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Abstract
Background: COVID-19 is the illness resulting  
from an infection with SARS-CoV-2 virus. Antibodies  
appear approximately 1–3 weeks post-symptom onset. 
Antibodies produced to structural proteins of the virus 
include spike antibody and nucleocapsid antibody.  
IgM and IgG antibodies for these structural proteins 
appear with seroconversion. IgM disappears soon  
after acute infection, but IgG remains detectable for  
a longer time in most patients. Spike is a transmembrane 
glycoprotein consisting of two regions: S1 and S2.  
S1 mediates recognition and binding of the viral receptor 
(ACE2) on host cells, and S2 facilitates viral fusion and 
entry. The majority of S1 consists of the receptor-binding 
domain (RBD) that binds directly to ACE2 and is highly 
immunogenic. The S1 RBD in SARS-CoV-2 contains both 
unique and conserved sequences compared to other 
beta-coronaviruses. The Atellica® IM SARS-CoV-2  
IgG (sCOVG) Assay* is for in vitro diagnostic use in the 
qualitative and quantitative detection of IgG antibodies, 
including neutralizing antibodies, to SARS-CoV-2 in 
human serum and plasma.

Methods: The Atellica IM sCOVG Assay is a fully 
automated two-step sandwich immunoassay using 
indirect chemiluminescent technology. A direct 
relationship exists between the amount of SARS- 
CoV-2 IgG antibody present in the patient sample  
and the amount of relative light units (RLUs) detected  
by the system. The assay range of 0.50–150.00 index  
is reported as nonreactive (<1.00 index) or reactive 
(≥1.00 index).

Results: The data obtained with the Atellica IM sCOVG 
Assay demonstrated good correlation to neutralization 
titer using a viral neutralization test (PRNT).† The sCOVG 
assay results provided a Pearson correlation coefficient  
of 0.81, demonstrating a strong relationship between the 
Atellica IM sCOVG Assay Index value and neutralization 
titer.† Clinical sensitivity was determined by testing 
samples collected with a clinical diagnosis of COVID-19 
based on a positive SARS-CoV-2 polymerase chain 
reaction (PCR) result. The clinical sensitivity by time  
of sampling following a positive PCR result ≥21 days  
is 96.41%. Clinical specificity was determined by testing 
samples collected prior to the COVID-19 outbreak (before 
November 2019) from apparently healthy individuals. 
Apparently healthy individuals resulted in 99.90% 
specificity from 1,950 nonreactive and 2 reactive sample 
results. A 20-day precision study yielded total precision 
CVs from 3.5 to 7.1% for two lots using samples from 
~0.91 to ~96.67 index. Interference testing demonstrated 
a ≤10% change for each substance using the Atellica IM 
sCOVG Assay with the Atellica® IM Analyzer. Potential 
cross-reactivity was evaluated using specimens 
containing antibodies to other pathogens and disease 
states, and no false-positive results were observed with 
the potential cross-reactants.

Conclusion: The Siemens Healthineers Atellica IM 
Enhanced SARS-CoV-2 IgG (sCOVG) Assay demonstrates  
a strong relationship between the Atellica IM sCOVG 
Assay index value and neutralization titer. This should  
be a valuable tool in identifying an individual’s 
immunocompetence to the SARS-CoV-2 virus.

Evaluation of the Enhanced SARS-CoV-2 IgG 
(sCOVG) Assay* on the Atellica IM Analyzer

* This test has not been FDA cleared or approved. This test has been authorized by FDA under an EUA for use by authorized laboratories. This test has  
been authorized only for detecting the presence of antibodies against SARS-CoV-2, not for any other viruses or pathogens. This test is only authorized  
for the duration of the declaration that circumstances exist justifying the authorization of emergency use of in vitro diagnostics for detection  
and/or diagnosis of COVID-19 under Section 564(b)(1) of the Act, 21 U.S.C. § 360bbb-3(b)(1), unless the authorization is terminated or revoked  
sooner. Product availability may vary from country to country and is subject to varying regulatory requirements.

†Claims for correlation to neutralizing antibody titer have not been reviewed by the FDA and are not available in the U.S.
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Background
COVID-19 (coronavirus disease 2019) is the illness 
resulting from infection with SARS-CoV-2 (severe acute 
respiratory syndrome coronavirus 2) virus.1-5 The virus 
spreads readily from person to person or possibly from 
environmental exposure.6 Evidence supports spread  
by both asymptomatic and symptomatic individuals.7 
Antibodies appear approximately 1–3 weeks post-
symptom onset in most patients and are produced in 
both symptomatic and asymptomatic infection.8,9 Unlike 
typical seroconversion profiles, near-simultaneous 
production of both IgM and IgG has been observed in 
symptomatic patients with confirmed SARS-CoV-2. Titer 
of antibody may be higher in symptomatic disease, 
though additional data is needed to confirm this.10,11 
Antibodies produced to structural proteins of the virus 
include spike antibody and nucleocapsid antibody. Data 
show both IgM and IgG antibodies for these structural 
proteins appear with seroconversion. IgM eventually 
disappears, but IgG remains detectable in most patients. 
Spike is a transmembrane glycoprotein consisting of two 
regions: S1 and S2. S1 mediates recognition and binding 
of the viral receptor (ACE2) on host cells, and S2 
facilitates viral fusion and entry.12,13 The majority of S1 
consists of the receptor-binding domain (RBD) that binds 
directly to ACE2 and is highly immunogenic. The S1 RBD 
in SARS-CoV-2 contains both unique and conserved 
sequences compared to other betacoronaviruses. 
Multiple vaccines in development target or include the 
S1 RBD, as initial data indicate antibodies to this region 
can be neutralizing.14-23 The ability to identify specific 
antibodies associated with neutralization will be  
an important adjunct to the detection of an immune 
response to the SARS-CoV-2 virus.

Principle of the Assay
The Atellica IM sCOVG Assay is a fully automated 
two-step sandwich immunoassay using indirect 
chemiluminescent technology. The patient specimen  
is diluted with Atellica IM sCOVG DIL and incubated  
with the Solid Phase reagent. The solid phase contains  
a preformed complex of streptavidin-coated microparticles 
and biotinylated SARS-CoV-2 recombinant antigens.  
The antigen-coated particles subsequently capture 
SARS-CoV-2–specific antibodies in the specimen.  
The antibody-antigen complex is washed, and Lite 
reagent is added. The Lite reagent consists of an 
acridinium-ester-labeled anti-human IgG mouse 
monoclonal antibody. The entire complex is washed,  

and the signal is generated in the presence of Lite 
reagent bound to the solid phase via the anti-SARS-CoV-2 
IgG:SARS-CoV-2 antigen complex. A direct relationship 
exists between the amount of SARS-CoV-2 IgG antibody 
present in the patient sample and the amount of relative 
light units (RLUs) detected by the system. A result of 
reactive or nonreactive is determined according to the 
index value established with the calibrators.

Results
Correlation to plaque reduction  
neutralization test (PRNT)†

The correlation of neutralization titer using a plaque 
reduction neutralization test (PRNT)50 was evaluated  
by testing samples from 75 subjects with a clinical 
diagnosis of COVID-19 based on a positive SARS- 
CoV-2 PCR method. The Atellica IM sCOVG Assay  
results generated on the Atellica IM Analyzer provided  
a Pearson correlation coefficient of 0.81, demonstrating  
a strong relationship between the Atellica IM sCOVG 
Assay index value and neutralization titer, as shown in 
the graph (Figure 1).
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Figure 1. Antibody neutralization
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Table 1.

Substance Substance Test 
Concentration

Hemoglobin 1000 mg/dL
Bilirubin, conjugated 40 mg/dL
Bilirubin, unconjugated 40 mg/dL
Triglycerides (INTRALIPID) 2000 mg/dL
Biotin 3500 ng/mL
Cholesterol 500 mg/dL
Protein, total 12 g/dL

Analytical sensitivity and specificity

Interferences 
The interference study was designed in accordance  
with CLSI EP7-A326 to evaluate the performance of the 
Atellica IM sCOVG Assay in the presence of hemoglobin, 
conjugated and unconjugated bilirubin, biotin, cholesterol, 
total protein, and triglycerides (INTRALIPID). Three 
different pools were made by spiking varying amounts  
of SARS-CoV-2 IgG into different pools (unspiked pool, 
near-cutoff pool, low-positive pool). Interferents from 
stock solutions were then added into pools. A control 
sample was prepared for each interfering substance  
by spiking with the appropriate diluent at the same 
volume as the interfering substance. All samples were 
run in triplicate on an Atellica IM Analyzer, and doses 
were calculated using two-point data reduction.

The mean of three replicates was used to calculate 
percent interference using the following equation:

Cross-reactivity 
A total of 295 potentially cross-reactive samples were 
tested, which included samples previously characterized 
as positive, per the supplier’s Certificate of Analysis, for 
each of the diseases/infectious agents in Table 2.

Clinical sensitivity and specificity 
Clinical sensitivity and specificity were determined  
in accordance with CLSI Document EP12-A2.25  
The performance of the assay was determined by testing 
a total of 2,831 samples using the Atellica IM Analyzer.

Results obtained at individual laboratories may vary  
from the data presented.

Mean percent interference was calculated for near-cutoff 
pool and mid-positive pool samples across matrices.

The acceptance criteria for this study were:

•  For unspiked samples, samples must remain negative  
in the presence of interferent.

•  For spiked samples, the difference in index must  
be less than 15%. Mean percent interference  
must be less than 10%.

% Interference = 100 x

(Observed Dose of Spiked Sample – 
Observed Dose of Unspiked Sample)

Observed Dose of Unspiked Sample
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Table 2.

Clinical Category Number  
Tested

Number Reactive with
Atellica IM sCOVG Assay

Autoimmune diseasesa 14 0
Candida albicans antibody 10 0
Chlamydia pneumoniae IgG 10 0
Chlamydia trachomatis IgM 4 0
Cytomegalovirus (CMV) IgG 5 0
Cytomegalovirus (CMV) IgM 5 0
Epstein-Barr virus (EBV) IgG 5 0
Epstein-Barr virus (EBV) IgM 5 0
Haemophilus influenzae b 20 0
Hepatitis A virus (HAV) IgM 4 0
Hepatitis B core (anti-HBc) IgM 5 0
Hepatitis C virus (HCV) antibody 5 0
Human anti-mouse antibody (HAMA) 2 0
Human coronavirus antibodyb 29 0
Human herpes virus (HHV) IgM 2 0
Human immunodeficiency virus (HIV) antibody 9 0
Influenza antibody 29 0
Influenza A antibody 6 0
Influenza B antibody 10 0
Measles antibody 5 0
Mycoplasma pneumoniae IgG 19 0
Parvovirus B19 antibody 5 0
Respiratory pathogen antibodiesc 23 0
Respiratory syncytial virus (RSV) 20 0
Streptococcus pneumoniae anti-PCP IgG 10 0
Toxoplasma gondii antibody 10 0
Toxoplasma gondii IgG 20 0
Varicella zoster virus (VZV) antibody 4 0
Total 285 0

Results obtained at individual laboratories may vary from the data presented.

a  This group consists of samples from 14 subjects with autoimmune disease states including anti-nuclear antibody (ANA; n = 5), Graves’ disease (n = 5), and 
rheumatoid factor (RF; n = 4).

b  This panel includes 29 subjects who had antibodies to multiple human coronaviruses including coronavirus HKU (n = 24), coronavirus OC43 (n = 27), coronavirus 
229E (n = 29), and coronavirus NL63 (n = 21).

c   This panel consists of samples from 23 subjects with antibodies to multiple respiratory pathogens, including adenovirus antibodies (n = 8), Bordetella pertussis 
IgG (n = 19), Chlamydia pneumoniae IgG (n =23 ), Chlamydia psittaci IgG (n = 3), Chlamydia psittaci IgM (n = 1), Haemophilus influenzae b (Hib) IgG (n = 11), 
influenza A IgG (n = 22), influenza A IgM (n = 1), influenza B IgG (n = 18), influenza B IgM (n = 1), and Mycoplasma pneumoniae IgG (n = 6).
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Clinical sensitivity 
Clinical sensitivity was determined by testing 836 
samples collected from 661 unique donor subjects with  
a clinical diagnosis of COVID-19 based on a positive 

Clinical specificity 
Clinical specificity was determined by testing 1,995 
samples collected prior to the COVID-19 outbreak (before 
November 2019) from apparently healthy individuals and 

Precision 
A single-site precision study for the Atellica IM sCOVG 
Assay was performed according to CLSI EP05-A324 over 
20 days, with two replicates taken in each of two runs 
per day. Samples included were two controls (Negative 
Control, Positive Control), four serum samples, and  
three lithium heparin plasma samples, each with various 

SARS-CoV-2 polymerase chain reaction (PCR) method. 
Table 3 describes clinical sensitivity by time of sampling 
following a positive PCR result.

apparently healthy pregnant women in the United States. 
The results are shown in Table 4.

levels of SARS-CoV-2 IgG antibodies. Dose values were 
calculated using a two-point calibration curve stored 
from day 0. The data were analyzed using the  
Evaluation Tools macro for Repeatability %CV and  
Within-lab %CV (Table 5). Testing was performed using  
an Atellica IM Analyzer.

Table 3.

Days After
PCR Method

Number  
Tested Reactive Nonreactive Clinical Sensitivity  

(95% CI)
0–6 368 187 181 50.82% (45.58–56.03%)
7–13 194 160 34 82.47% (76.38–87.55%)
14–20 79 72 7 91.14% (82.59–96.36%)
≥21 195 188 7 96.41% (92.74–98.54%)

Table 5.

Specimen Type na Mean
(Index)

SDb

(Index)
Repeatability

CVc (%)
Within-lab Precision

SD (Index) CV (%)
Serum A 80 1.89 0.043 2.3 0.114 6.0

Serum B 80 2.73 0.062 2.3 0.095 3.5

Serum C 80 52.49 2.450 4.7 3.747 7.1
Serum D 80 96.67 6.191 6.4 6.885 7.1
Lithium heparin plasma A 80 0.91 0.025 2.7 0.041 4.5
Lithium heparin plasma B 80 2.47 0.082 3.3 0.102 4.1
Lithium heparin plasma C 80 2.77 0.061 2.2 0.104 3.8
Control 1 80 0.00 0.004 N/Ad 0.008 N/A
Control 2 80 4.53 0.087 1.9 0.179 4.0

Table 4.

Group Number  
Tested Reactive Nonreactive Clinical Sensitivity  

(95% CI)
Apparently healthy 1952 1950 2 99.90% (99.63–99.99%)
Apparently healthy pregnant women 43 43 0 100% (91.78–100%)
Total 1995 1993 2 99.90% (99.64–99.99%)

a  Number of measurements.
b  Standard deviation.
c   Coefficient of variation.
d   Not applicable.
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The assays were designed to have the following  
precision (Table 6). 

(References continued on back page)

Concentration  
Interval
Index Value

Precision
Repeatability 
(Within-run)

Within-lab  
(Total Precision)

0.80–2.00 ≤12.0% CV ≤15.0% CV

>2.00 ≤10.0% CV ≤12.0% CV

Table 6.

Results obtained at individual laboratories may vary  
from the data presented.

Conclusion
•  The sCOVG assay on the Atellica IM Analyzer 

demonstrates a strong relationship between the index 
value and neutralization titer†:

 – Pearson R = 0.81

•  The sCOVG assay on the Atellica IM Analyzer also  
shows good precision for results across the range  
of 0.91–96.67 index:

 – Repeatability = 1.9–6.4% CV

 – Within-lab precision = 3.5–7.1% CV

 – 96.41% clinical sensitivity ≥21 days post-PCR results

 –  99.64–99.99% clinical specificity for apparently 
healthy individuals

All results indicate that the Atellica IM Enhanced 
SARS-CoV-2 IgG (sCOVG) Assay demonstrates analytical 
performance capable of measuring patient IgG antibody 
response to the S1 RBD antigen with accuracy and 
precision and is acceptable for quantifying an individual’s 
immune response, including production of neutralizing 
antibodies, and identifying an individual’s 
immunocompetence to the SARS-CoV-2 virus.
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