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ABSTRACT

Despite the need in various applications, accurate
quantification of nucleic acids still remains a chal-
lenge. The widely-used qPCR has reduced accuracy
at ultralow template concentration and is suscepti-
ble to nonspecific amplifications. The more recently
developed dPCR is costly and cannot handle high-
concentration samples. We combine the strengths of
qPCR and dPCR by performing PCR in silicon-based
microfluidic chips and demonstrate high quantifica-
tion accuracy in a large concentration range. Impor-
tantly, at low template concentration, we observe
on-site PCR (osPCR), where only certain sites of
the channel show amplification. The sites have al-
most identical ct values, showing osPCR is a quasi-
single molecule phenomenon. Using osPCR, we can
measure both the ct values and the absolute con-
centration of templates in the same reaction. Addi-
tionally, osPCR enables identification of each tem-
plate molecule, allowing removal of nhonspecific am-
plification during quantification and greatly improv-
ing quantification accuracy. We develop sectioning
algorithm that improves the signal amplitude and
demonstrate improved detection of COVID in patient
samples.
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INTRODUCTION

Detection and quantification of specific nucleic acids is one
of the most important procedures in both scientific research
and medical diagnostics. As target nucleic acids are often
related to a specific gene, individual or species, quantifica-
tion of specific nucleic acids is a critical tool in areas includ-
ing genotyping (1,2), forensics (3-6), prenatal diagnostics
(7,8), and pathogen detection (9-11). The recent Corona
Virus Disease 2019 (COVID) pandemic further illustrates
the need for nucleic acid quantification, as the presence of
the virus is often determined by the presence of viral RNA

(12).
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Although multiple technologies have been developed, ac-
curate quantification of target nucleic acid can still be chal-
lenging. PCR-based technologies are widely used for nucleic
acid detection because of high sensitivity, high specificity
and easiness in multiplexing. During the COVID pandemic,
quantitative PCR (qPCR) is the gold standard of COVID
viral RNA detection (12,13), despite the rapid development
of novel testing methods including CRISPR-based assays
(13-15), isothermal nucleotide amplification methods (16—
18) and electrochemical assays (19,20). However, when the
template concentration gets ultralow, quantification using
the cycle threshold (ct) value from qPCR often become
inaccurate (21,22), possibly due to qPCR instruments not
sampling the whole reaction mixture. In addition, nonspe-
cific amplification such as primer dimer formation can oc-
cur and the quantification result often has to be discarded
when nonspecific amplification is detected. To accurately
quantify trace amounts of DNA, digital PCR (dPCR) has
been developed (23-27). However, dPCR is only accurate
when the template is sufficiently dilute; thus it requires pre-
knowledge of the sample concentration. In addition, dPCR
is expensive and time-consuming. Overall, we still lack a
method to quickly and accurately quantify target DNA, es-
pecially at ultralow template concentration.

Here, we report accurate quantification of DNA in a wide
concentration range by performing PCR in silicon-based
microfluidic chips. We perform ultrafast thermal cycling in
the microfluidic chips and the performance is similar to
conventional qPCR at high template concentrations. At ul-
tralow template concentrations, our system shows localized
amplification, where only certain ‘sites’ show fluorescent
signals. By analysing the ct for each site and by comparing
with conventional dPCR measurement, we confirm these
amplification sites originate from single template molecules.
The quasi-single molecule nature of these ‘on-site PCR’ en-
ables distinguishing different templates in a mixed-template
reaction. By identifying desired products from nonspecific
products in the mixture, we can remove signals from non-
specific amplification during ct calculation and achieve ac-
curate quantification of the desired template. We test our
system on clinical samples and show osPCR-based section-
ing algorithm enables more accurate identification of posi-
tive samples even when conventional qPCR gives ambigu-
ous results.

MATERIALS AND METHODS
Microfluidic chip fabrication

The microfluidic chips are fabricated using 200 mm pilot
line at SITRI using a workflow similar to previous stud-
ies (28). Briefly, SU-8 is used as photoresist to generate
the pattern on double polished Si silicon wafer using pho-
tolithography. Microfluidic channels are fabricated using re-
active ion etching. The wafer is cleaned with plasma and
sulfuric acid. 400 pm-thick glass is used as the top layer.
Holes on glass are made using laser drilling. The silicon
and glass are then bonded using anodic bonding. After
bonding, heat insulation regions are etched from the back-
side of silicon using photolithography followed by deep ion
etching.
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Thermal characterization

Simulation is performed using Comsol 5.6. The heating
boundary conditions are set in the area of 1 cm x 1 cm. The
thermal radiation boundary conditions are added to the ex-
ternal surface of the chip. The specific radiation loss ability
is determined by the surface emissivity of the material. The
finite element method (FEM) is used to solve the Fourier
heat transfer equation of the microfluidic chip.

IR imaging is performed using MAG32 Infrared imager
(Magnity Technologies, Shanghai, China).

osPCR

The rapid thermal cycling and imaging system is inte-
grated as nucleic acid analyzer (SG-PCR-F001 or SG-PCR-
MCI16, Shanghai Si-Gene Biotech Co., Shanghai, China).
In this work, only FAM channel is used and the exposure
time is set at default 1s.

Unless noted otherwise, a typical PCR reaction has the
final concentration of 0.2 wM primers each, 0.1 U/pl
KAPA2G Fast HotStart PCR Enzyme (KAPA2G Fast
HotStart PCR kit, Roche, Basel, Switzerland), 1x KAPA2G
buffer supplemented with 0.5 mM Mg”* and 0.2 mM dNTP.
0.8x Evagreen (Cat. 31000, Biotium, California, USA) is
used as DNA dye.

The typical template we use is COVID S-Protein
sequence 5-TAGTGCTATTGGCAAAATTCAAGA
CTCACTTTCTTCCACAGCAAGTGCACTTGG
AAAACTTCAAGATGTGGTCAACCAAAATGC
ACAAGCTTTAAACACGCTTGTTAAACAACTTA
GCTCCAAT-3’. The short template sequence is 5’-
GGCAAAATTCAAGACTCACTTTCTTCCACGCT
TGTTAAACAACTTAGCTCCA-3’. The primers are
5’-GGCAAAATTCAAGACTCACTTTCTTCC-3* and
S-TGGAGCTAAGTTGTTTAACAAGCGTG-3. DNA
strands are purchased from Genewiz (Suzhou, China).

Prepared PCR mix is added to the microfluidic chip by 10
w1 pipetting tip through the inlet holes till the whole PCR
channel got filled. Air escapes the chip from the exhaust
channel. The injection holes are then sealed, typically us-
ing UV-curable adhesive (SL DZ200706A, Steady Chemi-
cal, Shanghai, China). Typical amplification cycle is 1 min
at 95°C followed by 45 cycles of 2 s at 95°C and 15 s at 58°C.
Following the amplification, an optional melting cycle from
65°C to 90°C may be performed with stepping size of 0.3°C.

Demonstration of localized PCR

The serial dilution shown in Figure 1 is performed using
Novel Coronavirus (2019-nCoV) and influenza A/B Nu-
cleic Acid Detection Kit (Z-RR-0488-02-50, Shanghai ZJ
Bio-Tech, Shanghai, China). Plasmid with Influenza A se-
quence provided by Shanghai ZJ Bio-Tech is used as tem-
plate. Amplification cycle is 45 s at 95°C followed by 45 cy-
cles of 2 s at 95°C and 5 s at 60°C.

gPCR

Bulk qPCR for the model system is performed on SLAN-
96P real-time PCR system (Hongshi, Shanghai, China) us-
ing the same reaction mix as osPCR. The thermal cycle
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condition is 1 min at 95°C followed by 45 cycles of 2 s at
95°C and 15 s at 58°C. Melting cycle from 60°C to 90°C at
0.03°C/s is used to determine the melting temperature of
products.

dPCR

Digital PCR is performed using QX200 (Bio-rad, CA,
USA) machine. Instead of Evagreen, detection probe
with sequence 5’-FAM-TCTTCCACAGCAAGTGCACT
TGGA-BHQI1-3’ is used. In addition to the negative con-
trol, the same sample is tested in 1x, 10x and 100x the
concentration used in the lowest concentration for osPCR.
After conversion, the average expected number is used as
the dPCR measurement result.

Data analysis

Analysis is done using Python 3.8. Depending on the ap-
plication, the fluorescence intensity may be determined in
three algorithms.

1) Site algorithm. For each amplification site, we identify
the whole region that the site spans and calculate the to-
tal fluorescence for the site. The background is removed
by deducting the fluorescence by the average fluorescence
of the cycles 5-15. After removing the background, the ct
values are calculated using a fixed threshold.

2) Averaging algorithm. The whole microfluidic channel
is identified and the fluorescence intensity of average of
the whole channel is determined. If necessary, the signal
of each site is determined using site algorithm and sig-
nal from unwanted sites, such as primer dimer sites, are
removed before taking the average. After calculating the
fluorescence intensity, the background is removed by de-
ducting the fluorescence by the average fluorescence of the
baseline cycles. For clinical samples amplified using kit Z-
RR-0488-02-50 from Shanghai ZJ Bio-Tech, we use cycles
3-9 as baseline. The ct values are then calculated using a
threshold of 10 times standard deviation of baseline cycles.
For all other samples, we use cycles 5-15 as baseline unless
the data show clear fluorescence increase before cycle 15.
The ct values are then calculated using a fixed threshold.

3) Sectioning algorithm. The whole image is sectioned into
equal-sized rectangular regions and the average fluores-
cence in each rectangle is calculated. For higher accuracy,
we may try more than one way of sectioning. The fluores-
cence and ct values are calculated separately for each sec-
tion using the same method as averaging algorithm. The
region with the largest fluorescence change during ampli-
fication is used to represent the whole channel. Typically
the result is regarded as positive as long as the fluorescence
rises above threshold, giving a ct value.

Clinical samples

Clinical samples are obtained from Shanghai International
Travel Healthcare Center (Shanghai Customs Port Clinic).
All nasopharyngeal and oropharyngeal swabs samples are
collected from incoming passengers who are formally no-
tified and have signed the Informed Consent for Sam-
pling. Samples are purified using Nucleic Acid Extraction
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System (SSNP-9600A, Jiangsu Bioperfectus Technologies,
Taizhou, China) with Viral Nucleic Acid Extraction Kit
(Magnetic Bead Method) (SDK60104, Jiangsu Bioperfec-
tus Technologies, Taizhou, China) according to manufac-
turer’s recommendation.

Bulk qPCR for clinical samples is performed using kits
approved by Chinese National Medical Products Admin-
istration for Medical Instrument Registration Certificate
on established qPCR machines according to manufac-
turer’s recommendation. More specifically, we use COVID-
19 Coronavirus Real Time PCR Kit (JC10223-1N, Jiangsu
Bioperfectus Technologies, Taizhou, China) with thermal
cycling condition of 10 min at 50°C, 1 min at 97°C followed
by 45 cycles of 5 s at 97°C and 30 s at 58°C or novel coro-
navirus (2019-nCoV) Nucleic Acid Detection Kit (PCR-
Fluorescence Probing) (ZC-HX-201-2, Shanghai BioGerm
Medical Technology, Shanghai, China) with thermal cy-
cling condition of 10 min at 50°C, 5 min at 95°C followed by
45 cycles of 10 s at 95°C and 40 s at 55°C on ABI QuantStu-
dio 7 Flex (4485701, Thermo Fisher Scientific, USA) or
LightCycler 48011 (Roche, Basel, Switzerland).

For clinical samples frozen for less than 48 hours, PCRs
in microfluidic chips are performed using Novel Coron-
avirus (2019-nCoV) and influenza A /B Nucleic Acid Detec-
tion Kit (Z-RR-0488-02-50, Shanghai ZJ Bio-Tech, Shang-
hai, China). Amplification cycle is 3 min at 50°C, 1 min at
95°C followed by 45 cycles of 1 s at 93°C and 5 s at 60°C.
Images of the first 5 cycles are not taken. For clinical sam-
ples frozen for longer, PCRs in microfluidic chips are per-
formed using COVID-19 Coronavirus Real Time PCR Kit
(JC10223-1N, Jiangsu Bioperfectus Technologies, Taizhou,
China) with thermal cycling condition of 10 min at 50°C, 1
min at 97°C followed by 45 cycles of 5s at 97°C and 30 s at
58°C. We use up to the same amount of sample in gPCR to
perform osPCR.

RESULTS
Rapid PCR using silicon-based microfluidic chips

We use silicon-based microfluidic chips as containers for
PCR. The silicon chips have 500 pm-wide serpentine-
shaped microfluidic channels in the reactor region to hold
6.5 1 PCR mixture during thermal cycling, and 100 pm-
wide drain channels connecting to the inlets/outlets. Such
design not only reduces the formation of bubbles during lig-
uid loading, but also effectively confines the heat to the re-
actor region (28). In the reactor region, a chip typically has
4-16 microfluidic channels for PCR. Image of a 4-channel
chip is shown in Figure 1A.

We perform rapid qPCR on microfluidic chips. The chips
are rapidly heated and cooled using a custom-made Peltier
heat pump. The Peltier heat pump and high thermal con-
ductivity of silicon enable thermal cycling speed averaged at
20°C/s (max at 25°C/s), comparable to previously reported
rapid PCR setups (Movie S1) (29-31). This ramping speed
is much faster than conventional qPCR machines, which
typically have average ramping speeds <5°C/s (data from
websites of established qPCR machines including Light-
Cyler 48011 and Quantistudio 7 pro), saving time for our
experiments. During thermal cycling, the thermal energy is
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Figure 1. Silicon-based PCR microfluidic chip. (A) Bright field image of a
4-channel chip showing I. Drain channels with heat-insulation region; II.
PCR channels in the reactor region; III. Sample inlet and outlet region. (B)
Infrared image of 4-channel chip during heating and (C) numerical simu-
lation of thermal profile of the chip during heating. Both (B) and (C) show
localized heating effect. (D) Images of six chips with the template concen-
tration serially diluted, showing uniform amplification at high template
concentration and localized amplification at low template concentration.
Images taken at the last thermal cycle. The top-right channels for each chip
serve as negative controls.

contained in the reactor region, as verified using both in-
frared imaging (Figure 1B, Movie S2) and numerical simu-
lation (Figure 1C). During PCR, the chips are imaged using
a side-illumination fluorescence optical setup (Figure S1).
More detailed setup and characteristics of the system is re-
ported before (32).

PCR occurs only at certain sites at low template concentra-
tion

We observe different fluorescence patterns during PCR am-
plification at different template concentrations. At high
template concentration, the fluorescence is uniform. In-
terestingly, as template concentration decreases, we be-
gin to observe localized PCR amplification in the mi-
crofluidic channels (Figure 1D). Such phenomena have
been reported previously (28) but has not been thoroughly
studied. We test various thermal cycle settings, enzymes
and primer/template combinations for PCR in microflu-
idic channel; yet the localized amplification phenomenon
is ubiquitous as long as the template is sufficiently dilute
(Figure S2).

The localized amplification has patterns similar to a dif-
fusion event. Certain locations of the channel give fluores-
cent signal first and the signal in the nearby regions follow.
At the end of the amplification, the fluorescence is not uni-
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Figure 2. 0sPCR in microfluidic channels. (A) Image of a typical channel
with localized amplification at last amplification cycle. The image is divided
into different rectangular sections of the same area. (B) Fluorescence signal
of the section in the corresponding row with the same color code. (C) The ct
values of fluorescence curve in (B), plotted against the physical location in
the channel for each row. Grey sections indicate the corresponding sections
do not have enough fluorescence to have a ct value.

form, and some regions of the channel may have no flu-
orescence. We divide the microfluidic channel region into
multiple rectangular sections with the same area, and then
measure the fluorescent signal in each section. Some, but
not all, sections show fluorescent signals. Among the ones
that show fluorescent signals, the ct values follow a smooth
curve with the middle section having the lowest ct (Figure
2). We call this phenomenon ‘on-site PCR’ (osPCR) as the
fluorescence in the channel is clustered to different ‘sites’.

osPCR originates from amplification of single template
molecules

The number of sites in each channel is correlated with
the concentration of the template. We choose three dif-
ferent template concentrations and perform multiple re-
actions at each concentration. As the concentration in-
creases, the average number of sites also increases. Further-
more, at each concentration, the distribution of the num-
ber of sites at each channel roughly resembles Poisson Dis-
tribution (Figure S3). This indicates that osPCR originates
from uneven distribution of template molecules due to low
concentration.

Interestingly, the sites have nearly identical ct values. We
identify the region of each site and plot their fluorescence
in each PCR cycle. The fluorescence curves have the signa-
ture exponential phase for qPCR and we determine the ct
value for each site. Excitingly, nearly all the ct values from
the sites on the same chip fall in a narrow range (Figures
3A-C, Figure S4). Such small variance in ct strongly in-
dicates that each site has the same amount of templates.
Considering some regions of the channel have no amplifica-
tion, we hypothesize that osPCR is a quasi-single-molecule
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Figure 3. osPCR originates from localized PCR from single template molecules. (A) Fluorescence image of a microfluidic channel with one amplification
site, highlighted in red rectangle. (B) Fluorescence curves for 15 amplification sites, including the region in (A). (C) histogram of ct values for curves in
(B). (D) Fluorescence image of a channel with about 200x concentration than (A). (E) Fluorescence curves for seven channels with template concentration
of (D). (F) Histogram of ct values for curves in (E). (G) Average template molecules measured using osPCR for three different input concentrations. (H)
Comparison of measured absolute concentration for the same sample between dPCR and osPCR.

phenomenon and most of the sites originate from one tem-
plate molecule.

The outliers among the site-ct values may be due to vari-
ous stochastic events. We perform PCR at roughly 200 tem-
plate molecules per channel and calculate the ct values for
the whole channel. The resulting ct values are highly con-
sistent, indicating there is no systematic bias in amplifica-
tion (Figures 3E, F). Single-molecule events typically have
higher inconsistency compared to bulk measurements, as
observed in single molecule fluorescence (33), enzymatic
activity (34), and plasmonics (35). In our case, we specu-
late that the sites with higher ct values are from template
molecules in close proximity to the channel walls, where lim-
ited diffusion reduces the amplification efficiency in the ini-
tial cycles. For sites with lower ct, we believe they originate
from multiple template molecules residing in close proxim-
ity. Two different sites in close proximity can merge by dif-
fusion, resulting in a larger site in the final image (Figure
S5). We assign the number of templates of each low-ct site
based on the ct value.

To confirm that osPCR originates from quasi-single
molecule amplification, we use osPCR to perform abso-
lute quantification of templates. We perform osPCR of the
same template at three different concentrations and count
the number of templates in the channels. osPCR measure-
ment results show strong linear correlation with the tem-
plate concentration (Figure 3G). We then compare the num-
ber of templates measured using osPCR to the conven-
tional gold standard dPCR. The resulting absolute concen-
trations from the two methods are comparable (Figure 3H,
Figure S6). We attribute the slight discrepancy to pipet-
ting error and DNA adhesion to pipette tips during serial
dilution. These results strongly indicate that osPCR orig-
inates from quasi-single-template amplifications and can
be used to measure the absolute concentration of template
molecules.

osPCR enables identification of different templates in the
same reaction

The quasi-single-molecule nature of osPCR enables distin-
guishing different template molecules. We design a 52 bp
template and a 124 bp template with the same amplifica-
tion primers. The two templates have distinct melting tem-
perature (Tm). We mix the two templates in known mo-
lar ratios and perform osPCR followed by melting curve.
We successfully obtain the melting curves from each site.
Nearly all sites have only one Tm, either from the 124bp
template (Figure 4, green) or from the 52 bp template (Fig-
ure 4, blue), allowing us to assign the site to either template.
Only a few sites have two melting temperatures, likely due to
both types of templates coincidentally residing in proximity
to each other (Figure 4, purple, Movie S3). Furthermore,
we are able to count the number of each template in each
channel. We mix the two templates in two different molar
ratios and perform PCR in 14 channels for each ratio. The
resulting template amounts closely match the expected ra-
tio for both mixing ratios we test (Table S1). This further
confirms the capability of osPCR in distinguishing differ-
ent templates and accurate quantification.

The capability of distinguishing different templates al-
lows us to accurately quantify the template concentration
in osPCR even in the presence of nonspecific amplifica-
tions such as primer dimers. We compare the performance
of our microfluidic system and conventional qPCR at dif-
ferent template concentrations. At relatively high template
concentrations, both systems obtain pure products and the
ct values follow exponential relationship with template con-
centration. As the template concentration decreases, primer
dimers appear. Conventional qPCR is capable of identify-
ing samples with multiple melting points and the ct val-
ues from these samples are inaccurate because of primer
dimers (Figure 5A, D). However, conventional gPCR lacks
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the power to correct these ct numbers, leading to difficulty
in accurately quantifying templates at low concentration. In
contrast, in microfluidic system, we are able to identify the
primer dimers by calculating the 73, from each amplifica-
tion site. The sites identified as primer dimers can be dedi-
catedly removed by images analysis algorithm when calcu-
lating the fluorescence signal and the ct value. Such recal-
culated ct values closely follow the concentration trend and
are more accurate (Figure 5). Therefore, our system is capa-
ble of precisely quantifying the template concentration even
if there are undesired products.

osPCR improves identification of COVID-positive samples in
clinical setting

To verify the performance of 0osPCR, we use our system to
rapidly detect COVID in clinical setting. We test COVID
ORF1lab in nasopharyngeal and oropharyngeal swabs sam-
ples from a total of 28 COVID-positive patients and 12
uninfected people. When testing with conventional gPCR
machine with established protocols, one patient sample has
ct higher than the manufacturer-recommended ct thresh-
old and another patient sample is noted as ‘ambiguous’
from the qPCR machine. These issues during gPCR can
lead to controversy in diagnostics and we aim to give more
definitive results by identification of osPCR. To systemati-
cally identify positive samples with osPCR, we develop sec-
tioning algorithm, where we dissect the images into equal-
sized rectangular regions and only use the region with the
strongest amplification signal for analysis, as they may be
the center regions of 0sPCR sites (see Materials and Meth-
ods for details). The resulting amplification curves clearly
distinguish positive and negative samples (Figure 6) and
the ct for the same channel is drastically reduced com-
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pared to averaging algorithm (Table S2). Sectioning algo-
rithm enhances the signal by only focusing on the region
with strongest signals and determine whether amplification
has occurred. Therefore sectioning algorithm cannot quan-
tify the overall template concentration but is highly sensi-
tive for detection assays. Using osPCR with sectioning al-
gorithm, we clearly identify all 28 COVID-positive patient
samples, including the two samples with ambiguous results
from conventional qPCR, to be positive. Among the 12 neg-
ative samples, none show false positive result (Tables 1, S2).
Therefore, our system gives reliable results in COVID test-
ing in clinical settings and identification of osPCR improves
the confidence in detecting low-concentration templates.

DISCUSSION

Although qPCR and dPCR have shown great success in
nucleic acid quantification, improvement is still needed.
For qPCR, the ct values are not directly related to abso-
lute concentration. In addition, qPCR is often not accu-
rate at ultralow template concentration. This might be be-
cause of conventional qPCR assumes the reaction mix is
uniform and only measures the fluorescence in the light-
path. However, at ultralow concentration, the PCR reac-
tion may not be uniform because, during the reaction, the
products may not be homogeneously distributed in the
tube. dPCR achieves accurate and absolute quantification
of template molecules by compartmentalizing each tem-
plate molecule in nanowells or droplets before performing
PCR. Yet dPCR is not applicable for high template concen-
trations and the compartmentalization is often expensive
and time-consuming.

Our work overcomes the limitations of gPCR and dPCR,
providing a novel method for nucleic acid quantification.
‘We measure the fluorescence in the whole microfluidic chan-
nel to avoid insufficient sampling of the reaction mixture.
At low template concentration, we are able to count tem-
plate molecules, achieving sensitivity and accuracy simi-
lar to dPCR. The imaging-based detection scheme also in-
creases the accuracy of quantification by identification of
nonspecific amplification, enabling quantification of tem-
plate molecules at ultralow concentration or in contami-
nated samples. Furthermore, we are still able to accurately
assign viable ct values for channels with down to one tem-
plate molecule. In this way, our system directly links ct to ab-
solute template concentration, bridging PCR and dPCR.

Our system can be used for various applications. The ca-
pability of directly distinguishing template molecules at low
concentration may be applied to applications such as test-
ing nucleotide polymorphism and verifying mRNA alterna-
tive splicing. In addition, the osSPCR-based sectioning algo-
rithm improves the sensitivity of the platform for detection
assays. The performance in COVID detection has demon-
strated that our system can be applied in pathogen detec-
tion and point-of-care testing. The current system is low in
throughput compared to the conventional gPCR machines,
making it less suitable for large-scale screening experiment.
However, increasing the throughput is not technically diffi-
cult. Overall, we believe this system can be widely applied
for accurate detection and quantification of nucleic acids.
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Table 1. Clinical samples tested with conventional qPCR and osPCR. Confusion matrixes for test results of 40 clinical samples tested using conventional
qPCR and osPCR

Conventional qPCR Conventional qPCR
positive negative or ambiguous 0osPCR positive 0osPCR negative
Actual positive 26 2 Actual positive 28 0
Actual negative 0 12 Actual negative 0 12
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