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A R T I C L E  I N F O A B S T R A C T

Background

Due to their wide application in the SARS-CoV-2 pan-
demic, we verified and compared three qualitative 
serological methods in order to select the most op-
timal that will best serve its purpose under labora-
tory conditions. 

Methods

We assessed the diagnostic characteristics of two au-
tomated serological methods (Roche Elecsys® Anti-
SARS-CoV-2 and Abbott SARS-CoV-2 IgG) and a POCT 
test (Colloidal Gold Method SARS-CoV-2 IgM/IgG 
Antibody Assay Kit). In the process of verification, an-
alytical precision was also assessed for the automated 
assays.
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Results

Diagnostic characteristics were determined by 
measuring antibodies against SARS-CoV-2 in 91 
RT-PCR-negative and 60 RT-PCR-positive sam-
ples. The POCT test gave the highest number 
of false positive cases (8.61%). Roche Elecsys® 
Anti-SARS-CoV-2 gave only 2.65% false positivi-
ty and showed the highest diagnostic sensitivity 
of 98.33% (95% CI: 91.06–99.96), while Abbott 
SARS-CoV-2 IgG method showed 100.00% (95% 
CI: 96.03–100.00) diagnostic specificity and an 
almost perfect agreement with Roche Elecsys® 
Anti-SARS-CoV-2. When assessing the precision 
of the automated methods, we observed some 
variability in the positive control samples, but 
the values did not affect clinical interpretation.

Conclusion

Both automated methods demonstrate supe-
rior diagnostic characteristics compared to the 
Colloidal Gold Method, and this POCT test is not 
considered as an appropriate choice for routine 
testing. The two automated methods showed 
low variability without altering the results and 
their interpretation.



INTRODUCTION

In December 2019, a new type of β-coronavirus 
began to emerge, which has been named Severe 
Acute Respiratory Syndrome Coronavirus, bet-
ter known as SARS-CoV-2. Due to its severe 
pathogenicity and ability to spread in March 
2020 the World Health Organization (WHO) 
declared it a global epidemic (1). Symptoms of 
COVID-19 infection are often nonspecific and 
heterogeneous, and depend on sex, age, im-
mune status, viral load, associated diseases or 
possible history of other coronavirus infections 
(2–5). Despite the variation of responses from 
patient to patient, dry cough, fever, dyspnoea, 

loss of smell and taste are the most common 
symptoms and, in severe cases the infection 
may lead to death. In the same way, the kinetics 
of the immune response is also highly variable 
depending on the same factors as seen in symp-
toms (5,6). The severity and the magnitude of 
the epidemic with the variability of SARS-CoV-2 
infection, which can affect the response of each 
person differently makes rapid, reliable and ef-
fective diagnosis essential. Diagnostic methods 
in an epidemic situation are playing an impor-
tant role, particularly in controlling the epidem-
ic and limiting the spread of the SARS-CoV-2 
virus (7). 

Diagnostics in SARS-CoV-2 epidemics is divided 
into indirect, serological assays that are mea-
suring the humoral immune response, and di-
rect diagnostic methods, which are detecting 
the presence of the virus by detecting viral RNA 
with RT-PCR or by detecting viral antigen, where 
POCT methods are most commonly used (7–9). 
POCT methods are particularly important for 
rapid diagnosis, whereas RT-PCR methods are 
more time-consuming and complex. Diagnostic 
sensitivity is crucial for both methods, as we want 
to minimise false negative results. To achieve 
this goal, it is important to be aware of the vari-
ability in viral load that is highest at the onset of 
symptoms, and sampling at the appropriate time 
point is also crucial for POCT methods, as they 
have inherently lower diagnostic sensitivity com-
pared with RT-PCR (7,8,10–12). 

Most common assays for serology are based on 
chemiluminescence or enzyme-linked immu-
nosorbent principle. Immunochromatographic 
methods have also been developed for the pur-
pose of point-of-care testing (6,13). Serological 
methods, which most often involve qualitative or 
quantitative detection of IgG and IgM antibodies, 
usually are directed against the nucleocapsid or 
spike protein of SARS-CoV-2. The combination of 
antibodies has been shown to be a more sensi-
tive technique as part of the diagnostic approach 
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to infection identification and epidemic control 
(11). Seroconversion of IgM antibodies starts 
soon after the appearance of the symptoms but 
declines rapidly, whereas IgG antibodies appear 
in detectable concentrations around day 5 after 
the appearance of the symptoms and can re-
main detectable for several months (6,13,14). In 
relation to antibody seroconversion, serological 
methods are therefore not suitable to diagnose 
active infection, yet they are in an important ad-
junct to molecular methods, especially when the 
clinical picture is not consistent with the results 
(6,9,15). The combination of the two diagnostic 
approaches strongly increases the sensitivity of 
detecting the presence of infection in the acute 
phase (11,13). 

Despite the limitations in detecting active infec-
tion, serological methods are of great impor-
tance for surveillance of the epidemiological sit-
uation, identification of patients who have been 
infected in the past and assessing the prevalence 
(8,9,12). Serological methods can also be a good 
approach to prognosis, since a correlation be-
tween the level of IgG antibodies against the nu-
cleocapsid protein and the severity of the infec-
tion has been proven (12,16). In monitoring the 
immune response, serology may serve to identify 
those individuals who have developed a strong 
immune response and many of them can conse-
quently be potential plasma donors for therapy 
of those, who have developed a more severe 
form of COVID-19 infection (8). The wide spec-
trum of use and importance of serological and 
other diagnostic methods, makes it essential to 
implement them as soon as possible especially 
during an epidemic. Despite the strong need for 
immediate implementation, a verification pro-
cess is required before their use, mainly because 
of limitations, such as the impact of prevalence 
or disease stage, which may affect the sensitiv-
ity of the methods and consequently the quality 
of the results (8,10). Verification must cover the 
basic diagnostic and analytical properties of the 

method, as these are the characteristics that en-
sure the reliability of the results, and are crucial 
for the correct interpretation and comparison of 
the method with other methods, and also with 
other laboratories (17,18). 

The aim of this paper is to verify three qualita-
tive serological methods for the determination 
of specific antibodies against SARS-CoV-2 in or-
der to determine which method gives the best 
results, best serves its purpose and consequent-
ly is the most optimal for early use in the labo-
ratory. Repeatability, intermediate and intra-
laboratory precision (intra- and inter-daily) were 
assessed to automated methods according to 
the CLSI EP15-A3 protocol to determine whether 
variability affects the results and final clinical in-
terpretation. Coefficients of variation (CVs) were 
also compared with the manufacturer’s claims. 

METHODS & MATERIALS 

Study design

Serological analyses were performed on all three 
methods in the Hormone and Tumour Marker 
Laboratory and the Body Fluid Laboratory dur-
ing the onset of the epidemic. RT-PCR analysis 
was performed at the Institute of Microbiology 
and Immunology. Serum samples were obtained 
from the staff at the University Medical Centre 
Ljubljana, the Clinic for Infectious Diseases and 
Febrile Conditions and the Clinical Institute of 
Clinical Chemistry and Biochemistry. A propor-
tion of the samples also belonged to hospi-
talised patients infected with COVID-19. The 
samples were anonymised residues of routine 
diagnostic samples. 

Defining diagnostical properties

As part of the verification of serological methods 
used, diagnostic specificity, diagnostic sensitivity 
and predictive values were determined. The re-
sults obtained by the serological methods were 
compared with the RT-PCR results considering 
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the cut-off values of the manufacturer. For ease 
of overview, a 2x2 contingency table was drawn 
to calculate the diagnostic characteristics for each 
method. The methods were compared according 
to the number of false results and Cohen’s kappa 
coefficient (к).

Assesing analytical precision 
of automated assays

The precision of the automated methods was as-
sessed according to the CLSI EP15-A3 protocol. 
We performed a 5x5 experimental model and 
assessed the repeatability, intermediate preci-
sion and intra-laboratory precision (intra and 
inter-daily) (18). We used a laboratory-prepared 
negative and positive control samples. The neg-
ative control was a ‘pool’ of two samples that 
were negative for SARS-CoV-2 antibodies and 
negative based on the RT-PCR test. The positive 
control was prepared from a ‘pool’ of two other 
samples reactive to SARS-CoV-2 antibodies and 
positive on the RT-PCR test. The precision was 
calculated by using one-way ANOVA. By moni-
toring variability, we observed the possible im-
pact on the results and data interpretation. CVs 
were also compared with manufacturer’s preci-
sion results. In case of deviation, statistical com-
parisons were performed to demonstrate that 
there is no statistically significant difference be-
tween the values. 

Samples

In order to determine diagnostic properties and 
assess precision, we collected a total of 151 se-
rum samples from subjects for whom we had 
information that a previous RT-PCR test had 
been performed. Out of the 151 samples, we 
used samples from non-hospitalised random 
subjects who were RT-PCR positive (n = 41), hos-
pitalised patients with COVID-19 who were also 
RT-PCR positive (n = 19) and random subjects 
who were RT-PCR negative (n = 91) to deter-
mine the diagnostic properties of the methods. 

Age, sex, other possible infections, immune sta-
tus, symptoms, the time since possible infection 
and time since RT-PCR result were not consid-
ered when collecting the samples. Serum sam-
ples were appropriately aliquoted and prepared 
for individual analyses, which were performed 
consecutively on all three methods within one 
day, avoiding repeated freeze-thawing.

Serological methods

We used three qualitative serological methods 
to determine specific antibodies against SARS-
CoV-2. The general characteristics of the meth-
ods are listed in Table 1. The Roche Elecsys® 
Anti-SARS-CoV-2 method performed on a Cobas 
e411 analyser detects total Ig (IgG and IgM) by 
electro- chemiluminescence (ECLIA), whereas the 
Abbott SARS-CoV-2 IgG method performed on 
an ARCHITECT i1000SR analyser detects only IgG 
antibodies by chemi luminescence paramagnetic 
immuno chemical immunoassay (CMIA). Both au-
tomated assays detect antibodies directed against 
the nucleocapsid (N) protein of the virus. The last 
method manufactured by Maccura Biotechnology 
is the SARS-CoV-2 IgM/IgG Antibody Assay Kit by 
Colloidal Gold Method POCT, which detects sep-
arately IgG and IgM antibodies against the SARS-
CoV-2 antigen using the principle of colloidal gold 
immunochromatography. 

Statistical analysis

Descriptive statistics were run in Microsoft Office 
Excel 2016 (Microsoft Corporation, Washington, 
USA). We calculated the diagnostic parameters 
and Cohen’s kappa coefficient (κ) in GraphPad 
Prism 9 (GraphPad Software Inc., San Diego, CA, 
USA). Diagnostic parameters were presented 
with 95% confidence interval (CI) determined by 
the Clopper-Pearson method.

Precision of automated methods was calculated 
using one-way ANOVA in Microsoft Excel 2016 
version Analyse-it Software Method Validation 
edition (Ltd. The Tannery, 91 Kirkstall Rd., Leeds, 
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UK) and IBM SPSS Statistics 28.0 for Windows 
(Armonk, New York: IBM Corp.). We presented 
the results of the 5x5 experimental model using 
the average value, standard deviation (SD) and 
coefficient of variation (CV). Precision values 
that differed from the manufacturer’s results 
were evaluated by F-test to assess whether the 
difference was statistically significant. The limit 
of statistical significance was α<0.05. Graphical 
representations were produced in Microsoft 
Excel 2016 and GraphPad Prism 9.

RESULTS

Diagnostical properties 
of the serological assays

A total of 151 serum samples were analysed by 
all three methods to determine diagnostic sen-
sitivity, diagnostic specificity, positive predictive 
value (PPV) and negative predictive value (NPV). 
Out of 151 samples, the Colloidal Gold Method 
detected the presence of at least one antibody 
class in 61 samples and no antibodies were 

Table 1 General characteristics of  the three serological methods. 
Diagnostic properties of  automated methods are presented 
with 95% confidence interval (CI)

Characteristics
Roche Elecsys® 
Anti-SARS-CoV-2

Abbott 
SARS-CoV-2 IgG

Maccura Biotechnology 
(Colloidal Gold Method)

Method ECLIA* CLIA** Immunochromatography 

Target Nucleocapsid protein Nucleocapsid protein Antigen 

Detection Total antibodies IgG/IgM IgG antibodies Separate IgM and 
IgG antibodies

Way of 
interpretation Automated Automated Manually

Unit Cut-off index COI (S/C)*** Index (S/C)*** Not Applicable

Result 
interpretation

Positive: COI ≥ 1.0 
Negative: COI < 1.0

Positive: Index ≥  1.4 
Negative: Index < 1.4

Positive: Colour reaction on 
the control line and test line 

Negative: Colour reaction 
on the control line

Diagnostic 
properties 

(manufacturer)

Sensitivity 
100% (95% CI: 88.1–100)

Specificity: 
99.81% 

(95% CI: 99.65–99.91)

Sensitivity 
100% (95% CI: 95.89–100)

Specificity: 
99.60% 

(95% CI: 98.98–99.98)

True positive: 3 out of 5 for 
IgG and 2 out of 5 for IgM

False positive: none for IgG 
and 2 out of 20 for IgM

Keys: *electro-chemiluminescence immunoassay, **chemiluminescent magnetic microparticle immunoassay, 
***Signal (Sample/Calibrator). 
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detected in 90 samples. A control line was visible 
in all test plates and therefore it can be claimed 
that no invalid results were observed. The auto-
mated Abbott SARS-CoV-2 IgG method detected 
the presence of IgG antibodies in 55 samples, 
the remaining 96 were negative. On the Roche 
Elecsys® anti-SARS-CoV-2 method, which auto-
mates the detection of total IgG and IgM anti-
bodies, 62 out of 151 samples were positive and 
89 samples were negative for SARS-CoV-2 anti-
bodies. For each method, a 2x2 contingency ta-
ble was plotted based on the RT-PCR result that 
previously confirmed or rejected the suspicion of 
COVID-19 infection. This is how we defined false 
and true results and presented them in absolute 
value and as a proportion of all samples anal-
ysed. The POCT SARS-CoV-2 IgM/IgG Antibody 
Assay Kit by Colloidal Gold Method correctly de-
tected the presence or absence of at least one of 
the SARS-CoV-2 antibody classes in 138 (91.39%) 
samples. Out of all false results, 7 (4.64%) were 
false positive and 6 (3.97%) were false negative. 
The Abbott SARS-CoV-2 IgG automated method 
produced slightly fewer false results, 5 (3.31%), 

all of which were false negative. The second au-
tomated method, the Roche Elecsys® anti-SARS-
CoV-2 method, gave the highest number of true 
results. Out of all false results, 3 (1.99%) were 
false positive and 1 (0.66%) was a false negative, 
according to the previous RT-PCR results. For 
all three methods, diagnostic parameters were 
calculated from the results and given with 95% 
confidence intervals. The results with 95% con-
fidence intervals (CI) for all three methods are 
presented in Table 2. The lowest diagnostic char-
acteristics were estimated for the POCT SARS-
CoV-2 IgM/IgG IgM/IgG Antibody Assay Kit by 
Colloidal Gold Method. The highest diagnostic 
specificity was exhibited by Abbott SARS-CoV-2 
IgG method and the highest diagnostic sensitiv-
ity by the automated Roche Elecsys® anti-SARS-
CoV-2 method. 

Comparison of serological assays 

The results were initially compared in terms of 
the number of true results (TN + TP) and false 
results (FN + FP), which is graphically shown in 
Figure 1. We found that the POCT Colloidal Gold 

Table 2 Diagnostic characteristics for all three serological methods 
applied in our study

*Negative predictive value, **Positive predictive value.

Method

Diagnostic 
specificity

Diagnostic 
sensitivity

*NPV **PPV

Value 
(%)

95% CI 
(%)

Value 
(%)

95% CI 
(%)

Value 
(%)

95% CI 
(%)

Value 
(%)

95% CI 
(%)

Maccura 
Biotechnology 
(Colloidal Gold 

Method)

92.31 84.79–
96.85 90.00 79.49–

96.24 93.33 86.05–
97.51 88.52 77.78–

95.26

Abbott 
SARS-CoV-2 IgG 100.00 96.03–

100.00 91.67 81.61–
97.24 94.79 88.26–

98.29 100.00 93.51–
100.00

Roche Elecsys® 
anti-SARS-CoV-2 96.70 90.67–

99.31 98.33 91.06–
99.96 98.88 93.90–

99.97 95.16 86.50–
98.99
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Method by Maccura Biotechnology had the 
highest number of false results and the Roche 
Elecsys® anti-SARS-CoV-2 automated method 
had the lowest, which is also reflected in the 
better diagnostic performance shown in Table 2. 

The methods were also compared with each 
other in terms of the level of agreement, which 
was determined by Cohen’s kappa coefficient 
(к). When comparing the POCT SARS-CoV-2 IgM/
IgG Antibody Assay Kit by Colloidal Gold Method 
and the Abbott SARS-CoV-2 IgG method, we only 
observed an agreement between the presence 
or absence of IgG antibodies, as the automated 
method does not identify IgM antibodies. The 
level of agreement with the given Cohen’s kappa 

coefficient (к) and 95% CI are shown in Table 3. 
We found that the automated Roche Elecsys® 
anti-SARS-CoV-2 and Abbott SARS-CoV-2 IgG 
methods differed only in 7 results (7 results 
were negative by Abbott SARS-CoV-2 IgG but 
were positive with Roche Elecsys® anti-SARS-
CoV-2), that is why these methods had the high-
est level of agreement. The weakest agreement 
was observed between POCT Colloidal Gold 
Method and the automated Roche Elecsys® an-
ti-SARS-CoV-2 method where the methods dif-
fered in 17 results (9 results were positive with 
Roche Elecsys® anti-SARS-CoV-2 but were nega-
tive with Colloidal Gold Method, while 8 results 
were negative with the automated method but 
were positive by Colloidal Gold Method). 

Figure 1 Graphical presentation of  the number of  false and true results among 
all three serological methods where FN means false negative, FP false 
positive, TN true negative and TP means true positive data
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Maccura Biotechnology vs Abbott
Abbott SARS-CoV-2 IgG

Positive Negative Total

Maccura 
Biotechnology 
(Colloidal Gold 

Method)

Positive 43 0 43 

Negative 12 96 108

Total 55 96 151

к = 0.82 (0.72–0.92)

Maccura Biotechnology vs Roche
Roche Elecsys® anti-SARS-CoV-2

Positive Negative Total

Maccura 
Biotechnology 
(Colloidal Gold 

Method)

Positive 52 8 60

Negative 9 82 91

Total 61 90 151

к = 0.76 (0.66–0.87)

Roche vs Abbott
Abbott SARS-CoV-2 IgG

Positive Negative Total

Roche Elecsys® 

anti-SARS-CoV-2

Positive 55 7 62

Negative 0 89 89

Total 55 96 151

к = 0.90 (0.83–0.97)

Table 3 Statistical agreement between serological methods demonstrated 
by Cohen’s kappa coefficient (к). The value of  к showed 
whether there was any agreement between two methods (19): 
none (к = 0-0.20), minimal (к = 0.21-0.39), weak (к = 0.40-0.59), 
moderate (к = 0.60-0.79), strong (к = 0.80-0.90) or almost perfect (к > 0.90)
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Analytical precision of automated assays

The results for repeatability, intermediate pre-
cision and intra-laboratory precision (intra- and 
inter-daily) for the automated Roche Elecsys®  
anti-SARS-CoV-2 and Abbott SARS-CoV-2 IgG 
methods are presented in Table 4, together with 
the manufacturer’s values given. The within-
run and between-run signal variation is shown 
in Figures 2A and B for Abbott SARS-CoV-2 and 
Figures 2C and D for Roche Elecsys® anti-SARS-
CoV-2. Based on the values listed in Table 4 and 
graphical representation, we can estimate that 
on both methods the variability of the between-
run signal is slightly higher in positive control 
samples. Repeatability is slightly poorer for neg-
ative control samples on both methods. Despite 
the smaller variability, we can conclude that the 

precision of both automated methods was sat-
isfactory, and the variability was too small to af-
fect the results given by the method based on 
the values of coefficients of variation. Variability 
of the Roche Elecsys® anti-SARS-CoV-2 method 
did not exceed the manufacturer’s values, so it 
can be concluded that both automated meth-
ods meet the manufacturer’s criteria in terms 
of precision. 

DISCUSSION

Despite some limitations of the serological meth-
ods, especially in identifying infection at an early 
stage, they are a very important complement to 
molecular methods and an important tool for ep-
idemic surveillance, determining seroprevalence 
in the general population, understanding the 

Table 4 Precision results for automated methods. 
The manufacturer’s values are coloured in blue

* Imprecision value is higher than that declared by manufacturer. After further statistical analysis we concluded that  
  there is no statistical difference between the values.

Abbott SARS-CoV-2 IgG Roche Elecsys® anti-SARS-CoV-2

Negative 
control

Positive 
control

Negative 
control

Positive 
control

Average 0.07 
 Index

0.04 
Index

3.51 
Index

3.53 
Index

0.08 
COI

0.059 
COI

66.03 
 COI

2.97 
COI

Repeatability
SD 0.004 0.08 0.02 0.798

CV (%) 5.9 5.9 2.3* 1.1 2.6 2.6 1.2 1.3

Intermediate 
precision

SD 0.002 0.109 0.000 0.971

CV (%) 2.8 3.1 0.0 5.0 1.5 2.2

Intra-laboratory 
precision

SD 0.004 0.136 0.002 1.257

CV (%) 6.5* 5.9 3.9* 1.2 2.6 1.9
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immune response of individuals to infection, un-
derstanding the virus and the development, and 
monitoring the response to vaccines (8,9,12).

Several serological methods have been devel-
oped in recent years, which, like other diagnos-
tic methods during an epidemic, need to provide 
rapid and, above all, high-quality and reliable 
results. In order to meet these requirements, ir-
respective of the urgency for a particular meth-
od, the laboratory should ensure that an ap-
propriate verification step is performed before 
implementing the method, in which the user is 
informed about the properties and limitations 
of the method and an assessment is made as to 
whether the method serves its purpose under 
laboratory conditions (8,17,18). 

In order to implement the most appropriate 
method in the laboratory, three qualitative se-
rological methods were verified and compared 
- the automated Roche Elecsys® Anti-SARS-
CoV-2 and Abbott SARS-CoV-2 IgG methods and 
the POCT SARS-CoV-2 IgM/IgG Antibody Assay 
Kit by Colloidal Gold Method. The most obvious 
difference between the methods was the class 
of antibodies detected, with the Roche Elecsys® 
Anti-SARS-CoV-2 measuring total IgG and IgM, 
the POCT Colloidal Gold Method analysing IgG 
and IgM separately, while the automated Abbott 
SARS-CoV-2 IgG method detected only IgG anti-
bodies. The property of the POCT Colloidal Gold 
Method, which therefore detects the two types 
of antibodies separately, may be an advantage 
over the automated methods in terms of pre-
dicting the stage of disease. It is known that the 
separate identification of IgM and IgG antibod-
ies together with molecular methods can predict 
whether an infection is acute or in a late-phase 
or convalescent, considering the kinetics of the 
immune response, the patient’s status and the 
method’s ability (11).

For this reason, the Abbott SARS-CoV-2 IgG 
method cannot be used in addition to molecular 

methods to detect early-phase disease, as this 
requires information on IgM antibodies as well. 
Nevertheless, the result obtained with the lat-
ter method is useful for demonstrating the pres-
ence of a history of COVID-19 infection (6,10). 
The limitations of IgG antibody detection in 
the early stages of infection were confirmed by 
Chew et al. who showed that the method had 
the highest clinical sensitivity after 14 days from 
the onset of symptoms (20). The known general 
properties of the selected qualitative serological 
methods already suggest that they are optimal 
in their use and performance. In order to imple-
ment the optimal method in the routine labora-
tory, we performed a verification study to deter-
mine the diagnostic characteristics of all three 
methods and to assess the precision of the two 
automated methods, in addition to the known 
properties.

The results of diagnostic sensitivity, diagnostic 
specificity and predictive values were obtained 
by measuring a total of 151 serum samples for 
which we had information on the result of a 
previously performed RT-PCR test (Table 2). We 
found that the POCT Colloidal Gold Method gave 
the highest number of false results (Figure 1), 
which was expected, as the sample preparation 
can influence the accuracy of the result and the 
visual reading makes the interpretation non-
objective. We found that the most common 
cause for false-positive results was a reaction 
in the IgM antibody detection test line. The 
cause for false detection of IgM antibodies in 
POCT methods was investigated by Wang and 
his co-workers, who found that the presence 
of rheumatoid factor significantly increased 
the chance of false-positive results for IgM an-
tibodies (21). In our case, this finding cannot be 
rejected or confirmed, as rheumatoid factor was 
not measured in these samples. In the case of 
false-negative results given by the POCT Colloidal 
Gold Method, we assumed that the reason was 
the low concentration, which was not detected 
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by the method because of its limited sensitivity 
compared to automated methods. 

Since the diagnostic sensitivity is crucial, espe-
cially when using serological methods in the 
early phase of infection, it can be concluded that 
the automated Roche Elecsys® Anti-SARS-CoV-2 
method is the most useful method with the 
lowest false-negative results according to the 

estimated sensitivity (11). The method is most 
likely to give the best results due to the iden-
tification of both classes of antibodies, which 
reduces the impact of the time elapsed since 
the onset of symptoms or a positive RT-PCR re-
sult. It can be assumed that this result could be 
further improved if this time were known and 
limited to a maximum of 14 days when serocon-
version is usually definitely detectable (11,14). 

Figure 2 Graphical representation of  in series and between series variability 
of  each control sample where yellow dots represents average value 
in one day, dotted red line represents total average ± 2SD and continuous 
line represents total average of  a signal.  
A) Abbott SARS-CoV-2 IgG variability of  negative control sample 
B) Abbott SARS-CoV-2 IgG variability of  positive control sample 
C) Roche Elecsys® anti-SARS-CoV-2 variability of  negative control sample 
D) Roche Elecsys® anti-SARS-CoV-2 variability of  positive control sample
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Despite the highest diagnostic sensitivity of the 
Roche Elecsys® Anti-SARS-CoV-2 method, it is 
important to be aware of that the method is 
still not suitable for the detection of acute infec-
tion. This was confirmed by Brochot and his co-
workers, who investigated the issue of diagnos-
tic sensitivity in their study, where, in particular 
for the detection of IgG class antibodies, false-
negative results were detected at an early stage 
and also in asymptomatic patients. Because of 
these limitations, the study suggested that neg-
ative results of serological methods should be 
interpreted together with the patient’s status 
and the method’s capabilities (22). 

Compared to diagnostic sensitivity, the Abbott 
SARS-CoV-2 IgG method had the highest diag-
nostic specificity, suggesting that there was no 
cross-reactivity with other respiratory viruses, 
which is the most common cause of false-pos-
itive results. Slightly lower diagnostic specific-
ity was observed with the POCT Colloidal Gold 
Method and Roche Elecsys® Anti-SARS-CoV-2 
methods, which could be explained by inter-
ferences that may cause false-positive data.
The results could also be explained by the ac-
tual presence of antibodies in the presence of 
an otherwise negative RT-PCR result as is in the 
case of copresence of IgM antibodies in POCT 
Colloidal Gold Method and Roche Elecsys® Anti-
SARS-CoV-2 methods. A situation can occur in 
the case of a false-negative RT-PCR result due to 
a low viral load at the time of collection (8). In 
this case, if the RT-PCR test was repeated and 
the serological results with true positive IgM 
were confirmed, an acute phase of infection 
could be inferred, as IgG antibody seroconver-
sion has not yet occurred (13,14). 

As part of the method verification and com-
parison, the level of agreement was assessed 
using Cohen’s kappa coefficient (к) and almost 
perfect agreement was found between the au-
tomated Roche Elecsys® anti-SARS-CoV-2 and 
Abbott SARS-CoV-2 methods (Table 3). This was 

the result we expected, based on the diagnostic 
properties found. In contrast to our assessment 
of agreement between the automated methods, 
Parai and colleagues found much poorer agree-
ment between the Roche Elecsys® anti-SARS-
CoV-2 and Abbott SARS-CoV-2 IgG methods (к 
= 0.694; 0.641–0.746) in their study where they 
compared three chemiluminescent methods 
(23). According to our criteria, such level of agree-
ment is considered to be moderate (19). Despite 
the lower level of agreement in some other stud-
ies, our results and those of other studies on the 
diagnostic performance of serological methods 
confirm that automated methods, in particular 
the Roche Elecsys® anti-SARS-CoV-2 method, 
have very good diagnostic characteristics.

In addition to the diagnostic properties, the 
precision of the two automated methods was 
assessed in the verification process according 
to the CLSI EP15-A3 protocol using a 5x5 ex-
perimental model. We assessed the repeatabil-
ity, intermediate precision and intra-laboratory 
precision (intra and inter-daily) and estimated 
the possible impact on the results. In addition, 
we also compared the precision results with 
the manufacturer’s data (Table 4). Despite the 
slightly higher variability in positive controls ob-
served with both automated methods (Figure 
2), we did not detect any major deviations that 
would affect the interpretation of the result. 
Based on the precision results, we can conclude 
that both methods also meet the manufactur-
er’s criteria. Conflicting results were obtained 
by Padoan et al., who observed the highest vari-
ability in negative controls and concluded that 
the Abbott SARS-CoV-2 IgG method did not meet 
the manufacturer’s criteria (24). The difference 
between the results compared with ours could 
be explained by the use of the 5×4 experimen-
tal model used in Padoan’s study, as this model 
may give poorer results and may not capture all 
variability factors (18). Due to the difference in 
signals, we could not compare the precision of 
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the two methods. The problem of comparing 
qualitative methods due to signal differences 
was highlighted by Lee in her study. She also 
studied the importance of the signal and found 
a correlation between the CMIA-based method 
Index value and the severity of infection (25). 
Despite the satisfactory results, our assessment 
underestimated the variability between series, 
as we did not change reagents during the ex-
perimental work. The reagent replacement with 
different lot numbers or repeated calibrations 
could have been affected by random error.

Despite encouraging results, the paper has 
some limitations. First, the biggest limitation of 
our study is the relatively small number of sam-
ples, with which we verified all three serological 
methods. This reduced the statistical power of 
the results we obtained. Second, in the absence 
of information on the prevalence of SARS-CoV-2 
virus in the studied population, we did not com-
pare the predictive values with the manufactur-
er’s data and with the data from other studies 
using the same serological methods. Third, when 
assessing analytical precision, we also compared 
the coefficients of variation with the manufac-
turer’s results, which can often underestimate 
or overestimate the variability of the signal as 
shown by Martinello and colleagues (26). Also, 
even more accurate results on variability in the 
laboratory would be obtained, if the experimen-
tal model was extended over several days or sev-
eral repetitions, as this would capture more of 
the potential causes of variation, such as chang-
ing reagents and performing calibrations (18). 

Despite some limitations of our work, we can 
conclude that the automated methods have 
better diagnostic properties than POCT meth-
ods and we can also state that their precision is 
satisfactory, as the variability does not affect the 
results and CVs meet the manufacturer’s crite-
ria. Due to the better diagnostic sensitivity and 
performance, it can be concluded that the Roche 
Elecsys® Anti-SARS-CoV-2 automated method is 

better than the other methods for the identifi-
cation of infected and recovered persons, as it 
gives fewer false results. We can conclude that, 
in terms of diagnostic properties and precision, 
the automated methods produce high-quality 
results that can be trusted and interpreted cor-
rectly. Despite the satisfactory results, further 
investigations could improve our work by includ-
ing more patients in order to increase statistical 
power and via obtaining more data on the tested 
subjects to evaluate diagnostic methods more 
accurately. At the same time expanding the ex-
perimental model and comparing the results 
with other laboratories are also necessary (27).
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