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ABSTRACT
Background: To date, several Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) nucleic acid

detection kits are available in China. The virus might have a low load in specimens, resulting in false negative and

under diagnosis. Therefore, it is urgently required to evaluate the sensitivities these commonly-used kits.

Methods: Six Real-time Transcription-PCR (RT-PCR) kits for SARS-CoV-2 manufactured in China were evaluated,

namely, BGI, Sansure, DaAn, BioGerm, GeneoDx and Liferiver. We used 4 serial dilutions (10-fold) of 7 inactivated

samples for the assay, collected from Coronavirus Disease 2019 (COVID-19) patients. Furthermore, the number of

positive tests, Limit of Detection (LoD) and Cycle Threshold (CT) values were used to analyze their sensitivities.

Results: For all the 7 samples at original concentration, Samples 1-5 with 10-1 dilution, and Sample 1 with 10-2

dilutions, all 6 kits were positive. The sensitivities of the kits varied with the decreases of nucleic acid concentration.

Among the 28 samples, BGI kit obtained 26 positive tests, followed by Sansure, DaAn, BioGerm, GeneoDx, and

Liferiver, respectively. Furthermore, LoD of BGI kit was the lowest. Pairwise comparison of average Ct values of the

above 6 kits revealed that BGI had the most significantly lower CT values for ORF 1ab gene, whereas Sansure had

better performance for the detection of N gene.

Conclusions: All 6 kits can provide accurate detection results in the clinical samples with high viral loads. BGI kit

was the most sensitive kits. Each kit had its own advantages and disadvantages, and further optimization is needed.
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INTRODUCTION
Coronavirus Disease 2019 (COVID-19), caused by Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), had
outbroken in Wuhan, China in December, 2019, and spread
worldwide. The virus belonged to family with approximately
79% genome identity to SARS-CoV-2. The number of
COVID-19 patients worldwide presently has skyrocketed. To
control the further spread of the pandemic, the accurate and
timely diagnosis based on the detection of SARS-CoV-2 in
clinical samples, mainly nasopharyngeal swabs that often contain

SARS-CoV-2 was identified from lower respiratory tract samples
using Next-Generation Sequencing (NGS), which was often used
in clinical diagnosis of infectious diseases. Nevertheless, high
cost, long time and the complexity of sample preparation and
data analysis limit its wide application [2]. Currently, RT-PCR is
a widely-used tool in the identification of SARS-CoV-2. On
January 21, 2020, Chinese Center for Disease Control and
Prevention (China CDC) has issued the specific primers and
probe sequences to detect the Open Reading Frame (ORF1ab)
and nucleoprotein (N) gene regions of SARS-CoV-2 using RT-
PCR. Since then, dozens of reagent manufacturers have
developed nucleic acid detection kits [3]. As of January 31, 6 of
these kits have been applied for the diagnosis of COVID-19 in
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low viral load, is critical [1].



China. The false negative rate of RT-PCR challenged the
accurate diagnosis of COVID-19, which might be related to the
quality of kits. The comparison and evaluation of these reagents
should be performed. In this study, we compared the
sensitivities of 6 nucleic acid detection kits for SARS-CoV-2
available in China [4].

MATERIALS AND METHODS

Biosafety procedures

Our study were performed in a biosafety level 2 laboratory
maintained under negative pressure to surroundings. Virus
inactivation of all samples had been conducted with water bath
for 30 minutes before nucleic acid extraction. Nucleic acids
extraction and preparation of PCR reagents were conducted in a
class II, Type A2 biological safety cabinet. Furthermore,
additional biosafety level 3 precautions, including protective
laboratory clothing, gowns, goggles, N95 masks, double gloves,
and shoe covers, were taken [5].

Study design and samples preparation

We collected 6 nasopharyngeal swabs and one Broncho Alveolar
Lavage Fluid (BALF) from laboratory-confirmed COVID-19
patients, inactivated before, and nucleic acids were re-extracted
and store at -80 °C for further study [6]. Cycle Threshold (CT)
values, defined as the number of cycles required for the
generated fluorescent signal to cross the threshold and positive
rate of RT-PCR were used for comparing the effectiveness of
different kits to detect these viral RNAs with serial dilutions.

Viral nucleic acid extraction

Viral Total Nucleic Acid Extraction kit (HEAS BioTech,
Guangzhou, China) and the SMART32 system (Liferiver,
Shanghai, China) were used for nucleic acid extraction in line
with their instruction manuals by using an automated magnetic
bead extraction method. Viral RNA extracted from 200 μl
samples were transferred into a 1.5 ml Eppendorf tubes and
stored at -80 °C until use [7].

RT-PCR analysis

In the current study, 6 nucleic acid detection kits for SARS-
CoV-2 were evaluated, manufactured by DaAn, Liferiver,
BioGerm, GeneoDx, BGI and Sansure respectively. Serial
dilutions (from 100 to 10-3) of extracted viral RNA of 7 clinical
samples by sterile nuclease-free water were used as templates. RT-
PCR amplification was performed on LightCycler 480 II real-
time PCR system [8]. Positive and negative control were
provided by each kit and set for each PCR reaction.
Furthermore, all reactions were performed in triplicate.
Amplification conditions and interpretation of the results
referred to the instructions of each kits, as shown in Table 1.
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Table 1: Comparison of amplification time, the amount of
template needed, detection limit, target genes and the cycling

J Clin Chem Lab Med, Vol.4 Iss.3 No:1000170 2

Zhao J, et al.



and programming information between 6 nucleic acid detection
kits for SARS-CoV-2.

Determination of detection limit

The Limit of Detection (LoD) of each kit was determined using
positive control with known copy number. Briefly, SARS-CoV-2
nucleic acid from clinical sample was quantified using QX200
Droplet Digital PCR system and then diluted into different copy
number with sterile nuclease-free water, including 200, 500,
1,000, 2,000, 4,000 and 8,000 copies/ml. A total of 20 parallel
RT-PCR reactions were performed for each concentration of the
positive control [9]. The LoD was defined as the lowest
concentration at which 80% of the reactions or more obtained a
positive test.

Statistics analysis

The CT values of RT-PCR were compared using one-way
ANOVA analysis in order to assess the kit-to-kit variability of
these 6 kits. When the differences were significant, pairwise
comparisons of CT values were performed. Tukey’s multiple
comparison test was used for homogeneous variance, and
independent samples t-test was used for heterogeneous variance
[10]. All probabilities were 2-tailed, with statistical significance
defined as P value lower than 0.05. All analyses were performed
using SPSS Statistics version 21 (IBM).

RESULTS

Amplification conditions for each kits

We compared the amplification conditions of 6 nucleic acid
detection kits for SARS-CoV-2. The cycle number of denaturing
and annealing/extending was 45 for DaAn, GeneoDx and
Sansure kits, and 40 for BioGerm, BGI and Liferiver kits,
respectively. The total time of PCR amplification was calculated
based on the reaction conditions of each kits and the heating
and cooling rate of LightCycler 480 II real- time PCR system
[11]. DaAn kit took the longest time for 1 hour and 35 minutes,
followed by Sansure (1 hour 23 minutes), GeneoDx (1 hour 17
minutes), BGI (1 hour 16 minutes), GeneoDx (1 hour 07
minutes) and Liferiver (1 hour), respectively.

Comparison of the number of positive tests

In this study, a total of 84 tests were performed for each kit,
including 7 original samples, 4 serial dilutions (from 100 to
10-3) of these samples, and 3 replicates for each dilution setting
(Table 2). Finally, BGI kit obtained 26 positive tests, more than
other kits (ranged from 13 to 20), as shown in Figure 1. For each
SARS-CoV-2 nucleic acid sample at original concentration, all
kits got positive tests. As the concentration decreases, fewer kits
tested positive [12].

Kits Number of positive tests

100 10-1 10-2 10-3 Total

BGI 7 7 7 5 26

Sansure 7 6 6 1 20

DaAn 7 7 5 1 20

BioGerm 7 6 2 0 15

GeneoDx 7 6 1 0 14

Liferiver 7 5 1 0 13

Table 2: Number of positive tests by RT-PCR in 4 serial
dilutions (10-fold) of the 7 samples.

At the lowest concentration (10-3 dilution) of each sample, BGI,
Sansure and DaAn kits obtained positive test for Sample 1, and
only BGI kit got positive results for Sample 3, Sample 4, Sample
5 and Sample 7. At the 10-2 dilution, BGI got positive tests for
all the 7 samples, Sansure, DaAn, BioGerm, GeneoDx and
Liferiver got 6, 5, 2, 1 and 1 positive tests, respectively, and only
BGI got positive results for Sample 6 and Sample 7. For the 10-
fold diluted Sample 7, only BGI and DaAn kits got positive
tests. As a result, BGI kit got the most positive tests at low
concentrations, revealing its higher sensitivity [13].

LoD of each kit

The actual LoD for all kits are equal to or higher than those
indicated in the instructions (Table 1). BGI kit had the lowest
LoD, which was 500 copies/ml, followed by Sansure (1,000
copies/ml), BioGerm (1,000 copies/ml), DaAn (2,000 copies/
ml), GeneoDx (8,000 copies/ml) and LifeRiver (8,000 copies/
ml), respectively.

DISCUSSION
COVID-19 is spreading around the world at an extremely fast
speed, and a rapid and accurate detection of the virus is crucial.
RT-PCR was the most widely applicable method due to its
convenience and high sensitivity. Dozens of SARS-CoV-2 kits
based on RT-PCR have been manufactured in mainland China.
This study is an attempt to compare the sensitivities of 6 most
commonly-used kits for COVID-19 diagnosis. In the present
study, we evaluated the amplification reaction time of each kits.
DaAn kit required the longest reaction time, followed by
Sansure and GeneoDx kits, and Liferiver kit took the shortest
time. Therefore, in terms of reaction time, the Liferiver kit was
more advantageous. To date, the diagnosis of COVID-19 is
made mainly on the basis of nucleic acid detection from
nasopharyngeal swabs. False negative test increases the workload
and challenges clinical diagnosis. As reported in a previous
study, among the 20 laboratory-confirmed COVID-19 patients,
only 17 (70%) and 3 (15%) were positive for the first and second
RT-PCR tests with nasopharyngeal swabs, respectively.

In our study, three replicates were performed for each sample at
each serial dilution in order to get more credible results. It was
important to note that for some samples, only one or two out of
three replicates were positive even at original concentration of
nucleic acids, as was the case with almost all kits, which showed
a varied repeatability of different kits. Considering that we have
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performed the same operation on the three repeated tests, this
problem has to attract our great attention. According the New
Coronavirus Pneumonia Prevention and Control Program of
China, a negative nucleic acid test cannot rule out SARS-CoV-2
infection. Clinically, for patients who are highly suspected of
SARS-CoV-2 infection, multiple examinations and sampling
from different parts should be perform to confirm or exclude
diagnosis. Sensitivity is one of the most important indicators for
evaluating the performance of a kit. In this study, for all the 7
original samples, Sample 1-5 at 10-fold dilution, and high-
concentration Sample 1 with 10-2 dilutions, positive results were
obtained for all kits. However, with the concentration of nucleic
acid decreased, the sensitivities of different kits showed
differences. For the samples with lower concentrations, BGI kits
had the best performance, followed by Sansure and DaAn.

The LoD of each kit were detected using positive control, whose
viral load was quantified by droplet digital PCR. BGI kit had the
lowest LoD, consistent with its higher sensitivity. The LoD of
other 5 kits ranged from 1,000 to 8,000 copies/ml. GeneoDx
and Liferiver kit had the highest LoD. Moreover, in line with
our study, all kits had higher LoD than written in the manuals
except for BioGerm kit, which may be partially explained by the
clinical samples used in our study. The CT value is correlated to
the amount of target RNA. A lower Ct value is interpreted as
higher viral load. For testing on the same sample, the lower the
CT value, the better the PCR sensitivity. In our study. BGI and
Sansure had the most significantly lower Ct values for ORF1ab
and N genes, respectively. Therefore, the two kits had higher
sensitivities than other 4 kits. The differences in sensitivity
between 6 kits may be related to the following factors. A
previous study demonstrated that CT value can be affected by
amplification efficiency, higher amplification efficiency can lead
to lower CT value and higher sensitivity. The 6 kits included in
this study were set at different times and temperatures for
reverse transcription, transcriptase inactivation of reverse,
denaturing and annealing/extending, which may correlate to the
amplification efficiency. PCR instrument. Each kit has its own
recommended instrument. Light Cycler 480 II real-time PCR
system, which was used uniformly in this study, may slightly
affect the amplification results of some kits.

For BGI kit, only ORF1ab gene is tested, the PCR conditions
might be more specifically designed and therefore, it has the best
sensitivity. However, this might lower its specificity, which is not
evaluated in the present study. Sansure had higher sensitivity for
N gene but relatively poor performance for ORF1ab gene. DaAn
got more positive tests for ORF1ab gene but took the longest
time. The sensitivity of GeneoDx and BioGerm kits should be
improved. Liferiver got the lowest sensitivity but took the
shortest time.

CONCLUSION
Our study is limited by several factors. First, the sample size is
small. The conclusions should be interpreted with caution.
Second, the specificity of the detection kits was not compared
due to the rarity of clinical positive samples during the study
period. Third, the RT-PCR system may affect experimental
results to some extent, and almost each kit has its own

recommendation. However, it is not practical to buy an
instrument in order to use a nucleic acid detection kit, and the
main purpose of this study is to assess the sensitivity of different
kits, therefore, results produced by the same RT-PCR system are
more likely to reflect the performance of different kits. In the
current study, Roche Light Cycler 480 II was used for PCR
detection, which is one of the most commonly-used SARS-
CoV-2 detection PCR platforms in China and worldwide.
Moreover, the parameters used on this system in the study were
provided by the 6 manufactures. Finally, the contents and PCR
conditions of the above kits are continuously optimized. More
clinical samples and more kits with different serial Number
should be included for further study. In conclusion, we
evaluated the sensitivity of 6 SARS-CoV-2 nucleic acid detection
kits. All kits are operator-friendly and provided accurate results
in the samples with relatively high viral load. BGI kit
demonstrated the highest sensitivity based on comparison of Ct
values and number of positive tests. Sansure had better
performance for detection of N gene. Each kit has its own
advantages and disadvantages, further optimization is needed
for all the 6 kits.
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