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Abstract 
Introduction. To evaluate the decline of antibodies induced by SARS-CoV-2 infec-
tion, the individuals resident in 5 municipalities of the Autonomous Province of Trento, 
Northern Italy, who resulted IgG positive for anti-SARS-CoV-2 nucleocapsid (NC) in 
May 2020, were tested four months later.
Methods. Anti-SARS-CoV-2 NC antibodies were detected using the Abbott SARS-
CoV-2 IgG assay. Samples that gave a negative result were re-tested using the Liaison 
SARS-CoV-2 IgG assay to assess anti-spike (S) S1/S2 antibodies. The fifty-percent tis-
sue culture infective dose (TCID50) neutralizing assay was performed on a subgroup of 
formerly positive sera. Statistical analysis was performed by STATA version 16.1 (STATA 
Corp., College Station, Texas, USA).
Results. Overall, 480 out of 1159 participants became seronegative for anti-NC IgG 
antibodies. Age above 70 years and cough were associated with persistent anti-NC IgG 
levels. Most anti-NC IgG negative sera were positive for anti-S IgG (77.9%). The neu-
tralization assay showed high concordance with anti-S antibodies positivity. 
Conclusion. In conclusion, a decline of anti-NC IgG values was recorded four months 
after the first evaluation. A high proportion of anti-NC seronegative individuals were 
positive for anti-spike IgG antibodies, which appear to persist longer and to better cor-
relate with neutralization activity.

INTRODUCTION 
Although cases of reinfection by severe acute respira-

tory syndrome coronavirus-2 (SARS-CoV-2) have been 
sporadically reported [1], a previous history of SARS-
CoV-2 infection is associated with a greatly reduced risk 
of reinfection [2, 3]. As suggested by a recent modelling 
study, the presence of neutralizing antibodies induced 
by natural infection or by an effective vaccine is likely 
to be predictive of protection [4]. The duration of pro-
tection against infection with common human corona-
viruses appears to be rather short [5, 6], however in the 
previous SARS epidemic, SARS-CoV specific IgG were 

shown to remain detectable for at least two years [7]. 
Earlier data on the kinetics of IgG antibodies against 
SARS-CoV-2 among both symptomatic and asymptom-
atic individuals showed a rapid decline [8, 9]. More 
recent studies, however, tend to confirm that infection 
elicits durable serum antibody titers for several months 
[10-12]. Whether memory-B-cell and T-cell responses 
may still confer protection in individuals experiencing 
antibody decline to undetectable levels is unknown [12, 
13].

The type of antibody response may also play a role. 
Experimental vaccination against SARS-CoV with nu-
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cleocapsid protein (NC) can induce strong antibody 
responses that were found to be non-neutralizing [14]. 
While non-neutralizing antibodies might still exert anti-
viral activity, for example via the Fc-Fc receptor-based 
effector function, non-neutralizing NC antibodies may 
lead to enhanced disease for some vaccine candidates 
in animal models when neutralizing antibodies are 
absent [14]. Studies conducted on SARS-CoV-2 have 
shown that the spike (S) protein is the main target for 
neutralizing antibodies [15-17].

To evaluate the persistence of SARS-CoV-2 antibod-
ies, we repeated a serosurvey in five municipalities of 
the Autonomous Province (AP) of Trento, North of 
Italy, recruiting those individuals who had resulted pos-
itive in a large population-based seroprevalence study 
conducted four months earlier [18]. In a subsample of 
seropositive participants, the antibody neutralizing titer 
was also evaluated.

METHODS
Study population and design

As already reported [18], the study was conducted in 
5 municipalities of the AP of Trento with the highest 
incidence of COVID-19 confirmed cases.

The Department of Prevention of the Azienda Pro-
vinciale per i Servizi Sanitari (APSS) sent a letter of 
invitation to participate in a second study to all the 
citizens who tested positive for anti-SARS-CoV-2 an-
tibodies in the serosurvey conducted 4 months before, 
between May 5 and 15, 2020.

Serum preparation and storage
Blood samples (5 ml) were collected in Serum Sepa-

rator Tubes (BD Diagnostic Systems, Franklin Lakes, 
NJ, USA) and centrifuged at room temperature at 1600 
rpm for 10 min. Aliquots were transferred to 2ml poly-
propylene, screw cap cryotubes (Sorfa, Zhejiang, Chi-
na) and immediately frozen at -20 °C. Frozen sera were 
then shipped to the Istituto Superiore di Sanità (ISS) as 
national reference laboratory for COVID-19, in dry ice 
following biosafety shipment condition. Upon arrival 
serum samples were immediately stored at -80 °C [18].

SARS-CoV-2 IgG immunoassays for nucleocapsid 
(NC) and spike (S)

Two commercial chemiluminescent immunoassays 
(CLIA), employing either NC or S antigens and de-
signed for high throughput in healthcare settings, were 
used. All the serum samples were evaluated by the Ab-
bott SARS-CoV-2 IgG assay (Abbott Diagnostics, Chi-
cago, IL, USA), using the NC antigen; sera resulting 
negative were retested with the DiaSorin Liaison SARS-
CoV-2 IgG assay (DiaSorin, Italy), which uses S1/S2 
antigen.  The Abbott Diagnostics anti-NC IgG assay 
was performed on the Architect i2000SR automated 
analyser. The analyser automatically calculates SARS-
CoV-2 NC IgG antibody concentration expressed as an 
index value.  According to the manufacturer’s instruc-
tions, the results were interpreted considering as posi-
tive an index of ≥1.4 and as negative an index of <1.4.

The DiaSorin SARS-CoV-2 IgG was performed on the 

LIAISON® XL fully automated chemiluminescence 
analyzer. The analyser automatically calculates SARS-
CoV-2 S1/S2 IgG antibody concentrations expressed as 
arbitrary units (AU/mL). The assay range is up to 400 
AU/mL. According to manufacturer’s instructions, val-
ues ≥15 AU/mL were interpreted as positive, and values 
≤12 AU/mL as negative, according to manufacturer’s 
instructions; in case of results falling within an equivo-
cal zone in between 12 AU/mL and 15 AU/mL, the test 
was repeated.

SARS-CoV-2 neutralizing antibody assay
In vitro neutralizing activity provides quantitative 

results as a measure of a functional humoral immune 
response against SARS-CoV-2.  A known amount of 
SARS-CoV-2 (code 77III, isolated and cultivated 
at ISS, titer 1×105.4; GISAID accession ID: EPI_
ISL_412973) was incubated with different dilutions of 
the serum sample to determine the dilution at which 
cytopathic effect on Vero E6 cells (ATCC® CRL-
1586) is observed in 50% of infected wells (MN 50%). 
The detailed protocol is described below: two-fold se-
rial dilutions of serum samples starting at 1:8 dilution 
up to 1:512 in cell culture medium EMEM (Sigma) 
supplemented with 1X pen/strep and 2% fetal bovine 
serum (FBS; Corning) were added to 96-well plates. 
The mixture of virus (100 TCID50) and serum was in-
cubated at 37 ºC for 1 hour for a total volume of 100 
µl. After this incubation period, a solution of 22,000 
cells per well in a total volume of 100 µl was added and 
incubated at 37 ºC for 5 days.

Finally, the neutralization titer was calculated and ex-
pressed as the serum dilution capable of reducing the 
cytopathic effect to 50% (MN 50%). Positive and nega-
tive sera samples and cell culture control together with 
the virus were added in each test.

Statistical analysis
The IgG levels were summarized by the median and 

by centiles (25th; 75th). The differences among IgG 
levels between the first and the second survey were 
evaluated by the Wilcoxon test. The differences among 
IgG levels between groups (positive versus negative in 
the second survey) in the first survey were assessed by 
Mann-Whitney test. The IgG levels observed in the first 
survey were categorised in tree classes: “weak positive” 
(between 1.4 and 3.0), “medium positive” (between 3.0 
and 5.0), and “high positive” (>5). The McNemar’s test 
was used to compare frequency on paired data. The con-
cordance between anti-NC, anti-S, and TICD50 was 
evaluated using the Kappa test [19] (K <0.20 = “poor”, 
0.20-0.40 = “fair”, 0.40-0.60 = “moderate”, 0.60-0.80 = 
“good”, and 0.80-1.00 = “very good”).

A multivariable logistic regression model was used to 
determine the relationship between persistent anti-NC 
IgG in the second serosurvey (positive versus negative) 
and a set of explanatory variables. The following vari-
ables that were significantly associated (p<0.01) at the 
univariate analysis were included in the multivariable 
model: gender, age group, geographical area, presence 
of symptoms, working in contact with the public and 
household size, IgG positivity group (weak, medium, 
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high) olfactory and gustatory dysfunctions, fever, weak-
ness, cough, dyspnea, arthralgia, diarrhoea, and ab-
dominal pain and vomit. The likelihood ratio test was 
used to compare different models.

A subset of anti-NC IgG positive samples was tested 
with the neutralization test. Assuming a positive pro-
portion of 95% and precision of 4%, 106 samples are 
required with an alpha error of 5%.

In all the analyses a two-sided p-value < 0.05 was con-
sidered statistically significant. Statistical analysis was 
performed by the STATA version 16.1 (STATA Corp., 
College Station, Texas, USA).

Ethical approval 
Informed consent for blood collection was obtained 

from all the participants. The study was approved by 
the Ethical Committee of the ISS (Prot. PRE BIO CE 
n.15997, 04.05.2020).

RESULTS
Participation in the second survey

Overall, 1159 individuals of the 1402 individuals who 
resulted seropositive in the first survey (82.7%) were en-
rolled in the study (Figure 1). All age groups were well 
represented. The proportion of those who were retested 
ranged between 72.6% in the age group 20-29 years and 
93.1% in the age group 60-69 years.

Changes in antibody levels against NC
Of the 1159 individuals who resulted initially sero-

positive, 480 (41.4%) seroreverted at the second evalu-
ation. As shown in Figure 2, a statistically significant 
reduction in the median value was observed in the sec-
ond survey, from a median of 5.7 (25th centile = 3.9; 
75th centile = 7.4) to 1.9 (25th centile = 0.8; 75th centile 
= 3.6) (p-value <0.0001 using the non-parametric Wil-
coxon signed-rank test).

Comparing the median values in the positive and 
negative groups, those who seroreverted started from 
a lower average value (median = 3.6; 25th centile = 2.7; 

75th centile = 4.6) compared with those who remained 
positive (median = 7.0; 25th centile = 5.9; 75th centile = 
8.2) at the second survey; the difference was statistically 
significant (Mann-Whitney test; p <0.0001).

As shown in Figure 3, when the participants were 
stratified into three groups in accordance with their an-
ti-NC IgG level at the baseline (i.e., weak positive, with 
a value between 1.4 and 3; moderate positive, between 
3 and 5; and high positive, greater than 5), the median 
value of the weakly and moderately positive groups de-
creased below the assay cut-off after 4 months, while 
the median of the highly positive remained above the 
cut-off.

Correlation between anti-SARS-CoV-2 IgG against 
NC and S proteins and neutralization activity

The samples resulting negative for antibodies against 
NC in the second study were tested to evaluate the 
presence of antibodies against the S protein. Since for 
one sample the available amount of serum was not suf-
ficient for the analysis, 479 available serum samples 

Anti-N positive
individuals

at �rst serosurvey
N=1402

Anti-N positive
individuals enrolled

in the second
serosurvey

N=1159

1159 Sera tested
for anti-N IgG:
679 positive/ 
480 negative

Anti-N negative
individuals in the
second serosurve

tested for anti-S IgG
N=479/480

106 Anti-N positive
individuals at �rst
serosurvey tested 
for neutralization

Figure 1
Study flow diagram of the sample collection and testing process.
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Figure 2
Distribution of the IgG values against SARS-CoV-2 nucleocap-
sid in the first and in the second serosurvey.
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were tested, and 373 of them (77.9%) resulted positive 
(Figure 4).

Comparison between serology and functional 
neutralization assay

One-hundred-six sera from a subgroup of individuals 
who tested positive in the initial study were selected for 
testing anti-NC IgG, anti-S IgG, and in vitro neutral-
izing activity 4 months after the baseline. Comparable 
numbers of weak, moderate, and high positive sera 
were selected. Of the 106 sera, 97 (91.5%) showed neu-
tralizing activity (TCID50 ≥1/8), and 9 sera (8.5%) had 
a TCID50 titer <1/8; 57 (53.8%) were anti-NC positive 
and 93 (87.7%) were anti-S positive.

As shown in Table 1, only 53 sera showing neutral-
izing activity were anti-NC IgG positive (54.6%) ver-
sus 92 (94.8%) which were anti-S IgG positive.  Most 
of the anti-NC IgG negative sera (41 out of 49) were 
anti-S positive (83.7%) and 44 had neutralizing activity 
(89.8%). Of the 57 anti-NC IgG positive sera, 52 were 
also anti-S positive (91.2%). Of 93 anti-S positive sera, 
92 showed neutralizing activity. Overall, these data 
confirmed that despite a decline in anti-NC IgG levels 
below the positivity threshold, most of the sera are posi-
tive for anti-S IgG. A high concordance between anti-S 
positivity and neutralization activity, as calculated by 

McNemar’s test was found, showing that neutralizing 
activity relied on anti-S positivity.

High and significative agreement (94,3%) was found 
between anti-S and TCID50 (k = 0.70; p <0.0001) (Table 
1). To further confirm the concordance, when IgG levels 
were considered, a good correlation between anti-S and 
TICD50 was observed (rho-Spearman: 0.84, p <0.0001) 
compared with anti-NC/anti-S (rho-Spearman: 0.61, p 
<0.0001) and anti-NC/TICD50 (rho-Spearman: 0.56, 
p <0.0001).

Factors associated with persistent anti-NC IgG after 
4 months

The multivariable logistic regression model showed 
that age group, gender, anti-NC IgG level in the first 
serosurvey, and cough were factors associated with the 
persistence of anti-NC seropositivity (Table 2). In par-
ticular, the individuals with high anti-NC IgG levels in 
the first serosurvey had the highest probability to be 
seropositive after four months (OR = 69.2). Age above 
70 years and cough, as reported during the first survey, 
were also strongly associated with persistent anti-NC 
IgG levels, this association may be explained since those 
above 70 years of age and those with cough included a 
greater proportion of highly positive individuals.

DISCUSSION 
Hereby, we report the results of a repeated serosurvey 

conducted in five municipalities in the AP of Trento, 
located in Northern Italy [18]. One of the main find-
ings of the second survey, conducted on a large popula-
tion of initially seropositive individuals, consisted in the 
rapid decrease of antibodies against the SARS-CoV-2 
nucleocapsid. Of the 1159 participants, 41.1% resulted 
seronegative by 4 months after the first evaluation. Sur-
prisingly, when we tested the NC-negative serum sam-
ples for antibodies directed against the S protein, we 
found different results, with most patients still showing 
seropositivity. To better understand and explain these 
findings, we evaluated the presence of neutralizing 
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Figure 3
Median of the IgG values against SARS-CoV-2 nucleocapsid in the first and second survey by IgG positivity groups.

Anti-NC IgG Anti-S1/S2 IgG

Positive

Negative
58.6%

41.4%

77.9%

22.1%

Figure 4
Percentage of anti-spike (S1/S2) IgG antibodies on retested 
anti-NC IgG negative sera.
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antibodies in a subgroup of previously anti-NC sero-
positive individuals and found that almost all the sera 
positives for antibodies against the S protein were able 
to neutralize the virus entry into cell lines in vitro. The 
key role played by neutralizing antibodies in recipients 
of anti-SARS-CoV2 vaccines has been recently high-
lighted [20].

Correlates of protection have been identified for 
many viral infections. These correlates are usually based 
on a specific level of antibodies induced by vaccination 
or natural infection that significantly reduces the risk of 
(re-)infection. For some viral infections and vaccines, 
the kinetic of the antibody response is also known, 
allowing for a prediction of how long protection will 
persist [21]. Studies on SARS-CoV2 had shown con-

flicting results. Studies conducted on a smaller number 
of individuals and/or clinical series reported a decay 
of neutralizing antibody levels 2 months after infec-
tion [8, 9]. These results appear to be consistent with 
those obtained for other human coronaviruses, such 
as NL63, 229E, OC43, and HKU1, showing a rapid 
decay of antibodies directed against the nucleocapsid 
protein [22]. However, other studies showed differ-
ent results, with high IgG levels after several months 
[10-12, 23]. The inconsistency in the results of previ-
ous studies could be explained by differences in the 
study populations (i.e., patients with mild vs moderate 
or severe disease) or by methodological heterogeneity 
across different studies (i.e., detection of antibodies di-
rected against the NC vs whole S or the receptor bind-
ing domain of the spike) [8].

The rapid decay of anti-NC IgG observed in the 
present study is likely related to the fact that individu-
als with severe disease or who were institutionalized 
in nursing homes were excluded from the serosurvey, 
hence only asymptomatic and paucisymptomatic infec-
tions were evaluated. In a longitudinal study of RT-PCR 
confirmed COVID-19 cases, the participants showed 
a wide range of antibody responses, and a decline in 
antibodies levels and virus neutralization was observed 
within three months of the onset of symptoms [24]. 
For those who developed a low neutralizing antibody 
response the titers could return to baseline over a rel-
atively short period, whereas those who developed a 
robust neutralizing antibody response maintained high 
titers despite the initial decline [24]. Although the per-
sistence of protective antibodies might be explained, 
to some extent, by the sporadic COVID-19 reinfection 
that have been reported [25-27], a consensus is grow-
ing on a slow waning of antibody responses in the late 
convalescent period. In this regard, recent data show 
that SARS-CoV-2 infection protect from reinfection up 
to one year [3, 4].

The type of antibody response to infection or vacci-
nation may also play a role. Atyeo et al. [28], showed 
that a predominant humoral response to NC protein is 
associated with poor outcome in patients admitted to 
hospital, compared to response to S protein. Accord-
ingly, Wajnberg et al. showed that antibody responses to 
the S protein correlate significantly with SARS-CoV-2 
neutralization [22], a finding confirmed by the present 
study.

Table 1
Concordance between IgG against NC and S proteins and neutralization activity

Anti-S + Anti-S - p-value* Agreement TCID50≥1/8 TCID50<1/8 p-value* Agreement

Kappa; 
p-value

Kappa; 
p-value

Anti-NC + 52 5 <0.0001 56.6% 53 4 <0.0001 54.7%

Anti-NC - 41 8 K=0.08; 
p=0.1186

44 5 K=0.03; 
p=0.2787

Anti-S +     92 1 0.1025 94.3%

Anti-S -     5 8 K=0.70; 
p<0.0001

* McNemar test.

Table 2
Factors associated with seropositivity (multivariable logistic 
regression model)

Variables OR 95% CI

Gender

     Female Ref

     Male 1.80 1.26 2.56

Age group (years)

     <20 Ref

     20-29 0.61 0.30 1.26

     30-39 0.70 0.33 1.47

     40-49 0.99 0.52 1.90

     50-59 1.29 0.68 2.44

     60-69     1.30 0.68 2.48

    70+ 5.09 2.30 11.24

Anti-NC IgG positivity group in 
the first serosurvey

     Weak Ref

     Moderate 2.29 1.16 4.55

     High 69.23 35.84 133.72

Cough

     No Ref

     Yes 2.05 1.16 3.63
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The observation that anti-NC IgG persist less than 
anti-S IgG has an important practical implication, in 
fact the use of anti-NC assays in seroepidemiological 
studies may cause an underestimation of the real preva-
lence. On the other hand, anti-NC IgG assays are best 
candidates for distinction between natural infection 
and vaccination, as current vaccines are S-based. In this 
context, it is important to keep in mind that a negative 
anti-NC IgG result months after infection should con-
sider the possibility of seroreversion rather than the lack 
of evidence for natural infection.

Before drawing conclusions, strengths and limits 
should be mentioned. Firstly, only 17.3% of individu-
als did not participate in the survey, thus the refusal 
rate was low, and the possibility of a selection bias was 
minimized. Secondly, the study was repeated approxi-
mately 4 months after the first test; however, a propor-
tion of the participants was apparently asymptomatic 
and others reported having had symptoms suggestive 
of COVID-19 sometime before the survey. Thus, the 4 
months represent the minimum interval of time elapsed 
between the virtual date of infection and the second 
test. Thirdly, although the serological assay we used is 
assumed to have high sensitivity and specificity, the oc-
currence of some false positive or false negative results 
influencing the reliability and consistency of the results 
could not be completely ruled out.

In conclusion, we found a general antibody decay 
over time, with a relatively high proportion of initially 
SARS-CoV-2 seropositive individuals losing their anti-
NC antibodies by 4 months after the first positive test. 
However, most of these individuals still had neutralizing 
anti-S IgG antibodies, suggesting a potential long-term 
duration of protective immune response even in those 
individuals with an asymptomatic of paucisymptomatic 
infection. This finding may have important implications 
in the choice of the target for antibodies persistence 
over the time together with the potential effectiveness 
and long-term protection of immune responses induced 
by vaccines and on herd immunity. Further studies are 
needed to understand whether persistence of anti-S, 

potentially neutralizing antibodies, is actual correlate of 
long-term protection.
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