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The mixed infection of duck Tembusu virus (DTMUV) and goose astrovirus
(GoAstV) is an important problem that endangers the goose industry. Although
quantitative PCR has been widely used in monitoring these two viruses, there is
no reliable method to detect them at the same time. In this study, by analyzing
the published genomes of DTMUV and goose astrovirus genotype 2 (GoAstV-2)
isolated in China, we found that both viruses have high conservation, showing
96.5t0 99.5% identities within different strains of DTMUV and GoAstV, respectively.
Subsequently, PCR primers and TagMan probes were designed to identify DTMUV
and GoAstV-2, and different fluorescent reporters were given to two probes for
differential diagnosis. Through the optimization and verification, this study finally
developed a duplex TagMan gPCR method that can simultaneously detect the
above two viruses. The lower limits of detection were 100 copies/pL and 10
copies/pL for DTMUV and GoAstV-2 under optimal condition. The assay was
also highly specific in detecting one or two viruses in various combinations in
specimens, and provide tool for clinical diagnosis of mixed infections of viruses
in goose.

diagnosis, Tembusu virus, goose astrovirus, TagMan, duplex qPCR

Introduction

Virus infection is an important factor affecting the goose breeding industry, leading to
great economic losses (Chen et al., 2013). Rapid testing is the primary tool for clinically
monitoring viral infections and developing appropriate treatments. Against the most prevalent
viral pathogens circulating in goose, like Goose parvovirus (GPV), Newcastle disease virus
(NDV), goose herpesvirus (GHV), and goose adenovirus (GAV), several molecular assays
have been developed for clinical diagnosis in the past few years by using either genomic
detection methods such as PCR or antigen detection methods such as ELISA (Chen et al.,
2009; Guo et al., 2009; Wan et al., 2019; Wu et al., 2019; Tomar et al., 2021). Also, several
duplex detection assays were developed for rapid screening of multiple pathogens, usually by
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duplex PCR (Kong et al., 2007; Chen et al., 2013; Wang et al., 2020).
These methods have brought great convenience and benefits to the
breeding industry. But unfortunately, there is an endless stream of
emerging viruses, which urgently calls for more new approaches to
the current epidemic.

Since the emergence of the goose astrovirus (GoAstV, genus
Avian Astrovirus, family Astrovirus) in 2017, it has quickly swept
through many provinces in China, causing a very serious epidemic
(Niu et al., 2018; Yang et al., 2018; Zhang et al., 2018; Wei et al.,
2020). The goose astrovirus causes gout and death in 4-16-day-old
goslings, the infection and mortality rates in goslings and ducklings
can reach 80% and 50%, respectively (Fei et al., 2022). It has resulted
in serious economic losses to the poultry-breeding industry. Up to
now, several diagnosis tools have been well developed to detect this
virus, including immunochromatographic strip assay (Yang et al.,
2021), TagMan-based real-time RT-PCR (Wan et al., 2019; Yin
etal., 2020), and loop-mediated isothermal amplification assay (He
etal., 2020). However, no work has been done to add this emerging
virus to duplex detection systems. Besides, in recent years, the
prevalence of duck Tembusu virus (DTMUYV, genus Flavivirus,
family Flaviviridae) in geese has been increasing (He et al., 2017;
Zhu et al., 2022), it mainly causes a sudden laying drop in breeding
geese and neurological symptoms in goslings. and it has become the
focus of daily pathogen monitoring in geese. Therefore, there is an
urgent need to develop rapid screening tools for DTMUV
and GoAstV.

In this study, we analyzed the published reference strains of duck
Tembusu virus and goose astrovirus, designed specific primers and
probes, carried out systematic optimization and verification, and
finally established a duplex real-time PCR assay that can accurately
detect these two pathogens. The method provides a highly sensitive
and accurate detection tool for daily pathogen monitoring in
poultry industry.

Materials and methods
Viral strains and clinical samples

DTMUV (GenBank: KX977553.1) and GoAstV (genotype 2,
GenBank: MZ576222.1) strains used in this study were isolated from
China and kept in our laboratory. Goose polyomavirus (GPoV), goose
parvovirus (GPV), avian influenza virus (AIV, H5N6), Newcastle
disease virus (NDV), avian orthoreovirus (ARV), and avian leukosis
virus (ALV) isolated from duck by our laboratory were used to assess

TABLE 1 Primers and probe used in this study.

Virus

10.3389/fmicb.2023.1146241

specificity of test. Eight DTMUV-positive samples and eight GoAstV-
2-positive samples (liver, determined by RT-PCR and sequencing
before) were collected from Jan-2022 to July-2022 in our lab. Tissue
suspensions (30pL) were randomly paired to form eight mixed
samples. These clinical samples were negative for GPoV, GPV, AIV,
NDV, ARV, and ALV through PCR tests.

Viral DNA/RNA extraction and cDNA
synthesis

Viral RNA was extracted by FastPure®Cell/Tissue Total RNA
Isolation Mini Kit (Vazyme, Nanjing, China) and then reversely
transcripted into cDNA as template using TaKaRa PrimeScript™
RT Master Mix (Takara, Dalian, China). DNA was extracted by
TIANamp Genomic DNA Kit (TIANGEN biotech, Beijing,
China).

Design of DTMUV and GoAstV specific
qRT-PCR primers and probes

To design appropriate primers and probes against DTMUYV and
GoAstV, a total of genome sequencing of 89 Tembusu virus strains and
100 goose astrovirus strains published from 2012 to 2022 were
downloaded from GenBank as references (Supplementary Table 1).
Oligo 7.0 software (Molecular Biology Insights, Inc., Cascade, CO)
was used to design specific primers and TagMan probe against duck
Tembusu virus and goose astrovirus, respectively. All primers and
probes were synthesized by Shanghai Shengong Life Technology
(Shanghai, China). In order to realize the differential diagnosis of duck
Tembusu virus and goose astrovirus, two different fluorescent
reporters were employed for different probes, namely FAM for
DTMUYV probe and CY3 for GoAstV probe. Details of these primers
and probes can be found in Table 1.

Preparation of an RNA standard by in vitro
transcription

The target genome fragment of DTMUV and GoAstV were
amplified using our designed primers, purified by GenElute™ PCR
Purification Kit (Sigma-Aldrich, USA), and then cloned into the
pGEM®-T easy Vector system (Promega, Madison, WI, USA)
following the instruction and then verified by sequencing in

. o Amplicon
(accession Sequence (5'-3’) Position mp
size (bp)
no.)
DTMUV Primer-F CATTGGGAGGACCGAAGAGT Forward Polyprotein 3,195 168
(GenBank: Primer-R TTGTTGTCCTTGCTGAAGGC Reverse 3,362
KX977553.1)
Probe 6-FAM-CTGTCGCGGCACGAGCTCGT-DBQ1 Reverse 3,339
GoAstV Primer-F CTGCACAAGTTGGTTGGACA Forward ORFlab 3,959 111
(GenBank: Primer-R CATCATAACGCGTCCAGTCC Reverse polyprotein 4,096
MZ576222.1)
Probe Cy3-ACCTGTCACCACCACCAATGAGCC-DBQI | Reverse 4,036
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Shanghai Shengong Life Technology (Shanghai, China). The
recombinant plasmid was linearized by EcoRI (Promega, Madison,
WI, USA) and extracted by phenol: chloroform: isoamyl alcohol. The
purified linear DNA was in vitro transcribed to RNA using the
Riboprobe in vitro Transcription System with T7 RNA Polymerase
(Promega, Madison, WI, USA) following the manufacturer’s
instructions. The transcribed RNA was purified by Trizol (Takara),
and then the concentration was quantitated by the DeNovix DS-11
Spectrophotometer (260 nm) and calculated in copy numbers using
the following formula. The RNA was stored at —80°C and then used
as standard for further analysis.

X copies/pL=[6.02x10* (copies/mol) * RNA concentration (g/
pL)]/average Molecular Weight of a base (g/mol) * template length.

Optimization of duplex TagMan-based
qRT-PCR assay

The qRT-PCR assay was developed using the LightCycler (Roche
Diagnostics) and AceQ qPCR Probe Master Mix (Q112-02, Nanjing,
China). The concentration of primers or probes and annealing
temperature was optimized to ensure specific amplification for the
lowest threshold cycle (Ct) value with high fluorescence intensity. The
optimum concentrations were selected according to the results of the
assay under different formula from 0.1 to 1 pM. Different annealing
temperatures were assessed from 58 to 62°C at the interval of 0.5. The
optimum temperature was selected based on the measurement results.

Standard curve

RNA standard was diluted 10-fold serially and amplified with the
optimized qRT-PCR system at the concentration of 1.0 x 10°~1.0x 10"
copies/pL. Final standard curve is generated based on the CT value
and the logarithm of standard copy number.

Specificity analysis of the duplex
TagMan-based qRT-PCR assay

The nucleic acid of DTMUYV, GoAstV-2, and other common
viruses, including GPoV, GPV, AIV, NDV, ARV, and ALYV, and distilled
water were tested to evaluate the specificity of the duplex qPCR test
for DTMUV and GoAstV-2 using the abovementioned procedure and
parameters. DTMUYV and GoAstV-2 were used as positive controls,
while distilled water was used as negative controls.

Sensitivity and reproducibility analysis of
the duplex TagMan-based qRT-PCR assay

RNA standard was diluted 10-fold serially with concentrations
ranging from 1.0 x 10°~1.0 x 10'copies/pL to determine the sensitivity
of the assay. Distilled water was tested as a negative control.

To validate the reproducibility of our method, six 10-fold gradient
dilutions (1.0x 10°-1.0 x 10" copies/pL) of RNA standard were carried out
five times using the abovementioned procedure and parameters, and the
standard deviations values of the intra- and inter-assay were calculated.
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Detection of DTMUV and GoAstV in clinical
samples using duplex TagMan-based
real-time PCR assay

To further verify the clinical significance of this duplex qPCR
assay, we tested the detection ability of this methods in 8 DTMUV-
positive samples, 8 GoAstV-positive samples (determined by RT-PCR
before), and 8 mixed samples.

Statistical analysis and visualization

Statistical analyses for standard curve were carried out using SPSS
statistic (v1.7.15), and visualization of qPCR amplification curves was
done by ABI 7500 software (version 2.3).

Results
Genome analysis for priming and probing

Within the downloaded reference strains, both DTMUYV and
GoAstV exhibited high identities among individual strains from
97.1t099.2% (DTMUYV) and from 96.5 to 99.5% (GoAstV). Also,
the genome distance between these two viruses is very large and
stable, with only 45.6-51.2% identities. Sequence analyses using
Oligo7 identified two pairs of virus-specific primers and two
probes against DTMUYV and GoAstV, respectively (Table 1), while
both of them show very low identities to another virus.

Optimization of gRT-PCR system

According to the results of Orthogonal test, primers and probe of
0.2 pM were the most efficient, and the optimized 20 pL gPCR system
contains AceQ qPCR Probe Master Mix (10 puL), primers (0.4*2pL),
TagMan probes (0.2puL), 50*ROX reference Dye 1 (0.4pL), cDNA
template (1 pL), and ddH,O (7.6 pL). After a predenaturation at 95°C
for 5min, the QPCR process includes a predenaturation at 95°C for
5 min, followed by 40 cycles at 95°C for 5s and at 60°C for 305, and
ending at 4°C. Fluorescence signals for each sample were harvested at
the end of each step at 60°C.

Standard curve of duplex TagMan-based
qRT-PCR assay

To construct a standard curve with the logarithm of RNA copy
number and the measured Ct values, serial RNA dilutions at the
concentration of 1.0x 10® to 1.0 x 10" copies/pL were tested. Three
replicates were tested for each dilution. The optimal curve was
selected as the standard curve. Establishment of DTMUV standard
curve with abscissa as logarithm of copy number and ordinate as CT
value, the correlation coeflicient (R?) was 0.9986, the slope was
—3.588, and the intercept was 41.601. The standard formula for
DTMUYV is y=—-3.588x+41.60 (Figure 1A, y is Ct value and x is
quantity of standard solutions). Establishment of GoAstV standard
curve with abscissa as logarithm of copy number and ordinate as CT

frontiersin.org
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FIGURE 1
Standard amplification curves for Tembusu virus (A) and goose Astrovirus (B).

value, the correlation coefficient (R*) was 0.998, the slope was —3.533, Sensitivity of the du plex Taq Man-based

and the intercept was 42.575 (Figure 1B). The standard formula for ~ QRT-PCR assay

GoAstV is y=—3.533x+42.575. Then, we combined the two viruses

template into mixed dilutions for test the inference between them. The 10-fold gradient dilution of the RNA standard was
The results showed a similar standard curve in these mixed samples, ~ simultaneously detected by the established qRT-PCR assays (single
revealing no apparent interference between the two primers and  test). The minimum detection template concentration of the
probes (Table 2). established qPCR was 100 copies/pL and 10 copies/pL, respectively,
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for DTMUV and GoAstV (Figures 2A,B), indicating that the ~Specificity of the duplex TagMan-based

qRT-PCR assays were highly sensitive. Then, we repeated the above (] RT-PCR assay

experiments on mixed samples, which yielded similar results

(Figures 3A,B), which further confirmed the compatibility of the two DTMUYV and GoAstV strains from our laboratory were employed

detection systems. as positive control, and strong fluorescent signals were obtained from
reactions. However, for negative control (distilled water used in PCR

o reaction) and other unrelated avian viruses, the assay gave no signal
TABLE 2 Characterization parameters of standard curves for duplex

TagMan qPCR. amplification, confirmed a high specificity of our methods.
Pet:ctlon Gene Slope = Y-Inter R? Eff N
yP Reproducibility of the duplex

Single DTMUV —3.588 41.601 0994  90.00% Ta q Man-based q RT-PCR assay

Single GoAstV -3.533 42.575 0.998 = 91.88%

Duplex DTMUY 64 10319 0997 | 88.26% Next, we tested the reproducibility of our duplex gPCR method at
different template concentrations, and the results revealed acceptable

Duplex GoAsty 0 40121 0995 | %252 standard deviations for both DTMUYV and GoAstV-2, ranging from

A

Amplification Plot

ARR
iy

Legeng
IHA NS HC ED HME EHF HG EHH

Amplification Plat
0.275 : =T

0.250

0.225

0.200

0175

0.150

ARN

0125

0.100

0075

0.050

0.025

0.J00

Legand
IHANB HCHEBD NEEF NG EH

FIGURE 2
Sensitivity analysis of duplex TagMan qPCR method for detection of Tembusu virus (A) and goose astrovirus (B) in unmixed positive standard control.
A to H represents standard template at 1.0x10%-1.0x10* copies/pL.
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FIGURE 3

Sensitivity analysis of duplex TagMan gPCR method for detection of Tembusu virus (A) and goose astrovirus (B) in mixed positive standard control. A to

H represents standard template at 1.0x108-1.0x10* copies/pL.

0.015 to 0.128 or 0.023 to 0.114, respectively, suggesting a high
reproducibility for it.

Detection of DTMUV and GoAstV in clinical
mixed RT-PCR-positive samples by duplex
TagMan-based qRT-PCR assay

As shown in Figure 4, the results showed that our methods could
both efficiently recognize these two viruses no matter in original
samples (single infection) or mixed samples (mixed infection) with
consistent results.

Discussion

The current epidemic of DTMUYV and GoAstV has affected
most provinces of China, and has no downward tendency (Zhang
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etal, 2018; Zhu et al., 2022). Although some clinical symptoms
can be regarded as robust markers for disease diagnosis, such as
joint swellings and typical precipitation of urate for GoAstV
infection or neurological symptoms for DTMUV (Niu et al,,
2018; Yang et al,, 2023), highly sufficient molecular detection
methods are needed for early diagnosis. According to our
unpublished data, the co-infection of them is highly prevalent,
thus a duplex detection system for DTMUV and GoAstV will
be of great clinical value in daily pathogen monitoring of
poultry industry.

In this study, we firstly analyzed the most recent published
genome of DTMUYV and GoAstV. These results were highly consistent
with previous reports (Niu et al., 2018; Zhang et al., 2018; Qiu et al,,
2021; Zhu et al., 2022), suggesting that both of them are comparably
stable in genome and there are many conserved regions in DTMUV
and GoAstV. Also, the identities between DTMUV and GoAstV were
relatively low, indicating that molecular detection methods will
be capable of distinguishing them accurately.
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FIGURE 4
Application of duplex TagMan gPCR for detection of Tembusu virus (A, single positive samples; B, mixed positive samples) and goose astrovirus (C,
single positive samples; D, mixed positive samples) in clinical mixed RT-PCR-positive samples.

Then, we designed two pairs of primers plus virus-specific
probes using the Oligo7. After sufficient optimization,
we established a duplex diagnostic system with high sensitivity
and specificity, which can stably identify DTMUV and
GoAstV. More importantly, we used two different fluorescent
reporters, namely FAM for DTMUYV probe and CY3 for GoAstV
probe, thereby we can choose different fluorescent colors to
distinguish two viruses in one reaction, which greatly improves
detection efficiency and reduces costs. As far as we know, this is
the first method that can achieve this differential diagnosis in one
reaction, so it will help more breeding enterprises to establish a
detection system based on this as soon as possible.

Overall, we reported the first duplex detection system for
DTMUYV and GoAstV with high sensitivity and specificity. This assay
provides a useful tool for studying molecular epidemiology of
DTMUYV and GoAstV infections in poultry industry, and deserves a
board application.
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