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Abstract

Background Feline herpesvirus 1 (FHV-1) and feline calicivirus (FCV) are the most common viral pathogens of feline
respiratory disease and are highly prevalent in cats worldwide. Coinfection with these viruses is frequent in cats

with feline respiratory disease complex (FRDQ). It is difficult to isolate pure FHV-1 by conventional laboratory cell cul-
ture methods from specimens with FRDC, which brings great trouble to the epidemiological investigation of FHV-1.

Methods FCV polyclonal antibodies were obtained by immunizing rabbits, and the coinfected specimens were
neutralized with FCV polyclonal antibodies. Then, virus isolation was performed. After several rounds of neutralization,
FHV-1 was finally obtained.

Results The FCV polyclonal antibody was successfully obtained with neutralizing activities of 1:128, 1:537,and 1:91.
After virus neutralization, the FHV-1 was successfully isolated from the coinfected cell culture suspension and con-
firmed by immunofluorescence and QRT-PCR.

Conclusion In this study, all FHV-1 present in the coinfection samples were isolated, without any cross-contamina-
tion. This method is also theoretically suitable for the isolation and purification of other FCV coinfections or contami-

nating disease substances.

Keywords Coinfection, Feline herpesvirus 1, Feline calicivirus, Virus isolation

*Correspondence:

Hongwei Zhu

hwzhu@ldu.edu.cn

! School of Life Sciences, Ludong University, No. 186 Honggi Middle Rd.,
Zhifu District, Yantai 264025, China

2 Collaborative Innovation Center for the Pet Infectious Diseases

and Public Health in the Middle and Lower Stream Regions of the Yellow
River, Yantai 264025, Shandong, China

? Provincial Engineering Research Center for Pet Animal Vaccines,

Yantai 264025, Shandong, China

4 Jinan Baiming Biopharmaceutical Co,, Ltd, Jinan 250101, Shandong,
China

> College of Veterinary Medicine, Jilin Agricultural University,
Changchun 130118, China

B BMC

Background

Feline respiratory disease complex (FRDC), which is
also referred to simply as feline upper respiratory infec-
tion (URI), is a common infection in domestic cats and
is most prevalent in stressful crowded feline populations
and is the second leading cause of euthanasia in shelters
after overcrowding [1-3]. Feline herpesvirus 1 (FHV-1)
and feline calicivirus (FCV) are the most common viral
pathogens of FRDC, and coinfection with these viruses
is frequent in cats [4—6]. Clinical signs caused by FHV-1
are rhinitis and conjunctivitis, characterized by sneezing
and oculonasal serous discharge, which may be accompa-
nied by hypersalivation with drooling, depression, inap-
petence, and pyrexia [7-9]. Clinical signs caused by FCV
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are typically characterized by oral ulcerations with or
without mild respiratory and conjunctival signs [10, 11].
Therefore, the majority of cats with FRDC have FCV and
FHV-1 coinfection.

The detection of coinfection using molecular methods
has been reported from many parts of the world, but iso-
lation of both viruses in cell culture is commonly used to
completely characterize the pathogen [12]. Usually, it is
difficult to isolate pure FHV-1 by conventional labora-
tory cell culture methods from coinfection samples with
FRDC, which brings great trouble to the epidemiological
investigation of FHV-1. Because FCV is characterized by
continuous shedding during infection, while FHV-1 has
shorter periods of shedding, FCV is isolated more com-
monly than FHV-1 from cats with FRDC [11, 13-15].
Because most of the samples are coinfecte and FCV pro-
duces cytopathic effect (CPE) early, it affects the replica-
tion of FHV-1 during cell culture [16-18]. Even plaque
purification also has difficulty obtaining pure FHV-1.
Moreover, pure FHV-1 contaminated with FCV during
routine operation also causes FHV-1 to disappear rapidly
after several rounds of multiplication. Therefore, it is dif-
ficult to calculate the true prevalence of FHV-1 in clinical
samples [5].

Due to the above problems, we tried to apply the virus
neutralization method, pretreated the samples, and
completely neutralized the FCV after several rounds of
treatment, which increased the success rate of FHV-1
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isolation, and successfully isolated 4 strains by applying
this method. This method is also theoretically suitable for
the separation and purification of FCV mixed infections
or contaminated specimens.

Results

Antisera preparation against FCV

FCV polyclonal antibodies were successfully obtained
by immunology of rabbits by laboratory-isolated FCV
virus. The serum of the collected rabbits was tested for
ECV neutralizing antibody titer, and the results showed
that FCV antibodies were produced on the 28 th day after
immunization, with antibody titers of 1:8, 1:16, and 1:4.
The serum of the three rabbits collected on the 60 th day
produced the highest FCV antibody titer, with antibody
titers of 1:128, 1:537, and 1:91, respectively.

Coinfection sample isolation and identification

CPE was observed in CRFK cells infected with virus for
6 h-24 h. When the first virus isolation was performed,
after 6 h, the cells became round and showed karyopyk-
nosis, wizened weakening, and aggregation in compari-
son to the control cells, which is consistent with the CPE
of FCV, and gradually dominated with increasing infec-
tion time. FHV-1 can detect only a few fluorescence sig-
nals (Figure 1).

130 um

130 um

Fig. 1 Immunofluorescence of FHV-1 and FCV from the coinfected samples. A-D show different hours post infection (hpi). A were taken at 6 hpi. B
were taken at 12 hpi. C were taken at 18 hpi, and D were taken at 24 hpi. DAPI showed a blue fluorescence signal and was used to detect the cell
nucleus. FHV-1 showed a green fluorescence signal, and FCV showed a red fluorescence signal
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Isolation and identification after virus neutralization

After virus neutralization, at 6-24 h post-inoculation,
CRFK cell cultures showed a distinct CPE of FHV-1,
characterized by cell rounding, pyknosis, Fleece-Pulling’
to the thyrsoid and degeneration of the cell monolayer.
With increasing infection time, FHV-1 expression also
gradually increased (Figure 2).

Quantitative real-time PCR assay

As the threshold cycle (Ct) values showed near perfect
linear regression with the copies [19-21], the Ct val-
ues were extrapolated into virus copies from the stand-
ard curve to monitor the virus content. With increasing
neutralization time, the content of FHV-1 gradually
increased, while FCV gradually decreased. FHV-1 was
successfully isolated from the coinfected cell culture sus-
pension and was confirmed by QRT-PCR (Figure 3).

Discussion

FHV-1 and FCV are the main viral pathogens of FRDC,
and coinfection of FCV and FHV-1 often occurs in clini-
cal practice. In most of the clinical materials obtained
from the coinfected animals, only one virus is isolated,
whereas the others get eliminated in subsequent passages
[21]. Because FCV is continuously shed and produces
CPE earlier, it is difficult to isolate FHV-1 from coinfec-
tion samples, which brings certain difficulties to clinical
diagnosis and molecular epidemiological investigation of
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viruses. Previous studies also report low isolation rates of
FHV-1 from cats [11], so the isolation of FHV-1 in coin-
fected samples is essential.

Before this study, in the samples with FCV and FHV-1
coinfection, people usually thought that FHV-1 may not
be expressed due to FCV inhibition in the later stage.
This study found that FHV-1 is also expressed in coin-
fected samples, possibly due to the premature production
of CPE by FCV, which limits the expression of FHV-1
in host cells, and the specific reasons need to be further
explored.

QRT-PCR was used for virus quantification in this
study. Compared with conventional PCR, QRT-PCR has
higher sensitivity and is more conducive to the detec-
tion of virus content in clinical samples. If necessary, the
method of expressing viral content in CT values can also
be extrapolated to other viruses because CT values and
viral content are linearly related, which has been reported
in other articles [20, 21].

The four clinical samples we obtained were all FCV
coinfected with FHV-1, and we tried to obtain pure
FHV-1 by plaque purification, but this method ended in
failure after several rounds of testing. The reason may be
that when the two viruses proliferated in cells at the same
time, the cytopathic effect of the slower proliferating
FHV-1 is suppressed by the relatively faster proliferating
ECV, or that CRFK cells co-infected with the two would
show similar CPE, making it difficult to distinguish the

DAPI
FHV-1
FCV

Fig. 2 Immunofluorescence of FHV-1 and FCV after neutralization. A-D show different hours post infection (hpi). A were taken at 6 hpi. B were
taken at 12 hpi. C were taken at 18 hpi, and D were taken at 24 hpi. DAPI showed a blue fluorescence signal and was used to detect the cell nucleus.
FHV-1 showed a green fluorescence signal, and FCV showed a red fluorescence signal



Zheng et al. BMC Veterinary Research (2025) 21:321

A

74

. = FCV
e /__./‘/A - FHV-1
o5
S
S 4
[=]
o3
F2

1

e & @ @ ¢
8+ Virus Passage
J]C 9 = Fov
- FHV-1

o 87
D 51
S
3 4
[=]
o 37
[ 24

14

R N R R SR

Virus Passage

Page 4 of 7

,|B = FCV
-o- FHV-1

o 9
o 54
K]
S 44
a
g ¥
ool

14

S ¢ ¢ @ I @
8- Virus Passage
(D) = FCV

FHV-1

TCID5glog10

2z |

Virus Passage

Fig. 3 Growth kinetics of FHV-1 and FCV from the coinfected samples. A-D show different samples. In this figure, 0 copies indicates no Ct data

in QRT-PCR

two [15]. What’s more, during the process of select-
ing FHV-1 plaques, it is inevitable to carry some FCV
plaques, which showed growth advantages during the
later inoculation process, thus inhibiting the replication
of FHV-1, and ultimately causing the failure of plaque
purification. Methods for obtaining the virus of interest
by virus neutralization have been previously reported.
For example, the purified avian influenza virus was suc-
cessfully obtained from avian influenza and Newcastle
disease co-infected samples by virus neutralization [21,
22]. Since FCV has high genetic variability and genetic
diversity, it is difficult to find suitable monoclonal anti-
bodies [23], so we chose to produce polyclonal antibodies
against FCV.

Usually, FCV is often unknown in co-infection samples.
In order to improve the neutralization effect, FCV in
samples can be purified first, and then used as an antigen
to prepare FCV polyclonal antibodies. In this way, poly-
clonal antibodies with high specificity can be obtained,
which is theoretically applicable to any FCV co-infection
samples but this method need more time [24]. In order to
obtain our target virus FHV-1 quickly, the original FCV
in our laboratory was used for immunization. By immu-
nizing rabbits, we successfully obtained FCV polyclonal
antibodies with neutralizing activity. The different titers
of neutralizing antibodies produced after immunizing
animals may be caused by individual differences in ani-
mals. To neutralize FCV more effectively in this research,
the serum with the highest neutralizing antibody was
selected to neutralize the coinfected samples, and they
were mixed 1:1, through 4 to 6 around of neutralization,
pure FHV-1 is obtained. In the neutralization process,

each neutralization is carried out in strict accordance
with the steps, and the samples after each neutralization
are verified by IFA and QRT-PCR, in order to avoid the
procedural errors and variability that could be caused by
repeated neutralization processes. Optimization of anti-
body working concentration is the prerequisite and key
to successful virus isolation, there may have a better ratio
to shorten the time of virus purification, but this condi-
tion needs to be further explored. The limitation of the
method descried in this study is that the polyclonal anti-
bodies prepared targeting one laboratorial FCV strain
was not enough for all field isolates, but this method
could facilitate and improve the success probability of
FHV-1 isolating. This method has important practical
significance especially when the sample is precious.

Conclusion

In this study, we obtained FCV polyclonal antibodies
by immunizing rabbits with FCV and then successfully
obtained pure FHV-1 from coinfected samples by virus
neutralization. This study will provide a useful reference
for the isolation and purification of FCV coinfection or
contaminated specimens.

Materials and methods

Specimen, cell and virus

The samples consisted of conjunctival, nasal and, occa-
sionally, oral and oropharyngeal swabs collected from
cats with clinical signs of FRDC from one pet hospital
in the study. The Crandell feline kidney cell line (CRFK)
was purchased from Procell Life Science & Technology
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Co., Ltd. The FCV virus was isolated and stored in our
laboratory.

Inoculum treatment and virus isolation

Nose, pharynx and conjunctiva samples were obtained by
gently rubbing a sterile cotton swab. Swabs were placed
in a solution of 1.0 mL phosphate-buffered saline (PBS,
pH 7.2), freeze thawed 3 times, and centrifuged at 5000
rpm for 15 mins. The supernatant was filtered with dis-
posable 0.22 pum syringe filters. The CREK cells were cul-
tured to 80% confluence in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% fetal bovine
serum (FBS) and 1% penicillin—streptomycin solution
at 37 °C with 5% CO,. The treated samples were diluted
1:1000 with DMEM without penicillin—streptomycin
solution and FBS and then inoculated into CREK cells at
37 °C for 90 min. DMEM containing 2% FBS and 1% pen-
icillin-streptomycin solution was then incubated with
5% CO, at 37 °C. The infected cultures were incubated at
37 °C for 3—4 days, and the presence or absence of cyto-
pathic effect (CPE) was recorded. The infected cells and
media in the flask were then frozen at —80°C and thawed
at room temperature for 3 cycles. The supernatant was
removed from the flask, placed in a conical tube and cen-
trifuged at 3000 rpm for 5 min. The supernatants were
collected for PCR detection to isolate the virus.

FHV-1 plaque purification

The CRFK cells were cultured to 80% confluence in
6-well plates. Samples were diluted a series of ten-fold
in DMEM without penicillin-streptomycin solution and
FBS to make 107! to 10~ dilutions, and 1072 to 10~ %’
dilutions were inoculated into CRFK cells at 37 °C for 90
min. Then CRFK cells were washed with PBS and overlaid
with DMEM containing 1 % low-melting-point agarose
(Lonza, 50101) and 2 % FBS, and incubated for 72 h at
37°C under 5 % CO,. A sterile pipette tip was used care-
fully to pick a CPE of FHV-1 plaque. The agarose con-
taining the plaque was transferred into a tube with 1 mL
DMEM. The plaques were frozen at —80°C and thawed at
room temperature for 3 cycles, and then were inoculated
into CREK cells. The same operation is repeated three
times, and the last plaque with DMEM were centrifuged
at 3000 rpm for 5 min, and the supernatant was taken for
virus identification.

Selective FHV-1 isolation

To make polyclonal antisera against FCV, 3 healthy
2-month-old New Zealand rabbits obtained from Qing-
dao Kangda Aibo Biotechnology Co., Ltd (Qingdao,
China) were immunized with the purified FCV virus.
A protein concentration was performed on the purified
ECV virus using a Pierce(tm) BCA Protein Assay Kit
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(Thermo Fisher, 23227-500 mL) according to the manu-
facturer’s instructions and demonstrated a concentra-
tion of 78.55 pg/mL. The FCV virus was concentrated to
800 pg/mL with Macrosep Advance centrifugal devices
(PALL, MAP100 C38). In each rabbit, on day 0, 1 mg of
concentrated FCV virus emulsified 1:1 in complete Fre-
und’s adjuvant (Sigma—Aldrich, F5881) was given by the
intramuscular injection route divided into ten sites. The
second and third immunizations (identical protocol)
were administered with incomplete Freund’s adjuvant
(Sigma—Aldrich, F5506) on days 15 and 30. Blood was
obtained from the rabbits at baseline and on days 14, 21,
28, 37, and 60 from the central ear artery. Serum was har-
vested and banked at —20°C until further preparation and
characterization.

Then, 100 pL of the coinfected cell culture superna-
tant was mixed with 100 pL of serum, and virus/serum
mixtures were incubated at 37 °C for 1-2 hours. Then,
CREK cells at 70-80% confluency in 6-well cell culture
plates were washed with PBS, followed by transfer of the
virus/serum mixture. The CRFK cells were incubated at
37 °C for 1 h, DMEM containing 2% FBS and 1% penicil-
lin—streptomycin solution was added, and the plates were
incubated at 37 °C for 3—4 days. The supernatant was
then collected, and the virus was isolated and identified.

Immunofluorescence staining

Briefly, 6 h, 12 h, 18 h and 24 h after infection, a mon-
olayer of cells cultured on cover slips was fixed with 4%
paraformaldehyde for 15 min. The samples were incu-
bated with mouse anti- FHV-1 antibody (EastCoast Bio,
HM550) and our laboratory-prepared FCV polyclonal
antibody at 37 °C for 30 min in a humid box and then
with goat anti-rabbit IgG (Proteintech, SA00013-4) and
goat anti-mouse IgG (Abcam, ab150113) for 30 min at 37
°C. The nuclei were stained with DAPI (Sigma—Aldrich,
D9542), and slides were mounted in Antifade Mounting
Medium (Beyotime Biotechnology, P0126). Images were
acquired using a Nikon Eclipse Ni-U fluorescence micro-
scope with NIS-Elements. Blank CRFK cells were ana-
lyzed as a negative control.

Virus quantitation

The TaqMan chemistry-based real-time (QRT-PCR)
assay was used for the quantification of FHV-1 and
FCV. The primers and probes specific for FHV-1 and
FCV were designed in this study (Table 1). Total DNA/
RNA was extracted as described in the previous section.
Using RNA was used as a template, and single-stranded
cDNAs were generated with a RevertAid First Strand
c¢DNA Synthesis Kit (Thermo, K16225) according to the
manufacturer’s directions. AceQ qPCR Probe Master
Mix (Vazyme, Q112-02) was used for assembling the
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Table 1 Details of QRT-PCR primers and probes used in the
study

Name of the primer/probe Primer/probe sequence

FHV-probe TATGTGCTTTACGGTCGCCT

gFHV-F ATGAGACTTTGTGATCCTAAACGGG
gFHV-R TCAAACCCAGTTCATCGTCTGTTAG
FCV-probe TCGGTGTTTGATTTGGCCTG
gFCV-F ACTACCCGCCAATCAACATGT
gFCV-R AGTCAATGTCAGGTGTCGGC

serotype-specific TagMan QRT-PCR. QRT-PCR was
performed in a 7500 Cycler (Applied Biosystems, USA)
under the following conditions: initial denaturation at 95
°C for 15 min, followed by 40 cycles of denaturation at 95
°C for 10 s and annealing at 60 °C for 35 s.

Abbreviations

FHV-1 Feline herpesvirus 1

FCv Feline calicivirus

CPE Cytopathic effect

PCR Polymerase chain reaction

QRT-PCR  Quantitative real-time polymerase chain reaction
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