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Abstract

Severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2) infection has proven to

be extremely contagious and has spread rapidly all over the world. A key aspect in

limiting the virus diffusion is to ensure early and accurate diagnosis. Serological assays

could be an alternative in increasing testing capabilities, particularly when used as part

of an algorithmic approach combined with molecular analysis. The aim of this study was

to evaluate the diagnostic accuracy of a second generation chemiluminescent auto-

mated immunoassay able to detect anti‐SARS‐CoV‐2 immunoglobulin G (IgG) and im-

munoglobulin M (IgM) antibodies. Data are carried out on healthy subjects and other

infectious diseases pre‐pandemic sera, as controls, and on two different coronavirus

disease 2019 hospitalized patient groups (early and late infection time). Data obtained

have been analyzed in terms of precision, linearity, sensitivity and specificity.

Specificities are: 100% for anti‐SARS‐CoV‐2 IgG and 98% for anti‐SARS‐CoV‐2 IgM, in

all patient groups. Sensitivities are: 97%, 100%, and 98% for anti‐SARS‐CoV‐2 IgG and

87%, 83%, and 86% for anti‐SARS‐CoV‐2 IgM in the early infection, in the late infection

and in the total patient group, respectively. The Mindray anti‐SARS‐CoV‐2 IgG and IgM

assays demonstrated higher sensitivity and specificity, indicating that IgG and IgM

simultaneous detection is useful even in the early phases of infection.
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1 | INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2)
infection is extremely contagious and is still spreading around the

world with minor local differences. Coronavirus disease (COVID‐19)
is mild in most cases; in some people, usually elderly and with

co‐morbidities, it may progress to pneumonia, acute respiratory

distress syndrome and multi organ dysfunction.

As the global impact of this new epidemic is yet uncertain,1,2

a crucial aspect in containing the virus spread is based on ensuring an

early and accurate diagnosis and adequate quarantine for infected

subjects.

Nucleic acid tests to detect SARS‐CoV‐2 RNA genome have

been quickly developed and are now widely employed to diag-

nose COVID‐19.3 However, the real‐time polymerase chain re-

action (PCR) often fails as a result of suboptimal collection

procedures, a low patient viral load due to early stage of the

disease or suppressed by host immunity, or if the samples are

analyzed at an advanced stage of infection.4 Unfortunately, a

false negative diagnosis allows patients to spread the infection,
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hindering efforts to contain the virus and producing serious

consequences.5

In such conditions, additional screening methods able to detect

the infection despite low viral titers, can be extremely helpful to

guarantee a prompt diagnosis of all infected patients.

Specific serological assays are particularly required to under-

stand the epidemiology of SARS‐CoV‐2, but often still need to be

accurately validated. Even though, the development of specific im-

munoglobulin M (IgM) and immunoglobulin A antibodies after

symptom onset may occur as quickly as genetic viral material can be

detected in respiratory samples, their production time usually ranges

from less than 5 days to more than 10 days, thus limiting the ser-

ologic tests suitability for diagnosis of acute infections.6 Never-

theless COVID‐19 patient diagnostic sensitivity may significantly

increase when combining serological tests with molecular tests.7

In particular, serological assessment is able to support a number of

highly relevant clinical and epidemiological applications in detecting

SARS‐CoV‐2 infection: they can be used to determine the infection

prevalence, useful to accurately define the laboratory test positive pre-

dictive values; to recognize individuals with a strong antibody response,

who might be convalescent plasma donors; to analyze the immune re-

sponse in a dynamic qualitative and quantitative manner; to evaluate

vaccine trials results and the therapeutic antibodies development in the

near future. Moreover, validated serological assays are critical for

tracking patient contact, identifying viral reservoir hosts and for epide-

miological studies, which are primarily needed to help uncover disease

burden, especially the rate of asymptomatic individuals, and to obtain

better estimates of morbidity and mortality.8 Furthermore, epidemiolo-

gical studies can help reveal the extent of virus spread in specific settings,

such as households and communities, which could assist in guiding con-

trol measures.

Based on these considerations, the aim of this study was to evaluate

the diagnostic accuracy of a second generation chemiluminescent auto-

mated immunoassay able to detect anti‐SARS‐CoV‐2 immunoglobulin G

(IgG) and IgM antibodies, carried out on healthy subjects and other in-

fectious diseases pre‐pandemic sera, as controls, and on two different

COVID‐19 patient groups (early infection time and late infection time),

hospitalized at “Tor Vergata” University COVID‐Hospital of Rome.

2 | MATERIALS AND METHODS

2.1 | Patients and serum specimens

Serum samples from “Tor Vergata” University COVID‐Hospital of

Rome hospitalized patients were collected from March 16 to April

28, 2020 and were divided as follows: 42 positive SARS‐CoV‐2 pa-

tients (mean age 67.8 years ± 16.6 years; 24 males and 18 females),

collected on Days 1 to 9 from first positive nasopharyngeal swab

(early infection time group); 43 positive SARS‐CoV‐2 patients (mean

age 70.0 years ± 13.6 years; 24 males and 19 females), collected on

Days 19–41 from first positive nasopharyngeal swab (late infection

time group) and 50 negative SARS‐CoV‐2 subjects, including 40 Tor

Vergata Hospital physicians and healthcare workers screened for

internal surveillance with negative nasopharyngeal swab collected

from April 2 to 7, 2020 (control group; mean age 42.5 years ± 10.8

years; 23 males and 17 females), and 10 pre‐pandemic patients

collected in 2018 (pre‐pandemic control group; mean age 55.3

years ± 15.6 years; 8 males and 2 females) positive to hepatitis B

virus (HBV) or hepatitis C virus (HCV).

2.2 | Chemiluminescence immunoassay

The second generation CL‐series SARS‐CoV‐2 IgG and IgM assays are

a two‐step chemiluminescent immunoassays for detection of IgG and

IgM SARS‐CoV‐2 antibodies in human serum or plasma, performed on

the fully automated Mindray CL 1200i analytical system (Shenzhen

Mindray Bio‐Medical Electronics Co.; distributed in Italy by Medical

Systems S.P.A.). Respect to first generation, kits have been modified by

manufacturer to improve anti‐SARS‐CoV‐2 IgG linearity and to reduce

anti‐SARS‐CoV‐2 IgG/IgM analytical interference.

Samples react with paramagnetic micro‐particles coated with SARS‐
CoV‐2 specific antigens (recombinant N‐Protein and Spike (S) Protein, as

declared by the manufacturer). In the second step, diluent solution and

alkaline phosphatase‐labeled anti‐human IgG or IgM monoclonal anti-

bodies are added to the reaction, to form sandwich with micro‐particles
captured anti‐SARS‐CoV‐2 antibodies. Afterwards, micro‐particles are

magnetically captured while other unbound substances are removed by

washing in the dispersion dish. Finally, a substrate solution is added and

the resulting chemiluminescent reaction is measured as relative light

units (RLUs) by a photo‐multiplier. The amount of SARS‐CoV‐2 IgG/IgM

antibodies present in the sample is proportional to the RLUs generated

during the reaction. The SARS‐CoV‐2 IgG/IgM antibodies results can be

determined via a calibration curve, established on two level product

calibrators.

First results are generated after 25min (throughput 180 tests/h).

Cut‐off values are: IgG positive greater than 10.00U/ml and IgM

positive greater than 1.00 cut off index (COI), according to the

manufacturer's instructions. This test is CE approved.

2.3 | Precision evaluation

Precision estimations were calculated by means of quintuplicate

measurements on two serum pools (low and high anti‐SARS‐CoV‐2
IgM and IgG concentration), performed each day for a total of five

days, following the Clinical and Laboratory Standards Institute (CLSI)

EP15‐A3 protocol.9 The precision results obtained were compared to

those claimed by the manufacturer.

2.4 | Linearity assessment

Linearity was assessed by serial dilution of two samples with high anti‐
SARS‐CoV‐2 IgM and anti‐SARS‐CoV‐2 IgG concentrations, as
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specified in the CLSI EP06 A: 2003 guideline (paragraph 4.3.1). A low

anti‐SARS‐CoV‐2 IgM serum pool value sample (0.11 COI) was used to

dilute an anti‐SARS‐CoV‐2 IgM sample with a value of 6.63 COI; in the

same way, a low anti‐SARS‐CoV‐2 IgG serum pool value sample

(0.60 U/ml) was used to dilute an anti‐SARS‐CoV‐2 IgG sample with a

value of 170.18U/ml. All measurements were performed in triplicate.

2.5 | Statistical analysis

Specificity and sensitivity were calculated by ROC curves. Coeffi-

cient of variation (CV) percentages are calculated as the standard

deviation divided by the mean value. All data were analyzed using

Med Calc Ver.18.2.18 (MedCalc Software Ltd).

2.6 | Ethical statement

The study was performed according to “Tor Vergata” University

COVID‐Hospital of Rome, local ethical approval (protocol no.

R.S.44.20). Informed consent was obtained from all subject enrolled

in the study. The study was in accordance with the Helsinki

Declaration, as revised in 2013.

3 | RESULTS

3.1 | Precision test

The CV precision data are shown in Table 1 in comparison with those

declared by the company, according to the procedure suggested in

CLSI protocol. Results for low and high CV % values were satisfactory

and with better outcomes than those obtained by the manufacturer

(IgG low: 3.84% vs. 4.26%; IgG high: 3.12% vs. 3.85%; IgM high: 3.02%

vs. 3.18%), except for anti‐SARS‐CoV‐2 IgM low precision value, re-

sulted moderately higher than those declared (2.71% vs. 2.62%).

3.2 | Linearity assessment

Linearity measurements performed on Mindray Cl 1200i instrument

for anti‐SARS‐CoV‐2 IgG and IgM assays are shown in Figure 1.

The dilution performed were obtained by mixing high anti‐SARS‐
CoV‐2 IgG or IgM concentration sera with low anti‐SARS‐CoV‐2 IgG

or IgM concentration serum pools, as described in materials and

methods. All serum sample pools tested do not deviate from line-

arity. Indeed, for anti‐SARS‐CoV‐2 IgG an excellent linear correlation

coefficient (R = 0.999, p < .0001) has been found, as well as for anti‐
SARS‐CoV‐2 IgM (R = 0.987, p < .0001). The slightly lower value ob-

tained in the IgM linear correlation coefficient, due to the curve that

deviates from linearity at high IgM levels, does not affect the de-

termination because is far from the cut‐off value.

3.3 | Specificity and sensitivity

Specificities and sensitivities were calculated using receiver operat-

ing characteristic (ROC) curves. Results reporting the analytical

parameters for each test (area under curve [AUC], sensitivity and

specificity) are shown in Figure 2 and summarized in Table 2.

TABLE 1 Coefficients of variation (CV %) precision data

TEST CTRL

Mindray 1200i

Precision

Declared CV% Experimental CV%

IgG Low 4.26 3.84

IgG High 3.85 3.12

IgM Low 2.62 2.71

IgM High 3.18 3.02

Note: Experimental values are compared with those declared by the

manufacturer.

Abbreviations: IgG, immunoglobulin G; IgM, immunoglobulin M.

F IGURE 1 Linearity results. (A) Anti‐severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2) immunoglobulin G (IgG) high‐level
sample (170.18 U/ml) serially diluted with a low‐level pool (0.60 U/ml). (B) Anti‐SARS‐CoV‐2 immunoglobulin M (IgM) high‐level sample
(6.63 cut off index [COI]) serially diluted with a low‐level pool (0.11 COI)
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The ROC curves display optimal AUC values in the total patient

group: 1 and 0.979 for anti‐SARS‐CoV‐2 IgG and IgM, respectively. Ex-

cellent results were obtained in the anti‐SARS‐CoV‐2 IgG early and late

infection time groups, with AUC values of 0.999 and 1, respectively.

Finally, anti‐SARS‐CoV‐2 IgM detection shows an AUC values of 0.976 in

the early infection time group and 0.981 in the late infection time group.

Specificities are: 100% for anti‐SARS‐CoV‐2 IgG and 98% for anti‐
SARS‐CoV‐2 IgM, both in the early infection time group and in the late

time infection group, as well as in the total patient group. Sensitivities

are: 97%, 100%, and 98% for anti‐SARS‐CoV‐2 IgG in the early

infection time group, in the late infection time group and in the total

patient group, respectively; 87%, 83%, and 86% for anti‐SARS‐CoV‐2
IgM in the early infection time group, in the late infection time group

and in the total patient group, respectively.

We also reported in Table 2 the correlation between the man-

ufacturer's cut‐off and a recalculated best fit cut‐off that emerged

from our data analysis (laboratory cut‐off), showing better sensitiv-

ities especially for anti‐SARS‐CoV‐2 IgM in all groups (86% vs. 96% in

total patient group, 87% vs. 90% in the early infection time group,

83% vs. 100% in the late infection time group).

F IGURE 2 Anti‐SARS‐CoV‐2 IgG and IgM
ROC curves results. Total patient group data
are shown in Panel A (area under curve [AUC]
1.0 and 0.979, respectively); early infection
time group data are shown in Panel B (AUC
0.999 and 0.976, respectively); late infection
time group data are shown in Panel C (AUC 1
and 0.981, respectively). IgG, immunoglobulin
G; IgM, immunoglobulin M; ROC, receiver
operating characteristic; SARS‐CoV‐2, severe
acute respiratory syndrome coronavirus 2
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3.4 | Cross‐reactivity test

No cross‐reactivity with antibodies from other pre‐pandemic infectious

disease sera (such as HBV and HCV) has been found. Cross‐reactivity
studies were carried out on HBV and HCV sera as pre‐pandemic sera

from other respiratory virus infections were not available.

4 | DISCUSSION

Serological assays represents an alternative in increasing COVID‐19
testing capabilities, particularly when used as part of an algorithmic

approach combined with molecular testing.10,11 In fact, specific an-

tibodies detection (IgM and IgG to SARS‐CoV‐2 spike protein) is

useful in infected but asymptomatic subjects, to confirm SARS‐CoV‐2
infection in PCR‐negative COVID‐19 patients and in COVID‐19 pa-

tients examined many weeks after the disease onset or in those with

a low viral load.12,13 In this regard, the Infectious Diseases Society of

America recommends that patients with clinical symptoms consistent

with COVID‐19 but negative for SARS‐CoV‐2 molecular tests, may

be diagnosed by serological examination.14

In addition, anti‐SARS‐CoV‐2 serology is also a valuable tool for

assessing the adapted immunity status of patients, thus providing not

only an important complement to RNA testing for specific patho-

genic diagnoses.15,16

We have carried out a study to investigate the second generation

Mindray CL‐series anti‐SARS‐CoV‐2 IgG and IgM chemiluminescent

immunoassay performances. Considering that kits have been modified

for better linearity and less interference, data obtained have been

analyzed in terms of precision, linearity, sensitivity and specificity.

Our results show that Mindray CL 1200i is a reliable automated

instrument with optimal analytical characteristics; the second gen-

eration CL‐series SARS‐CoV‐2 IgG and IgM kits display no‐cross
reactivity with pre‐pandemic infectious sera as well as significant

improvements, related to an advancement in linearity for the anti‐
SARS‐CoV‐2 IgG and to a reduction of the analytical interference in

anti‐SARS‐CoV‐2 IgG and anti‐SARS‐CoV‐2 IgM, compared to our

previous data with first generation testing.13 Indeed, the prior ex-

cellent anti‐SARS‐CoV‐2 IgG specificity of 100% is confirmed and

there is an overall increase in the anti‐SARS‐CoV‐2 IgM specificity

from 94% to 98%, as well as in anti‐SARS‐CoV‐2 IgM and IgG sen-

sitivities (84% vs. 86% and 94% vs. 98%, respectively). Unfortunately,

cross‐reactivity studies are limited due to the small number of

samples and to the lack of pre‐pandemic sera from patients with

respiratory tract virus infections, such as other human coronavirus.

The use of serological assays in daily practice, compared to the

results of our study, confirm their good specificity. Moreover, it

should be considered that in general serological tests are cheaper

and require a shorter turnaround time which allows a higher pro-

ductivity compared to molecular testing. However, negative results

should always be prudently interpreted based on the clinical context,

the patient's medical history according to suspected or documented

SARS‐CoV‐2 infection, and also in relation to the diagnostic kits

technical characteristics.17

Furthermore, the second generation Mindray anti‐SARS‐CoV‐2 IgG

and IgM assays demonstrated higher sensitivity and specificity both in

the early infection time group (97% and 100% for IgG, 87% and 98% for

IgM; respectively) and in the late infection time group (100% and 100%

for IgG, 83% and 98% for IgM; respectively), compared to other similar

studies on serological tests.15,18,19 The increase in IgM sensitivity for the

early infection time group suggests that their detection is useful even in

the first phases of infection and that IgG and IgM simultaneous detection

could help to identify more infected people. In conclusion, our data

corroborate the strategy that the application of well‐validated serological

tests should be strongly recommended in the clinical management and in

the public health practice, to improve the control of COVID‐19.

TABLE 2 Area under curve (AUC), sensitivity and specificity for total patient group, early infection time group, and late infection time
group

Control negative

group, N = 50

Total (1–41

days) N = 85

Total (1–41

days) N = 85

Early infection

time (1–9

days) N = 42

Early infection

time (1–9

days) N = 42

Late infection time

(19–41 days) N = 43

Late infection time

(19–41 days) N = 43

TEST IgG IgM IgG IgM IgG IgM

Sensitivity (%) 99 86 97 87 100 83

Specificity (%) 100 98 100 98 100 98

Kit cut‐off >10 U/ml >1 COI >10 U/ml >1 COI >10 U/ml >1 COI

Area under the ROC curve

(AUC); 95% confidence

interval

1; 0,972

to 1,000

0.979; 0,937

to 0,996

0,999; 0,958

to 1,000

0,976; 0,919

to 0,997

1; 0,961 to 1,000 0,981; 0,929

to 0,998

Laboratory cut‐off >10 U/ml >0.46 COI >5.9 U/ml >0.79 COI >10 U/ml >0.44 COI

Sensitivity (%) 99 96 100 90 100 100

Specificity (%) 100 90 98 96 100 88

Abbreviations: COI, cut off index; ROC, receiver operating characteristic.
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