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Introduction: In clinical diagnosis of porcine diseases, co-infection with multiple
viruses often leads to similar clinical symptoms. Postweaning multisystemic
wasting syndrome (PMWS) can be caused by infections with TTSuV or PCV2,
while PCV2, PRV, and PPV can cause respiratory and reproductive disorders in
pigs. The overlapping clinical and pathological features of these infections
necessitate the development of a rapid and specific method for differentiating
and detecting these four DNA viruses.

Methods: In this study, four pairs of primers and TagMan probes were designed
targeting the conserved sequence of TTSuV, the Rep gene of PCV2, the gE gene
of PRV, and the VP2 gene of PPV. After optimizing reaction conditions, including
annealing temperature, primer concentration, and probe concentration, a
quadruplex real-time PCR method was developed.

Results: This method can specifically detect TTSuV1l, PCV2, PRV, and PPV
simultaneously, with no cross-reactivity with ASFV, CSFV, PRRSV, PEDV, PSV, and
TGEV. The minimum detection limit for each virus was 10 copies/pul, and the inter-
assay and intra-assay coefficients of variation ranged from 0.33% to 1.43%.
Subsequently, 150 clinical samples were tested to evaluate the practical
applicability of this method. The positive rates for TTSuVl, PCV2, PRV, and PPV
were 8.6% (13/150), 10.67% (16/150), 14% (21/150), and 11.33% (17/150), respectively.
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Discussion: The results indicate that the established quadruplex real-time PCR
method can assist in the accurate and rapid diagnosis of TTSuV1, PCV2, PRV, and
PPV in clinical settings, providing robust support for the prevention and control of

these infections.
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1 Introduction

With the continuous expansion of pig farming, the occurrence
of co-infections by various infectious diseases on farms has
significantly increased. Notably, co-infections involving certain
viruses result in highly similar clinical symptoms, posing
substantial challenges for diagnosis and disease prevention (Oba
et al, 2023). Torque teno sus virus (TTSuV) is a non-enveloped
circular DNA virus in the Anelloviridae family, genus
Iotatorquevirus. TTSuV is widespread in multiple countries and is
classified into two genotypes, TTSuV1 and TTSuV2, based on
nucleotide sequence difference (Zheng et al., 2018; Li et al., 2020).
Studies have found that the infection rate of TTSuV1 in Chinese pig
herds is higher than that of TTSuV2 (Zheng et al., 2018). Although
TTSuV1 alone does not cause significant symptoms, it is associated
with various diseases, including postweaning multisystemic wasting
syndrome (PMWS) (Baekbo et al, 2012). TTSuV1 is genetically
closely related to the Circoviridae family, and co-infection with
TTSuV1 and Porcine circovirus 2 (PCV2) has been reported in
PMWS cases (McMenamy et al.,, 2013). PCV2, a non-enveloped
single-stranded DNA virus in the Circoviridae family, genus
Circovirus, is the primary pathogen causing PMWS, which
manifests as weight loss, respiratory distress, and significant
lymph node enlargement in piglets (Yang et al, 2022). PCV2
infection is common in large-scale pig farms worldwide. Both
PCV2 and pseudorabies virus (PRV) can cause respiratory and
reproductive disorders in pigs (Chen et al., 2022), complicating
clinical diagnosis (Zhan et al, 2021; Chen et al., 2023). PRV, a
double-stranded linear DNA virus in the Herpesviridae family, can
infect pigs of all ages, particularly causing high mortality rates in
piglets and reproductive disorders in pregnant sows, causing huge
economic losses for the pig industry (Zheng et al., 2022). Despite
long-term immunization and antibody detection measures
achieving some control over PRV in China, emerging PRV
variants present new challenges for PRV prevention and control
(Hu et al,, 2023). When diagnosing porcine reproductive disorders,
porcine parvovirus (PPV) infection should also be considered, as
PPV can cause reproductive disorders in pigs (Chen et al., 2023; Li
et al,, 2024). PPV, a single-stranded negative-sense DNA virus in
the Parvoviridae family, can infect sows, leading to abortion,
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stillbirths, and mummified fetuses in first-litter sows, with the
sows themselves showing no obvious symptoms. PPV infection
has been found in almost all pig-raising countries (Streck and
Truyen, 2020). In summary, when PMWS or porcine
reproductive disorders occur, it is crucial to quickly and
accurately determine whether co-infection with the four DNA
viruses is present to effectively control the outbreak. Therefore,
there is a need to establish a method capable of simultaneously and
accurately detecting these four DNA viruses.

Currently, several serological detection methods are available
for virus detection, including immunofluorescence technology,
immunochromatography, and the indirect immunofluorescence
assay (Chen et al, 2023; Wu et al, 2023; Chen et al, 2024).
However, these techniques are time-consuming and unsuitable for
large-scale sample testing. Polymerase chain reaction (PCR), real-
time PCR, and enzyme-linked immunosorbent assay (ELISA) have
also been reported for detecting these viruses (Cao et al., 2023; Hou
etal,, 2023). Due to the immature immune system and low antibody
levels in response to these four DNA viruses, ELISA is less effective
than PCR for their detection. Conventional PCR is less sensitive
than probe-based real-time PCR. Probe-based real-time PCR is a
technique that utilizes fluorescent probes for virus detection and
quantification (Liu et al.,, 2023). Compared to dye-based PCR and
traditional PCR methods, this technique offers superior sensitivity.
However, existing probe-based real-time PCR methods cannot
simultaneously detect TTSuV1, PCV2, PRV, and PPV. Thus,
establishing a quadruplex probe-based real-time PCR detection
method is crucial.

In this study, four specific primer pairs and four specific probes
were designed based on the highly conserved sequences of these
four DNA viruses (e.g., the Rep gene of PCV2, the gE gene of PRV,
and the VP2 gene of PPV) (Peng et al., 2016; Zhao Y. et al,, 2020).
Reaction time and temperature were optimized, and sensitivity,
repeatability, and specificity were evaluated. The results indicate
that the established quadruplex TagMan real-time fluorescent
quantitative detection method for TTSuV1, PCV2, PRV, and PPV
is faster and more accurate. This method holds practical value
for the clinical diagnosis and prevention of TTSuV1, PCV2, PRV,
and PPV, providing a rapid and accurate diagnostic tool for
epidemiological investigations and veterinary clinical diagnostics.
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2 Materials and methods
2.1 Primer and probe design

All available sequences of the TTSuV1 gene, PCV2 Rep gene,
PRV gE gene, and PPV VP2 gene from GenBank (as of March 1,
2024) were aligned multiple times. Using MEGA?7 software, we
identified the highly conserved regions of TTSuV1, PCV2, PRV,
and PPV. Four pairs of primers and four corresponding probes were
then designed using Oligo (Version 7.60) software. To prevent
interference among fluorescent signals in this multiplex system,
four fluorophores with significantly different wavelengths were
chosen for the probes: FAM for TTSuV1, NED for PCV2, CY5
for PRV, and VIC for PPV. The sequences of the primers and
probes are shown in Table 1. These primers and hydrolysis probes
were synthesized by Sangon Biotech (Shanghai) Co., Ltd.

2.2 Viruses, nucleic acids, and
clinical samples

Nucleic acid samples for TTSuV1, PCV2, PRV, and PPV were
obtained from our laboratory’s repository. Positive nucleic acids for
ASFV, CSFV, and PRRSV were generously provided by Dr. Qiang
Zhang from Huazhong Agricultural University. These positive
nucleic acids were used for plasmid standard construction and
specificity tests. From 2021 to 2023, we collected a total of 150
clinical samples, including lymph nodes, blood, and anal swabs,

TABLE 1 Primers and probes of TTSuV1, PCV2, PRV, and PPV.

Primer/ Sequence 5'-3’ Gene Length
Probe ((e]9)
Name

TTSuV1-F TGGTACTCCTCAACTGCTGTC 168

TTSuV1-R CTTCCTCCGTGGATTGTTCTG

TTSuV1-Probe FAM-
CTTCCTCCGTGGATTGTTCTG-
MGB
PCV2-F TGGTACTCCTCAACTGCTGTC Rep 218
PCV2-R CTTCCTCCGTGGATTGTTCTG
PCV2-Probe NED-
CTTCCTCCGTGGATTGTTCTG-
MGB
PRV-gE-F TTCCACTCGCAGCTCTTCT gE 156
PRV-gE -R GAGTCGCCCATGTCCGAGA
PRV-gE -Probe Cy5-
ACACGTTCGACCTGATG-MGB
PPV-F GCAAGCTTAATGGTCGCACTAG = VP2 176
PPV -R GITTCACTTCTAGGTGCTGCTG
PPV -Probe VIC-

ACCAATAACACACTTCCA-MGB
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from pigs exhibiting respiratory and/or reproductive issues along
with progressive weight loss. These samples were collected from
farms in Heilongjiang, Jilin, and Shandong provinces and stored in
the laboratory for further analysis.

2.3 Nucleic acid extraction and
reverse transcription

Clinical samples used for specificity assays were processed using a
DNA/RNA virus nucleic acid extraction kit (TTANGEN) following
the manufacturer’s instructions. The extracted nucleic acids were
then reverse-transcribed using the HiScript III RT SuperMix for
qPCR (+gDNA wiper) kit (Vazyme Biotech Co., Ltd., Nanjing).

2.4 Optimization of the quadruplex real-
time quantitative PCR assay

To optimize the qPCR detection parameters, including
annealing temperature and the concentrations of primers and
probes, a single-variable control method was employed. The PCR
reaction was carried out in a total volume of 20 UL, which included
2x Animal Detection U+ Probe qPCR Super Premix (Vazyme
Biotech, China), 2 pL of template, primers (0.2-1.0 pM), and
distilled water to make up the final volume. All reactions were
amplified using the Applied Biosystems QuantStudio 5 (Thermo
Fisher Scientific). The amplification protocol was as follows: initial
incubation at 37°C for 2 minutes, initial denaturation at 95°C for 30
seconds, followed by 40 cycles of denaturation at 95°C for 10
seconds, annealing at specified temperatures (56°C, 57°C, 58°C,
59°C, 60°C) for 30 seconds, and extension. Fluorescence signals
were analyzed at the end of each cycle.

2.5 Construction of standard plasmids and
establishment of standard curves

DNA templates of TTSuV1, PCV2, PRV, and PPV preserved in
the laboratory were used to amplify target segments via PCR. The
primers used for amplification were identical to those in the four-
channel fluorescence quantitative PCR method. PCR fragments
were cloned into the pMDI8-T vector (Takara Biomedical
Technology (Beijing) Co., Ltd) using TA cloning and confirmed
by DNA sequencing. Plasmid DNA containing the PCR inserts was
extracted using the Omega EZNA Plasmid Mini Kit I and validated
by DNA sequencing for accuracy. Standard plasmids, pMD-
TTSuV1, pMD-PCV2, pMD-PRV, and pMD-PPV, were
quantified using a NanoDrop spectrophotometer (Thermo Fisher,
Waltham, MA, USA). Plasmid copy numbers were calculated,
mixed in equal volumes, and diluted from 1x1079 copies/uL to
1x10A2 copies/uL for use as templates in multiplex real-time
fluorescence quantitative PCR to generate standard curves.
Efficiency (E value), correlation coefficient (RA2), and standard
equations were calculated.
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Plasmid copies number/uL = (6.02x10/23)x(X* ng/uL (10A-9)/
construct plasmid length (bp)x660 (Wang et al., 2023)
*X: Concentration of recombinant plasmid

2.6 Specificity of multiplex real-time
fluorescence quantitative PCR

DNA/cDNA of ASFV, CSFV, PRRSV, PEDV, PSV, and TGEV
were used as templates to construct the multiplex real-time PCR to
verify the specificity of the method. Additionally, DNA of TTSuV1,
PCV2, PRV, and PPV served as positive controls, while distilled
water was used as a negative control.

2.7 Sensitivity of multiplex real-time
fluorescence quantitative PCR

To evaluate the limit of detection, the pMD-TTSuV1, pMD-
PCV2, pMD-PRYV, and pMD-PPV standard plasmids were mixed
and diluted 10-fold from 1x1079 copies/UL to 1x1071 copies/UL
under optimized conditions for use as templates.

2.8 Repeatability analysis

To assess the repeatability of the multiplex real-time PCR assay,
three gradients of positive plasmid templates containing 1x10A7
copies/UL, 1x10A5 copies/UL, and 1x10/3 copies/UL were mixed in
equal volumes and used as templates. The established multiplex
PCR assay was performed for detection. Both intra-assay and inter-
assay experiments were conducted three times each, with a two-
week interval between experiments. Coefficients of variation (CVs)
from intra-assay and inter-assay measurements were calculated to
evaluate the repeatability of the assay.

2.9 Clinical sample testing

In the final stage, our laboratory collected a total of 150 clinical
samples including lymph nodes, blood, and rectal swabs from pigs
showing respiratory and/or reproductive problems along with
progressive weight loss. These samples were subjected to
detection using the multiplex qRT-PCR method developed in this
study to analyze all cDNA from clinical specimens. To evaluate the
reliability of the quadruple fluorescent quantitative PCR results, the
clinical samples were also validated using conventional singleplex
PCR. The concordance rates between the two detection methods
were compared and further analyzed.

3 Results

3.1 Optimization of the quadruplex real-
time quantitative PCR assay

The annealing temperature optimization was conducted within
the range of 54°C, 56°C, 58°C, and 60°C. The optimal annealing
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temperature was determined to be 56°C. When the concentrations of
primers for TTSuV1, PCV2, PRV, and PPV were set at 0.1, 0.2, 0.15,
and 0.1 UM respectively, and probe concentrations were 0.05, 0.1,
0.05, and 0.2 uM, the amplification curves in all four fluorescence
channels showed the highest peaks with lower Ct values. The Ct
values for the negative controls showed either no fluorescence signal
or Ct values greater than 35. Therefore, a Ct value less than 35 was
defined as positive. Samples with Ct values between 35 and 40 were
considered borderline and required re-sampling.

3.2 Standard curve creation

To establish the standard curve, recombinant plasmids were
serially diluted 10-fold and mixed in equal volumes, ranging from
1x1079 copies/pL to 1x10A2 copies/pL. Each gradient of plasmid
standard was subjected to multiplex real-time fluorescence quantitative
PCR. The amplification efficiencies and correlation coefficients were
excellent, with RA2 values of 0.998, 0.999, 0.998, and 0.996 for TTSuV1,
PCV2, PRV, and PPV, respectively. The efficiencies (Eff%) were
calculated as 105.219%, 98.282%, 101.089%, and 98.145%,
respectively. The linear equations were as follows: TTSuV1:
Y=-3.2031log(X)+40.636, PCV2: Y=-3.364log(X)+37.958, PRV:
Y=-3.296log(X)+35.787, and PPV: Y=-3.36710g(X)+39.952 (Figure 1).

3.3 Specificity of multiplex gPCR detection

DNA from TTSuV1, PCV2, PRV, and PPV served as positive
controls, while ASFV, CSFV, PRRSV, PEDV, PSV, and TGEV DNA/
cDNA were used as templates, and ddH2O as a negative control.
TagMan qPCR was conducted under optimal conditions identified
in fluorescence quantitative PCR. The results demonstrated
amplification of TTSuV1, PCV2, PRV, and PPV nudleic acids only
in the positive samples (Figure 2), with no amplification observed for
other viral pathogens. These findings indicate that the method
exhibits excellent specificity.

3.4 Sensitivity and repeatability analysis

Within the concentration range of 1x1019 copies/pL to 1x10A1
copies/pL, the sensitivity of the method was evaluated using the
optimal reaction conditions for TTSuV1, PCV2, PRV, and PPV. As
shown in Figure 3, the method exhibited a detection limit of 10
copies/pL for TTSuV1, PCV2, PRV, and PPV, indicating excellent
sensitivity. The cutoff Ct value for TTSuV1 and PCV2 positivity was
37, where samples with Ct values <37 were considered positive and
those >37 were negative. For PRV and PPV, the cutoff Ct value was
35, with samples >35 considered negative.

3.5 Repeatability of the quadruplex real-
time quantitative PCR assay

The repeatability of the developed multiplex TagMan qPCR
method was evaluated using recombinant standard plasmids at
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FIGURE 1
The standard curves of the quadruplex real-time quantitative PCR assay. (A—D) Standard curves of the standard plasmid pMD-TTSuV1 (A), pMD-
PCV2 (B), pMD-PRYV (C), and pMD-PPV (D) at final reaction concentrations ranging from 1.0 x 1079 to 1.0 x 10A2 copies/pL.
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Specificity analysis of the quadruplex real-time quantitative PCR assay. (A) TTSuV1; (B) PCV2; (C) PRV; (D) PPV; (E-K) ASFV,CSFV, PRRSV, PEDV, PSV

and TGEV.

concentrations of 10A7 copies/pL, 1075 copies/uL, and 1043 copies/
uL as templates. As shown in Table 2, the coefficient of variation
(CVs) for Ct values ranged from 0.33% to 1.43% in both intra-group
and inter-group replicates, indicating excellent repeatability of
the method.

3.6 Clinical sample detection

To further validate the developed method’s clinical applicability
in the differential diagnosis of viral pathogens, researchers
simultaneously tested clinical samples from 150 pigs presenting
with diarrhea symptoms using both industry-standard methods and
the multiplex QRT-PCR method developed in this study. The results
are summarized in Figure 4. According to industry standards, the
infection rates of TTSuV1, PCV2, PRV, and PPV were 8.6% (13/
150), 10.67% (16/150), 14% (21/150), and 11.33% (17/150),
respectively. The co-infection rates of TTSuV1+PCV2, PCV2
+PRV, PRV+PPV, TTSuV1+PRV, PPV+PCV2, TTSuV1+PCV2
+PRV, PCV2+PRV+PPV, TTSuV1+PCV2+PPV, and TTSuVl
+PCV2+PRV+PPV were 0.67% (1/150), 2% (3/150), 1.33% (2/
150), 0.67% (1/150), 1.33% (2/150), 2% (3/150), 0.67% (1/150),
0.67% (1/150), and 0.67% (1/150), respectively. These findings
underscore the importance of establishing a more sensitive
diagnostic method, crucial for timely disease prevention
and control.

Frontiers in Cellular and Infection Microbiology

4 Discussion

In the swine industry, mixed infections of infectious diseases
represent one of the most serious challenges. When an outbreak
occurs on a pig farm, it is rarely caused by a single pathogen.
Veterinary professionals must consider the possibility of multiple
pathogenic microorganisms causing a single disease manifestation
in pigs. For instance, PMWS, commonly observed during farming
(Allan et al, 2004), may result from co-infections involving
TTSuV1 and PCV2 viruses, among others (Ramos et al., 2018).
Therefore, diagnosing the etiology of PMWS requires concurrent
testing for TTSuV1 and PCV2 at a minimum (Vlasakova et al,
2014). PCV2 not only causes PMWS but also respiratory and
reproductive disorders in pigs (Ouyang et al, 2019). When
diagnosing reproductive disorders, potential co-infections with
pathogens like PRV, PPV, or PRRSV must also be considered
(Chen et al., 2023). Thus, developing a method capable of
simultaneously detecting multiple pathogenic microorganisms is
crucial for clinical diagnosis of swine diseases.

Conventional PCR and real-time qPCR methods are used for
rapid and accurate pathogen detection in clinical settings.
Currently, there are reports on detection methods for TTSuV1
targeting the IgG antibody (Gimenez-Lirola et al., 2014). Previous
reports have described single fluorescence qPCR methods for
detecting TTSuV1, with a reported minimum detection limit of
5x10/2copies/UL (Teixeira et al., 2015). In contrast, the multiplex
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FIGURE 3

Sensitivity of the quadruplex real-time quantitative PCR assay. The amplification curves were generated by using the standard plasmid pMD-TTSuV1

(A), pMD-PCV2 (B), pMD-PRYV (C), and pMD-PPV (D). 1-9: 1.0 x 10A9-1.0 x 1071 copies/uL (final concentration).
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TABLE 2 Repeatability of the quadruplex real-time quantitative PCR assay.

Concentration of

Intra-coefficient of variation

Inter-coefficient of variation

Standard plasmid template

(copies/uL) X+ SD CV (%) X+ SD CV (%)

107 18.215 + 0.052 0.28 18.302 + 0.026 0.14

pMD- TTSuV1 10° 24.168 + 0.120 0.50 24.621 + 0.106 043

10° 31.027 + 0.251 0.81 31.105 + 0.351 113

107 14.315 + 0.162 113 14.410 + 0.101 0.70

pMD- PCV2 10° 21.138 + 0.111 0.53 21.056 + 0.245 1.16

10° 27.866 + 0.316 113 27.541 + 0277 1.01

107 12.715 + 0.182 143 12.605 + 0.113 0.90

pMD- PRV 10° 19.308 + 0.189 0.98 19.425 + 0.203 043

10° 25.899 + 0.213 0.82 26.014 + 0.104 0.40

107 16.383 + 0.122 0.74 16.162 + 0.053 033

pMD-PPV 10° 23.107 + 0.108 047 23216 + 0.123 0.53

10° 29.851 + 0.253 0.85 29.546 + 0.364 123

qPCR method developed in this study achieved a minimum
detection limit of 1x10A2 copies/uL for TTSuV1, demonstrating
superiority. Similarly, for PCV2, previously reported qPCR
methods have a minimum detection limit of 1x10A3 copies/UL
(Wang et al, 2020; Chen et al, 2023), whereas the method
developed in this study achieved 1x10A2 copies/uL, also an
improvement. Comparable improvements were noted for PRV
and PPV detection limits (Lyu et al., 2023). While dual
fluorescence qPCR methods for PPV4 and PPV6 have been

reported, capable of detecting positivity rates ranging from
11.36% to 12.5% for PPV4 and 30.68% to 37.5% for PPV6 in
samples from Fujian Province in 2022, no PCR method currently
exists for simultaneously detecting TTSuV1, PCV2, PRV, and PPV
(Lyu et al, 2023). In 2022, it was reported that fluorescence
quantitative detection methods for ASFV, PCV2, and PRV were
established. The sensitivity of the PCV2 and PRV detection
methods developed in this study is superior to those reported
previously (Liu et al., 2023). As these viruses are all DNA viruses,
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FIGURE 4
Clinical sample testing.
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constructing a multiplex qPCR method eliminates the need for
nucleic acid reverse transcription, offering advantages in one-step
qPCR construction.

In this study, specificity primers and probes were designed
based on conserved sequences identified through alignment of
GenBank-logged TTSuV1 whole genome sequences, PCV2 Rep
gene sequences, and PRV gE gene sequences (Liu et al, 2023).
The seven subtypes of PPV, including VP1 to VP7, were evaluated,
with VP2 of PPV1 identified as a virulence determinant potentially
influencing virus pathogenicity (Zhao K. et al., 2020; Kim et al,
2021). Optimization of reaction time and temperature in the
multiplex qPCR method further evaluated sensitivity,
repeatability, and specificity. The method utilized four signals
(FAM, NED, CY5, and VIC) to detect and distinguish the four
target pathogens, showing no wavelength interference and allowing
simultaneous fluorescence signal detection in the same reaction
tube. Sensitivity tests confirmed detection of fewer than 10 copies of
the target genes in standard plasmids containing these four genes,
with strong linear correlation between Ct values and standard copy
numbers. The method demonstrated specificity in detecting PCV2,
PCV3, PPV, and PRV without cross-reactivity with other swine
RNA viruses such as CSFV, PRRSV, and PEDV. Furthermore,
experimental validation using confirmed ASFV positive samples
confirmed the method’s specificity in detecting the four viruses
studied in this research (data not shown).

Simultaneously, further testing of additional pathogen-positive
samples is needed to validate the broad utility of the developed
multiplex real-time PCR method and to conduct further research.
Clinical samples from 150 cases were tested to verify the practicality
and effectiveness of the method in clinical specimens. The results
showed infection rates of TTSuV1, PCV2, PRV, and PPV were 8.6%
(13/150), 10.67% (16/150), 14% (21/150), and 11.33% (17/150),
respectively. This indicates that PCV2, PPV, and PRV remain
prevalent in Hunan Province. Additionally, simultaneous co-
infections of PCV2, PCV3, PPV, and PRV with two or more
pathogens are common, which may exacerbate immune
suppression and inflammatory responses, thereby increasing the
likelihood of secondary infections by other pathogens and further
exacerbating these diseases. Clinical sample testing revealed that 43
samples (13.65%) still had co-infections of PCV2, PCV3, PPV, and
PRYV. At the time of the initial design of this study, we consulted the
literature and found few reports on the simultaneous infection of
these four DNA viruses. Interestingly, through the detection of 150
clinical samples, we discovered a mixed infection of these four DNA
viruses in one sample, which drew our attention. The mixed
infection of these four DNA viruses is likely to become a new
threat to the development of the pig industry and is worthy of
focused attention. In the future, we hope that the continuous
promotion of our detection technology will provide new technical
support for the clinical detection of these four DNA viruses.

In summary, we have developed a multiplex real-time
fluorescence quantitative PCR method for the simultaneous
identification and detection of TTSuV1, PCV2, PRV, and PPV.
This technique enables rapid and precise detection of these viruses
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in clinical samples, providing a more efficient tool for accurate
diagnosis and epidemiological investigation of these viral infections.
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