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Abstract

Background: Various nucleic acid amplification assays for the diagnosis of SARS-
CoV-2 infection have been developed, and there is a need to assess their test perfor-
mance relative to one another. The aim of this study was to compare the performance
characteristics of the Biosewoom Real-Q 2019-nCoV assay targeting the E and RdRP
genes to DaAn Gene 2019-nCoV kit targeting the N gene and ORF1ab in the diagnosis
of SARS-CoV-2.

Methods: We performed a diagnostic comparison study by testing nasopharyngeal
samples for SARS-CoV-2 using the two reverse transcription polymerase chain re-
action (RT-PCR) assays. Assay agreement was assessed by overall percent agree-
ment, negative percent agreement, positive percent agreement, and Cohen's kappa
coefficient.

Results: A total of 48 nasopharyngeal samples were tested using the two assays.
One sample was invalid, and three showed inconclusive results with Real-Q; hence,
44 were included for the comparative analysis. Overall, percent agreement between
the assays was 93.2% (95% Cl 81.3%-98.6%), Positive percent agreement (PPA) was
86.4% (95% Cl 65.1%-97.1%) and negative percent agreement (NPA) was 100% (95%
Cl 84.6%-100%). The kappa coefficient was 0.86 (95% Cl 0.72-1.01). Three samples
(6.8%) were positive with DaAn gene kit and negative with Real-Q. The fluorescence
intensity for Real-Q reporter dyes was low.

Conclusion: The two kits showed high levels of concordance in their detection of
SARS-CoV-2 despite having different gene targets. The Biosewoom kit can be im-
proved through addressing the fluorescence intensity of the target dyes, and feed-

back was given to the manufacturer.
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1 | INTRODUCTION

The COVID-19 pandemic, which started in Wuhan, China, is caused
by the virus SARS-CoV-2, which is an enveloped single stranded
RNA virus.! The COVID-19 is a highly infectious disease, and after
reporting the first case in China, it has rapidly covered the entire
world and affected the life of millions of people. Due to the occur-
rence of many cases worldwide, on January 30th, 2020, the World
Health Organization (WHO) declared a Public Health Emergency of
International Concern.? Over 15 million cases have been reported
globally with approximately 620,000 deaths as of July 22, 20202

In Zimbabwe, the virus has spread to most parts of the country,
and at present, there are 1820 cases and 26 deaths reported by the
Ministry of Health and Child Care.* The virus is mainly associated
with respiratory tract infections although infections in the gastro-
intestinal tract have been recorded. Most people infected with the
COVID-19 virus experience mild to moderate respiratory illness and
recover without requiring special treatment.®> Older people, and
those with underlying medical problems like cardiovascular disease,
diabetes, chronic respiratory disease, and cancer are more likely to
develop serious illness.®

Transmission of SARS-CoV-2 can occur through direct, indirect,
or close contact with infected people through infected secretions
such as saliva and respiratory secretions or their respiratory drop-
lets.® Evidence suggests that SARS-CoV-2 RNA can be detected
in people 1-3 days before their symptom onset, with the highest
viral loads, as measured by reverse transcriptase polymerase chain
reaction (RT-PCR), observed around the day of symptom onset,
followed by a gradual decline over time.® The duration of RT-PCR
positivity generally appears to be 1-2 weeks for asymptomatic
persons, and up to 3 weeks or more for patients with mild-to-
moderate disease.” In patients with severe COVID-19 disease, it
can be much Ionger.7

In the clinical management and outbreak control of the COVID-19
disease, rapid collection and laboratory testing of appropriate spec-
imen from patients are very critical. The diagnosis of SARS-CoV-2
involves use of assays that detect viral nucleic acid or antigen from
samples from the respiratory system (such as nasal swabs). Currently,
RT-PCR is the most suitable laboratory diagnostic test for COVID-19
as other laboratory methods (viral culture, antigen testing, and serol-
ogy) have various limitations.®*°

To date, various commercial kits for the detection of SARS-CoV-2
using RT-PCR have been developed. The PCR targets of the available
kitsinclude S, RdRP, N, and E genes as well as functionally important
open reading frames 1a and 1b (ORF1ab). Most kits are multiplexed
to detect at least two genes.!* There is a need to understand the
relative test performance of these assays to guide laboratories’ se-
lection of assays and understand advantages and disadvantages of
methods that may be used in parallel. In this study, the performance
characteristics of the Biosewoom Real-Q 2019-nCoV RT-PCR kit (E
and RdRP genes) for the detection of SARS-CoV-2 was compared to
those of DaAn Gene 2019-nCoV kit (N gene and ORF1ab), which has
been in use in Zimbabwe.

2 | MATERIAL AND METHODS

2.1 | Study subjects, ethical approvals, and sample
collection

This was an operational laboratory-based cross-sectional study,
where the Real-Q 2019 nCoV (Biosewoom, Korea) kit was being
evaluated before being adopted for testing. The DaAn gene Kkit,
which has been use in Zimbabwe, was used as the non-reference
standard. Nasopharyngeal samples collected in viral transport me-
dium (VTM) for SARS-CoV-2 testing were used.

2.2 | DNA Extraction

Total nucleic acid from the nasopharyngeal swabs in viral transport
medium (VTM) was extracted using a DaAn Gene nucleic acid ex-
traction kit (DaAn Gene Co, Ltd., of Sun Yat-sen University, China) as
per manufacturer's instructions. The extracted DNA was stored at
-20°C awaiting SARS-CoV-2 RT-PCR.

2.3 | SARS-CoV-2 RNA amplification by DaAn
Gene 2019-nCoV detection kit

The master mix was prepared by mixing 17 ul of NC (ORF1ab/N) PCR
liquid A (reaction mix) and 3 ul of NC (ORF1ab/N) PCR reaction lig-
uid B (enzyme). 5 ul of the extracted sample was added to make the
PCRs final volume of 25 ul in a PCR plate on ice. The PCR tubes were
immediately transferred to an ABI 7500 RT-PCR machine (Applied
Biosystems). The probe detection modes were set as: ORFlab:
VIC, Quencher: NONE, N-Gene: FAM, Quencher: NONE, Internal
Control: Cy5, Quencher: NONE, Passive reference: NONE. The PCR
cycle was carried out on the following conditions: 1 cycle of 15 min
at 50°C, 1 cycle of 15 min at 95°C, and 45 cycles of 94°C for 15 s and
55°C for 45 s (data collection).

2.4 | SARS-CoV-2 RNA amplification by Real-Q
2019-nCoV detection kit

The master mix was prepared by mixing 12.5 ul of 2X PCR mixture,
0.07 ul of ROX Reference Dye, 3 ul of nCoV probe and primer mix-
ture, 3 ul of RT-PCR enzyme, and 3, 43 ul of water. 5 pl of the ex-
tracted sample was added to the master mixture to make the PCRs
final volume of 25 ul in a PCR plate on ice. The PCR tubes were
immediately transferred to an ABI 7500 RT-PCR machine (Applied
Biosystems). The probe detection modes were set as: Beta nCov
E gene: VIC, Quencher: NONE, SARS-CoV-2 RdRP Gene: FAM,
Quencher: NONE, Internal Control: Cy5, Quencher: NONE, Passive
reference: NONE. The PCR cycle was carried out on the following
conditions: 1 cycle of 30 min at 50°C, 1 cycle of 15 min at 95°C, and
40 cycles of 95°C for 15 s and 62°C for 45 s (data collection).
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2.5 | Data analysis

The results from PCR were recorded onto Excel Spreadsheet.
Overall percent agreement, positive percent agreement (PPA), nega-
tive percent agreement (NPA), and associated 95% confidence in-
tervals (Cl) were performed with the DaAn gene kit serving as the
non-reference standard method. Cohen's kappa coefficient (k) of
qualitative results (detected/non-detected) between the two assays
with 95% Cl was also calculated. The results were analyzed using
the recommendations from FDA'’s statistical guidance on reporting
results from studies evaluating diagnostic tests handbook.

2.6 | Permission

The permission to carry out the comparison using the remnant sam-
ples was granted by the National Microbiology Reference Laboratory
as the study was used as the in-house evaluation of the Real-Q kit

for adoption in national testing.

2.7 | Ethical approval

All experiments were examined and approved by the appropriate
Ethics Committee and have therefore been performed in accord-
ance with the ethical standards laid down in the 1964 Declaration

of Helsinki.

3 | RESULTS

Forty-eight nasopharyngeal swab samples were run using both
methods for comparison and the positive and negative controls for
each kit were valid. The DaAn gene kit interpreted 52.1% (25/48)
specimens as detected for SARS-CoV-2 while the Real-Q interpreted
39.6% (19/48) as detected. One sample (2%) was invalid with Real-Q
due to non-amplification of internal control. Three samples (6%)
were inconclusive using Real-Q 2019-nCoV-2 according to the man-
ufacturer's interpretation (two being RdRP positive, E gene negative,
and one having invalid E gene and valid RdRP gene Ct values). Thus,
four samples were excluded and forty-four samples used for com-
parative analysis (Table 1).

The detected samples included a wide range of quantification
cycle (Cq)) values. DaAn gene had a Cq value median of 33 (Q,°32;
Q, =34.1) for the N gene and 34 (Q, = 33; Q, = 36) for the ORF1ab.
Real-Q 2019-nCoV-2 had a Cq value median of 35.9 (Q, = 33.3;
Q, = 36.5) for the E gene and 34.4 (Q; = 32.2; Q, = 35.5) for the
RdRP gene. The overall percent agreement between the two as-
says was 93.2% (95% Cl 81.3%-98.6%). The PPA was 86.4% (95% Cl
65.1%-97.1%), and the NPA was 100% (95% CI 84.6%-100%). The
kappa coefficient was 0.86 (95% Cl 0.72-1.01), indicating an almost
perfect agreement.

During RT-PCR, fluorescent reporter molecule in each PCR pro-
duces a fluorescent signal with increasing intensity as the amount of
PCR amplicon increases. Thus, in as much as the results from the two
kits showed a high concordance rate, the results from the Real-Q
2019-nCoV-2 (Biosewoom) kit showed that the dyes VIC (E gene)
and Cy5 (Internal control) produced a low fluorescence intensity and
fast reaching the plateau. When the threshold would be set to the
values set by the manufacturer, most of the known positive samples
would come out as negative. However, the samples would be posi-
tive when the threshold would be set to be automatically calculated
by the machine, though the change in frequency (fluorescence inten-
sity) remaining low. Figure 1 shows the amplification plots from the
same sample processed with Real-Q 2019-nCoV-2 (Biosewoom) and
DaAn Gene kit, respectively.

4 | DISCUSSION

The global challenge posed by the SARS-CoV-2 virus has brought
more challenges to the resource limited settings including Africa.
Despite the efforts being made to set up molecular diagnostic labo-
ratories, there is also the need to procure high-quality diagnostic test
kits. There are several kits that have managed to reach Zimbabwe,
and hence, comparison of these kits is essential before they are
adopted for use. With the increase in global demand for SARS-CoV-2
testing, there is a high likelihood of shortages in the preferred PCR
testing kits and hence the need for switching to alternative PCR test
kits.'? In this operational research, the Real-Q 2019-nCoV-2 (New
test) was compared to the DaAn Gene PCR kit (Non-Reference
Standard) to determine their qualitative performance in the detec-
tion of SARS-CoV-2. DaAn gene kit was the best performing PCR kit,
being the only kit with a 100% detection rate in level 4, lowest limit

TABLE 1 Comparison of the Real-Q (BioSewoom) and DaAn Gene assays for the detection of SARS-CoV-2

DaAn Gene SARS-CoV2 (Non Reference Standard)

Real-Q 2019-nCoV-2 (BioSewoom) (New Kit) Positive
Positive a(19)
Negative c(3)
Total a+c(22)

Negative Total
b (0) 19
d(22) 25
b+d (22) 44

Positive Percent Agreement (PPA) = 100% x a/(a+c) = 100% x 19/(19+3) = 86.4%
Negative Percent Agreement (NPA) = 100% x d/(b+d) = 100% x 22/(22+0) = 100%
Overall Percent Agreement (OPA) = 100% x (a+d)/(a+b+c+d) = 19+22/(19+0+3+22) = 93.2%
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FIGURE 1 Appearance of the

2 amplification plot on the same sample
processed with (A) DaAn Gene 2019nCoV
(red graph) and (B) Real-Q 2019-nCoV
(blue graph) detection PCR kits
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of detection of 500 copies/ml, and a positive detection rate of 100%
when the kit was compared with other commonly used SARS-CoV-2
test kits in China.®®

All the used samples were properly extracted as evidence by the
internal control Cq values being within range in both methods. The
BioSewoom Real-Q 2019-nCoV Detection Kit gave similar results
with the DaAn Gene detection kit on the samples used. There was
86.4% agreement in the analysis of SARS-CoV-2-positive samples,
which is to a greater extent reliable in testing and getting results
for public health decisions under the current disaster situation.
Other kits, which showed a similar agreement with DaAn gene, in-
clude BioPerfectus.'* There was a 100% agreement in the negative
samples between the two methods hence high likelihood that false
positives will not occur. The overall percent agreement was 93.2%
between the two methods; hence, a shift from one kit to the next
has a 0.932 probability of having the same impact in detection and
overall reporting of SARS-CoV-2 cases. However, the noted reduced

Sample : Sample 3

35 40
Acquisition Index

fluorescence level with the BioSewoom kit may pose as a challenge
in the interpretation of results from the ABI7500 analyzer. The
graphs showed reduced level of fluorescence and hence not very
clear sigmoid curves, which would need an experienced molecular
scientist to identify. The most likely cause of this phenomenon from
the literature is early primer depletion.'® Feedback was given to the
distributor for conveying to the manufacturer. The use of Cq value
tables can however reduce the subjectivity associated with the pre-

maturely declining amplification curves.
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