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Abstract
In response to the rapidly evolving of SARS-CoV-2 infection, numerous serological tests have been developed but their
sensitivity and specificity are unclear.We collected serum samples of patients and health-care professionals to assess the accuracy
of chemiluminescent (CLIA) and two lateral flow immunochromatographic assays (LFIA) to determine IgG and IgM antibodies
to SARS-CoV-2 virus. We calculated the φ correlation for qualitative results and test accuracy, adopting the following case
definition: either real-time-PCR positivity or serological positivity with at least two different tests. We analyzed 259 samples,
obtaining strong correlation between CLIA and both LFIA for IgG (φ=0.9), and moderate correlation for IgM (φ=0.6). For
patients, the sensitivity was suboptimal for all methods (CLIA 81%, LFIA A 85%, LFIA B 78%), while it was poor in
asymptomatic health-care workers (CLIA 50%, LFIA A 50%, LFIA B 33%). Overall, CLIA is more sensitive and specific for
the determination of both IgG and IgM, whilst both LFIA methods reported good sensitivity and specificity for IgG, but scarce
sensitivity for the IgM determination. The determination of SARS-CoV-2-specific IgG is useful to detect infection 6 days from
symptom onset.
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Introduction

The 2019 novel coronavirus (SARS-CoV-2), causing the co-
ronavirus disease-2019 (COVID-19), has created an explosive
and global status of emergency. At present, there are still
many knowledge gaps not only about the pathophysiology
of different clinical severity but also about the immune status
of patients affected by SARS-CoV-2.

The etiological agent’s viral genome is around 30 kb,
which encodes for both structural and non-structural proteins.
The structural proteins, such as membrane (M), envelope (E)
protein, nucleocapsid (N) protein, and spike protein (S), are
essential for maintaining both virus morphology and stability
and to mediate attachment and entry into the host cells.
Infection begins with the interaction of the receptor binding
domain located in the S protein and the target receptor on the
host cell surface, that is the angiotensin converting enzyme 2
(ACE2) for SARS-CoV-2 [1]. Viral infection can stimulate
and activate the immune system cells into producing specific
antibodies (Abs). In particular, Abs directed against the spike
protein (S) of SARS-CoV-2 have been identified [2].
Serological tests searching for specific Abs are available for
clinical laboratories. However, given that SARS-CoV-2 is a
newly emerging virus, the dynamic of antibody response dur-
ing the clinical course of COVID-19 is still unclear [3].

In this study, we aim to establish serum IgG and IgM de-
tection performance of a conventional automated chemilumi-
nescent immunoassay (CLIA) and two lateral flow
immunochromatographic assays (LFIA) to diagnose SARS-
CoV-2 infection in hospitalized patients with suspected
SARS-Cov-2 infection and health care workers.

Methods

The study was conducted in accordance with the International
Coordinating Council for Clinical Trials and the Helsinki
Declaration and was approved by the Local Ethics
Committee (No. 396/2020/OSS/AOUMO). Reporting was
compliant with STARD guidelines [4].

Patients and sample collection

FromMarch 1 to 31, 2020, we collected samples from patients
admitted to infectious disease clinics or intensive care unit
with symptoms of COVID-19 (defined according to the
European Centre for Disease Prevention and Control criteria
[5]) and asymptomatic healthcare workers, including physi-
cians and nurses employed in the provincial hospitals in-
volved in a SARS-CoV-2 screening procedure. Additionally,
sera from 50 patients admitted to hospital, prior to the SARS-
CoV-2 transmission in Italy (collected between October and
December 2019), were included as negative controls. We

collected demographic (age, gender), clinical (date of symp-
tom onset), and testing (date of oropharyngeal and nasopha-
ryngeal swab and serological testing) data.

In order to diagnose the SARS-CoV-2 infection on the day
of admission (day 0), samples of nasopharyngeal and/or oro-
pharyngeal swabs for real time (RT-PCR) and serum or plas-
ma samples were obtained from hospitalized patients and
asymptomatic health care workers during the study period.
Furthermore, serum or plasma samples were collected every
2–4 days for 8 hospitalized patients.

Real Time PCR for detection of SARS-CoV-2 RNA

Total RNA was extracted from the clinical samples using a
commercial RNA-extraction kit and was reverse transcribed;
then, the cDNA was amplified by real-time qualitative RT-
PCR, using a commercial kit in accordance with the manufac-
turer’s instructions (Alinity m SARS-CoV-2 Assay—Abbott
Molecular).

Detection of IgG and IgM antibodies to SARS CoV-2

Detection of specific IgG and IgM antibodies to SARS-CoV-2
was performed for all serum or plasma samples (patients,
health care workers, and negative controls) with chemilumi-
nescent assay (CLIA) and two different lateral flow
immunochromatographic assays (LFIA). The procedures and
the interpretation of the results were performed according to
manufacturers’ instructions.

Chemiluminescent immunoassay (CLIA): we used an au-
tomated assay (iFlash 1800-YHLO Biotech Co., Ltd.,
Shenzhen, China). Patient samples were incubated with
SARS-CoV-2 antigen-coated paramagnetic microparticles
that react to form antigen-antibody complex. Under magnetic
field, magnetic particles are absorbed to the inner wall of
reaction tubes and unbound material is washed away from
the solid phase in a magnetic field. Then, acridinium-labeled
anti-human IgG or IgM conjugates are added to form an
antigen-antibody anti-human IgG and IgM antibody complex.
After a second wash, the results of chemiluminescent reaction
are measured 30 min after sample loading as relative light
units (RLUs). A direct relationship exists between the amount
of SARS-CoV-2 IgG and IgM Abs in the sample and the
RLUs detected. The concentration of SARS-CoV-2 IgM or
IgG Abs (AU/ml) was automatically calculated according to
RLU and a built-in calibration curve, and 10.0 AU/ml was
considered the positive cut-off; reactive result (≥ 10.0 AU/
mL) indicates potential infection by SARS-CoV-2 virus, and
non-reactive results (< 10.0 AU/mL) indicate no presence of
SARS-CoV-2 infection.

Lateral flow immunochromatographic assays (LFIA): We
used two different rapid tests for the qualitative detection of
IgG and IgM against SARS CoV-2 in serum or plasma
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specimens: LFIA kit A (COVID-19 IgG/IgM Rapid Test
Prima Lab SA) and LFIA kit B (Techno Genetics KHB
Group—Shangai). LFIA tests do not require sophisticated lab-
oratory equipment, and specific IgG and IgM are visually
detected by the appearance of a colored band after a short
incubation period of about 15 min. Ten microliter of serum
or plasma sample was inserted into the sample port, and 2 or 3
drops (70–100 μl) of dilution buffer were added. Results are
interpreted according to the appearance of colored lines.

Statistical analysis

Correlation between dichotomous variables (positive or neg-
ative result) was assessed with the φ test, 95% confidence
interval (CI).φ<0 suggests negative association,φ>0 suggests
positive association, and φ=0 suggests lack of association.
The correlation was defined as strong (φ≥0.7), moderate
(0.0.69≥ φ ≥0.4), or weak (φ<0.4). Categories of time from
symptom onset were based on days: 0–6 (category 1), 7–13
(category 2), 14–20 (category 3), and ≥ 21 (category 4).

For all patients, data from serological tests were compared
to molecular results in order to create a 2×2 table and to cal-
culate sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) of IgG and IgM detected
with CLIA, LFIA kit A, and LFIA kit B. For health care
workers, the 2×2 table was created considering the subset of
subjects who performed serological test ±3 days from molec-
ular tests. A positive to SARS-Cov-2 infection was considered
either a positive molecular test or two different positive sero-
logical tests. The association of ordinal variable to the out-
come was assessed using a chi square test for trend. P<0.05
was considered to be statistically significant. Analyses were
performed using the software MedCalc (v 19.2.1).

Results

Characteristics of participants

Overall, 259 subjects were included in this study, comprising
146 patients with symptoms of COVID-19 and 113 asymp-
tomatic health care workers, and were tested with RT-PCR

swab analysis and serological test. Subjects’ demographic,
clinical, and molecular test results are described in Table 1.
All 50 negative control serum samples resulted negative to all
serological tests. RT-PCR detection of SARS-CoV-2 RNA
identified 75 participants (28.9%; 70 patients and 5 health care
workers) with positive swab results.

Detection of IgG and IgM antibodies to SARS-CoV-2

Overall subjects: According to CLIA analysis, participants
with negative results had median IgG and IgM values of
0.66 AU/ml (range 0.12-7.7 AU/ml), and 0.83 AU/ml (range
0.2-8.51 AU/ml), respectively. In participants with positive
results, the median IgG and IgM values were 55.4 AU/ml
(range from 14.5 to 132.9 AU/ml), and 36.8 AU/ml (range
13.4-971.77 AU/ml), respectively.

The number of subjects with detectable specific Abs varied
among CLIA, LFIA kit A, and LFIA kit B tests. Overall sub-
jects with IgG and IgM positivity were recorded for 57 (22%),
40 (15.4%), and 28 (10.8%), accordingly. IgG positive and
IgM negative were 17 (6.5%), 42 (16.2%), and 43 (16%)
respectively, whereas IgG negative and IgM positive were 4
(1.5%), 10 (3.8%), and 5 (1.9%), respectively (Table 2; Fig.
1).

Among the 75 subjects with positive swabs results, we
observed IgG positive and IgM negative results in 13 (17%),
28 (37%), and 33 (44%), respectively. Furthermore, we ob-
served IgG negative and IgM positive in 2 (2.5%), 3 (4%), and
0 (0%) subjects, respectively (Table 2).

The correlation between CLIA and both LFIA kits was
strong for IgG (φ=0.9 and 0.89, respectively), and moderate
for IgM (φ=0.6 and 0.55, respectively). Likewise, the corre-
lation between LFIA kit A and kit B was strong for IgG and
moderate for IgM (Table 3).

Patients with symptoms of COVID-19: Among 146 pa-
tients, positive serological tests were documented for 73
(50%), 82 (72%), and 73 (50%), respectively (Table 2). In
particular, IgG positive and IgM negative were detected in
15 (10%), 37 (25%), and 41 (28%), respectively (Table 2).
An RT-PCR-positive swab was registered for 70 patients, and
of these 55 (78.5%), 58 (83%) and 51 (73%) were also found
positive at the respective serological tests (Table 2).

Table 1 Overall and subgroup
demographic and clinical
characteristics and molecular test
results

Overall Patients Health care workers

Total, n 259 146 113

Gender, M/F 115/144 86/60 29/84

Age, median (range) 58 (22–97) 71 (22–97) 41 (23–63)

Symptomatic subjects, n (%) 146 (56) 146 (100) 0 (0)

RT-PCR positive swab, n (%) 75 (29) 70 (48) 5 (4)

Abbreviations: RT-PCR real-time PCR
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According to time from symptom onset, less than one-third
of patients positive at RT-PCR were identified with IgG or
IgM positive within 6 days with any serological test. Between
7 and 13 days, 77% of patients were positive for IgG with all
tests. After 14 days, IgG positive was registered for 87–92%,
and IgM positive ranged from 42 to 83% (Table 4). The per-
centage of patients with 2 serological positive tests increased
from 42 to 100% as time increased. However, about one-third
of patients negative at RT-PCRwere found positive for IgG or
IgM with serological tests, without differences registered ac-
cording to time (Table 4). Patients with ≥2 positive serological
tests ranged from 19 to 35% within 21 days and 2 of the 3
patients with testing after 21 days had 2 positive serological
results.

The correlation between CLIA and both LFIA kits was
strong for IgG (φ=0.92 and 0.87, respectively), and moderate

for IgM; the correlation between LFIA kit A and kit B was
strong for IgG and moderate for IgM (Table 3).

Among the 8 patients with multiple serological tests, 4
patients with negative tests at day 0, registered a positive se-
rological result on day 7.

Health-care professionals: We included 113 asymptomatic
health care workers (physicians and nurses), and 5 (4%) were
confirmed positive with RT-PCR swab analysis. Overall, the
majority were negative at serological testing; 95%, 91% and
97%, respectively (Table 2). Of the 5 patients confirmed pos-
itive with RT-PCR swab, 3 were negative for IgG and IgM
with CLIA and LFIA kit A, and 4 with LFIA kit B.

The correlation between CLIA and both LFIA tests was
strong for IgG and weak or moderate for IgM, whereas the
correlation between LFIA kit A and kit B was moderate for
both IgG and IgM (Table 3).

Table 2 Overall IgG and IgM antibody detection to SARS-Cov-2 with CLIA and LFIA assays, and for subjects with RT-PCR positive swabs

CLIA LFIA kit A LFIA kit B CLIA LFIA kitA LFIA kitB CLIA LFIA kit A LFIA kit B

All subjects

Overall (n=259) Patients (n=146) Health care workers (n=113)

IgG+/IgM+ 57 40 28 54 36 27 3 4 1

IgG+/IgM− 17 42 43 15 37 41 2 5 2

IgG-/IgM+ 4 10 5 4 9 5 0 1 0

IgG-/IgM− 181 167 183 73 64 73 108 103 110

Subjects with RT-PCR-positive swabs

Overall (n=75) Patients (n=70) Health care workers (n=5)

IgG+/IgM+ 42 29 19 41 28 19 1 1 0

IgG+/IgM− 13 28 33 12 27 32 1 1 1

IgG-/IgM+ 2 3 0 2 3 0 0 0 0

IgG-/IgM− 18 15 23 15 12 19 3 3 4

Abbreviations: CLIA chemiluminescent assay, LFIA lateral flow immunochromatographic assay, RT-PCR real-time PCR

Fig. 1 Detection of anti-SARS-
CoV-2 IgG and IgM results
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Accuracy of Abs IgG and IgM to SARS-CoV-2

For all subjects (patients, healthcare workers, and nega-
tive controls), the highest sensitivity was registered for
LFIA kit A (83.2%), followed by CLIA (78.9%) and
LFIA kit B (75.8%). Specificity was highest for CLIA
and LFIA kit B (99% and 98% respectively) followed
by LFIA kit A (95%) (Table 5). PPV were highest for
CLIA (>98%).

Among the symptomatic population, the highest sensitivity
was registered for LFIA kit A (85.4%), followed by CLIA
(81%) and LFIA kit B (78.6%). Specificity was highest for
CLIA and LFIA kit B (98% and 94% respectively) followed
by LFIA kit A (89%). PPV were highest for CLIA (both 98%)
(Table 5).

However, according to time from symptom onset, serolog-
ical tests showed an excellent sensitivity and specificity when
performed after 14 days from onset of symptoms, ranging
from 93.7 to 100% (Supplemental Table).

For the 75 asymptomatic heal thcare workers
performing serological test ±3 days from the RT-PCR,
the highest sensitivity was registered for CLIA and
LFIA kit A (50%), with the lowest sensitivity registered
by LFIA kit B (33%). Specificity was also highest for
CLIA and LFIA kit B (both 100%) followed by LFIA
kit A (97%). PPV and NPV were high for all assays
with the exception of PPV for LFIA kit A (60%)
(Table 5).

Accuracy of serological tests for RT-PCR positive
subjects (n=75) revealed high sensitivity (76%, 80, and
69%, respectively) for all serological tests. PPV were
100% for all tests.

For subjects with negative RT-PCR, sensitivity was
90% for CLIA, 95% for LFIA kit A, and 100% for
LFIA kit B. Specificity was 99% for CLIA and LFIA
kit B, and 95% for LFIA kit A. PPV was 94% for
CLIA, 70% for LFIA kit A, and 87% for LFIA kit B.
NPV was high for all serological tests (98.9%, 99.4%,
and 100% respectively).

Discussion

The aim of serological testing is to detect the presence of Abs
against SARS-CoV-2 in the blood. These are specific proteins
produced in response to infection and indicate that a person
had contact with the virus. Antibody test results are important
in detecting infection in patients with few or no symptoms, but
it does not discriminate between ongoing and past infection.
Several serological tests are available for surveillance and re-
search purposes, but to date, their respective accuracy still
remains scarce.

In our study, we analyzed 259 participants, including
symptomatic patients undergoing COVID-19 testing based
on clinical suspect and asymptomatic health care workers
who had been exposed to infected persons. Three serological
tests were used in parallel, one CLIA and two LFIA. The
results show that the correlation among assay methods is op-
timal for IgG, but only fair for IgM. Furthermore, the sensi-
tivity of CLIA is higher than LFIA in both patients and health
care workers and the specificity is optimal for all diagnostic
methods. CLIA is more sensitive and specific for the determi-
nation of both IgG and IgM, whilst the LFIA methods report-
ed good sensitivity and specificity for IgG, but scarce sensi-
tivity for the IgM determination. Further, sensitivity and the
specificity of all 3 serological tests for subjects with RT-PCR
positive and negative results were found to be adequate.

Currently, the diagnostic armamentarium available for the
definition of SARS-CoV-2 infection status includes virus
nucleic acid detection by RT-PCR, computer tomography
(CT) imaging, and some hematological parameters.
Furthermore, recent guideline [6] has also suggested the in-
clusion of other parameters which may help in the preliminary
evaluation of patients’ immune status and assessment of spe-
cific organ damage and oxygenation status, including leuko-
cyte count, blood gas analysis, liver and kidney function
markers, myocardial damage enzyme, myoglobin, erythrocyte
sedimentation rate, C-reactive protein, procalcitonin, lactate,
D-dimer, coagulation damage, urine routine test, and inflam-
matory factors (interleukinIL-6, IL-10, TNFα).

Table 3 Correlation analysis

Overall (n=259) Patients (n=146) Health care workers (n=113)

IgG IgM IgG IgM IgG IgM

φ (95%CI) φ (95%CI) φ (95%CI) φ (95%CI) φ (95%CI) φ (95%CI)

CLIA vs LFIA kit A 0.90 (0.87–0.92) 0.60 (0.49–0.65) 0.92 (0.89–0.94) 0.55 (0.42–0.65) 0.73 (0.63–0.80) 0.23 (0.05–0.40)*

CLIA vs LFIA kit B 0.89 (0.86– 0.91) 0.55 (0.46–0.63) 0.87 (0.83–0.90) 0.48 (0.34–0.6) 0.76 (0.67–0.83) 0.57 (0.43–0.68)

LFIA kit A vs LFIA kit B 0.86 (0.82–0.89) 0.66 (0.6–0.7) 0.88 (0.83–0.91) 0.65 0.54–0.73) 0.56 (0.42–0.67) 0.44 (0.28–0.58)

Abbreviations: CLIA chemiluminescent, LFIA lateral flow immunochromatographic assay

*p=0.0143
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RT-PCR analysis on clinical specimens from patients with
suspected COVID-19 is considered the confirmatory test for
the diagnosis of SARS-CoV-2 infection byWHO and Centers
of Disease Control and Prevention [5]. Although RT-PCR has
high analytical specificity, it has some limitations. Firstly, RT-
PCR may generate false negative results [7], they must be
elaborated in certified laboratories with expensive equipment,
and thirdly, reported positive rates may vary for different swab
specimens [8]. Diagnostic efficiency of RT-PCR depends on
many additional factors, including sample type, stage of infec-
tion and distance from onset of symptoms [9], skill of person-
nel performing sample collection, and analytic performances
of the PCR assays adopted [10].

Serological tests, which search for specific virus Abs, are
available for use in clinical laboratories, but sensitivity and
specificity outcomes are not uniform and the significance of
their results is still under debate. Hsueh et al. [11] showed that
IgM and IgA appear simultaneously and IgG could be detect-
ed as early as 4 days after symptom onset, in contrast to the
well established antibody response profiles for acute viral in-
fections. More recently, Li et al. [12] developed a rapid and
simple point-of-care lateral flow immunoassay which can de-
tect IgM and IgG antibodies against SARS-CoV-2 simulta-
neously in human blood within 15 min. Further, this test can
detect patients at different infection stages, and the authors
reported overall testing sensitivity of 88.7% and specificity
of 90.6%. However, a recent Italian study evaluated an emer-
gency department patient population with LFIA and reported
sensitivity of 18% and specificity of 92%, with NPV of 26.2%
and PPV of 87.5% [13]. Our current study reports an optimal
sensitivity and specificity for serological tests in patients with
suspected COVID-19 (>80%). However, these results should
be interpreted with caution as we included patients with either
positive molecular tests or two positive, different serological
tests in our definition of true positive, limiting the generaliz-
ability of our data.

IgM and IgG titers seem to be relatively low or undetect-
able in the initial days of infection and seem increase by day 5
[14]. Moreover, Zhao et al. [10] detected total Abs, IgM, and
IgG against SARS-CoV-2 using immunoassays in 173 pa-
tients and reported that the presence of Abs occurred in
<40% of patients in the first 7 days of illness, but values
increased to 100.0%, 94.3%, and 79.8% for total Abs, IgM,
and IgG respectively since from day 15 after symptom onset.
Likewise, Guo et al. [15] evaluated IgA, IgM, and IgG in 208
plasma samples using an ELISA based test. The median inter-
val between symptom onset and IgM and IgA antibody detec-
tionwas 5 days, while IgGwas firstly detected on day 14 (IQR
10–18), with positive rates of 85.4%, 92.7%, and 77.9% re-
spectively. Similarly, our results showed that IgG and IgM
were present in serum of patients with RT-PCR positive after
6 days from symptom onset, and after 14 days, the sensibility
and specificity were high (>93%).

The development of IgG and IgM antibodies in COVID-19
patient blood is consistent with an acute viral infection; the
IgG concentration begins to rise as IgM levels start to drop off.
Usually, IgM antibodies can be detected as early as 3 days
from the start of symptoms in many infections. IgM and IgG
antibodies may be detected with immunoassay, such as an
ELISA test, which requires a less stringent specimen quality
than RT-PCR.

In conclusion, our study reports an adequate accuracy for
serological tests for both patients and health care workers
performing tests around 3 days from molecular test, allowing
identifying potentially asymptomatic subjects in the first
phase of the pandemic. However, our results suggest the IgG
determination in patients infected by the SARS-CoV-2 virus
may be useful to detect infection 6 days from symptom onset
with adequate sensitivity and specificity. In fact, to understand
the core element of the SARS-CoV-2 infection, a correct bal-
ance between sensitivity and specificity is essential not only to
limit the frequency of false positive and false negative results
but also to clarify the clinical sign and epidemiological evo-
lution of the disease.
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