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Abstract

Background: Coronavirus disease 2019, abbreviated to
COVID-19, represents an emerging health threat world-
wide as, after initial reports in China, it has continued to
spread rapidly. The clinical spectrum of the disease varies
from mild to severe acute respiratory distress syndrome
(ARDS). Moreover, many patients can be asymptomatic,
thus increasing the uncertainty of the diagnostic work-up.
Laboratory tests play a pivotal role in the diagnosis and
management of COVID-19, the current gold standard being
real-time reverse transcription polymerase chain reaction
(rRT-PCR) on respiratory tract specimens. However, the
diagnostic accuracy of rRT-PCR depends on many pre-
analytical and analytical variables. The measurement of
specific COVID-19 antibodies (both IgG and IgM) should
serve as an additional, non-invasive tool for disease detec-
tion and management.

Methods: The imprecision of the MAGLUMI™ 2000 Plus
2019-nCov IgM and IgG assays (Snibe, Shenzhen, China)
was assessed by adopting the Clinical and Laboratory
Standards Institute (CLSI) EP15-A3 protocol. Linear-
ity of dilution and recovery was evaluated by means of
mixes of high-level pools and low-level pools of serum
samples. Immunoglobulin time kinetics were evaluated
using a series of serum samples, repeatedly collected
from COVID-19-positive patients at different times, from
<5 days up to 26-30 days.
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Results: Findings at the analytical validation of the
assay carried out according to the CLSI EP15-A3 guide-
line demonstrated that imprecision and repeatability
were acceptable (repeatability was <4% and <6% for [gM
and IgG, respectively, whilst intermediate imprecision
was <6%). In addition, results of dilution and recovery
studies were satisfactory. The kinetics of COVID-19 anti-
bodies confirmed previously reported findings, showing
a rapid increase of both IgM and IgG after 6-7 days from
the symptom onset. IgG had 100% sensitivity on day 12,
whilst 88% was the higher positive rate achieved for IgM
after the same time interval.

Conclusions: The findings of this study demonstrate the
validity of the MAGLUMI 2000 Plus CLIA assay for the
measurement of specific IgM and IgG in sera of COVID-19
patients, and for obtaining valuable data on the kinetics
of both (IgM and IgG) COVID-19 antibodies. These data
represent a pre-requisite for the appropriate utilization of
specific antibodies for the diagnosis and management of
COVID-19 patients.
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Introduction

Coronavirus disease 2019, abbreviated to COVID-19, is an
emerging health threat and, on March 11, 2020, the Director-
General of the World Health Organization (WHO) defined
the spread of COVID-19 as a pandemic [1]. The responsible
pathogen, a virus belonging to the Coronaviridae family,
has been finally defined as “severe acute respiratory syn-
drome coronavirus 2” (SARS-CoV-2) for its high sequence
identity (i.e. up to 80%) with the homologous virus that
caused the 2003 SARS outbreak (i.e. SARS-CoV-1) [2].

After initial reports of disease outbreak in China,
COVID-19 has spread worldwide, cases being identified
in virtually all countries worldwide [3]. In Italy, after the
first patient tested positive on admission to the inten-
sive care unit (ICU) in Codogno Hospital (Lodi, Lombar-
dia), within 14 days, numerous other cases of COVID-19,
including a substantial proportion of critically ill patients,
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were diagnosed in the surrounding area. A second cluster
was simultaneously identified in the Veneto area and,
since then, the number of COVID-19 patients has rapidly
increased, mainly in Northern Italy, but all regions of
the country have reported having patients being infected
[4]. The clinical spectrum of SARS-CoV-2 infection can
vary from mild up to onset of severe acute respiratory
distress syndrome (ARDS). Moreover, many patients can
be asymptomatic, thus increasing the uncertainty of the
diagnostic work-up [5]. The timely and accurate diagno-
sis of COVID-19 infection is the cornerstone of appropri-
ate treatment for patients, and crucial for limiting further
spread of the virus, particularly as asymptomatic or mildly
symptomatic subjects may be responsible for virus trans-
mission [6]. Therefore, testing assumes critical relevance
for ensuring an effective response to COVID-19 outbreak.
The current gold standard for the etiological diagnosis of
SARS-CoV-2 infection is (real-time) reverse transcription
polymerase chain reaction (rRT-PCR) on respiratory tract
specimens [7-9]. However, the quality of rRT-PCR testing
remains of paramount importance in providing accurate
and interpretable results, its diagnostic accuracy depend-
ing on many factors, including pre-analytical variables
such as sample types and collection, transportation and
storage conditions, as well as the quality and consistency
of the PCR assays being used [10]. The collection of naso-
pharyngeal or throat swab specimens, a relatively invasive
and almost uncomfortable procedure, can cause coughing
and sneezing, thus generating aerosol, which constitutes
a potential health hazard for healthcare workers [11].

The production of specific antibodies, particularly
anti-SARS-CoV-2 IgM and IgG, should be used as an addi-
tional non-invasive method for detecting the disease, espe-
cially in patients who present late, with a low viral load.
However, the timing of requests for serological assays and
the interpretation of antibody results are pre-requisites of
crucial importance in their efficacy. Therefore, the aim of
this paper is to report an analytical validation of a novel
chemiluminescent immunoassay (CLIA), available on an
automatic platform, and to describe the kinetics of IgM
and IgG antibodies in COVID-19 patients.

Materials and methods

The MAGLUMI™ 2000 Plus (New Industries Biomedical Engineer-
ing Co., Ltd [Snibe], Shenzhen, China) is a chemiluminescent ana-
lytical system (CLIA), featuring high throughput (up to 180 tests/h).
According to the manufacturer’s inserts (271 2019-nCoV IgM, V2.0,
2020-03 and 272 2019-nCoV IgG, V1.2, 2020-02), the 2019-nCoV IgM
cut-off is 1.0 AU/mL, while the 2019-nCoV IgG cut-off is 1.1 AU/mL.
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Manufacturers claimed that the calculated clinical sensitivities of
IgM and IgG were 78.65% and 91.21%, respectively, while specificities
of IgM and IgG were 97.50% and 97.3%, respectively.

Evaluation of interferences in results due to gel separa-
tor tubes

According to the procedure recommended by Xiongyan et al. [12],
viral activity could be inactivated before antibody determination
by heating serum samples to 56 °C for 30 min. To ascertain whether
56 °C dry heat in the primary sample tube containing separator gel
caused analytical interferences with respect to heated secondary ali-
quoted serum, we undertook an experimental series of comparisons
in a total of 29 serum samples. In particular, for each primary sample
tube with separator gel, an aliquot was prepared before viral inacti-
vation, after which the primary sample tubes and the aliquots were
heated together, and IgM and IgG results compared.

Repeatability and intermediate precision evaluation

Precision was evaluated by using three human serum pools of samples
with different values. Precision estimations were obtained by means of
quintuplicate measurements of aliquots of the same pool, performed
for a total of 5 consecutive days, following the Clinical and Labora-
tory Standards Institute (CLSI) EP15-A3 protocol [13]. The precision
data claimed by the manufacturer were verified using three human
serum pools, and specifications were estimated with the EP5-A3 pro-
tocol [14], by considering repeatability, and between-day variability.
The results obtained for precision were compared to those claimed by
the manufacturer using the procedure recommended by EP15-A3. Pre-
cision estimates were in accordance with the repeatability and inter-
mediate precision conditions specified in the international vocabulary
of metrology (VIM, JCGM 100:2012) for precision estimation within a
5-day period.

Recovery assessment

Recovery was assessed using one pool of samples for IgM
(2.18 AU/mL) and another pool for IgG (2.57 AU/mL), prepared
using human serum samples. These pools were mixed with differ-
ent amounts of low-level pools of samples (0.27 AU/mL for IgM and
0.093 AU/mL for IgG) in order to obtain different theoretical concen-
trations of IgM and IgG. Recovery was estimated according to the
following formula:

Measured — Theoretical
Theoretical

Recovery (%)= x100

Linearity assessment

Linearity was assessed by using a series of mixes of four sample
pools, prepared with different IgM and IgG values, using serial dilu-
tion, as specified in the CLSI EP06 A: 2003 guideline (paragraph
4.3.1). In brief, two serum pools with a measured IgM antibody
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value of 21.4 AU/mL and 2.27 AU/mL (high-level pools) were serially
diluted with a low IgM antibody value serum pool (0.33 AU/mL).
Likewise, two serum pools with a measured IgG antibody value of
73.72 AU/mL and 2.65 AU/mL (high-level pools) were serially diluted
with two low IgG antibody value serum pools (0.086 AU/mL and
0.107 AU/mL, respectively). All measurements were performed in
triplicate.

Evaluation of IgM and IgG time kinetics

Through the time period between March 18 and March 26, from hos-
pital wards with hospitalized COVID-19-positive (confirmed by posi-
tive rRT-PCR using nasopharyngeal swab samples) patients, a series
of residual serum samples from routine laboratory testing were
anonymized, aliquoted and stored at —-80 °C. For the analyses, all
samples were thawed and heat inactivated (see above) in batch. Sam-
ples were then evaluated using the MAGLUMI 2019-nCov IgM and 2019-
nCov IgG (CLIA) systems, during the same analytical session. A total of
87 samples were collected from the 37 patients included in the study
(one sample from each of 10 patients; two from each of six patients;
three from each of 19 patients; four from each of two patients).

Statistical analyses

The possibility to obtain viral activity inactivation in samples col-
lected into serum blood tubes with a gel separator was assessed
using Bland-Altman analyses. For evaluation of precision, ANOVA
was used to estimate repeatability and intermediate precision. An
in-house developed R (R Foundation for Statistical Computing,
Vienna, Austria) script for implementing the CLSI EP15-A3 protocol
was used for ANOVA and for calculating the upper verification limit.
For time kinetic evaluation, the following strategy was used: for each
sample included in the study, the collection date was matched with
the corresponding date of symptom onset (i.e. fever) and antibodies
measured. Using these data, the following time frames were defined
(d, days): <5d, 6-7d, 8-9d, 10-11 d, 12-13 d, 14-15d, 16-17 d, 18-19
d, 20-25 d, 2630 d. The GraphPad Prism version 8.4.1 for Windows
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was used to evaluate kinetic data. The mean IgM and IgG results (and
standard errors) were plotted against the fever occurrence time cat-
egories (treated as continuous values). Smoothing splines with four
knots were used to estimate a possible fit for the time kinetic curve.

Results

Evaluation of interferences in results due to
gel separator tubes

Bland-Altman analyses findings demonstrated that the
use of a heated primary tube with a gel separator and
heated aliquoted serum generated comparable IgM
and IgG results (p=0.122 and p=0.548, respectively)
(Supplementary Figure 1).

Repeatability and intermediate precision
evaluation

Table 1 reports repeatability and intermediate preci-
sion, calculated using 5-day analysis according to the
procedure suggested in CLSI EP-15-A3 [13], compared
with the precision value claimed by the manufacturer
(obtained using three samples at different concentra-
tions measured in duplicate at three sites on 5 days, with
three runs per day, according to the EP5-A3 protocol)
[14]. The results obtained for the low and medium values
were satisfactory, being lower than those reported by
the manufacturer, while at the highest concentration
they did not correspond with the manufacturer’s spec-
ifications, also after UVL calculation, conducted as
suggested by CLSI EP15-A3 [13].

Table 1: Precision results for 2019-nCov IgM and 2019-nCov IgG antibody assays expressed as coefficient of variation (CV) in percentage

(%), obtained by using pools of samples.

Measurand Level, Design Measured repeatability - CV, % Intermediate precision - CV, %
AU/mL

Laboratory Manufacturer’s Laboratory Manufacturer’s

evaluation® claims® evaluation® claims®

2019-nCov 0.61 5x5 (CLSI 3.06 6.71 5.05 6.95

IgM 1.96 Ep15-A3) 1.84 2.06 3.31 3.59

4.39 4.05 2.23¢ 5.06 2.65¢

2019-nCov 0.48 5x5 (CLSI 5.69 8.76 5.70 8.80

1gG 2.99 Ep15-A3) 3.86 6.08 3.87 6.25

10.59 3.18 1.62¢ 3.96 1.82¢

2Calculated by including repeatability and between-day variability as specified in EP5-A3. *Obtained from the MAGLUMI™ 2019-nCov IgM (CLIA)
insert, 271 2019-nCoV IgM-it, V2.0, 2020-03, and from MAGLUMI™ 272 2019-nCoV IgG-it, V1.2, 2020-02. “Indicates that the imprecision value
was higher than that declared by manufacturers, also after the calculation of UVL as suggested by EP15-A3.
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Recovery evaluation

As a well-validated method was not available for com-
parison purposes, the recovery study was implemented
to estimate possible proportional systematic error of the
method. Recovery was calculated in ranges of values cov-
ering IgM and IgG cut-offs.

Our findings, as shown in Table 2, highlight overes-
timation for IgM (value range, 103%-123%), overestima-
tion (103%-112%) for higher values and underestimation
(639%-93%) for lower values in the case of IgG.

Linearity assessment

Linearity data for IgM and IgG antibody MAGLUMI™ 2000
Plus CLIA are summarized in Figure 1. All tested mixes of
sample pools deviated from linearity only at levels signifi-
cantly higher than the IgM and IgG cut-off.

Time kinetics

Figure 2 shows the kinetic results for the study patients at
different days from fever onset, divided into time catego-
ries. Specifically, the graph shows average values and cor-
responding standard errors of IgM and IgG for each time

Table 2: Recovery results in percentages (%) for 2019-nCov IgM and
2019-nCov IgG.

1D Concentration, AU/mL Recovery, %

Measured Theoretical

2019-nCov IgM

1 2.05 1.99 103.0
2 1.93 1.80 107.3
3 1.84 1.60 114.8
4 1.62 1.41 114.7
5 1.46 1.22 119.8
6 1.24 1.03 120.4
7 1.03 0.84 122.5
8 0.78 0.65 120.0
9 0.56 0.46 123.4
2019-nCov 1gG
1 2.41 2.32 104.0
2 2.33 2.07 112.5
3 1.89 1.82 103.3
4 1.40 1.58 88.9
5 1.24 1.33 92.9
6 0.90 1.08 83.2
7 0.60 0.83 72.3
8 0.37 0.59 62.6
9 0.22 0.34 65.8

Mean of measured concentrations is shown.
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category. Overlapping time kinetic trends are shown using
spline interpolation.

Table 3 shows the number (and percentage) of posi-
tive test results of IgM and IgG for each time category.
After the 11th day, all patients were found to be positive
for IgG (100%), while the higher positivity of IgM (88%)
was achieved only after the 13th day.

Discussion

The rapid spread of COVID-19 represents a major challenge
for all national healthcare systems worldwide. Although
the degree of infection severity may vary from mild to
severe, a considerable percentage of diseased patients
need sub-intensive and intensive care with respiratory
support, thus causing a real healthcare emergency [15].
Moreover, an increasingly serious issue is the frequency
of COVID-19 infection in healthcare workers. In a report
from the WHO-China Joint Mission on COVID-19, as many
as 11,251 healthcare workers had become infected with
COVID-19 by April 3, 2020, with a total of 112,401 cases of
COVID-19 and 13,241 associated (11.7%) deaths [16].

Therefore, not only physicians, but also scientists,
policymakers and administrators of all national health-
care systems, are focusing on the ongoing discussion on
diagnostic tests for COVID-19 disease, even if only a few of
those already developed have been extensively validated
for clinical use, because this process is inherently time-
consuming [17].

The current diagnostic method involves the identi-
fication of viral RNA in respiratory samples by means of
rRT-PCR, though several pre-analytical and analytical lim-
itations have recently been described to plague this tech-
nique [18]. First, it was demonstrated that the sensitivity
of this test not only depends on the stage of disease (i.e.
collection time), but also on the severity [19]. The overall
throughput of RNA tests is also limited because it requires
high workload, skillful operators for sample preparation
and testing, and also requires expensive instrumentation
and important biosafety measures. Therefore, less expen-
sive and easy implementable serological tests are needed
for detecting 2019-nCov antibodies, not only for diagnos-
ing COVID-19, but also for characterizing the course of
disease, as well as for epidemiological and vaccine evalu-
ation studies.

We have hence carried out a study to investigate the
analytical performance of the MAGLUMI™ 2000 Plus
2019-nCoV IgM and IgG chemiluminescence immuno-
assay and the kinetics of appearance of antibodies in
COVID-19 patients. The first aspect we investigated was
the possibility of using serum tubes with a gel separator
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Figure 1: 1gM and IgG antibody assay linearity results.
(A) 1IgM high-level pool at 21.04 AU/mL diluted with a low-level pool at 0.33 AU/mL; (B) IgM high-level pool at 2.27 AU/mL diluted with a
low-level pool at 0.327 AU/mL; (C) IgG high-level pool at 73.72 AU/mL diluted with a low-level pool at 0.086 AU/mL; (D) I1gG high-level pool
at 2.65 AU/mL diluted with a low-level pool at 0.107 AU/mL. Averages of triplicate measurements are shown.
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Figure 2: Time kinetic results for IgM (left axis, dashed line) and 1gG (right axis, dashed-dotted line) at different days from the fever onset in

the 37 study patients.

Different time frames are shown. Mean and standard errors are plotted. Smoothing splines were used to fit the time-trend lines for both

immunoglobulins.

as primary samples for direct viral inactivation, without
preparing secondary aliquots. This strategy is extremely
important for operator safety as well as for effective work-
load management. The analyses performed on a series of
29 consecutive serum samples with a gel separator con-
firmed that this type of sampling tube could be suitably

used for IgM and IgG measurement after dry heat for viral
inactivation. Then, we assessed the imprecision profile of
the assay using the CLSI EP15-A3 protocol [12].

Overall, our results show that MAGLUMI™ 2000 Plus
has excellent precision characteristics. In fact, repeat-
ability was <4% and <6% for IgM and IgG, respectively,
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Table 3: Descriptive statistics of 2019-nCov IgM and 2019-nCov IgG for the studied patients, subdivided on the basis of each time point

(calculated considering the initial onset of fever).

Time from the onset IgM, AU/mL 1gG, AU/mL
of fever
<5 days
n 4 4
Mean+SD 0.513+0.127 0.12+0.17
Median (IQR) 0.488(0.431-0.595) 0.04 (0.03-0.22)
Min-max 0.386-0.689 0.019-0.387
n of Positive tests (%) 0/4(0%) 0/4 (0%)
6-7 days
n 6 6
Mean+SD 1.196+0.725 17.50+27.25
Median (IQR) 1.066 (0.558-2.01) 7.64(0.19-18.65)
Min—-max 0.381-2.097 0.154-70.74

n of Positive tests (%)
8-9 days

3/6 (50.0%)

n 12
Mean £SD 2.174+2.246
Median (IQR) 1.489(0.764-2.519)
Min—-max 0.452-8.124
n of Positive tests (%) 7/12 (58.3%)
10-11 days
n 14
Mean £SD 2.7831+4.894
Median (IQR) 0.94(0.41-2.11)
Min—-max 0.38-18.04
n of Positive tests (%) 5/14 (35.7%)
12-13 days
n 9
Mean £SD 3.15+2.71
Median (IQR) 1.91(1.77-4.31)
Min—-max 0.61-9.20

n of Positive tests (%)
>13 days

719 (77.8%)

n 25
Mean+SD 2.34%1.79
Median (IQR) 2.01(1.16-3.14)
Min—-max 0.384-7.68

n of Positive tests (%)

22/25 (88.0%)

46 (66.7%)

12

25.95+£30.7

14.48 (1.10-39.99)
0.26-86.55

9/12 (75.0%)

14

16.67+£23.26
2.34(0.63-23.54)
0.94-74.35
10/14 (71.4%)

9

39.24+26.54
34.93(31.22-43.25)
2.867-83.66

9/9 (100%)

25

55.20+24.13

59.47 (43.74-74.70)
1.32-87.61

25/25 (100%)
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n, number of patients from whom sample was obtained within the specified time period.

whilst intermediate imprecision was <6%. Nevertheless,
the results did not allow us to reproduce the manufactur-
er’s claims for precision at the highest concentration level.
Therefore, action was undertaken with the manufacturer,
by asking for additional information underlying this dif-
ference in imprecision, which, however, does not impair
clinical reliability.

Linearity of dilutions was also assessed, in order to
evaluate the ability of the method to provide results directly
proportional to the concentration of IgM and IgG in tested
samples. We performed a series of serial dilutions using
high-value pools diluted in low-value pools. The results
obtained showed that within the 1.5 AU/mL-0.5 AU/mL

range results are linear for both immunoglobulins, whilst
linearity seems worse at the highest values, especially
for IgG. As a well-validated method for comparing results
is currently unavailable, we also performed recovery
studies. The range inspected covered the range of values
suggested by the manufacturer, and results showed that
IgM was slightly overestimated, whereas IgG was overesti-
mated for values above 1.9 AU/mL and slightly underesti-
mated at values below 1.9 AU/mL. Overall, better recovery
results were found for IgM, so simultaneous assessment of
both IgM and IgG may be advisable.

The time kinetics of IgM and IgG was also evaluated
during a time interval previously recommended [19]. Our
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results showed that both IgM and IgG rapidly increased
after the onset of fever. Considering the cut-offs suggested
by the manufacturer (i.e. 1.0 AU/mL for IgM and 1.1 AU/mL
for IgG), the immunoglobulin rise could be considered as
significant 6-7 days after fever onset. These findings are
in agreement with those recently reported by others. For
example, using an ELISA in-house developed method,
Zhang et al. found that the increase of antibody against
the virus was clearly visible in almost all patients after
5 days of symptom onset, a time period that was usually
considered as a transition from an early to a late period
of infection [19]. Likewise, using a commercial ELISA
kit from Livzon Diagnostics (China), Tan et al. found a
marked increase of immunoglobulins 7 days after the
onset of symptoms, particularly in patients with severe
disease [20]. Table 3 reports in detail the kinetics of IgM
and IgG, showing that IgG requires at least 12 days to attain
100% sensitivity, whilst the highest positive rate achieved
for IgM was 88% throughout the study period. Interest-
ingly, three patients had IgM values of 0.811 AU/mL,
0.909 AU/mL and 0.863 AU/mL, thus remaining below
the cut-off. This suggests that further cut-off refinement
would be necessary for increasing IgM sensitivity.

The present study has some notable limitations. For
example, no reliably validated method was available for
comparison studies, nor were cross-reactivities of the
assays tested. Furthermore, the criterion for assessing the
time kinetics of IgM and IgG antibodies was the time of fever
onset. We used this symptom because: (a) was available for
all patients included in our study; (b) is usually accurately
recorded by both patients and physicians; (c) has also been
used in many other studies. For example, Lauer et al. esti-
mated that the median incubation period to fever onset was
5.7 days (95% CI: 4.9-6.8 days) for COVID-19 patients [5].
Another aspect could be that IgM and IgG kinetics shall be
assessed over a longer period in order to estimate the entire
trend of humoral immune response to COVID-19 infection.

In conclusion, the findings of this study show that
MAGLUMI™ 2000 Plus CLIA may be a reliable immunoas-
say for assessing the immunological response in sera of
COVID-19 patients. Our results also confirm that simulta-
neous measurement of IgM and IgG can be helpful, espe-
cially from the early phase of infection.

Author contributions: All authors have accepted respon-
sibility for the entire content of this manuscript and
approved its submission.

Research funding: None declared.

Employment or leadership: None declared.

Honorarium: None declared.

Competing interests: Authors state no conflict of interest.

Padoan et al.: Analytical performances of a chemiluminescence immunoassay for SARS-CoV-2 IgM/IgG = 7

Ethical approval: The local Institutional Review Board
deemed the study exempt from review.

References

1. WHO. WHO Virtual press conference on COVID-19. March 11,
2020. https://www.who.int/docs/default-source/coronavi-
ruse/transcripts/who-audio-emergencies-coronavirus-press-
conference-full-and-final-11Mar2020.pdf?sfvrsn=cb432bb3_2
[accessed 16 Mar 2020].

2. Lippi G, Plebani M. The critical role of laboratory medicine
during coronavirus disease 2019 (COVID-19) and other viral
outbreaks. Clin Chem Lab Med 2020. pii: /j/cclm.ahead-of-
print/cclm-2020-0240/cclm-2020-0240.xml. doi: https://doi.
0rg/10.1515/cclm-2020-0240. [Epub ahead of print].

3. Parodi SM, Liu VX. From containment to mitigation of COVID-19
in the US. ) Am Med Assoc 2020. doi: https://doi.org/10.1001/
jama.2020.3882. [Epub ahead of print].

4. Onder G, Rezza G, Brusaferro S. Case-fatality rate and charac-
teristics of patients dying in relation to COVID-19 in Italy. ] Am
Med Assoc 2020. doi: https://doi.org/10.1001/jama.2020.4683.
[Epub ahead of print].

5. Lauer SA, Grantz KH, Bi Q, Jones FK, Zheng Q, Meredith HR, et al.
The incubation period of coronavirus disease 2019 (COVID-19)
from publicly reported confirmed cases: estimation and applica-
tion. Ann Intern Med 2020. doi: https://doi.org/10.7326/M20-
0504. [Epub ahead of print].

6. Mizumoto K, Kagaya K, Zarebski A, Chowell G. Estimating
the asymptomatic proportion of coronavirus disease 2019
(COVID-19) cases on board the Diamond Princess cruise ship,
Yokohama, Japan, 2020. Euro Surveill 2020;25:2000180.

7. Lippi G, Plebani M. The novel coronavirus (2019-nCoV) outbreak:
think the unthinkable and be prepared to face the challenge.
Diagnosis (Berl) 2020. doi: https://doi.org/10.1515/dx-2020-
0015. [Epub ahead of print].

8. Pang ), Wang MX, Ang IY, Tan SH, Lewis RF, Chen JI, et al.
Potential rapid diagnostics, vaccine and therapeutics for 2019
novel coronavirus (2019-nCoV): a systematic review. ) Clin Med
2020;9. pii: E623. doi: https://doi.org/10.3390/jcm9030623.

9. JinYH, Cai L, Cheng ZS, Cheng H, Deng T, Fan YP, et al. A rapid
advice guideline for the diagnosis and treatment of 2019 novel
coronavirus (2019-nCoV) infected pneumonia (standard version).
Mil Med Res 2020;7:4.

10. Lippi G, Simundic AM, Plebani M. Potential preanalytical and
analytical vulnerabilities in the laboratory diagnosis of corona-
virus disease 2019 (COVID-19). Clin Chem Lab Med 2020. pii: /j/
cclm.ahead-of-print/cclm-2020-0285/cclm-2020-0285.xml. doi:
https://doi.org/10.1515/cclm-2020-0285. [Epub ahead of print].

11. To KK, Tsang OT, Leung WS, Tam AR, Wu TC, Lung DC, et al.
Temporal profiles of viral load in posterior oropharyngeal
saliva samples and serum antibody responses during infec-
tion by SARS-CoV-2: an observational cohort study. Lancet
Infect Dis 2020. pii: S1473-3099(20)30196-1. doi: https://doi.
0rg/10.1016/51473-3099(20)30196-1. [Epub ahead of print].

12. Xiongyan XU, Changlin ZH, Shaozhen HU, Lianhua PA,

Weixuan L. Inactivation of 2019 new coronary virus before
antibodies detection by different methods. ) Southern Med
University 2020-03-02. In press.


https://www.who.int/docs/default-source/coronaviruse/transcripts/who-audio-emergencies-coronavirus-press-conference-full-and-final-11Mar2020.pdf%3Fsfvrsn%3Dcb432bb3_2
https://www.who.int/docs/default-source/coronaviruse/transcripts/who-audio-emergencies-coronavirus-press-conference-full-and-final-11Mar2020.pdf%3Fsfvrsn%3Dcb432bb3_2
https://www.who.int/docs/default-source/coronaviruse/transcripts/who-audio-emergencies-coronavirus-press-conference-full-and-final-11Mar2020.pdf%3Fsfvrsn%3Dcb432bb3_2
https://doi.org/10.1515/cclm-2020-0240
https://doi.org/10.1515/cclm-2020-0240
https://doi.org/10.1001/jama.2020.3882
https://doi.org/10.1001/jama.2020.3882
https://doi.org/10.1001/jama.2020.4683
https://doi.org/10.7326/M20-0504
https://doi.org/10.7326/M20-0504
https://doi.org/10.1515/dx-2020-0015
https://doi.org/10.1515/dx-2020-0015
https://doi.org/10.3390/jcm9030623
https://doi.org/10.1515/cclm-2020-0285
https://doi.org/10.1016/S1473-3099(20)30196-1
https://doi.org/10.1016/S1473-3099(20)30196-1

8 —— Padoan etal.: Analytical performances of a chemiluminescence immunoassay for SARS-CoV-2 IgM/1gG

13.

14.

15.

16.

17.

18.

Clinical and Laboratory Standards Institute (CLSI). User verifica-
tion of precision and estimation of bias; Approved Guideline —
Third Edition. 2014. CLSI EP15-A3, Wayne, PA, USA.

Clinical and Laboratory Standards Institute (CLSI). User evaluation
of precision of quantitative measurement procedure; Approved
Guideline - 3rd ed. 2014. CLSI EP5-A3, Wayne, PA, USA.

Remuzzi A, Remuzzi G. COVID-19 and Italy: what next?

The Lancet 2020. pii: S0140-6736(20)30627-9. doi: https://doi.
0rg/10.1016/50140-6736(20)30627-9.
https://www.epicentro.iss.it/en/coronavirus/bollettino/
Infografica_3aprile%20ENG.pdf (accessed April 4, 2020).
COVID-19: learning from experience. The Lancet 2020;395.
Available online at: https://www.thelancet.com/action/showPdf
?pii=S0140-6736%2820%2930686-3 [accessed: April 3, 2020].
Yang Y, Yang M, Shen C, Wang F, Yuan J, Li J, et al. Evaluating the
accuracy of different respiratory specimens in the laboratory

19.

20.

DE GRUYTER

diagnosis and monitoring the viral shedding of 2019-nCoV
infections. Available online at: https://www.medrxiv.org/con
tent/10.1101/2020.02.11.20021493v2.article-info [accessed:
April 3, 2020].

Zhang W, Du RH, Li B, Zheng XS, Yang XL, Hu B, et al. Molecular
and serological investigation of 2019-nCoV infected patients:
implication of multiple shedding routes. Emerg Microbes Infect
2020;9:386-9.

Tan W, LuY, Zhang J, Wang J, Dan Y, Tan Z, et al. Viral kinetics and
antibody responses in patients with COVID-19. medRxiv. doi:
https://doi.org/10.1101/2020.03.24.20042382).

Supplementary Material: The online version of this article offers

supplementary material (https://doi.org/10.1515/cclm-2020-0443).


https://doi.org/10.1016/S0140-6736(20)30627-9
https://doi.org/10.1016/S0140-6736(20)30627-9
https://www.epicentro.iss.it/en/coronavirus/bollettino/Infografica_3aprile%20ENG.pdf
https://www.epicentro.iss.it/en/coronavirus/bollettino/Infografica_3aprile%20ENG.pdf
https://www.thelancet.com/action/showPdf?pii=S0140-6736%2820%2930686-3
https://www.thelancet.com/action/showPdf?pii=S0140-6736%2820%2930686-3
https://www.medrxiv.org/content/10.1101/2020.02.11.20021493v2.article-info
https://www.medrxiv.org/content/10.1101/2020.02.11.20021493v2.article-info
https://doi.org/10.1101/2020.03.24.20042382
https://doi.org/10.1515/cclm-2020-0443

