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Abstract 
To contain the rapid and global spread of SARS-CoV-2, it is essential to de-
velop an accurate and sensitive test system to address pandemic bottlenecks, 
simplified sample collection, and no sample prep. While meeting the demand 
of testing large populations, the miniaturized volume of assay reagents and 
offering rapid results is the need in such scenarios. Moreover, in view of the 
reports of co-infections and overlapping symptoms of Influenza caused by In-
fluenza A or Influenza B, and COVID-19 caused by SARS-CoV-2, a test system 
with three targets can be supportive for accurate clinical diagnosis. In this 
presentation, we evaluated the performance of a test comprising Microchip 
RT-PCR Influenza and COVID-19 Detection System for identifying these 
three viral pathogens in nasal swabs and saliva specimens. A rapid and sim-
plified total nucleic acid extraction method was developed and validated for the 
reliable, high-throughput simultaneous detection of respiratory viruses 
causing Influenza (type A and type B viruses) and COVID-19 (SARS-CoV-2 
virus) using the microchip-based AriaDNATM platform deriving the name ABC 
Test. The test system was evaluated using 81 nasal swab samples, 77 clinical sa-
liva samples, 5 blind CAP reference samples, and RNA standards. The limit of 
detection (LoD) was assessed using SARS-CoV-2, Influenza A, and Influenza B 
RNA standards. The multiplex ABC Test microchip displayed LoD of 14 
copies/µL for SARS-CoV-2 and approximately 26 copies/µL for Influenza A, 
and 140 copies/µL for Influenza B, respectively. The ABC Test offers rapid 
multiplex one-step RT-PCR in 32 minutes for 45 cycles as the miniaturized 
reaction of 1.2 µL offering a highly sensitive, robust, and accurate assay for 
the detection of Influenza A/B, and SARS-CoV-2. 
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1. Introduction 

To halt the rapid spread of COVID-19 through populations requires increased 
diagnostic testing [1] [2]. Moreover, increasing testing frequency and reducing 
reporting time have a greater effect on controlling transmission than increasing 
test sensitivity to break chains of infection and allow earlier quarantine of in-
fected individuals [3]. In this endeavour, the one-step real-time reverse tran-
scriptase PCR (RT-PCR) is the globally preferred method for its diagnosis [4] [5] 
[6] [7]. Addressing the pandemic supply bottlenecks, and widespread implemen-
tation of testing along with minimization of the PCR reagent volume, rapid test 
results, simplified sample handling, and offering a user-friendly test system, a mi-
niaturized disposable microchip-based Real-time RT-PCR test system has emerged 
[8] [9] [10].  

The nasopharyngeal (NP) swabs as the originally RT-PCR testing standard 
and subsequently accepted oropharyngeal swabs, mid-turbinate swabs, and nasal 
swabs suffered from testing large populations for SARS-CoV-2 virus [11] [12] 
[13] [14]. High cost, exacerbated supply chain pressure, specialized equipment, 
large volumes of reagents, specimen collection & processing, and the need for 
medical personnel in sample collection turned out as serious bottlenecks. As an 
adequate substitute for the NP swab sample type, saliva-based testing emerged as 
an accurate diagnostic tool [15] [16] [17] [18] [19]. Apart from offering similar 
sensitivity and specificity as NP swabs, the saliva sample offers self-collection of 
specimens and is non-invasive to the patient as a major advantage [9] [18] [20]. 
Moreover, test cost is also reduced by saliva-based tests by stripping the need for 
virus transport media and replacing the RNA extraction process by performing 
proteinase K and heat extraction [18] [21]. 

Additional diagnostic difficulties in SARS-CoV-2-infected patients were in-
creased due to the presence of the Influenza A virus [22]. In addition, concur-
rent infections of SARS-CoV-2 with Influenza viruses influence the morbidity 
and mortality of patients with COVID-19 [22]-[27]. Moreover, the diagnosis 
turns out to be more complicated due to the overlapping symptoms among Inf 
A, Inf B, and COVID-19 [28]. Therefore, accurate and rapid identification of 
coinfection of Influenza A and B in COVID-19 cases is required [24].  

In this study, a dual multiplex RT-PCR analysis system coined as the multip-
lex ABC Test to simultaneously detect SARS-CoV-2, Influenza A, and B viruses is 
presented as a cost-effective TaqMan chemistry reaction of 1.2 μL in a 30-microwell 
microchip. The one-step RT-PCR reaction employs the US CDC-recommended 
N1 primers and probe for detecting the nucleocapsid (N) gene of SARS-CoV-2, 
Influenza A (Inf A), and Influenza B (Inf B) genes paired with a human speci-
men control, HsRP. A 2-plex test system offers a throughput of 27 samples in 
addition to the controls using simplified saliva and NS swabs. The primers and 
probes of the test kits are preloaded and lyophilized in the individual microwells 
of the microchip performing 45 cycles of one-step RT-PCR in 32 minutes [8] [9] 
[10]. 
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2. Materials & Methods 

1) Procurement of reagents: The reagents used in these studies were pre-
pared as follows: 

a) PCR reagents: Primers & probes were supplied by Integrated DNA Tech-
nology Inc, USA (https://sg.idtdna.com/pages) according to 2019-nCoV CDC 
EUA Kit (Cat # 10006770). The primer-probe set to detect N1 region of the nuc-
leocapsid (N) gene of SARS-CoV-2 virus, and the second primer-probe set to 
detect Human RNase P (HsRP) gene of human genome as an internal control 
were lyophilized in the microchip for COVID-19 detection. The primer-probe 
sets to detect the matrix (M1) gene of Influenza type A virus, and the nonstruc-
tural-2 (NS2) gene of Influenza type B virus were utilized in ABC Test microchip 
in addition to N1 and HsRP assays. 

UltraPlexTM 1-Step ToughMix®, a 4× concentrated master mix for one-step 
qRT-PCR containing dATP, dCTP, dGTP, dTTP, magnesium, qScript XLT re-
verse transcriptase, RNase inhibitor protein and AccuStart II hot-start Taq DNA 
polymerase, catalogue # 95166-01K procured from Quanta Bio, MA, USA 
(https://www.quantabio.com/) was utilized as the TaqMan Taq polymerase en-
zyme premix for real-time PCR on the microchip.  

b) Virus transport medium (VTM): The VTM-Phosphate Buffered Saline tubes 
Cat # E504-500 ML were obtained from VWR, USA (https://www.vwr.com/). 

c) RNA storage solution: The RNA storage solution Cat # AM7001 was obtained 
from Thermo Fisher, USA (https://www.thermofisher.cn/cn/zh/home.html). 

2) Preparation of positive RNA controls: As a positive control in all experi-
ments, in vitro transcribed RNA encapsulated in a protective protein coat, 
Armored RNA Quant that includes the viral sequences for the N1 RNA of 
SARS-CoV-2, 1 × 1011 copies/mL, Cat # 52036, and HsRP Armored RNA Cat # 
52031, 1 × 1011 copies/mL, used as an alternative template to the human house-
keeping gene (HsRP) and Armored RNA Quant Influenza 1 × 106 copies/ml, Cat # 
52013 was obtained from Asuragen Inc., Austin, TX, USA (https://asuragen.com/). 
Additional standards were Quantitative Genomic RNA from Influenza A virus 
(H1N1) strain: A/Virginia/ATCC1/2009, 1.8 × 105 copies/µL, Cat # VR-1736DQ, 
and Quantitative Genomic RNA from Influenza B virus strain: B/Wisconsin/1/2010, 
9.8 × 105 copies/µL, Cat # VR-1883DQ was obtained from ATCC, Manassas, VA, 
USA (https://www.atcc.org/). 

3) Disposable pre-filled microchips: The disposable pre-filled microchips 
with 30 microwells (6 columns × 5 rows) manufactured from aluminum sheets 
by metal stamping technology and coated with surface modifiers. This coating 
imparts hydrophilicity to the microwells of 1.2 μL capacity and hydrophobicity 
to the upper surface of the microchips. The empty microchips were then filled 
with a 1.2 μL solution of primers and probes along with stabilizing agents using 
a OT2 robotic workstation from Opentrons, USA (https://opentrons.com/) in a 
predefined layout (Figure 1(a) and Figure 1(b)). The prefilled microchips were 
then lyophilized by Lumex Instruments, Canada using a SJIA-10N Lyophilizer of  
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(a) 

 
(b) 

Figure 1. Microchip configuration. (a) Inf A (Influenza A), Inf B (Influenza B), nCoV-N1 
(SARS-CoV-2), HsRP (Human specimen), NEC (negative extraction control), NTC (neg-
ative template control), PTC (positive template control). (b) nCoV-N1 (SARS-CoV-2), 
nCoV-N2 (SARS-CoV-2), HsRP (Human specimen), NEC (negative extraction control). 
 
Ningbo Shuangjia Instrument Co., Ltd, China (http://www.shuangjiayiqi.com/) 
and each microchip was individually packaged in a package with desiccant.  

4) Microchip-based one-step RT-PCR:  
The mix of the sample and master mix for the RT-PCR assays was prepared as 

UltraPlexTM 1-Step ToughMix®: viral RNA: ddH2O in the volumetric ratio of 
1:1:2. To prepare Negative Template Control (NTC), viral RNA was replaced 
with ddH2O or RNA Storage Solution. To prepare Positive Template Control 
(PTC), viral RNA was replaced with in vitro transcribed SARS-CoV-2 RNA (1 × 
104 copies/µL), Influenza A and Influenza B (1 × 104 copies/µL), mixed with 
HsRP RNA (1 × 104 copies/µL).  

Real-time RT-PCR was performed on the microchip-based PCR analyzer 
AriaDNATM (https://www.lumexinstruments.com/) using manufacturer’s soft-
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ware to control the instrument and obtain PCR results following the instruction 
for use procedure. Before the addition of the reaction mix in the microchip, 620 
μL of silicone oil layer was added for the purpose of overlaying the reaction mix 
to contain evaporation of the reagents during processing and thermocycling. 
The mix of sample and master mix was quickly followed by pipetting under the 
oil layer.  

Each sample and control was loaded into the microwells containing SARS-CoV-2 
targets (N1) and human sample control (Hs) primer-probes with 1.2 μL/microwell. 
Reactions were carried out on the AriaDNATM PCR analyzer as one-step RT-PCR 
and run as 3 replicates (n = 3), if not stated otherwise. 

Thermal protocol for COVID-19 test was as follows: a reverse transcription 
step at 50˚C for 900 s, followed by a denaturing step at 95˚C for 120 s and 45 
cycles of 95˚C for 3 s followed by extension and signal recording at 55˚C for 30 s. 
For ABC Test, thermal protocol was as follows: a reverse transcription step at 
50˚C for 600 s, followed by a denaturing step at 95˚C for 120 s and 45 cycles of 
95˚C for 3 s followed by extension and signal recording at 55˚C for 30 s. 

The Ct values were determined as a second derivative maximum (SDM) once 
fluorescence passed an auto-set SDM threshold. The SDM serves as an auto-
mated alternative but manually tweakable threshold setting and confers flexibil-
ity of the software on the instrument. SDM value is reported when an amplitude 
of the fluorescent signal and an amplitude of its first derivative are both above 
the pre-set thresholds. Those threshold values can be adjusted within AriaD-
NATM software and were set at 150 and 50 arbitrary units, respectively. A sample 
was reported positive for SARS-CoV-2, Influenza A or Influenza B if either N1, 
Inf A or Inf B viral targets were detected with Ct < 40 passing data quality con-
trol. Negative samples required the internal HsRP control to be detected with Ct 
< 38. 

5) Comparison of sensitivity and LoD of SARS-CoV-2 (N1) PCR: The sen-
sitivity and limit of detection (LoD) of the RT-PCR was performed using low 
number of copies (6.25 copy/µL) of N1-RNA in the presence of higher number 
of copies of HsRP-RNA in comparison to control. Comparative Ct values were 
determined along with fluorescence intensities.  

6) Test samples: A total of 81 nasal swab samples, 77 clinical saliva samples, 
RNA standards, and 5 blind CAP (College of American Pathologists, USA) ref-
erence samples were obtained to evaluate the ABC test system. 

a) Sample collection:  
 Nasal or throat samples: For taking the nasal or throat sample, a sterile sin-

gle-use cotton swab was gently brushed inside the nose or mouth of the subject 
by the medical technician and the swab was inserted in VTM containing tube. 

 Saliva samples: Patient samples were collected in 50 mL sterile centrifuge 
tubes and sampled no sooner than a half hour after eating or drinking. After 
collecting a minimum 50 µL of the sample, the lid of the collection container 
was securely replaced. Outer surface of the container was sterilized with 70% 
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alcohol and placed the sample in a secondary container. The test samples 
were analyzed within 6 hours or kept refrigerated at 2˚C - 8˚C for up to 3 
days, or −80˚C for long-term storage, and eventually thawed on ice for test-
ing. 

b) Sample extraction  
i) Magnetic bead-based extraction of RNA: The RNA from the nasal swabs 

in VTM samples, magnetic bead-based extraction was carried using the Nucleic 
acid extraction kit, Cat # AU17011 from Bioteke Corp Ltd, China  
(https://www.bioteke.com/). Manufacturer’s instructions were followed to extract 
RNA. 

ii) Spin column-based extraction of RNA: The nasal swabs, and saliva samples 
of COVID were processed through Norgen Biotek’s (https://norgenbiotek.com/) 
extraction kit Cat # 17200. The samples other than saliva were processed through the 
following steps: 
 Cell lysate preparation from nasal or throat swabs: The nasal or throat 

sample were followed by taking 300 µl of the nasal or throat swab sam-
ple-VTM and added to 1.5 mL (or 2.0 mL) RNase-free microcentrifuge tube, 
excluding extraction control tubes. Then 600 μL of Buffer RL from the sam-
ple preparation kit was applied to each microcentrifuge tube containing the 
patient nasal-VTM sample or saliva-VTM sample.  

 NEC and PEC: To the NEC and PEC control tubes containing 100 µL of 
negative patient saliva 600 µL of Buffer RL was added. 

 All the tubes prepared above, were gently vortexed after closing cap and in-
cubated the tubes for 5 minutes at room temperature.  

 Following incubation, the PEC tube was spiked with 10 µL of 1 × 104 copies 
of the standard RNA and gently mixed it by vortexing. 

 After adding an equal volume of 70% ethanol to all the lysate volumes, the 
tubes were vortexed for 3 sec to mix the contents. 

 Kit manufacturer’s instructions: All the steps on Binding RNA to the col-
umn, Column wash, RNA elution, were followed from the kit manufacturer’s 
instructions.  

 Storage of RNA: The purified RNA sample was either used right away for 
PCR or stored at –20˚C for 72 hours or at –70˚C for long term storage. 

iii) Extraction-free saliva sample processing: For saliva samples, nucleic 
acid clean up was performed with the proteinase K (New England Biolabs 
(https://www.neb.com, cat # P8107S) using a heat block as follows:  
 After adding 6.25 µL (20 mg/mL) of proteinase K to homogenized saliva, 

contents were mixed by vortexing each saliva sample immediately after addi-
tion of proteinase K. It was followed by incubation at 65˚C for 5 minutes and 
inactivation of the proteinase K, ramp to 95˚C for 5 minutes and hold at 
95˚C for 5 minutes on incubator heat block. 

 2.5 µL of Saliva sample processed in the previous step was mixed with 2.0 µL 
of nuclease free water and 1.5 µL QuantBio Ultraplex 1-Step ToughMix in a 
250 µL centrifuge tube and micro-centrifuged for 3 seconds. The mixture was 
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pipetted as 1.2 µL aliquots into individual microreactors of the lyophilized 
microchips following the layout.  

7) Molecular testing: A reverse transcription polymerase chain reaction 
(RT-PCR) based on primer-probe sets for the SARS-CoV-2 N1, Inf A, Inf B 
genes (N1 and Inf A, Inf B targets) and human control ribonuclease P HsRP was 
validated for clinical use following the regulatory requirements of CLIA and the 
Federal Drug Administration’s Emergency Use Authorization criteria.  

8) Analysis: Following the Microchip RT-PCR COVID-19 Detection Kit in-
structions for use, the analysis of the data was performed. Calculations on the 
number of copies of the RNA, instrument detection limit (IDL), and Student’s t 
determination of LoD as RNA number of copies is as follows: 

a) Instrument detection limit (IDL): Minimum detectable concentration of 
a fluorescent dye (Cmin) was calculated as 3 times the standard deviation of the 
background (Std dev Background) multiplied by the concentration of the 6FAM  
(C6Fam), divided by the difference of the 6FAM intensity and the background 
intensity (I 6Fam - I background). 

3 Std dev Background C6FamCmin
I 6Fam I background
  
  

∗ ∗
=

−
 

Cmin was estimated to be (3 × 7.8 × 100 nM)/(3341 − 2596) = 3.14 nM. 
IDL at 95% confidence level (IDL95) was estimated using the formula t(n − 1, 

1 − ∝ = 0.95) * STD EV , w here t = 2.3533 at n = 3. ID L95 w as found to be 18.4 

nM for FAM dye. 
b) The calculations on LoD as RNA number of copies: LoD was calculated 

as RNA copies per reaction using the following formula: 
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where, 
RNA Spiked is the RNA concentration of stock standard; 
Volume Spiked is the volume of stock standard added; 
Volume digested is the Volume Lysis of digested saliva with proteinase K after 

sample prep; 
Volume RNA sample is the aliquot of the Volume Digested to be used in the 

PCR Mix; 
Total Volume is the resulting solution of the RNA Sample, Nuclease free wa-

ter and the Master mix;  
Microreactor volume is 1.2 µL aliquot of the total volume used in the micro-

wells.  
Assuming 
LoD expressed as number of RNA copies per reaction was found to be 
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3. Results and Discussion 

In view of the benefits offered by the miniaturized reaction volume offered by 
the microchip, the ABC test system was validated in terms of sensitivity and spe-
cificity with clinical samples using simplified processing of saliva samples with 
proteinase K and nasal swabs using spin columns.  

Analytical sensitivity (LoD): LoD studies determine the lowest detectable 
concentration of 2019-nCoV at which approximately 95% of all (true positive) 
replicates test positive [29]. Accordingly, the LoD was determined by limiting 
dilution studies using characterized samples. The analytical sensitivity of the N1 
assays of the Microchip RT-PCR COVID-19 Detection Kit was determined in 
LoD studies. Since no quantified virus isolates of the 2019-nCoV were available 
at the time of this study, the assays designed for detection of the 2019-nCoV 
RNA were tested with characterized stocks of in vitro transcribed RNA encapsu-
lated in a protective protein coat (Armored RNA Quant SARS-CoV-2 Panel, 
Cat. # 52036) of known titer (RNA copies/μL) spiked into a diluent consisting of 
a suspension of human saliva to mimic clinical specimen (Table 1 and Table 2, 
Figure 2 and Figure 3).  

LoD for processed saliva samples: The proteinase K treated saliva method 
has since been widely adopted and used in a large number of certified labs [30]. 
This method has also been modified replacing the use of proteinase K with a 
temperature gradient by heating at 95˚C/75˚C [31]. Saliva swabs have been re-
ported having high sensitivity and specificity for the detection of Influenza virus 
by the Xpert Xpress Flu/RSV test with a high overall agreement and Ct correla-
tion with nasopharyngeal specimens [32]. 
 

 

Figure 2. Sars-CoV-2 12.5 copies/µL, LOD confirmation in saliva with 27 samples, NTC, 
NEC, and PEC. Saliva samples were performed with LDT and not with SalivaDirectTM, 
optimized to be used with AriaDNA. 
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Figure 3. HsRP, LOD confirmation in Saliva with 27 samples, NTC, NEC, and PEC. Sali-
va samples were performed with LDT and not with SalivaDirectTM, optimized to be used 
with AriaDNA. 
 
Table 1. Threshold cycle values (Ct) of two-fold dilution series for SARS-CoV-2 in saliva 
samples. 

Copies/µL Ct1 Ct2 Ct3 Ct Ave Std Dev 

100.0 32.6 31.46 30.6 31.55 1.00 

50.0 30.97 32.52 32.08 31.86 0.80 

25.0 32.67 32.03 32.47 32.39 0.33 

12.5 34.07 35.29 34.62 34.66 0.61 

6.25 N/A 34.5 34.95 34.720 0.22 

 
Table 2. Threshold cycle values (Ct) of ten-fold dilution series for ABC test of standard 
RNA samples. 

Copies/µL 10,000 1000 100 10 

Sars-CoV-2 Ct 28.08 29.67 29.74 30.51 

Standard Deviation 1.07 0.41 0.20 0.08 

Copies/µL 18000 1800 180 18 

Influenza A Ct 22.43 25.58 28.27 30.98 

Standard Deviation 0.65 0.37 0.07 0.15 

Copies/µL 98,000 9800 980 98 

Influenza B Ct 20.95 24.22 26.87 30.51 

Standard Deviation 0.35 0.40 0.09 0.08 

Copies/µL 10,000 1000 100 10 

HsRP Ct 27.60 28.08 29.74 30.51 

Standard Deviation 0.99 0.08 0.20 0.08 
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In the present work, saliva samples were treated with proteinase K. A prelim-
inary LoD for each assay was determined testing in triplicate (n = 3) samples of 
RNA purified using each extraction method, SalivaDirectTM [18] and in house 
Laboratory Developed Test (LDT). The approximate LoD was identified by ex-
tracting and testing 10-fold serial dilutions of characterized stocks of in vitro 
transcribed Armored RNA Quant SARS-CoV-2 Panel (Table 3). A confirmation 
of the LoD was determined using 2-fold serial dilution of RNA samples with >20 
extracted replicates (n = 20). The LoD was calculated as the lowest concentration 
where ≥95% (19/20) of the replicates were positive (Table 1 and Table 2). 

The results demonstrated 15 copies per microliter of SARS-CoV-2 in each 
tube of processed saliva. However, the number of copies in reaction (per well of 
the microchip) was much lower as demonstrated in the sample calculation sec-
tion.  

In the LoD studies of SARS-CoV-2, the lysate in the tubes was spiked to have 
a final concentration 12.5 copies/µL in the reaction. The microchips ran an LoD 
of 12.5 copies/µL and the confirmation reflected 26/27 = 96.2% ± 1.73% positive 
agreement rate whereas, the sensitivity and specificity were conveyed as follows 
(Figure 2 and Figure 3, Table 3): 

Positive percent agreement (sensitivity) = 26/27 = 96.2%;  
Negative percent agreement (selectivity) = 12/12 = 100%. 
LoD nasal swabs versus saliva samples: Nasal swab samples produced simi-

lar results for ABC Test, with lower LoD for SARS-CoV-2, Influenza A and In-
fluenza B. Saliva processed samples yielded approximately 248 copies/µL for In-
fluenza A, and 132 copies/µL for Influenza B per sample. The Influenza A and B 
RNA had extracted better in a high salt content than saliva alone (Figure 4). 
ABC spiking solution was diluted with Thermo Fisher nuclease free RNA sto-
rage solution. However, the ABC Test displayed less interference when samples 
were diluted with VTM 50 µL spiking solution than 50 µL saliva spiked with 5 µL 
of ten times more concentrated ABC. Mixing ABC spiked 50 µl RNA storage so-
lution with the 300 µL of VTM, and the nasal swab also resulted better extraction 
than saliva without dilution. [Data not presented due to lack of fluorescence 
with 5 µL spikes of 10^2 or less]. Dilution of the saliva to reduce viscosity and 
homogeneity improves recoveries of spiked RNA. 
 
Table 3. Threshold cycle values (Ct) of ten-fold dilution series for ABC test of nasal swab 
samples. 

Copies/µL 10,000 1000 100 10 

SARS-CoV-2-CoV-2 Ct 27.27 31.86 33.95 45 

Copies/µL 2314 231.4 23.14 2.314 

Influenza A Ct 32.48 33.64 34.29 42.31 

Copies/µL 12600 1260 126 12.6 

Influenza B Ct 30.93 31.03 32.12 34.4 
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Validation of the ABC Test: Due to non-availability of clinical samples for 
Influenza A and B, the spiked samples with Orthomyxoviridae, Influenza A & B 
viral RNA were used. The preliminary work demonstrated the successful work-
ing of the multiplex microchip for ABC Test (Figure 1(a)). Preliminary testing 
specificity and cross-reactivity of the RNA targets in the Inf-COVID chip de-
monstrates no cross-reactivity in the multiplex of Influenza A for H1N1 and 
H3N2. Furthermore, the ABC assay is non-cross-reactive in the 2-plex of (In-
fA/InfB) where Inf-A assay did not react with Inf-B RNA and vice versa and 
further with SASR-CoV-2 N1/HsRP (Figure 5 and Figure 6). 

The test results for positive COVID were also confirmed with nasal swabs on 
the SARS-CoV single-plex microchip that offers testing of N1, N2, and HsRP for 
7 samples (Figure 1(b)). The single-plex microchip test was validated, and rep-
resentative PCR curves are shown in Figure 5 and Figure 7. A confirmation to 
verify reagents and equipment were not contaminated, was performed with Sa-
livaDirectTM with a different PCR instrument [Data not presented]. 
 

  
(a)                                             (b) 

Figure 4. ABC Standards from Table 1. (a) 10-fold dilution of Influenza A RNA standard. (b) 10-fold dilution of 
Influenza B RNA standard. Saliva processed samples yielded approximately 248 copies/µL for Influenza A, and 
132 copies/µL for Influenza B per sample. 

 

  
(a)                                             (b) 

Figure 5. Saliva spiked (10-fold dilution starting at 10^3 copies/µL) multiplex: (a) Influenza A and SARS-CoV-2 
N2. (b) Influenza B and HsRP30. 

https://doi.org/10.4236/jbm.2022.108015


G. Martinez et al. 
 

 

DOI: 10.4236/jbm.2022.108015 183 Journal of Biosciences and Medicines 
 

 

Figure 6. Preliminary testing specificity and cross reactivity of the RNA targets in the 
Inf-COVID chip demonstrates no-cross reactivity in the multiplex of Influenza A and In-
fluenza B. 
 

 

Figure 7. Single-plex NEC and principal investigator test positive on Nov 17, 2021, con-
firmation. The test results for positive Sars-CoV-2 (N2) were confirmed with nasal swabs 
on the single-plex microchip that offers testing of N1, N2, and HsRP for 7 samples. 

 
Table 4. Confirmation. 

Samples Results 
Confirmation 

CAP Abbott/Other 

Inf A 1 out of 5 Positive Passed kit #34911824 Confirmed 

Inf B 0 out of 5 Positive Passed kit #34911824 Confirmed 

SARS-CoV-2 N 2 out of 5 Positive Passed kit #35107854 Confirmed 

4. Conclusions 

The multiplex ABC Test microchip LoD was obtained to be 14 copies/µL 
SARS-CoV-2 (N1), 26 copies/µL for Influenza A, and 140 copies/µL for Influen-
za B RNA per sample for nasal swabs. Furthermore, the LoD of the SARS-CoV-2 
assay was found to be lower than that of the reported LOD of a widely used dual 
multiplex real-time RT-PCR having an LoD of 50 copies/reaction and compara-
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ble to the LoD of Influenza A/B with 100 - 200 copies/reaction nasopharyngeal 
swab clinical samples [27].  

The microchip also demonstrated 3 to 10-fold minimization of PCR master 
mix use by reducing sample size. Spiked RNA of Influenza A (23.1 copies/reaction) 
and B (126 copies/reaction) and SARS-CoV-2 mixed together yielded sensitivity 
and selectivity > 95%. Although the calculations were reported per reaction, they 
can be easily calculated per sample volume as stated in the Sample Calculations Sec-
tion. The first set of CAP samples of Influenza A, Influenza B, and COVID-19 
passed blind performance checks (Table 4). The diagnostic approach presented here 
is a robust assay for RT-qPCR which otherwise can suffer from reagent shortages or 
false results in typical patients. High throughput of the assay has been achieved with 
magnetic bead sample extraction and purification where the highly pure form of 
streptavidin covalently coupled with 1 μm superparamagnetic particles were used. 
The beads capture biotin-labeled substrates including antigens, antibodies, and 
nucleic acids. Such RNA from the lysed samples is retrieved with biotin-streptavidin 
complex, washed, and then eluted. Such approaches have been developed for 
SARS-CoV-2 and are under development for Influenza. We are waiting for In-
fluenza clinical samples to confirm the process. 

We have submitted our application for an EUA # 210069 based on the CDC 
methodology for a multiplex ABC Test. In addition, we have shared our findings 
with other research groups to support the effort in combating the current pan-
demic.  

Acknowledgements 

We would like to thank Anne Wyllie and the SalivaDirect Lab Collaboration 
Group for providing a resource to share knowledge and expertise. Without the 
group’s critical constructive criticism, this paper would not have been possible.  

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Chen, J. (2020) Pathogenicity and Transmissibility of 2019-430 nCoV—A Quick 

Overview and Comparison with Other Emerging Viruses. Microbes and Infection, 
22, 69-71. https://doi.org/10.1016/j.micinf.2020.01.004 

[2] Petersen, E., Koopmans, M., Go, U., Hamer, D.H., Petrosillo, N., Castelli, F., Stor-
gaard, M., Khalili, S.A. and Simonsen, L.S. (2020) Comparing SARS-CoV-2 with 
SARS-CoV and Influenza Pandemics. The Lancet, 20, E238-E244.  
https://doi.org/10.1016/S1473-3099(20)30484-9 

[3] Larremore, D.B., Wilder, B., Lester, E., Shehata, S., Burke, J.M., Hay, J.A., Tambe, 
M., Mina, M.J. and Parker, R. (2021) Test Sensitivity Is Secondary to Frequency and 
Turnaround Time for COVID-19 Screening. Science Advances, 7, eabd5393.  
https://doi.org/10.1126/sciadv.abd5393 

https://doi.org/10.4236/jbm.2022.108015
https://doi.org/10.1016/j.micinf.2020.01.004
https://doi.org/10.1016/S1473-3099(20)30484-9
https://doi.org/10.1126/sciadv.abd5393


G. Martinez et al. 
 

 

DOI: 10.4236/jbm.2022.108015 185 Journal of Biosciences and Medicines 
 

[4] Babiker, A., Myers, C.W., Hill, C.E. and Guarner, J. (2020) SARS-CoV-2 Testing. 
American Journal of Clinical Pathology, 153, 706-708.  
https://doi.org/10.1093/ajcp/aqaa052 

[5] Zhou, P., Yang, X.-L., Wang, X.-G., Hu, B., Zhang, L., Zhang, W., Si, H.-R., Zhu, Y., 
Li, B., Huang, C.-L., Chen, H.-D., Chen, J., Luo, Y., Guo, H., Jiang, R.-D., Liu, 
M.-Q., Chen, Y., She, X.-R., Wang, X., Zheng, X.-S., Zhao, K., Chen, Q.-J., Deng, F., 
Liu, L.-L., Yan, B., Zhan, F.-X., Wang, Y.-Y., Xiao, G.-F. and Shi, Z.-L. (2020) A 
Pneumonia Outbreak Associated with a New Coronavirus of Probable Bat Origin. 
Nature, 579, 270-273. https://doi.org/10.1038/s41586-020-2012-7 

[6] Munne, M., Bhanothu, V., Bhor, V., Patel, V., Mahale, S.D. and Pande, S. (2021) 
Detection of SARS-CoV-2 Infection by RT-PCR Test: Factors Influencing Interpre-
tation of Results. Virus Disease, 32, 187-189.  
https://doi.org/10.1007/s13337-021-00692-5 

[7] Pearson, J.D., Trcka, D., Lu, Hyduk, S.J., Jen, M., Aynaud, M.-M., Hernandez, J.J., 
Peidis, P., Barrios-Rodiles, M., Chan, K., Woodgett, J., Mazzulli, T., Attisano, L., 
Pelletier, L., Cybulsky, M.I., Wrana, J.L. and Bremner, R. (2021) Comparison of 
SARSCoV-2 Indirect and Direct RT-qPCR Detection Methods. Virology Journal, 
18, Article No. 99. https://doi.org/10.1186/s12985-021-01574-4 

[8] Razvan, C., Yaseen, I., Unrau, P.J., Lowe, C.F., Ritchie, G., Romney, M.G., Sin, D.D., 
Gill, S. and Slyadnev, M. (2021) Microchip RT-PCR Detection of Nasopharyngeal 
SARS-CoV-2 Samples. Journal of Molecular Diagnostics, 8, S1525-S1578. 

[9] Gill, R., Gill, S., Gelimson, I., Slyadnev, M, Martinez, G., Gaines, M., Nunley, R. and 
and Majoros, T. (2021) Color-Coding of Microchip RT-PCR Test System for 
SARS-CoV-2 Detection. Journal of Biosciences and Medicines, 9, 94-119.  
https://doi.org/10.4236/jbm.2021.95010 

[10] Stairiker, K.C., Pidathala, K.S., Gill, R.K., Gelimson, I., Varankovich, N., Gill, S.S., 
Slyadnev, M. and Kapur, S. (2021) Validation of Microchip RT-PCR COVID-19 
Detection System. Journal of Biosciences and Medicines, 9, 8-24.  
https://doi.org/10.4236/jbm.2021.99002 

[11] Sethuraman, N., Jeremiah, S.S. and Ryo, A. (2020) Interpreting Diagnostic Tests for 
SARS-CoV-2. Journal of American Medical Association, 323, 2249-2251.  
https://doi.org/10.1001/jama.2020.8259 

[12] Chu, A., Chan, M., Daniel, J., Chan, J.W., Yuen, K.Y. and Kai-Wang, K. (2020) 
Evaluation of Simple Nucleic Acid Extraction Methods for the Detection of 
SARS-CoV-2 in Nasopharyngeal and Saliva Specimens during Global Shortage of 
Extraction Kits. Journal of Clinical Virology, 129, Article ID: 104519.  
https://doi.org/10.1016/j.jcv.2020.104519 

[13] Guan, D., Wang, D., Hallegatte, S., Davis, S.J., Huo, J., Li, S., Bai, Y., Lei, T., Xue, Q., 
Coffman, D., Cheng, D., Chen, P., Liang, X., Xu, B., Lu, X., Wang, S., Hubacek, K. 
and Gong, P. (2020) Global Supply-Chain Effects of COVID-19 Control Measures. 
Nature Human Behavior, 4, 577-587. https://doi.org/10.1038/s41562-020-0896-8 

[14] Beyene, G.T., Alemu, F. and Kebede, E.S. (2021) Saliva Is Superior over Nasopha-
ryngeal Swab for Detecting SARS-CoV2 in COVID-19 Patients. Scientific Reports, 
11, Article No. 22640. https://doi.org/10.1038/s41598-021-02097-2 

[15] Bastos, M.L., Perlman-Arrow, S., Menzies, D. and Campbell, J.R. (2021) The Sensi-
tivity and Costs of Testing for SARS-CoV-2 Infection with Saliva versus Nasopha-
ryngeal Swabs: A Systematic Review and Meta-Analysis. Annals of Internal Medi-
cine, 174, 501-510. https://doi.org/10.7326/M20-6569 

[16] Pasomsub, E., Watcharananan, S.P., Boonyawat, K., Janchompoo, P., Wongtabtim, 

https://doi.org/10.4236/jbm.2022.108015
https://doi.org/10.1093/ajcp/aqaa052
https://doi.org/10.1038/s41586-020-2012-7
https://doi.org/10.1007/s13337-021-00692-5
https://doi.org/10.1186/s12985-021-01574-4
https://doi.org/10.4236/jbm.2021.95010
https://doi.org/10.4236/jbm.2021.99002
https://doi.org/10.1001/jama.2020.8259
https://doi.org/10.1016/j.jcv.2020.104519
https://doi.org/10.1038/s41562-020-0896-8
https://doi.org/10.1038/s41598-021-02097-2
https://doi.org/10.7326/M20-6569


G. Martinez et al. 
 

 

DOI: 10.4236/jbm.2022.108015 186 Journal of Biosciences and Medicines 
 

G., Suksuwan, W., Sungkanuparph, S. and Phuphuakrat, A. (2020) Saliva Sample as 
a Non-Invasive Specimen for the Diagnosis of Coronavirus Disease 2019: A 
Cross-Sectional Study. Clinical Microbiology and Infection, 2, 285.e1-285.e4.  
https://doi.org/10.1016/j.cmi.2020.05.001 

[17] To, K.K., Tsang, O.T., Yip, C.C., Chan, K.H., Wu, T.C., Chan, J.M., Leung, W.S., 
Chik, T.S., Choi, C.Y., Kandamby, D.H., Lung, D.C., Tam, A.R., Poon, R.W., Fung, 
A.Y., Hung, I.F., Cheng, V.C., Chan, J.F. and Yuen, K.Y. (2020) Consistent Detec-
tion of 2019 Novel Coronavirus in Saliva. Clinical Infectious Diseases, 71, 841-843.  
https://doi.org/10.1093/cid/ciaa149 

[18] Vogels, C.B.F., Watkins, A.E., Harden, C.A., Brackney, D.E., Shafer, J., Wang, J., 
Caraballo, C., Kalinich, C.C., Ott, I.M., Fauver, J.R., Kudo, E., Lu, P., Venkatara-
man, A., Tokuyama, M., Moore, A.J., Muenker, M.C., Casanovas-Massana, A., 
Fournier, J., Bermejo, S., Campbell, M., Datta, R., Nelson, A., Dela Cruz, C.S., Ko, 
A.I., Iwasaki, A., Krumholz, H.M., Matheus, J.D., Hui, P., Liu, C., Farhadian, S.F., 
Sikka, R., Wyllie, A.L. and Grubaugh, N.D. (2021) SalivaDirect: A Simplified and 
Flexible Platform to Enhance SARS-CoV-2 Testing Capacity. Med (New York, 
N.Y.), 2, 263-280.e6. https://doi.org/10.1101/2020.08.03.20167791 

[19] Griesemer, S.B., Van Slyke, G., Ehrbar, D., Strle, K., Yildirim, T., Centurioni, D.A., 
Walsh, A.C., Chang, A.K., Waxman, M.J. and St George, K. (2021) Evaluation of 
Specimen Types and Saliva Stabilization Solutions for SARS-CoV-2 Testing. Journal 
of Clinical Microbiology, 59, e01418-20. https://doi.org/10.1128/JCM.01418-20 

[20] Wehrhahn, M.C., Robson, J., Brown, S., Bursle, E., Byrne, S., New, D., Chong, S., 
Newcombe, J.P., Siversten, T. and Hadlow, N. (2020) Self-Collection: An Appropri-
ate Alternative during the SARS-CoV-2 Pandemic. Journal of Clinical Virology, 
128, Article ID: 104417. https://doi.org/10.1016/j.jcv.2020.104417 

[21] Barza, R., Patel, P., Sabatini, L. and Singh, K. (2020) Use of a Simplified Sample 
Processing Step without RNA Extraction for Direct SARS-CoV-2 RT-PCR Detec-
tion. Journal of Clinical Virology, 132, Article ID: 104587.  
https://doi.org/10.1016/j.jcv.2020.104587 

[22] Wu, X., Cai, Y., Huang, X., Yu, X., Zhao, L., Wang, F., Li, Q., Gu, S., Xu, T., Li, Y., 
Lu, B. and Zhan, Q. (2020) Co-Infection with SARS-CoV-2 and Influenza A Virus 
in Patient with Pneumonia, China. Emerging Infectious Diseases, 26, 1324-1326.  
https://doi.org/10.3201/eid2606.200299 

[23] Nowak, M.D., Sordillo, E.M. and Gitman, M.R. (2020) Co-Infection in SARS-CoV-2 
Infected Patients: Where Are Influenza Virus and Rhinovirus/Enterovirus? Journal 
of Medical Virology, 92, 1699-1700. https://doi.org/10.1002/jmv.25953 

[24] Lai, C.C., Wang, C.Y. and Hsueh, P.R. (2020) Co-Infections among Patients with 
COVID-19: The Need for Combination Therapy with Non-Anti-SARS-CoV-2 Agents? 
Journal of Microbiology, Immunology and Infection, 53, 505-512.  
https://doi.org/10.1016/j.jmii.2020.05.013 

[25] Yu, X., Wei, D., Chen, Y., Zhang, D. and Zhang, X. (2020) Retrospective Detection 
of SARS-CoV-2 in Hospitalized Patients with Influenza-Like Illness. Emerging Mi-
crobes & Infections, 9, 1470-1473. https://doi.org/10.1080/22221751.2020.1785952 

[26] Hirotsu, Y., Maejima, M., Shibusawa, M., Amemiya, K., Nagakubo, Y., Hosaka, K., 
Sueki, H., Mochizuki, H., Tsutsui, T., Kakizaki, Y., Miyashita, Y. and Omata, M. 
(2020) Analysis of Covid-19 and Non-Covid-19 Viruses, Including Influenza Vi-
ruses, to Determine the Influence of Intensive Preventive Measures in Japan. Jour-
nal of Clinical Virology, 129, Article ID: 104543.  
https://doi.org/10.1016/j.jcv.2020.104543 

https://doi.org/10.4236/jbm.2022.108015
https://doi.org/10.1016/j.cmi.2020.05.001
https://doi.org/10.1093/cid/ciaa149
https://doi.org/10.1101/2020.08.03.20167791
https://doi.org/10.1128/JCM.01418-20
https://doi.org/10.1016/j.jcv.2020.104417
https://doi.org/10.1016/j.jcv.2020.104587
https://doi.org/10.3201/eid2606.200299
https://doi.org/10.1002/jmv.25953
https://doi.org/10.1016/j.jmii.2020.05.013
https://doi.org/10.1080/22221751.2020.1785952
https://doi.org/10.1016/j.jcv.2020.104543


G. Martinez et al. 
 

 

DOI: 10.4236/jbm.2022.108015 187 Journal of Biosciences and Medicines 
 

[27] Chung, H.Y., Jian, M.J., Chang, C.K., Lin, J.C., Yeh, K.M., Chen, C.W., Chiu, S.K., 
Wang, Y.H., Liao, S.J., Li, S.Y., Hsieh, S.S., Tsai, S.H., Perng, C.L., Yang, J.R., Liu, 
M.S., Chang, F.Y. and Shang, H.S. (2021) Novel Dual Multiplex Real-Time RT-PCR 
Assays for the Rapid Detection of SARS-CoV-2, Influenza A/B, and Respiratory 
Syncytial Virus Using the BD Max Open System. Emerging Microbes & Infections, 
10, 161-166. https://doi.org/10.1080/22221751.2021.1873073 

[28] Groves, H.E., Renaud, P.P.P., Peci, A., Farrar, D.S., Buckrell, S. and Bancej, C. 
(2021) The Impact of the COVID-19 Pandemic on Influenza, Respiratory Syncytial 
Virus, and Other Seasonal Respiratory Virus Circulation in Canada: A Popula-
tion-Based Study. The Lancet, 1, Article ID: 100015.  
https://doi.org/10.1016/j.lana.2021.100015 

[29] Food and Drug Administration (2018) Methods, Method Verification and Valida-
tion. Laboratory Manual, ORA Laboratory Procedure, Volume II, ORA-LAB.5.4.5.  
https://www.fda.gov/media/73920/download  

[30] Raven, K.R. and MacMillan, C. (2022) Saliva-Based COVID-19 Testing Set to Ex-
pand. Yale Medicine, Research & Innovation, Family Health, January 25, 2022. 

[31] Galar, A., Catalán, P., Vesperinas, L., Miguens, I., Muñoz, I., García-Espona, A., Se-
villano, J.A. andueza, J.A., Bouza, E. and Muñoz, P. (2021) Use of Saliva Swab for 
Detection of Influenza Virus in Patients Admitted to an Emergency Department. 
Clinical Microbiology, 9, E00336-21. https://doi.org/10.1128/Spectrum.00336-21 

[32] Rubioa, C.P., Martíneza, L.F., Sánchez, C., Torres, R.A., Bernald, M.E., Alcarazd, 
E.A., Vicente, M.R., Martínez-Subielaa, S., Tvarijonaviciutea, A. and Ceróna, J.J. 
(2021) Evaluation of Sample Treatments in a Safe and Straight forward Procedure 
for the Detection of SARS-CoV-2 in Saliva. International Journal of Infectious Dis-
eases, 108, 413-418. https://doi.org/10.1016/j.ijid.2021.05.053 

https://doi.org/10.4236/jbm.2022.108015
https://doi.org/10.1080/22221751.2021.1873073
https://doi.org/10.1016/j.lana.2021.100015
https://www.fda.gov/media/73920/download
https://doi.org/10.1128/Spectrum.00336-21
https://doi.org/10.1016/j.ijid.2021.05.053

	Validation of Microchip Based RT-PCR ABC Test (InfA/B & COVID-19) in Clinical Samples
	Abstract
	Keywords
	1. Introduction
	2. Materials & Methods
	3. Results and Discussion
	4. Conclusions
	Acknowledgements
	Conflicts of Interest
	References

