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Abstract
Feline bocavirus 1 (FBoV-1) may be associated with diarrhea in cats. In this study, a SYBR Green I-based quantitative 
polymerase chain reaction (qPCR) assay was established to detect FBoV-1. The melting curve showed a single melting 
peak at 83.0 ℃. The results of sensitivity showed that the detection limit of the qPCR was 3.87 × 101 copies/μL. Of note, the 
detection limit of the conventional polymerase chain reaction (cPCR) was 3.87 × 103 copies/μL. The highest intra-assay and 
inter-assay coefficients of variation (CV%) were 0.98% and 1.42%, respectively. The positive detection rate of 128 clinical 
samples using the qPCR and the cPCR was 7.0% (9/128) and 4.7% (6/128), respectively. Taken together, these results indi-
cated that the established qPCR assay has good sensitivity, high specificity, and good reproducibility. Therefore, it could 
provide support for the rapid and efficient clinical detection of FBoV-1.
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Introduction

Bocavirus is a member of the genus Bocaparvovirus, which 
belongs to the subfamily Parvovirinae, in the family Parvo-
viridae (Manteufel and Truyen 2008). The virus is a non-
enveloped, ~ 5.4-kb, single-stranded DNA virus with three 
open reading frames (ORFs): ORF1, ORF2, and ORF3, 
which encode non-structural protein (NS1), viral capsid 

proteins (VP1 and VP2), and nuclear phosphoprotein (NP1), 
respectively (Allander et al. 2005; Lau et al. 2012; Takano 
et al. 2016; Amimo et al. 2017). Compared with other par-
voviruses, the bocavirus ORF3 is an extra ORF between the 
non-structural and structural-coding regions (Allander et al. 
2005; Lau et al. 2012; Takano et al. 2016). So far, the genus 
Bocaparvovirus includes 25 species: Carnivore bocapar-
vovirus 1–6, Chiropteran bocaparvovirus 1–4, Lagomorph 
bocaparvovirus 1, Pinniped bocaparvovirus 1–2, Primate 
bocaparvovirus 1–2, Rodent bocaparvovirus 1–2, and 
Ungulate bocaparvovirus 1–8. Bocavirus can infect a wide 
range of animals, including human (Verbeke et al. 2019), 
pigs (Mohan Jacob et al. 2018; Shi et al. 2019), canines 
(Guo et al. 2016), California sea lion (Li et al. 2011), felines 
(Takano et al. 2016), and gorilla (Kapoor et al. 2010). The 
virus usually causes severe gastrointestinal and respiratory 
diseases in young hosts; whereas, subclinical infections are 
more common in adults (Lefkowitz et al. 2018; Liu et al. 
2018).

Feline bocavirus (FBoV) was first detected in Hong Kong 
in 2012 (Lau et al. 2012). Three types of FBoV have been 
detected (FBoV-1, FBoV-2, and FBoV-3), corresponding 
to Carnivore bocaparvovirus 3–5, respectively (Lefkowitz 
et al. 2018; Liu et al. 2018; Lau et al. 2012). Compared with 
healthy cats, FBoV-1 is more likely to be detected in cats 
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with diarrhea (Yi et al. 2018). In fact, studies have shown 
that FBoV-1 is closely associated with diarrhea. Co-infec-
tions with FBoV-1 and Feline panleukopenia virus (FPLV) 
are also common, leading to more serious clinical symp-
toms, such as hemorrhagic enteritis (Piewbang et al. 2019; 
Liu et al. 2018). Therefore, infection with FBoV-1 poses a 
health risk to cats.

An efficient identification method for FBoV can provide a 
powerful tool for the clinical diagnosis of cats with diarrhea. 
So far, there are conventional polymerase chain reaction 
(cPCR) methods and Taqman probe-based methods to detect 
FBoV (Wang et al. 2020); however, they are not without 
limitations. cPCR methods are associated with low sensitiv-
ity and are time-consuming, while the Taqman probe-based 
methods require the design and synthesis of specific probes, 
resulting in high detection prices (Wang et al. 2017). Quanti-
tative real-time polymerase chain reaction (qPCR) has been 
demonstrated to be very useful for quantifying viral patho-
gens (Cardoso et al. 2013). In this study, we established a 
quick and specific SYBR Green I -based qPCR method for 
FBoV-1 detection, with the aim to aid the clinical diagnosis 
of FBoV-1 infection.

Materials and methods

Virus samples and DNA and RNA extraction

The FBoV-1 AAU01 strain (GenBank number: MT577646) 
was collected from the feces of cats with hemorrhagic enteri-
tis in an animal hospital in Hefei, Anhui Province, China. 
Feline Parvovirus (FPV) HF1 strain (GenBank number: 
MT614366), Feline Herpesvirus (FHV, Fel-O-Vax PCT 
feline vaccine, Boehringer-Ingelheim), Feline Coronavirus 
(FCoV) HF1902 strain (GenBank number: MT444152), 
FBoV-2 HFXA-6 strain (GenBank number: MT633126), 
FBoV-3 HFTH-22 strain (GenBank number: MT633128), 
and Feline Astrovirus (FeAstV) AH-1–2020 strain (Gen-
Bank number: MN977118), which were preserved in our 
laboratory, were used for the specificity analysis of the qPCR 
method. For DNA viruses, DNA was extracted from the 
feces using the TIANamp Virus DNA/RNA Kit (TIANGEN, 
Beijing, China) according to the manufacturer’s instructions. 
For RNA viruses, reverse transcription of 100 ng viral RNA 
sample was carried out using the FastQuant cDNA Kit 
(TIANGEN) according to the manufacturer’s instructions. 
The DNA/cDNA was stored at − 20 °C until use.

Primer design

Compared with the VP1 and NP1 genes, the NS1 gene of 
FBoV-1 is more conserved (Yi et al. 2018). A pair of specific 
primers (F-s/R-s) was designed based on the NS1 gene of 

FBoV-1 using http://bioin fo.ut.ee/prime r3-0.4.0/ (Table 1). 
In addition, primers for amplifying NS1 were designed using 
Primer Premier 5 software.

Preparation of standard plasmid

The NS1 gene was amplified by cPCR reaction that com-
prised 12.5 μL of 2 × Premix  Taq® Version 2.0 (TaKaRa, 
Dalian, China), 1 μL of the DNA template, 0.4 μM forward 
and reverse primers (primer F-z and R-z), and an appropri-
ate volume of  ddH2O to obtain a total volume of 25 μL. The 
PCR products were first purified, then cloned into pMD19-T 
vector (TaKaRa), and finally transformed into E. coli DH5α 
competent cells. The recombinant plasmid, named pMD19T-
NS1, was extracted using the  EasyPure® plasmid MiniPrep 
kit (TransGen Biotech, Beijing, China) and sequenced by the 
General Biological Company (Anhui, China). The concen-
tration of the extracted plasmid was measured with NAN-
ODROP 2000 system (Thermo Fisher Scientific, Waltham, 
Massachusetts, USA).The plasmid copy number (copies/µL) 
was determined according to the formula: [concentration of 
plasmids (ng/µL) × 6.02 × 1023]/[109 × length of genome 
(bp) × 660 Da/bp)]. Tenfold dilution of pMD19T-NS1 was 
prepared and stored at 4 °C.

Optimization and establishment of standard curves

The prepared pMD19T-NS1 plasmid was used as template 
in SYBR Green I -based qPCR reactions. All reactions were 
performed in the CFX96TM Real-Time System (Bio-Rad, 
CA, U.S.A). Each reaction was of 20 µL, and contained 
10 µL 2 × SuperReal PreMix Plus (Tiangen), 0.6 μL of the 
forward primer (F-s), 0.6 μL of the reverse primer (R-s), 
1.0 μL of standard DNA plasmid, and 7.8 μL of RNase-free 
 ddH2O. The reaction consisted of an initial activation step 
of 15 min at 95 °C, 40 cycles of denaturation step of 10 s 
at 95 °C, and annealing step of 30 s at 60 °C. Each reaction 
was repeated three times.

Table 1  Primer sequences designed in the study

Primer Sequence (5′–3′) Genomic position Product 
length 
(bp)

F-s CAA GCT CTA TGG TTG CGT 
CA

1623–1642 240

R-s TTG CCA CCC AGT GTT TGA 
TA

1843–1862

F-z TCG GAC CTG GAG AAG 
AAC A

194–212 3360

R-z CAT ACC AGC ACC GTT 
ACC A

3341–3359

http://bioinfo.ut.ee/primer3-0.4.0/
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Sensitivity analysis of SYBR Green I qPCR

To optimize the SYBR Green I qPCR, a tenfold continu-
ous dilution of the plasmid standard was used to deter-
mine the detection limit. The plasmid concentration of 
3.87 × 108 ~ 3.87 × 101 copies/μL was used to determine 
the sensitivity of the reaction. Meanwhile, plasmids with 
the same concentration gradient were used as templates for 
cPCR detection. The PCR products were electrophoresed on 
agarose gel and observed under ultraviolet light to determine 
sensitivity. The detection limit of SYBR Green I qPCR was 
confirmed based on the Cycle Threshold (Ct) value at the 
highest dilution. Finally, the sensitivity of cPCR and SYBR 
Green I qPCR was compared.

Specificity analysis of SYBR Green I qPCR

The established SYBR Green I qPCR was used to simul-
taneously detect FPV, FHV, FCV, FCoV, FAstV, FBOV-2, 
FBOV-3, and RNase-free  H2O to confirm the specificity of 
this technique.

Reproducibility analysis of SYBR Green I qPCR

The pMD19T-NS1 plasmid at concentrations of 
3.87 × 108–3.87 × 101 copies/μL was used as template to 
detect the reproducibility of the assay according to the opti-
mized system. The reactions were repeated three times a day 
for three consecutive days to assess the intra-assay and inter-
assay standard deviations and the repeatability and stability 
of the method.

Detection in clinical samples

To demonstrate the clinical applicability of SYBR Green I 
qPCR, we collected 128 fecal samples of cats from animal 
hospitals in China. DNA of the samples was extracted using 
the Qiagen DNA tissue kit (Qiagen) according to the manu-
facturer’s instructions, and stored at − 20 °C. The extracted 
DNA was subjected to both cPCR and SYBR Green I qPCR 
detection methods.

Results

Construction of the SYBR Green I qPCR standard 
curve

The recombinant plasmid pMD19T-NS1 was diluted serially 
in concentrations ranging from 3.87 × 108 to 3.87 × 101 cop-
ies/μL, and used for SYBR Green I qPCR. The SYBR Green 
I qPCR amplification curve was constructed under opti-
mal conditions. The Ct value linearly correlated with the 

logarithm of plasmid copy number (R2 = 0.999) (Fig. 1b); the 
correlation stand curve equation was: Y =  − 3.447 ×  + 34.123 
(Fig. 1b), the amplification efficiency (E) was 95.0%, and the 
melt peak temperature was 83.0 °C (Fig. 1c).

Sensitivity of the SYBR Green I qPCR

The sensitivity of both PCR methods was determined by 
measuring the minimum detection limit of standard plasmids 
with tenfold serial dilutions (3.87 × 108–3.87 × 101 copies/
μL). The minimum detection limit of the SYBR Green I 
qPCR was 3.87 × 101  copies/μL, and that for gel elec-
trophoresis using products of SYBR Green I qPCR was 
3.87 × 103 copies/μL. Thus, the SYBR Green I qPCR was 
found to be more sensitive than cPCR (Fig. 2).

Specificity of the SYBR Green I qPCR

We used six viruses (including FPV, FHV, FCoV, FAstV, 
FBoV-2, and FBoV-3) to verify the specificity of the SYBR 
Green I PCR. In addition, RNase-free  H2O was used as a 
negative control. Only the pMD19T-NS1 group demon-
strated a high-intensity fluorescent signal with a Ct value 
lower than 35 (Fig. 3). FHV and the negative control did 
not show specific amplification. Additionally, although the 
curves of FPV, FBoV-2, FAstV, FCoV, and FBoV-3 were 
higher than the threshold, their Ct values are all greater than 
35 (Fig. 3). Therefore, the SYBR Green I qPCR established 
in the study is highly specific.

Reproducibility of the SYBR Green I qPCR

The intra-assay and the inter-assay coefficients of variation 
(CV%) ranged from 0.24% to 0.98% and 0.54% to 1.42%, 
respectively (Table 2). These results indicated that the SYBR 
Green I qPCR is reproducible.

Screening of clinical specimens by SYBR Green I PCR

The SYBR Green I qPCR established in this study and 
cPCR were simultaneously used to test 128 clinical sam-
ples. The positive detection rate of the samples by SYBR 
Green I qPCR was 7.0% (9/128), whereas that by cPCR was 
4.7% (6/128) (Table 3). These results indicate that the SYBR 
Green I qPCR was more sensitive than cPCR.

Discussion

Viral diarrhea is a very common disease in cats and is often 
considered to be caused by FPV infection (Stuetzer and 
Hartmann 2014; Zhang et al. 2019). However, with advances 
in scientific research, many more diarrhea-related viruses 
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have been reported, such as FeAstV and Feline Kobuvirus 
(FeKoV) (Cho et al. 2014; Lu et al. 2018). The FBoV, first 
discovered in Hong Kong in 2012, is also considered to be a 
diarrhea-related virus (Lau et al. 2012; Piewbang et al. 2019; 
Li et al. 2020). The detection rate of FBoV in cats with diar-
rhea in northeast China was reported to be as high as 33%, 

which is the highest detection rate of FBoV-1 so far (Yi et al. 
2018). In this study, we aimed to establish a more rapid and 
sensitive method for detecting FBoV-1 using SYBR Green 
I-based qPCR technique.

Compared to cPCR methods, real-time PCR assays 
have several advantages, such as being rapid, allowing 

Fig. 1  a Amplification curves of SYBR Green-based qPCR. 
The concentration of the plasmid pMD19T-NS1 ranged from 
3.87 × 108 to 3.87 × 101  copies/μL. b Standard curves of qPCR 
based on SYBR Green I for FBoV-1 detection. The plasmids 
(3.87 × 108−3.87 × 101  copies/μL) were used to establish the stand-
ard curve: Equation: y =  − 3.447 × lg [virus copies] + 34.123; cor-
relation coefficient: R2 = 0.999; reaction efficiency: E = 95.0%. c 

Melting curve analysis of qPCR based on SYBR Green I. The Tm 
of FBoV-1 qPCR was 83.0  °C. d The gel electropherogram results 
of conventional PCR. DNA marker of 2000 bp was used. The tenfold 
serial dilutions of pMD19T-NS1 plasmids ranging from 3.87 × 108 to 
3.87 × 101  copies/μL in lanes 1–8, respectively; lane 9 contains the 
negative control

Fig. 2  Amplification curve of 
qPCR based on SYBR Green 
I used for sensitivity analysis. 
Amplification was carried out 
with tenfold dilutions of stand-
ard plasmids ranging from  108 
to  101 copies
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quantitative measurement, and exhibiting high sensitivity 
and specificity (Mackay et al. 2002). SYBR Green I qPCR 
assays are more sensitive and faster than serological diagno-
sis (Luo et al. 2018). Moreover, compared with the TaqMan 
probe method, the SYBR Green I qPCR is based on the 
detection of fluorescent signals emitted by the fluorescent 
chimeric dye SYBR Green I, which eliminates the need to 
design and synthesize specific probes; therefore, the exper-
imental steps are much simpler, and the assay is cheaper 
(Wang et al. 2017). In previous reports, FBoV has often been 

detected in domestic cats living in constant contact with 
other cats, e.g., in animal shelters (Li et al. 2020). Using 
other methods, such as the TaqMan probe method, higher 
costs would be involved in the testing of FBoV in numer-
ous domestic cats. Therefore, the SYBR Green I qPCR 
method established in the study can provide a more suitable 
approach for the large-scale detection of FBoV based on its 
low cost and high efficiency.

Previous reports indicate that the NS1 gene of FBoV is 
conserved (Yi et al. 2018). In this study, two pairs of prim-
ers located in the NS1 gene were designed; one was used to 
amplify the entire NS1 gene for plasmid construction and 
the other was used for detection of FBoV-1. After optimiz-
ing the reaction conditions, a SYBR Green I-based qPCR 
for FBoV-1 detection method was established. The amplifi-
cation efficiency of the method was 95.0% and correlation 
coefficient was 0.999 (R2 = 0.999). The detection limit of 
SYBR Green I qPCR was 3.87 × 101 copies/μL, 100 times 
that of cPCR, and similar to that of the TaqMan method 
(4.57 × 101 copies/μL) established in our laboratory (Wang 
et al. 2020). In addition, FBoV-2, FBoV-3, and four other 
common feline viruses were tested and the results showed 

Fig. 3  Specificity analysis of 
the SYBR Green I qPCR for 
FBoV-1. Only the pMD19T-
NS1 group demonstrated a 
high-intensity fluorescent signal 
with a Ct value lower than 35. 
FHV and the negative control 
did not show specific amplifica-
tion. Additionally, although the 
curves of FPV, FBoV-2, FAstV, 
FCoV, and FBoV-3 were higher 
than the threshold, their Ct 
values are all greater than 35

Table 2  Repeatability analysis 
of SYBR Green I qPCR

Copy number of FBoV-1 
(copies/μL)

Intra-assay variation Inter-assay variation

Mean SD CV (%) Mean SD CV (%)

3.87 × 108 6.94 0.04 0.51 6.92 0.07 0.98
3.87 × 107 9.73 0.10 0.98 9.85 0.14 1.42
3.87 × 106 13.24 0.03 0.24 13.29 0.10 0.74
3.87 × 105 16.71 0.08 0.45 16.93 0.11 0.64
3.87 × 104 20.17 0.06 0.28 20.29 0.12 0.57
3.87 × 103 23.54 0.08 0.32 23.76 0.15 0.63
3.87 × 102 27.08 0.11 0.42 27.19 0.17 0.61
3.87 × 101 31.03 0.15 0.48 31.34 0.17 0.54

Table 3  Screening of clinical specimens by SYBR Green I qPCR

Region Amount Number of positive samples

Conventional PCR SYBR green I qPCR

Hefei 51 3/51 (5.9%) 4/51 (7.8%)
Nanjing 20 1/20 (5.0%) 2/20 (10.0%)
Shanghai 23 0 1/23 (4.3%)
Ma’anshan 19 1/19 (5.3%) 1/19 (5.3%)
Bozhou 15 1/15 (6.7%) 1/15 (6.7%)
Total 128 6/128 (4.7%) 9/128 (7.0%)
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that the established assay had good specificity for FBoV-1. 
Repeatability experiment results showed that the intra-assay 
and inter-assay coefficients of variation were lower than 3%, 
suggesting good reproducibility. The results of clinical sam-
ple detection showed that the positive rate of cPCR was 4.7% 
(6/128), whereas that of SYBR Green I-based qPCR was 
7.0% (9/128), indicating that the established method was 
more reliable than cPCR in the detection of clinical samples.

In summary, we developed a SYBR Green I-based qPCR 
assay for FBoV-1 detection and quantification that shows 
high sensitivity, specificity and repeatability. This method 
is suitable for diagnosis, epidemiological monitoring, and 
quantitative study of FBOV-1 infection in clinical samples.
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