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Abstract

Feline parvovirus causes infectious diseases, and Chaphamaparvovirus is a novel type of feline parvovirus. The present study
aims to establish a method that can be used in clinical rapid detection of feline Chaphamaparvovirus (FeChPV), for facilitate
the timely and effective diagnosis and treatment of sick animals and shorten the diagnosis time of clinical diseases. The
experimental samples in this study are from 20 cats undergoing physical examination in Hefei Xin’an Animal Hospital. An
SYBR Green I-based qPCR assay was performed to detect FeChPV. A pair of specific primers was designed based on the
VPI gene to perform the assay. The detection assay showed high sensitivity with a detection limit of 1.07 x 10! copies/pL
and high specificity for detection of only the target virus. The coefficients of C, value variation were calculated to assess the
reproducibility of the qPCR assay, and the inter- and intra-assay ranged from 0.21 to 0.67% and 0.10 to 0.56%, respectively.
The result of clinical sample detection showed that the infection rate of FeChPV in 124 samples detected using gPCR assay
was higher than that with conventional PCR. The established qPCR assay could be a low-cost, convenient, and reliable

method to detect FeChPV in clinical practice.
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Introduction

Feline parvovirus, also called feline panleukopenia virus
(FPV), feline infectious enteritis virus, and feline plague
virus, causes infectious diseases, such as high fever, vomit-
ing, and serious leukopenia. It is characterized by a reduc-
tion in the number of circulating lymphocytes and enteritis
(Tucciarone et al. 2021). Chaphamaparvovirus (ChPV) is a
novel type of feline parvovirus.

ChPVs are a newly identified genus of parvoviruses (Pen-
zes et al. 2020). Diarrhea in cats caused by an infectious
agent has been reported since the 1930s. Diarrhea caused
by infectious factors not only induces acute enterogastritis
but also threatens the health of cats (Zhang et al. 2019). To
date, feline astrovirus (FeAstV), feline bocavirus (FBoV),
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feline coronavirus (FCoV), feline kobuvirus (FKV), and
feline parvovirus (FPV) can cause diarrhea in cats (Tasker
2018; Liu et al. 2018; Hoshino et al. 1981; Lu et al. 2018;
Mietzsch et al. 2019).

Members of the Parvoviridae family are non-enveloped
viruses with linear, single-stranded DNA genomes of 4-6 kb
in length (Li et al. 2020; Penzes et al. 2019). According to
the latest taxonomic criteria of the International Committee
on Taxonomy of Viruses, the Parvoviridae family has been
divided into three subfamilies: Densovirinae, Hamaparvo-
virinae, and Parvovirinae. The viruses in the Parvovirinae
subfamily only infect vertebrates, and the Densovirinae
subfamily uses invertebrates as hosts (Cotmore et al. 2014;
Fahsbender et al. 2019). Hamaparvovirinae has a broad host
range, including vertebrates and invertebrates. ChPV is one
of the genera in Hamaparvovirinae and has been reported to
infect various animals, such as dogs, cats, rats, barn owls,
peafowls, mice, tilapias, red-crowned cranes, pigs, ducks,
and chickens (Di Profio et al. 2021; Yang et al. 2016; Hargi-
tai et al. 2021; Liu et al. 2020; Ge et al. 2020; Du et al. 2019;
Wang et al. 2019, 2020a, b; Vibin et al. 2020; Lima et al.
2019; Mohamed et al, 2013). Feline Chaphamaparvovirus
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(FeChPV) was first identified in fecal samples of cats from
animal shelters, where outbreaks of diarrhea and vomit-
ing occurred in Canada in 2019 (Li et al. 2020). It has also
been reported to be associated with diarrhea (Di Profio et al.
2021).

Few studies have been conducted on FeChPV, and cur-
rently, no efficient methods to detect FeChPV have been
established. Therefore, a convenient method for FeChPV
detection is urgently needed. The quantitative real-time
polymerase chain reaction (QPCR) assay is deemed to be an
accurate and effective method for virus detection (Liu et al.
2013; Chang et al. 2020). Therefore, in this study, a SYBR
Green I-based qPCR assay was established for the clinical
detection of FeChPV.

Materials and methods
Sample collection and nucleic acid extraction
Disease material source

In total, 20 cat fecal samples were collected from Xin’an
Animal Hospital in Hefei, Capital of East China’s Anhui
Province, on October 25, 2019. Three of the samples were
from cats with diarrhea, and 10 were from cats with normal
medical examinations.

Treatment of disease material samples

All fecal samples were thoroughly ground in the grinder
until no large particles were visible to the naked eye, and
1 mL phosphate-buffered saline buffer was added during
the grinding process. All stool samples were evenly mixed
and placed in a low-temperature centrifuge and centrifuged
at 12,000 r/min for 10 min. Subsequently, the supernatant
was taken from a sterile operating table and filtered with a
0.22 pm filter. The filtered liquid was placed in a 1.5 mL
sterile centrifuge tube. All samples were stored at— 80°C
until use.

Extraction of viral nucleic acid

FeChPV DNA was extracted from fecal samples that were
confirmed to be positive using the TITANamp Stool DNA
kit (Tiangen, Beijing, China). The strains of FeAstV (AH-
1-2020 strain, GenBank number: MN977118), FBoV-1
(GenBank number: MT577646.1), FPV (HF1 strain, Gen-
Bank number: MT614366), FCoV (HF1902 strain, Gen-
Bank number: MT444152), feline calicivirus (FCV, ANHF1
strain, GenBank number: MT649084), and feline herpes-
virus (FHV) (Fel-O-Vax PCT feline vaccine, Boehringer
Ingelheim) were reserved in our laboratory.
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Virus nucleic acid detection

FeChPV-specific primers were used for PCR detection of
the samples. The reaction system used 20 pL conventional
PCR system, using cDNA extracted from the pathogen as
template, PCR amplification was performed with FeChPV-F
and FeChPV-R primers at 95 C for 5 min. 95°C 305,55 C
30 s, 72 'C 40 s, 40 cycles; 72 °C for 10 min (for primer
sequence, please refer to construction of standard plasmid).
The negative control group was used for each test.

Construction of standard plasmid

To construct the standard plasmid, the DNA that was identi-
fied by sequencing as fechavirus was used as the template
to amplify partial VPI gene of 620 bp using a conventional
PCR (cPCR) method. The forward (FeChPV-F) and reverse
primers (FeChPV-R) were 5'-"TGGGAACCAACAAACACG
-3" and 5'-CATCCTTGGGTAGTCGTT-3’, respectively.
The DNA identified by sequencing as FeChPV was used
as the template to amplify the partial VP gene. Further-
more, 10 pL 2XMix, 1 pL forward primer, 1 pL reverse
primer, 2 pL template, and 6 pL double-distilled water
(ddH,0) formed a system and were amplified using the
cPCR method. After verification, the final conditions were
set as follows: predegeneration at 95 °C for 5 min, followed
by 40 cycles of degeneration at 95 °C for 30 s, annealing at
55 °C for 30 s, extension at 72 °C for 72 s, and a final exten-
sion step at 72 °C for 10 min. The PCR product was cloned
into the pMD-19 T vector after purification and was named
FeChPV-19 T. After transformation into DH5a cells, the
Easy Pure Plasmid MiniPrep kit (TransGen Biotech, Beijing,
China) was used to extract the recombinant plasmid, and
sequencing was performed by General Biosystems (Chu-
zhou, China).

After measurement using an ND-2000 spectrophotom-
eter (Thermo Scientific, Dreieich, Germany) and calcula-
tion using the following formula: DNA concentration (copy
number) = (6.02 x 10?* copies/mol X plasmid concentration
[ng/pL] % 10~%)/(DNA length in nucleotides X 660 g/mol)
were performed, the copy number of FeChPV DNA was
determined. According to the copy number, the recombinant
plasmid was tenfold diluted to 10'.

Primer design

Based on the original research in our laboratory, we used
the genome extracted by our laboratory to design primers
through NCBI website, Primer5, Megalign and other soft-
ware, carefully compared and repeatedly verified. Our ref-
erence sequence is FeChPV isolate HF2, complete genome
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(GenBank number: MT708231.1). A pair of specific primers
was designed based on the regions that were used to con-
struct the standard plasmid. The sequence of the forward
primer was 5'-GCGTATACCGTATGGGGTCA-3', and the
reverse primer sequence was 5'-AGTCCCTGGGAATCT
CCATC-3". All primers used in this study were synthesized
by General Biosystems.

Establishment of a standard curve

A tenfold serial dilution of recombinant plasmid was used
as a template to perform a qPCR assay on a CFX96™ Real-
Time PCR Detection System (Bio-Rad, Hercules, CA,
USA). The system consisted of 10 pL. of SuperReal Pre-
Mix Plus (Tiangen), 0.6 pL forward primer, 0.6 pL reverse
primer, 1 pL template, and 7.8 pL. ddH,0. The qPCR condi-
tions were performed at 95 °C for 15 min, followed by 40
cycles of 95 °C for 10 s and 60 °C for 30 s.

Sensitivity analysis

To evaluate the sensitivity of the qPCR assay, concentration
gradients from 10% to 10! were used as templates. At the
same time, cPCR was conducted using the same templates
to compare the differences in sensitivity between the two
methods.

Specificity analysis

To evaluate the specificity of qPCR, the DNA or cDNA of
FPV, FeAstV, FBoV-1, FCV, FHYV, and FCoV and a nega-
tive control of ddH,O were used as templates to observe the
presence of specific curves.

Repeatability analysis

Four concentrations, 108, 10°, 10*, and 102, were selected
to calculate the coefficients of C, value variation (CV). The
dilutions of the concentrations mentioned above were used
as templates in the reaction system, each of which was per-
formed three times a day and repeated for 3 days under the
same conditions. The inter- and intra-assay CVs were then
calculated to assess the reproducibility of the SYBR Green
I-based assay.

Clinical sample detection

In total, 124 clinical samples collected from an animal hos-
pital were used to verify whether the qRT-PCR assay was
suitable for clinical practice. The DNA of the samples was
extracted using the TTANamp Stool DNA kit (Tiangen) and
stored at — 20 °C. Subsequently, qPCR and cPCR were used
to detect the target viruses.

Results
Construction of the standard curve

The cope number of FeChPV was 1.07 x 10'" cop-
ies/pL, and the dilutions used to establish the stand-
ard curve ranged from 1.07 x 10" to 1.07 x 10" copies/
pL. Ultimately, the standard curve that we received was
y= —3.330% +34.166, with a correlation coefficient
(R?) of 0.999 and an amplification efficiency (E) of 99.7%
(Fig. 1b). As shown in Fig. lc, the melting curve showed
a specific peak at 79 °C.

Analysis of sensitivity for the qPCR

The result of sensitivity analysis showed that the limit con-
centration that the qPCR assay could detect was 1.07 x 10!
(Fig. 2), whereas the cPCR was only able to detect up to
1.07 x 10° (Fig. 1d).

Analysis of specificity for the qPCR

As shown in Fig. 3, only FeChPV exhibited specific
curves. The other viruses and ddH,O did not show spe-
cific curves.

Analysis of reproducibility for the qPCR

The inter- and intra-assay CVs were calculated to test the
reproducibility of the qPCR assay. The inter-assay CVs
ranged from 0.21 to 0.67%, and the intra-assay CVs ranged
from 0.10 to 0.56% (Table 1).The formula for calculat-
ing the coefficient of variation is: coefficient of variation
CV =(Standard Deviation SD/Mean Mean) X 100%.

Clinical samples testing by qPCR

As shown in Table 2, 124 stool samples were collected
from animal hospitals and shelters in different areas of
Anhui Province. After extracting nucleic acid from these
materials, the gPCR method for FeChPV was established
in this study for detection, and the same template was also
detected by cPCR. The results showed that there were
three positive samples detected by cPCR, with a positive
rate of 2.42%, and six positive samples detected by qPCR,
with a positive rate of 4.84%. The degree of agreement
between the two methods was consistent, and all positive
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Fig.1 a Amplification curve of SYBR Green I-based quantita-
tive real-time polymerase chain reaction (PCR). The copy num-
bers of feline Chaphamaparvovirus (FeChPV) DNA ranged from
1.07x10% to 1.07x 10" copies/uL. b Standard curve of FeChPV
(concentrations ranging from 1.07x10® to 1.07x10' copies/uL,
y=—3.330x +34.166, R2=0.999, E=99.7%). ¢ Melting curve of
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Fig.2 Sensitivity analysis. Amplification curve of SYBR Green
I-based real-time polymerase chain reaction assay of feline
Chaphamaparvovirus. The lowest limit of detection of the assay was
1.07x 10" copies/pL

samples were verified by sequencing. This indicates that
the sensitivity and specificity of the qPCR method estab-
lished in this study can be applied to the clinical detection
of FeChPV at the grassroots level.
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Fig.3 Specificity analysis. There is no specific curve of feline astro-
virus, feline bocavirus, feline panleukopenia virus, feline calicivirus,
feline herpesvirus, feline coronavirus, and double-distilled water

Discussion

In clinical practice, FPV has been recognized as a general
cause of feline diarrhea (Chang et al. 2020). Other viral
pathogens related to enteritis are neglected to some extent
(Zhang et al. 2019). Among NS1, VP1, and NP genes,
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Table1 Intra- and inter-assay C, value variations of feline

Chaphamaparvovirus

Category DNA standard Mean (C) SD CV (%)
(copies/pL)

Intra-assay 1x108 7.77 0.04 0.56
1x10° 14.03 0.02 0.16
1x10* 20.95 0.02 0.10
1x10? 27.72 0.03 0.10

Inter-assay 1x108 7.76 0.04 0.52
1x 108 14.44 0.10 0.67
1x10* 21.24 0.12 0.54
1% 10 28.10 0.06 0.21

Table 2 Detection of feline Chaphamaparvovirus in clinical samples
by conventional polymerase chain reaction and quantitative polymer-
ase chain reaction

Symptoms Amount Numbers of positive
samples for fecha
cPCR gPCR
Diarrhea 80 3 5
No diarrhea 44
Total 124 3 6

the VP1 gene is more conserved. Therefore, based on the
VP1 gene of FeChPV, we searched and analyzed a con-
served region using Basic Local Alignment Search Tool
(BLAST) in GenBank (GenBank numbers:MW404252.1,
MW404253.1, MN794869.1). However, in the past few
years, other viruses, including FCV (Di Martino et al.
2020), feline astrovirus (Wang et al. 2021a, b), and FBoV
(Wang et al. 2021a, b), have been reported to be associ-
ated with diarrhea. In shelters where outbreaks of diarrhea
and vomiting were observed, the detection rate of FeChPV
was 47% in the fecal samples from 17 cats(Li et al. 2020),
which indicated that FeChPV was a cause of diarrhea to
a great degree.

A cPCR assay was performed when FeChPV was first
found (Li et al. 2020). Previous studies on FeChPV have not
provided any methods with the ability to rapidly detect the
target virus. The TagMan method has been described in arti-
cles related to enteritis and upper respiratory tract diseases
(Wang et al. 2020a, b). The qPCR assay has a sensitivity
and specificity that are greater than those obtained with the
cPCR assay (Di Martino et al. 2020; Wang et al. 2020a, b,
2021a, b; Zheng et al. 2020). Given its low cost and conveni-
ent operation, the SYBR Green I assay is a better choice for
large clinical sample testing.

At present, there is no official gold standard for FeChPV
detection. According to the specific primers designed from

the FeChPV genome, FeChPV can be accurately detected,
but the sensitivity of traditional PCR methods is not very
high. In this study, we sequenced all the samples that were
initially positive, and finally determined that they were posi-
tive samples, but we cannot guarantee that there is no possi-
bility of false negatives. In the present study, gPCR was suc-
cessfully used to detect FeChPV in cats. The tenfold series
dilutions from 1.07 x 10® to 1.07 x 10! copies/uL were used
to obtain the standard curve of FeChPV. The standard curve
equation was y = —3.330 X +34.166, with an R? of 0.999
and an E of 99.7%. The sensitivity for FeChPV detection
using the SYBR Green I assay was 100 times higher than
that of cPCR. Thus, gqPCR was confirmed to be accurate
and sensitive. A few viruses related to diarrhea in cats and
a negative control of ddH,O were used to assess whether
the qPCR assay has reliable specificity, and the result sug-
gested that it had good specificity. The reproducibility was
also proven to be all-right with intra- and inter-assay CVs
of 0.10-0.56% and 0.21-0.67%, respectively. To verify the
practicability of the SYBR Green I assay in clinical prac-
tice, 124 fecal samples were tested for FeChPV positivity.
In this study, we sequenced all the samples that were ini-
tially positive, and finally determined that they were positive
samples, but we cannot guarantee that there is no possibil-
ity of false negatives. The results showed a higher detec-
tion rate for the target virus than for cPCR. This indicated
that the qPCR assay is an efficient and accurate method for
FeChPV detection. We found that one third of samples from
animals clinically infected with FeChPV tested positive for
FPV, FeAstV, and FBoV. We speculated that FeChPV may
co-infect FPV, FeAstV, and FBoV. The potential impact of
FeChPV on feline animals has been determined, and there is
no effective prevention and treatment drug at present, which
requires further study.

Conclusion

In summary, an SYBR Green I-based qPCR assay was
successfully performed for FeChPV detection. The study
has filled the gaps in the rapid detection of FeChPV and
is appropriate for clinical diagnosis because it is sensitive,
specific, and fast. This new detection method is of great sig-
nificance to further study the epidemic trend of FeChPV in
Anhui Province. Our findings contribute to further investi-
gation of the prevalence, genotype distribution, and genetic
diversity of FeChPV, adding to the molecular epidemiology
of FeChPV worldwide.
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