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Abstract
Background At present, pathogens including duck-origin avian in�uenza virus (AIV), duck-origin
Newcastle disease virus (NDV) and duck Tembusu virus (DTMUV) have posed great harm to ducks and
caused great economic losses to the duck industry. Therefore, these viruses should be detected as early
as possible in suspected duck �ocks. This study aims to develop and apply a triplex real-time polymerase
chain reaction (PCR) assay that can simultaneously detect these three viruses.

Results A sensitivity test shows that the positive detection limit of real-time PCR was at least 10 times
higher than that of conventional PCR, with a detection limit of 1×101 copies/μL for AIV, NDV, and DTMUV.
Furthermore, the cross-reactivity study of this method with other avian respiratory viruses suggested that
the triplex assay was highly speci�c. The intra-day relative standard deviation and inter-day relative
standard deviation were lower than 4.88% for these viruses at three different concentrations. Eventually, a
total of 120 clinical samples were evaluated by the developed assay as well as routine PCR. Results
showed that the positive rates for these two methods were 23.3% and 17.5%.

Conclusion The method developed in this research is rapid, speci�c and sensitive. It is feasible and
effective for simultaneous detection of AIV, NDV, and DTMUV in ducks.

Background
China is the largest duck producer of the world, which accounts for more than half of the world’s total
stock of duck meat (http://www.fao.org/faostat/en/#data/QA). However, during the breeding of ducks,
virus infection is still a serious problem and has caused huge economic loss to the waterfowl industry. Of
the viruses that commonly infect ducks, duck-derived avian in�uenza virus (AIV), duck-derived Newcastle
disease virus (NDV), and duck tempus virus (DTMUV) are the most common. Waterfowls are the primary
reservoir hosts of AIV and highly pathogenic avian in�uenza could cause high mortality in ducks [1, 2].
NDV is considered to be the noti�able disease by the World Organisation for Animal Health and
waterfowls are also considered as the potential reservoirs for NDV. Since 1997, Newcastle disease
occurred frequently in geese all over China, causing devastating economic losses [3, 4]. DTMUV is
another newly emerged infectious disease mainly affecting laying ducks. When the ducklings are infected
with DTMUV, the morbidity can reach 90%, and the mortality rate can vary from 5–30% [5]. It is worth
noting that mixed infection with these three viruses often occurs clinically. In addition, the clinical
symptoms of sick ducks are similar after infected with these viruses, for example, thin stools, reduced
egg production, fever, and respiratory symptoms, and neurological symptoms. Therefore, the
establishment of a laboratory diagnostic method is necessary.

At present, the methods used for detecting these viral infections include virus isolation, virus
identi�cation, serological detection, immuno-electron microscopy, enzyme-linked immunosorbent assay
(ELISA) and polymerase chain reaction (PCR) techniques [6–10]. Virus isolation and identi�cation is a
con�rmation method for virus detection [11]. However, it requires special facilities, skilled personnel and
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fresh specimens with viable viruses. Furthermore, these methods are time-consuming and labor
insensitive [12, 13]. Immunoassay-based methods, such as ELISA, have been widely used clinically.
However, the di�culty of developing highly speci�c antibodies and its high false-positive rate limit their
application [14]. Although immuno-electron microscopy is an accurate and con�rmative method for virus
detection, it is not suitable for clinical diagnosis due to the requirement of complex instruments and a
large number of viruses for con�rmation [12].

Nowadays, PCR technology has been accepted as a new gold standard for molecular diagnosis of
different pathogens [11, 15–17], due to its high speed, speci�city, and sensitivity. Although this method
can detect multiple viruses, after the PCR program, the nucleic acid electrophoresis is needed to display
the results, which potentially increases the probability of false-positive and is not suitable for clinical
rapid detection. As the second-generation PCR technology emerging in recent years, real-time PCR
combines PCR procedures and test steps into one step, which not only reduces the risk of residual
contamination but also saves time and manpower. Therefore, in this study, a TaqMan triple real-time PCR
method was developed and optimized based on the requirements for the rapid determination of AIV, NDV,
and DTMUV in the clinical �eld. The results showed that the method developed in this research has
unique advantages and high practical value in the differential diagnosis of clinical mixed infections and
is very useful for laboratory monitoring and rapid diagnosis of these viruses.

Result
Optimization and establishment of the Triplex real-time PCR assay

The triplex real-time PCR method was optimized by D-optimal design and 16 runs were performed in a
randomized batch (in triplicate measurements). Taking AIV as an example, the three-dimension response
surface curves are shown in Fig. 1A. The 4D plots further illustrated the interaction between the three
factors (Fig. 1B). The results showed that the Ct values were relatively low when the annealing
temperature was down to 55.5 °C, the probe concentration was 0.05 µM and the primer concentration
was in the range of 0.38–0.55 µM. Considering the economic and practical factors, we �nally obtained
the process parameters as follows: annealing temperature at 54 ℃, primer concentration at 0.4 µM and
probe concentration at 0.05 µM. The ampli�cation curve of these three viruses with optimal parameters
was shown in Additional �le 1.

The positive criterion of this assay was determined on the basis of the Ct values of the negative samples.
The Ct values of these samples all exceeded 34 (n = 100). Therefore, we recommended that a sample
with a Ct ≤ 34 should be regarded as positive. If the Ct values of the sample fall between 34 and 40, the
real-time PCR assays should be repeated.

Speci�city test

The speci�city of the triplex real-time PCR assay was examined by amplifying other common duck
pathogens(including APMV-4, APMV-8, Clostridium perfringens, DHAV, DEV, Escherichia coli, GPV,
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Pasteurella multocida, RA and SE). The results showed that only strong �uorescence signals were
obtained with AIV, NDV, and DTMUV, and the signals from other samples and negative controls were
below the baseline detection levels (Fig. 2), indicating that the triplex real-time PCR method has good
speci�city.

Sensitivity test

Serial dilutions of the standard plasmids (from 1 × 107 copies/µL to 1 × 101 copies/µL) were used to
determine the sensitivities of the triplex real-time PCR assay, uniplex real-time PCR (Table 1) and
conventional PCR. The standard curve was generated for each virus by 10-fold serial dilutions. As shown
in Table 1 and Fig. 3, the Ct values of triplex and uniplex real-time PCR were positive at 1 × 101 copies/µL,
while the detection limit of the conventional PCR was more than 1 × 102 copies/µL. That is, the detection
limits of uniplex real-time PCR and triplex real-time PCR were 10 times better than that of the
conventional PCR method. Furthermore, the standard curves for the triplex assays were shown in Fig. 4.
The SD values were analyzed in triplicate by real-time PCR, which revealed that the results of the assays
were reliable and accurate (Table 1).
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Table 1
Sensitivity of the triplex real-time PCR assay.

Number of DNA
copies

triplex real-time PCR Ct Value
(mean ± SD)

  Uniplex real-time PCR Ct Value
(mean ± SD)

AIV NDV DTMUV   AIV NDV DTMUV

1 × 107 14.70 ± 
0.42

16.34 ± 
0.20

15.05 ± 
0.58

  14.18 ± 
0.03

16.15 ± 
0.25

15.50 ± 
0.17

1 × 106 18.03 ± 
0.21

19.48 ± 
0.22

18.49 ± 
0.10

  17.60 ± 
0.23

19.46 ± 
0.24

18.73 ± 
0.15

1 × 105 21.72 ± 
0.60

22.74 ± 
0.14

21.93 ± 
0.07

  20.98 ± 
0.13

22.22 ± 
0.14

22.12 ± 
0.06

1 × 104 24.67 ± 
0.45

25.81 ± 
0.47

25.19 ± 
0.34

  24.38 ± 
0.16

25.50 ± 
0.09

25.51 ± 
0.15

1 × 103 27.99 ± 
0.32

28.88 ± 
0.38

27.98 ± 
0.54

  27.20 ± 
0.15

29.22 ± 
0.57

28.53 ± 
0.35

1 × 102 30.47 ± 
0.23

31.49 ± 
0.69

30.56 ± 
0.18

  29.49 ± 
0.21

32.96 ± 
0.21

31.35 ± 
0.48

1 × 101 31.96 ± 
0.33

32.63 ± 
0.30

32.19 ± 
1.14

  31.07 ± 
0.19

33.25 ± 
0.31

31.50 ± 
0.27

Serial 10-fold dilutions from 1 × 107 to 1 × 101 copies of pMD 18T-AIV, pMD 18T-NDV, pMD 18T-
DTMUV were used as templates to determine the standard curve of the triplex real-time PCR and for
uniplex real-time PCR. Each dilution was performed in triplicate for the assays. Ct ≤ 34 was
considered positive.

Repeatability of the real-time PCR

The intra- and inter-assay CVs were evaluated at 1 × 107, 1 × 105 and 1 × 103 copies, respectively. The
result showed that the intra-assay CV were below 2.13%, while that of inter-assay CV were below 4.88%
(Table 2). Therefore, the triplex real-time PCR assay developed in this study is highly reliable and
accurate.
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Table 2
Intra- assay and Inter-assay reproducibility of the triplex real-time PCR

Name Number of DNA
copies

Intra-assay   Inter-assay

Mean SD CV (%)   Mean SD CV (%)

  1 × 107 15.01 0.13 0.87   15.62 0.82 4.88

AIV 1 × 105 20.54 0.44 2.13   24.40 0.75 3.09

  1 × 103 29.34 0.23 0.61   29.74 0.51 1.72

  1 × 107 17.32 0.09 0.49   17.94 0.52 2.85

NDV 1 × 105 24.34 0.32 1.32   24.20 0.40 1.64

  1 × 103 30.01 0.49 1.65   30.10 0.36 1.21

  1 × 107 14.75 0.31 2.11   15.08 0.64 4.01

DTMUV 1 × 105 21.25 0.15 0.70   21.56 0.56 2.58

  1 × 103 27.75 0.21 0.75   28.83 0.43 1.53

Co-infection models and clinical sample detection

As shown in Table 3, the method could detect three viruses at the combinations of different
concentrations, regardless of triplex infection or only duplex infections. Furthermore, the Ct value of the
co-infection experiment also satis�ed the linear standard, indicating its applicability in virus
quanti�cation during the co-infection.
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Table 3
Co-infection analysis of triplex real-time PCR

Co-infection proportion
a

Number of DNA copies   Ct Value (mean ± SD) b

AIV NDV DTMUV   AIV NDV DTMUV

AIV:NDV:DTMUV = 
10:1:1

1 × 
107

1 × 
106

1 × 106 14.66 ± 
0.13

19.55 ± 0.27 18.55 ± 
0.27

AIV:NDV:DTMUV = 
10:5:1

1 × 
107

5 × 
106

1 × 106 14.50 ± 
0.28

17.55 ± 027 18.33 ± 
0.20

AIV:NDV:DTMUV = 
1:5:10

1 × 
106

5 × 
106

1 × 107 17.88 ± 
0.22

17.73 ± 0.15 15.34 ± 
0.18

AIV:NDV = 1:1 1 × 
107

1 × 
107

- 14.28 ± 
0.48

16.53 ± 0.32 -

AIV:NDV = 10:1 1 × 
107

1 × 
106

- 14.57 ± 
0.02

19.58 ± 
0.12.

--

AIV:NDV = 100:1 1 × 
107

1 × 
105

- 14.99 ± 
0.11

22.73 ± 0.48  

AIV:DTMUV = 1:1 1 × 
107

- 1 × 107 14.55 ± 
0.36

- 15.28 ± 
0.30

AIV:DTMUV = 10:1 1 × 
107

- 1 × 106 14.67 ± 
0.29

- 18.79 ± 
0.39

AIV:DTMUV = 100:1 1 × 
107

- 1 × 105 15.04 ± 
0.34

- 21.43 ± 
0.11

NDV:DTMUV = 1:1   1 × 
107

1 × 107   16.78 ± 0.22 15.17 ± 
0.22

NDV:DTMUV = 10:1   1 × 
107

1 × 106   16.89 ± 0.29 18.49 ± 
0.14

NDV:DTMUV = 100:1   1 × 
107

1 × 105   16.54 ± 0.18 21.93 ± 
0.33

a There were two kinds of co-infection models included: the triplex co-infection and duplex co-
infection.

b The data were shown as the mean ± SD ( n = 3 ).

-: represents no design in the corresponding system.
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Finally, the developed triplex real-time PCR method was performed on 120 clinical samples (Table 4). The
results demonstrated that 28 samples were virus positive when detecting with the triplex real-time PCR
assay, including 24 positive samples for AIV, 7 samples for NDV and 2 for DTMUV. Besides, 5 samples
were co-infected with AIV and NDV. The positive rate of these samples using this method was 23.3%.
However, when these samples were determined by the common uniplex PCR, only 19 AIV and 5 NDV
positive samples could be found, with a relatively low virus detection rate of 17.5%.

Table 4
The performance of the triplex real-time PCR for clinical sample

detection

Name published PCR method Triplex real-time PCR

Positive Positive

AIV 19/120 24/120

NDV 5/120 7/120

DTMUV 2/120 2/120

AIV,NDV 5/120 5/120

AIV,DTMUV 0/120 0/120

NDV,DTMUV 0/120 0/120

AIV,NDV,DTMUV 0/120 0/120

Total 21/120 28/120

Discussion
Real-time PCR is an ideal method for the rapid testing of the pathogen with its high speci�city and
sensitivity [16]. However, the real-time PCR method to simultaneous detection of AIV, NDV and DTMUV
viruses in ducks has not been reported. Therefore, in this study, we aim to develop a triplex real-time PCR
assay that can simultaneously detect these viruses in clinical samples.

As we know, primers and probes are particularly important for the development of a novel triplex real-time
PCR method, which determines its sensitivity and speci�city. Therefore, in order to �nd the optimal
primers and probes, we made an initial comparison of the sequences of the three viruses, especially the
epidemic strains in recent years, and design the primers and probes in the conservative region of each
virus (Table 5). We next veri�ed their speci�city by BLAST in NCBI
(https://www.ncbi.nlm.nih.gov/tools/primer-blast/). In addition, to guarantee the high ampli�cation
e�ciency of the developed method, many factors that affect the ampli�cation e�ciency, such as
annealing temperature, primer or probe concentration, were optimized in the study [18]. We took the D-
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optimal design for the optimization of these parameters. In this experiment, if a factor was considered to
be critical, the level of the factor at the lowest Ct value would be used in the �nal experimental protocol
[19]. When results con�ict occured, the favorable level of the factor was determined according to the
number of minimum response parameters obtained and their economic applicability. Finally, with the
necessary compromise, we obtained the ultimate optimum parameters.

Table 5
Primers and Probes.

Name a Sequence (5′-3′) b Binding sites Target genes

AIV-F AGGGTTTGTGTTCACGCTC 170–188  

AIV-R CCGGTTGAGTAGCTGAGTGC 346–365 M

AIV-P ROX - CCGTGCCCAGTGAGCGAGGAC - BHQ1 210–233  

NDV-F GACTCAACTCTTGGGCATACA 837–857  

NDV-R TGAGGTGTCAAGCTCTTCTAT 988–1008 F

NDV-P FAM – CAGTCGGGAACCTAAATAATATGCGTGC - BHQ-1 872–899  

DTMUV-F CAGAGACTGGTTTCATGA 642–659  

DTMUV-R AAGCCACCACTGATTGTT 746–763 E

DTMUV-P JOE- TTACCATGGACAGGGTCATCAGC - BHQ-2 667–689  

a F: Forward primer, R: Reverse primer, P: TaqMan probe

b FAM: 6-carboxy-�uorescein, ROX: 6-carboxy-x-rhodamine, BHQ-1: Black Hole Quencher 1, BHQ-2:
Black Hole Quencher 2

Other viruses and bacteria that may infect ducks were utilized to evaluate the speci�city of the triplex real-
time PCR method. The results indicated that the primers and probes used in the assay produced neither
cross-reactions amongst the three viruses nor nonspeci�c reactions with other common duck pathogens
when all the DNA templates existed in the sample pool. It is worth noting that our AIV primers and probes
are designed on the M gene, so a variety of AIV subtypes can be detected, such as H3, H5, H6, H7
(Additional �le 2). The detection limits of uniplex real-time PCR and triplex real-time PCR were 1 × 101

copies/µL, which manifested that the primers and probes designed did not affect the detection sensitivity
of the triple mixed system. As shown in the Fig. 4, the coe�cient of determination (R2) was more than
0.99 in the range of 1 × 107 copies/µL to 1 × 102 copies/µL, thereby indicating the quantitative range of
this method. The concentration of 1 × 101 copies/µL did not fall into this range. Therefore, the limit of the
quanti�cation of the method should be set at 1 × 102 copies/µL. In addition, mixed infections of different
pathogens at different concentrations are common in clinical practice [20]. When ducks are infected with
one virus, the reduced immunity of the body makes them susceptible to other viruses [21], which also
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leads to more serious economic losses [22]. Therefore, a co-infection experiment was performed in this
study. The result demonstrated that the three viruses, at any combination of viruses concentration, could
be distinguished, which indicated that the triplex real-time PCR was more accurate and applicable for
actual sample analysis.

The developed method has been applied for a pilot study of clinical sample and all these viruses were
found. It is worth noting that the analysis of the clinical sample indicates that the AIV positive infection
rate in the Chinese live poultry market is high. This �nding is consistent with the previous report, which
showed that the AIV virus has been detected in live poultry market from time to time since the emergence
of human infectious AIV in China in 2013 [23]. This situation highlights the need for virus surveillance. To
this end, the method developed in the study has great practical value.

Conclusion
The multiplex real-time PCR described here provides a novel tool for routine diagnosis and
epidemiological surveillance of three viruses, AIV, NDV, and DTMUV by allowing rapid detection and
quanti�cation of these viruses in the clinical �eld.

Methods
Pathogen

DTMUV (live attenuated vaccine strain WF100 from QiLu Animal Health Products Co., Ltd.; Cat. no.
1502522), DHAV (live attenuated vaccine strain A66 from Chengdu Tecbond Biological Products Co., Ltd.;
Cat. no. 220012214), and DEV (live attenuated vaccine strain C-KCE from Guangxi Liyuan Biological Co.,
Ltd.; Cat. no. 200352023) were isolated from the vaccine strain, respectively. The F gene of APMV-8 was
synthesized by Sangon Biotech (Shanghai, China). AIV (H9N2), NDV, goose parvovirus (GPV) and FAdV
(serotype 4) were isolated from clinical samples. Avian paramyxoviruses (APMV-4), Escherichia coli
(E.coli, wild-type, serotype O2), Salmonella (SE, Typhimurium wild-type strain), Riemerella anatipestifer
(SA, wild-type strain, serotype 10), Pasteurella multocida (serotype ST129), Clostridium perfringens (type
A), and AIV (H3N8, H5N6, H6N5, H7N3) were maintained in our laboratory.

RNA extraction and cDNA synthesis

The nucleic acid of AIV, NDV, and DTMUV was extracted by Viral RNA Extraction Kit (Sangon Biotech,
China), and then reverse transcribed into cDNA by Reverse Transcription Kit (Thermo Scienti�c, USA),
according to the manufacturer’s instructions. Finally, the concentration and purity of each genome were
determined by spectrophotometry (Thermo Scienti�c, USA) and preserved at −20 °C.

Primer and probe design
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The complete gene sequences of AIV, NDV and DTMUV strains were downloaded from GenBank, and the
viral gene sequences were aligned using DNAMAN (LynnonBiosoft, USA) to �nd gene conserved regions.
The target genes including Matrix (M) gene for AIV, Fusion (F) gene for NDV and Envelope (E) gene for
DTMUV were highly conserved (Table 5). We designed three pairs of speci�c primers and probes for each
virus using Primer Premier 5 (Premier, Canada) in accordance with the results of sequence alignment. The
�uorescent reporter dyes FAM, JOE and ROX were labeled at the 5’ end of the three viruses, and BHQ1,
BHQ1, and BHQ2 were linked at the 3’ end for the simultaneous detection of the three genes in a single
reaction(Table 5) .The primers were synthesized by Nanjing Kingsley Biotechnology Co. Ltd.

Standard plasmid preparation

Speci�c target fragments were ampli�ed with the primers (Table 4), and then cloned into the pMD-18T
vector (TaKaRa, China) to obtain the recombinant plasmids pMD-AIV, pMD-NDV, and pMD-DTMUV. The
copy number of the recombinant plasmids was calculated using the following formula: copy number
(copies/μL) = NA (copies/mol) × concentration (g/μL)/MW (g/mol), where NA is Avogadro’s number and
MW is the base number times 340[24].

Experimental design for the Real-time PCR method

The Real-time PCR method was optimized using a D-optimal design consisting of 16 experiments. Three
factors with three levels each were considered. These factors include  annealing temperature (from 53 °C
to 60 °C), primer concentration for each target gene (from 0.2 μM to 0.6 μM), and probes for each target
gene (from 0.05 μM to 0.2 μM). The Ct value was used in statistical analysis. All analyses were
performed using MODDE 12.1 software (Umetrics, Sweden). The relationship between the response Y and
the variables Xi, Xj was expressed as Y = β0 + βiXi + βjXj + βijXiXj + βiiXi

2 + βjjXj
2 + . . . ε, where βs were the

regression coe�cients and ε was the experimental error. The linear coe�cients βi and βj were the
quantitative effect of the respective variables. The cross coe�cient βij measured the interaction between

the variables, and the square terms of βiiXi
2 and βjjXj

2 described the non-linear effects on the response

[21]. In addition, we also evaluated the ampli�cation e�ciency, correlation coe�cient (R2) and
ampli�cation curve.

Real-time PCR method

The real-time PCR was determined in a 20.0 μL reaction system with a LightCycler 96 real-time PCR
system (Roche, Switzerland). The ingredients were 10.0 μL of TaKaRa Premix Ex Taq™ (Probe real-time
PCR), 0.4 μM of the primers (AIV-F, AIV-R, NDV-F, NDV-R, DTMUV-F, and DTMUV-R) for AIV, NDV and
DTMUV genes, 0.05 μM of the probes, and 1.0 μL of template. The PCR program was set as follows: pre-
denaturation at 95 °C for 2 min and 40 ampli�cation cycles of 95 °C for 10 s and 54 °C for 30 s. Multiple
�uorescent signals were obtained once per cycle upon the completion of the extension step. The standard
plasmid pMD18T-AIV, pMD18T-NDV and pMD18T-DTMUV were used as the positive control, ddH2O as the
negative control. The assay was repeated at least three times within the study.
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Conventional triplex PCR method

Conventional PCR assay was conducted in a 20.0 μL reaction system, which containing 10.0 μL of 2×
Taq Master Mix (Vazyme Biotech, USA), 0.24 μM of the primer for AIV, 0.28 μM of the primer for NDV, 0.28
μM of the primer for DTMUV, 1.0 μL of template and ddH2O to a �nal volume of 20.0 μL. The
ampli�cation programme was that, pre-denaturation at 95 °C for 5 min, followed by 40 cycles of
sequentially denaturation at 95 °C for 30 s, annealing at 54 °C for 30 s and extension at 72 °C for 20 s, a
�nal extension at 72 °C for 10 min. The PCR products were analysed by 1.5% agarose gel electrophoresis.
ddH2O was used as negative control.

Validation of the real-time PCR method

The speci�city of the triplex real-time PCR was evaluated by cross-reactivity with other duck viruses and
bacteria (including APMV-4, APMV-8, DHAV, DEV, GPV, FAdV, Escherichia coli, SE, RA, Pasteurella
multocida and Clostridium perfringens). The standard plasmid DNAs were 10-fold serially diluted from
1×107 copies/μL to 1×101 copies/μL for each virus to determine the detection limit of the triplex real-time
PCR method. In addition, standard plasmids in three different concentrations (1×107, 1×105 and 1×103

copies/μL) were used as templates to evaluate the repeatability and reproducibility of the real-time PCR
method. The coe�cients of variation (CV) for the Ct values of the intra- and inter-assay comparisons
were determined by testing three replicates of each concentration in a single round of real-time PCR or by
repeating three rounds of real-time PCR.

Pilot study of the real-time PCR method

A co-infection model was �rst designed to determine the detection e�ciency of the developed method.
Then, with the permission of the animal owner, 120 clinical samples were collected from duck farms and
live poultry markets in Jiangsu Province and tested using the established PCR methods. The results are
further validated by the published PCR methods [25-27].
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Figures

Figure 1

Response surface plots for AIV. A: Different combinations of three factors to form the three-dimension
response surface curves. B: 4D plots indicated the interaction between the three factors.
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Figure 2

Speci�city of the triplex real-time PCR assay. The nucleic acids of AIV, NDV, DTMUV, APMV-4, APMV-8,
DHAV, DEV, GPV, FAdV, E. coli, SE, RA, Pasteurella multocida and Clostridium perfringens were used in the
study. Only pMD-AIV (A), pMD-NDV (B) and pMD-DTMUV (C) templates produced positive signals.
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Figure 3

Sensitivity of the conventional PCR method. Templates of pMD-AIV (A), pMD-NDV (B) and pMD-DTMUV
(C) were diluted from 1×107 copies/μL to 1×101 copies/μL. The detection limit of conventional PCR is
1×102 copies/μL. M, DL2000 marker; NC, negative control.
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Figure 4

Standard curves of the triplex real-time PCR assay. The linear range and detection limit of each virus were
evaluated by detecting 10-fold serial dilution of the plasmid (from 1×107 copies/μL to 1×102 copies/μL)
against the Ct. The coe�cient of determination (R2) and the equation of the regression curve(y) were
calculated.
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