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RESUMO.- [Alta ocorrência de alphaherpesvirus felideo 
e calicivirus felino em gatos domésticos no Sul do Brasil.] 
Alphaherpesvírus felídeo 1 (FeHV-1) e calicivírus felino 
(FCV) afetam gatos mundialmente. O objetivo deste estudo 
foi identificar a frequência de ocorrência de FeHV-1 e FCV 
em gatos com sinais clínicos de doença respiratória, oral e/
ou ocular. Amostras foram coletadas de gatos atendidos em 
ambulatório e clínicas veterinárias e submetidas à detecção 
molecular e isolamento viral. Dos 49 gatos avaliados, 45 
(92%) foram positivos para ao menos um dos vírus; 82% 
(40/49) foram positivos para o FeHV-1 e 41% (20/49) para 
o FCV. Destes, 31% (15/49) foram casos de coinfecção. Para 
o FeHV-1, 45% (18/40) dos gatos foram positivos na coleta 
do swab ocular, e o mesmo percentual (9/20) foi obtido para 

o FCV a partir do swab oral. FeHV-1 e/ou FCV foram isolados 
em 35% (17/49) das amostras. O principal sinal clínico 
observado foi secreção ocular em 71% (35/49) dos gatos, 
caracterizada como serosa, purulenta ou serossanguinolenta 
e, em alguns casos, associada à lesão e quemose. Nossos 
resultados demonstram a alta ocorrência de FeHV-1 e FCV em 
gatos domésticos na região Sul do Brasil e indicam que devem 
ser implementadas medidas para melhorar o diagnóstico, 
a prevenção e o manejo contra essas importantes doenças.

TERMOS DE INDEXAÇÃO: Alphaherpesvírus felídeo, calicivírus 
felino, gatos domésticos, Brasil, gato, complexo respiratório felino, 
CRF, FCV, FeHV-1.

INTRODUCTION
Felid alphaherpesvirus 1 (FeHV-1) and feline calicivirus 
(FCV) are a frequent cause of diseases in the domestic feline 
population. Transmission occurs through nasal, ocular and 
oral discharges, by direct contact between cats, or even by 
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Felid alphaherpesvirus 1 (FeHV-1) and feline calicivirus (FCV) affect cats worldwide. 
The aim of this study was to evaluate the frequency of occurrence of FeHV-1 and FCV in cats 
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and viral isolation. Of the 49 cats evaluated, 45 (92%) were positive for at least one of the 
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main clinical sign observed was ocular secretion in 71% (35/49) of cats, characterized as 
mild serous, purulent or serosanguineous, and in some cases associated with ocular injury 
and marked chemosis. Our findings demonstrate the high occurrence of FeHV-1 and FCV 
in domestic cats in southern Brazil and indicate that measures should be implemented to 
improve the diagnostic, prevention and management against of these important diseases.
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fomites (Cohn 2011). Both agents are distribuited worldwide, 
with higher prevalence in settings where large numbers of 
cats coexist, including animal shelters and colonies (Radford 
et al. 2009, Thiry et al. 2009). FeHV-1 is a double-stranded 
DNA virus that belongs to the family Herpesviridae (Gaskell 
et al. 2007, ICTV 2018). Like other agents of the family, the 
significant characteristic of the virus is the establishment 
of latent infection, in this case occurring in the trigeminal 
ganglia (Gaskell et al. 2007). FeHV-1 causes clinical signs 
like nasal and ocular discharge, conjunctivitis and keratitis, 
with dendritic corneal ulcers as its pathognomonic clinical 
sign. Other clinical signs like pneumonia, facial dermatitis, 
stomatitis and meningoencephalitis are also described (Hora et 
al. 2013, McGregor et al. 2016, Rodriguez et al. 2016, Argenta 
et al. 2017, Porcelatto et al. 2018).

FCV is a single-stranded positive sense RNA virus, belonging 
to the family Caliciviridae (ICTV 2018). It is a non-enveloped 
agent, being highly resistant in the environment (Meyers 
et al. 1991, Radford et al. 2007, 2009). Some cats remain 
asymptomatic carriers after acute infection of FCV, being 
a source of infection for other susceptible cats (Gaskell et 
al. 2007). FCV is associated with different clinical patterns, 
including respiratory symptoms, oral ulcerations, and gingivitis/
stomatitis (Afonso et al. 2017, Nakanishi et al. 2018).

Knowledge of the major viruses circulating in a region is 
fundamental to establish of prevention and control measures. 
Thus, the present study aimed at identifying the frequency of 
occurrence of FeHV-1 and FCV in cats from southern Brazil. 

MATERIALS AND METHODS
Animals and samples. Samples were collected during January to 

June of 2019 from 49 cats from veterinary clinics and an ambulatory 
associated to the “Universidade Federal de Pelotas” (UFPel) in the city 
of Pelotas (Latitude: 31o46’19” S, Longitude: 52o20’33” W), located 
in southern Rio Grande do Sul (Brazil). Information regarding sex, 
age and clinical manifestations were obtained from each animal. 
The experiments were approved by the Institutional Committee on 
Animal Welfare and Ethics (UFPel - approval number 57742-2018).

The samples consisted of conjunctival, nasal and oral/oropharyngeal 
swabs collected from cats with clinical signs like conjunctivitis, ocular 
and nasal discharges, sneezing, coughing, oral ulcers and gingivitis-
stomatitis complex (CGS). The swabs were immersed in 0.5mL of 
minimum essential medium (MEM) and immediately processed or 
stored in RNAlater™ Stabilization Solution (Invitrogen™, EUA) and 
maintained at -70°C until use. 0.2mL was used for viral isolation in 
cell culture and 0.15 mL for extraction of nucleic acids (DNA or RNA). 

Cell culture and virus isolation. The feline kidney cell line 
CRFK (Crandell-Reese feline kidney) was used for isolation and 
amplification of the viruses. Cells were routinely maintained in MEM 
supplemented with 10% fetal bovine serum, containing antibiotics 
and antifungal (penicillin 200.000UI/L, streptomycin 200mg/L, 
enrofloxacin 5mg/L and amphotericin B 2.5mg/L). The swabs were 
subjected to vortex and the content was then transferred to tubes 
and centrifuged at 3.000 x g for 3 minutes. The supernatants were 
inoculated onto CRFK cell monolayers grown in 24-well plates and 
were submitted to three passages of five days each, while the cells 
were monitored for cytopathic effect. The strains B927 FeHV-1 and 
SV1425/93 FCV were used as positive controls (provided from 
Instituto de Pesquisas Veterinárias Desidério Finamor - IPVDF, Porto 
Alegre/RS and “Setor de Virologia”, of the “Universidade Federal de 

Santa Maria”, Santa Maria/RS) and cells with only MEM were used 
as negative control.

Nucleic acid extraction and PCR. DNA extractions were performed 
using ReliaPrepTM Viral Total Nucleic Acid Extraction (Promega, 
Wisconsin, EUA), according to the manufacturer’s instructions. DNA 
was submitted to PCR assay for the thymidine kinase enzyme (TK) 
gene, using the primers Herp_F: 5’-GACGTGGTGAATTATCAGC-3’ and 
Herp_R: 5’-CAACTAGATTTCCACCAGGA-3’ (Sykes et al. 1998). The 
conditions were: 94°C for 5 minutes, 40 cycles of 94, 56 and 72°C 
for 45, 30 and 45 seconds, respectively, and 72°C for 7 minutes.

RNA extraction was performed using TRIzol® Reagent, 
according to the manufacturer’s instructions. After RNA extraction, 
complementary DNA (cDNA) was synthesized using iScript™ 
cDNA Synthesis (Bio-Rad). Briefly, total RNA (~500ng) was mixed 
with 5x Reaction Mix and 1U Reverse Transcriptase. The samples 
were incubated for 5 minutes at 25°C, followed by incubation 
at 46°C for 20 minutes and 95°C for 1 minute. The synthesized 
cDNAs were submitted to Nested PCR assay for A-B conserved 
region of ORF2 (capsid protein gene), using the primers Cali1: 5’- 
AACCTGCGCTAACGTGCTTA-3’, Cali2: 5’- CAGTGACAATACACCCAGAAG 
-3’, and at second round, Cali3: 5’- TGGTGATGATGAATGGGCATC -3’ 
and Cali4: 5’- ACACCAGAGCCAGAGATAGA-3’ (Marsilio et al. 2005). 
The conditions were: 94°C for 3 minutes, 35 cycles of 94, 50 and 
72°C for 1 minute, 45 seconds and 1 minute, respectively, and 72°C 
for 7 minutes.

The PCR reaction was performed in a 25μL volume, using 100-
200ng of DNA or cDNA template, 1x GoTaq® Colorless Master Mix 
(Fitchburg, Wisconsin, EUA) and 0.4μM of each primer. RNA extracted 
from the CRFK was used as negative control and strains B927 and 
SV1425/93 were used as control of FeHV-1 and FCV, respectively. 
PCR products of FeHV-1 and RT-PCR of FCV were resolved in a 1.5% 
agarose gel stained (Blue Green Loading Dye I, LGC Biotecnologia, 
São Paulo, BR) and visualized under ultraviolet (UV) light after 
electrophoresis (100V, 40 minutes). 

Sequencing analysis. PCR products were purified using 
PureLink® Quick Gel Extraction and PCR Purification Combo Kit 
(Life Technologies, CA, USA). Positive samples were sequenced in 
duplicate using the BigDye kit. Results were analyzed by the Staden 
program (Staden 1996) to obtain a consensus sequence, and the 
alignment of sequences with those from GenBank and identity 
matrix was performed using the BioEdit Sequence Alignment Editor 
Software suite 7.0.5.3. The translation of a nucleotide sequence to a 
protein sequence was performed using the ExPASy Bioinformatics3.

RESULTS AND DISCUSSION
Samples of eye, oral/oropharyngeal and nasal swabs were 
obtained from 49 symptomatic cats located in the South of 
Brazil, during the period of January to June of 2019. According 
to age, 20 animals were classified as kittens (<1 year), nine 
as young (1-2 years), 15 as adults (3-7 years) and five as 
elders (≥8 years), and consisted of 32 males and 17 females. 
Regarding vaccination status, only 4% (2/49) were vaccinated, 
71% (35/49) were not vaccinated and 24% (12/49) had 
unknown vaccination status. Besides, 67% (33/49) of the 
animals had outdoor access. 

All samples collected were evaluated by PCR for FeHV-1 
and nested RT-PCR for FCV. FeHV-1 amplified product in PCR 
resulted in a fragment of 287bp. FCV amplified product in 

3 Available at <https://web.expasy.org/translate/>

https://web.expasy.org/translate/
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Nested RT-PCR resulted in a 924bp fragment in first round, 
and a 467bp fragment in the second round. Of the 49 cats, 45 
(92%) were positive for at least one of the viruses. Among the 
positive animals, were 100% (20/20) of the kittens, 100% 
(9/9) of the young ones, 73.3% (11/15) of the adults and 
100% (5/5) of the elders. Besides, 88.5% (31/35) of the not 
vaccinated group were positive, 100% (2/2) of the cats with 
no historical of previous vaccination and 100% (12/12) of 
the cats with unknown vaccination status. Among the animals 
without outdoor access, 75% (3/4) were positive, along with 
100% (33/33) of the cats with outdoor access and 75% (9/12) 
of the animals where this information was not available. 

For FeHV-1, 82% (40/49) were positive, and for FCV, 
41% (20/49) of positivity was obtained. Thirty one percent 
(15/49) were cases of coinfection. These results demonstrate 
a high occurrence of these viruses in the studied population, 
especially regarding FeHV-1. Besides, these data are higher 
than what is described in Germany (Schulz et al. 2015), Spain 
(Fernandez et al. 2017), and Australia (Nguyen et al. 2018), 
where molecular detection studies involving symptomatic 
animals were also conducted, showing wide variations in the 
detection of these agents according to different geographic 
regions. The rate of occurrence detected in our study 
indicates the high circulation of these viruses in this region, 
which could be explained by the outdoor lifestyle and the 
unvaccinated status of the majority of the animals. Vaccines 
for FeHV-1 and FCV are essential for all cats (Day et al. 2016) 
and considered effective in reducing clinical signs and viral 
excretion, although they are not capable to completely avoid 
infection and transmission of the agents (Radford et al. 2009, 
Thiry et al. 2009). In addition, protection by vaccination 
against FCV may be affected by the high variability of existing 
strains (Radford et al. 2009). Thus, even vaccinated animals 
can be infected and act as carriers, spreading these agents.

 In Southern Brazil, previous serological studies 
detected FCV and FeHV-1 in the feline population, both in 
vaccinated and non-vaccinated animals (Johann et al. 2009, 
Henzel et al. 2013). During the years from 2006 to 2009, a 
study was conducted to identify feline calicivirus and feline 
herpesvirus in southern Brazil, evaluating both symptomatic 
and asymptomatic cats, which makes it difficult to compare 
their results to the ones found in the present study. This same 
study found 38.2% (21/55) of positivity for FeHV-1 and 52.7% 
(29/55) for FCV, with co-infection in 9.1% (5/55) (Henzel et 
al. 2012).

Our data show a higher occurrence of FeHV-1 compared 
to FCV. This result can be partly explained by FeHV-1 
pathogenesis. FeHV-1 remains latent in infected animals, and 
eventually, mainly in cases of immunosuppression or stressful 
conditions, returns to the lytic cycle and is reexcreted in the 
primary sites of infection. Possibly, the FeHV-1 detected in 
these cats was the cause of acute clinical signs due primary 
infection, but also, especially in adult cats, FeHV-1 developed 
the disease at the time of viral reactivation. The disease as a 
consequence of virus recrudescence may be consequence of 
immunosuppression caused by other factors or diseases that 
were not investigated. FCV, on the other hand, can be detected 
in healthy animals due to the carrier state that occurs in some 
animals. In these cases, the virus remains replicating and 
being eliminated through secretions, although no apparent 
symptomatology is identified (Radford et al. 2009). Anyway, 

the data clearly show high circulation and occurrence of 
FeHV-1 and FCV in the studied population.

The virus was isolated in 35% (17/49) of the cats, being 
47% (8/17) from oral swabs, 29% (5/17) ocular swab, 18% 
(3/17) from the eye and oral swab, and 6% (1/17) from the 
oral and nasal swab. Figure 1 shows the FeHV-1 and FCV 
molecular detection according to the place of swab collection 
(oral/oropharyngeal, ocular or nasal regions). For FeHV-1, 
45% (18/40) of the cats were positive from the collection 
of eye swab, and the same percentage (9/20) was obtained 
for the FCV from the oral swab. In 27.5% (11/40) of animals 
positive for FeHV-1 and 30% (6/20) positive for FCV, virus 
detection was possible from both oral and eye swab. These 
results corroborate with previous studies, where the main FCV 
detection location was from the oral/oropharyngeal mucosa 
(Schulz et al. 2015). However, in this same study, no difference 
was observed among the collection sites for FeHV-1, suggesting 
oral/oropharyngeal swab as the sample of choice for the 
detection of both viruses. The results obtained in the present 
study highlight the importance to collect samples from more 
than one region, in order to increase the possibility of detecting 
the agents. The detection of FeHV-1 and/or FCV from nasal 
swabs was only possible in four animals, possibly due to the 
greater difficulty encountered at the time of sampling of the 
mucosa, a fact that was also reported by Schulz et al. (2015).

Figure 2 show the clinical signs observed in animals 
evaluated. Ocular secretion was observed in 71% (35/49) 
of cats and was characterized as mild serous, purulent or 

Fig.1. Felid alphaherpesvirus-1 and feline calicivirus molecular 
detection according to swab collection site in 49 cats from 
southern Brazil. Numbers refers to the number of cats that 
tested positive in each site.

Fig.2. Clinical signs observed in 49 symptomatic cats evaluated. 
Numbers refers to the number of cats presenting each clinical sign.
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serosanguineous, and in some cases associated with ocular 
injury and marked chemosis. The second most frequent 
clinical sign was nasal discharge in 39% (19/49) of cats, 
ranging from mild serous to purulent, followed by CGS in 
24% (12/49), sneezing in 18% (9/49), cough in 6% (3/49), 
respiratory rattle in 4% (2/49) and dyspnea in 4% (2/49). 
The main clinical sign in FCV-positive animals was CGS, 
identified in 58% (7/12) of the animals. Despite CGS having 
multifactorial causes (Lyon 2005), it is often associated with 
FCV (Fernandez et al. 2017, Thomas et al. 2017, Nakanishi et 
al. 2018). FeHV-1, on the other hand, was detected in 50% 
(18/36) of animals exhibiting nasal and/or ocular secretion. 
To compare, Fernandez et al. (2017) detected FeHV-1 in 28% 
(36/127) of animals showing clinical signs related to upper 
respiratory tract disease and 24% (36/149) of animals with 
conjunctivitis.  It is known that other agents may be involved 
in respiratory and/or ocular disease in cats, also called “feline 
respiratory disease complex” (FRDC), especially Bordetella 
bronchiseptica and Clamidophyla felis (Cohn 2011). Clinical 
signs in these cases are similar to FeHV-1 or FCV infection, 
and can cause confusion. Symptomatic animals in our study 
that were negative for both FeHV-1 and FCV could have an 
infection by these other agents. Our study shows that the 
most common pathogens associated with FRDC in southern 
Brazil are FeHV-1 and FCV.

The PCR product of FeHV-1 was sequenced and subjected 
to analysis, showing nucleotide (nt) identity of 99.7 to 100% 
with FeHV-1 sequences deposited with GenBank. Analysis 
about the nt and amino acid (aa) identity performed with 
isolated FCV detected high genetic variability in comparison 
with vaccine strain F9, ranging from 76.1 to 77.4 (nt) and 
87.4 to 88.9 (aa), even though the more conserved regions of 
FCV capsid (regions A and B) were analyzed. This result may 
serve as an alert to possible vaccine failures in this region. 
In general, the level of heterologous protection will depend 
on the virus strains involved (Radford et al. 2009). Analysis 
about the nt and aa identity between the FCV sequences in 
this study was 88.8 to 97.4% and 99.2 to 100%, respectively.

CONCLUSIONS
Our findings demonstrate high occurrence of Felid 
alphaherpesvirus 1 and Feline calicivirus in domestic cats 
in southern Brazil. This information can be used to improve 
measures about diagnostic, prevention and management 
against these important cat diseases.
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