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Abstract

total

Coronavirus disease 2019 (COVID-19), caused by a

neutralizing antibodies (DIA.PRO) were analyzed.

novel

respiratory

Anti-spike IgG was detectable in 74% of the subjects

syndrome coronavirus 2 (SARS-CoV-2), has spread

and anti-nucleocapsid IgG in 45.5%. The total anti-

worldwide since December 2019. In our region, cases

nucleocapsid antibodies assay was positive for all

were initially reported in March 2020. Nine months

individuals. Noticeably, the percentage of subjects

after

the

with detectable IgG(S) and IgG(N) was significantly

serostatus of a cohort of 77 patients. Anti-spike IgG

higher in the age-group over 60 years than in the <60

(Euroimmun), both qualitative and quantitative tests,

years group (82% and 60% vs. 59.3% and 18.5%).

anti-nucleocapsid IgG and anti-spike IgM (Abbott),

Median quantitative

Sarbecovirus,

COVID-19

severe

infection,

acute

we

evaluated

nucleocapsid

antibodies

(Roche),

and

IgG(S) values were also

statistically different: 34.4 RU/mL for the elder group
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vs 9.5 RU/mL for the younger. We found 76.6% of

been used as main target antigens. This has led to a

subjects to be seropositive for neutralizing antibodies.

great number of reports on COVID-19 serology but

A strong correlation was found between IgG(S) and

with considerable differences in terms of study

neutralization assays. These data demonstrate that

design. Particularly, multitude of commercialized or

long-lasting and neutralizing humoral response can

existing in-house tests, antigenic protein used and

be detected in SARS-CoV-2 recovered patients as

various

long as 9 months after infection. Quantitative assays

difficult to correctly understanding COVID-19

are useful tools in order to measure and compare

serology. In general, detection is weak during the

humoral

vaccination

first week after the onset of symptoms, but sensitivity

programmes are largely stablished all over the

improves from day eight onwards. IgA and IgM

country, humoral response after natural infection in

against SARS-CoV-2 spike and IgM against SARS-

naïve population could hardly be studied again in the

CoV-2 nucleocapsid were found to be the earliest

future.

markers of acute infection as they could be detected

responses.

Now

that

immunoglobulins

detected,

making

it

as early as 4 days after the onset of symptoms [2-5].

Keywords:
diagnosis;

Antibody

Nucleocapsid

detection;
protein;

COVID-19

In the IgG assays, on the other hand, an early

SARS-CoV-2;

antibody response against nucleocapsid protein has
been observed which would make IgG(N)-based

Spike protein

assays better for early COVID-19 detection in the

1. Introduction

acute phase of the disease and IgG(S)-based assays

The emerging severe acute respiratory syndrome

for the late phase [6-9]. The first reinfection cases

coronavirus 2 (SARS-CoV-2), responsible for the

raised concerns about the humoral response duration

coronavirus infectious disease 2019 (COVID-19), has

and protection after natural infection. Long durability

spread worldwide since December 2019. The first

of humoral response was reported in some studies

cases were detected in Wuhan, China, and the WHO

when sufficient time had passed since the first

declared the disease a pandemic on March 2020. By

pandemic wave [10]. Soon after, a new scenario in

October 2021, over 234 million cases have been

COVID-19 serology began after vaccination became

reported and 4.8 million patients have died [1]. RNA

widespread. Characterization of natural infection

detection by real time PCR in nasal/throat swabs, or

response in unvaccinated population has been

other respiratory tract samples, is the gold standard

therefore limited to that gap of time. In this cross-

diagnosis for COVID-19. Serological testing is a

sectional study we analyzed SARS-CoV-2 antibody

complementary tool for diagnosis. It has a key role in

detection results obtained with qualitative (anti-spike

seroprevalence studies, contact tracing strategies,

IgG and IgM, anti-nucleoprotein IgG and total

plasma donors search, and vaccines investigation. A

antibodies), quantitative IgG(S), and a neutralization

wide range of serological assays was commercialized

assay, to assess humoral response 9 months after

in a short period to detect IgG, IgM, IgA, or total

COVID-19 infection in a high risk cohort. Test

SARS-CoV-2 antibodies. The Nucleocapsid (N) and

performance differences and correlation between

the Spike (S) proteins showed great immunogenicity

assays were also investigated.

for the previous coronavirus and, therefore, they have
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2. Materials and Methods

CMIA performed on the ARCHITECT i2000SR

Serum samples included in the studyA. total of 77

automated immunoassayanalyzer. The patient sample

serum specimens from 77 COVID-19 patients drawn

signal is divided by the calibrator signal, with

nine

calculated signal to cut-off (S/C) values of <1.4 and

months

after

COVID-19

infection

were

included. All subjects belonged to a nursing home in

≥1.4 reported as negative and positive, respectively.

Valencia (Spain) and were confirmed to be infected
by SARS-CoV-2 by at least one positive RNA RT-

Elecsys Anti-SARS-CoV-2 (Roche Diagnostics

PCR result in March, 2020. Residents and staff

GmbH).

members were included. Minimal demographic or

electrochemiluminescence immunoassay (ECLIA)

clinical data were recorded as this was not the

for the in vitro qualitative detection of total

objective of the study. Consent to participate in the

antibodies (including IgG) against SARS-CoV-2. It

study was obtained for all individuals.

uses

a

Elecsys

recombinant

Anti-SARS-CoV-2

protein

is

representing

an

the

nucleocapsid (N) antigen and is intended for use on
Specificity

Cobas eimmunoassay analyzer. The result for a

Studies. 60 healthy adult serum samples collected in

sample is given in the form of a cut-off index (signal

March, 2018, and stored at -80˚C, supposed to be

sample/cut-off) and results are given either as

SARS-CoV-2 negative, were tested to estimate

reactive (COI ≥ 1.0) or non-reactive (COI < 1.0).

Serum

Specimens

Collected

for

assays specificities.
ACE2-RBD

Neutralization

Assay

(Diagnostic

Assays

Bioprobes Srl). The ACE2-RBD neutralization assay

Euroimmun Anti-SARS-CoV-2 IgG and Quanti-

is an ELISA for the semi-quantitative determination

Vac

of inhibition activity of RBD-ACE2 binding induced

IgG

ELISA

(Lübeck,

Germany).

The
a

by SARS-CoV-2 antibodies. As a screening assay

recombinant S1 domain of the SARS-CoV-2 spike

samples are diluted 2:3. Serial dilutions can be

protein. For the qualitative assay, index values (signal

analyzed to give a titer value of neutralization.

to cut-off [S/Co] ratios) of <0.8, ≥0.8 to <1.1, and

Results are interpreted as ratio of the Cut-Off value

≥1.1 are interpreted as negative, borderline, and

(Co) and of the sample OD450nm/620-630nm (S), or

positive result, respectively. For Euroimmun Quanti-

Co/S, and given as negative (<1) or positive (1) for

Vac IgG ELISA values are expressed in relative units

neutralizing antibodies. A value of 10 has been

per milliliter (RU/mL). Values of <8, ≥8 to <11, and

calculated from comparison studies to provide a

≥11 are interpreted as negative, borderline, and

correlation to the “in vivo” neutralization assay

positive result, respectively.

(VNT) with an acceptable approximation, despite the

Euroimmun

ELISA

assays

are

based

on

two systems are quite different (ELISA titer 1:4 ~
Abbott Laboratories SARS-CoV-2 IgG and IgM

VNT titer 1:40).

Chemiluminescent Microparticle Immunoassay
(CMIA; Abbott Park, IL). The Abbott Laboratories

Testing, for all assays, was performed according to

SARS-CoV-2 IgG (nucleocapsid protein) and IgM

manufacturer's instructions.

(spike protein) assays are a two-step qualitative
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Statistical analysis. Differences between groups

Spike-specific IgM was detectable only in a small

were calculated using SPSS 26 software. Figures

group of patients (16.9%), with no statistically

were created with Statgraphics Centurion 17. A p-

significant differences between age groups. Both

value <0.05 was considered statistically significant.

IgG(S) and IgG(N) were significantly more detected
in the elderly group (Figure 1). The total N antibodies

3. Results

assay resulted positive for all patients included in the

Specificities for all assays were 100%. Cohort

study, whereas the IgG(N) CMIA assay resulted

patients were mainly women (87%) with a median

positive in 45.5% of the cases.

age of 75 years-old (range 19-95). Results obtained
for all individuals, and divided by age groups of less

Quantitative results of IgG(S) showed that 50 out of

than vs. equal to or more than 60 years old are shown

77 (65%) patients had values above the assay cut-off

in Table 1. SARS-CoV-2 IgG(S) was the most

(11 RU/mL). According to age groups, there were

prevalent immunoglobulin, and it was detected in a

statistically significant differences between patients

higher proportion (74%) than IgG(N) (45.5%).

under and above 60 years old as 40.7% and 78% of
individuals, respectively, were found to have IgG(S)
quantitative values >11 RU/ml.

COVID-19 patients
<60 years (n=27)

yearsn0)

total (n=77)

women/men

26/1

41/9

67/10

p>0.05*

IgG(N) (%)

5 (18.5%)

30 (60%)

35 (45.5%)

p=0.001*

IgM(S) (%)

5 (18.5%)

8 (16%)

13 (16.9%)

p>0.05*

IgG(S) (%)

16 (59.3%)

41 (82%)

57 (74%)

p=0.045*

Total antibodies (N) (%)
27 (100%)
Quantitative IgG(S) median RU/mL
(IC 95%)
9.5 (0-19,3)
* Exact Fisher test results. **Mann-Whitney test result.

50 (100%)

77 (100%)

-

34.4 (22.7-46.1)

23.3 (14.5-32.1)

p<0.001**

Table 1: Detectable SARS-CoV-2 antibodies nine months after infection in serum specimens of convalescent
COVID-19 patients.
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1A

1B

Figure 1: SARS-CoV-2 specific anti-spike protein (1A, Euroimmun) and anti-nucleocapsid protein (1B, Abbott)
IgG detection 9 months after COVID-19 infection in 77 individuals divided by age groups (<60 vs. 60 years).
Values are signal to cut-off ratios. For both assays differences between groups were found to be statistically
significant by the Mann-Whitney Test (p<0.05).

Correlation between assays was investigated: the strongest correlation was observed with the Euroimmun SARSCoV-2 IgG(S) assay (Spearman correlation coefficient r= 0.96) and the weakest with the Abbott SARS-CoV-2
IgG(N) assay (r= 0.56) (Figure 2).
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2A

2B
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2C

Figure 2: Correlation between SARS-CoV-2 IgG(S) (2A, Euroimmun), IgG(N) (2B, Abbott) and pan-Ig(N) (2C,
Roche) immunoassays results and EuroimmunQuantiVac IgG(S) values in serum specimens from COVID-19
convalescent individuals (n=77). Spearman correlation coefficients were calculated.

Correlation between quantitative IgG(S) and neutralization assays was good (r= 0.91). Samples were tested either at
2:3 (~ 1:15 VNT titer) and 1:4 (~ 1:40 VNT titer) dilutions (Figure 3) to provide IgG(S) correlates. A value of antispike IgG  8 RU/mL was correlated to a positive neutralization result at a 2:3 dilution and  15 RU/mL to a 1:4
dilution. According to this estimated in-house cut-offs, 59/77 (76.6%) individuals could be assumed to have a low
neutralization titer (1:15) and 47/77 (61%) to have a medium neutralization titer ( 1:40 VNT).
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3A

3B

Figure 3: Correlation between quantitative SARS-CoV-2 IgG(S) QuantiVac (Euroimmun) and Neutralization
ELISA (DIA.PRO) assays at 2:3 screening dilution (3A) and 1:4 dilution (3B). Manufacturer provides a correlation
to the “in vivo” neutralization assay (VNT) as follows: 2:3 ~ 1:15 VNT titer (low)and 1:4 ~ 1:40 VNT titer
(medium). Spearman correlation coefficients were calculated.

4. Discussion

High IgG(S) seroprevalence and longevity after

As the pandemic progresses the knowledge of

infection have been reported, from 3-5 months [11]

COVID-19 serology has improved as it has deal with

up to 6-8 months post-infection [10]. Moreover, a

different scenarios. The cases of the first wave of

significantly higher proportion of persons older than

SARS-CoV-2 pandemic in our region were detected

60 years were seropositive compared to persons

between

Vaccination

younger than 60. As in previous studies IgG(S)

programmes started on January 2021. This time lapse

correlates well to neutralizing antibodies (nAbs) and

between both dates has given us the opportunity to

thus to protective immunity [11-15]. Although it is

assess humoral response against SARS-CoV-2 after

not well established which IgG(S) values can be

natural infection in a selected cohort of unvaccinated

considered

population.

available. We aimed at correlating quantitative

March

and

June

2020.

IgG(S)
In this study, we could assess that IgG(S) antibodies

protective,

values

quantitative

with

qualitative

assays

ratios

are

and

neutralization results.

are present in a higher proportion of patients than
IgG(N) antibodies 9 months after natural infection.

Euroimmun IgG(S) quantitative assay results confirm
the longevity of this SARS-CoV-2 antibody after a
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natural infection and are positively correlated with

strongly. Two-thirds of the patients in our study

the qualitative ratios. Euroimmun QuantiVac IgG(S)

showed values over both assays’ cut-offs, regardless

assay showed perfect correlation with the Anti-

of their age, 9 months post-infection. In fact, 61%

SARS-CoV-2

Calibrant

showed positive results at a higher dilution (1:40),

established

which means that medium neutralization titers can be

standardized units based on the First WHO

expected in COVID-19 recovered patients long time

International

anti-SARS-CoV-2

after infection. We can assume that values had been

immunoglobulin (NIBSC code: 20/136). For binding

higher in the preceding months. Whether these would

antibody assays, an arbitrary unitage of 1000 binding

be protective enough against COVID-19 reinfection

antibody units (BAU)/mL can be used with this

is unclear.

(NIBSC

Antibody

code:

20/162)

Standard

Diagnostic
and

for

has

standard to assist the comparison of assays detecting
the same class of immunoglobulins [15,16].

Surprisingly in our study, all patients had a positive
result with the total N-antibodies test. The Elecsys

Virus Neutralization Test (VNT) remains the gold

assay (Roche) is supposed to detect a combination of

standard

immunity

immunoglobulins, including IgG, against SARS-

performance, but needs for increased biosafety level

CoV-2 nucleoprotein antigen. However, the results

and is time-consuming. Some commercial assays,

are very high compared to the IgG(N) detected by the

like ACE2-RBD Neutralization ELISA Assay, are

Euroimmun ELISA assay, which was positive in less

simple and fast, and allow routine testing on a

than half of the subjects. Experience with IgA against

clinical laboratory. NIBSC Diagnostic Calibrant

N antigen is scarce and therefore, its kinetics are

(code: 20/136, 1000 arbitrary Units/mL) was detected

largely unknown. IgM(N) has been reported to be an

positive with this ELISA diluted up to a final

early marker of infection [3]. As IgM(S) detected by

concentration of 15 arbU/mL. Although it is not a

the Abbott assay is present in a very small percentage

substitute for the VNT titer, it could be an acceptable

of our studied cohort, we could hypothesize that

alternative method for detecting nAbs.

IgM(N) should be very low too, as N-antibodies are

for

assessing

specific

known to be shorter-lived than anti-spike ones.
Spike-based IgG assays have previously been

Differences in the recombinant N antigen used in

correlated

the

both assays may explain a much higher sensitivity of

Euroimmun qualitative assay ratios had shown a high

the Cobas assay. Heterogeneous results with SARS-

discriminative capacity for detecting high nAbs [14].

CoV-2 N-based assays have been found frequently

J. Dan et al.found 90% of their subjects to be

before [18,19]. The manufacturer indicates that the

seropositive for SARS-CoV-2 nAbs at 6 to 8 months

pan-Ig N-assay is designed to detect “mature”

after the onset of symptoms. NAbs titers correlated

antibodies, and we speculate that it could, in some

with their RBD and IgG(S) assays titers [10].

way, detect antibodies with a stronger binding

Although slightly lower, caused by a logical decay

affinity than other N-based assays could, similar to

kinetics, our results are in accordance with previously

how an “avidity” test would work. Muecksch F. et al.

reported, as percentages of SARS-CoV-2 recovered

also reported persistence of positive results with the

patients with detectable IgG(S) and nAbs matched

pan-Ig(N) assay while a decrease in IgG(N) detection

with

nAbs

and

specifically,
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(Abbott) at >7.5 weeks after positive PCR test in

reported a substantial drop of N-specific antibody

their longitudinal study [20]. Given the results, this

responses in the post-infection phase compared to the

test can be considered a good marker of past natural

anti-S response [19]. In the study assessing antibody

infection

serologically

detection up to 8 months after COVID-19 infection,

differentiate patients who had a previous COVID-19

the authors stated a longer IgG(S) half-time

infection from those who have been vaccinated.

compared to IgG(N) (103 vs. 68 days), with a very

Furthermore, it could be helpful to discriminate

high percentage of seropositive IgG(S) subjects at 6-8

between previously and recently infected. This last

months after symptoms onset [10]. Given the fact that

point requires, however, further research.

IgG(N) assays could underestimate the proportion of

and

a

useful

tool

to

infected/exposed

individuals

in

a

late

phase,

Our study is not free from limitations. Although low,

according to our results, the Roche total N-antibodies

we detected a percentage of patients with no

assay could be useful as a past infection marker.

detectable IgG(S) anti-SARS-CoV-2. Seronegative
COVID-19 patients have been found previously,

Because of the study design we were also not able to

mainly in paucisymptomatic or asymptomatic cases,

investigate the reasons for the differences observed

and usually in studies that included short periods

between patients under and over the age of 60 years.

after diagnosis (<30 days) [21-23]. Some of those

Other authors associated a higher and earlier antibody

patients who did not develop detectable IgG

response

antibodies could have detectable nAbs [24]. We

[12,22,24,25]. This could be an explanation if we

could also detect a few recovered patients with

assume more severe infections in the elder group. If

borderline IgG(S) values but seropositive for Nabs,

this group of patients could have produced a strong

possibly as a result of variable kinetics decay among

immunological response in the acute phase of

patients, which is not surprising given the long period

infection, their decay kinetics would have taken more

between the infection and follow-up samples.

time until immunoglobulins became undetectable.

Unfortunately, we cannot differentiate those patients

Likewise, an asymptomatic or mild infection could

who did not produce antibodies after infection from

produce a weaker humoral response which could

those who experimented a drop in antibodies over

wane within a shorter period of time.

in

more

severe

COVID-19

cases

time not being detected in time of our study.

5. Conclusions
Secondly, as a cross-sectional study, our results only

In this study we asses humoral response 9 months

show a static picture of COVID-19 humoral response

after natural COVID-19 infection in a cohort of

at 9 months after infection. Thus, we could not draw

unvaccinated convalescent patients. IgG against

any conclusions about antibody kinetics during the

SARS-CoV-2

early-phase of COVID-19, that is whether antibodies

antibodies were present in a high proportion of the

against nucleocapsid or spike proteins were produced

cohort at that time point. IgG, both anti-spike and

earlier in confirmed patients. However, our results

anti-nucleocapsid, were especially prevalent in

support previous data on the longevity of IgG(S) and

subjects over 60 years. Anti-nucleocapsid IgG was

the wane in time of IgG(N).

detected in less than the half of individuals whereas

Fenwick C. et al
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Elecsys total N-antibodies assay was positive for all

investigation

patients of the study. Thus we demonstrate here that

patients: implication of multiple shedding

it can detect long-lasting humoral response after

routes. Emerging Microbes and Infections. 9

natural infection. Euroimmun QuantiVac is a

(2020): 386-389.

valuable tool for SARS-CoV-2 IgG(S) measurement.

7.

of

2019-nCoV

infected

Tang MS, Hock KG, Logsdon NM, Hayes
JE, Gronowski AM, Anderson NW, et al.
Clinical Performance of Two SARS-CoV-2
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