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Abstract: Amidst the complex progression of the COVID-19 pandemic in Vietnam, in 
response to the need for diagnosing suspected COVID-19 patients, we conducted research 
to validate the procedure for detecting the SARS-CoV-2 virus on the Abbott m2000 system 
using real-time PCR. We used a positive control sample (Abbott Real Time SARS-CoV-2 
Positive control provided by the manufacturer) to assess the accuracy and Limit of Detection 
(LOD) of the procedure. The results indicated that the detection limit of the method met the 
manufacturer’s recommendation with a test sample concentration of 100 copies/ml and a 
100% positivity rate. The accuracy, encompassing both specificity and sensitivity, was 100% 
with community-collected test samples having a concentration ≥100 copies/ml. Our study has 
proven that the detection procedure for the SARS-CoV-2 coronavirus on the Real-Time PCR 
m2000 system meets the accuracy and detection limit criteria set by the manufacturer. Based 
on these research findings, there’s a scientific basis to apply this procedure for diagnostic 
testing of the SARS-CoV-2 coronavirus in samples at the National Institute for Control of 
Vaccine and Biologicals (NICVB).
Keywords: SARS-CoV-2, antigens, nasopharyngeal, Real-time PCR, Abbott m2000.

11. Introduction
SARS-CoV-2 is a novel strain of 

the Coronavirus responsible for Severe 
Acute Respiratory Syndrome, known as 
COVID-19. It was first reported in late 
2019 in Wuhan, China, and subsequently 
spread rapidly worldwide [1]. People with 
COVID-19 face serious health challenges, 
leading to acute respiratory failure and 
death [2], especially among older adults, 
those with compromised immunity, or 
those with underlying conditions such as 
cardiovascular diseases, diabetes, chronic 
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kidney, respiratory illnesses, etc [3]. 
Additionally, SARS-CoV-2 continuously 
evolves with more dangerous variants 
rapidly replacing previously circulating 
strains, creating challenges for treatment 
[4,5]. Dominant variants that have emerged 
globally include Alpha, Beta, Delta, and 
Omicron [6]. Particularly, the Omicron 
variant became predominant globally from 
March 2022, with characteristics making 
it more transmissible and potentially 
reducing the vaccine‘s efficacy [7,8]. From 
an initial outbreak of 27 severe pneumonia 
cases in Wuhan, the SARS-CoV-2 virus 
has spread swiftly, culminating in a global 
pandemic. As of April 2022, there have 
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been over 649 million COVID-19 cases 
globally with 6.6 million fatalities [9]. 

The spread of COVID-19 highlights 
an urgent need for accurate and swift 
diagnostic tests for timely public health and 
clinical interventions [10]. The Realtime 
RT-PCR method is regarded as the gold 
standard for the precise detection of the 
SARS-CoV-2 virus since the onset of the 
COVID-19 outbreak [11]. It can determine 
the presence or absence of the SARS-CoV-2 
virus in test samples swiftly, even in samples 
with very low viral concentrations, helping 
detect mild or asymptomatic cases [12]. 
This method offers the highest sensitivity 
and specificity compared to rapid diagnostic 
methods detecting SARS-CoV-2 antigens 
[13]. Therefore, it has been approved by 
the World Health Organization (WHO) 
for widespread use in qualitative testing 
for SARS-CoV-2 by detecting the virus‘s 
nucleic acid in nasal swabs and throat swab 
samples from suspected COVID-19 patients. 
This technique can identify the RNA of the 
SARS-CoV-2 virus in specimens during the 
acute phase of the disease by amplifying 
selected target gene segments [14, 15]. 

Abbott Molecular (USA) has developed 
and received Emergency Use Authorization 
(EUA) from the EU Food and Drug 
Administration for a Real-time PCR test 
to detect the RNA of SARS-CoV-2 in 
samples taken from the nasal and throat of 
individuals suspected of having COVID-19. 
The test employs two sets of primers to 
amplify regions in the RNA-dependent 
RNA polymerase gene and the highly 
conserved N gene. Fluorescent probes 
targeting the amplified virus sequences 
indicate a positive test result [16].

The Abbott m2000 system is an 
automated testing platform manufactured 
by Abbott, used for the detection and 
diagnosis of infectious diseases, including 
COVID-19. This system determines the 
presence of the SARS-CoV-2 virus in 
test samples using the Real-time PCR 
(RT-PCR) method. The RT-PCR method 
combines the process of converting RNA 
to DNA (reverse transcription) and the 
DNA replication process (PCR) to produce 
a large quantity of the target DNA of the 
SARS-CoV-2 virus [17]. 

In light of the unpredictable 
developments of the COVID-19 pandemic 
in Hanoi and other provinces and cities 
nationwide, the Ministry of Health of 
Vietnam has identified diagnostic testing 
as an essential strategy to curb infections 
with the aim of slowing the spread of 
COVID-19, reducing strain on health 
care resources, and guiding public health 
policies. Therefore, the Government 
and the Ministry of Health have focused 
many resources on enhancing the testing 
capabilities of healthcare facilities. The 
National Institute for Control of Vaccine 
and Biologicals is among the units supplied 
by the Ministry of Health with the Abbott 
m2000 system to implement COVID-19 
testing for epidemic control and meet the 
testing needs of the public. Although the 
Abbott m2000 system has been applied for 
SARS-CoV-2 testing in several molecular 
biology labs, it was first introduced at 
the Institute, so the evaluation of the 
procedure absolutely essential. Therefore, 
we conducted this study with the objectives 
of assessing accuracy, including sensitivity, 
specificity, and the detection limit of the 



20 Nguyen Duy Thai et.al./Journal of Science Control Vaccines and Biologicals, Vol. 3, No. 3 (2023)

Volume 3-No 3.2023Volume 3-No 3.2023

SARS-CoV-2 virus on the Abbott m2000 
system.

2. Method
This study was carried out using the 

experimental description method in the in 
vitro laboratory.

2.1. Subjects
The procedure for detecting SARS-

CoV-2 on the automated Abbott m2000 
system using the Real-time PCR method 
at the National Institute for Control of 
Vaccine and Biologicals, from June 2022 to 
December 2022.

2.2. Materials 
Standard Sample: Abbott Realtime 

SARS-CoV-2 Negative control with 
product code 522567, containing 1.0% 
ammonium sulfate and 7.9% detergent in 
a buffer solution; Abbott Realtime SARS-
CoV-2 Positive control containing 1.000 
copies/ml of non-infectious recombinant 
Sindbis virus, with sequences of SARS-
CoV-2 RNA, 1.0% ammonium sulfate, and 
7.9% detergent in a buffer solution.

Test Samples: 5 dilution levels of Abbott 
Realtime SARS-CoV-2 Positive control: 
300 copies/ml; 120 copies/ml; 100 copies/
ml; 80 copies/ml, and the negative samples 
from patients.

Equipment and chemicals: Abbott 
m2000 system, refrigerator, incubator, 
micropipette, Class II biological safety 
cabinet, all calibrated annually according to 

ISO/IEC 17025. The test kit for extracting 
SARS-CoV-2 RNA includes Lysis Buffer, 
Wash 1, Wash 2, Microparticles, and 
Elution Buffer. DNA and RNA are captured 
by magnetic µ-particles. 

2.3. Design
Realtime SARS-CoV-2 testing was 

run on the automated m2000 system at 
NICVB according to the EUA product 
usage guide [18]. A total of 5 test samples 
were conducted in 20 repetitions over 5 
different days to ensure repeatability and 
intermediate precision requirements.

Intermediate precision standard: At 
least 5 samples, repeated at least 5 times in 
the same laboratory on different days under 
the same conditions in terms of reagents 
and equipment, but with a change in the 
operators. Conducted over 5 - 20 days. 

Repeatability standard: Testing is 
performed by the same group, under the 
same equipment conditions, chemicals, 
and materials. At least 5 samples, repeated 
at least 5 times, under the same conditions 
in terms of operators, reagents, and 
equipment. Conducted consecutively over 
a short period of 1-10 days.

2.3. Accuracy
The accuracy of the procedure is 

determined based on the following criteria:
Specificity = d/(c+d)
Sensitivity = a/(a+b)

Results at the 
laboratory

Results of the standard method
Positive Negative

Positive a b
Negative c d
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Evaluation criteria: As per the 
manufacturer‘s guidelines (NSX) and 
recommendations 

from the World Health Organization 
(WHO), and the U.S. Centers for Disease 
Control and Prevention (CDC). The 
recommended accuracy is a minimum 
sensitivity of 95% and a minimum 
specificity of 98%.

2.4. Limit of Detection 
Conducted on 5 dilution levels of the 

Abbott Realtime SARS-CoV-2 Positive 
control sample: 300 copies/ml; 120 copies/
ml; 100 copies/ml; 80 copies/ml. Calculate 
the number of positive reactions for each 
concentration level, input the data into the 
PODLOD software to construct a probit 
regression model, thereby determining the 
limit of detection (LOD) for the procedure 
within a 95% confidence interval.

Evaluation criteria: Based on 
the manufacturer‘s guidelines and 
recommendations from the WHO and 
CDC. The LOD has the lowest detectable 
concentration of 100 copies/ml with a 
positive rate of ≥ 95%. If it‘s ≤ the LOD 
of the manufacturer, then it is reported 
according to the manufacturer‘s LOD. 

2.5. Research procedure

2.6. Data Analysis
The results of the Realtime RT-PCR 

tests are analyzed using the maxRatio 
algorithm available in the software of the 
Abbott system. Data are compiled in Excel 
software (Office 2019 version). Statistical 
analyses are conducted on SPSS software 
version 20 (SPSS Inc., Chicago, IL) to 
calculate the mean value of the test sample 
(M: Mean), standard deviation (SD), 
relative standard deviation percentage 
(RSD), and the coefficient of variation 
(CV). Acceptance criterion: CV ≤ 3.3 (19).

3. RESULTS

3.1. Diagnosis of SARS-CoV-2 on Test 
Samples

Test samples at different concentrations 
tested positive for the SARS-CoV-2 virus, 
except for the test sample at a concentration 
of 80 copies/ml which had 2 repeats that 
tested negative (Table 1). Both the positive 
and negative control samples produced the 
expected results as recommended by the 
manufacturer.

	

Master Mix Supplement

Real-time PCR reactions

Statistics and analysis of results

Start the machine system

Prepare chemicals, control samples

Sample mixing and inactivation
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Table 1: Results of Real-time PCR SARS-CoV-2 on the Abbott m2000 system.

Day Repeat

Test Samples

Positive 
control

Negative 
control300 

copies/ml
120 

copies/ml
100 

copies/ml
80 copies/

ml Negative

1

1 33.57 34.38 36.12 37.23 ND

31.61 ND
2 32.72 34.17 37.00 37.84 ND

3 33.07 33.79 35.94 39.46 ND

4 32.89 35.24 35.93 39.51 ND

2

5 32.19 33.67 35.78 38.25 ND

31.32 ND
6 32.74 33.77 35.68 36.99 ND

7 32.01 33.75 37.63 38.47 ND

8 32.29 34.52 36.16 37.46 ND

3

9 32.69 34.58 38.98 39.57 ND

31.25 ND
10 33.13 34.21 35.71 37.66 ND

11 32.61 34.15 36.82 37.50 ND

12 32.19 33.89 36.51 39.22 ND

4

13 33.07 33.86 36.03 37.61 ND

31.61 ND
14 32.63 33.48 36.79 38.05 ND

15 33.02 35.02 37.01 37.71 ND

16 32.72 35.23 37.40 37.33 ND

5

17 32.71 34.02 37.57 37.44 ND

31.65 ND
18 32.20 33.93 37.04 36.76 ND

19 32.73 34.47 36.23 KPH ND

20 32.41 35.15 36.03 KPH ND

ND: Not detected 
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Figure 1: Realtime PCR SARS-CoV-2 results with positive control sample

Figure 2: Realtime PCR SARS-CoV-2 results with sample concentration of 120 copies/ml

3.2. Accuracy of the Procedure (Specificity, 
Sensitivity, LOD)

The test samples were repeated 20 
times over 5 different days at 5 different 

concentrations with a CV<3.3 (Table 2), 
ensuring the standards for intermediate 
precision and repeatability as recommended 
by the manufacturer.

Table 2:  Evaluation of repeatability and intermediate precision of the procedure.

              
               Day

Sample
1 2 3 4 5 Mean SD CV

300 copies/ml 33.06 34.40 32.66 32.86 32.51 33.10 0.75 2.27
120 copies/ml 34.40 33.93 34.21 34.40 34.39 34.26 0.20 0.58
100 copies/ml 36.24 36.31 37.01 36.81 36.72 36.62 0.33 0.90
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80 copies/ml 38.51 37.79 38.49 37.67 37.10 37.91 0.60 1.58

Negative - - - - - - - -
PC 31.61 31.32 31.25 31.61 31.65 31.49 0.19 0.60
NC - - - - - - - -

	 (-): Unspecified; PC: Positive control; NC: Negative control
	 Table 3:  Evaluation of procedure specificity and sensitivity.

Results at the laboratory
Results of the standard method

Positive  
 (≥100 copies/ml)

Negative 
(Negative control)

Positive 60 0
Negative 0 5

The results in Table 3 show that the 
specificity of the procedure is 100%, and the 
sensitivity of the procedure is 100%. The 
detection limit of the procedure for a sample 
at a concentration of 100 copies/ml is 100%.

4. Discussion
Rapid and accurate diagnosis of 

the SARS-CoV-2 virus is essential for 
managing the global COVID-19 pandemic 
[20]. PCR testing methods are considered 
the gold standard for diagnosing suspected 
COVID-19 cases, patient care, contact and 
outbreak tracing, and detecting new variants 
[21]. The Abbott m2000 is an advanced 
system capable of detecting the SARS-
CoV-2 virus with high accuracy. Beyond 
validating test results through positive and 
negative controls, the system has an internal 
control mechanism (IC: Internal Control) 
to demonstrate that the process is accurate 
for each sample through an RNA sequence 
unrelated to the SARS-CoV-2 sequence 
introduced into each specimen at the onset 
of sample preparation. This unrelated RNA 
sequence is amplified simultaneously and 
acts as an internal control component [22]. 
The presence of the target SARS-CoV-2 

sequence is represented by fluorescent 
signals on the Abbott m2000 device, 
probes for both target sequences are labeled 
with the same fluorescent color (FAM). 
Firstly, a constant amount of background 
fluorescence reference (ROX) is added to 
each reaction to allow uniform target and 
IC signals and is simultaneously used for 
validity checking. After that, target and IC 
signals for each test are assessed for the 
presence or absence of the target nucleic 
acid sequence (PCR reaction) using the 
maxRatio (MR) algorithm for the SARS-
CoV-2 test. Finally, the target and IC signals 
for each test are evaluated based on criteria 
set for their threshold cycle numbers (Ct or 
Cn), using the foundational algorithm for 
the SARS-CoV-2 test [18; 23].

In this study, we validated the analytical 
performance of the Realtime PCR SARS-
CoV-2 test on the Abbott m2000 system. The 
limit of detection results exceeded the 95% 
positive target at a test sample concentration 
of 100 copies/ml as recommended by 
the manufacturer and WHO (17), with 
20 samples detected at 300 copies/ml, 20 
samples at 120 copies/ml, and 20 samples 
at 100 copies/ml. This LOD is significantly 
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higher than the LODs of the EUA CDC and 
TaqPath tests, which are 1,000 and 2,000 
copies/ml, respectively [24]. Differences 
in LODs among reference tests have been 
discussed in many prior reports, and many 
factors influence the LOD of procedures, 
such as sample inactivation treatment, virus 
transport environment, or concentration, it 
showed the need to standardize methods 
to ensure transparency in test performance 
(24). Furthermore, we found that the Ct 
values in positive test samples on the Abbott 
m2000 system are higher than in tests on 
other systems, the reason being the Abbott 
m2000 design where the m2000 instrument 
does not read the first 10 cycles [18; 23].

With an LOD recommended by the 
manufacturer of 100 copies/ml of test sample, 
our study results show that the sensitivity 
of the Realtime PCR SARS-CoV-2 test on 
the Abbott m2000 system is 100% across 
all 60 samples. The high sensitivity of this 
test is extremely significant and aligns 
with prior studies of commercial SARS-
CoV-2 test kits [25; 26]. It helps in quickly 
diagnosing and preventing infection waves 
in the COVID-19 pandemic, especially for 
cases with low viral loads [27; 28]. The 
specificity of the test on the Abbott m2000 
system is also 100%; all negative samples 
did not detect the SARS-CoV-2 virus, in 
line with the In silico analysis reported in 
the manufacturer’s EUA Realtime SARS-
CoV-2 test instructions [17; 18; 29].

There are some limitations in this 
study. Using SARS-CoV-2 positive test 
samples from Abbott to determine the 
LOD may limit the comparison of LODs 
between different SARS-CoV-2 test kits. 
The process of handling this test sample 
may also contribute to inconsistent results. 

However, this is not significant as our 
research focus is to evaluate the method, 
the procedure of the SARS-CoV-2 test on 
the Abbott m2000 system.
5. Conclusion 

Our research has demonstrated that the 
detection limit of the Abbott m2000 system 
for SARS-CoV-2 testing exceeds the 
manufacturer’s reported standard of 100 
copies/ml sample, with a positive sample 
detection rate of 100%. The sensitivity and 
specificity of the procedure are 100% for 
samples with concentrations ≥100 copies/
ml, as recommended by the manufacturer. 
Consequently, this study provides a 
scientific foundation for deploying SARS-
CoV-2 testing on the Abbott m2000 system, 
aiding in enhancing and supplementing the 
laboratory capacity of NICVB in efforts to 
accelerate testing with the goal of reducing 
the spread of COVID-19.
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