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ABSTRACT

Background: Porcine circovirus type 2 (PCV2) infection is ubiquitous around the world. 
Diagnosis of the porcine circovirus-associated disease requires clinic-pathological elements 
together with the quantification of viral loads. Furthermore, given pig farms in regions 
lacking access to sufficient laboratory equipment, developing diagnostic devices with high 
accuracy, accessibility, and affordability is a necessity.
Objectives: This study aims to investigate two newly developed diagnostic tools that may 
satisfy these criteria.
Methods: We collected 250 specimens, including 170 PCV2-positive and 80 PCV2-negative 
samples. The standard diagnosis and cycle threshold (Ct) values were determined by quantitative 
polymerase chain reaction (qPCR). Then, two point-of-care (POC) diagnostic platforms, 
convective polymerase chain reaction (cPCR, qualitative assay: positive or negative results are 
shown) and EZtargex (quantitative assay: Ct values are shown), were examined and analyzed.
Results: The sensitivity and specificity of cPCR were 88.23% and 100%, respectively; the 
sensitivity and specificity of EZtargex were 87.65% and 100%, respectively. These assays also 
showed excellent concordance compared with the qPCR assay (κ = 0.828 for cPCR and κ = 
0.820 for EZtargex). The statistical analysis showed a great diagnostic power of the EZtargex 
assay to discriminate between samples with different levels of positivity.
Conclusions: The two point-of-care diagnostic platforms are accurate, rapid, convenient and 
require little training for PCV2 diagnosis. These POC platforms can discriminate viral loads 
to predict the clinical status of the animals. The current study provided evidence that these 
diagnostics were applicable with high sensitivity and specificity in the diagnosis of PCV2 
infection in the field.
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INTRODUCTION

Porcine circovirus type 2 (PCV2) is a small, non-enveloped, circular, and single-stranded 
DNA virus that is classified within the genus Circovirus of the family Circoviridae [1]. PCV2 
is one of the primary agents contributing to high mortality in porcine respiratory disease 
complex (PRDC) [2] and caused economic loss in the swine industry worldwide two decades 
ago. PCV2 vaccination is one of biggest success stories in pig medicine, with substantial 
improvements in the mortality rate and the average daily weight gain since PCV2 vaccination 
worldwide [3]. A previous study suggested that nationwide eradication by PCV2 vaccination 
alone would not be practical with current vaccines [4]. Similar to breakthrough infection of 
coronavirus disease 2019 (COVID-19) in humans, the presence of a leaky vaccine situation 
of PCV2 was also observed [5]. Both are characterized by an imperfect vaccine that reduces 
disease severity, but it does not provide full protection against infection, transmission and 
completely eliminated from the body [6].

Evidence from the field supports that the categories of lesion severity of porcine circovirus-
associated disease (PCVAD or PCVD) were significantly correlated with the level of PCV2 
load in the serum [7]. Therefore, diagnosis of PCVAD requires clinic-pathological elements 
together with the quantification of viral loads [8]. A high PCV2 load is a major feature of 
PCVAD-affected pigs. Therefore, PCV2 loads of < 103, 103 to 104, and > 104 DNA copies/μL 
of serum sample can be used to categorize pigs as subclinically infected, suspected, and 
PCVAD, respectively [7,9]. Therefore, the determination of viral loading and cycle threshold 
(Ct) values are critical for PCVAD diagnosis. Quantitative real-time polymerase chain 
reaction (PCR) platforms allow very sensitive DNA detection in clinical samples. However, 
these assays are technically more complex than rapid test or point-of-care (POC) platforms 
and require a much higher level of training, facilities and competency for accurate testing. 
Quantitative real-time PCR platform difficulty emphasizes the need for the development of 
rapid, simple, and convenient diagnostic tools in the field.

Several diagnostic tools are widely accepted and used for the diagnosis of PCV2, although 
they are usually time-consuming and costly. PCV2 was primarily determined by the 
restriction fragment length polymorphism (RFLP) assay for genotype differentiation [10] 
or detected viral DNA in tissues through immunohistochemistry (IHC) [11,12] and/or in 
situ hybridization (ISH) [13]. PCR-based diagnostic methods were also proposed, including 
real-time PCR [12], multiplex real-time PCR [14], loop-mediated isothermal amplification 
(LAMP) PCR [15,16], droplet digital PCR (ddPCR) [17], and SYBR TaqMan-based PCR 
[18] assays. Furthermore, commercial kits or antigens detecting PCV2 antibodies based 
on enzyme-linked immunosorbent assay (ELISA) were also available [19-21]. However, the 
detection of the PCV2 virus by IHC and ISH requires samples that are collected from tissues, 
which makes these diagnostic tools more time-consuming. PCR-base and ELISA diagnosis 
rely on more advanced laboratory equipment and well-trained manpower. These issues 
highlight the urgent demands for developing diagnostic tools for PCV2 that can furnish 
elaborate details and thus guide treatment strategies.

Although several commercial diagnostic tools have been established, rapid tools that can 
precisely detect PCV2 DNA are still needed. Furthermore, in undeveloped or developing 
countries/regions, in-house rapid tests are necessary for PCVAD diagnosis in the field. 
Certain methods known as POC tests have been more appropriate for fields since the global 
COVID-19 pandemic [22]. These devices are simple to use, require low levels of training, and 
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immediately provide results. Similar to COVID-19, the development of new diagnostic tests 
for PCV2 remains needed; therefore, this study was designed to verify two novel POC tests, 
convective PCR (cPCR) and EZtargex, for the rapid and accurate identification of PCV2. 
The cPCR is a PCR-based diagnostic tool and EZtargex is a newly developed quantitative 
PCR (qPCR) assay. These two POC tests targeted the ORF1 gene of PCV2 for diagnosis. The 
detecting primer probe (TaqMan probe) is labelled with a fluorescent reporter. Therefore, 
when the specific gene is amplified, the fluorescent signal is generated as follows. Because 
cPCR is a qualitative assay, the plug-in fluorescent detecting system will then calculate the 
signal intensity and show the positive or negative results within 45 min. For the EZtargex 
assay, the fluorescent signal intensity will be recorded during every cycle, which fulfills the 
purpose of real-time quantification. During the automatic sample-to-answer procedure, the 
EZtargex device only takes 2.5 h for diagnosis, which significantly saves time and minimizes 
the errors from operators. The current study will prove and provide evidence that these tools 
are applicable with high sensitivity and specificity in detecting PCV2.

MATERIALS AND METHODS

Sample collection and classification
Clinical samples were collected from the Animal Disease Diagnostic Center, National 
Pingtung University of Science and Technology (NPUST). These samples were actively 
submitted by the owners for pathological and molecular diagnosis. No animal experiments 
were involved in the current study; therefore, formal approval was unnecessary for this 
research considered by the Institutional Animal Care and Use Committee of NPUST. 
According to previous studies, PCV2 loads of < 103, 103 to 104, and > 104 DNA copies/μL of 
serum sample can be used to categorize pigs as subclinically infected, suspected, and PCVAD, 
respectively [7,9]. Therefore, we assume that the criteria for weak, middle, and strong 
positivity were PCV2 viral loads less than 103, 103 to 104, and more than 104 DNA copies/μL 
for the serum samples, respectively.

DNA extraction and PCV2 qPCR
DNA extraction and qPCR for PCV2 were conducted as previously described [23]. Briefly, viral 
DNA from serum samples was extracted using a MagNA Pure LC total nucleic acid isolation 
kit (Roche Diagnostics GmbH, Germany) according to the manufacturer’s instructions. 
Extracted DNA was used as a template combined with 10 μM of each primer (Supplementary 
Table 1) and 10 μM of the probe using the 2X Probe Master. The samples were initially heated 
to 95°C for 10 min, followed by a 45-repeated cycling profile: 95°C for 20 sec, 60°C for 20 
sec, and 72°C for 20 sec. The thermal cycles were run on a LightCycler® 96 System (Roche 
Diagnostics GmbH), which take more than 3 h.

cPCR and EZtargex
The cPCR was conducted using a commercial PCV2 cPCR kit (Schweitzer Biotech Company 
Ltd. [SBC], Taiwan) according to the instruction guidelines. The commercial kit contained 
three working reagents (reagents A, B, and C), dilution buffer, positive control, positive 
control reconstitution buffer, and negative control. Briefly, 10 μL of reagent A was added to 10 
μL of serum in an Eppendorf tube. After gentle pipetting, the mixture was incubated at room 
temperature for 5 min. Then, the samples were heated to 95°C for 5 min, followed by the 
addition of 20 μL of dilution buffer. The well-prepared sample solution was then subjected 
to cPCR analysis. For the preparation of the positive control, 100 μL of reconstitution buffer 

3/11

Point-of-care diagnosis of porcine circovirus type 2

https://doi.org/10.4142/jvs.23323https://vetsci.org



was first added to the positive control tube. The reaction buffer was prepared by transferring 
all reagent B into reagent C. Then, 50 μL of reaction buffer was transferred into each cPCR 
tube. A total of 5 μL of sample solution, positive control, and negative control was added to 
the corresponding reaction tube. After gently mixing, caps were placed on cPCR tubes which 
were then shaken by hand or spin down to ensure no air bubbles were trapped in the tubes. 
The tubes were placed into the cPCR device (SBC) and the reaction program was started. The 
interpretation of results was shown as positive or negative. The positive results indicate that 
copies of the target nucleic acid of PCV2 were detected in an amount equal to or above the 
detection limit of the cPCR kit. Conversely, no copies of the target sequences of PCV2 were 
identified in the samples or the copy number of the targets was lower than the detection limit 
of the kit.

EZtargex (SBC) is an all-in-one device including a compact automated nucleic acid extraction 
system (magnetic bead-based) and a real-time PCR test. The samples were prepared 
according to the manufacturer’s instructions. Briefly, 200 μL of serum was added to the 
wells of the extraction cartridge for EZtargex which contained pre-filled buffer (SBC). The 
package of PCV2 lyophilized qPCR kit (SBC) includes one pack of lyophilized reagents, 
positive control, and negative control. The qPCR reagent tubes were placed into the transfer 
cartridges, and the transfer and extraction cartridges were then subjected to the process in 
the EZtargex device. After 150 min, the Ct values were shown on the screen.

Statistical analysis
Statistical analyses were performed with GraphPad Prism v8 (GraphPad Software, Inc., USA). 
Data are described as the median ± interquartile range (range from the 25th to the 75th 
percentile). Statistical difference was defined as a p value below 0.05. For some statistical 
analyses, the Ct value of negative samples was considered to be Ct > 40 [24]. To verify the 
differences between Ct values, the Mann–Whitney U test or Kruskal–Wallis test was employed 
to compare two or three groups. The sensitivity and specificity of cPCR and EZtargex were 
calculated by samples confirmed as PCV2-positive or PCV2-negative by qPCR methods. A 
kappa between 0 and 0.2 is considered slight, 0.2 to 0.4 fair, 0.4 to 0.6 moderate, 0.6 to 0.8 
substantial, and > 0.8 almost perfect agreement [25]. Pearson’s correlation analysis was used 
to examine the relationship between Ct values and PCV2 viral loads.

RESULTS

Sample characteristics
In the current study, we analyzed 250 samples, including 170 PCV2-positive and 80 PCV2-
negative samples. The 170 PCV2-positive samples were further classified into 60 weak-, 60 
middle-, and 50 strong-positive groups determined by the qPCR assay. The negative controls 
were collected from 20 specific pathogen-free (SPF) pigs, and 60 negative samples were 
collected from the fields. The correlation analysis between viral loads and Ct values of qPCR 
was employed in the 170 PCV2-positive samples. As shown in Supplementary Fig. 1, the Ct 
values were positively associated with PCV2 viral loads (R2 = 0.9554, p < 0.0001).

Ideal sensitivity and specificity of cPCR and EZtargex assays
To elucidate the diagnostic power of cPCR and EZtargex, we compared the results with 
the qPCR assay. First, the cPCR assay was evaluated. The PCV2 samples with middle and 
strong positivity also showed positive results. The negative samples showed a consistent 
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result in qPCR and cPCR assays. However, the weakly positive samples showed inconsistent 
outcomes. In the 60 weakly positive samples, 40 and 20 cPCR-diagnosed samples showed 
positivity and negativity, respectively. Based on these findings, cPCR exhibited 88.23% 
sensitivity and 100% specificity in the diagnosis of PCV2 DNA (Table 1). The perfect 
consistency of cPCR and qPCR assays was found (κ = 0.828, p < 0.0001), revealing a high 
agreement between these assays (Table 1).

In the EZtargex analysis, similar findings were found. Consistent results were found in 
middle-positive, strong-positive, and negative samples diagnosed by the EZtargex and qPCR 
assays. Conversely, 60 weakly positive samples showed different results. Of these 60 samples, 
39 samples were diagnosed as positive, and the resulting 21 samples showed negative results. 
The sensitivity and specificity for EZtargex were 87.65% and 100.00%, respectively (Table 2).  
The novel assay also showed a high concordance compared with the conventional qPCR 
assay (κ = 0.82, p < 0.0001) (Table 2). Taken together, these results indicate that the newly 
developed diagnostic tools cPCR and EZtargex harbored an ideal diagnostic power in PCV2 
compared with the traditional assay.

An original median Ct value below 33.67 was considered a cPCR-positive sample
Our findings suggested that the cPCR assay exerted outstanding sensitivity and specificity; 
however, this qualitative assay only provided positive or negative results. Therefore, we 
analyzed the cPCR results from qPCR-positive samples (n = 170). The median Ct values of 
cPCR-negative samples (n = 20, 35.02 ± 3.84) were significantly higher than those of cPCR-
positive samples (n = 150, 24.56 ± 9.88, p < 0.0001) (Fig. 1). Notably, two samples that had Ct 
values of 41.55 and 42.08 (determined by qPCR test) showed positive results in the cPCR assay, 
indicating the high sensitivity of the cPCR assay. Then, we further elucidate clinical samples 
with how many Ct values would be considered as PCV2-positivity in the cPCR assay. Based 
on the maximum value of J [26], an optimal cutoff value of < 33.67 with a sensitivity of 87.33% 
and a specificity of 90.00% was selected (Table 3). These results suggested that PCV2-positive 
samples with an original Ct value below 33.67 might be deemed positive in the cPCR assay.

Excellent performance of the EZtargex assay for distinguishing weak, middle, 
and strong positivity
Different from the cPCR assay, EZtargex is a quantitative assay, and thus Ct values were 
available for all samples. To compare the correlation between Ct values of qPCR assay and 
EZtargex, correlation analysis was carried out. The Ct values of EZtargex were positively 
associated with those of qPCR assay (R2 = 0.8670, p < 0.0001) (Fig. 2A). These results 
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Table 1. Statistical analysis of the cPCR assay compared with qPCR
qPCR cPCR Sensitivity Specificity p value Kappa coefficient

Positive (+) Negative (−)
Positive (+) 150 20 88.23% 100.00% < 0.00001 0.828
Negative (−) 0 80
cPCR, convective polymerase chain reaction; qPCR, quantitative polymerase chain reaction.

Table 2. Statistical analysis of the EZtargex assay compared with qPCR
qPCR EZtargex Sensitivity Specificity p value Kappa coefficient

Positive (+) Negative (−)
Positive (+) 149 21 87.65% 100% < 0.00001 0.820
Negative (−) 0 80
qPCR, quantitative polymerase chain reaction.



indicated that EZtargex was a reliable diagnostic tool as a qPCR assay. In the EZtargex assay, 
the median Ct values for samples with weak, middle, and strong positivity were 37.71 ± 5.96, 
28.24 ± 4.88, and 22.58 ± 4.51, respectively (Fig. 2B). Furthermore, the median Ct values in 
weakly positive samples were significantly higher than those in middle- and strongly positive 
samples (p < 0.0001); a significant difference was also observed in samples with middle and 
strong positivity (p < 0.0001). These results indicated the ideal diagnostic performance of the 
EZtargex assay to discriminate between weak, middle, and strong positivity of clinical samples.

Recommended cutoff Ct values in the EZtargex assay for defining weak, 
middle, and strong positivity
Additional diagnostic test parameters were employed to determine the cutoff Ct values for 
defining “weak or middle” and “middle or strong” positive samples in the EZtargex assay. 
Based on the maximum value of J [26], an optimal cutoff value of < 33.20 with a sensitivity 
of 96.67% and a specificity of 81.67% was selected (Table 4). These results indicate that at a 
Ct value below 33.20, samples were defined as middle positivity. An ideal cutoff Ct value of < 
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Fig. 1. Comparisons of Ct values between cPCR-negative and cPCR-positive samples. 
Data are described as the median ± interquartile range and were analyzed by the Mann–Whitney U test; p values < 
0.05 were considered to indicate statistical significance. 
cPCR, convective polymerase chain reaction; qPCR, quantitative polymerase chain reaction; Ct, cycle threshold. 
****p < 0.0001.

Table 3. Sensitivity and specificity of cPCR for the differentiation of positive or negative results at different cutoff 
values
Cutoff Ct value Sensitivity 95% CI Specificity 95% CI
< 32.97 84.67 77.89%–90.02% 90.00 68.30%–98.77%
< 33.01 85.33 78.64%–90.57% 90.00 68.30%–98.77%
< 33.27 86.00 79.40%–91.12% 90.00 68.30%–98.77%
< 33.58 86.67 80.16%–91.66% 90.00 68.30%–98.77%
< 33.67 87.33 80.93%–92.20% 90.00 68.30%–98.77%
< 33.70 87.33 80.93%–92.20% 85.00 62.11%–96.79%
< 33.72 87.33 80.93%–92.20% 80.00 56.34%–94.27%
< 33.83 87.33 80.93%–92.20% 75.00 50.90%–91.34%
< 33.95 88.00 81.70%–92.73% 75.00 50.90%–91.34%
Positive or negative results were categorized by cPCR assay. The statistical analysis was performed based on the 
original Ct values determined by qPCR assay.
cPCR, convective polymerase chain reaction; Ct, cycle threshold; CI, confidence interval; qPCR, quantitative 
polymerase chain reaction.



25.42 with a sensitivity of 92.00% and a specificity of 78.33% was selected (Table 5). Samples 
were regarded as strongly positive with a Ct value below 25.42.

DISCUSSION

PCV2 is an important pathogen in numerous countries. Its global prevalence results in a 
seropositivity rate of 20%–80% in pigs coupled with a very high incidence rate of 60% [27]. 
These results revealed the clinical relevance of PCV2 infection, and a precise diagnosis should 
be immediately made on the farm. This study investigated two novel molecular assays that 
can accurately diagnose PCV2 infection in industrial animal areas. The currently used cPCR 
and EZtargex assays are rapid for clinical application and required low capacities compared 
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Fig. 2. Correlation analysis and comparisons of Ct values between pigs with weak, middle, and strong PCV2 
infection. The criteria for weak, middle, and strong positivity were PCV2 viral loads less than 103, 103 to 104, and 
more than 104 DNA copies/μL for the serum samples, respectively. 
(A) Pearson’s correlation analysis was performed to analyze the correlation between Ct values of qPCR and 
EZtargex (R2 = 0.8670, p < 0.0001). (B) Ct values of weak, middle, and strong PCV2-positive samples diagnosed by 
the EZtargex test; data are described as the median ± interquartile range and were analyzed by the Kruskal–Wallis 
test. p values < 0.05 were considered to indicate statistical significance. 
Ct, cycle threshold; PCV2, porcine circovirus type 2; qPCR, quantitative polymerase chain reaction; R2, Pearson’s 
correlation coefficient. 
****p < 0.0001.

Table 4. Sensitivity and specificity of EZtargex for the differentiation of weak or middle positivity at different cutoff 
values
Cutoff Ct value Sensitivity 95% CI Specificity 95% CI
< 32.58 93.33 83.80%–98.15% 85.00 73.43%–92.90%
< 32.63 93.33 83.80%–98.15% 83.33 71.48%–91.71%
< 32.81 95.00 86.08%–98.96% 83.33 71.48%–91.71%
< 32.95 95.00 86.08%–98.96% 81.67 69.56%–90.48%
< 33.20 96.67 88.47%–99.59% 81.67 69.56%–90.48%
< 33.55 96.67 88.47%–99.59% 80.00 67.67%–89.22%
< 33.68 98.33 91.06%–99.96% 80.00 67.67%–89.22%
< 33.78 98.33 91.06%–99.96% 78.33 65.80%–87.93%
< 33.94 98.33 91.06%–99.96% 76.67 63.96%–86.62%
PCV2 viral loads determined by qPCR less than 103 or between 103 to 104 DNA copies/μL were defined as weak or 
middle positivity. The statistical analysis was performed based on the original Ct values determined by EZtargex.
Ct, cycle threshold; CI, confidence interval; PCV2, porcine circovirus type 2; qPCR, quantitative polymerase chain 
reaction.



with traditional qPCR assays. Our results suggested that these diagnostic techniques can be 
complemented with qPCR methods in clinical diagnostic laboratories.

To establish prevention and control strategies for PCV2, PCR assays are sensitive methods 
to detect viruses in animals [28]. Several different PCR-related methods have been 
employed, such as ddPCR [17], real-time PCR [12,14,18], and LAMP [15,16]. The ddPCR 
require an expensive thermocycler and are time-consuming and difficult to perform for 
inexperienced investigators. Furthermore, multiple steps expose the reactions to risks of 
cross-contamination [29]. The two TaqMan probe-based PCR testing platforms, cPCR 
and EZtargex, are simple to use and have several advantages compared to traditional PCR, 
ddPCR, and LAMP assay. In the present study, the authors not only evaluated the clinical 
efficacy of cPCR and EZtargex but also compared the results of these two methods with 
those obtained from qPCR assay. For the diagnosis of PCV2 through qPCR assay, the qPCR 
program took at least three hours, excluding the extraction of DNA, data analysis, well-
trained manpower, and risks of contamination. The characteristics of cPCR and EZtargex 
used in the study were similar, and they were sensitive, specific (Tables 1 and 2), and 
comparatively easy to perform without requiring any specialized laboratory equipment. Most 
importantly, compared with qPCR assay, these two diagnostic tools are relatively rapid (cPCR 
for 1 h and EZtargex for 2.5 h) and user-friendly. The users without training can easily handle 
the diagnostic procedures, and the all-in-one devices can conduct the diagnostic process 
from whole blood or swab samples. The weakness of the cPCR only provided positive or 
negative results, the sensitivity and specificity remain convincing in PCV2 diagnosis when 
compared with the exact Ct values obtained by conventional assay. Furthermore, these two 
are more suitable for small-scale tests, in which testing of only one sample can be easily 
conducted, and further improvement was needed. The interface of the two methods is more 
user-friendly because of the straightforward design of instructions.

The sensitivity and specificity of these two assays were relatively high. When we compared 
the original Ct values from samples with weak, middle, and strong positivity (defined by 
qPCR test) in EZtargex assays, the median Ct values for these three groups were significantly 
different (Fig. 2B). These results indicate that EZtargex has a high potential to discriminate 
patients with different viral loads, which could provide a quantitative Ct value corresponding 
to clinical observation. Furthermore, two specimens that had Ct values of 41.55 and 
42.08 (determined by qPCR test) showed positive results in the cPCR assay. The Ct values 
correspond to a viral load with as few as one copy number per microliter. Notably, no signal 
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Table 5. Sensitivity and specificity of EZtargex for the differentiation of middle or strong positivity at different 
cutoff values
Cutoff Ct value Sensitivity 95% CI Specificity 95% CI
< 25.09 86.00 73.26%–94.18% 80.00 67.67%–89.22%
< 25.14 88.00 75.69%–95.47% 80.00 67.67%–89.22%
< 25.18 90.00 78.19%–96.67% 80.00 67.67%–89.22%
< 25.23 90.00 78.19%–96.67% 78.33 65.80%–87.93%
< 25.42 92.00 80.77%–97.78% 78.33 65.80%–87.93%
< 25.69 92.00 80.77%–97.78% 76.67 63.96%–86.62%
< 25.94 92.00 80.77%–97.78% 75.00 62.14%–85.28%
< 26.13 92.00 80.77%–97.78% 71.67 58.56%–82.55%
< 26.18 94.00 83.45%–98.75% 71.67 58.56%–82.55%
PCV2 viral loads determined by qPCR between 103 to 104 or above 104 DNA copies/μL were defined as middle or 
strong positivity. The statistical analysis was performed based on the original Ct values determined by EZtargex.
Ct, cycle threshold; CI, confidence interval; PCV2, porcine circovirus type 2; qPCR, quantitative polymerase chain 
reaction.



of the truly negative sample (determined by qPCR) was detected by cPCR or EZtargex, which 
revealed excellent specificity in PCV2 diagnosis. These results indicated that these assays had 
high sensitivity and specificity for PCV2 detection. The rapid diagnostic methods also offered 
easy-to-interpreted results.

The accuracy of a newly developed diagnostic tool is important, but not all. In human 
medicine, ASSURED criteria have been set by the World Health Organization for the 
development of clinical diagnostics, especially the diagnosis of infectious diseases [30]. 
The POC tests were expected to meet all the ASSURED criteria, being affordable, sensitive, 
specific, user-friendly, rapid, equipment-free or simple, and deliverable to end-users criteria 
[31]. As no test is perfect, ASSURED criteria therefore embody three key characteristics, 
namely, accuracy, accessibility, and affordability [30]. However, except for one previous 
study [32], reports from research in the development of novel diagnostic tools for PCV2 
rarely present the characteristics that meet ASSURED criteria. Herein, in our study, we 
proposed two novel diagnostics that exhibited a high potential to meet several criteria. These 
two assays not only provide sensitive, specific, and rapid results but also harbor several 
characteristics that can be applied in regions without sufficient equipment. The cPCR, a 
hand-held device, is equipped with an internet (WiFi) and global positioning system (GPS), 
enabling PCV2 diagnosis anytime and anywhere. Although EZtargex is a laboratory-used 
device, it is a POC testing diagnostic, rendering it eligible for limited resource settings as 
well. Furthermore, the EZtargex system is equipped with USB ports for data transfer, and 
test results can be exported to a computer in the engineer mode for further analyses and 
creation of customized reports. Because of these advantages, these two assays are ideal 
choices for POC tests, not only for convenient, rapid, and accurate diagnosis but also for the 
nonrequirement of well-trained staff and unique equipment.

The current study has some limitations. First, the newly developed assays in the current 
study failed to distinguish subtypes of PCV2. Fortunately, the treatment strategies are similar 
among various subtypes of PCV2. Second, cPCR and EZtargex assays can handle 8 and 16 
samples at a time. The limited sample numbers might restrict the application of a large-scale 
herd diagnosis. Last, the key obstacle preventing PCR-based tests from satisfying all the 
ASSURED criteria is the requirement of thermal cycles. Studies developing diagnostics that 
can meet the ASSURED criteria are highly expected in the future.

In conclusion, the two recently developed molecular tests are rapid and convenient for 
the detection of PCV2 on farms. These assays can directly detect PCV2 DNA from clinical 
samples in only 1–2.5 h. Therefore, these two diagnostic assays can provide vital information 
that can help expedite therapeutic decisions or preventive strategies on farms. These POC 
platforms can discriminate viral loads to predict the clinical status of the animals. We highly 
believe that in the future, these two assays may reduce the labor and time for PCV2 diagnosis 
and provide convenient and accurate on-demand test results.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
Primers used in qPCR
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Supplementary Fig. 1
Pearson’s correlation analysis was performed to analyse the correlation between PCV2 viral 
load and Ct values of qPCR (R2 = 0.9554, p < 0.0001).
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