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A TagMan probe-based multiplex real-time
quantitative pcr for simultaneous detection
of kobuvirus, parechovirus B, rosavirus B,
and hunnivirus carried by murine rodents
and shrews
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Abstract

Background Picornaviruses, common infectious agents in humans and various animal species, pose significant
health threats. Conventional monoplex PCR is widely employed in laboratory diagnostics but is relatively time-
intensive and laborious.

Results In this study, we developed a multiplex TagMan probe-based real-time quantitative PCR (qPCR) assay for
the rapid and simultaneous detection of kobuvirus, parechovirus B, rosavirus B and hunnivirus in murine rodent and
shrew samples. The approach demonstrated high sensitivity and specificity, with detection limits of 1x 102 copies/uL
for kobuvirus, parechovirus B, and rosavirus B, and 50 copies/uL for hunnivirus. Evaluation using 149 clinical samples
showed strong concordance with conventional PCR methods.

Conclusions This work developed an effective multiplex gPCR method for the simultaneous detection of emerging
picornaviruses particularly in rodents, including kobuvirus, parechovirus B, rosavirus B, and hunnivirus. Our findings
contribute valuable insights into the monitoring and prevention of zoonotic diseases associated with these
pathogens.
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Background

Picornaviruses, classified within the family Picornaviri-
dae, represent a diverse group of non-enveloped viruses
characterized by positive-sense single-stranded RNA
genomes. As of March 2024, the family Picornaviridae
encompasses 159 species organized into 68 genera, many
of which exhibit significant zoonotic potential and are
capable of spreading widely among humans and vari-
ous animal species, thereby resulting in critical health
impacts [1].

Rodents are recognized vectors for more than 60
human infectious diseases, transmitting pathogens via
their urine, feces, or through arthropod ectoparasites [2].
Likewise, shrews are predominantly ground-dwelling, yet
knowledge of the pathogens they harbor remains limited
[3, 4]. Currently, an increasing number of picornaviruses
have been detected in these animals. Monitoring the
molecular epidemiological characteristics of picornavi-
ruses in these small mammals could help mitigate poten-
tial risks to humans.

Kobuvirus, one of the picornaviruses of interest, was
initially identified in the stool of patients with gastro-
enteritis and has been proposed as a potential caus-
ative agent of diarrhea [5, 6]. Subsequently, it has been
detected in various mammalian species. Previous studies
reported that kobuvirus was detected in 50% and 55.5%
of murine rodent fecal samples from the USA and Hun-
gary, respectively [7, 8]. Parechovirus B (Ljungan virus),
initially isolated from voles, is linked to conditions such
as myocarditis, insulin-dependent diabetes mellitus, and
Guillain-Barré syndrome [9]. Fevola C. et al. detected
parechovirus B in tissue from various rodents and shrews
across 12 European countries, identifying bank voles as
the primary host (overall prevalence: 15.2%) [10]. Addi-
tionally, rosavirus B and hunnivirus are recently identi-
fied picornaviruses, first discovered in rodents within the
past decade [11]. Although there is no report of human
infection with rosavirus B and hunnivirus, considering
the evidence of cross-species transmission [12], the pos-
sibility of these novel picornaviruses infecting humans
cannot be ruled out. In our previous research in southern
China, we found that the overall prevalence of kobuvi-
rus in several murine rodents was 23.0%, with hunnivi-
rus at 17.6% and rosavirus reaching 32.5%, with frequent
coinfections of these picornaviruses [11-13]. These find-
ings support that picornaviruses are prevalent in murine
rodents and shrews. Despite these insights, the role of
rodent-derived picornaviruses in the evolution, trans-
mission dynamics, and biological impact of the family
Picornaviridae remains poorly understood, which under-
scores the urgent need for comprehensive epidemiologi-
cal surveillance and molecular studies to elucidate their
geographic distribution, genetic diversity, and clinical
relevance.
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The surveillance of viruses carried by animals requires
rapid, sensitive, and specific methods. The current stan-
dard for detecting picornaviruses predominantly relies
on monoplex PCR, a technique that employs a single
set of primers to target one virus at a time [11, 13, 14].
While monoplex PCR is straightforward and offers high
specificity, it is time-consuming, cost-inefficient, and
lacking the capability for quantitative detection of mul-
tiple target viruses. Real-time Quantitative PCR (qPCR),
first introduced in 1993, has emerged as a more sensitive
and quantitative alternative for monitoring DNA ampli-
fication reactions [15, 16]. Given the high incidence of
co-infections among picornaviruses within a single host,
the development of a rapid and accurate diagnostic tool
is essential for elucidating the epidemiological character-
istics of these potential diarrheal pathogens. This study
aims to develop a multiplex qPCR assay that will enable
effective detection, identification, and differentiation of
kobuvirus, parechovirus B, rosavirus B and hunnivirus,
thus addressing a critical gap in our understanding of
rodent-derived picornaviruses.

Methods

Design of primers and probes

For kobuvirus, rosavirus B, and hunnivirus, the primer
and probe sequences were designed to target highly
conserved regions of the viral genome with the cod-
ing sequences of the RNA-dependent RNA polymerase
(RdRp) gene. These regions were selected based on multi-
ple sequence alignments of available genomic sequences
from representative strains of kobuvirus, rosavirus B, and
hunnivirus deposited in GenBank. While, for parechovi-
rus B, 5’UTR is the most common region for detection.
MEGA11 software was utilized for multiple sequence
alignments, and Oligo 7 software was employed for the
ultimate determination of primer-probe sets. The spe-
cific sequences for each target virus were provided in
Table 1. To facilitate multiplex detection, four fluoro-
chromes with distinct wavelengths, including FAM, CY5,
Texas Red, and VIC, were selected for the modification
of probes targeting kobuvirus, parechovirus B, rosavirus
B, and hunnivirus, respectively. Quenching was achieved
using BHQ1, BHQ2, and BHQ3. The primers and probes
were synthesized by BGI Genomics Co.,Ltd. (Shenzhen,
China).

Construction of plasmid standards

Apart from the 5" UTR region of parechovirus B, which
was obtained via gene synthesis, viral RNA from positive
samples for the other three picornaviruses was extracted
using the MiniBEST Viral RNA/DNA Extraction Kit
(Takara Bio Inc.). Following extraction, reverse transcrip-
tion was performed using the Transcriptor First Strand
c¢DNA Synthesis Kit (Roche Life Science), with random
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Table 1 Primers and probes for the multiplex real-time quantitative PCR assay

Target virus Primer/Probe Name Sequence 5'-3' Length (bp)

Kobuvirus g-Kobu-F TGTCATCTACGCYACWGAACCC 197 bp
g-Kobu-R CCAWCACWGGGTGGATGTAGA
Probe-Kobu-F FAM-TGGACGCTTGTCATCAGGAACAAACCAG-BHQ1

Parechovirus B g-PeVB-F GTGGCTTTCACCTCTRGACAGT 129 bp
g-PeVB-R GTAATCCGYTGGCACTCAAGTAGC
Probe-PeVB-F CY5-CATTCCACACCCGCTCCACGGTAGA-BHQ3

Rosavirus B g-Rosa-F ACGCYCTTGCCGAYGTCCTMA 165 bp
g-Rosa-R TCAAYGARTTGAACACRCTAGTCC
Probe-Rosa-R Texas Red-CCYGACGGCATGGCRCCATCRAG-BHQ2

Hunnivirus g-Hunni-F AGAGCAARATGTGGACCTGTG 149 bp
g-Hunni-R TCCGTTTGCCAAAGCAGCTC

Probe-Hunni-F

VIC -CTTTGGGACTGACAACCTGGACCCGAT-BHQ1

hexamers serving as the primers. Amplification of tar-
get genome fragments was conducted using the prim-
ers listed in Supplemental Table S1. Subsequently, viral
genome fragments from amplification or gene synthesis
were cloned into the pMD18-T vector (Takara Bio Inc.).
The ligation reaction comprised 2 pL of viral genome
fragment, 1 pL of the pMD18-T clone vector, 2 pL nucle-
ase-free water, and 5 pL of Solution I, with ligation per-
formed at 16 °C for 2 to 3 h.

Subsequently, the recombinant plasmid was trans-
formed into DH5a competent cells (Takara Bio Inc.).
Transformants were cultured on solid Luria-Bertani (LB)
medium containing ampicillin (Amp) and incubated
overnight at 37 °C. Selected monoclonal colonies were
inoculated into LB liquid medium with Amp and shaken
at 150 rpm for 5 h. Conventional PCR was performed
using pMD18-T vector-specific primers (Supplemental
Table S1) to amplify the bacterial culture, followed by
verification through sequencing. The amplification prod-
uct length for positive bacterial cultures was expected to
equal the combined lengths of the empty vector amplifi-
cation fragment (155 bp) and the target viral nucleotide
fragment. Bacterial transformants containing the correct
plasmids were cultured in LB medium supplemented
with Amp and incubated overnight at 37 °C. Plasmid
extraction was performed using the TIANprep Mini
Plasmid Kit (TTANGEN Biotech (beijing) Co.,Ltd.).

The plasmids were linearized using restriction enzymes
prior to quantification to ensure accurate quantifica-
tion of plasmid copy numbers. SnapGene software was
employed to confirm the absence of restriction enzyme
sites in the target fragment. Quantification of linear-
ized standard plasmids was conducted using OD260
measurements (Thermo Scientific NanoDrop One), and
expressed as a copy number. The standard plasmid copy
number was calculated using the following formula: y
(copies/uL) = (6.02x10?®) x concentration (ng/pL) x
10~° DNA) / (DNA length x 660). The final concentration
of the plasmids was adjusted to 107 copies/pL and then

ten-fold serially diluted to 10° copies/uL before storage at
-80 °C in aliquots.

Reaction conditions for monoplex real-time quantitative
PCR assay

To evaluate the amplification performance of each
primer-probe set, monoplex qPCR was conducted for
each virus. Ten-fold diluted plasmids were used as tem-
plates to establish standard curves, from which the R?
(correlation coefficient) values and standard equations
were calculated. The reaction system of monoplex qPCR
comprised 0.2 uM of each primer, 0.1 uM of each Tag-
Man probe, 1 pL of template, 10 pL of 2 x Conc. Premix
Ex Taq (Takara Bio Inc.), with nuclease-free water added
to reach a final volume of 20 pL. Amplification was car-
ried out on a Roche LightCycler® 96 Instrument (Roche
Life Science) with the following program: 95 °C for 30 s;
followed by 45 cycles of 95 °C for 5 s and 60 °C for 30 s;
and a final cooling step at 37 °C for 300 s. Fluorescence
signals were automatically collected at the end of each
cycle.

Optimization of reaction system for multiplex real-time
quantitative PCR assay

The four sets of primers and probes validated through
monoplex qPCR were then utilized in the development of
multiplex qPCR approach. System optimization involved
adjusting the concentration and ratio of primers and
probes as previously reported [17]. During the optimi-
zation process, the concentration of primers was varied
from 0.1 uM to 0.3 pM, and the concentration of probes
was ranged from 0.1 uM to 0.4 uM. With 10° copies/
pL standard plasmids as the template, the fluorescence
intensity and Cq values were compared to identify the
best combination. The same instrument and qPCR pro-
gram used for monoplex qPCR were employed.
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Sensitivity of multiplex real-time quantitative PCR assay
The sensitivity of the multiplex qPCR assay was evaluated
using ten-fold serially diluted standard plasmids, ranging
from 10° to 107 copies/pL. A positive Cq value cut-off of
35 was chosen based on previous studies [16, 18, 19]. The
lowest concentrations detectable by multiplex qPCR, as
indicated by the standard curves for each picornavirus,
were considered rough limits of detection. In this study,
the rough limits of detection for 4 picornaviruses were all
10? copies/pL. To further evaluate sensitivity, duplicate
detections were performed using the standard plasmids
based on the following concentrations: 100 copies/uL,
50 copies/puL, 20 copies/pL, and 10 copies/pL. The reli-
able limit of detection was defined as the concentration
at which all replicates gave positive results.

Specificity and repeatability of multiplex real-time
quantitative PCR assay

The specificity of the multiplex qPCR assay was evaluated
to exclude potential false positives from other viruses.
With exception of target viruses, cardiovirus, enterovi-
rus G, and bocavirus were included as control viruses to
assess the specificity of the multiplex assay. For control
viruses, we employed the same nucleic acid extraction
and reverse transcription methods as described before
to obtain ¢cDNA libraries, and confirmed by conven-
tional PCR and sequencing. Higher detection limit of
conventional PCR can ensure that the concentration of
the control virus is sufficient for detection. In repeatabil-
ity testing, we conducted three replicates in one experi-
ment for each concentration, which were regarded as
intra-group replicates. Additionally, to assess the inter-
group reproducibility, we repeated the experiment three
times, with a one-week interval between each repetition.
The repeatability of the multiplex JPCR assay was evalu-
ated by calculating the coefficient of variation (CV) for
each target virus. The CV was defined as the ratio of the
standard deviation to the mean Cq value, expressed as a
percentage.

Detection of clinical samples using multiplex real-time
quantitative PCR assay

One hundred and forty-nine fecal samples of murine
rodents and shrews collected from four areas of south-
ern China: Shanwei in Guangdong Province, Yiyang in
Hunan Province, Xiamen in Fujian Province, and Malipo
in Yunnan Province. The procedures for sampling and
sample processing were reviewed and approved by the
Animal Ethics and Welfare Committee of the School of
Public Health, Southern Medical University, China. All
mammals were captured alive and maintained in full
adherence to the requirements outlined in the Rules for
the Implementation of Laboratory Animal Medicine
(1998) from the Ministry of Health, China. Viral nucleic
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acid was extracted for each sample through a MiniBEST
Viral RNA/DNA Extraction Kit (TaKaRa, Japan). The
viral nucleic acid was subsequently reverse transcribed
into cDNA via a Transcriptor First Strand cDNA Syn-
thesis Kit (Roche, Switzerland). The cDNA from all stool
specimens were utilized to validate the multiplex qPCR
method. The 20 uL reaction system comprised 10 pL 2 x
Conc. Premix Ex Taq (Takara Bio Inc.), 6 pl nuclease-free
water, 0.2 pM of each forward/reverse primer, 0.1 uM of
each probe, and 1 pL of cDNA template. Furthermore, all
samples were subjected to conventional monoplex PCR
methods and sequencing for additional confirmation.

Results

Monoplex real-time quantitative PCR detection of a single
virus

To facilitate the development of a multiplex qPCR assay,
monoplex qPCR approaches were initially established
for each target virus. The sequences of the primers and
probes designed in this study are presented in Table 1.
Probes for kobuvirus, parechovirus B, rosavirus B, and
hunnivirus were labeled with FAM, VIC, Texas Red, and
Cy5, separately. The resulting standard curves from each
monoplex JPCR demonstrated excellent correlation coef-
ficients and amplification efficacy (Supplemental Figure
S1). These findings confirm the suitability of the four sets
of primers and probes for the subsequent establishment
of the multiplex qPCR methodology.

Reaction system optimization for multiplex real-time
quantitative PCR assay

To determine the optimal working concentrations of the
four sets of primers and probes, multiplex qPCR was
performed with varying concentrations under consistent
reaction conditions. By comparing fluorescence inten-
sity and Cq values (Supplemental Table S2 and Figure
S2), we determined that the optimal concentration for
probes and primers was 0.2 uM and 0.1 pM, respectively.
The final reaction volume of 20 pL consisted of 10 pL 2 x
Conc. Premix Ex Taq (Takara Bio Inc.), 6 pl nuclease-free
water, 0.2 pM of each forward/reverse primer, 0.1 uM of
each probe, and 1pL of template. Fluorescence signals
were collected using the Roche LightCycler® 96 Instru-
ment (Roche Life Science).

Standard curves and sensitivity of multiplex real-time
quantitative PCR assay

Standard curves were constructed based on the Cq val-
ues obtained from ten-fold serial dilutions of the four
constructed plasmid standards. The specific amplifica-
tion curves and standard curves are shown in Fig. 1. The
results indicated that the multiplex qPCR effectively
amplified target viral genome sequences, with high cor-
relation values observed for kobuvirus (R%=0.993),
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Fig. 1 Amplification curves and standard curve of multiplex real-time quantitative PCR. (A) and (B) are amplification curves and standard curve of kobuvi-
rus, respectively; (C) and (D) are amplification curves and standard curve of parechovirus B, respectively; (E) and (F) are amplification curves and standard
curve of rosavirus B, respectively; (G) and (H) are amplification curves and standard curve of hunnivirus, respectively

parechovirus B (R?=0.996), rosavirus B (R?=0.998), and
hunnivirus (R?>=0.997). This illustrates excellent linear
amplification across a range of 1x10? to 1x 107 copies/
pL per reaction.

Based on the standard curves, the limit of detection
for multiplex qPCR was preliminarily established at

100 copies/pL. To further evaluate sensitivity, duplicate
detections were performed on the standard plasmids of
the following concentrations: 100 copies/pL, 50 copies/
uL, 20 copies/pL, and 10 copies/pL. The results of this
sensitivity assessment are summarized in Supplemental
Table S3. The limit of detection was determined to be 100
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Table 2 Specificity of the multiplex real-time quantitative PCR assay
Template * Multiplex qPCR in This Study (Cq Value)
Kobuvirus Parechovirus B Rosavirus B Hunnivirus
Kobuvirus 24.14 -) ) -)
Parechovirus B -) 23.06 (=) (=)
Rosavirus B — 21.06 (=)
Hunnivirus (- 2731

Enterovirus G
Bocavirus
Cardiovirus

=)
=)
=)
=)

()

*The templates for kobuvirus, parechovirus B, and rosavirus B were all 10° cpoies/uL plasmids. The template for hunnivirus was 10* cpoies/uL plasmid. Regarding
enterovirus G, bocavirus, and cardiovirus, positive cDNAs were considered as templates.

(-): Negative detection.
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Fig. 2 Analytical specificity of the multiplex real-time quantitative PCR. Negative samples included enterovirus G, bocavirus, cardiovirus, and the negative

control

copies/pL for kobuvirus, parechovirus B and rosavirus B,
while a lower limit of 50 copies/pL was established for
hunnivirus.

Specificity and repeatability of multiplex real-time
quantitative PCR assay

The specificity of the four primer pairs and probes was
rigorously tested and is presented in Table 2; Fig. 2. Each
primer pair successfully amplified only the correspond-
ing target viral genomes, with no observed cross-amplifi-
cation or non-specific amplification.

To assess the variability of the multiplex qPCR assay,
each concentration of the standard plasmid underwent
repeated testing for both intra-group and inter-group
analysis. The percentage of CV of Cq values ranged from
0.01 to 1.77% for intra-group analysis, and from 0.11 to
2.80% for inter-group analysis (Table 3), indicating high
repeatability and precision of the assay.

Detection of clinical samples using multiplex real-time
quantitative PCR assay

The established multiplex qPCR assay was used to ana-
lyze 149 fecal samples collected from murine rodents and
shrews, including Rattus norvegicus, Rattus tanezumi,
Rattus losea, Mus caroli, and Suncus murinus, across
various regions.The information of the species was pre-
sented in Supplemental Table S4. The results revealed
detection rates of 20.1% (30/149) for kobuvirus, 33.6%
(50/149) for rosavirus B, and 12.1% (18/149) for hun-
nivirus, while none of the samples tested positive for
parechovirus B. Co-infection with picornaviruses was
identified in 21 fecal samples, resulting in a co-infection
rate of 14.1%. Among the 21 samples with co-infections,
15 were positive for two viruses, and 6 were positive for
three viruses. Moreover, all samples underwent valida-
tion through conventional monoplex PCR and sequenc-
ing, with results fully corroborating those obtained from
the multiplex qPCR assay.
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Table 3 Intra- and inter-assay coefficients of variation of multiplex real-time quantitative PCR
Target virus intra-group analysis inter-group analysis
Cq (means) SD CV(%) Cq (means) SD CV(%)
Kobuvirus S7 16.68 0.08 048 16.42 0.23 141
S6 20.25 0.05 0.25 20.24 0.22 1.06
S5 24.65 0.08 032 2422 0.68 2.80
S4 27.26 0.03 0.11 26.97 0.62 2.30
S3 30.76 0.09 0.29 30.86 0.34 1.09
S2 34.39 0.61 1.77 3474 037 1.07
Parechovirus B S7 15.81 0.01 0.06 15.70 0.11 0.70
S6 19.23 0.04 0.21 19.08 0.13 0.69
S5 23.11 0.01 0.04 23.03 0.19 0.81
S4 26.67 0.07 0.26 2643 0.27 1.04
S3 30.95 0.05 0.16 30.82 0.29 0.95
S2 34.31 0.13 0.38 34.39 048 1.40
Rosavirus B S7 1248 0.05 040 12.75 0.28 2.16
S6 176 0.03 017 17.79 0.30 1.71
S5 219 0.08 0.37 2192 0.54 244
S4 25.84 0.10 0.39 25.86 043 1.64
S3 29.84 0.29 097 29.89 0.35 118
S2 3347 032 0.96 3373 0.29 0.87
Hunnivirus S7 16.18 0.16 0.99 16.21 0.12 0.75
S6 19.59 0.02 0.10 19.78 0.17 0.85
S5 2272 0.04 0.18 22.73 0.25 1.08
S4 26.38 0.08 030 2646 0.71 268
S3 29.64 0.11 0.37 29.84 0.21 0.70
S2 3299 0.07 0.21 33.08 0.24 0.73

SD: Standard error

CV: The coefficient of variation

Discussion

In recent years, the emergence of zoonotic diseases
caused by novel viruses has attracted widespread atten-
tion. Among these, picornaviruses are notable as some
of the most common infectious pathogens threatening
human health. Due to genetic mutations and recombi-
nation events, picornaviruses exhibit a high degree of
genetic variability and can infect a wide range of hosts,
from lower vertebrates to mammals, leading to diseases
in both humans and animals [20]. Murine rodents and
shrews, which possess fast life cycles and occupy diverse
geographic ranges, are reservoirs for a lot of zoonotic
diseases caused by various pathogens [21-26]. How-
ever, knowledge regarding the picornaviruses carried
by murine rodents and shrews remain comparatively
limited. Currently, there are ten virus genera within the
family Picornaviridae have been identified in murine
rodents and shrews [1], Among these picornaviruses,
kobuvirus, rosavirus, and hunnivirus present the high
prevalence and common co-infection in these small
mammals [11-13]. Moreover, parechovirus B infection is
associated with a variety of diseases, such as myocarditis,
insulin-dependent diabetes mellitus, and Guillain-Barré
syndrome [9]. Thus, in order to improve the efficiency
of laboratory diagnostics, this study aimed to establish

a multiplex qPCR assay capable of simultaneously and
quantitatively detecting kobuvirus, parechovirus B, rosa-
virus B, and hunnivirus within a single reaction tube.
Although viral isolation and culture remain important
tools for confirming the presence of infectious viruses,
their application can be limited by sensitivity and requir-
ing high technical expertise [27]. Rapid detection tech-
nologies, such as transmission electron microscopy
(TEM), necessitate advanced equipment and specialized
laboratory facilities [27]. Immunological assays including
enzyme-linked immunosorbent assays (ELISA) and col-
loidal gold immunochromatographic assays (GICA), are
commonly utilized in laboratory diagnostics but typically
require well-defined serological profiles [28]. Given these
constraints, PCR and qPCR have become the preferred
method for rapid detection in clinical settings, with
multiplex PCR recognized as a more efficient diagnostic
approach [29]. In this study, we successfully developed a
two-step multiplex qPCR that enables the simultaneous
detection of four picornaviruses within a single reac-
tion. RNA is more susceptible to degradation during the
extraction and preservation processes. Thus, construct-
ing cDNA libraries for these picornaviruses enables long-
term storage. In addition, using a portion of the cDNA
in the second qPCR step facilitated the optimization of
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reaction conditions for each target, while also minimiz-
ing the consumption of the original clinical samples.

Real-time fluorescence PCR techniques, including Tagq-
Man probe-based and dye-based quantitative PCR, are
instrumental in this context. SYBR Green dye is more
general but less specific than that of fluorescent probe,
and it is not suitable for simultaneous detection of mul-
tiple viruses. Conversely, TagMan probe-based qPCR
provides high specificity and a reduced risk of sample
contamination. However, designing four sets of primers
and probes that function together posed significant chal-
lenges. Through bioinformatics analysis, we designed
primers and TagMan probes targeting highly conserved
regions of the genome sequences of kobuvirus, parecho-
virus B, rosavirus B, and hunnivirus, ensuring their
melting temperature were closely aligned to maximize
amplification efficiency. After comprehensive optimiza-
tion, we selected the current primer-probe sets as they
provided the best balance of efficiency, specificity, and
multiplex compatibility. Moreover, the utilization of four
distinct fluorophores (FAM, Texas Red, CY5, and VIC)
allowed for the effective differentiation of the four picor-
naviruses in our multiplex qPCR.

The TagMan probe-based multiplex qPCR assay estab-
lished in this work demonstrated excellent linear ampli-
fication across a range of 1x10% and 1x 10’ copies/pL.
This level of sensitivity surpasses that of conventional
monoplex RT-PCR, which typically ranges from 1x 10*
to 1x10° copies/uL [17, 30, 31]. For instance, Zhao et
al. developed a multiplex RT-PCR for detecting classi-
cal swine fever virus (CSFV), porcine reproductive and
respiratory syndrome virus (PRRSV), porcine epidemic
diarrhea virus (PEDV), and transmissible gastroenteritis
virus (TGEV), with similar detection limits not falling
below 1x10® copies/uL [31]. Our multiplex qPCR assay
achieved a limit of detection as low as 1x 10? copies/pL
for each picornavirus, comparable to other multiplex
qPCR assays for different viral pathogens [17, 32, 33].
This enhanced sensitivity facilitates more robust surveil-
lance of these picornaviruses in murine rodent and shrew
populations. Nevertheless, increased sensitivity may
also elevate the risk of false positive results, underscor-
ing the necessity for stringent adherence to laboratory
protocols to mitigate cross-contamination and aerosol
transmission.

The design of probe sequences from the most con-
served region of the target viral genome sequences con-
tributes to the higher specificity of TagMan probe-based
qPCR compared to SYBR Green dye methods. Our
results confirmed that each set of primers and probe in
the multiplex qPCR specifically detected only the target
virus, with no cross-reactivity observed. The fluores-
cence intensity and amplification efficiency for kobuvi-
rus, parechovirus B, and hunnivirus were not adversely
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affected in the multiplex assay. However, the efficiency
for rosavirus B was slightly reduced, which could be due
to primer and probe competition in the multiplex system,
as suggested in previous studies [32].

Detection of clinical samples using the multiplex qPCR
revealed a notable incidence of co-infection among
picornaviruses in murine rodents and shrews. Such viral
co-infections are prerequisites for genetic recombina-
tion, with the simultaneous infection of individuals by
different strains potentially leading to the emergence
of more virulent and transmissible viral strains [34, 35].
Consequently, the co-infections of picornaviruses in
murine rodent and shrew populations raise public health
concerns regarding potential outbreaks of zoonotic dis-
eases, emphasizing the critical need for enhanced viral
surveillance in these small mammal animals. To the best
of our knowledge, this is the first multiplex qPCR assay
developed for the simultaneous detection of kobuvirus,
parechovirus B, rosavirus B, and hunnivirus. The method
presented herein enables efficient detection of co-infec-
tions with these picornaviruses and significantly reduces
both labor and material costs.

Conclusions

In conclusion, this work developed a TagMan probe-
based multiplex gPCR method with high sensitivity and
repeatability for the simultaneous detection of emerg-
ing picornaviruses particularly in murine rodents and
shrews, including kobuvirus, parechovirus B, rosavirus B,
and hunnivirus. Our findings contribute valuable insights
into the monitoring and prevention of zoonotic diseases
associated with these pathogens.
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