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Abstract: Respiratory problems in cats have a multifactorial character. Therapy without the detection of pathogen 
is often ineffective. Our study was therefore focused on the detection of important feline respiratory bacterial 
pathogens such as Mycoplasma felis, Chlamydia felis and Bordetella bronchiseptica and viral pathogens such as 
Felid alphaherpesvirus-1 and feline calicivirus. The goal of this study was to map the occurrence of these patho-
gens in cat populations in the Czech Republic with the aim of introducing rapid and highly sensitive methods 
into routine diagnostics and to provide consulting services to animal health professionals based on the acquired 
data. A total of 218 cats were investigated in the study: 69 were outdoor and 149 were indoor cats. Three groups 
of animals were compared: up to one year of age (60 cats), one to three years of age (68 cats) and more than three 
years of age (90 cats). Samples were taken from conjunctiva and/or the oropharynx. Samples originated from 
cats with various forms of respiratory disease or from healthy cats from different parts of the Czech Republic. 
Real-Time RT-PCR, multiplex Real-Time PCR, nested PCR and sequencing analyses were performed. Outdoor 
cats were infected more often (84 detected pathogens in 69 cats) than indoor cats (110 detected infections in 149 
cats). More than one pathogen was detected in a total of 38 cats, and six cats were infected with more than two 
pathogens. The difference was statistically significant in the case of co-infections, but not for mono-infections 
(P < 0.05). Kittens and young adults up to the age of one year were the most common reservoirs of respiratory 
infections (only 19 cats out of 60 were negative and positive cats often harboured coinfections). The difference in 
age groups were not statistically significant (P > 0.05). Concerning the site of the sampling, feline calicivirus, M. 
felis and B. bronchiseptica were detected more often from oropharynx than from conjunctival swabs. M. felis was 
slightly more common in clinically diseased animals (39.6%) than in healthy ones (26.1%). The obtained results 
reveal the frequency of individual pathogens and their co-infections in cats kept on the territory of the Czech 
Republic, data which can be used to make the treatment of respiratory infections and breeding measures more 
effective. Therefore, the diagnostic methods are now available to veterinary surgeons with the possibility of con-
sultation and discussion of the results.
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Respiratory infections in cats are considered to 
be multifactorial diseases with nonspecific clinical 
signs that very often present as conjunctivitis, in-
flammation of the upper respiratory tract and less 
commonly also of the lower respiratory tract. They 
are characterised by serous to mucopurulent dis-
charge from conjunctiva or the upper respiratory 
tract (Konvalinova et al. 2016). The feline respiratory 
disease complex is thought to be mainly caused by 
feline herpesvirus (Felid alphaherpesvirus 1, FHV-
1) and feline calicivirus (FCV). The main bacterial 
pathogens involved in feline respiratory disease 
complex are Mycoplasma felis, Chlamydia felis and 
Bordetella bronchiseptica (Sykes 2014; Litster and 
Leutenegger 2015). Some of these pathogens have 
zoonotic and epidemiological potential (B. bron-
chiseptica, M. felis, C. felis), mainly in immunosup-
pressed individuals (Hartley et al. 2001).

Mycoplasma felis (M. felis), class Mollicutes, 
family Mycoplasmataceae, genus Mycoplasma, 
is one the most common pathogens of the upper 
respiratory tract in cats. Most feline-associated 
mycoplasma species are common microflora of 
conjunctiva and the upper respiratory tract, and 
they usually exercise pathogenicity as a secondary 
source of infection in co-infection with other path-
ogens of the upper respiratory tract. It is disputable 
if Mycoplasma felis is only present in the upper 
respiratory tract as a secondary pathogen; how-
ever, in the lower respiratory tract, M. felis causes 
primary infection resulting in the inflammation 
of the lungs and pleural space. However, M. felis 
has not been isolated from the lower respiratory 
tract in healthy individuals (Lee-Fowler 2014). A 
vaccination against M. felis infections has not yet 
been developed, and, therefore, therapy is based on 
prolonged antibiotic treatment and on the improve-
ment of cat welfare. The antibiotics of choice for M. 
felis infections of the conjunctiva are tetracyclines 
such as eye ointments containing oxytetracycline, 
chloramphenicol or fluoroquinolones.

Chlamydia felis (C. felis) belongs to class Chla- 
mydiales (family Chlamydiaceae, genus Chlamydia) 
which number among the obligatory intracellular 
bacteria with a unique developmental cycle, and 
the pathogenesis of C. felis infections in cats is still 
not fully clear. Serological studies have shown the 
existence of a few different strains of C. felis with 
differing virulence (Kuroda-Kitagawa et al. 1993). 
DNA fingerprinting has been used to reveal the 
existence of two important strains of this species 

in cats (Pudjiatmoko et al. 1997). Using other DNA 
analyses, a highly conserved gene for the ompA 
protein (major outer membrane protein) has been 
discovered among the different isolates of C. felis 
(Di Francesco and Baldelli 2002).

The disease is often complicated by co-infections 
with other pathogens such as FCV, which causes 
ulceration of the oral cavity together with conjunc-
tival infections. Feline immunodeficiency virus 
often complicates recovery and prolongs therapy. 
Moreover, Mycoplasma felis and Bordetella bron-
chiseptica are also involved in the worsening of 
clinical signs. The prevalence of C. felis in asymp-
tomatic cats is very low (< 5%) (Di Francesco et 
al. 2004). C. felis is sensitive to tetracycline anti-
biotics, erythromycin, rifampicin, fluoroquinolo-
nes and azithromycin. Doxycycline is the drug of 
choice but is contraindicated in pregnant queens 
and kittens. The immune response after C. felis 
infection is usually short and weak, and there are 
different types of monovalent and polyvalent vac-
cines. Bordetella bronchiseptica (B. bronchiseptica), 
class Betaproteobacteria, family Alcaligenaceae, ge-
nus Bordetella is a strictly aerobic Gram-negative, 
motile, rod-shaped bacteria. Clinical and experi-
mental studies have shown that B. bronchiseptica 
is a primary pathogen of the respiratory tract of 
cats (Hoskins et al. 1998). Bordetella bronchisep-
tica is sensitive to doxycycline and other possible 
drugs of choice are co-trimoxazole, enrofloxacin, 
pradofloxacin and cefovecin. It is also possible to 
use macrolide antibiotics such as erythromycin 
or clarithromycin; however, these drugs are not 
licensed for use in cats (Konvalinova et al. 2016). 
Live intranasal vaccine (Nobivac BB) can be used 
as prophylaxis, mainly in animals in shelters.

Felid alphaherpesvirus 1, feline herpesvirus also 
known as feline rhinotracheitis virus (FHV-1) be-
longs to family Herpesviridae, (enveloped DNA 
viruses), subfamily Alphaherpesvirinae, genus 
Varicellovirus, and represents a typical alphaher-
pesvirus. Clinical signs are most obvious during 
the primary infection of kittens. The disease is 
also described as “cat flu” and can reoccur and af-
fect one or both eyes (Stiles 2014). Treatment of 
disease caused by FHV-1 is mainly symptomatic, 
even though there are studies showing promising 
results with the use of immunomodulators (Fiorito 
et al. 2016) and antivirals (Thomasy et al. 2016). 
Felid alphaherpesvirus 1 is commonly present in 
most polyvalent vaccines together with feline par-
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cats. Three groups of animals were compared: 
up to one year of age (60 cats), one to three years 
of age (68 cats) and more than three years of age 
(90 cats). A total of 177 oropharyngeal swabs and 
70 conjunctival swabs were collected. In 189 cats, 
we swabbed only one site, while in 29 cats both sites 
were swabbed. Samples originated from 157 cats 
with respiratory disease. The problems included 
acute upper respiratory tract inflammation, kerato-
conjunctivitis, chronic rhinitis and oropharyngeal 
lesions. A total of 61 (28%) healthy cats selected 
during preventive care examination or randomly 
chosen healthy cats at cat shows and cats after 
treatment of respiratory diseases were also tested in 
this study. In 13 (5%) tested cats, history data were 
missing. We also discovered that only 26 cats had 
been vaccinated with Purevax RPC vaccine and two 
cats with Felocel CVR vaccine. The other cats had 
not been vaccinated at all, or the anamnestic data 
about the vaccination were missing. We collected 
60 cats (28%) from single-cat households and 158 
(72%) cats from multi-cat households. However, 
exact data specifying the number of cats in the 
cat household and their living style were missing. 
Shelter cats were not included in this study.

Control strains. As positive controls, the follow-
ing type strains were used: Mycoplasma felis field 
strain confirmed by sequencing; Chlamydia felis 
vaccine strain Purevax (Merial, France); Bordetella 
bronchiseptica CCM 6047 (Collection of micro-
organisms, Brno, Czech Republic); FHV-1 posi-
tive control TC strain confirmed by sequencing; 
FCV positive field strain “Holubice” WSV Bio 84 
(Bioveta, Ivanovice na Hané, Czech Republic); FCV 
F9 type strain (Bioveta, Ivanovice na Hané, Czech 
Republic).

Detection of bacterial and viral pathogens. 
DNA and RNA were extracted using commercial 
extraction kits according to the manufacturers’ 
instructions: viral RNA using the NucleoSpin® 
RNA II kit (Macherey-Nagel) and bacterial and viral 
DNA using the NucleoSpin Blood DNA (Machery-
Nagel); simultaneous extraction (DNA/RNA) was 
carried out using the High Pure viral nucleic acid 
kit (Roche).

PCR identification of Mycoplasma felis, 
Chlamydia felis and Bordetella bronchiseptica 
using multiplex qPCR. Detection and quantifica-
tion of bacterial DNA were done using Xceed qPCR 
Probe 2× Master Mix in a total volume of 20 µl 
according to the manufacturer’s instructions on a 

vovirus and FCV, but no vaccine can protect the 
animal from infection and they only help to reduce 
its consequences.

Feline calicivirus (FCV) is small non-enveloped 
RNA virus belonging to family Caliciviridae, genus 
Vesivirus. A simple genome consisting of single-
stranded RNA enables FCV to exhibit great adapt-
ability and variability under the selective pressure of 
the host immune system. The clinical signs of FCV 
can therefore vary substantially (adaptation to the 
new receptor systems), and the development of new 
vaccines is complicated (antigen variability of the 
strains) (Radford et al. 2007). Nevertheless, Afonso 
et al. (2017) proved a neutralising effect of vaccinated 
cat sera on nearly all field strains of FCV isolated in 
six European countries. The vaccination strain used 
was F9. The resistance of the virus in the environ-
ment allows the virus to survive even the use of com-
mon sanitary agents. The sequencing of FCV and 
evidence of circulating strains of FCV in particular 
geographical areas could greatly facilitate the selec-
tion of appropriate vaccines in particular in breed-
ing programmes (Ossiboff et al. 2007). Vaccination 
strains of FCV are usually included in the core vac-
cination schemes for cats; however, due to the high 
variability of the virus, the level of immunity is not 
always protective but rather reduces the consequenc-
es of FCV infection. Unfortunately, sometimes the 
pathogenic strain completely differs from the vacci-
nation strain, and, therefore, vaccines with two and 
more FCV strains are currently preferred.

In this study, it was hypothesised that the treat-
ment of cats with respiratory disease is not always 
effective due to inaccuracies in diagnostics. Further, 
there was no relevant data about the prevalence of 
causative agents in the Czech Republic. Such data 
could help veterinary surgeons to apply the correct 
treatment procedures.

Therefore, the objective of our study was to in-
troduce highly specific and sensitive multiplex 
real-time PCR and real-time RT-PCR assays for 
the detection of the prevalence of the main feline 
respiratory pathogens in the Czech Republic, and 
to analyse the obtained data with respect to age, 
clinical status and history in the cat household.

MATERIAL AND METHODS

Tested samples. A total of 218 cats were in-
vestigated, including 149 indoor and 69 outdoor 
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Light Cycler® 480 II (Roche). Xceed qPCR Probe 
2× Mix No-Rox (IAB, Czech Republic) was used 
for the reaction together with primers (400 nM, 
6×) and probes (200 nM, 3×).

Primers were designed using the IDT PrimerQuest 
Tool and optimized for multiplex qPCR in our de-
partment.

M. felis: sequence of 16S ribosomal RNA and the 
ITS-1 (Mycoplasma felis strain MF6 16S ribosomal 
RNA gene, partial sequence; 16S-23S ribosomal 
RNA intergenic spacer, complete sequence; and 23S 
ribosomal RNA gene, partial sequence, sequence ID: 
AY274256.1, product length: 103 bp).

5'-CTACGGAGACAACTGCCTAAG-3' M. felis 
For (positions 53–73); 5'-GTACTCCGTAG- 
AAAGGAGGTAATC-3' M. felis Rev (positions 
133–156); 5'-ACAAGGTATCCCTACGAGAACG- 
TGGG-3' M. felis probe Cy5-BHQ2 (positions 
103–128); C. felis: sequence of the ompA protein 
(Chlamydophila felis strain 02DC26 outer membrane 
protein A (ompA) gene, sequence ID: KP165540.1, 
product length: 77 bp).

5'-GCTAGGAGCGTCTAATGGTTAC-3' C. felis 
For (positions 387–408); 5'-GTTCCTGCAA- 
GACCAATCAATC-3' C. felis Rev (positions 
443–464); AGCAAGTTCTGATGCATTTAACC- 
TTGTCG-3' C. felis probe FAM-BHQ1 (positions 
414–442).

B. bronchiseptica: sequence of fhaB (Bordetella 
bronchiseptica FhaB gene, sequence ID: AF140678.1, 
product length: 92  bp); 5'-GGAACTTCAAC- 
TCCACGTATGA-3' B. bronchi. For (positions 
821–842) 5'-ATTCGGTGTAGGTCGGATAGA-3' 
B. bronchi Rev (positions 893–913); 5'-TGG- 
ACCAGAATCGCTGGGAATACA-3' B. bronchi, 
probe HEX-BHQ1 (positions 860–883).

Amplification conditions in this multiplex qPCR 
were initial denaturation at 95 °C for 3 min, 45 cy-
cles consisting of denaturation at 95 °C for 5 s and 
primer annealing at 60 °C for 30 s. For the positive 
control, strains of M. felis, C. felis and B. bronchisep-
tica (mentioned above) were added to each reaction 
and PCR water was used as a negative control.

Multiplex qPCR specificity. The specificity of 
multiplex qPCR was tested on extracts of nucleic 
acids from other microorganisms that could be 
present in the oral cavities of cats: FHV-1, FCV, 
Pasteurella multocida and Staphylococcus epider-
midis. No positive reactions were recorded. Swabs 
were taken from a group of nine clinically healthy 
kittens (aged three to four months) from non-prob-

lematic households (flats) to avoid the possibility 
of primer binding inside the feline genome.

qPCR sensitivity. Reaction efficiency and sen-
sitivity was tested on ten-fold dilutions of DNA 
standards. In three separate runs, all the DNA dilu-
tions were processed in triplicate.

PCR identification of FHV-1. DNA of FHV-1 
was detected using combi PPP master mix (Top-
bio, Czech Republic) by nested PCR in a Piko 
ThermalCycler (Finnzymes instruments); amplified 
products were visualised on agarose gels. Primers 
targeted the gene for viral thymidine kinase and were 
used according to Reubel et al. (1993) for nested PCR. 
For the first round of amplification, forward primer 
5'-GCATTTACATAGATGGTGCCT-3' and reverse 
primer 5'-ATATCTTGCGAGTGGGAAACAG-3' 
were used, giving a PCR product of 382 bp. For 
the second amplification round, forward primer 
5'-CTTACTACTTCCCAGAACC-3' and reverse 
primer 5'-GTTCCTCACATACAACTTTC-3' were 
used according to Stiles et al. (1997). The length of 
the amplified DNA fragment was 222 bp, which was 
also confirmed in silico using the whole genome 
sequence of FHV-1, sequence ID: NC_013590.2.

Amplification conditions were identical in both 
steps: initial denaturation at 94 °C, followed by 
30 cycles of denaturation 94 °C, 50 s, annealing at 
50 °C, 50 s and extension at 72 °C, 50 s. The final 
extension took place for 5 min at 72 °C.

For the positive control, a FHV strain 1 was added 
into each reaction and PCR water was used as a 
negative control.

qPCR identification of FCV. Both detection 
and quantification of FCV RNA were performed 
using Xceed qPCR SG 1step 2× Mix Lo-ROX in 
a total volume of 20 µl according to the manu-
facturer’s instructions on a Light Cycler® 480 II 
(Roche). The primers used for detection were de-
scribed by Helps et al. (2002) and are targeted at 
a sequence in ORF1.

FCV reverse primer 5'-CATATGCGGCTCT- 
GATGGCTTGAAACTG-3', FCV forwardprimer 
5'-TAATTCGGTGTTTGATTTGGCCTGGGCT-3'.

Amplification conditions were initial denatura-
tion at 95 °C for 15 min, 35 cycles consisting of 
denaturation at 95 °C for 30 s, primer annealing 
at 52 °C for 30 s and extension at 72 °C for 1 min. 
Immediately following the PCR, a melting curve 
was performed by raising the incubation tempera-
ture from 55 to 95 °C to confirm the specificity of 
obtained products. For the positive control, FCV 
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strains were added to each reaction and PCR water 
was used as a negative control.

Statistical analysis. The results were analysed 
using the statistical package Unistat 5.6. (Unistat 
Ltd., London, United Kingdom). Differences in 
counts were tested on the basis of a Chi-square test 
within an analysis of k × m and 2 × 2 contingency 
tables with Yates’s correction (Zar 1999). When the 
frequencies were lower than five, Fisher’s exact test 
was used instead of the Chi-square test. A P-value 
less than 0.05 was considered as significant.

RESULTS AND DISCUSSION

From a total number of 218 tested cats, 87 (40%) 
were negative for all tested agents. The results pre-
sented in Table 1 show that outdoor cats suffered 
from upper respiratory tract infections in the clini-
cal or subclinical form (84 detected pathogens in 
69 cats), whereas in indoor cats only 110 pathogens 
were detected in 149 cats. More than one pathogen 
was detected in a total of 38 cats, and six cats were 
infected with more than two pathogens. The main 
combination of pathogens detected in co-infections 
was FHV-1 and Mycoplasma felis (11.7%; Table 2). 
Only in six cats showing clinical symptoms were 
co-infections with pathogens other than M. felis 
proven (3 × FHV-1 with C. felis, 1 × FHV-1 with B. 
bronchiseptica, 1 × FCV with C. felis, and 1 × C. felis 
with B. bronchiseptica). Statistical analysis revealed 
no significant difference in mono-infections (P > 
0.05) between indoor and outdoor cats. M. felis was 
the most prevalent pathogen (56.5%) detected in 
both outdoor and indoor cats (48.3%).

It should be noted that B. bronchiseptica was re-
sponsible for the smallest percentage (4.6%) of posi-

tive samples. Helps et al. (2005) describe a rate of 
PCR detection of B. bronchiseptica in diseased cats 
of 5% from different European catteries. Six dis-
eased animals were positive for B. bronchiseptica, 
and four positive cats were asymptomatic. In order 
to obtain more significant statistical data, more 
positive samples are needed. Similar results related 
to the effect of the environment, such as where the 
cats live, on pathogen prevalence have been found 
in the USA (McManus et al. 2014). We confirmed 
a significant difference between outdoor and in-
door cats in terms of the incidence of co-infection 
(P < 0.05). Outdoor cats were more frequently af-
fected by multiple pathogens (29%) than indoor 
cats (13%). Similar results have been published in 
other countries (Cai et al. 2002; Rampazzo et al. 
2003; Maazi et al. 2016).

A comparison of the prevalence of the pathogens 
in different age groups is shown in Table 3 and 
demonstrates that kittens and young adults up to 
the age of one year are the most common reser-
voirs of respiratory infection; only 19 cats (31%) 
out of 60 were negative and there were often co-
infections (23%), mostly M. felis and FHV-1. Several 
reports have shown a high occurrence of infections 
among cats under one year of age (Di Martino et 
al. 2007; Zicola et al. 2009). Although no statistical 
significance was found for the ages of FHV-1- and 
FCV-positive cats, there was a higher prevalence 
of C. felis-positive cats among younger individu-
als (Maazi et al. 2016). Moreover, even though the 
number of detected pathogens seems to be higher 
in one-year-old cats, our statistical analysis did not 

Table 1. Positive results of qRT-PCR, multiplex qPCR 
and nested PCR analysis

In total Indoor +/(%) Outdoor +/(%)
Total cats 218 149 69
Feline calicivirus 17 10 (6.7) 7 (10.0)
Felid 
alphaherpesvirus 1 36 12 (8.0) 24 (34.8)

Mycoplasma felis 111 72 (48.3) 39 (56.5)
Chlamydia felis 20 7 (4.7) 13 (18.8)
Bordetella 
bronchiseptica 10 9 (6.0) 1 (1.4)

Negative cats 87 67 (45) 20 (29)

Table 2. Detection of Mycoplasma felis (MF; 111 positive 
findings = 100%) in cats with respiratory disorders (Sick) 
and without respiratory signs (Healthy) cats

Sick (%) Healthy (%)
MF mono-infection 44 (39.6) 29 (26.1)
MF + Felid 
alphaherpesvirus 1 13 (11.7) 0

MF + feline calicivirus 6 (5.4) 2 (1.8)
MF + Chlamydia felis 5 (4.5) 0

MF + Bordetella 
bronchiseptica 2 (1.8) 4 (3.6)

MF + feline calicivirus 
+ Felid alphaherpesvirus 1 2 (1.8) 0

MF + Felid alphaherpesvi-
rus 1+ Chlamydia felis 4 (3.6) 0

Total cases of MF infection 76 (68.5) 35 (31.5)
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confirm significant differences among different age 
groups of animals and the incidence of individual 
pathogens (P > 0.05).

There was a slight decrease in positive samples 
with advancing age in cases of B. bronchiseptica 
and C. felis followed by FCV, which is in accord-
ance with Gruffydd-Jones et al. (2009). In the case 
of FHV-1 and M. felis, similar numbers of these 
pathogens are detection throughout the lifetimes of 
cats, usually in co-infection with other pathogens 
(Polak et al. 2014).

Concerning the site of sampling of different 
pathogens (Table 4), we collected swabs from the 
oropharynx and from the conjunctiva in cases with 
clinical signs of conjunctivitis (Konvalinova et al. 
2016). In the case of B. bronchiseptica, M. felis and 
FCV it was discovered that detection was more 
frequent in the oropharyngeal swabs (P < 0.01). 
All the other pathogens were detected on both 
oropharyngeal and conjunctival swabs (P > 0.05). 
These findings are similar to those described by 
Schulz et al. (2015) who reported that there is no 

significant difference between these two sampling 
sites for FHV-1 and C. felis. In FCV, M. felis and 
B. bronchiseptica there was a significant difference 
in the location of pathogens in favour of the oro-
pharynx (P < 0.01), as shown in statistical analysis 
(Table 4). No significant difference was found in 
cases of FHV-1 and C. felis (P > 0.05).

From a total number of 29 tested animals with 
swabs taken from both sites, 13 (45%) cats were 
negative, of which six cases were both without 
clinical signs and without evidence of pathogens 
and seven cats exhibited respiratory signs without 
testing positive for any of the studied pathogens.

In total, 16/29 cats suffered from respiratory 
symptoms and tested positive for pathogens. In 
5/29 cases, only mono-infection was confirmed, 
predominantly with M. felis, and in 11/29 samples 
co-infections were identified, predominantly M. 
felis and FHV-1. In positive cats, the presence of 
pathogens on both sampling sites in absolute num-
bers was (conjunctiva/oropharynx) M. felis 10/8, 
coincidence five cases; FHV-1 6/6, coincidence six 
cases; C. felis 4/5, coincidence two cases; FCV 2/1, 
no coincidence; B. bronchiseptica 0/1, no coinci-
dence. Our results are in accordance with Schulz et 
al. (2015), where no significant difference between 
sampling sites for FHV-1 was found.

As shown in Table 2, Mycoplasma felis is a highly 
prevalent bacterium of the upper respiratory tract. 
The positive samples (39.6%) for M. felis mono-in-
fection were collected from cats with clinical signs 
and M. felis was also detected in 26.1% of healthy 
cats without any clinical signs. In accordance with 
Holst et al. (2010), we can confirm that the detec-
tion of M. felis is possible in both healthy cats and 
cats with the clinical signs of an upper respiratory 
disease; indeed, there was no statistically signifi-
cant difference between healthy and sick animals 
(P > 0.05). The other pathogens were not detected 
in healthy animals as mono-infections. Due to this 
reason, the data shown in Table 2 relate to M. felis 
and its co-infections only.

Based on differences in melting temperatures 
of the final products in real-time RT-PCR, we de-
tected variability in FCV field strains.

The impact of feline vaccination on the incidence 
of pathogens is the subject of a future study.

In conclusion, multiplex real-time PCR, real-time 
RT-PCR and nested PCR have been introduced for 
the routine diagnostics of pathogens and by means 
of these methods it is possible to differentiate viral 

Table 3. Positive identification of cat pathogens depend-
ing on age

Up to 1 year 
of age +/(%)

1–3 years 
of age +/(%)

> 3 years 
of age +/(%)

Total cats 60 68 90
Feline calicivirus 7 (11.7) 5 (7.4) 5 (5.6)
Felid 
alphaherpesvirus 1 11 (18.3) 12 (17.6) 13 (14.4)

Mycoplasma felis 35 (58.3) 33 (48.5) 43 (47.8)
Chlamydia felis 11 (18.3) 4 (5.9) 5 (5.6)
Bordetella 
bronchiseptica 5 (8.3) 3 (4.4) 2 (2.2)

Table 4. Positive identification of cat pathogens depend-
ing on place of collection

In total Oropharynx 
+/(%)

Conjunctiva 
+/(%)

Swabs 247 177 70
Feline calicivirus-
positive 17 15 (8.5) 2 (2.8)

Felid alphaherpesvirus 1- 
positive 36 21 (11.9) 15 (21.4)

Mycoplasma felis-
positive 111 87 (49.1) 24 (34.3)

Chlamydia felis-positive 20 10 (5.6) 10 (14.3)
Bordetella bronchisep-
tica-positive 10 10 (5.6) 0 (0)
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and bacterial pathogens in cats. A large diversity of 
individual FCV isolates was discovered in the feline 
population and needs further analysis.

REFERENCES

Afonso MM, Pinchbeck GL, Smith SL, Daly JM, Gaskell 
RM, Dawson S, Radford AD (2017): A multi-national Eu-
ropean cross-sectional study of feline calicivirus epide-
miology, diversity and vaccine cross-reactivity. Vaccine 
35, 2753–2760.

Cai Y, Fukushi H, Koyasu S, Kuroda E, Yamaguchi T, Hirai 
K (2002): An etiological investigation of domestic cats 
with conjunctivitis and upper respiratory tract disease in 
Japan. Journal of Veterinary and Medical Science 64, 
215–219.

Di Francesco A, Baldelli R (2002): Feline chlamydiosis in 
Italy: PCR amplification and DNA analysis of the ompA 
and groEL-homolog genes. Microbiologica 25, 341–344.

Di Francesco A, Piva S, Baldelli R (2004): Prevalence of 
Chlamydophila felis by PCR among healthy pet cats in 
Italy. Microbiologica 27, 199–201.

Di Martino B, Di-Francesco C, Meridiani I, Marsilio F 
(2007): Etiological investigation of multiple respiratory 
infections in cats. New Microbiologica 30, 455–461.

Fiorito F, Cantiello A, Granato G, Navas L, Diffidenti C, De 
Martino L, Maharajan V, Olivieri F, Pagnini U, Iovane G 
(2016): Clinical improvement in feline herpesvirus 1 in-
fected cats by oral low dose of interleukin-12 plus inter-
feron-gamma. Comparative Immunology Microbiology 
and Infectious Diseases 48, 41–47.

Gruffydd-Jones T, Addie D, Belak S, Boucraut-Baralon C, 
Egberink H, Frymus T, Hartmann K, Hosie MJ, Lloret A, 
Lutz H, Marsilio F, Pennisi MG, Radford AD, Thiry E, 
Truyen U, Horzinek MC (2009): Chlamydophila felis in-
fection. ABCD guidelines on prevention and manage-
ment. Journal of Feline Medicine and Surgery 11, 
605–609.

Hartley JC, Stevenson S, Robinson AJ, Littlewood JD, 
Carder C, Carledge J, Clark C, Ridgway GL (2001): Con-
junctivitis due to Chlamydophila felis (Chlamydia psittaci 
feline pneumonitis agent) acquired from a cat: case report 
with molecular characterization of isolates from the pa-
tient and cat. Journal of Infection 43, 7–11.

Helps CR, Lait P, Tasker S, Harbour DA (2002): Melting 
curve analysis of feline calicivirus isolates detected by 
real-time reverse transcription PCR. Journal of Viro-
logical Methods 106, 241–244.

Helps CR, Lait P, Damhuis A, Björnehammar U, Bolta D, 
Brovida C, Chabanne L, Egberink H, Ferrand G, Font-

bonne A, Pennisi MG, Gruffydd-Jones T, Gunn-Moore 
D, Hartmann K, Lutz H, Malandain E, Möstl K, Stengel 
C, Harbour DA, Graat EAM (2005): Factors associated 
with upper respiratory tract disease caused by feline her-
pesvirus, feline calicivirus, Chlamydophila felis and Bor-
detella bronchiseptica in cats: experience from 218 
European catteries. Veterinary Record 156, 669–673.

Holst BS, Hanas S, Berndtsson LT, Hansson I, Soderlund 
R, Aspán A, Sjödahl-Essén T, Bölske G, Greko C (2010): 
Infectious causes for feline upper respiratory tract disease 
– a case control study. Journal of Feline Medicine and 
Surgery 12, 783–789.

Hoskins JD, Williams J, Roy AF, Peters JC, McDonough P 
(1998): Isolation and characterisation of Bordetella bron-
chiseptica from cats in southern Louisiana. Veterinary 
Immunology and Immunopathology 65, 173–176.

Konvalinova J, Kovarikova S, Humpova K, Lobova D, 
Molinkova D (2016): Feline infectious respiratory tract 
disease – a review (in Czech). Veterinářství 66, 327–334.

Kuroda-Kitagawa Y, Suzuki-Muramatsu C, Yamaguchi T, 
Fukushi H, Hirai K (1993): Antigenic analysis of Chla-
mydia pecorum and mammalian Chlamydia psittaci by 
use of monoclonal antibodies to the major outer mem-
brane protein and a 56 to 64 kD protein. American Jour-
nal of Veterinary Research 54, 709–712.

Lee-Fowler T (2014): Feline respiratory disease. What is 
the role of Mycoplasma species? Journal of Feline Medi-
cine and Surgery 16, 563–571.

Litster A, Wu CC, Leutenegger CM (2015): Detection of 
feline upper respiratory tract disease pathogens using a 
commercially available real-time PCR test. The Veteri-
nary Journal 206, 149–153.

Maazi N, Jamshidi S, Kayhani P, Momtaz H (2016): Occur-
rence of Chlamydophila felis, feline herpesvirus 1 and 
calicivirus in domestic cats of Iran. Iranian Journal of 
Microbiology 8, 312–315.

McManus CM, Levy JK, Andersen LA, McGorray SP, Leu-
tenegger CM, Gray LK, Hilligas J, Tucker SJ (2014): Prev-
alence of upper respiratory pathogens in four management 
models for unowned cats in the Southeast United States. 
The Veterinary Journal 201, 196–201.

Ossiboff RJ, Sheh A, Shotton J, Pesavento PA, Parker JS 
(2007): Feline caliciviruses (FCVs) isolated from cats with 
virulent systemic disease possess in vitro phenotypes 
distinct from those of other FCV isolates. Journal of Gen-
eral Virology 88, 506–517.

Polak KC, Levy JK, Crawford PC, Leutenegger CM, Moriello 
KA (2014): Infectious diseases in large-scale cat hoarding 
investigations. The Veterinary Journal 201, 189–195.

Pudjiatmoko H, Fukuschi Y, Ochai T, Yamaguchi T, Hirai 
K (1997): Diversity of feline Chlamydia psittaci revealed 



32

Original Paper	 Veterinarni Medicina, 64, 2019 (01): 25–32

https://doi.org/10.17221/93/2017-VETMED

by random amplification of polymorphic DNA. Veteri-
nary Microbiology 54, 73–83.

Radford AD, Coyne KP, Dawson S, Porter CJ, Gaskell RM 
(2007): Feline calicivirus. Veterinary Research 38, 319–335.

Rampazzo A, Appino S, Pregel P, Tarducci A, Zini E, Biolatti 
B (2003): Prevalence of Chlamydophila felis and feline 
herpesvirus 1 in cats with conjunctivitis in northern Italy. 
Journal of Veterinary Internal Medicine 17, 799–807.

Reubel GH, Ramos RA, Hickman MA, Rimstad E, Hoffmann 
DE, Pedersen NC (1993): Detection of active and latent 
feline herpesvirus 1 infections using the polymerase chain 
reaction. Archives of Virology 132, 409–420.

Schulz C, Hartmann K, Mueller RS, Helps C, Schulz BS 
(2015): Sampling sites for detection of feline herpesvi-
rus-1, feline calicivirus and Chlamydia felis in cats with 
feline upper respiratory tract disease. Journal of Feline 
Medicine and Surgery 17, 1012–1019.

Stiles J (2014): Ocular manifestations of feline viral diseases. 
The Veterinary Journal 201, 166–173.

Stiles J, McDermott M, Bigsby D, Willis M, Martin C, Rob-
erts W, Greene C (1997): Use of nested polymerase chain 

reaction to identify feline herpesvirus in ocular tissue 
from clinically normal cats and cats with corneal seques-
tra or conjunctivitis. American Journal of Veterinary 
Research 58, 338–342.

Sykes JE (2014): Feline respiratory viral infections. In: Sykes 
JE (ed.): Canine and Feline Infectious Diseases. Saunders. 
239–251.

Thomasy SM, Shull O, Outerbridge CA, Lim CC, Freeman 
KS, Strom AR, Kass PH, Maggs DJ (2016): Oral adminis-
tration of famciclovir for treatment of spontaneous ocu-
lar, respiratory, or dermatologic disease attributed to 
feline herpesvirus type1: 59 cases (2006–2013). JAVMA-
Journal of American Veterinary Medicine Association 
249, 526–538.

Zar JH (1999): Biostatistical Analysis. Prentice-Hall, New 
Jersey. 663 pp.

Zicola A, Saegerman C, Quatpers D, Viandier J, Thiry E 
(2009): Feline herpesvirus 1 and feline calicivirus infec-
tions in a heterogeneous cat population of a rescure shel-
ter. Journal of Feline Medicine and Surgery 11, 1023–1027.

Received: June 30, 2017
Accepted after corrections: October 15, 2018


