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ABSTRACT
In March 2020, the first pandemic caused by a coronavirus was declared by the World Health Organization. 
Italy was one of the first and most severely affected countries, particularly the northern part of the country. 
The latest evidence suggests that the virus could have been circulating, at least in Italy, before the first 
autochthonous SARS-COV-2 case was detected in February 2020. The present study aimed to investigate 
the presence of antibodies against SARS-CoV-2 in human serum samples collected in the last months of 
2019 (September–December) in the Apulia region, Southern Italy. Eight of 455 samples tested proved 
positive on in-house receptor-binding-domain-based ELISA. Given the month of collection of the positive 
samples, these findings may indicate early circulation of SARS-CoV-2 in Apulia region in the autumn of 
2019. However, it cannot be completely ruled out that the observed sero-reactivity could be an unknown 
antigen specificity in another virus to which subjects were exposed containing an epitope adventitiously 
cross-reactive with an epitope of SARS-CoV-2.
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Introduction

On 11 March 2020, the Director-General of the World Health 
Organization (WHO) declared the first pandemic caused by 
a coronavirus; since the end of February, the number of cases 
had dramatically increased worldwide, with more than 118,000 
cases recorded in 114 countries and 4,291 deaths.1

The initial epidemic originated in Wuhan, China, where 
cases of pneumonia of unknown etiology were reported to 
have occurred in late December 2019. On 7 January 2020, 
a new coronavirus was isolated and later named Severe Acute 
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) by the 
WHO, since it was genetically related to the coronavirus 
responsible for the 2003 SARS outbreak. The disease caused 
by SARS-CoV-2 was named COVID-19 (Coronavirus 
Disease).2

SARS-CoV-2 expresses a spike (S) protein that plays an 
essential role in viral attachment, fusion, entry and transmis-
sion. Specifically, the S protein contains the receptor-binding 
domain (RBD), which is the most distinct part and an immu-
nogenic target of the immune response against SARS-CoV-2. 
Antibodies that bind the RBD seem to neutralize the ability of 
the virus to infect cells. Another protein is the nucleoprotein 
(NP), which is unlikely to be involved in virus neutralization 
(VN); however, antibodies against the NP protein could pro-
vide information on exposure to the virus.3

Infected subjects develop mainly two isotypes of specific- 
antibodies: IgM and IgG. IgM are usually detected before IgG, 
peaking between weeks two and five and decreasing over 
a further three to 5 weeks after symptom onset. IgG peaks 

between weeks three and seven after the onset of symptoms 
and persists for at least 8 weeks. Neutralizing antibodies are 
detectable from 7 to 15 days after disease onset, increase until 
days 14–22, reach a plateau and then decline. Antibody levels 
seem to be lower in asymptomatic subjects and patients with 
clinically mild disease.4

In addition to IgM and IgG, SARS-CoV-2 infection induces 
the production of IgA within 2–3 weeks from onset of symp-
toms, representing the predominant isotype in early disease, 
and decline by day 28.5–8

The main route of transmission is through respiratory dro-
plets shed by infectious subjects. However, close contact with 
objects or surfaces contaminated with the virus may also be an 
occasional means of transmission. COVID-19 presents a wide 
range of symptoms—mainly fever, cough, lost/altered senses of 
taste or smell, and headache—which may appear 2–14 days 
after exposure to the virus.9–12

The WHO reported that most SARS-CoV-2 infections 
(80%) are mild or asymptomatic, 15% severe and 5% 
critical.13 The role of asymptomatic subjects is still debated. 
Indeed, the contribution of asymptomatic subjects to the 
spread of the virus remains uncertain, since it has been 
reported that these subjects are less likely to transmit the 
virus than those who are symptomatic.14–17

On 22 February 2020, clusters of COVID-19 cases were 
reported in the Lombardy Region, Italy, by the Italian autho-
rities; following epidemiological investigation, transmission 
was assumed to be local rather than being caused by people 
traveling to or returning from affected areas.18 In the first 
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epidemic wave, Italy was one of the first and most severely 
affected countries, particularly the northern part of the coun-
try, with the Lombardy Region reporting 43% of all confirmed 
cases, followed by Emilia-Romagna (13.9%), Veneto (9.6%) 
and Piedmont (7.6%).19 On 9 March 2020, the Italian 
Government declared a national lockdown aimed at reducing 
the epidemic in the North and preventing the spread of the 
virus throughout the country, as the Central and Southern 
Regions were only marginally affected at the beginning of the 
epidemic. Nevertheless, although the social restrictions imple-
mented in Italy proved effective in flattening the COVID-19 
epidemic curve,20 the second epidemic wave was only delayed.

In Italy, from 3 January 2020 to 1 July 2021, 4,259,133 cases 
of COVID-19 were confirmed, with 127,542 deaths, as reported 
by the WHO.21 Currently, the virus seems to hit every age- 
group. At the beginning of the pandemic, most cases were 
recorded among the elderly; however, since the virus has 
spread, younger people have been affected in greater 
numbers.22 The mortality rate is higher in the elderly, being 
20.1% in people between 80 and 89 years of age, and the most 
commonly reported comorbidities in deceased patients are 
hypertension, type-2 diabetes and ischemic heart disease.22,23 

Overall, the Italian mortality rate is higher than that registered 
in most countries.24

Apulia is a large Southern Italian region with 
a population of roughly 4 million. The first case of 
COVID-19 was found in the Province of Taranto on 
26 February 2020 and involved a 44-year-old man who had 
returned from a known epidemic area. During the first wave 
of the epidemic, between February and May 2020, Apulia 
was only marginally affected by COVID-19. However, during 
the second wave, which started roughly in September 2020, 
the region saw a steady increase in cases, with 5,873 deaths 
and a total of 234,841 cases, by April 2021.25

The present study aimed to investigate the presence of 
antibodies against SARS-CoV-2 in human serum samples col-
lected in the last months of 2019 in the Apulia Region, 
Southern Italy.

Materials and methods

Study population

Human serum samples were collected from late September to 
the end of December 2019 in a town with about 60,000 inha-
bitants in the Province of Bari. In compliance with Italian 
ethics law, serum samples were anonymously collected as resi-
dual samples for unknown diagnostic purposes and stored at 
the Molecular Epidemiology laboratory of the University of 
Siena, Italy. For each serum sample, the subject’s age and sex, 
and the month of collection were available.

As the prevalence of the disease in the population is 
unknown, an arbitrary prevalence of 50% was assumed. 
A sample size of 385 serum samples was required, assuming 
a precision of the estimate of 5% and a confidence interval of 
95% in a large population.

A total of 455 human serum samples were collected and 
stratified by sex and age-group, as shown in Table 1. The 
mean age of the study population was 46 years, with a range 
of 8–95 years; 64.4% of samples were from female subjects 
(sex ratio 1:1.8).

Serological assay

Commercial ELISA
Study samples were first tested by a commercial ELISA, 
Enzywell SARS-CoV-2 IgA, IgM, IgG (DIESSE, Siena, Italy), 
for the detection of IgA, IgG, and IgM antibodies against 
SARS-CoV-2. According to the manufacturer, Enzywell 
ELISAs are based on SARS-CoV-2 inactivated native antigen 
and use monoclonal anti-human IgA, IgG or IgM antibody as 
secondary antibody. The DIESSE manufacturer ensures 93.7% 
sensitivity and 96.3% specificity for IgA ELISA, 92.5% sensi-
tivity and 95.8% specificity for IgG ELISA, and 87.7% sensitiv-
ity and 97.0% specificity for IgM ELISA. According to the 
manufacturer’s instructions, samples were considered positive 
when the ratio between the optical density (OD) of the sample 
and that of the cutoff was >1.1, negative if the ratio was <0.9 
and borderline if the ratio was between 0.9 and 1.1.

In order to further test the specificity of the commercial 
ELISA, 64 serum samples collected in 2018 in the Apulia 
Region were tested for IgG and IgM.

Study samples collected in 2019 that yielded a borderline or 
positive result for IgG or IgM on Enzywell ELISA were further 
tested by Aeskulisa® SARS-CoV-2 S1 IgM and IgG and NP IgG 
(Aesku. Diagnostics, Wendelsheim, Germany) for the detec-
tion of IgG and IgM against the S1 and of IgG against the NP 
(Figure 1). According to the manufacturer, ELISA revelation is 
based on polyclonal anti-human IgG or IgM antibody as sec-
ondary antibody. Aesku.Diagnostics ensures 98.6% sensitivity 
and >99% specificity for S1 IgG ELISA, >99% sensitivity and 
>99% specificity for S1 IgM ELISA, and 95.2% sensitivity and 
>99% specificity for NP IgG ELISA. Quantitative analysis was 
performed by means of a 4-parameter logistic standard curve 
that was obtained by plotting the OD values measured for four 
calibrators against their antibody activity (U/ml) using loga-
rithmic/linear coordinates. Antibody activities of the samples 
were evaluated from OD values by using the curve generated 
and were considered positive if >12 U/ml.

Study samples with a borderline or positive result for IgG 
and IgM on Enzywell ELISA were also tested by in-house 
ELISAs targeting the S protein, the NP, and RBD and by VN 
assay (Figure 1).

Table 1. Study population: samples collected in the Province of Bari (Apulia, 
Southern Italy) from September to December 2019, by sex and age-group.

Study population

8-29 30-39 40-49 50-59 60-69 70-79 80-95 Total

M 26 15 17 36 28 29 11 162
F 73 71 41 30 27 24 27 293
Total 99 86 58 66 55 53 38 455
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In-House ELISAs
The in-house ELISAs were performed as previously reported 
by Mazzini et al.26

Briefly, ELISA plates (Nunc, Maxi-Sorp) were coated with 
either 1 µg/mL of purified recombinant spike-RBD HEK- 
derived protein (Sino Biological, China), or 1 µg/mL of purified 
recombinant Nucleocapsid (Sino Biological, China) or 1 µg/mL 
of purified recombinant spike S1-S2 ECD (Sino Biological, 
China). Human serum samples were heat-inactivated, diluted 
1:100 in TBS-0.05% Tween 20 5%; 100 µl of each serum dilution 
was then added to the coated plates and incubated for 1 h at 
37°C. After the washing step, polyclonal goat anti-Human IgG- 
Fc (code A80-104P, Bethyl Laboratories Montgomery USA) or 
IgM μ-chain (code A80-100P, Bethyl Laboratories Montgomery 
USA) HRP-conjugated antibody was added and the plates were 
incubated at 37°C for 30 min. After the washing step, 3,3′,5,5′- 
Tetramethylbenzidine (TMB) substrate (Bethyl Laboratories, 
Montgomery, USA) was added and the plates were incubated 
in the dark at room temperature for 20 min.

The reaction was stopped and read at 450 nm.
A cutoff value of each plate was obtained by multiplying by 

three the blank OD signal derived from six micro-wells con-
taining sample diluents and secondary HRP-antibody without 
the addition of analyte. The ELISA cutoff was established 
internally through a blind study of symptomatic and asympto-
matic subjects positive on molecular swabs testing. The IgM 
and IgG results were calculated by relating each specimen OD 
value to the respective cutoff value of the plate. The results were 
then expressed as the OD ratio and considered positive when 
>1. Samples with ODs below the cutoff value were deemed 
negative, while samples in which ODs were above the cutoff 
value were deemed positive.

Samples testing positive on RBD-based ELISA were further 
tested with 2-fold dilutions from 1:100 to 1:1600. The RBD- 
ELISA titer was defined as the highest serum dilution showing 
positivity.

In order to further test the specificity of in-house RBD ELISA 
(hereafter referred to as RBD ELISA), we tested the following 
samples (Table 2): 64 serum samples collected in 2018 in the 
Apulia region, 18 human samples provided by BioIVT (West 
Sussex, United Kingdom) that had tested positive to different 
human coronaviruses (CoVs) (229E, HKU, OC43 and NL63) 
and in which non-SARS-CoV-2 virus cross-reactivity had been 
confirmed, 17 serum samples from asymptomatic subjects posi-
tive for SARS-CoV-2 on rhino-pharyngeal swab testing and col-
lected as part of the UNICORN project27 and 8 human samples 
from COVID-19 convalescent patients provided by Cambridge 
Bioscience.

Virus neutralization assay
The VN assay was performed as previously reported.28 Briefly, 
serum samples were heat-inactivated for 30 min at 56°C then 
mixed in a 1:5 ratio with a SARS-CoV-2 viral solution containing 
100 Tissue Culture Infective Dose 50% (TCID50) or 25 TCID50 of 
virus (final volume 120 µl). After 1 h of incubation at 37°C 5% 
CO2, 100 µl of each virus-serum mixture was added to a 96-well 
plate containing an 80% confluent Vero E6 cell monolayer. Plates 
were incubated for 3 days at 37°C 5% CO2 in a humidified atmo-
sphere, then inspected for the presence/absence of cytopathic 
effect (CPE) by means of an inverted optical microscope. A CPE 
higher than 50% indicated infection. The viral titer was calculated 
using the Reed-Muench method.

Figure 1. Schematic representation for down-selecting samples based on the ELISAs.

Table 2. Samples tested by in-house RBD ELISA.

N. of samples 
tested Origin of samples

64 Apulia 2018
455 Apulia 2019
18 Human samples positive to other CoVs
17 Human samples from asymptomatic subjects positive for 

SARS-CoV-2
8 Human samples from COVID-19 convalescent patients

HUMAN VACCINES & IMMUNOTHERAPEUTICS 3



Statistical analysis

The median age of both the study population and positive 
subjects was calculated, and samples were stratified by age- 
group and sex. Age- and sex- prevalence rates were calcu-
lated, together with their corresponding 95% confidence 
intervals (95% CI). Comparison for age- and sex- 
prevalence rates as well as 2018, 2019, and positive to 
other CoVs samples was performed by use of Yates’ cor-
rected chi-square test or Fisher’s exact test. Statistical sig-
nificance was set at p < 0.05, two-tailed.

All statistical analyses were performed by means of 
GraphPad Prism 6 software.

Results

Of 455 human serum samples collected from September to 
December 2019 in the Apulia region, Southern Italy, and tested 
by commercial Enzywell ELISA, 11 (2.4%, 95% CI 1.3–4.3) 
were positive for IgG, 3 (0.7%, 95% CI .2–2.0) for IgM, and 3 
(0.7%, 95% CI .2–2.0) for IgA.

Samples were not further tested for IgA.
The 14 IgG/IgM-positive samples were further tested; the 

results are shown in Table 3.
For the purpose of this study, only samples that tested 

positive on RBD ELISA were considered positive as the RBD 
is the most distinct part and an immunogenic target of the 
immune response against SARS-CoV-2.

Eight (8) samples (1.8%, 95% CI .9–3.4) tested positive on 
RBD-ELISA; 5 (1.1%, 95% CI .45–2.6) for IgG and 3 (0.7%, 
95% CI .2–1.9) for IgM.

RBD ELISA-positive samples showed antibody titers 
ranging from 1/200 to 1/800 for IgG and from 1/100 to 
1/200 for IgM. One (1) sample was collected in 
September, 2 in October, 2 in November, and 3 in 
December (Table 3).

All samples that were IgM-positive on Enzywell ELISA were 
confirmed positive on RBD ELISA, with a titer between 1/200 
and 1/100. One of these samples, number 14, female, collected 

in December 2019, was also positive on Aeskulisa® NP and in- 
house ELISA NP for IgG, on in-house ELISA NP for IgM and 
on Aeskulisa® S1 ELISA for IgM.

Out of 11 samples positive on Enzywell ELISA, 5 were also 
positive on RBD IgG, with a titer between 1/200 and 1/800 
(Table 3).

Three of 11 samples appeared to be of particular interest. 
One sample, number 7 (from a 38-year-old man and col-
lected in November 2019) was also positive on in-house 
ELISA NP for IgM, Aeskulisa® S1 ELISA IgG and S1-S2 in- 
house ELISA IgG. This sample had the highest titer when 
tested by RBD ELISA.

Sample 5, collected in October from a 48-years-old woman, 
was also positive on Aeskulisa® NP ELISA and in-house NP 
ELISA for IgG.

Sample 2 (female, collected in October 2019), was also 
positive on in-house NP ELISA for IgM and IgG, and on in- 
house S1-S2 ELISA for IgM.

The median age of the positive subjects was 41.5 years 
(range 16–61 years). Two (2) samples were from male subjects 
(1.2%, 95% CI 0.1–4.4 of the male population) and 6 from 
females (2.0%, 95% CI 0.7–4.4 of the female population), with 
a sex ratio of 1:3.

No significant differences were observed between sexes or 
among age-groups.

All these samples were negative on VN assay.
Of the samples collected in 2018 and tested by Enzywell 

ELISA, 2 tested positive for IgG and none for IgM (data not 
shown). These two Enzywell ELISA IgG positive samples did 
not prove positive on RBD ELISA.

The results of IgG and IgM RBD ELISAs are reported in 
Figures 2 and 3.

Of the samples collected in 2018, 2 proved positive for IgG 
and 1 for IgM on RBD ELISA (Figures 2(a) and 3(a)), while no 
positivity was detected in samples positive for other CoVs 
(Figures 2(b) and 3(b)).

Comparison of 2018 positive samples versus 2019 ones for 
Enzywell ELISA was not statistically significant (p = 1 for total 
Ig, p = 1 for IgM, and p = 0.6678 for IgG, Fishers exact test), as 

Table 3. Information on sex, age, and month of collection of samples collected from September to December 2019 in Apulia and positive to commercial Enzywell ELISA 
by antibody class (IgG/igM). These samples were further tested by commercial Aeskulisa® NP- and S1-based ELISAs and by in-house NP-, S1-S2, and RBD-based ELISAs. 
A serum titration was further performed for samples positive to in-house RBD-based ELISA. Serological results for commercial Aeskulisa® and in-house ELISAs by antigen 
and by antibody class are presented.

Enzywell 
ELISA Sample Sex

Age 
(years)

Month of 
collection

Aeskulisa® 
NP ELISA 

IgG

In- 
house NP 
ELISA IgG

In-house 
NP ELISA 

IgM

Aeskulisa® 
S1 ELISA 

IgG

In-house 
S1-S2 

ELISA IgG

Aeskulisa® 
S1 ELISA 

IgM

In-house 
S1-S2 

ELISA IgM

In-house 
RBD 

ELISA 
IgG

In-house 
RBD 

ELISA 
IgM

In-house 
RBD 

ELISA 
titre

IgG 1 F 35 September Negative Negative Positive Negative Positive Negative Positive Positive ND 1/200
2 F 61 October Negative Positive Positive Negative Negative Negative Positive Positive ND 1/200
3 M 51 October Negative Negative Negative Negative Negative Negative Negative Negative ND ND
4 F 37 October Positive Negative Negative Negative Negative Negative Negative Negative ND ND
5 F 48 October Positive Positive Negative Negative Negative Negative Negative Positive ND 1/400
6 M 62 October Negative Positive Negative Negative Negative Negative Negative Negative ND ND
7 M 38 November Negative Negative Positive Positive Positive Negative Negative Positive ND 1/800
8 F 57 November Borderline Positive Negative Negative Positive Negative Negative Negative ND ND
9 M 64 November Positive Positive Positive Negative Negative Negative Negative Negative ND ND

10 M 13 December Negative Negative Negative Negative Positive Negative Negative Negative ND ND
11 M 16 December Negative Positive Positive Negative Negative Negative Positive Positive ND 1/200

IgM 12 F 50 November Negative Negative Positive Negative Negative Negative Negative ND Positive 1/200
13 F 45 December Negative Negative Negative Negative Negative Negative Negative ND Positive 1/100
14 F 30 December Positive Positive Positive Negative Negative Positive Negative ND Positive 1/200

NP, nucleoprotein; S, spike; RBD, receptor-binding domain; ND, not determined.
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well as comparison of 2018 positive samples versus 2019 ones 
for RBD ELISA (p = 0.143 for total Ig, p = 0.4103 for IgM, and 
p = 0.2094 for IgG, Fishers exact test).

Comparison of 2018 samples versus samples positive to 
other CoVs for RBD ELISA was not significant (p = 1 
Fishers exact test for either IgM or IgG), as well as 

comparison of 2019 samples versus samples positive to 
other CoVs for RBD ELISA (p = 1 Fishers exact test for 
both IgM and IgG).

Asymptomatic subjects who had tested positive on commercial 
ELISA in a previous study29 were also positive on IgG RBD ELISA 
(Figure 2(c)); notably, 2 of these were also positive on VN assay. 

Figure 2. OD values of the samples tested by IgG RBD ELISA; panel 2a: samples collected in 2018 in the Apulia region (2018 samples); panel 2b: human samples positive 
to other human CoVs (Other CoVs);panel 2c: samples from asymptomatic subjects (Asymptomatic); panel 2d: samples from COVID-19 convalescent patients 
(Convalescent); panel 2e: samples collected in 2019 in the Apulia region (2019 samples). Dots indicate individual serum samples, dashed lines indicate the OD value 
of the cutoff. For 2018 samples, arrow indicates consecutive numbering from sample 1 to sample 64. * indicates samples positive to VN assay.

Figure 3. OD values of the samples tested by IgM RBD ELISA; panel 3a: samples collected in 2018 in the Apulia region (2018 samples); panel 3b: human samples positive 
to other human CoVs (Other CoVs); panel 3c: samples from COVID-19 convalescent patients (Convalescent); panel 3d: samples collected in 2019 in the Apulia region 
(2019 samples). Dots indicate individual serum samples, dashed lines indicate the OD value of the cutoff. For 2018 samples, arrow indicates consecutive numbering from 
sample 1 to sample 64. * indicates samples positive to VN assay.

HUMAN VACCINES & IMMUNOTHERAPEUTICS 5



All serum samples from convalescent patients positive on IgG 
RBD ELISA (Figure 2(d)) were also positive on VN assay, with 
titers ranging from 10 to 320. Serum samples collected in Apulia 
in 2019 are reported in Figures 2(e) and 3(d). Although these 
sera were negative on VN, the IgG RBD ELISA ODs were similar 
to those of sera from convalescents, with one sample well above 
the highest titers found in convalescents.

RBD ELISA IgM titers are shown in Figure 3. In Figure 3(a), all 
but 1 of the Apulia 2018 samples proved negative. Samples posi-
tive for other CoVs were all negative. Half of the convalescent 
patients were positive on both RBD ELISA (Figure 3(c)) and VN. 
Samples collected in Apulia 2019 and positive on RBD ELISA are 
shown in Figure 3(d).

Discussion

In this study, out of 455 serum samples collected from 
September to December 2019 in the Apulia region, in 
Southern Italy, 8 tested positive for IgG (1.1%) or IgM (0.7%) 
SARS-CoV-2 on RBD ELISA. These results were somewhat 
unexpected and can be interpreted in different ways. First, 
the findings of this study may suggest that SARS-CoV-2 was 
circulating in Apulia well before the first SARS-CoV-2 index 
case was reported in Italy in February 2020. Second, the pos-
sibility that we have detected, in a limited number of subjects, 
nonspecific antibodies able to bind the RBD of SARS-CoV-2 
cannot be ruled out.

It is recognised that SARS-CoV-2 infection in humans 
generates a predominant antibody response mainly against 
the S protein and, in particular, against the RBD.30–32 RBD 
ELISA has been used as a tool to characterize the immune 
response to SARS-CoV-2 in previous studies30,32–38 and it is 
shown to correlate with neutralizing antibodies.35

The fact that all the samples in our study who were positive 
on RBD ELISA, either for IgG or IgM, were negative on VN 
assay may suggest that cross-reactive antibodies were detected. 
However, the consideration that all samples in the panel of 
other human CoVs as well as all but three samples collected in 
Apulia in 2018 tested negative on IgG and IgM RBD ELISA 
reduces the possibility that the antibodies detected in this study 
were all cross-reactive.

In our study 3 samples seem to be of interest, in that they 
proved positive to other assays than RBD ELISA. Sample 
number 7 (positive on IgG RBD ELISA), collected in 
November 2019, showed IgG positivity for the S1/S2 protein 
(commercial and in-house ELISAs) and IgM positivity for the 
NP protein (in-house ELISA). As reported by the CDC,39 if 
vaccination status is unknown—and in this case we are sure 
that the subject had not undergone SARS-CoV-2 vaccination 
—antibodies against the S and NP proteins can be ascribed to 
a previous infection, even though false-positive results cannot 
be ruled out. This sample showed the highest OD value when 
tested by RBD ELISA, even when compared with asympto-
matic and convalescent patients. Another interesting sample 
is the number 5 (positive on IgG RBD ELISA), collected in 
October, which was positive for NP IgG when tested by com-
mercial and in-house ELISAs. Finally, sample number 14 

(positive on IgM RBD ELISA), collected in December 2019, 
proved positive for NP IgG (commercial and in-house ELISAs), 
NP IgM (in-house ELISA) and S1 IgM (commercial ELISA). 
Admittedly, we cannot exclude false-positive results and/or the 
presence of non-SARS-CoV-2 antibodies able to bind the RBD. 
However, the above-mentioned samples cannot completely rule 
out the hypothesis that the virus was circulating in Apulia 
region since October/November 2019. Notably, Kumar et -
al.40 suggest that the SARS-CoV-2 progenitor was spreading 
worldwide months before its first detection, dating its pre-
sence to late-October 2019. We cannot completely discard 
the hypothesis that the RBD-reactive antibodies detected 
might indicate an immune response against SARS-CoV-2, 
perhaps a less infective progenitor that spread much more 
slowly than the subsequent variant responsible for the 
pandemic.41

The further comparison of the samples included in this 
study with other samples tested positive for IgG or IgM RBD 
ELISA, in particular asymptomatic subjects and convalescent 
patients, can be of support to the true positivity of Apulia 2019 
samples.

As reported by the WHO,42 90–99% of subjects infected by 
SARS-CoV-2 develop neutralizing antibodies within 2–4 weeks 
after infection. However, for reasons yet unclear, a small pro-
portion of subjects do not develop neutralizing antibodies after 
SARS-CoV-2 infection. Mild or asymptomatic infections tend 
to show lower antibody levels than severe disease, suggesting 
that the severity of the disease might play a key role in raising 
neutralizing antibody levels.43, 63 It is most likely that asympto-
matic subjects who do not develop any disease have an incom-
plete humoral response that includes neutralizing antibodies.44 

The lack of neutralizing antibodies, or at least at detectable 
levels, in our data might be explained by the fact that these 
subjects may be asymptomatic. Humoral response in asympto-
matic subjects is still debated. Some studies have detected RBD 
antibodies in essentially all asymptomatic subjects, although at 
lower levels than in patients with more severe disease.45, 63 In 
our previous study,29 only 2 of 25 asymptomatic subjects with 
rhino-pharyngeal swab positive for SARS-CoV-2 had detect-
able neutralizing antibodies. In another study, 15/16 asympto-
matic patients did not have neutralizing antibodies at 
detectable levels.44 It is also important to consider that the 
capacity of the antibodies to bind to the RBD domain or to 
the S protein is required, but not sufficient, to mediate neutra-
lization activity.46 Asymptomatic and non-hospitalized sub-
jects display highly heterogeneous responses to SARS-CoV-2 
in comparison with hospitalized patients. Although, all sub-
jects and patients can produce specific antibodies against the 
RBD domain after SARS-CoV-2 infection, these antibodies 
may have insufficient avidity or concentration for blocking 
the RBD binding to ACE2.63

Our results are in line with those of other studies that 
speculated that SARS-CoV-2 virus was circulating in Italy 
and in other parts of the world before the first detection in 
China in December 2019. SARS-CoV-2 virus was isolated in 
some studies conducted in Italy in untreated wastewaters;47, 48 

these revealed the presence of SARS-CoV-2 in late 
December 2019 in the Lombardy and Piedmont Regions, in 
January 2020 in Emilia-Romagna and again in Lombardy in 
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February 2020, a few days after the first Italian case was 
identified. Previous unnoticed circulation was also suggested 
by four serological studies.35,43,49,50 The first of these35 found 
that 11.6% of asymptomatic subjects nationwide had SARS- 
CoV-2 RBD-specific antibodies as early as September 2019. 
The other two,43,49 conducted in northern Italy, indicated that 
SARS-CoV-2 circulated in Italy before or at the start of the 
outbreak. Notably, Percivalle et al.43 found that 2% of samples 
collected from 27 January to 20 February 2019 showed neu-
tralizing antibodies against SARS-CoV-2. The third study,50 

which was conducted in Tuscany, central Italy, found 1.7% of 
positive individuals and, in particular, one positive subject in 
November 2019. Other evidence comes from studies per-
formed in Lombardy; these reported SARS-CoV-2 RNA in 
an oro-pharyngeal swab specimen from a child in early 
December 2019, COVID-19-related dermatosis in a woman 
in November 2019 and positivity for SARS-CoV-2 RNA in 
a sample collected in September 2019.51–53 Molecular epide-
miological tracing has suggested that the virus entered Italy 
weeks before the first cases were identified.54 Moreover, cases 
of pneumonia of unknown etiology were reported from 
November 2019 to January 2020 by local health units in north-
ern Italy; as the new virus as yet unknown, these cases were 
attributed to an aggressive form of seasonal influenza.55

Conversely, other studies, conducted in central (Lazio region) 
and southern (Apulia region) Italy, did not detect SARS-CoV-2 
circulation from November 2019 to March 2020.56–58 Notably, 
the study conducted in Apulia focused on young children (aged 
<5 years), an age-group not included in our study, who was less 
affected by this virus in the initial period of the pandemic.

International studies have also investigated the potential 
early circulation and/or detection of the virus. A retrospective 
analysis of a respiratory sample from a patient hospitalized in 
December 2019 in an intensive care unit in Paris showed that 
the patient had SARS-CoV-2 infection, suggesting that the 
virus was already circulating in France at the end of 
December 2019.59 Another study found positive samples col-
lected between November 2019 and January 2020 from 
a general population-based cohort.60 Moreover, a study con-
ducted in China suggested early circulation in the autumn of 
2019 in Wuhan, China.61 In addition, a sero-monitoring of 
SARS-CoV-2 in New York City suggested that the virus had 
probably been introduced into the city several weeks earlier 
than previously documented.38 Finally, reactive antibodies 
were found in archived serum samples from some of the US 
States in December 2019, indicating that the virus may have 
already been present in the US at that time.62

This study has some limitations. Firstly, owing to the nature of 
the study, we did not have any information on the health status 
and travels of the subjects involved in this study and we lacked 
paired samples (swab and serum). Secondly, the number of all 
samples tested was fairly small. Thirdly, samples were collected in 
a single town with 60,000 inhabitants in the Province of Bari 
(Apulia, Southern Italy) which may have introduced some bias. 
The NP is also a biomarker for infection and considering only 
samples tested positive on RBD ELISA could underestimate 
the true seroprevalence. In addition, we cannot exclude that 
the observed sero-reactivity could be an unknown antigen 

specificity in another virus to which subjects were exposed 
containing an epitope adventitiously cross-reactive with an 
epitope of SARS-CoV-2.

In conclusion, our findings might support the emerging 
hypothesis that SARS-CoV-2 was circulating in Italy in the 
last months of 2019 (October–December), before the 
first SARS-COV-2 case was detected in Italy (in 
February 2020). However, we cannot rule completely out 
the possibility that we detected preexisting, non-SARS- 
CoV-2, antibodies that were able to aspecifically bind the 
RBD of SARS-CoV-2 virus.

This study highlights the importance of seroepidemiological 
surveys as a critical approach to investigating the dynamics of 
emerging pathogens and provides information on antibody 
responses. However, further research and testing are needed 
in order to validate the hypothesis of an earlier emergence and 
circulation of SARS-CoV-2 than documented so far.
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