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Serological tests have been introduced to detect anti-
gens namely the spike protein (S), the protein nucleocap-
side (N) and the virus membrane.6 N and S proteins were 
found to be the major immunogenic proteins.7 As in the 
MERS- CoV infection, antibodies against proteins S, 3a, N 
and 9b were detected in the sera from convalescent- phase 
SARS patients.7 Though anti- S and anti- N were dominant 
and could persist in the sera of SARS patients until week 
30, only anti- S3 demonstrated significant neutralising 
activity.7

Current methods available for serological testing 
include rapid diagnostic test, ELISA, neutralisation assays 
and chemiluminescent immunoassays (CLIA).6 ELISA 
and CLIA are considered suitable for first line screening 
because of the large throughput, short processing time 
and simple operating procedure.8

A Cochrane review evaluated the diagnostic accuracy of 
antibody tests—using RT- PCR as reference standard—to 
determine whether a person presenting in the commu-
nity or in primary or secondary care has SARS- CoV- 2 
infection.9 The authors concluded antibody tests are 
likely to have a useful role for detecting previous SARS- 
CoV- 2 infection if used 15 (sensitivity 91%; 95% CI 87% to 
94%) or more days after the onset of symptoms.9

In addition to antibody profile, longitudinal 
persistence of immunity in convalescent COVID- 19 

subjects has been another issue of debate for months 
after the first pandemic. An observational study 
published during that pandemic10 found in 23 patients a 
positive correlation between enzyme immunoassay anti-
bodies and neutralising antibody titre but concluded 
that further investigation is needed on the role of anti- 
COVID antibodies in immunopathology and/or anti-
viral treatment.10

We performed a longitudinal cohort study in Umbria of 
subjects with a confirmed diagnosis of Sars- Cov- 2 between 
February and April 2020 with a follow- up of at least 12 
months. Levels of IgG antibodies against SARS- CoV- 2 
Nucleocapside (N), and neutralising antibodies were 
determined.

The objectives of our study were (1) to describe differ-
ences in clinical and treatment characteristics between 
clinical categories of subjects who had SARS- CoV- 2 (oligo/
asymptomatic, symptomatic and hospital admitted); (2) 
to assess the correlation between serological titres and the 
clinical categories; (3) to evaluate the trend of anti- Sars- 
Cov- 2 titres among the clinical categories over a follow- up 
of 12 months. In addition, we performed a clinical and 
history evaluation of the participants for a possible viral 
infection at every time follow- up.

Figure 1 Study screening process.
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METHODS
Study design and target population
This study was prospective longitudinal in design. Our 
cohort of interest was characterised by consecutive subjects 
aged 15–75 who, from February 2020 to April 2021, (1) 
were discharged with the diagnosis of SARS- CoV- 2 from 
the hospitals of the AUSL Umbria 2 or (2) resulted posi-
tive to a PCR test for Sars- Cov- 2 infection. These subjects 
were invited to undertake serological SARS- CoV- 2 testing 
for antibodies targeting the Nucleocapside (N) protein 
and S proteins of SARS- CoV- 2. All the cohort was clini-
cally and serologically followed- up longitudinally. After 
enrolment, serology testing was performed every 3–4 
months for every participant until the end of follow- up. 
Clinical signs and symptoms as well as specific COVID- 19 
treatments were recorded at baseline. During follow- up, 
at the time of sample collection, participants were evalu-
ated for potential COVID- 19 related clinical reinfection 
or rehospitalised on reinfection.

For our analysis, participants were categorised as 
follows: (1) oligo/asymptomatic, (2) symptomatic and 
(3) hospital admitted. Oligosymptomatic were those 
participants with symptoms enduring for less than 3 days 

or with only one symptom (anosmia/ageusia or asthenia) 
that may last for more than 3 days. Conversely, symptom-
atic patients were those with more than one symptom 
lasting at least 3 days and without any hospital admission.

Laboratory methods
Serum samples were analysed using two commercial sero-
logical assays: Abbott SARS- CoV- 2 IgG, DiaSorin Liaison 
SARS- CoV- 2 S1/S2 IgG.

The qualitative detection of anti- N IgG was performed 
using a chemiluminescent microparticle immunoassay 
(Abbott ARCHITECT SARS- CoV- 2 IgG). A signal/cut- off 
ratio of ≥1.4 was interpreted as reactive according to the 
manufacturer’s instructions.11 Studies report that clinical 
sensitivity is time- dependent and after day 14 it ranges 
between 84.2% and 100% whereas specificity results 
99.6%–100%.12 13 Prior to analyses of patient samples, 
calibration was performed and negative quality control 
signal/cut- off ratio ≤0.78 and positive quality control 
signal/cut- off ratio 1.65–8.40 were achieved.

The quantitative detection of anti- S IgG was evalu-
ated using a standardised automated chemilumines-
cent assay (DiaSorin S.p.A., Saluggia, Italy). A detection 

Table 1 Basic characteristic of the cohort classified by symptom severity

Oligo/asymptomatic 
participants*

Symptomatic 
participants†

Hospital admitted 
participants

N (%) 17 (11) 107 (71) 25 (16)

Male (%) 11 (64) 40 (37) 20 (80)

Age (median; p25, p75) 42 (33–57) 53 (39–59) 56 (54–64)

Clinical signs and symptoms

  Fever 7 (44) 94 (83) 23 (92)

  Headache/musculoskeletal pain 3 (19) 58 (51) 11 (44)

  Ageusia/anosmia 7 (43) 59 (52) 3 (12)

  Asthenia 1 (6) 59 (52) 8 (32)

  Cough 0 (0) 43 (38) 23 (92)

  Dyspnoea 0 (0) 17 (15) 25 (100)

  Pneumonia 0 (0) 3 (3) 25 (100)

Treatment

  Antibiotic 0 (0) 28 (25) 25 (100)

  Hydroxychloroquine 0 (0) 12 (10) 25 (75)

  Heparin 0 (0) 1 (1) 24 (96)

  Antiviral 0 (0) 0 (0) 8 (32)

  Monoclonal antibody 0 (0) 0 (0) 4 (16)

  Steroids 0 (0) 14 (13) 5 (20)

  NSAIDs 0 (0) 7 (6) 0 (21)

  Paracetamol 1 (6) 20 (18) 1 (4)

*Oligosymptomatic patients are those with symptoms enduring for less than 3 days or with only one symptom (anosmia/
ageusia or asthenia).
†Symptomatic patients are those with one more symptom lasting at least 3 days and without any hospital admission.
NSAIDs, Non- steroidal anti- inflammatory drugs.
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of ≥12 AU/mL was interpreted as positive according to 
the manufacturer’s instructions.14 The test’s sensitivity 
is time- dependent, that is 25% in the first 5 days after 
RT- PCR- confirmed diagnosis, 90% from day 5 to day 15, 
and 97% from day 15 forward.

Statistical analysis
Demographic characteristics of the study participants was 
described by calculating the frequencies and percent-
ages for categorical variables, and medians and IQRs for 
continuous variables. The analysis of the normal distri-
bution of the sample was evaluated analytically with the 
Kolmogorov- Smirnov test and visually with the Q- Q plots.

Trends of anti- SARS- CoV- 2 titres among the three groups 
(ie, hospital admitted, symptomatic, olygo/asymptomatic) 
have been analysed using a mixed effects model for repeated 
measurements (MMRM). Logarithm transformations of the 
anti- SARS- CoV- 2 titres were used as dependent variables to 
meet the normality assumption. The model included the 
group, follow- up and group by follow- up interaction as fixed 
effects. The interaction was regardless of significance. Group 
comparisons at each follow- up were estimated by differences 
between least squares means from the group by follow- up 
interaction, with accompanying p values and 95% CIs. An 
unstructured covariance matrix has been used for random 
effects. We also modelled the evolution of positivity of sero-
logical titres (ie, <12 U/mL for anti- S titre and <1.4 U/mL 
for anti- N titre) with an MMRM with a binomial logit link. 
In hospitalised subjects, anti- S titre was above the cut- off, 
so we weren’t able to include these patients in the model. 

Furthermore, due to the few negative patients, we fitted only 
models with titre positivity depending on clinical characteris-
tics or follow- up. For anti- N titre positivity, we were able to fit 
a full model with the group, follow- up and group by follow- up 
interaction as fixed effects. The interaction was included in 
the model regardless of significance. Due to convergence 
issues, a Toeplitz covariance matrix has been used for the 
random effects. To test the hypothesis of a different rate 
of decline of anti- SARS- CoV- 2 titres depending of baseline 
levels, we also performed an MMRM with change from base-
line in the values of anti- SARS- CoV- 2 titres as dependent vari-
ables. The models included baseline, follow- up and baseline 
by follow- up interaction.

For all the models, parameters have been estimated 
using Restricted Maximum Likelihood (REML) with the 
Newton- Raphson algorithm and Kenward- Roger method 
for calculating the df. Point estimates and 95% CIs were 
plotted for the MMRM of log anti- SARS- CoV- 2 titres.

All other models were fitted using the Proc Mixed and 
Proc Glimmix procedures from the SAS software V.9.4 
(SAS Institute).

RESULTS
A total of 184 potentially eligible subjects were identified. 
After excluding 35 subjects with reasons 149 met the inclu-
sion criteria and signed the informed consent. Of this 
cohort, 21 were not available to perform the serological 
test at the second follow- up but 19 of these returned for 

Figure 2 Duration (in days) of signs and symptoms across the three groups of participants. Numbers in denominators are 
participants available at follow- up. Oligo- symptomatic patients are those with symptoms enduring for less than 3 days or with 
only one symptom (anosmia/ageusia or asthenia). Symptomatic patients are those with one more symptom lasting at least 
3 days and without any hospital admission.
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the last follow- up. Subsequently, 14 subjects received anti- 
COVID- 19 vaccination and 6 were unavailable for serolog-
ical testing and were excluded from analysis. At 12 months 

follow- up, 130 participants were still available for clinical 
and serological evaluation. All of the excluded subjects at 
final follow- up were traceable through telephone contact 

Table 2 Median (IQR) anti- N and anti- S titres according to clinical classification of participants

Oligo/asymptomatic* Symptomatic† Hospital admitted Total

Anti- spike serology

  First follow- up
  N=149

14.6 (10.0, 85.0) 69.5 (33.9, 100.0) 232.0 (112.0, 256.0) 71.7 (30.0, 112.0)

  Second follow- up
  N=128

18.1 (10.0, 86.0) 66.0 (28.6, 136.0) 134.5 (75.0, 208.0) 72.9 (29.1, 144.0)

  Last follow- up
  N=130

16.0 (7.2, 92.0) 72.2 (27.4, 242.0) 116.0 (82.9, 216.0) 85.0 (29.1, 190.0)

Antinucleocapside serology

  First follow- up
  N=149

3.05 (1.19, 4.93) 3.05 (1.19, 4.93) 4.55 (2.89, 6.02) 3.11 (1.39, 5.00)

  Second follow- up
  N=128

1.07 (0.36, 4.00) 1.33 (0.56, 2.40) 2.44 (1.75,4.22) 1.7 (0.62, 2.89)

  Last follow- up
  N=130

0.34 (0.15, 0.88) 0.74 (0.31, 1.60) 1.34 (0.77, 2.38) 0.8 (0.33, 1.71)

*Oligosymptomatic patients are those with symptoms enduring for less than 3 days or with only one symptom (anosmia/ageusia or 
asthenia).
†Symptomatic patients are those with one more symptom lasting at least 3 days and without any hospital admission.

Figure 3 Ab- anti- S titre across the three groups of participants compared across the three periods of follow- up (estimated 
means and 95% CI). Oligosymptomatic patients are those with symptoms enduring for less than 3 days or with only one 
symptom (anosmia/ageusia or asthenia) Symptomatic patients are those with one more symptom lasting at least 3 days and 
without any hospital admission.
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and were possible to obtain their health status. Figure 1 
shows the study screen process.

Clinical and treatment difference between oligo/
asymptomatic, symptomatic and hospital admitted 
participants
Of the initial cohort, 17 (11%) were oligo/asymptom-
atic, 107 (72%) were symptomatic participants (without 
hospital admission), 25 (17%) were participants who were 
admitted to hospital. The mean age was 49 years (median 
54). While 52% of the cohort were female, men tended to 
have more severe symptoms reaching 80% of the Hospital 
admitted participants (table 1).

Type and duration of symptoms
The most common symptom was fever which resulted 
common to all the three groups. Headache or muscu-
loskeletal pain was common to symptomatic partici-
pants whereas cough and dyspnoea was present in all of 
the admitted participants indicating the severity of the 
disease. All hospital admitted participants had radio-
graphically documented pneumonia (table 1).

The most persistent symptoms were asthenia (median 
30 days) as well as anosmia and/or ageusia (median 30 
days). Anosmia/ageusia persisted across the three groups 
and the median symptoms’ duration increased as severity 
of symptoms increased (median: 6 days in oligo/asymp-
tomatic participants, 20 days in Symptomatic participants, 
30 days in Hospital admitted participants). Similarly, 
median duration for asthenia was 20 days in the oligo/
asymptomatic participants, 30 days in Symptomatic partic-
ipants and 25 days in hospital admitted participants. In 35 
patients, anosmia/ageusia lasted for more than 6 months 
but resolved completely within 10 months. Duration of 
symptoms across the three groups of participants are 
depicted in figure 2. Duration of ageusia/anosmia and 
asthenia resulted higher in females than in males.

Treatment used
Most of the oligo/asymptomatic participants were not 
treated or reported the use of paracetamol or anti- 
inflammatory agents. Anti- inflammatory agents were 
most used in Symptomatic participants. Twenty- five per 
cent of symptomatic participants and 100% of hospital- 
admitted participants used antibiotics. Hydroxychloro-
quine was used by 10% of the symptomatic participants 
and by 100% of hospital- admitted participants. Low- dose 
hepar was almost exclusively used by hospitalised partic-
ipants. Antivirals and monoclonal antibodies were used 
in the 32% and 16% of the hospitalised patients, respec-
tively (table 1).

Anti-N and anti-S antibodies: trend and correlation with 
clinical severity
Anti-spike
The median value of the antibody anti- S (Diasorin) titre 
at first visit (that is between June and September 2020) 
across the whole cohort was 71.7 U/mL (IQR 31.0–112.0). 
The median anti- S titre was 81.0 U/mL, (IQR 31.0–112.0) 
in males and 65.6 U/mL (IQR 30.0–112.0) in females.

Anti- S antibody values differed significantly across 
the three groups of participants (p<0.001). At first time 
follow- up, median titres in the symptomatic (+35.0 U/mL, 
p=0.001) and hospital- admitted participants (+135.1 U/
mL, p<0.001) were significantly higher compared with 
the oligo/asymptomatic participants; similarly, anti- S 
titre levels were higher in the Hospital admitted partic-
ipants compared with symptomatic subjects (+100.0 U/
mL, p<0.001) indicating that the more significant were 
the clinical signs and symptoms the higher was the anti- S 
antibody response.

At subsequent follow- up visits the median titre of anti- S 
antibodies did not show significant variations (p=0.500) 
and the difference within groups remained constant 

Table 3 Persistence of positivity to anti- N and anti- S antibodies and according to clinical classification of participant (n/N (%))

Oligo/asymptomatic* Symptomatic† Hospital admitted Total

Anti- spike serology

  First follow- up
  N=149

5/9 (55.6) 44/47 (93.6) 6/6 (100.0) 55/62 (88.7)

  Second follow- up
  N=128

8/11 (72.7) 59/65 (90.8) 18/18 (100.0) 85/94 (90.4)

  Last follow- up
  N=130

8/11 (72.7) 68/78 (87.2) 21/21 (100.0) 97/110 (88.2)

Antinucleocapside serology

  First follow- up
  N=149

10/17 (58.8) 78/107 (72.9) 23/25 (92.0) 111/149 (74.5)

  Second follow- up
  N=128

5/11 (45.5) 39/81 (48.2) 17/21 (81.0) 61/113 (54.0)

  Last follow- up
  N=130

1/11 (9.1) 22/80 (27.5) 10/22 (45.5) 33/113 (29.2)

Numbers in denominators are participants available at follow- up.
*Oligosymptomatic patients are those with symptoms enduring for less than 3 days or with only one symptom (anosmia/ageusia or asthenia).
†Symptomatic patients are those with one more symptom lasting at least 3 days and without any hospital admission.
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overtime (table 2). Figure 3 shows estimated values of 
anti- S antibody titres among groups of participants in 
each periods of follow- up.

The value of the antibody anti- S titre at first visit did not 
influence the rate of change at follow- up.

The subjects that showed an anti- S titre above the 
threshold of 12 U/mL were 88.7% at first follow- up, 
90.4% at the second and 88.2% at the third. Overall there 
was a significant difference between clinical groups with 
symptomatic showing a higher probability of positivity 
across all follow- up visits (p=0.031). The difference across 
follow- up visits were not significant (p=0.833). None of 
the hospital admitted subjects had their antibody titre 
below threshold (table 3).

Anti-nucleocapside
The median value of the antibody anti- N titre at first visit 
across the whole cohort was 3.1 U/mL (IQR 1.39–5.00) 
with non- significant higher values in males (3.84 U/mL, 
IQR 1.89–5.82) than females (2.50 U/mL, IQR 0.97–
4.30). Overall there was a significant difference in terms 
of antibody titres between groups (p=0.019).

Antibody values were higher in the hospital admitted 
participants compared with symptomatic participants 
at follow- up 2 (+1.2 U/mL, p=0.010) and follow- up 3 

(+0.7 U/mL, p=0.008). Antibody values were higher in 
the hospital admitted participants compared with the 
oligo/asymptomatic participants at follow- up 1 (+0.8 
U/mL, p=0.038) follow- up 2 (+1.5 U/mL, p=0.011) and 
follow- up 3 (+1.7 U/mL, p=0.011). No statistically signif-
icant differences were observed between oligo/asymp-
tomatic and symptomatic participants. The antibody 
titre reduced constantly overtime (p<0.001) (table 2). 
Figure 4 shows estimated values of anti- N antibody 
titres among groups of participants in each periods of 
follow- up.

The value of the antibody anti- N titre at first visit did 
not influence the rate of change at follow- up.

Difference in percentage of anti- N titre between the 
first and second follow- up and between the first and last 
follow- up showed a substantial decrease in the serological 
titre across the three groups of participants (table 3). The 
percentage of the subjects with serological titre above 
threshold (<1.4 U/mL) decreased from 74.5% to 29.2% 
(p<0.001). The percentage of the subjects with serolog-
ical titre above threshold (<1.4 U/mL) was significantly 
higher in hospital admitted compared with Oligo/asymp-
tomatic participants (p=0.031).

Figure 4 Ab- anti- N titre across the three groups of participants compared across the three periods of follow- up (estimated 
means and 95% CI). Oligosymptomatic patients are those with symptoms enduring for less than 3 days or with only one 
symptom (anosmia/ageusia or asthenia) symptomatic patients are those with one more symptom lasting at least 3 days and 
without any hospital admission.
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Clinical follow-up
During serological follow- up participants underwent a 
history examination and clinical visit. When participants 
were not available for clinical visit their health status and 
history examination of recent or past reinfection was ascer-
tained through telephone call. None of the participants 
in any of the group had any sign or symptom that could 
be attributed to a possible clinical SARS- CoV- 2 reinfection 
or was hospitalised on reinfection. Since the study did not 
consider the PCR or antigenic test during follow- up, we 
cannot exclude that some participants might have devel-
oped asymptomatic SARS- CoV- 2 reinfection.

DISCUSSION
We enrolled a substantial number of subjects to whom 
a diagnosis of SARS- CoV- 2 was made during the first 
pandemic episode within the area of local health unit 2 
of Umbria where the main hospitals to which participants 
had access were Foligno, Spoleto and Orvieto.

We first categorised participants according to their clin-
ical status described clinical and therapeutic differences. 
Subsequently, we performed quantitative determination 
of anti- S and anti- N antibodies during a 12- month period 
follow- up and evaluated the trend of both antibodies and 
their correlation with the severity of disease. Our study 
showed a positive correlation between severity of symp-
toms and both anti- N and anti- S titres. Anti- N antibodies 
titres resulted significantly higher in those participants 
that had severe symptoms than those who had less signif-
icant symptoms, but declined consistently over time 
though 46% of hospital admitted participants showed 
anti- N titres persistently above the threshold even after 12 
months of follow- up.

Anti- S antibody response was significantly higher in 
patients who had noteworthy symptoms. In particular, 
subjects that were admitted to hospital showed significant 
levels of antibody titre with a median that was higher than 
100 U/mL compared with participants who belong to the 
other two groups and such results persisted consistently 
during the entire period of follow- up.

Despite initial reports that persistence of antibody 
against SARS- Cov- 2 was limited to a few months,15 in agree-
ment with our conclusion, several subsequent studies 
reported that antibodies against SARS- CoV- 2 persist 
over time.16–24 In a prospective longitudinal cohort study 
Harris et al16 found that anti- N antibodies were detected 
first but declined rapidly and predicted their negativity 
within 1 year whereas anti- S antibodies persisted for 6 
months and the authors predicted stability over 54 weeks 
which our longitudinal assessment was able to confirm. 
More recently, He et al25 found that neutralising anti-
bodies developed in approximately 40% of a cohort of 
9500 individuals and the titres of neutralising antibodies 
did not significantly decrease during the 9 months of 
observation. Similarly, Favresse et al found stable anti-
body titres over a period of 10 months with the highest 

positivity rates in patients with clinically significant past 
SARS- CoV- 2 infection.26

Since published data report of possible reinfection with 
SARS- CoV- 2,27–29 we aimed also to follow participants clin-
ically as well as in terms of history examination in order 
to explore possible recent or current clinical reinfection 
or hospital admission on infection. Interestingly, none of 
the participants showed clinically manifested reinfection. 
We are unsure, however, whether some of the participants 
might have developed asymptomatic SARS- Cov- 2 infec-
tion as this is a possible event that has been reported in 
the literature.29

On the other hand, we find that 32% of serologi-
cally positive particlogiipants at the initial visit, showed 
a significant increase in the antibody titres during the 
subsequent pandemic infection. Hence, we speculate 
that this increase could have been due to the spread of a 
new infection and that these subjects did not develop the 
disease due to the protective effect of anti- S antibodies. 
Despite our speculation, a growing number of studies are 
showing that natural infection does protect against SARS- 
CoV- 2 reinfection and/or symptomatic disease.27 28 30–32

Strength and limitation
Strengths of our study include a follow- up that lasted for 
at least 1 year and the use of both types of serological 
assays for the understanding of antibody characteristics.

We acknowledge some limitations of our study. First, 
our study does not have a baseline serological testing 
since it was conceived in late April and it was not possible 
to obtain serological testing when participants had the 
disease. The time from disease onset and the first clin-
ical and serological testing was 3–6 months. We believe 
that this could not have biased our results, however, we 
are unsure whether those that resulted negative at the 
first visit—who predominately were oligo/asymptomatic 
participants—could have positive result on the first visit. 
Second, the study lacks clinical and serological infor-
mation regarding those who died during the pandemic 
event, hence we are unable to conclude whether quanti-
tative serological testing could predict survival.

Conclusion
Immunological response from SARS- CoV- 2 infection is 
characterised by both anti N and anti- S antibodies. Anti- N 
antibodies do not persist overtime but they can be useful 
for the diagnosis of recent Sars- Cov- 2 infection. Anti- S 
antibody titres correlate with disease severity and persist 
for at least 1 year.

Twitter Paolo Eusebi @paoloeusebi
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