.2000 1:9 1:80
140 | 2011-23343 01.09.2011 14.09.2007 negative 1:80
141 | 2011-9868 06.04.2011 negative negative
142 | 2011-22831 25.08.2011 negative negative
143 | 2011-22831 25.08.2011 negative negative
144 | 2011-9742 06.04.2011 negative negative
145 | 2011-9811 06.04.2011 negative negative
146 | 2011-9081 31.03.2011 30.05.2010 negative negati
147 | 2011-24062 09.09.2011 02.10.2010 negative vegat
148 | 2011-23719/3 06.09.2011 09.05.2011 negative | egative
149 | 2011-23762/1 07.09.2011 09.05.2011 1:27 nagat
150 | 2011-21150 01.08.2011 31.03.2011 negative ivegat
151 | 2011-10728 13.04.2011 19.11.2010 negative 1:20
152 | 2011-10490/2 12.04.2011 13.12.2010 negative | egative
153 | 2011-10793/2 14.04.2011 14.12.2010 negative | egative
154 | 2011-10490/ 6 12.04.2011 08.12.2010 negative | egative
155 | 2011-10490/1 12.04.2011 08.12.2010 1:140.3 gate
156 | 2011-9523 05.04.2011 negative negative
157 | 2011-24062/2 09.09.2011 20.03.2011 negative | egative
158 | 2011-24304/1 14.09.2011 17.03.2011 negative | egative
159 | 2011-24304 /2 14.09.2011 17.03.2011 negative | egative
160 | 2011-22898 25.08.2011 23.11.2008 negative ivegat
161 | 2011-26204 /2 06.10.2011 01.01.2011 toxic inaga
162 | 2010-25362/1 13.10.2010 22.04.2008 negative | egative
163 | 2010-23716 29.09.2012 01.08.2007 1:15.6 negativ
164 | 2010-23719 29.09.2010 25.09.2009 1:15.6 negativ
165 | 2010-26162 19.10.2010 12.08.2007 negative 1:40
166 | 2010-24353 05.10.2010 09.2008 negative negative
167 | 2010-25035 11.10.2010 01.042000. negative 1:320
168 | 2010-21613 07.09.2010 negative 1:160
169 | 2010-21974 10.09.2010 17.04.2008 1:27 1:160
170 | 2010-25432 13.10.2010 20.05.2007 negative vegat
171 | 2010-21613 07.09.2010 negative 1:160
172 | 2010-21648/1 08.09.2010 17.03.2009 negative | egative
173 | 2010-21648/2 08.09.2010 17.03.2009 negative | egative
174 | 2010-6752 25.03.2010 negative negative
175 | 2010-27898 02.11.2010 30.062008. 1:9 1:160
176 | 2010-27883/1 02.11.2010 05.12.2007 1:243 tivega
177 | 2010-27883/2 02.11.2010 18.10.2007 negative | egative
178 | 2010-28036 03.11.2010 01.01.2009 negative 1:320
179 | 2010-25758 15.10.2010 26.12.2006 negative ivegat
180 | 2010-25918 18.10.2010 negative 1:80
181 | 2010-26833 25.10.2010 31.05.2010 negative 1:20




182 | 2010-10677 07.05.2010 negative 1:320
183 | 2010-10055 03.05.2010 negative negative
184 | 2010-6861 26.03.2010 negative 1:20

185 | 2010-20322 19.08.2010 27.01.2010 negative 1:160
186 | 2010-20770 27.08.2010 12.02.2009 negative ivegat
187 | 2010-26709 22.10.2010 16.04.2010 negative ivegat
188 | 2010-18636 29.07.2010 20.06.2005 negative ivegat
189 | 2010-19908/ 3 negative 1:320
190 | 2010-20114 18.08.2010 20.06.2005 negative ivegat
191 | 2010-19817 13.08.2010 negative negative
192 | 2010-18661 29.07.2010 05.04.2010 negative tivega
193 | 2010-18766 30.07.2010 negative 1:160
194 | 2010-21143 01.09.2010 18.05.2010 1:15.6 negativ
195 | 2010-17537 16.07.2010 negative negative
196 | 2010-18015 21.07.2010 negative negative
197 | 2010-19504 10.08.2010 negative 1:40
198 | 2010-19314 06.08.2010 negative negative
199 | 2010-18011 21.07.2010 negative 1:40
200 | 2010-19501 10.08.2010 negative negative
201 | 41340/2009 28.12.2009 negative 1:160
202 | 41339 28.12.2009 11.10.2004 1:40 1:320
203 | 2037 13.01.2009 24.03.2006 negative negative
204 | 38554 30.11.2009 06.01.2009 negative negative
205 | 38815 02.12.2009 04.10.2006 negative 1:40
206 | 39008 02.12.2009 25.07.2008 negative 1:20
207 | 812/2010 13.01.2010 20.11.2005 negative 1:40
208 | 952/1 14.01.2010 negative negative
209 | 952/2 14.01.2010 negative negative
210 | 2284 28.01.2010 negative negative
211 | 2385/1 29.01.2010 16.07.2009 toxic negative
212 | 2385/2 29.01.2010 16.07.2009 toxic negative
213 | 2496 01.02.2010 14.06.2007 negative 1:320
214 | 2596 02.02.2010 negative negative
215 | 2241 28.01.2010 03.09.2009 negative 1:320
216 | 1060 14.01.2010 negative negative
217 | 2719 03.02.2010 negative negative
218 | 14925/2006 08.06.2006 02.09.2005 1:20 negative
219 | 14962 08.06.2006 11.05.2004 negative negative
220 | 4042 10.02.2006 negative negative
221 | 4041 10.02.2006 13.10.2005 negative 1:160
222 | 4043 10.02.2006 15.08.2004 negative 1:40
223 | 4702 17.02.2006 28.06.1999 negative 1:160
224 | 6808 06.03.2006 02.11.2003 negative 1:640
225 | 6776 06.03.2006 27.05.2005 1:10 1:80
226 | 7250 09.03.2006 negative negative
227 | 7237 09.03.2006 01.08.2005 toxic negative
228 | 6544 03.03.2006 31.05.2005 negative 1:320
229 | 6447 02.03.2006 01.02.2004 negative 1:640




230 | 6175 07.03.2011 negative negative
231 | 6036 27.02.2006 negative 1:320
232 | 6445 02.03.2006 17.12.2004 negative 1:160
233 | 21614 25.08.2006 17.07.2005 negative negative
234 | 21681 28.08.2006 negative negative
235 | 18197 12.07.2006 12.03.2005 negative negative
236 | 17622 06.07.2006 14.11.2004 negative negative
237 | 18296 13.07.2006 29.09.2005 negative negative
238 | 11919 03.05.2006 negative negative
239 | 18441 14.07.2006 negative negative
240 | 20071 04.08.2006 15.07.2001 1:14.5 1:20

241 | 20072 04.08.2006 14.07.2004 toxic negative
242 | 22687/2 08.09.2006 negative negative
243 | 22756 11.09.2006 13.10.2005 negative negative
244 | 22804 11.09.2006 10.09.2003 negative negative
245 | 22843 11.09.2006 03.01.2004 negative 1:80
246 | 21553/1 25.08.2006 19.01.2006 negative negativ
247 | 21553/2 25.08.2006 19.01.2006 negative negativ
248 | 21553/3 25.08.2006 19.01.2006 negative negativ
249 | 20303 08.08.2006 01.2005 negative negative
250 | 21439 24.08.2006 02.08.2004 negative negative
251 | 20597 11.08.2006 08.01.2006 negative negative
252 | 21090 18.08.2006 negative 1:320
253 | 16875 28.06.2006 negative negative
254 | 22507 07.09.2006 08.04.2005 negative negative
255 | 16549 26.06.2006 16549 toxic negative
256 | 18243 13.07.2006 28.10.2003 1:10 1:80

257 | 26238 19.10.2006 09.04.2006 toxic negative
258 | 6300 01.03.2006 negative 1:320
259 | 6301 01.03.2006 negative 1:160
260 | 430 06.01.2006 13.12.2004 toxic negative
261 | 2941 01.02.2006 17.11.2004 negative negative
262 | 2274 25.01.2006 negative negative
263 | 6297 01.03.2006 negative 1:160
264 | 6294 01.03.2006 negative negative
265 | 6293 01.03.2006 negative 1:160
266 | 2995 01.02.2006 12.04.2005 1:10 1:80

267 | 1227 16.01.2006 1:14.5 1:320
268 | 14326/2 30.05.2006 negative negative
269 | 14326/3 30.05.2006 negative negative
270 | 14327 30.05.2006 negative negative
271 | 14347 30.05.2006 negative negative
272 | 13754 23.05.2006 03.11.2004 1:10 1:320
273 | 13888 24.05.2006 22.12.2005 toxic negative
274 | 13163 16.05.2006 1:20 negative
275 | 12904 12.05.2006 31.10.2004 negative 1:320
276 | 13161 16.05.2006 1:10 negative
277 | 12844 11.05.2006 negative negative




278 | 13966 25.05.2006 negative negative
279 | 12562 09.05.2006 negative 1:320
280 | 12782 11.05.2006 13.06.1999 1:20 1:20

231 | 12867 12.05.2006 21.08.2005 negative negative
282 | 9708 05.04.2006 06.08.2004 1:20 negative
283 | 9371 31.03.2006 1998 negative 1:320
284 | 12300 05.05.2006 negative negative
285 | 11366 25.04.2006 toxic negative
286 | 11495 26.04.2006 12.06.1995 negative negative
287 | 10903 20.04.2006 25.09.2004 negative 1:20
288 | 10412 12.04.2006 12.01.2004 toxic negative
289 | 10275 11.04.2006 10.10.2005 negative negative
290 | 10414 12.04.2006 09.05.2005 1:14.5 negative
291 | 10901 20.04.2006 01.08.2005 1:10 negative
292 | 19747 01.08.2006 19.07.2005 negative negative
293 | 20917 16.08.2006 18.04.2005 negative negative
294 | 20990 17.08.2006 29.09.2003 negative 1:1280
295 | 28100 30.12.2005 negative 1:1280
296 | 28036 03.11.2010 01.01.2009 negative 1:160

CECoV VN cut-off: 1:3 serum dilution; CRCoVIFA coff: 1:20 serum dilution

Appendix Table 2Detection of anti-CECoV antibodies with virus nalisation (VN) test
and anti-CRCoV antibodies with immunofluorescenssag (IFA) in sera of Hungarian dogs

kept in shelters.

Nr. Sampling | Name CECoV CRCoV
date virus neutralisation titre | IFA titre
Al 11.07.2013 no name | negative 1:80
A2 11.07.2013 no name | 1:15.6 negative
A3 11.07.2013 no name | negative 1:160
A4 11.07.2013 noname | 1:15.6 1:80
A5 11.07.2013 noname | 1:46.8 negative
A6 11.07.2013 noname | 1:5.2 1:80
A7 11.07.2013 no name | negative 1:320
A8 11.07.2013 noname | 1:46.8 1:80
A9 11.07.2013 no name | negative 1:320
Al0 11.07.2013 no name | 1:15.6 negative
All 11.07.2013 no name | negative 1:320
Al2 11.07.2013 no name | negative negative
Al3 11.07.2013 no name | >1:81 negative
Al4 11.07.2013 no name | 1:15.6 1:160
Al5 11.07.2013 no name | negative 1:320
Al6 11.07.2013 no name | negative 1:640
Al7 11.07.2013 no name | 1:15.6 1:160
Al8 11.07.2013 no name | negative 1:80




Al9 11.07.2013 no name | 1:15.6 1:320
A20 11.07.2013 no name | 1:46.8 1:320
A21 11.07.2013 no name | negative 1:320
A22 11.07.2013 no name | 1:46.8 1:320
A23 11.07.2013 no name | 1:5.2 1:160
A24 11.07.2013 no name | 1:15.6 negative
A25 11.07.2013 no name | 1:15.6 1:160
Bl 21.07.2013 Dorka 1:46.8 1:320
B2 21.07.2013 Negro negative negative
B3 21.07.2013 Mimi 1:46.8 1:320

B4 21.07.2013 Fiona 1:15.6 1:320
B5 21.07.2013 Maslo negative negative
B6 21.07.2013 Don 1:46.8 1:160
B7 21.07.2013 Vis 1:46.8 1:320
B8 21.07.2013 Fruzsi >1:81 1:320
B9 21.07.2013 Kara 1:15.6 1:320
B10 21.07.2013 Jenny 1:5.2 1:320
B11 21.07.2013 Gy6z6 1:15.6 1:320
B12 21.07.2013 Marcipan| 1:15.6 1:320
B13 21.07.2013 Luke 1:15.6 1:160
B14 21.07.2013 Rico >1:81 1:640
B15 21.07.2013 Finci 1:15.6 1:320
B16 21.07.2013 Bundi negative negative
B17 21.07.2013 Lujzi 1:46.8 1:640
B18 21.07.2013 Zsebi negative negative
B19 21.07.2013 Opél 1:46.8 1:320
Cl 28.07.2013 Csikos 1:46.8 1:80

C2 28.07.2013 P3 1:46.8 negative
C3 28.07.2013 Jerd 1:46.8 1:160

C4 28.07.2013 Dongo 1:15.6 negative
C5 28.07.2013 Jano 1:46.8 1:80

C6 28.07.2013 P1 1:46.8 negative
C7 28.07.2013 Csipesz | 1:46.8 1:80
C8 28.07.2013 Bogancs | 1:46.8 1:80

C9 28.07.2013 Baha >1:81 negative
C10 28.07.2013 P2 1:15.6 negative
Cl1 28.07.2013 Kifli 1:46.8 1:320
C12 28.07.2013 Alf >1:81 negative
C13 28.07.2013 Alfa >1:81 negative

CECoV VN cut-off: 1:3 serum dilution; CRCoV IFA coff: 1:20 serum dilution




