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Abstract
Evidence on the diagnostic performance of serological tests in the early phase of COVID-19 is lacking.
The aim of our study was to gather evidence on such testing in real-life practice. During the year 2020, we retrospectively
analyzed the data records of 637 consecutive patients who underwent serological qualitative tests and reverse transcriptase
polymerase chain reaction (RT-PCR) for suspected COVID-19. All sera were first tested by rapid qualitative detection of antiSARS-CoV-2 antibodies and if positive for IgG and/or IgM qualitative test were subsequently tested for quantitative detection.
One hundred and four (16.3%) were positive for anti-SARS-CoV-2 IgG and/or IgM antibodies by the rapid qualitative test and
59 (9.2%) by the RT-PCR, diagnosed COVID-19. Thirty-two out of the 59 patients with positive RT-PCR were negative for IgG
and/or IgM antibodies by the rapid qualitative test. A weaker association was found between positive RT-PCR and the positive
single qualitative test. The multiple positivity of qualitative and/or quantitative serological tests was strongly associated with
diagnosis of COVID-19 (65.2%-100%).
Keywords: RT PCR, specific anti-SARS-CoV-2 IgG and IgM, serological tests

Introduction
Diagnosis of coronavirus disease 2019 (COVID-19) is primarily confirmed by Nucleic Acid Amplification Technique
(NAAT) of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which is mainly represented by the reverse
transcriptase polymerase chain reaction (RT-PCR) [1-3]. The use of serological tests is less complex and costly and
presents a shorter turnaround time than NAAT. IgM can be detected in the patient samples from 10 to 30 days after
SARS-CoV-2 infection while IgG appears at day 20 onward [4]. Unlike a classic viral infection, the humoral response
following the SARS-CoV-2-infection is characterized by exclusive entity and kinetics. In a recent study, Padoan et al.
studied the kinetics of anti-SARS-CoV-2 antibodies [5], concluding that IgM and IgG tend to appear 6-7 days after
symptoms onset. Moreover, notwithstanding the epidemiologic potential to evaluate a population’s immunization state
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[6,7], it becomes more and more evident, the role of SARS-CoV-2 antibodies in diagnosis of suspected cases with
negative RT‐PCR as well as significantly increase diagnostic sensitivity for COVID‐19 patients [8,9].
Nevertheless, systematic data are lacking on the diagnostic performance and predictive value of serological test
positivity in the early phase of COVID-19. For this reason, the aim of our study was to investigate the predictive role of
serological assays, both qualitative and quantitative tests, and their best interpretation in the real-life practice.

Material and Methods
During the year 2020, we retrospectively analyzed data records of 637 consecutive patients (313 females and 324
males) with mean age ± SD 69.1 ± 20.6 years, admitted to the Emergency Department and Internal Medicine Ward of
San Giuseppe Hospital, Empoli (Italy) with symptoms suggestive of COVID-19, who had undergone RT-PCR oronasopharynx swabs and qualitative test for anti-SARS-CoV-2 IgG and IgM antibodies. All sera have been subsequently
tested for quantitative detection, if positive for IgG and/or IgM by the qualitative test. From 2020 March 12 to 2020
May 31, Internal Medicine ward was transformed in a 96-bed non intensive COVID-19 area. Criteria for hospitalization
in COVID area were a) any patient with dyspnoea or increase respiratory rate (≥ 30 breaths per min); b) any patient
with oxygen saturation ≤ 94% on room air or decrease in saturation to <90% with ambulation; c) overall clinical concern
by Emergency Department attending for risk of outpatient failure based on vital signs, clinical examination and/or high
risk for complications from severe COVID-19 based on co-morbidity. Of the 637 patients undergone to oro-nasopharynx
swab and serological test, two hundred and twenty-eight patients (35.7%) were under 65 years, ten patients (1.5%) were
under 18 years. The median time from symptoms onset to Emergency Department admission, oro-nasopharynx swab
and serological tests was 5 days (IQR 2-7). Five hundred and seventy-eight patients underwent oro-nasopharynx swab
and serological test in Emergency Department, while fifty-nine in Internal medicine ward.
The qualitative detection of SARS-CoV-2 RNA in human nasopharyngeal swab, was determined by an in vitro
diagnostic (IVD) (RT-PCR) test (Allplex™ 2019-nCoV Assay, Seegene).
Detection limit (sensitivity) of Allplex™ 2019-nCoV Assay was 100 RNA copies/reaction. The assessment of its
performances by the manufacturer demonstrates a specificity of 100%. Test specificity was determined by crossreactivity of Allplex™ 2019-nCoV Assay using 49 standard materials and pathogenic organisms.
The 2019-nCoV primer and probe set(s) are designed to detect RdRp gene, E gene, and N gene according to the
World Health Organization (WHO) recommendations.
RNA extraction was performed according to the STARMag 96 × 4 Universal Cartridge Kit Seegene using Seegene
STARlet. A cycle threshold value (Ct value) <40 for all three target genes was defined as a positive result.
All sera were first tested by JusChek + qualitative test, a membrane-based immunoassay able to detect antibodies
to 2019-nCoV, Acro Biotech, Inc, using nucleocapsid (N) protein (Manufacturer’s data: sensitivity IgG: 100%, IgM 85%;
specificity IgG 98%, IgM 96%). Sera positive for IgG and/or IgM were subsequently tested for quantitative detection by
a chemiluminescent method, Shenzhen Yhlo Biotech Co. Ltd, using Nucleocapsid (N) and Spike (S) proteins (sensitivity
IgG: 76.7%, IgM 73.3%; specificity IgG 100%, IgM 92.2%) [10].
All quantitative antibody tests “iFlash-2019-nCoV IgG and IgM” were performed by iFlash1800 fully automatic
CLIA analyzer from YHLO biotechnology Co (LTD, Shenzhen, China) [10,11]. The amount of anti‐SARS‐ CoV‐2
antibodies IgM and IgG is positively correlated with the relative light units (RLU) measured by the chemiluminescence
analyzer. iFlash1800 CLIA analyzer automatically calculates the concentration (AU/mL) based on the calibration curve.
Cut off value proposed by manufacturer is 10 AU/mL both for IgM and IgG antibodies; hence, samples with hence
samples with IgM and IgG concentration more than equal to 10 AU/mL are considered positive (reactive).
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Statistical analysis
Statistical analysis was performed using SPSS software (version 24.0, SPSS Inc., Chicago, IL, USA). The
concordance rate between COVID-19 status and positive IgG and/or IgM tests (qualitative, quantitative, and their
different combinations) was calculated by dividing the number of true positive antibodies tests with the total number
of positive antibody tests. The combination of the tests was considered positive if all tests had positive results.
This study was approved by the Local Ethic Committee (Authorisation number: 17260_oss).

Results
Of the 637 patients, 59 (29 females) with mean age ± SD 63.4 ± 19.9 years, were diagnosed with COVID-19 (9.2%)
on the basis of clinical criteria and positive pharyngeal swab. At first, out of 59 patients, 2 were negative for RT-PCR
but positive for anti-SARS-CoV-2 antibodies. Later, these two patients were tested positive for RT-PCR with a following
second swab and COVID-19 diagnosis was confirmed. All patients positive for anti-SARS-CoV-2 IgG and/or IgM
antibodies by rapid qualitative and negative RT-PCR were retested with RT-PCR 24 h after the first sample resulting
negative again. One hundred and four were positive for anti-SARS-CoV-2 IgG and/or IgM antibodies (16.3%) by a rapid
qualitative test and 59 (9.2%) for the viral RNA by RT-PCR. Out of 59 patients, RT-PCR positive, 32 were negative for
anti-SARS-CoV-2 IgG and/or IgM antibodies by rapid qualitative test while 27 were positive for anti-SARS-CoV-2 IgG
and/or IgM antibodies with a concordance rate between the two tests of 40.7%.
Quantitative serological test was assayed in cases positive for qualitative test. The concordance rate was calculated
as the ratio between true positive tests (according to the COVID-19 status) and the total number of positive tests. A
weaker concordance was found between COVID-19 and the positive single qualitative test (IgG qualitative test: 17.5%;
IgM qualitative test: 12.2%) compared to the double positive qualitative test (IgG qualitative test and IgM qualitative
test: 65.2%) or to the qualitative and quantitative tests combinations, except for the IgM double tests (qualitative and
quantitative), where no positive cases were found (Table 1). The strongest association was observed for the combination
of qualitative IgM and IgG and quantitative IgM anti-SARS-CoV-2 antibodies (100%).
Table 1. Cross-tabulation between results of positive anti-SARS-CoV-2 (IgM and IgG) tests
and diagnosis of COVID-19
COVID-19 status

Concordance rate
between positive tests
and COVID-19 status

Anti-SARS-CoV-2 positive test

No

Yes

IgG qlt

33

7

IgM qlt

36

5

12.2%

IgM qlt and IgG qlt

8

15

65.2%

IgM qlt and IgM qnt

5

0

0.0%

IgG qlt and IgG qnt

3

6

66.7%

IgM qlt, IgG qlt and IgG qnt

1

4

80.0%

IgM qlt, IgG qlt and IgM qnt

0

3

100.0%

IgM qlt, IgG qlt, IgM qnt and IgG qnt

1

5

83.3%

17.5%

qlt: qualitative test; qnt: quantitative test

Discussion
Though the gold standard test for diagnosis of COVID-19 is still the RT-PCR performed on oro-nasopharynx swab
samples, SARS-CoV-2 infection can also be detected indirectly by measuring the host immune response via serological
testing. The methods currently used for serological tests are enzyme linked immunosorbent assays (ELISA), lateral flow
immunoassays (LFIA) and chemiluminescent immunoassays (CLIA). A systematic review and meta-analysis showed
that sensitivity of these methods ranges from 66% (49.3-79.3%) of LFIA to 97.8% (46.2-100%) of CLIA, while specificity
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ranges from 96.6% (94.3-98.2%) of LFIA to 97.8% (62.9-99.9%) of CLIA [12]. However, the role of serological testing
to support RT-PCR in the acute phase of COVID-19 diagnosis is challenging [5]. Evidence shows that after the onset of
symptoms, the time required to detect IgM and IgG antibodies against SARS-CoV-2 is 5-10 days and ≥ 10 days,
respectively [13]. Later on, the concentration of both antibody classes increases, the chance of false-negative results
decreases. Therefore, early detection of antibodies is possible only in a limited number of patients. For 82 patients in
acute phase of COVID-19 diagnosis, Guo L. et al. found that the positive rate of IgM antibodies was 75.6% and the
detection efficiency by IgM was higher after 5.5 days from symptoms onset [9]. In another study enrolling 41 patients
in acute phase of COVID-19, Qu J et al. found that the positive rate of IgM and IgG by using a CLIA method was 87.8%
and 97.6% respectively. Most of the enrolled patients were admitted to the hospital after 8 days. The highest IgG
concentration was reached on day 30, while the highest IgM concentration was on day 18 [14].
In another study comprised of 112 COVID-19 patients, Zhang G et al. found antibody positivity in 93.7% (0.9% IgM
alone, 41.1% IgG alone, 51.8% IgM plus IgG) [15]. In our experience almost half of COVID-19 patients were positive for
IgM and/or IgG antibodies. The median time from symptoms onset to hospital admission was 5 days. This could explain
the lower positivity rate found in our study compared with the abovementioned studies [9,14,15]. Our study found that
in patients with symptoms, clinical history, radiological and laboratory findings suspected for COVID-19 multiple
positivity by qualitative and/or quantitative serological tests significantly increase the probability of COVID-19. A twostep algorithm (orthogonal approach) where individuals who initially test positive were tested with a second test
represents one of the testing strategies recommended by Center for Disease Control (CDC) to improve PPV of a test
result [16]. Xu et al., showed that the orthogonal testing strategy could be a useful tool that can be used to help identify
potentially false positive SARS-CoV-2 IgG serology results (78/98) of positive SARS-CoV-2 IgG results confirmed with
a second line test [17]. Pflüger et al. supported that orthogonal test strategies can enhance clinical specificity, evaluating
the clinical performance of five automated immunoassays on a set of clinical samples with positive predictive values
ranged from 19.5%-100% and 38.0%-100% (for ≤ 10 days or >10 days after start of symptoms, respectively) [18].
In our case the combination of qualitative and quantitative tests was associated with the strongest probability of
having COVID-19. This could prove to be very important in clinical practice. For patients with high clinical suspicion of
COVID-19 awaiting RT-PCR results, multiple positivity by rapid serological tests could reduce misdiagnosis, thereby
allowing the appropriate allocation of patients and the start of proper treatment. Similar results were found by Guo L.
et al. who showed that the combination of ELISA IgM positivity with RT-PCR significantly increases the diagnostic
probability of COVID-19 compared to RT-PCR alone from 51.9% to 98.6% [9]. Our study has limitations mainly due to
small sample size. However, to our knowledge, this is the first study that combines different qualitative and quantitative
tests with RT-PCR in the early diagnosis of COVID-19 showing the importance of correctly interpreting different
serological tests combined with RT-PCR. Since our results showed a weaker association between SARS-CoV-2 infection
and the single positive qualitative test, compared to the double positive qualitative test or the double, triple, and
quadruple qualitative and quantitative tests, the significance of the rapid qualitative test should be evaluated according
to the isotype detected and to its combination with the quantitative test. Moreover, the main limitation of this study
was that we couldn’t analyze the concordance rate of negative serological results among qualitative and quantitative
tests, given the fact that it has not been possible to deepen them. In the next future further studies are needed to confirm
our results.
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