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Abstract

HIS cross-sectional study aimed to investigate feline upper respiratory tract disease (FURTD) in
domestic cats, with a focus on the associated feline calicivirus (FCV) and feline herpesvirus type

1 (FHV-1). To the best of our knowledge, there are no previous studies on FCV in domestic cats in
Egypt, and studies on FHV-1 are very limited. A total of 850 cats were included, signs of FURTD
were detected in 101 cats in a percentage of 11.9%. Significant variations were existed among
different ages and breeds. PCR targeting FHV-1 and RT-PCR targeting FCV were performed for 30
diseased cats and showed ten and eleven positive cases in a percentage of 33.3% and 36.7%,
respectively. Most of the molecular identified cases existed as a singleton infection, except of two
cases of mixed infection in a percentage of 6.7%. Obvious respiratory signs were detected for both
viruses with a notable ocular involvement of FHV-1 infected cases and Oral lesions and tongue ulcers
of FCV infected cases. Five FHV-1 strains and three FCV strains were sequenced for phylogenetic
analysis on both the genomic and protein levels which are presented in the results section. In
conclusion, FURTD is prevalent among cats in the study area and FHV-1 and/or FCV infection exists
in a considerable proportion of these cases which are associated with variable clinical signs and case
fatality rates. In addition, phylogenetic analysis is important for traceability and detection of
relationship between these pathogens.
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Introduction

Cats provide companionship and emotional support,
maintaining their health is of significant concern [1].
One of the most common health issues affecting
them is Feline Upper Respiratory Tract Disease
(FURTD), a multi-factorial condition primarily
targeting the upper respiratory system. However, in
severe cases, it can extend to the lower respiratory
tract, posing a life-threatening risk [2].

The disease is a multi-factorial complex condition
which usually results from the dynamic interaction
between stress-induced immune-suppression,
respiratory bacteria and viruses [3]. The primary
cause is viral pathogens, of which feline herpesvirus
type 1 (FHV-1), responsible for feline viral
rhinotracheitis, and feline calicivirus (FCV) being the

most prevalent causative agents accounting for
approximately 80-90% of cases [4]. The bacteria
involved in such respiratory conditions were reported
to carry antimicrobial resistance elements in pets as
well as in respiratory diseases of other animal species
[5,6]. The close contact between pets and humans
facilitates the transmission of antimicrobial
resistance [7]. The respiratory symptoms of such
cases associated with FHV-1 and FCV vary from
sub-clinical, mild to severe, however in advanced
cases both viruses can become life-threatening [8].
The diseased cats can shed viruses throughout their
lives and become persistent carriers [9]. The disease
is more common in cat populations than individual
household cats.

Differentiating between FURTD caused by FHV-
1 and that caused by FCV can be challenging in the
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early stages, as both viruses cause similar symptoms,
including  upper  respiratory  distress  and
conjunctivitis [2,10]. However, FHV-1 infections can
progress to severe conditions such as pneumonia,
gastritis, and necrotizing bronchiolitis, sometimes
leading to diffused fibrino-necrotic
bronchopneumonia [11]. In addition, FHV-1 can
cause Corneal ulcers are typically associated with
ocular pain and cause visual impairment [12]. On the
other hand, FCV infections are commonly manifest
as oral ulcers and mild upper respiratory disease,
though sever cases can lead to pneumonia,
particularly in kittens [13]. FCV is also associated
with conditions such as limping syndrome, paw and
mouth disease, and virulent systemic disease [14].
Diagnosis is initially based on clinical signs and
rapid test strips, followed by more powerful
confirmatory tests such as serology, virus isolation,
and PCR [15]. Molecular investigations and
sequencing are pivotal for understanding virulence
and epidemiology of such pathogens.

In Egypt, there is only very limited research
investigations on FHV-1 such as that [16] who
reported a prevalence of 11.4% in household cats. On
the other hand, there are no studies on FCV in Egypt,
and based on our knowledge this may be the first
study in this respect. Therefore, the current study
aimed to investigate FCV and FHV-1 associated
FURTD in domestic cats in Egypt where studies are
rare or lacking, focusing on their differential clinical
presentations, risk  factors, and  molecular
characteristics.

Material and Methods

Animals

A total of 850 cats of different ages, sex and
breeds from three pet clinics to which pets arrive
from different geographical regions of Kafr El-
Sheikh (n=200) and Tanta (h= 650) districts were
included in this study which was conducted from
January to December 2024. The collected data
included age, sex, breed, vaccination status, and
presenting clinical signs.

Samples

Out of the detected clinical cases, 30 (25 from
Tanta and 5 cases from Kafr EI-Sheikh districts)
were randomly selected and either nasal or
oropharyngeal was collected from each case. Each
swab was immersed in 1% sterile phosphate-buffered
saline (PBS), identified and stored at —20°C at the
same clinic of collection for a maximum of two days
before long-term preservation at —80°C in the
laboratory.

Epidemiological and clinical Investigation

Epidemiological parameters including morbidity
rate, age and sex susceptibility, as well as the
seasonality of cases were determined, and all
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examined cats underwent a comprehensive clinical
evaluation considering both respiratory signs and
other signs which were found to co-exist in some of
these cases [17].

RT-PCR based molecular detection for FCV

Viral nucleic acid was extracted using the
QlAamp Viral RNA Mini Kit (Qiagen, Germany).
RT-PCR was performed using the primers listed in
Table 1. A reaction of 25-uL was prepared
containing 12.5 pL of Quantitect Probe RT-PCR
Buffer (Qiagen, Germany), 1 pL of each primer (20
pmol), 0.25 pL of RT enzyme, 5.25 pL of nuclease-
free water, and 5 pL of template RNA. Reactions
were carried out using a Biometra T3 thermal cycler.
The reverse transcription was conducted at 50°C for
30 minutes, primary denaturation at 95°C for 5
minutes, followed by 35 cycles of 94°C for 30
seconds, 55°C for 40 seconds, and 72°C for 50
seconds. A final extension step was performed at
72°C for 10 minutes.

PCR products were separated by electrophoresis
in 1.5% agarose gel (Applichem, Germany) using 1X
TBE buffer at room temperature and voltage gradient
of 5V/icm. A GeneRuler 100 bp DNA ladder
(Fermentas, Thermo Scientific, Germany) was used
for fragment size determination. Gels were
documented wusing an Alpha Innotech gel
documentation system (Biometra), and results were
analyzed.

Conventional PCR based molecular detection for
FHV-1

The DNA was extracted from the samples using
the QlAamp DNA Mini kit (Qiagen, Germany,
GmbH) with modifications from the manufacturer’s
recommendations and using the primers listed in
Table 1. Briefly, 200 pl of the sample suspension
was incubated with 20 ul of proteinase K and 200 pl
of lysis buffer at 56°C for 10 min. After incubation,
200 pl of 100% ethanol was added to the lysate. The
sample was then washed and centrifuged following
the manufacturer’s recommendations. Nucleic acid
was eluted with 100 pl of elution buffer provided in
the kit. Reactions were carried out using a
BiometraThermoblock. The primary denaturation
was conducted at 94°C for 5 minutes, followed by 35
cycles of 94°C for 30 seconds, 57°C for 40 seconds,
and 72°C for 1.2 minutes. A final extension step was
performed at 72°C for 10 minutes. The gel
electrophoresis was like that of FCV.

DNA Sequencing Protocol

A purified PCR product of five FHV-1 and three
FCV bands were sequenced in the forward and
reverse directions using an Applied Biosystems 3130
automated DNA sequencer (ABI 3130, USA). The
sequencing reaction was performed with the
BigDye™ Terminator v3.1 Cycle Sequencing Kit
(Perkin-Elmer/Applied Biosystems, Foster City, CA;
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Cat. No. 4336817), following the manufacturer's
instructions. Sequence identity and homologous
sequences were conducted through the BLAST®
(Basic Local Alignment Search Tool) analysis [18]
conducted against GenBank accessions.

Phylogenetic Configuration:

Phylogenetic analysis of the sequenced isolates
was conducted using NGPhylogeny.fr
(https://ngphylogeny.fr/workflows/advanced/phyml-
oneclick-imported-from-uploaded-file). The three
FCV isolates identified in this study (C1, C2, and
C3) were compared with reference sequences from
various countries, including GenBank ID DQ910789
(USA), 0Q784660, 0Q718383, MW658522,
MW658526, and OP203937 (China), and ON595842
(Australia). Similarly, the five FHV isolates
identified in this study (HP1-HP5) were compared
with GenBank ID D30767 (Japan) and D42113
(Netherlands).

Statistical analysis

The statistical analysis was performed using Chi-
square [19].

Results

Out of the 850 examined cats, 101 exhibited
respiratory signs of FURTD, representing an overall
prevalence rate of 11.9%. Out of 650 and 200
examined cats, 86 and 15 exhibited respiratory signs
of FURTD representing 13.2% and 7.5% of the
examined cats in Tanta and Kafr EI-Sheikh districts,
respectively. Descriptive epidemiological parameters
and signs of FURTD cases are shown in Table 3.

Out of the clinical cases, 11 cats were vaccinated
with commercial vaccine including FCV, FHV-1,
FPV and Chlamydophila felis and presented only
mild respiratory signs and all were completely
recovered. The remaining 90 un-vaccinated cats
displayed varying degrees of clinical signs and
responses to treatment.

Out of the PCR investigated animals, 30 cats
representing 3.5% out of the total FURTD cases, ten
and eleven cases were positive for FHV-1 and FCV
infections in a percentage of 33.3% and 36.7%,
respectively. Singleton infection by FHV-1 and FCV
was found in eight and nine diseased cats in a
percentage of 26.7% and 30%, respectively. Mixed
FHV-1/FCV infection was detected in two cases in a
percentage 0f6.7%. The epidemiological parameters
of FHV and FCV confirmed cases are shown in
Table 4.

Variable survival and case fatality rates were
observed among cases infected with FHV-1, FCV,
and their mixed infections: five, eight, and one
animal survived, while three, one and one cases were
died, corresponding to survival rates of 62.5%,
88.8%, and 50%, and case fatality rates of 37.5%,

11.2%, and 50% for the three aforementioned
infection categories, respectively.

Variable clinical signs were evident among FHV-
1 singleton-infection cases, FCV singleton-infection
cases and mixed infection cases and are shown in fig.
4. For FHV-1 singleton-infection cases, the most
common clinical signs that recorded were
conjunctivitis, eye discharge and nasal discharge.
Rough coat was recorded in four cases with
percentage 50%. Dehydration and fever were
recorded in three cases with percentage 37.5%. Loss
vision and anorexia were recorded in two cases with
percentage  25%. Sneezing, dyspnea, lateral
recumbency, pale or congested mucus membranes
and external parasites were recorded in one case with
percentage 12.5%.

For FCV singleton-infection cases, the most
common clinical signs that recorded were
gingivostomatitis, oral ulcer, anorexia, fever and
nasal discharge. Dyspnea was recorded in three cases
with percentage 33.3%. External parasites and loss
epithelial layer of tongue were recorded in one case
with percentage 11.1%.

For the two mixed infection cases, the most
common clinical signs that recorded were fever,
conjunctivitis, eye discharge, gingivostomatitis, oral
ulceration, and anorexia but external parasites, rough
coat, ear pinnae drooping, dyspnea, and nasal
discharge were recorded only in one case with
percentage 50%.

The phylogenetic analysis of FCV and FHV-1
strains detected in this study is shown in Figure 1 and
2, respectively. Protein mutations of VP1 gene from
FCV strains, and gD gene from FHV-1 strains are
shown in Table 2. In addition, the sequence types of
detected FCV strains are recorded in GenBank under
accession numbers PQ826459, PQ826460 and
PQ826461 and those of FHV-1 under the accession
numbers  PQ623035, PQ623036, PQ623037,
PQ623038 and PQ623039.

Discussion

Respiratory diseases are a substantial healthcare
concern worldwide and play a crucial role in
morbidity but mortality more common in young
kittens [8]. Although FURTD is a multi-factorial
condition, FCV and FHV-1 are the major associated
viral pathogens [20]. Feline upper respiratory tract
disease is of high morbidity and can cause outbreaks
especially in high-density cat populations. However,
the disease does not usually cause high mortality,
kittens and immune-compromised cats can suffer
from sever disease which may result in death [21].
FURTD has a high morbidity rate and cats suffer
from chronic, long-term form requires high cost for
veterinary treatment so these cats exposed to
euthanasia in shelters [9].
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Compared with FURTD prevalence of 11.9%
obtained in the current study, this prevalence is lower
than the results which were observed previously in
other countries where the prevalence were recorded
with percentage of 28%, 25.8% and 39.04%in
Canada, USA and China, respectively [4, 22, 23].

The Feline upper respiratory tract disease
complex (FURTDC) is multifactorial, and the most
frequent related pathogens are FHV, FCV, some
bacteria as Bordetella bronchiseptica, Mycoplasma
felis and Chlamydia felis may be involved [24]. The
FURTDC associated clinical manifestations include
ocular discharge, conjunctivitis, sheezing, nasal
discharge that is serous, mucoid or mucopurulent,
and ulcerations of the lips, tongue, gums, or nasal
planum [24]. The cats infected with one of two
viruses can become chronic carriers and can continue
to shed the viruses for their lifetime [9]. Chronic
sinusitis and recurrent upper respiratory tract
bacterial infections can result from this chronicity,
which can leave nasal passages permanently scarred
[25]. Although some authors described the FURTD
to be similar regardless of the specific infectious
agent [8], etiological agent based clinical variations
do exist. The FCV is associated mainly with upper
respiratory  signs; sneezing, nasal discharge,
conjunctivitis and oral ulcers that typically found on
the tongue, hard palate, or lips, which can cause
significant discomfort and lead to drooling and
anorexia. In addition, FCV is associated with
limping syndrome in some cases that is characterized
by lameness and fever occurring within short period
after the oral or respiratory infection [26, 27].
However, the disease is more common and sever in
kittens, the highly virulent systemic form of the
disease (FCV-VSD) can cause distinct outbreaks
particularly in adult cats with mortality rates up to
79% [28] and the associated clinical manifestations
are systemic vasculitis and epithelial tissues
destruction that leading to head and limbs edema,
multiple skin and paw ulcers, jaundice and
pneumonia [29]. For = FHV-1 associated clinical
signs, the typical form is associated with upper
respiratory and ocular lesions with nasal discharge,
sneezing, ocular discharge and conjunctivitis, but the
corneal  dendritic  ulcers are  considered
pathognomonic for this disease [21].

In the present study, there were no association
between upper respiratory tract affection and sex or
season which were previously recorded in other
studies, respectively [23, 30]. However, our results
should be interpreted carefully because of the low
number of cases.

There was an association with cats younger than
one year. This finding indicates higher susceptibility
of young cats to contract the disease which was
reported previously [22]. The higher susceptibility of
young cats to respiratory diseases is mainly because
of the immature immune system, especially in very
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young ages. In addition, young cats are usually
facing the active infection of these pathogens for the
first time in their life especially if they are non-
vaccinated or born from non-vaccinated dams.

In the recent study, we found that FURTD was
significantly associated with breed as high
percentage were recorded in the Hybrid and
Himalayan breeds in percentages of 46.7% and 3.8%,
respectively. Breed susceptibility was reported also
in other studies [31, 32].

The usual form of FCV is mild and self-limiting
signs associated with high morbidity and low
mortality. On the other hand, the severe signs of FCV
infection are common in kittens [31]. The percentage
of FCV positive cases in this study is 36.7%, which
based on our knowledge is the first report of FCV in
Egypt. Similar result was reported previously in
China with percentages of 39.47 [34]. Lower
percentage were reported in other studies: 23.46% in
Southwestern China [35], 28.9% in Guangdong
Province China [36] and 26% in Kunshan China
[37]. This noticeable higher percentage of the current
study may be because most of the cats involved were
non vaccinated. However, higher result than that of
this study were also reported in Thailand with
percentage of 46.7% [38]. It depends on several
factors related to cat immunity, endemicity level of
the disease in the study area, the breed or age
susceptibility of the involved cat.

The fatality rate among FCV infected cats with
single infection was 11.2%. Although it is a disease
of low mortality [33], relatively high mortality rates
were reported in some studies in Australia, Italy and
Ireland with mortality rates 39%, 67% and 86%,
respectively [14, 28, 39]. Mortality rate variations
between these studies may be related to the severity
of the detected cases, where most of cases in the
current study belonged to the typical oral self-
limiting form, while those of other studies were
virulent systemic FCV diseased cases (VS-FCV).

In the current study, infection by FCV was higher
in males so the FCV infection was associated with
the sex which was previously reported [31]. In
contrary, previous study mentioned that the disease is
non-sex-linked [40], All the epidemiological findings
of FCV as well as of FHV in the current study should
be interpreted carefully because of the low numbers
of the involved cases. FCV infection was
significantly associated age and breed as the high
proportions were recorded in Persian breed, and cats
under one year of age. Other reports acknowledged
this association [9, 41]. However, future wide scale
studies are still required to investigate the breed
susceptibility of these cases.

Fever and gingivostomatitis were the most
common signs associated with FCV infection, similar
result was noted previously [42]. The virus replicates
in oropharynx and viremia can occur within three to
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four days which is represented clinically by fever
[43]. After its first replication, the virus spreads in
different tissues of the body, and enter the target cells
such as epithelial cells; typically, on the tongue with
neutrophile infiltration and developed to vesicle then
rupture leaving ulcer; and less common on joints and
lung [44]. Feline junctional adhesion molecule A
“fJAM-A” is the critical host cell receptor for FCV
which present on epithelial cells of oral cavity,
respiratory tract, and conjunctiva, epithelial cells in
intercellular junctions and immune cells such as high
express on platelets and low express on peripheral
leukocytes (monocytes and dendritic cells). The
receptor presents at the junction between epithelial
and endothelial cell causing disruption, leakage and
vesicular affection in oral cavity that is represented
by oral ulceration [45].

Regarding FHV, nearly similar results to that of
the current study (33.3%) were reported in other
studies in China and USA with percentage of 32.2%
and 28.3%, respectively [23, 31]. Lower values were
also reported in China with a prevalence 0f21.5%
and 15,5%, respectively [37,42]. Higher result was
reported previously with a percentage of 51.2% [41].
Several factors may influence the susceptibility of
cats to FHV including immunity, vaccinal status,
age, breed, degree of endemicity in the study area
and the presence or absence of the predisposing
factors which is reflected in the prevalence rate of
each study.

Feline herpes virus 1 usually causes upper
respiratory tract and ocular symptoms, deaths may be
evident in young or immunocompromised adult cats.
The case fatality rate was calculated in the current
study to be 37.5%. In the same context, the mortality
rate was recorded with percentage of 50% in kittens
[46].

Our results revealed that FHV-1 were not
significantly associated with sex and Similar result
was reported previously [10], breed and Similar
result was reported [9] and age and similar result was
reported previously [31]. However, all
epidemiological parameters of FHV should be
interpreted with caution because of the limited
number of cases.

Inflammation of eyes and the upper respiratory
tract are the most common signs associated with
FHV positive cases reported in this study. Similar
result was reported previously [37]. FHV1 replicate
in nasopharynx, nasal turbinate and conjunctival
mucosa which lead to cell damage and necrosis then
clinical signs associated with eye and upper
respiratory tract appear such as nasal and ocular
discharges, conjunctivitis, ocular ulcers and sneezing
and secondary bacterial infection may be also
involved in such cases [43].

The percentage of FCV and FHV1 co-infection
was found in 6.7% of cases. Nearly similar result was

recorded previously in a percentage of 10% [47]. On
the contrary, higher percentage of co-infection was
recorded previously with a percentage of 31.5% [38].
In this study, the clinical manifestation associated
with co-infected cases were fever, oral ulcer,
conjunctivitis and ocular discharge but in late stage
there were subnormal temperature and recumbency
in dead cases.

Besides the phylogenetic relationship between the
identified viral strains in the current study to other
GenBank strains, there is a detectable variation in the
similarity percentage on the protein level. Feline
calicivirus C1 (accession number PQ826459) has the
highest protein similarity percentage of 96% with a
strain from Italy detected in 2022 (accession number
WCB27221). While FCV C2 (accession number
PQ826460) have the highest protein similarity
+percent of 97% with a strain from China detected in
2023 (accession number WNH25311). For the third
FCV strain detected in this study (FCV C3 -
accession number PQ826461), it has the highest
protein similarity percentage of 96% with a strain
from Italy detected in 2022 (accession number
UMB28143) which was related to limping syndrome.
For FHV-1, Our isolatesHP1 and HP2 (accession
number PQ623035and PQ623036) have a protein
similarity percentage of 99% with a previously
detected strain from a tiger in China in
2014(accession number AHZ31390). While FHV-
1HP3 strain(accession humber PQ623037) is of 99%
protein similarity with a previously detected strain
from a domestic cat in USA in 2010(accession
number YP_003331589). For FHV-1HP4 strain of
the current study (accession number PQ623038), it
has a protein similarity percentage of75% with
previously detected strain from a domestic cat in
USA in 2010 (accession number YP_003331589).
For the fifth strain FHV-1HP5 (accession number
PQ623039) is of a protein similarity percentage
0f88% with a previously detected strain from a
domestic cat in China in 2020 (accession number
QQG63382). Detection of the phylogenetic
relationships between different viral strains of the
same species is very important to be conducted not
only on the genomic sequence basis, but also on the
protein basis which gives a deeper insight into the
true mutations and deeper analysis.

Conclusion

Feline upper respiratory disease is endemic and
prevalent among domestic cat populations of
different origins in the study area based on the
current clinic-based study. In addition, FHV-1 and/or
FCV infection and co-infection exist in a
considerable proportion of FURTD cases which are
associated with variable clinical signs and case
fatality rates. General upper respiratory tract clinical
signs were evident with tendency for ocular
involvement in FHV-1 infected cases and a tendency
for oral involvement in FCV infected cases. Finally,
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phylogenetic analysis is important for traceability
and detection of relationship between these
pathogens. Future wide scale studies are still required
for better characterization of this disease condition
and its associated pathogens.
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Target agent Target Primer sequence Length of Reference
gene o amplified

(5-3) product (bp)
These primers gD gene  FHV-F: AACTGCCCTCCATTCTACTC 1269 bp [48]
specific for
FHV-1

FHV-R: TTGGTCCAGACTCCAACCTAT
Feline VP1 FCV-F. ATGTGCTCAACCTGCGCTAA 848 [49]
calicivirus

FCV-R: TCAGTGTCAGACATAAGGTGGT

TABLE 2. Protein mutation identified in the sequenced VP1 gene from FCV strains, and gD gene from FHV-1 strains

Viral strains Protein identities Colset sequence ID:
C1 252/263(96%) WCB27221

C2 251/259(97%) WNH25311.1

C3 248/259(96%) UMB28143.1

HP1 363/365(99%) AHZ31390.1

HP2 288/289(99%) AHZ31390.1

HP3 344/345(99%) YP_003331589.1
HP4 277/368(75%) YP_003331589.1
HP5 220/250(88%) QQG63382.1
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TABLE 3. Epidemiological parameter of FURTD among the examined cases.

Parameter Total Examined cats FURTD cases %

Total examined 850 101 11.9%
Gender

Male 465 57 12.3%
Females 385 44 11.4%
Age

Under 1 year 484 76a 15.7%
Over 1 year 366 25b 6.8%
Season

Autumn 262 41 15.6%
Winter 157 17 10.8%
Spring 256 16 6.3%
Summer 175 27 15.4%
Breed

Balady 300 25a 8.3%
Persian 475 57a 12%
Hybrid 30 14b 46.7%
Himalayan 26 la 3.8%
British short hair 19 4ab 21.1%

* Statistically significant at p <.05
Different letters of the same column are significantly differs.

TABLE 4. Epidemiological parameters of FHV and FCV confirmed cases.

Parameter FHV cases (n=10) % FCV cases (n=11) %

Gender

Females 4 40%  3b 27:3%
Age

Under 1 years g 50% 8a 72.7%
Over 1 year 5 50% 3b 27.3%
Breed

Balady 4 40% 3a 27.3%
Persian 6 60% 8b 12.7%

*Statistically significant at p <.05
(a,b): rows with different letters are Statistically significant

Tren scalo: 0.4 -

0Qra4660
0Q718383
— MWES8526
MWE58522

[ 0P203937

L T ON595842

DQ910789

C3
| ¢
| c2

Fig. 1. Phylogenomic tree of the capsid protein VP1 gene from FCV strains C1, C2, and C3 identified in this study,
along with seven publicly available FCV VP1 gene sequences retrieved from the NCBI database. Isolates C1
and C2 from this study are genetically closely related to each other but show distinct differences from the third
strain.
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Tree scale: 0.1 ———

HP3
D42113
D30767
HP4
HP5
HP1
HP2

Fig. 2. Phylogenomic tree of the gD gene from FHV-1 strains HP1, HP2, HP3, HP4 and HP5 identified in this study,
along with two publicly available close sequence retrieved from the NCBI database. Isolates HP1, HP2 and
HP5 from this study are genetically closely related to each other but show distinct differences from the other
strains.

Fig. 3. conventional and Reverse transcriptase RT-PCR for FHV-1 and FCV detection, respectively. a) Reverse
transcription-polymerase chain reaction (RT-PCR) analysis for the detection of Feline calicivirus (FCV) RNA
in feline deep nasal or oropharyngeal swab samples. Lane L: 100-1000 bp molecular weight marker; Lane N:
negative control (no cDNA template); Lane P: positive control; Lanes 1, 2, 3, 5, 6, 8, 10 and 15: clinical samples
showing positive amplification bands (~848 bp). The presence of a 848 bp band indicates a positive result for
FCV RNA. b) conventional PCR analysis for detection of feline herpes virus 1 (FHV-1) DNA in feline deep or
oropharyngeal swab samples. Lane L: 100-1500 bp molecular weight marker; Lane N: negative control (no
cDNA template); Lane P: positive control; Lanes 1, 6, 7, 8 and 9: clinical samples showing positive
amplification bands (~1269 bp). The presence of a 1269 bp band indicates a positive result for FHV-1 DNA.

Fig. 4. Clinical manifestation of FHV-1 and FCV diseased cases: (a) a cat showing the typical presentation of FCV
infection, with an ulcer at the root of tongue. (b) a severe case of FCV infection, characterized by a dropping
the most of tongue epithelium. (c) a mild case of FHV-1 infection, with noticeable eye discharge. (d) a severe
case of FHV-1 infection, where the eye is severely affected and damaged.
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