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Objective: To develop and validate dual detection platforms integrating
recombinase polymerase amplification (RPA) with Pyrococcus furiosus
Argonaute (PfAgo) for the rapid and specific identification of Streptococcus suis
serotype 2.

Methods: The conserved cps2J gene was selected as the molecular target. Key
RPA parameters and PfAgo reaction conditions were systematically optimized,
including temperature, reaction time, MnCl, concentration, gDNA design and
probe concentration. Specificity and sensitivity were evaluated using plasmid
dilutions and multiple S. suis serotypes together with other common swine
pathogens. A total of 41 clinical samples were also tested and compared with
the national standard PCR assay (GB/T 19915.3-2005).

Results: Two assay formats were established: real-time fluorescence system
(RPA-PfAgo-RTF) and lateral flow dipstick system (RPA-PfAgo-LFD). The
RPA-PfAgo-RTF assay achieved a detection limit of 100 copies/pL, while the
RPA-PfAgo-LFD assay detected 102 copies/pL. Both formats showed high
specificity without cross-reactivity. Among 41 field samples, six were SS2-
positive, and results showed 100% agreement with the reference PCR method.
Total detection time for either assay was <1 h.

Conclusion: Both assay formats provide rapid, sensitive, and accurate tools for
SS2 detection suitable for laboratory use and on-farm point-of-care testing.

KEYWORDS

fluorescence detection, lateral flow dipstick, PfAgo, point-of-care testing, rapid
diagnosis, recombinase polymerase amplification, Streptococcus suis serotype 2

1 Introduction

Streptococcus suis (SS) is a significant zoonotic pathogen that causes major economic
losses in the pig industry and poses a potential threat to human health (1, 2). Among
the 29 identified serotypes, serotype 2 (SS2) is the most prevalent and virulent. It causes
severe diseases in pigs, including sepsis, meningitis, arthritis, and pneumonia, and can
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lead to serious infections in humans (3, 4). Therefore, rapid
and accurate detection of SS2 is essential for effective disease
control, reduction of economic losses, and prevention of zoonotic
transmission (5, 6).

Traditional diagnostic methods, such as bacterial culture and
biochemical testing, often lack adequate sensitivity and specificity
and are time-consuming (7). Recent advances in molecular biology
diagnostics—such as real-time PCR, loop-mediated isothermal
amplification (LAMP), and CRISPR/Cas systems—have enabled
more rapid and accurate detection of S. suis (8-10). However, these
techniques require specialized equipment and trained personnel
(11, 12), which limit their use in field or resource-poor settings.
Furthermore, antimicrobial resistance in SS2 is increasing and
some isolates show strong resistance to commonly used antibiotics,
complicating disease control (13, 14). Therefore, the development
of a rapid detection method for SS2 with high sensitivity, strong
specificity, and cost-effectiveness is particularly important. This
would not only improve the efficiency of SS2 diagnosis but also
provide a reference for the rational use of antibiotics, thereby
reducing the emergence of resistant strains.

Recently, the RPA-PfAgo system has emerged as a promising
tool for rapid bacterial detection (15). This method first use RPA
to amplify the target nucleic acid at 37-42 °C, after which PfAgo,
guided by short DNA oligonucleotides, cleaves the products at 85-
95 °C to generate secondary signals (16-18). Unlike CRISPR/Cas
systems, PfAgo does not require protospacer adjacent motif (PAM)
sequences and can achieve single-base resolution through guide
design, making it useful for distinguishing resistance loci and
closely related species (19, 20). Several readout formats, such as
agarose gel electrophoresis, real-time fluorescence (18), lateral flow
dipstick (LFD) (21, 22), and digital platforms (23), have been
developed, achieving detection limits ranging from 10° to 10?
copies per reaction. The method has been successfully applied to
a variety of sample types, such as milk, serum, urine, and clinical
swabs (18, 24).

In this study, we developed two RPA-PfAgo assays targeting
the cps2] gene of SS2: a real-time fluorescence assay and a LFD
assay. Key reaction parameters were optimized, and their sensitivity
and specificity were thoroughly evaluated. The performance of
the assays was further validated using clinical samples and
compared with that of the Chinese national standard PCR method.
Subsequently, the detection systems were applied to the analysis of
clinical tissue samples to confirm their feasibility and practicality
for on-site diagnosis. This study presents an efficient, user-friendly,
and field-deployable technical approach for the early and rapid
detection of SS2, which holds significant potential for the effective
prevention and control of SS2 infections.

2 Methods

2.1 Bacterial strains

The bacterial strains used in this study included SS1
(JZLQO36), SS2 (CVCC606, CVCC1941, JZLQ022, ZY05719,
05ZYH33, and JZLQO19), SS7 (JZLQ034), SS9 (JZLQO35),
Actinobacillus pleuropneumoniae (APP, CVCC259), Pasteurella
multocida (C44-1), Glaesserella parasuis (GPS, Isolated strain),
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Salmonella (CVCC541), Enteropathogenic Escherichia coli (EPEC,
Isolated strain), Staphylococcus aureus (S. aureus, ATCC49525)
and Aeromonas hydrophila (A. hydrophila, AH-1). All strains were
obtained and preserved in the Laboratory of Preventive Veterinary
Medicine, Henan Institute of Science and Technology.

2.2 Reagents

The bacterial genomic DNA kit and pfAgo were purchased
from Absin (Shanghai) Biotechnology Co., Ltd. The TwistAmp
Basic kit was obtained from TwistDx (United Kingdom). The
PCR Master Mix, plasmid DNA extraction kit, and 4S GelRed
nucleic acid staining solution were supplied by Sangon Biotech
(Shanghai) Co., Ltd. The flow measurement chromatography test
strips were acquired from Milenia Biotec GmbH (Germany), and
the gel recovery kit was sourced from Servicebio Biotechnology
(Wuhan) Co., Ltd. The 20% TBE-PAGE gel preparation solution
was purchased from Coolaber Technology (Beijing) Co., Ltd. BHI,
TSB, and LB media were obtained from Solarbio Technology
(Beijing) Co., Ltd. TAE (50X) was procured from Beyotime
Biomedical Technology (Shanghai) Co., Ltd, the 1,000 bp DNA
marker was acquired from BaKaRa Medical Biology Technology
(Beijing) Co., Ltd. LAR AGAROSE/agarose was obtained from
baygene Biotechnology (Shanghai) Co., Ltd.

2.3 Preparation of bacterial DNA

The frozen bacterial strains were thawed and streaked onto
solid culture medium. Individual colonies were subsequently
selected and cultured in liquid medium. Specifically, THB medium
was used for the cultivation of SS, BHI medium for APP, TSB
medium for Pm and GPS, and LB medium for A. hydrophila,
EPEC, S. aureus, and Salmonella. Genomic DNA was extracted
from bacteria in the logarithmic growth phase using a bacterial
genomic DNA extraction kit. The mass concentration and purity
of the extracted DNA from each strain were measured using an
ultra-micro nucleic acid and protein concentration analyzer, and
the samples were stored at —80°C for future use.

2.4 Design and screening of RPA primers,
gDNA, and probes, and construction of the
cps2J plasmid

The
DQ410853.1) was selected as the detection target, and primers

conserved SS2  ¢ps2] gene (Accession Number:
and probes were designed following the TwistAmp™ Basic
kit (TwistDX, UK) guidelines using Primer 5.0. The RPA
primers, gDNAs, fluorescent ssDNA reporter probe (5 6-FAM-
ssDNA-BHQ1-3 ), and lateral flow assay reporter probe MB
(5 6-FAM-ssDNA-Biotin-3 ) were synthesized by Sangon Biotech
(Shanghai, China). All sequence information is listed in Table 1.
The recombinant plasmid was constructed using the pGEM-T Easy
vector (Promega, Beijing), and the positive plasmid was designated
as pGEM-T-cps2], which served as the DNA template standard.
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TABLE 1 Primer and probe sequence.

Primer Sequence(55 -33)

name

CPS2J-212F GGAATACGCAGAGCAAGATGGTAGAATAAA

CP$2J-212R AAAAGTAGCAAGTAACCCTCCCGACAAATC

gDNAI-1 GTCCTTATACACCTGT

gDNA1-2 ATTGTTGACGGCAACA

gDNAI-3 TTGTTGAGTCCTTATA

gDNA1-4 TTTAAACAGGTGTATA

gDNA1-5 TAAACAGGTGTATAAG

gDNA1-6 GGTGTATAAGGACTCA

gDNAL-7 AATGTTGCCGTCAACA

gDNA2 ATTGTTGACGGCAACA

gDNA3 GACTCAACAATGTTGC

RTE-MB 6-FAM-CGCACCGCAACATTGTTGAGTCGGTGCG-BHQ1

LFD-MB FAM-GCAACATTGTTGAGTC-Biotin

SSDNA TAGATTCTGATGATATTGTTGACGGCAACATTGTTGAG
TCCTTATACACCTGTTTAAAAG

2.5 Establishment and optimization of RPA
detection method

According to the instructions of the TwistAmp® RPA kit
(TwistDx, Cambridge, UK), a 50 pL reaction system was
established for RPA amplification. The reaction mixture consisted
of 29.5 L rehydration buffer, 2.5 WL of 280 mM magnesium
acetate, 2.4 pL of 10uM forward and reverse primers, 2 pL
of DNA, and 11.2 uL of nuclease-free water. The mixture was
gently mixed, briefly centrifuged, and then incubated at 39 °C
for 30 min. Amplification products were analyzed by 2% agarose
gel electrophoresis.

To maximize the sensitivity of the Basic-RPA reaction system,
a single-factor experimental design was employed to optimize key
parameters, including reaction temperature and amplification time.
The temperature gradient was set at six incremental levels ranging
from 25 to 45 °C (at 5 °C intervals), covering the manufacturer’s
recommended operating range of 39 = 5 °C. Based on the optimal
temperature identified, a time gradient ranging from 5 to 40 min (at
5 min intervals) was further tested. The brightness of the amplified
bands was analyzed to determine the optimal reaction conditions.

2.6 Verification of PfAgo cutting principles

To evaluate the cleavage activity of the PfAgo protein, the
following reaction system was established: 10 wL of 10puM
ssDNA, 1 unit of PfAgo enzyme, 2 pL of 100uM 5 -
phosphorylated gDNA, 2.5 pL of 10X reaction buffer, and
1 pL of 40mM MnCl,. The final volume was adjusted to
25 L with nuclease-free water. The reaction was performed
in a real-time PCR instrument at a constant temperature
of 95 °C for 40min. The reaction products were analyzed
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by 20% TBE-PAGE to verify the cleavage activity of the
PfAgo protein.

2.7 Optimization of RPA-PfAgo-RTF

The RPA-PfAgo-RTF reaction was performed under the
optimized conditions described in section 1.5. Specifically, 2 wL of
the RPA amplification product was added to the PfAgo reaction
mixture, along with 2 pL each of gDNAI (10 M), gDNA2
(10 M), and gDNA3 (10 M), 1 pL of molecular beacon (MB,
10 pM), 1 pL of PfAgo endonuclease, 1 L of MnCl, (40 mM), and
2.5 pL of 10x% reaction buffer, and the final volume was adjusted
to 25 wL with nuclease-free water. The reaction was carried out
in a real-time PCR instrument at a constant temperature of 95
°C for 40 min.To achieve optimal reaction performance, single-
factor optimization was conducted for MnCl, concentration (0.5,
1, 1.6, 2, 2.4, and 3.2 mM), probe concentration (0.2, 0.4, 0.6, 0.8, 1,
and 1.2 uM), gDNA concentration (0.2, 0.5, 0.8, 1.2, and 1.5 pM),
reaction temperature (85, 89, 92, 95, 97, and 99 °C), and reaction
time (10, 20, 30, 40, 50, and 60 min).

2.8 Establishment of the RPA-PfAgo-LFD
detection system

Based on the establishment of the RPA-PfAgo detection system,
a visual detection method was developed by integrating Lateral
Flow Dipstick (LFD) technology. In the RPA-PfAgo-RTF detection
system developed in section 1.7, the original RTF-MB probe was
replaced with the LFD-MB probe to construct the RPA-PfAgo-
LFD detection system. Following the RPA-PfAgo reaction, 100 pL
of nuclease-free water was added to the reaction mixture, and
the test strip was then inserted. The system was incubated at
room temperature for 5min before the strip was removed and
photographed. During LFD detection, the biotin-labeled probe
binds to streptavidin on the test line after cleavage by PfAgo, while
gold-labeled antibodies accumulate at the control line to confirm
strip validity. The criteria for interpreting the test results are as
follows: In a positive sample, the probe is cleaved, allowing both
the detection line (T line) and the control line (C line) to appear on
the test strip. In contrast, in a negative sample, the probe remains
intact, resulting in the absence of a band on the test line while the
control line remains visible. If neither the test line nor the control
line appears, the result is considered invalid.

2.9 Evaluation of specificity and sensitivity

The cps2] positive plasmid was serially diluted tenfold (from
1 x 10° to 1 x 10° copies/pL) and subjected to isothermal
amplification using the optimized RPA method. The amplification
products were then applied to the optimized RPA-PfAgo-RTF and
RPA-PfAgo-LFD detection systems to evaluate the sensitivity of the
fluorescence-based assay. Genomic DNA from Streptococcus suis,
APP, Pm, GPA, Salmonella, EPEC, S. aureus, and A. hydrophila was
used as templates, and detection was performed according to the
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methods described in sections 1.7 and 1.8 to assess the specificity of
these two detection methods.

2.10 Clinical samples testing

To evaluate the reliability of the methods established in
this study, a total of 41 samples were collected from suspected
Streptococcus suis serotype 2-infected pigs from pig farms of
different scales in Henan Province. The samples, including tonsils,
lungs, and blood, were subjected to DNA extraction and subsequent
analysis. Simultaneously, all samples were tested by PCR according
to the national standard (GB/T 19915.3-2005).

3 Results

3.1 Principle of the RPA-PfAgo detection
system

In this study, we combined RPA-Basic amplification with
PfAgo-mediated cleavage to establish a rapid, efficient, and highly
sensitive nucleic acid detection system for Streptococcus suis
serotype 2 (Figure 1). Genomic DNA was first extracted from
samples using a commercial DNA extraction kit. The conserved
cps2] gene was then amplified by RPA under isothermal conditions
to generate double-stranded target products. The RPA products
were subsequently added to the PfAgo reaction mixture containing
three 5 -phosphorylated guide DNAs (gDNAs), PfAgo enzyme,
and a molecular beacon (MB) probe, followed by incubation
at 95 °C for 40 min. During the reaction, the primary gDNAs
guide PfAgo to perform an initial cleavage of the RPA product,
producing 5 -phosphorylated single-stranded DNA fragments.
These fragments act as “secondary gDNAs” and direct PfAgo
to cleave the complementary MB probe. As the MB carries a
fluorophore and a quencher at its termini, PfAgo-mediated cleavage
separates the two groups and releases a fluorescence signal for real-
time detection. When an LFD-MB probe is used, cleavage enables
visual detection via lateral flow strips: positive samples display both
the test (T) line and control (C) line, whereas negative samples show
only the C line; the absence of either line is considered invalid. This
dual-cleavage, dual-readout strategy markedly enhances detection
sensitivity, specificity, and operational flexibility.

3.2 Design and screening of RPA primers

In this study, the conserved cps2] gene of Streptococcus suis
was selected as the target for establishing a rapid detection method.
Following standard RPA primer design principles, five pairs of SS2-
specific primers were designed and evaluated using the pGEM-T-
cps2] plasmid (Figure 2A), Amplification efficiency was assessed
agarose gel electrophoresis. The results showed that the primer pair
CPS2]J-212F/CPS2]J-212R successfully produced a clear target band,
while no bands were observed in the negative control (Figure 2B).
Sequencing and alignment confirmed that there were no mutations
or deletions in the amplified sequence (Figure 2C). Therefore, the
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primer pair CPS2J-212F/CPS2J-212R was selected for subsequent
experiments to facilitate further studies.

3.3 Establishment and optimization of
basic-RPA

To achieve optimal amplification efficiency of the Basic-RPA
assay, the reaction time and temperature were optimized. When the
reaction time was fixed at 20 min and the primer concentration at
10 M, the amplification efficiency of RPA was further evaluated
under different temperatures. The results indicated that target
bands were observed at 30-45 °C, with the brightest band obtained
at 37 °C (Figure 3A). Therefore, 37 °C was determined to be the
optimal reaction temperature for the Basic-RPA assay. The Basic-
RPA reaction was further evaluated at different incubation times
using a fixed temperature of 37 °C and primer concentration of
10 WM. The results showed that target bands were obtained at 10-
35min, and considering both detection speed and amplification
efficiency, 20 min was selected as the optimal reaction time for the
Basic-RPA assay (Figure 3B).

Using the optimized RPA reaction system and conditions,
assays were performed on seven common pathogenic bacteria—
APP, Pm, GPS, Salmonella, EPEC, S. aureus, A. hydrophila-as
well as SS1, SS7, and SS9. The results showed that the Basic-RPA
assay specifically amplified the target product only from S. suis
serotype 2, while no amplification was observed for other serotypes
or the tested pathogens (Figure 3C), indicating that the Basic-RPA
method established in this study possesses strong specificity. To
determine the sensitivity of the Basic-RPA assay, the constructed
plasmid standard pGEM-T-cps2] was serially diluted 10-fold to
different concentrations and subjected to Basic-RPA reactions. As
shown in Figure 3D, the limit of detection was 1 % 1074 ng/pL,
which is higher in sensitivity than PCR (1 % 1072 ng/pL, data not
shown), demonstrating the favorable sensitivity of the assay.

3.4 Verification of PfAgo cleavage activity
and gDNA screening

As shown in Figure 4A, the PfAgo protein cleaved the target
DNA into two fragments of different sizes. Seven designed gDNAs
were individually introduced into the PfAgo reaction system, and
the reaction products were analyzed by 20% TBE-PAGE. As shown
in Figure 4B, gDNAG exhibited the most efficient cleavage activity,
likely due to its favorable sequence characteristics that improve
PfAgo loading and target accessibility, and was therefore selected
for subsequent experiments.

3.5 Establishment and optimization
RPA-PfAgo-RTF

The reaction system for the RPA-PfAgo fluorescence assay
consisted of 2 WL gDNA, 2 units of PfAgo protein, 2.5 pL reaction
buffer, 1 pL Mn?*, 1.5 L molecular beacon, and 2 wL DNA
template, with ddH,O added to a final volume of 25 pL. To
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FIGURE 1
Principle of the RPA- PfAgo method.

FIGURE 2
Design and screening of RPA primers. (A) Electrophoretic profile of the recombinant plasmid. (B) PCR amplification results of the target sequence
analyzed by electrophoresis. (C) Sequence alignment and comparison outcomes.
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FIGURE 3

1x1074, 1x107°, ntc. M: DL1000 DNA Marker.

Optimization of Basic-RPA. (A) Optimization of RPA reaction temperature. 1-6: 25°C, 30°C, 35°C, 37°C, 39°C, 45°C. (B) Optimization of RPA reaction
time, 1-8: 5min, 10 min, 15min, 20 min, 25 min, 30 min, 35 min, 40 min. (C) Specificity Evaluation. 1-12: Positive control, Salmonella, L.
monocytogenes, GPS, Pm, A. hydrophila, and E. coli, ntc (ho-template control). (D) Sensitivity Evaluation. 1-10: 1x10°, 1x107!, 1x1072, 1x1073,

FIGURE 4
Verification of PfAgo cleavage activity (A) and gDNA screening (B).

improve the efficiency of the RPA-PfAgo fluorescence assay and
achieve optimal detection performance, the reaction conditions
(temperature and time) and system parameters (concentrations
of MnCl,, gDNA, and molecular beacon probe) were optimized.
When the reaction time was set to 40 min, with MnCl, at 2 mM,
gDNA at 0.8 M, and the probe at 0.8 WM, the amplification
efficiency of the RPA-PfAgo fluorescence assay was evaluated at
different temperatures (89°C, 92°C, 95°C, 97°C, and 99°C). The
results showed that amplification was achieved across the 85-99
°C range, with the strongest fluorescence signal observed at 95°C
(Figure 5A). Therefore, 95°C was selected as the optimal reaction
temperature for the RPA-PfAgo fluorescence assay. Using this
approach, the optimal reaction time was determined to be 50 min
(Figure 5B), the optimal MnCl, concentration 1 mM (Figure 5C),
the optimal gDNA concentration 0.5uM (Figure 5D), and the
optimal probe concentration 0.8 wM (Figure 5E).
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3.6 The specificity and sensitivity of the
RPA-PfAgo-RTF and the RPA-PfAgo-LFD

By replacing the RTF-MB probe in the RPA-PfAgo-RTF
detection system developed in Section 2.4 with an LFD-MB probe,
an RPA-PfAgo-LFD assay was established. The pGEM-T-cps2]
plasmid was serially diluted 10-fold (1 < 10° to 1 < 10° copies/jLL)
and tested under optimized reaction conditions. The results showed
that the limit of detection (LOD) of the RPA-PfAgo fluorescence
assay was 100 copies/wL (Figure 6A), whereas that of the RPA-
PfAgo-LFD strip assay was 10 copies/pL (Figure 6B). Compared
with the strip assay, the fluorescence assay exhibited higher
sensitivity. When DNA from APP, Pm, GPS, Salmonella, EPEC, S.
aureus, A. hydrophila was used as templates, both the optimized
RPA-PfAgo-RTF and RPA-PfAgo-LFD assays exclusively detected
S. suis, with no cross-reactivity to other pathogens (Figures 6C, D).
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FIGURE 5
Establishment and Optimization of RPA-PfAgo-RTF reaction system. (A) Optimization of reaction temperature; (B) Optimization of reaction time; (C)
Optimization of MnCl, concentration; (D) Optimization of gDNA primer concentration; (E) Optimization of MB concentration.

FIGURE 6
Specificity and sensitivity of RPA-PfAgo-RTF and RPA-PfAgo. (A) Sensitivity of RPA-PfAgo-RTF. (B) Sensitivity of RPA-PfAgo. (C) Specificity of
RPA-PfAgo-RTF. (D) Specificity of RPA-PfAgo-LFD.
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FIGURE 7

Detection results of clinical samples for SS2. (A) The results of the PCR analysis of samples collected. (B) The results of the RPA-PfAgo-RTF detection
of samples collected. (C) The results of the RPA-PfAgo-LFD detection of samples collected. 1-41: Test samples, ntc: no-template control

3.7 Clinical sample tests of the
RPA-PfAgo-RTF and RPA-PfAgo-LFD assays

A total of 41 clinical samples were tested and analyzed. As
shown in Figure 7, both the RPA-PfAgo fluorescence assay and
the RPA-PfAgo-LFD assay detected six SS2-positive samples (two
blood samples, one lung tissue sample, and three tonsil tissue
samples) and 35 negative samples (18 blood samples, 10 lung
tissue samples, and seven tonsil tissue samples). These results
were fully consistent with those obtained using the standard PCR
assay, thereby underscoring the reliability, robustness, and clinical
applicability of the RPA-PfAgo fluorescence and RPA-PfAgo-LFD
methods established in this study.

4 Discussion

Streptococcus suis is a significant bacterial pathogen affecting
swine. Among its various serotypes, serotype 2 (SS2) is considered
the most virulent and is capable of causing a wide range of
infections in both humans and animals (1, 2). SS2 infection causes
severe diseases in pigs, such as meningitis, arthritis, and sepsis.
Its pathogenicity is also closely linked to increasing antibiotic
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resistance (3, 4). Epidemiological data indicate that SS2 constitutes
a major proportion of Streptococcus suis infections in many
countries and regions. Notably, in China, the isolation rate of SS2
from pig herds reaches 16.9% (25). With the growing challenge
of antibiotic resistance, the clinical management of SS2 has
become increasingly complex, resulting in a rise in the severity
of infection cases (13, 14). Therefore, continuous surveillance and
epidemiological investigation of SS2 are essential to monitor its
transmission trends and assess its impact on public health. In
response to this need, this study developed two rapid, sensitive,
and specific detection methods for SS2: RPA-PfAgo-RTF and RPA-
PfAgo-LFD. Both methods can deliver results within one hour.
When evaluated using 41 clinical samples, the results obtained from
these two systems were fully consistent with those of the national
standard PCR test, confirming their reliability in diagnosing
SS2 infections.

The cps2] gene, a key component of the capsular polysaccharide
(CPS) synthesis gene cluster in Streptococcus suis serotype 2,
exhibits a high degree of sequence conservation among strains
(26, 27). Genomic analyses have revealed that cps2] is present as
a single-copy gene in the S. suis genome, a feature that provides
a robust basis for its application in molecular diagnostics (28).
The single-copy nature of this gene ensures that its copy number
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remains unaffected by variations in culture conditions, thereby
enhancing the reliability of quantitative detection results (29). All
three assays targeting the cps2J gene showed high specificity, with
no cross-reactivity to other S. suis serotypes or common porcine
pathogens. These results are in agreement with previous studies,
suggesting that the cps2] gene serves as a reliable molecular marker
for the identification of SS2 (30, 31).

Sensitivity analysis revealed that the RPA-PfAgo-RTF method
could detect as few as 10° copies/pL, outperforming the RPA-
PfAgo-LFD method (10°> copies/L) and conventional PCR
in this study. The higher sensitivity is mainly attributed to
the PfAgo-mediated secondary cleavage, which greatly enhances
the signal-to-noise ratio. This mechanism is consistent with
observations reported in other PfAgo-based detection systems
(32, 33). Compared with CRISPR-based detection, the PfAgo
system does not require PAM recognition and allows single-base
discrimination. LAMP offers fully isothermal amplification but
requires multiple primers and frequently produces non-specific
products. In contrast, RPA-PfAgo provides a higher signal-to-noise
ratio and simpler probe design, while maintaining comparable
turnaround time (<1h) and minimal equipment requirements.
Although PfAgo requires a higher operating temperature, only
the cleavage step needs to reach 95 °C. This heating requirement
can be met easily using portable dry-bath devices commonly used
in field diagnostics, and therefore does not hinder the feasibility
of deploying the assay in point-of-care settings. Additionally,
PfAgo activity was not affected by the Mg?* ions remaining from
the upstream RPA reaction. Consistent with previous reports,
PfAgo requires Mn?" as its catalytic cofactor, and Mg?* does not
competitively inhibit its nuclease activity when Mn?" is present in
excess (17, 20). This supports the compatibility of RPA and PfAgo in
a single workflow. Although the sensitivity of the LFD-based system
is slightly lower than that of conventional methods, it provides
notable advantages for field applications due to its independence
from specialized equipment and its ability to yield results that
can be easily interpreted. This format aligns with the point-of-
care testing strategy, which has been effectively implemented in the
veterinary diagnosis of various other pathogens (34, 35).

5 Conclusions

In conclusion, the RPA-PfAgo-RTF and RPA-PfAgo-LFD
assays developed in this study provide fast, highly specific, and
operationally simple tools for the detection of Streptococcus
suis serotype 2. By integrating isothermal amplification with
PfAgo-mediated secondary cleavage, these platforms achieve
sensitive identification of SS2 without the need for sophisticated
instrumentation, making them suitable for both laboratory
diagnostics and on-farm point-of-care testing.

Importantly, the dual-format design (fluorescence and LFD)
enhances adaptability across diverse testing environments,
supporting rapid decision-making during herd surveillance,
outbreak investigation, and routine health monitoring. While
further validation using large-scale field samples and multiplexing

strategies is warranted, the current findings demonstrate strong
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potential for incorporating RPA-PfAgo assays into veterinary
diagnostic workflows and advancing rapid pathogen detection in
swine health management.
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