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A B S T R A C T

Objectives: Aside from the outbreak of the coronavirus disease 2019 (COVID-19), serological tests are not
well known for their diagnostic value. We assessed the performance of serological tests using stored sera
from patients with a variety of pathologic conditions, collected before the 2020 pandemic in Italy.
Methods: Rapid lateral flow tests and Enzyme-Linked Immunosorbent Assays (ELISA) that detect
Immunoglobulin M (IgM) and Immunoglobulin G (IgG) antibodies against severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) were carried out using 1150 stored human serum samples that
had been collected in 2018 and 2019. The tests were also run using samples from 15 control patients who
had positive or negative oral swab test results, as assessed using real-time reverse transcription-
polymerase chain reaction (rRT-PCR). The urea dissociation test was employed to rule out false-positive
reactivity in the two antibody detection methods.
Results: The lateral flow tests revealed 21 positive samples from the stored sera: 12 for IgM, four for IgG,
and five for IgM/IgG. Among the nine rRT-PCR- positive controls, six individuals presented IgG and three
IgM/IgG positivity. Using the urea (6 mol/L) dissociation test, two of the twelve stored samples that had
shown IgM positivity were confirmed to be positive. The ELISA test detected four IgM-positive and three
IgG-positive specimens. After treatment with 4 mol/L urea, the IgM-positive samples became negative,
whereas the IgG positivity persisted. All of the rRT-PCR-positive controls were found to retain IgM or IgG
positivity following the urea treatment.
Conclusions: Our findings highlight the limited utility of serological testing for the SARS-CoV-2 virus
based on the results of specimens collected before the outbreak of the infection.
© 2020 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

Introduction

Tests for the coronavirus disease 2019 (COVID-19) are
instrumental in the management of the pandemic caused by
the novel betacoronavirus, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). Laboratory diagnostic tests
currently fall into two major categories: molecular assays

that detect SARS-CoV-2 viral RNA, and serological assays that
detect antibodies in individuals previously exposed to the
virus. The dominant technique remains the real-time reverse
transcription-polymerase chain reaction (rRT-PCR) performed
on respiratory samples. However, there are major challenges
that relate to this complex technique. These include the
frequency of false-negative results that lead to early infections
being missed, the set-up required to ensure the accurate
collection and handling of samples, the long turnaround times
for testing, and the need for skilled personnel. Serological tests
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may avoid some of these difficulties, and the results can
complement the information provided by nucleic acid tests
that diagnose the COVID-19 infection.
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Serological tests for COVID-19 detect antibodies against SARS-
oV-2 antigens. Several assays have been developed that detect
mmunoglobulin G (IgG) and Immunoglobulin M (IgM) based on
nzyme-Linked Immunosorbent Assays (ELISA) and lateral flow
mmunoassays. The assays appear to differ in terms of their overall
erformance, as well as in their sensitivity, specificity, and ability
o measure IgM, IgG, or both simultaneously. However, an
nvestigation that pooled data from 38 studies with a total of
848 individuals reported a high specificity for the different assays,
ith some of them reaching a value of 99% (Kontou et al., 2020).
erological tests can assist in determining the immune status of
ndividuals, irrespective of whether or not they have a current
nfection, and they can be used to estimate herd immunity. They
an also be used to indicate when an infection occurred, as IgM
ntibodies can be a sign of recent infection, while IgG antibodies
ndicate a later time point (Tang et al., 2020; Zhang et al., 2020;
adoan et al., 2020).
However, there are several important issues that relate to the

se of serological tests. For instance, it is currently unclear whether
 positive serological test indicates a previous encounter with the
irus (Valenti et al., 2020), expresses only a false-positive
aboratory result, or indicates a cross reaction with other endemic
oronaviruses (Meyer et al., 2014; Okba et al., 2020; Patrick et al.,
006; Lv et al., 2020). Given this uncertainty, caution should be
dvised when screening programs are carried out based on the
eroprevalence of IgM and IgG antibodies against SARS-CoV-2.
hese programs track the viral outbreak in different countries,
upport epidemiological investigations, and inform disease
revention policies, and so it is important that the data collected
s accurate. Aside from pandemics, the significance of positive
erological test results within communities with a low or null viral
nfection rate has been less well evaluated. It is currently unknown
hether serological testing still retains the potential to identify

nfected individuals among persons with unknown exposure
istory.
This study aims to assess the performance of serological tests,

sed for diagnosing a COVID-19 infection, in a large number of
erum samples that were stored in 2018 and 2019, well before the
020 pandemic in Italy.

aterial and methods

pecimens

Between January 2018 and December 2019, human serum
amples had been obtained from subjects with a variety of
athologic conditions and stored in the Research Laboratory of the
ivision of Gastroenterology, IRCCS ‘Casa Sollievo della Sofferenza’,
n San Giovanni Rotondo, Italy. The blood had been centrifuged at
000 rpm for 10 min at room temperature, and the serum aliquots
ad been stored at �80 �C in NUNC cryovial tubes. The samples
sed in this study were rendered anonymous. Patients’ identities
ere only held by certain laboratory staff members, and the results
f the analyses were not made known to the patients. Two sets of
ontrol sera were also analyzed, serving as internal procedural
ontrols. The samples in the first control set were collected from
onfirmed COVID-19-infected patients who had positive oral swab
est results (rRT-PCR positive). These samples were obtained
uring the April 2020 outbreak in the Apulia region of southern
taly. The samples in the second control set were obtained from

SARS-CoV-2 IgM and IgG serological tests

The primary aim of this investigation was to assess the
diagnostic accuracy of serological tests (qualitative and semi-
quantitative) in a population which had not been exposed to the
virus.

Qualitative test
The serum samples were first tested using the POCT Diagnostic

Kit for SARS-CoV-2 IgM/IgG antibodies (Colloidal Gold), developed
by KHB (Shanghai Kehua Bio-engineering Co., Shanghai, China;
Cod. REF-423-25-C-CE). This COVID-19 rapid test is a qualitative
lateral flow assay for the detection of antibodies against the
nucleocapsid (N) protein of SARS-CoV-2. The tests were carried out
according to the manufacturer’s instructions. The kit showed no
significant cross-reaction between the solid phase antigen and
antibodies against other pathogens (hepatitis B, hepatitis C, HIV,
and syphilis); in addition, the presence of potentially-interfering
endogenous substances, including an RF up to a concentration of
4470 IU/mL, did not affect the performance of the kit. Moreover, as
acclaimed by the Italian producer, the test results have a clinical
sensitivity of 95.1%, and a clinical specificity of 99.3%, based on an
Italian population of 407 subjects, which included 135 samples
that were rRT-PCR positive and 272 samples that were rRT-PCR
negative (Technogenetics KHB Group POCT Validation Report
VR11- POCT clinical study for SARS-CoV-2 IgM/IgG antibodies).

Semi-quantitative test
The semi-quantitative detection of antibodies was performed

by means of the ELISA technique, using a commercially available kit
to detect IgM and IgG antibodies against the nucleocapsid (N)
protein of SARS-CoV-2 (SARS-CoV-2 ELISA kit for IgM and IgG: Cat.
No. 30177448, and Cat. No. 30177447, respectively; Tecan, IBL
International GmbH, Hamburg, Germany). The tests were carried
out according to the manufacturer’s instructions. The results were
positive, negative, or borderline. The latter were interpreted as
positive for the purposes of this study.

Urea dissociation test of qualitative and semi-quantitative assays
In order to assess the reliability of the positive results from the

qualitative and semi-quantitative assays and to reduce the risk of
false positives, we tested the positive samples following urea
treatment. The urea dissociation test, recently proposed by Wang
et al., is based on the principle that urea dissociates the antigen-
antibody reactions. The test has been used to evaluate the affinity
of IgM and IgG for different pathogens (Wang et al., 2019, 2020).
The urea treatment was performed using sera from the rRT-PCR-
positive controls, as well as the samples that had tested positive for
IgM and/or IgG in either test. For the rapid test, the urea
dissociation concentration (6 mol/L) and duration (25 min) were
in line with previous studies (Wang et al., 2019, 2020); for ELISA,
two different concentrations were tested in different wells: 4 mol/
L, previously reported to be the best concentration (Wang et al.,
2020), and 6 mol/L. Results were expressed as the Affinity Index
(AI) and interpreted according to the threshold values calculation
method described by Wang et al. (2020).

Results

In total, 1150 serum samples were analyzed that had been

lood donated by individuals who had negative oral swab test
esults (rRT-PCR negative). Rheumatoid factor (RF) values were
btained for all of the individuals who were found to have positive
erology for SARS-CoV-2. All of the patients had given their written
nformed consent for several research projects, which were all
pproved by the Ethics Committee at our institution.
16
stored in 2018 and 2019 (531 males and 619 females, with a median
age of 58 years [range = 18–96 years]). Control serum samples were
collected from nine symptomatic individuals with a SARS-CoV-2
infection (rRT-PCR positive) who were admitted to the IRCCS ‘Casa
Sollievo della Sofferenza’ Hospital in March 2020 and April 2020
during the COVID-19 pandemic. Control samples were also
0
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collected from six individuals who were rRT-PCR negative. The
study procedures and results are depicted in Figure 1.

Serological tests

Positive results were obtained for 21 of the 1150 samples
(1.83%). Twelve samples (1.04%) tested positive for IgM, four
samples (0.35%) for IgG, and five samples (0.43%) for IgM/IgG. For
two patients, serum samples had been collected twice during the
years 2018–2019, both 1 year apart. Both of the first serum samples
tested positive for IgM, and this result was repeated for the second
serum samples. Among the rRT-PCR-positive controls, six individ-
uals were IgG positive, and the other three patients were IgM/IgG
positive. All of the rRT-PCR-negative controls had no detectable IgG
or IgM antibodies (Table 1; Figure 1).

The 21 stored samples with positive serological rapid test
results underwent further testing using ELISA for IgM and IgG. Of
these, seven samples tested positive (33.33%): four for IgM (19%)
and three for IgG (14.3%). The sera that had been tested twice from
samples taken 1 year apart were no longer found to be IgM
positive. For the rRT-PCR-positive control patients, seven samples
were IgG positive and two were IgM/IgG positive. All of the rRT-
PCR-negative controls had negative results for both IgM and IgG
(Table 1; Figure 1). The RF results were also examined in order to
identify any potential effects on the results of these assays. As
shown in Table 1, only two sera presented a concentration of this
factor >70 IU/mL, the threshold considered to potentially confound
the serological test results (Wang et al., 2020). Both of these
samples had positive results for IgM/IgG using the rapid test, while
only one of these was confirmed to be positive for IgM using ELISA
(Table 1).

Figure 1. Study procedures and results.

Table 1
SARS-CoV-2 IgM/IgG antibodies detected using rapid serological tests and ELISA.

Sample ID Rapid test ELISA RF (IU/mL)

IgM IgG IgM IgG

Sample 1 + + – – <10
Sample 2 + + – – 294
Sample 3 + – – – <10
Sample 4 + – + – <10
Sample 5 + – + – <10
Sample 6 + – – – 18.5
Sample 7 + – – – <10
Sample 8 + – – – <10
Sample 9 + – – – <10
Sample 10 + – – + 29.8
Sample 11 + + + – >600
Sample 12 + – – – <10
Sample 13 + – + – <10
Sample 14 + – – – <10
Sample 15 – + – + <10
Sample 16 – + – – <10
Sample 17 + + – + 15.8
Sample 18 – + – – <10
Sample 19 + – – – <10
Sample 20 + + – – <10
Sample 21 – + – – <10
Positive control 1 – + – + <10
Positive control 2 – + – + <10
Positive control 3 – + – + <10
Positive control 4 – + – + <10
Positive control 5 + + + + <10
Positive control 6 + + – + <10
Positive control 7 + + + + <10
Positive control 8 – + – + <10
Positive control 9 – + – + <10
Negative control 1 – – – – <10

Negative control 2 – – – – <10
Negative control 3 – – – – <10
Negative control 4 – – – – <10
Negative control 5 – – – – <10
Negative control 6 – – – – <10

Abbreviations: RF: rheumatoid factor; IgM: Immunoglobulin M; IgG: Immunoglob-
ulin G.
Comparison of results before and after urea dissociation treatment

Serological rapid test
The dissociation test was carried out for the 21 IgM and/or IgG

positive serum samples and for the nine rRT-PCR-positive controls.
161
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wo of the IgM positive stored samples (9.6%) remained positive
Table 2), while the remaining specimens were found to be
egative. Among the rRT-PCR-positive controls, all of the IgG
ositive results were confirmed, while only one of the three
amples that had tested IgM/IgG positive remained so; the other
wo tested IgG positive (Table 2).

LISA
To determine the urea concentration needed to dissociate the

mmune complexes during the ELISA procedure, the dissociation
est was carried out with urea at both 4 mol/L and 6 mol/L. Samples
ere tested that had positive results for IgM (n = 4) and IgG (n = 3)
sing ELISA before urea treatment, as well as all of the rRT-PCR-
ositive controls (n = 9). When the dissociation concentration of
rea was 6 mol/L, the AI threshold values were 1.389 and 4.230 for
gM and IgG, respectively. Accordingly, the results became negative
or one of the two IgM-positive controls (positive control 7;
able 2), and for three of the nine IgG-positive controls (positive
ontrol 1, 6, and 8; Table 2). Conversely, all of the controls who had
ested positive for IgM or IgG antibodies remained positive after
reatment with urea at 4 mol/L, with AI threshold values of 0.666
nd 1.980 for IgM and IgG, respectively (Table 2).

iscussion

Serological tests are universally considered to be accurate and
onvenient for identifying infected asymptomatic and symptom-
tic individuals, and for monitoring the immune status of
onvalescent people recovering from an acute COVID-19 infection
Winter and Hegde, 2020). However, this widely accepted notion
nly refers to people with a clinical presentation compatible with
OVID-19, who undergo testing at the time of an outbreak. The
tility of these tests is limited when applied to asymptomatic,
ealthy subjects with no history of exposure to SARS-CoV-2; in this
ase, positive serology may only indicate a false-positive result,
hus highlighting the need for caution when testing is not within
he context of the COVID-19 pandemic.

results in our stored sera was rather low (1.8%), and the rate is in
accordance with the specificity reported for this kit, the results
should not be taken as indicative of an ‘occult’ infection in an
otherwise asymptomatic population. Several findings from this
study support our claim that the positive results found using the
stored sera are false positives. There was concern about the finding
that two individuals had IgM-positive results for each of two
samples taken 1 year apart. This contrasts sharply with evidence
that IgM is only detected in the serum for a couple of weeks in
response to an infection, followed by a switch to IgG (Zhang et al.,
2020; Xiang et al., 2020). Secondly, it was of some surprise that the
majority of positive samples drawn from patients 1 or 2 years
before the 2020 pandemic tested positive for IgM and negative for
IgG, despite the absence of present or past symptoms reminiscent
of a COVID-19 infection. Thirdly, it was found that of the 21 positive
rapid test results, only seven produced a positive result using
ELISA. This latter observation is indicative of a potential approach
to curtail the false positivity of the lateral flow immunochromato-
graphic test. However, although false positivity was reduced with
the ELISA assay, it was not completely eliminated, so that a certain
amount of uncertainty still remains.

To account for the positive serological results, we should
consider that both assays detect antibodies against the nucleocap-
sid (N) protein of the SARS-CoV-2 virus (personal communication
from the Italian seller); consequently, the inconsistent results
between the two assays are likely to result from an interference
with certain unexplored factors in the assay procedures. Several
interfering substances have been reported to potentially affect the
results of the POCT Diagnostic Kit for SARS-CoV-2 IgM/IgG
antibodies (Colloidal Gold); of these, we explored the relevance
of RF. From the available literature, it is known that high (>70 IU/
mL) serum concentrations of this factor may affect the detection of
SARS-CoV-2 IgM (Wang et al., 2020). As shown in Table 1, only two
of the 21 positive samples were found to have concentrations of RF
above the relevant threshold, thus suggesting that interference
from this factor is minimal, at least in the case of the present study.

In order to avoid unnecessary concern in the case of

able 2
ARS-CoV-2 IgM/IgG antibodies detected using rapid serological tests and ELISA after urea dissociation in samples that had previously tested positive.

Sample ID Rapid test ELISA

Before dissociation Urea 6M Before dissociation Urea 4M Urea 6M

IgM IgG IgM IgG IgM IgG IgM IgG IgM IgG

Sample 4 + – + – + – – nd – nd
Sample 5 + – + – + – – nd – nd
Sample 10 + – – – – + nd + nd +
Sample 11 + + – – + – – nd – nd
Sample 13 + – – – + – – nd – nd
Sample 15 – + – – – + nd + nd +
Sample 17 + + – – – + nd + nd +
Positive control 1 – + – + – + nd + nd –

Positive control 2 – + – + – + nd + nd +
Positive control 3 – + – + – + nd + nd +
Positive control 4 – + – + – + nd + nd +
Positive control 5 + + – + + + + + + +
Positive control 6 + + – + – + nd + nd –

Positive control 7 + + + + + + + + – +
Positive control 8 – + – + – + nd + nd –

Positive control 9 – + – + – + nd + nd +

bbreviations: IgM: Immunoglobulin M; IgG: Immunoglobulin G; nd.
The present investigation found that 21 out of a total of 1150
erum samples tested positive using the COVID-19 IgM/IgG rapid
est kit. These samples had been stored in 2018 and 2019, well
efore the 2020 pandemic in Italy. As shown in Figure 1, twelve of
hese samples were IgM positive, four were IgG positive, and five
ere IgM/IgG positive. Although the total proportion of positive
16
asymptomatic individuals who test positive for SARS-Co-V-2
antibodies, the specificity of the assays needs to be improved. In
the meantime, we evaluated whether the urea dissociation test
could help to distinguish true-positive from false-positive results.
When the dissociation concentration was 6 mol/L and the duration
was 25 min, the urea dissociation test decreased the rate of false-
2
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positive results. This test could therefore be adopted by laborato-
ries that run serological tests, and they have the advantage of being
low cost as well as rapid. As shown in Table 2, the four stored
samples with IgM positive results, detected using ELISA, all tested
negative after treatment with 4 mol/L of urea; in contrast, the two
IgM positive results from the rRT-PCR-positive patients remained
positive even after the urea treatment. As expected, the urea
treatment did not affect IgG detection, as this class of antibody has
a stronger affinity for the antigen than the IgM class (Mäkelä et al.,
1970). In some of our subjects, positive serology may reflect a prior
or current infection with other non-SARS-CoV-2 coronavirus
strains (Okba et al., 2020) due to some sequence similarities, as
has previously been seen in individuals with negative SARS-CoV-2
rRT-PCR results and no symptoms of COVID-19 (Lassaunière et al.,
2020).

In conclusion, serological test results should not be interpreted
in isolation, but rather in combination with the results from other
laboratory tests (e.g., PCR-based tests), the clinical history, and the
clinical presentation. Our data show the limited utility of
serological tests for the SARS- CoV-2 infection, based on results
obtained using sera collected before the COVID-19 outbreak. In
order to avoid misdiagnoses due to interfering factors and cross-
reactivity with other coronaviruses, it is highly advisable to
confirm preliminary positive results by using urea dissociation of
the sera followed by an ELISA test. This approach could avoid
unnecessary concern over positive serological test results, as well
as the need for further invasive testing.
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