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Abstract

In this study, we developed a real-time quantitative polymerase chain reaction (QPCR) assay based on a dual-labeled hydroly-
sis probe to simultaneously detect both duck circovirus (DuCV) 1 and DuCV-2. The reproducibility, sensitivity and specific-
ity of the primer set and probe were evaluated using other duck pathogens. The detection limit was 20 copies per uL. The
intra-assay coefficients of variation (CVs) were <0.73% and the inter-assay CVs were < 1.89%. No cross-reaction occurred
with other duck pathogens. In addition, the qPCR assay was successfully applied to the simultaneous detection of DuCV-1
and DuCV-2 in clinical field samples. Therefore, this assay will be useful for laboratory diagnosis and epidemiological field
studies of DuCV.
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Introduction

Duck circovirus (DuCV), a new member of the genus Circo-
virus of the family Circoviridae, was first found in Mallard
ducks in Germany in 2003 [1]. DuCV is a small (15-16 nm
in diameter), round, nonenveloped, single-stranded DNA
virus with a circular genome of approximately 1988-1996
nucleotides (nts) [2, 3]. Its genome contains three major
open reading frames (ORFs), ORF1, ORF2 and ORF3 [4].
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Since 2003, DuCV has been reported in a number of
countries, including Hungary, China, the United States, Italy
and South Korea, and in a variety of domestic duck breeds
and wild ducks [5-11]. Today, DuCV is highly prevalent in
the domestic duck population and is associated with consid-
erable economic losses.

DuCV mainly affects the host immune system and causes
multiple secondary infections in domestic ducks [1, 11-13].
It is associated with a variety of clinical signs, such as feath-
ering disorders, poor body condition and growth retardation,
lymphocyte depletion, necrosis and histiocytosis in the bursa
of Fabricius [13]. DuCV infection is often accompanied
by other bacterial and viral pathogens, such as Riemerella
anatipestifer, Escherichia coli, Pasteurella multocida and
duck hepatitis virus [5-7, 14].

DuCV can be divided into two genotypes, DuCV-1 and
DuCV-2, based on the complete genome and cap gene
sequences [11, 15]. In China, both DuCV-1 and DuCV-2
have been reported [16] and are increasingly associated
with serious harm to the poultry industry [8, 11]. Nucleotide
homology between DuCV-1 and DuCV-2 is 81.8-82.5%,
and the conserved regions are nt 240-345, nt 452-480 and
nt 581-678.
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Virus isolation is a fundamental diagnostic method, but
no in vivo culture system is yet available for the propagation
of DuCV [17, 18]. Other diagnostic techniques, such as con-
ventional polymerase chain reaction (PCR) [14], nested PCR
[19], real-time PCR based on SYBR Green I [14, 18] and
in situ hybridization (ISH), have been developed. However,
these techniques are usually lengthy and require specialized
equipment. For example, nested PCR requires agarose gel
analysis for the detection of amplification products and has
a very high risk of contamination, and ISH requires several
days to complete the assay.

In this study, the development of a quantitative real-time
PCR (qPCR) assay using a dual-labeled hydrolysis probe to
simultaneously detect DuCV-1 and DuCV-2 is reported. The
primers and probe were designed for the above mentioned
conserved regions of the genome. To evaluate the developed
gPCR assay for the diagnosis and monitoring of ducks with
DuCV infection, we tested our method using clinical poultry
samples and demonstrated that our qPCR assay could be
used for the screening of virus-infected field samples.

Materials and methods
Field samples and DNA extraction

Field samples were collected from deceased ducks. DNA
was isolated from a mixture of the lung, liver and spleen of
each carcass using a DNeasy Blood & Tissue kit (Qiagen,
Hilden, Germany) according to the manufacturer’s instruc-
tions. A total of 24 DNA samples were isolated in this study,
including 20 field samples, 2 positive samples for DuCV-1
and 2 positive samples for DuCV-2. All DNA samples were
stored at —20 °C until required.

Primer and probe design

To design DuCV-1- and DuCV-2-specific primers and
probes, the complete genome sequences of 130 DuCVs
from the National Center for Biotechnology Information’s
GenBank database (Supplementary file) were aligned using
DNAStar software (DNASTAR, Madison, WI, USA) for
identification of conserved regions. The following prim-
ers and probe were used: DuCVPF, 5’-TATGTTATCTTT
GGGCGTGG-3’ (GenBank no. MN068360, nt 457-476);
DuCVPR, 5’ -ACGACTACGTCATTTCCCGA-3’ (nt
640-659); DuCVProbe, FAM-CACGCGGGAAGTGGT
GGGACG-BHQI (nt 614-634).

Standard plasmid construction

To generate a DuCV standard curve for the qPCR reac-
tion, a PCR product of 410 bp was cloned using the primers
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DuCV410F (5’-TTGAGGAGTCGCTGGGAGGA-3') and
DuCV410R (5'-GACGACTACGTCATTTCCCG-3') into
the vector pCloneEZ-NRS-Omni (Clone Smarter, USA)
according to the manufacturer’s instructions. The resulting
plasmid, pDuCV410, was confirmed by DNA sequencing
and purified using a Plasmid Extraction Kit (Sangon, Shang-
hai, China). The concentration of the pDuCV410 plasmid
was determined by measuring the optical density (OD) at
260 nm using a Multiskan GO (Thermo Fisher, Waltham,
MA, USA). The copy number of pDuCV410 was also calcu-
lated. Serial tenfold dilutions of plasmid DNA were used in
amplification reactions. The dilutions were stored at —20 °C.

The qPCR analysis

The qPCR assays were performed using an ABI Quant-
Studio 5 instrument (Thermo Fisher Scientific) and soft-
ware (v.1.5.0). The qPCR reaction mixture contained 1 pL
enzyme, 10 pL 2 X AceQ qPCR Probe Master Mix (Vazyme,
Nanjing, China), 1 pL each primer (0.5 pmol/L), 1 pL probe
(0.25 pmol/L), 3 pL DNA template and RNase-free water
to a final reaction volume of 20 pL. The PCR thermocy-
cling procedure was performed at 95 °C for 5 min, 95 °C
for 10 s and 60 °C for 30 s (fluorescence data collected) for
40 cycles. The positive reaction cycle threshold (Ct) value
was set to 35, and RNase-free water was used as a negative
control.

Sensitivity analysis

To determine the limit of detection, qPCR assays were per-
formed using serial tenfold dilutions (2 x 10'* to 2x 10° cop-
ies of plasmid DNA/pL) of the plasmid pDuCV410 as the
templates. Each qPCR assay was performed in triplicate.
The plasmid copy number was calculated using the URI
Genomics & Sequencing Center program.

Standard curve

The standard DuCV plasmid (pDuCV410, 2 x 10% to 2 x 102
DNA copies/puL per sample) was used to evaluate the coef-
ficients of variation (CVs) of the qPCR assay. The standard
curve and regression equation were established using ABI
QuantStudio™ Design & Analysis SE Software (v1.5.0).

Reproducibility analysis

To assess the inter-assay and intra-assay repeatability of the
gPCR assay, tenfold serial dilutions of the reference mate-
rials were prepared. The average Ct and CV values were
calculated according to the test results.
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For inter-assay repeatability, four tenfold serially diluted
samples of the reference material were detected by gPCR
three times under the same reaction conditions.

For intra-assay repeatability, four tenfold serially diluted
samples of the reference material were taken, and three rep-
licates were performed for each dilution factor. The qPCR
assays were performed simultaneously.

Specificity analysis

The specificity of the assay was evaluated using other duck
pathogens. Total viral DNA/RNA samples from four avian
influenza viruses (HSN6, HSNS, H7N9 and HON2 subtypes),
duck coronavirus, avian paramyxovirus, new duck parvovi-
rus, duck reovirus, duck hepatitis A virus, duck astrovirus,
duck Tembusu virus and duck plague virus were assessed
using the qPCR assay described in this study. Nucleic acids
extracted from healthy ducks were used as negative controls.

Detection of field samples

Tissue samples from 20 deceased ducks submitted to our
laboratory were tested using the qPCR assay. All DuCV-
positive samples were confirmed by conventional PCR,
and the Rep gene was amplified using the primer set
DuCV410F and DuCV410R. Specific amplicons were
purified from 1.5% agarose gels using a Gel Extraction

Kit (Sangon) and sequenced using an ABI PRISM 3730
DNA Sequencer (Thermo Fisher Scientific). Based on
their sequences, all DuCV-positive field viruses were clas-
sified as DuCV-1 or DuCV-2.

Results
Sensitivity of the qPCR assay

To develop the qPCR assay, a specific primer set and probe
for DuCV-1 and DuCV-2 were designed. To optimize the
gqPCR assay, the Rep gene plasmid was amplified and used
as a quantitative standard in our system. The plasmid was
serially diluted (2 10'° to 2x 10! copies per microliter),
and the sensitivity of our primer/probe set was determined
using the qPCR assay targeting the Rep gene.

The standard curve was generated by plotting the loga-
rithm of the plasmid copy number against the measured Ct
values (Fig. 1). The curve had a linear correlation (R?) of
0.998 and an efficiency of 99.35%. The reaction efficiency
of the assay was calculated using the slope (—3.338) and
the Y-intercept (36.898). We also showed that the detec-
tion limit under the qPCR conditions we used was 2 x 10!
copies per uL (Table 1) with the Ct value cut-off for the
gqPCR assay set to 35.

Standard Curve

Ct

y

-3.338x+36.898
R?=0.998

Quantity

Fig. 1 Standard curve of known copies of target plasmid DNA. Reac-
tions with copy numbers of target genes between 10 and 10 were
used to create the standard curve by plotting fluorescence data of

copy numbers against Ct values. The assays were in the linear range
of pDuCV410 with an R? value of 0.998 and a reaction efficiency of
99.35%
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Table 1 Amplification profile of detection for the target plasmid
DNA of DuCV

Concentration of standard plasmid (copies/pL) Mean Ct Value

As expected, the nucleic acids extracted from the DuCV-
positive samples were successfully detected, whereas the
viruses of other origin were not amplified by the qPCR assay
(Table 2). These results showed that the qPCR assay was
highly specific and exhibited no cross-reactivity for other

Reproducibility of the qPCR assay

The standard plasmid was used as the template for evalua-
tion of the CVs of the qPCR assay. The intra- and inter-assay
CV values ranged between 0.19% and 0.73% and 0.63%
and 1.89%, respectively (Table 3), which indicated that this
method had good reproducibility.

2.0x10'" 4.69
2.0x10° 7.91 viruses.
2.0x108 11.01
2.0x10’ 13.29
2.0x10° 16.98
2.0x10° 19.97
2.0x10* 23.26
2.0x10° 27.18
2.0x10? 30.71
2.0x10! 34.20
2.0x10° -

Table 2 Specific evaluation of the real-time quantitative PCR method
for detection of DuCV

Tested viruses Ct Value
DuCV-1 13.42
DuCV-2 18.67
H5N6 -
H5NS -
H7N9 _
HON2 -
Duck coronavirus 39.37

Avian paramyxovirus -
New duck parvovirus -
Duck reovirus -
Duck hepatitis A virus -
Duck astrovirus -
Duck Tembusu virus -

Duck plague virus -

Specificity of the qPCR assay

To assess the analytical specificity of the qPCR assay, dif-
ferent subtypes of avian influenza virus, duck coronavirus,
avian paramyxovirus, new duck parvovirus, duck reovirus,
duck hepatitis A virus, duck astrovirus, duck Tembusu virus
and duck plague virus stored in our laboratory were tested.

Application of the qPCR assay using field samples

To detect DuCV in field samples using our qPCR assay, we
obtained a total of 20 field samples from diseased domestic
ducks in Shandong, China and isolated viral DNA from these
samples. A total of six samples were confirmed to be DuCV-
positive by our qPCR assay (Table 4). Next, we confirmed
the sequences of all DuCV-positive samples using the uni-
versal Rep sequencing primers DuCV410F and DuCV410R.
All six DuCV-positive samples belong to DuCV-1 genotype.
These results showed that our gPCR assay was a promising
technique for specific detection of DuCV in field samples
from infected ducks.

Discussion

DuCV is a novel virus that has attracted much attention from
the veterinary industry in recent years. In addition to caus-
ing death in several species of ducks along with multiple
secondary infections, DuCV can also exacerbate diseases
associated with multiple viruses and bacteria, as it can
induce immunosuppression [7]. These mixed and secondary
infections cause huge economic losses to the duck breeding
industry and cannot be ignored [20].

DuCV has been reported in many countries, and infection
rates are quite high. Prevalence rates are 46.2% in Germany
[1], 84.2% in Hungary [14], 38.2% in Taiwan [5], 10-81.6%
in China [12, 21] and 21.9% in South Korea [10]. Of the

Table 3 Variance analysis of
CT values quantified by real-

Concentration of standard

Intra-assay variability

Inter-assay variability

X . X - plasmid (copies/pL)
time PCR in serially diluted Ct (Mean=+SD) CV (%) Ct (Mean+SD) CV (%)
standard plasmid solutions
2.0x10'° 6.184+0.012 0.19 6.321+0.12 1.89
2.0x10° 9.212+0.054 0.59 9.363 +£0.059 0.63
2.0x108 12.674 +£0.092 0.73 12.575+0.17 1.35
2.0x 107 16.002+0.034 0.21 15.873+0.12 0.76
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Table 4 Application of the real-time quantitative PCR assay using
field samples

Field samples Ct value Positive
(+)/negative
=

1 22.40 +

2 38.21 -

3 39.07 -

4 38.85 -

5 29.50 +

6 39.02 -

7 38.67 -

8 14.98 +

9 38.53 -

10 37.98 -

11 38.01 -

12 19.57 +

13 38.82 -

14 26.78 +

15 39.06 -

16 38.23 -

17 37.89 -

18 32.89 +

19 38.64 -

20 39.15 -

viruses two genotypes, DuCV-1 and DuCV-2 [11], there
have been more reports of DuCV-1 in Germany, Hungary,
the United States, China, South Korea, and Poland, but more
reports of DuCV-2 in Taiwan and China.

The qPCR is a method that uses fluorescent chemicals to
determine the total number of products after each round of
PCR amplification. Compared with traditional PCR meth-
ods, qPCR has higher sensitivity, is simpler and takes less
time [22]. In this study, a novel primer set and probe were
designed for DuCV detection, and our gPCR assay was suc-
cessfully employed to identify DuCV-positive field samples.
To enhance the specificity of target detection, we designed a
new single primer set and probe for the conserved sequences
of DuCV-1 and DuCV-2. Compared with real-time PCR
based on SYBR Green I, our gPCR method showed higher
sensitivity [18]. Of the 20 clinical field samples, six were
DuCV-positive, and the Ct values of these positive samples
ranged from approximately 15 to 33. Moreover, all DuCV-
positive samples were sequenced and verified by GenBank
BLAST processing. Our qPCR method ensured highly spe-
cific and sensitive simultaneous detection of DuCV-1 and
DuCV-2. This detection platform may provide a useful
screening method for clinical samples from duck farms.
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