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Summary 
 

Despite the development of efficient and safe vaccines against canine distemper 
virus (CDV) infection, the disease still represents a major concern in Central and Eastern 
Europe. Even though vaccines developed more than half a century earlier seem to be 
provide sufficient protection in the susceptible canine population, the number of infected 
animals is still high. Following reverse transcription polymerase chain reaction (RT-PCR) 
based diagnostic testing out of the 214 analyzed samples 58 (27.1%) proved to be positive 
for CDV. The subsequent phylogenetic analysis of 20 CDV strains revealed that currently 
there are several CDV genotypes present in Hungary: strains belonging to the European, 
Arctic and European wildlife groups. CDV infection was also demonstrated in other species 
as well: in a fox (Vulpes vulpes), raccoon (Procyon lotor) and ferret (Mustela putorius furo), 
emphasizing the major reciprocal reservoir role of pet and exotic animal populations, as well 
as the necessity of application of specific prophylactic measures in case of exotic and wild 
receptive species. 
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Canine distemper (CD) is caused by the CDV which belongs to the 
Morbillivirus genus of the Paramyxoviridae virus family (1). CD is a highly 
contagious viral infection of different carnivores that belong to numerous animal 
families, such as Canidae, Mustelidae, Procyonidae, Felidae, Phocidae, Viverridae, 
Ursidae and many others (1, 3). Domestic canine populations and receptive wild 
species seem to act as reservoirs one for the other (2, 7, 16).  

CD is characterized by a wide variety of clinical manifestation that can be 
categorized as acute systemic form (catarrhal and/or nervous manifestations) and 
a chronic nervous manifestation. In addition, various other more or less specific 
clinical signs (i.e. ODE, hard pad disease etc) have been described and intensively 
studied (4, 13). 

Clinical diagnosis of CD can be obtained by applying several techniques, 
such as blood work (the infection is characterized by a severe absolute 
lymphopenia due to lymphoid depletion, necrosis and apoptosis (13, 19), the 
identification of inclusion bodies in lymphocytes, monocytes, neutrophils and 
erythrocytes obtained from peripheral blood and stained with Wright-Leishman 
stain (13), radiological identification of a viral pneumonia and various 
immunological assays (ELISA, direct and indirect immunofluorescent antibody tests 
(IFAT), SN, immunofluorescent techniques to detect viral antigen etc.), but most of 
these techniques have their diagnostic limitation and sometimes can lead to false 
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positive results (19). Other diagnostic techniques are represented by CSF analysis, 
IHC, serum antibody testing, virus isolation and techniques based on nucleic acid 
detection, such as the PCR-based methods (13). 

Since the beginning of the 20th century, significant progress has been 
made regarding the prevention, treatment and control of CD. Several types of 
vaccines are currently used on a routine basis to prevent the disease. The most 
frequently used types of vaccines are the ones containing modified live viruses 
(MLV) developed around the middle of the previous century. Some of the most 
commonly used strains are Onderstepoort (isolated from ranched foxes from North 
America in the 1930’s; 15) and Snyder Hill (isolated in Ithaca from the brain of a 
dog in the 1950’s; 6), but several others have been used throughout the years, 
such as Lederle, Rockborn etc. As recent genetic data show, all these strains 
belong to the so-called America-1 lineage, that have not been detected over the 
last 5 decades and it is not known whether they are still circulating in the field (17). 
Recently other types of vaccines have been developed, besides the MLV ones, 
such as recombinant vaccines, DNA vaccines, subunit vaccines etc., but these are 
not as commercially available as the still more frequently used MLV based 
vaccines. 

Previous genetic studies demonstrated that CDV field strains can be 
grouped into six major genetic lineages: America 1 and 2, Asia 1 and 2, European 
and Arctic (17). The variation between different lineages of the CDV is more than 4 
% of the aas. However the greatest genetic diversity is between the strains 
belonging to the America 1 group (vaccine strains) and the other CDV lineages 
(17). The Onderstepoort strain was as mentioned above isolated in America in the 
1930s (5). The temporal dynamics of a virus depends on transmission properties of 
the virus and the survival, immune response and the distribution of the host (18). 
Since the strain used for vaccination are kept in freeze dried form (8), it has 
consequently been protected from the above mentioned situations and therefore 
not been stimulated to evolve. The comparison between the wild isolates and the 
vaccine strains provides therefore a reference as to which extent the virus has 
evolved since then (17). Previous phylogenetic studies demonstrating differences 
between field strains and vaccine strains prove antigen drifting since the time of 
isolation of the strains currently still used for immunization. 

The aim of the present study was to determine the incidence of CD in the 
Hungarian canine population, and to perform the phylogenetic analysis of 
Hungarian CDV strains in order to determine which variants are currently 
circulating in Hungary.  
 

Materials and methods 
 

Samples were collected from clinically ill dogs (Canis familiaris) (clinical 
samples) and from organs of one fox (Vulpes vulpes), one raccoon (Procyon lotor), 
one ferret (Mustela putorius) and dogs that died following clinical signs suggestive 
of a viral infection, or when pathological changes indicative of such a disease were 
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found during necropsy (necropsy samples). The animals from which the samples 
were taken had various clinical backgrounds and mostly unknown immunization 
histories (Table 1). 

Table 1 
Description of the analyzed CDV samples 

Group Sample code Anamnesis
*
 Sample type 

I H04Bp1F (N) 
5 months old, female vizsla; normal temperature, only 

neurological signs; euthanized; histology: 
lymphoplasmocytic encephalitis; V 

Urine, urinary 
bladder 

IIa H05Bp2S (C) 1 year old, mixed breed male; respiratory signs; UVH Blood 

 H05Bp3S (C) 10 months old mixed breed female; respiratory signs; 
UVH Blood 

 H05Bp4S (C) 3 years old, mixed breed male; respiratory signs; UVH Blood 

 H05Bp5F (C) 2 years old, mixed breed male; respiratory signs; UVH Urine 

 H05Bp6F (C) 4 months old, female labrador retriever; respiratory, 
digestive and neurological signs; UVH Urine 

 H05Bp7F (C) 1 year old, mixed breed female; respiratory signs; 
UVH Urine 

IIb H06Bp8F (C) 4.5 years old, male rottweiler; respiratory signs; UVH Urine 

 H06Bp9S (N) 
1 year old, mixed breed male; severe respiratory and 

digestive clinical signs; euthanized; pathological 
changes, characteristic to CD; UVH 

Urinary bladder  

 H06Bp10S (C) 1.5 years old mixed breed female; respiratory signs; 
UVH Nasal swab 

III H06Ny11 (C) 2 years old, mixed breed male; respiratory & digestive 
signs; NV Urine 

 H06Ny12 (C) 1 year old mixed breed male; severe respiratory and 
digestive signs; UVH Urine 

 H06Ny13 (C) 2.5 years old mixed breed female; severe respiratory 
and digestive signs; UVH Urine 

X 712/07 (N) 1 year old female ferret; neurologic signs, enteritis; V Lungs, brain 

X 1210/2007 (N) 1.5-2 year old vixen; severe Sarcoptes infection, 
otherwise in advanced state of autolysis; NV 

Urine and 
urinary bladder 

X 1265/2007 (N) 
1 year old male raccoon; sero-mucous nasal 

discharge, bronchitis and interstitial pneumonia, 
general lymphadenopathy; V 

Urine, lungs 

Group I: sample obtained from Budapest (winter of 2004) 
Group IIa: samples obtained from animals from or retrieved from the Dog Shelter of the City Council of 
Budapest, during the first period of investigation (spring of 2005) 
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Group IIb: samples obtained from animals from or retrieved from the Dog Shelter of the City Council of 
Budapest, during the second period of investigation (spring and summer of 2006) 
Group III: samples obtained from Eastern Hungary (winter of 2005) 
*UVH: unknown vaccination history, V: vaccinated; NV: not vaccinated; X = not used for genetic 
analysis, C = clinical sample, N = necropsy sample 

 
A total number of 214 samples were analyzed by RT-PCR for the detection 

of CDV. Most of these (n = 186) were represented by clinical samples such as 
blood, urine, nasal swab, and feces samples. As part of a monitoring survey, 99 
samples were collected from animals living at the Dog Shelter of the City Council of 
Budapest. These samples were taken during the spring of 2005 and during the 
spring and summer of 2006. The interval of time between the collection of the first 
and the last samples lasted more than a month in both cases. The samples 
consisted of blood, urine and nasal swabs. Blood was collected in two separate 
tubes from each animal: one contained an anticoagulant (EDTA), while the other 
did not. The serum was obtained from the clotted blood following centrifugation (20 
min at 1500 x g). In case of the anticoagulant-treated samples, the leukocytes were 
separated from the rest of the blood components using the hypo-osmotic shock 
technique. The rest of the clinical samples were collected at various small animal 
practices in Budapest and other parts of Hungary, and in the Department of Internal 
Medicine of our Faculty. Necropsy samples (n = 28) were represented by urinary 
bladder, spleen, kidney, lung, brain, and cerebellum. Table 1 contains the 
description of the CDV positive animals, their provenience, clinical signs and 
immunological status, and type of sample(s) used to purify nucleic acid. 

Tissue samples were homogenized in 10 ml phosphate buffered saline 
(PBS) and centrifuged at 1500 x g for 10 min. The nasal swabs were immersed in 
PBS solution with 10 ml/L antibiotic and antimycotic component (Sigma, USA) and 
then centrifuged, while the liquid samples (i.e. urine, serum) were only centrifuged. 
The viral nucleic acid was isolated from the supernatants using the QIAamp viral 
RNA Mini Kit (Qiagen, Germany) and High Pure Viral Nucleic Acid Kit (Roche, 
Switzerland), according to the manufacturers’ instructions. 

Table 2  
Primers used for the diagnosis and genetic analysis of CDV strains 

 Sequence 5’ to 3’ Gene Sense Position 
Annealing 

(ºC) 
Amplicon 
size (bp) 

A ATCCGCTCATCGATCAAGAC 
CAAGCCTCTTGCCAAGATTC L + 

- 
12400-12420 
12788-12808 52 409 

B AGGCCGTACATCACCAAGTC 
TGGTAAGCCATCCGGAGTTC H + 

- 
7323-7343 
8412-8432 52 1110 

C AACTTAGGGCTCAGGTAGTC 
AGATGGACCTCAGGGTATAG H + 

- 
6994-7014 
8996-9016 51 2023 

D AACTTAGGGTCCAGGACRTAGC 
CGTAAACTCGGGCCAAAT F + 

- 
4845-4867 
5917-5935 53 1091 
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E GCATTGYTGGACTACCTGAG 
CCTGAGCCCTAAGTTTTC F + 

- 
5778-5797 
7062-7082 49 1305 

 
Primers were designed for diagnostic and for phylogenetic purposes as 

well. For diagnostic purposes, primer pair “CDV-A” specific to a 409 bases long 
segment of the conservative region of the L gene of the CDV genome was 
designed. The phylogenetic analysis of the Hungarian and other CDV strains was 
based on the full nucleotide sequence of the H and F genes, determined by using 
other sets of primers (Table 2). 

Reverse transcription and amplifications were performed in a continuous 
RT-PCR method by using the Qiagen OneStep RT-PCR Kit (Qiagen, Germany). 
The 25 µl reaction mixtures contained 5 µl of 5 x buffer (final MgCl2 concentration 
1.5 mM), 0.4 mM of each deoxynucleozide triphosphate (dNTP), 10 U rRNasinS 
RNase Inhibitor (Promega, USA), 0.8 µM of the appropriate forward and reverse 
primers, 1 µl of enzyme mix and 2.5 µl of template RNA. Reverse transcription was 
carried out at 50 °C for 30 min. Following an initial denaturation at 95 °C for 15 min, 
the reaction mixture was subjected to 35 cycles of heat denaturation at 94 °C for 45 
sec, primer annealing for 45 sec at the corresponding temperature (Table 2) and 
DNA extension at 72 °C for 1 or 2 min, followed by a final extension of 10 min at 72 
°C. The reactions were performed in a PCR Sprint Thermal Cycler SPRT001 
(Hybaid, UK). Following RT-PCR, 7.5 µl of the amplicons were electrophoresed in a 
1.2 % agarose gel (Merck, Germany) at 80 V for 80 min. The gel was stained with 
ethidium bromide and the bands were visualized at 312 nm using a TFX 35M UV 
transilluminator (Life Technologies, UK), and using the Kodak Digital Science 1D 
software program (Kodak, Japan). Product sizes were determined with reference to 
100 bp and 1 kb molecular weight markers (Fermentas, Lithuania). 

Following electrophoresis in a 2 % Low Melting Agarose Gel (Bio-Rad 
Laboratories, USA), the amplicons were cut out from the gel, and DNA was 
extracted with the QiaQuick Gel Extraction Kit (Qiagen, Germany). Fluorescence-
based direct sequencing was performed in both directions on the amplicons at 
Biomi Kft. (Gödöllı, Hungary) and Biogon Kft. (Budapest, Hungary), using ABI 
3100 genetic analyzers (Applied Biosystems, USA). The nucleotide sequences 
were identified using the BLAST (http://www.ncbi.nlm.nih.gov/BLAST/). The two 
direction sequences were compiled and aligned using the Align Plus 4 software 
(Scientific and Educational Software, USA) and Clustal X. Phylogenetic trees were 
constructed using the nucleic acid sequences of the Hungarian CDV strains, as 
well as sequences of corresponding lengths acquired from the GenBank 
(http://www.ncbi.nlm.nih.gov) by neighbor-joining with two parameters distance 
matrix (Kimura, 1980), using the Phylip program. The robustness of the groupings 
in the neighbor-joining analysis was assessed with 1000 bootstrap resamplings. 

 
Results and discussions  
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The macroscopic examination of the carcasses of all infected animals, 
regardless of species, revealed dehydration of a various degree, the presence of a 
mucopurulent discharge in the airways, conjunctivitis, enlargement of the 
mesenteric lymph nodes, interstitial pneumonia and/or catarrhal or suppurative 
bronchopneumonia (Fig. 1).  

 

 
 

Fig. 1: Macroscopic findings of a dog succumbed following CDV infection. A: 
mucopurulent nasal discharge; B: interstitial and suppurative bronchopneumonia; C: 

severe enlargement of the peribronchial and D: mesenteric lymph nodes 
 

In case of the dissected ferret and raccoon, macroscopic signs suggestive 
of a catarrhal enteritis, severe lung edema and state of shock were observed (Fig. 
2).  

 
 

Fig. 2: Macroscopic findings of a CDV positive raccoon. A: mucous nasal discharge; B: 
catarrhal enteritis and severe enlargement of the mesenteric lymph node; C: 

enlargement of the spleen (rounded edges); D: catarrhal gastritis 
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Routine histopathological examination has been performed in all cases 
when complete carcasses were available for examination. All findings were in 
accordance with the changes described in the literature. Most relevant changes 
were represented by interstitial and catarrhal or suppurative bronchopneumonia, 
lymphoid depletion and catarrhal gastroenteritis, perivascular mononuclear cell 
infiltration in the brain and cerebellum (in case of dog H04Bp1F) and the presence 
of eosinophilic cytoplasmic inclusion bodies in the digestive and urinary epithelia 
(Fig. 3). 

 

 
 

Fig. 3: Histopathology of the urinary bladder and brain of a CDV positive dog. 
A: eosinophilic cytoplasmic inclusion bodies in the transitional epithelial cells (yellow 

arrows); B: perivascular mononuclear cell infiltration in the brain  (HE staining) 
 

In the urine samples of CDV positive dogs (samples H04Bp1F and 
H06Bp9S), virus particles with a diameter of approximately 250 nm and other 
properties characteristic for paramyxoviruses were observed (Fig. 4). 

 

 
 

Fig. 4: Viral particle showing characteristics specific for paramyxoviruses (negative 
contrast, 150 000 X) 

 
All amplifications (RT-PCRs and PCRs alike) performed according to 

conditions described earlier resulted in amplicons of the expected sizes in case of 
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each primer pairs, without the presence of nonspecific bands. Out of the 214 
analyzed samples, 58 (27.1 %) proved to be positive for CDV. 

The initial investigations performed on the full nucleic acid sequences of 
the H gene revealed that the Hungarian groups were differently clustered on the 
phylogenetic tree (Fig. 5).  

 
Fig. 5: Phylogenetic tree constructed upon the complete nucleotide sequences of the H 

genes of representative CDVs and the analyzed Hungarian strains. Accession 
numbers, the species and country of origin are shown for each sample 
 
The virus strains obtained from the Dog Shelter of the City Council of 

Budapest were positioned in the group of Arctic strains; sample H04Bp1F was 
grouped in the cluster of European isolates, while samples H06Ny11, H06Ny12 
and H06Ny13 showed the highest level of identity with strains belonging to the so-
called “European wildlife” group (Fig. 6). The Hungarian strain dating back to 2004 
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(H04Bp1F) showed the highest level of identity with other European strains, such 
as isolates from Germany (AY386315: 98.2 %), and Denmark (AF478544: 97.9 %), 
and only 92.0 % to the Onderstepoort reference strain (AF378705). Hungarian 
CDV strains obtained from the shelter (Groups IIa and IIb) clustered to the Arctic 
group were closely related to virus strains from countries geographically distant 
from Hungary, such as the United States of America (98.95-99.01 %), Italy (99.23-
99.28 %), China (97.86-97.91 %) and Greenland (97.31-97.36 %), as well as to 
phocine distemper virus 2 (PDV-2, X84998, 96.71-96.76 %). The strains clustered 
in this group showed a level of identity of only 92.2 % to the Onderstepoort strain. 
The three Hungarian strains demonstrated from dogs from Eastern Hungary 
(Group III) showed the highest level of identity with viruses isolated from European 
wildlife, such as a mink from Denmark (Z47759: 96.8 %-96.9) and a ferret from 
Germany (X84999: 96.3-96.4 %), and only 92.4-92.5 % compared to the 
Onderstepoort strain. 
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Fig. 6: Phylogenetic tree constructed upon the complete nucleotide sequences of the F 

genes of representative CDVs and the analyzed Hungarian strains. Accession 
numbers, the species and country of origin are shown for each sample 
The genetic analysis performed on the full sequence of the F gene 

revealed findings similar to those observed on the H gene. Most clusters could be 
easily identified, only the two Asian groups were more difficult to distinguish. The 
grouping of the Hungarian strains of CDV followed the same pattern as in case of 
the H gene (Fig. 6). 

 
Discussions 
Despite the vaccination procedures applied in Hungary, CDV is still a 

serious threat to the susceptible animal population. For a fast and reliable 
diagnosis of CD a pair of “diagnostic” primers that targeted the L conserved domain 
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of the viral genome was designed. Due to the conservative character of the 
amplified segment, this primer pair could most likely be used to detect all CDV 
strains currently present in Hungary.  

In many situations, the cause of the respiratory and/or digestive clinical 
signs is not the CDV infection, but infections caused by other viral (parainfluenza 
virus, canine adenovirus 2, canine respiratory coronavirus, etc.) and/or bacterial 
(Bordetella sp., Pasteurella sp., etc.) agents (13). Because the initial clinical signs 
following infection can be indicative not only of CD, the signs can be misleading 
and the regular use of the specific diagnostic tests, such as those based on PCR, 
are indicated for the proper diagnosis of CD. Based on the nucleotide sequences 
deposited in the GenBank, and the conserved character of the L gene, primer pair 
“A” (Table 2) theoretically attaches to the genome of all currently circulating wild-
type viruses. Since the sensitivity test demonstrated that it can detect CDV RNA 
concentrations as low as 102, it can be concluded that primer pair “A” can be used 
as a specific diagnostic test for CDV infections. Using these newly designed 
diagnostic primer pairs, CD has been demonstrated in Hungary in other species as 
well: a free-roaming fox, a raccoon, and a ferret. Out of the 214 analyzed samples, 
58 (27.1 %) proved to be positive for CDV. 

In order to clarify the relationship of the Hungarian strains with other CDV 
strains reported in other parts of the world, 13 Hungarian wild-type virus strains 
collected between 2004 and 2006 were selected, and a phylogenetic analysis on 
the full segment of nucleotide sequence of the H gene was performed. The 
analysis has shown that the diversity of the Hungarian strains is high, and that they 
are placed on different branches of the phylogenetic tree, in three groups. 
Molecular analyses performed in other countries demonstrate similar findings: in a 
given geographical region more than one genotype of CDV can be present at the 
same time (14, 16, 17). The studies indicate that genotypes from far away 
countries appear sooner or later in the dog population, most likely due to the 
intense, uncontrolled trade and travel of dogs. This observation is also validated by 
the fact that Hungarian strains are closely related to other CDVs currently present 
in other parts of the world, including Europe and other distant regions, such as 
China and North America. The similarity of the Hungarian strains to the 
Onderstepoort reference strain varied between 90.86 and 91.91 %. The Hungarian 
strain H04Bp1F from Group I (Table 1) obtained from Budapest in the winter of 
2004 is closely related to virus strains reported in other European countries, such 
as Denmark, Italy, Germany and Turkey (European cluster; Fig. 6). 

Although the diversity of the CDV in the total canine population is obvious, 
one large, relatively homogenous cluster (Group II) is formed based on the 
sequences obtained from one population, that of the Dog Shelter of the City 
Council of Budapest (Fig. 6). The investigations demonstrated that there is a high 
incidence of CD at the above mentioned establishment: from the 99 clinically ill 
dogs examined during the 16 months period, 25 turned out to be positive for CD. 
Several samples from different periods of time were analyzed. We determined the 
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complete sequence of the H gene of six samples from the spring of 2005 and three 
samples from the spring and summer of 2006, as well as the partial H gene 
sequence of many other samples collected from the same shelter. The relatively 
long period of time between the collection of the first and last samples, and the 
level of similarity among the obtained nucleotide sequences demonstrate that there 
is an endemic infection at the above mentioned establishment. Based on this 
conclusion, we have considered that further investigation of other samples obtained 
at the same establishment was not necessary, since they would have only 
confirmed the endemic infection. In the present study we have included only the 
sequences that had the full sequence of the H gene determined. The analyses also 
demonstrate that the investigated virus strains from the second period of 
examination had suffered a homologous amino acid change when compared to the 
strains from the first period of the investigation, specifically, the change of lysine to 
arginine at position 278 of the H protein.  

The investigations performed at the above mentioned establishment have 
also revealed that in the case of large, open populations, such as in dog shelters, 
nasal swab samples are not always reliable in the diagnosis of CD. Out of the 99 
clinically ill dogs that were examined in the shelter during a one year period, there 
were 16 cases when both blood samples and nasal swab samples were analyzed. 
For six dogs, both the blood (serum and separated leukocytes) and nasal swab 
samples proved to be positive, and hence the results were regarded as proof of 
viremia caused by the CDV infection. Animals that had a positive PCR test using 
their serum were also tested positive on the separated leukocytes. We could not 
identify animals with only one of their blood tests (serum or leukocytes) positive. On 
the other hand, for ten dogs, only the nasal swab samples turned out to be positive, 
while the repeated examination of both blood samples gave only negative results. 
This means that the virus remained at the entrance site, on the nasal mucosa and 
did not actually cause viremia, or it could mean that viremia had been overcome. 
Therefore, in 10 out of 16 of these situations (62.5 %), the positive results obtained 
using only the nasal swab samples gave misleading, diagnostically false positive 
results. These results, as well as the decreasing number of clinical cases at the 
shelter also demonstrate the efficiency of the CD preventive program started during 
the fall of 2005 (9). 

Interestingly, the Hungarian CDV strains obtained from the above 
mentioned establishment belong to the so called Arctic group (17), closely related 
to virus strains from countries geographically distant from Hungary, such as the 
United States of America (98.95-99.01 %), Italy (99.23-99.28 %), China (97.86-
97.91 %) and Greenland (97.31-97.36 %), as well as to the PDV-2 (X84998), 
isolated from seals from Lake Baikal (96.71-96.76 %).  

The rest of the Hungarian strains are located in other parts of the 
phylogenetic tree (Fig. 6). Three viruses (Group III) from samples collected in 
Eastern Hungary (H06Ny11, H06Ny12 and H06Ny13) seem to join a different 
cluster, which include other strains isolated from a Danish mink (96.82-96.92 %), 
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from a ferret in Germany (96.27-96.38 %) and from a dog in North America (94.62-
94.73 %). These findings are in accordance with the conclusions of other authors 
who concluded that there are strong interconnections among the susceptible wild 
and domestic animals, and that they can act as reservoirs one for the other (14, 
16). The H proteins of these three strains have eight potential glycosylation sites, 
same as all virus strains belonging to the Arctic group.  

The phylogenetic analysis of the deduced aa sequences shows a similar 
clustering: the strains from the same establishment are positioned very close to 
each other (99.83 % identity between the strains from the two examination 
periods), while the positions of the other aa sequences are quite similar to that of 
the nucleotide sequences. The identity between the aa sequence of the H protein 
of the Hungarian Arctic strains and PDV-2 varies from 95.71 to 96.04 %. Bootstrap 
resampling analyses support most of the clustering, both on the nucleotide and on 
the aa based phylogenetic trees. In conclusion, the study demonstrates that more 
than one genotype of CDV is present currently in Hungary. Furthermore, point 
mutations resulting in the emergence of new variants can be observed in 
populations where endemic infection is present (11). 
  Only one strain from each subgroup of Group II was selected for the F 
gene analysis. These results only emphasized our previous findings regarding the 
endemic infection at the above mentioned establishment, as well as the evidence 
of viral mutation. These results are most probably the evidence of viral evolution. 
Nevertheless, one can not ignore the possibility that a new strain was introduced 
and replaced the earlier one. The overall results of the genetic analysis of the F 
gene supported the findings obtained from the H gene analysis: the clustering of 
CDV strains presented a similar geographical pattern (Fig. 7), and the Hungarian 
strains were grouped as in case of the H gene (Fig. 6).  
 The observed genetic heterogeneity of the CDV strains is intriguing, since 
Hungary is a relatively small country. The presence of more than one virus 
genotype in such a small territory can be explained by the epizootiological 
openness of the canine population, maintained by the lack of geographic barriers, 
as well as the high number of foreign citizens who own dogs and are living in 
Hungary or visit the country. The import of exotic canine breeds and other receptive 
species, as well as the uncontrolled movement of the receptive wild species also 
contribute to the heterogeneity of the Hungarian CDV strains (10).  

Using the diagnostic test employing the newly designed primers, CDV 
infection has been demonstrated in other species as well: a fox, a raccoon and a 
ferret. The fox was a free-roaming animal found dead in a forested area of Western 
Hungary. Due to the advanced autolysis, only a macroscopic examination revealing 
a severe Sarcoptes scabiei infection and sample acquisition could be performed. It 
can only be assumed that the parasitic infection was most likely the result of the 
immunosuppression caused by the CDV infection. The macroscopic examination of 
the CDV positive raccoon and ferret revealed changes suggestive of the infection: 
severe dehydration and anemia, generalized lymphadenopathy, moderate enteritis 
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and interstitial pneumonia. The demonstration of CDV infection in these animals 
only seems to emphasize the wide range of receptive species of the virus, the 
necessity of implementation of the already existing vaccination protocols and 
prophylactic measures for receptive wild species, as well as the importance of 
limitation of contact between susceptible species. 
 

Conclusions 
 

1. The newly designed primers targeting the L gene of the CDV genome 
can be used for diagnostic purposes. 

2. Despite the intense vaccination of the pet animal populations, CD is still 
a major concern for all receptive species in Hungary: out of the 214 analyzed 
samples 58 (27.1 %) turned out to be positive for CDV. 

3. CDV infection was successfully demonstrated in several species (dog, 
fox, raccoon, ferret), emphasizing the wide range of receptive hosts, and that 
receptive (domestic and wild) populations can have reciprocal reservoir roles. 

4. The CDV strains currently circulating in Hungary belong to three different 
genotypes: European, Arctic, European wildlife, emphasizing the unfortunate 
consequences of uncontrolled animal travel and lack of efficient quarantine 
measures. 
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