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A B S T R A C T   

Endemic human coronaviruses (hCoVs) are common causative agents of respiratory tract infections, affecting 
especially children. However, in the ongoing SARS-CoV-2 pandemic, children are the least affected age-group. 
The objective of this study was to investigate the magnitude of endemic hCoVs antibodies in Finnish children 
and adults, and pre-pandemic antibody cross-reactivity with SARS-CoV-2. Antibody levels against endemic 
hCoVs start to rise at a very early age, reaching to overall 100% seroprevalence. No difference in the antibody 
levels was detected for OC43 but the magnitude of 229E-specific antibodies was significantly higher in the sera of 
children. OC43 and 229E hCoV antibody levels of children correlated significantly with each other and with the 
level of cross-reactive SARS-CoV-2 antibodies, whereas these correlations completely lacked in adults. Although 
none of the sera showed SARS-CoV-2 neutralization, the higher overall hCoV cross-reactivity observed in chil
dren might, at least partially, contribute in controlling SARS-CoV-2 infection in this population.   

1. Introduction 

Coronaviruses (CoVs) are a large family of enveloped, positive- 
strand RNA viruses, classified into four genera, alpha, beta, gamma 
and delta, based on their phylogenetic and serological relationship [1]. 
Human CoVs (hCoVs), belonging to alpha and beta genera, cause a va
riety of symptoms ranging from common cold to potentially fatal res
piratory conditions such as severe acute respiratory syndrome (SARS) 
[2]. A novel, highly contagious betavirus strain, SARS-CoV-2, was 
identified as an aetiologic agent of CoV associated disease (COVID-19) 
outbreak in Wuhan, China, causing significant amount of severe pneu
monia and mortality especially among the elderly [3]. SARS-CoV-2 is a 
close relative to highly pathogenic SARS-CoV [4] that caused lethal 
outbreak in 2003, and Middle-East respiratory syndrome (MERS) CoV, 
which emerged in 2012 and has since caused repeated zoonotic out
breaks in Arabian Peninsula [5]. Newly emerged SARS-CoV-2 spread 
rapidly all over the word and in March 2020, the World Health Orga
nization (WHO) declared COVID-19 as a pandemic [6]. 

There are four circulating endemic hCoVs, 229E, NL43, OC43 and 
HKU1, the two former are classified to alpha-, and the two latter to beta- 
CoVs [2]. These low-pathogenic hCoVs are causative agents in approx
imately 5% of respiratory tract infections globally [7], affecting 

especially children under 10 years of age [7–10]. Although endemic 
hCoVs are randomly detected in the nasal swabs and stools of hospi
talized children, they are considered to play a marginal role in severe 
pediatric respiratory infections [11,12]. It is estimated that adults are 
reinfected by endemic hCoVs every 2–3 years and about half of these 
infections are asymptomatic [13]. Seroconversion against circulating 
hCoVs occurs on average before the age of 3.5 years [8] and antibody 
prevalence rises rapidly with age [8–10]. Antibody concentrations start 
declining soon after hCoV infection, lasting from 5 months to two years 
and reinfections even with homotypic strains are common [14]. 

RNA-genome of CoVs encodes four structural proteins: the nucleo
capsid (NP), the spike (S), the envelope (E), and the membrane (M) 
proteins [15]. Abundantly expressed RNA binding NP, and the outer
most trimeric capsid protein S, are highly immunogenic and thus are 
often utilized as antigens in serological assays [16]. Protection from 
hCoV infection and/or disease is correlated with the level of neutralizing 
antibodies targeted to S protein [14] consisting of two subunits, the S1 
responsible for cell attachment through a receptor-binding domain 
(RBD) and the S2 subunit mediating cell entry [17]. An enzyme-linked 
immunosorbent assay (ELISA)-based surrogate neutralization (sNe) 
assay, utilizing antibody ability to block RBD binding to a recombinant 
human angiotensin-converting enzyme 2 (ACE-2) receptor, has been 
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developed for SARS-CoV-2 as an alternative to a pseudovirus and live 
virus -based neutralization assays, requiring biosafety level 2 and 3 fa
cilities, respectively [18]. 

Severe manifest of COVID-19 and mortality seems to be strongly 
associated with a higher age [19]. Children under 10 years of age have a 
low risk to experience severe outcomes of the disease and represent only 
1–5% of all diagnosed COVID-19 cases [20]. It is still not fully under
stood why young children, who are repeatedly infected with endemic 
non-pathogenic hCoVs, are the least affected population in COVID-19 
pandemic. The objective of this study was to investigate the pre- 
pandemic antibody levels to hCoV OC43 and 229E in Finnish children 
and adults, and to determine their serological cross-reactivity to SARS- 
CoV-2 proteins. 

2. Materials and methods 

2.1. Subjects 

Acute stage sera were collected from 6 months to 10-year-old chil
dren admitted in hospital as outpatients or inpatients with acute 
gastroenteritis during an epidemiological study (EPI) conducted in 
Tampere University Hospital and Kuopio University Hospital from 
August 2006 to September 2011 [12,21,22]. A total of 24 serum samples 
from children negative for endemic hCoVs detected by RT-PCR from 
nasal swab and/or stool samples [21], were randomly selected in this 
study from the EPI study cohort. Children sera were divided in three age- 
groups, 6 m – 2y; 2y – 5y; 5y – 10y, each age group containing 8 sera. 
The study protocol and the consent forms had been approved by the 
ethics committee in the hospital districts and the patients or the legal 
guardians volunteered for the study after having given an informed 
consent. A total of 22 pre-pandemic individual serum or plasma samples 
were collected from 11 adult volunteers (laboratory personnel, age 
range 26–56 years) during 2012–2019, previously used to study nor
ovirus serology by our laboratory [23,24]. Six adult volunteers gave 2–4 
longitudinally well-spaced serum/plasma samples (median time be
tween serum collection was 18 months). An informed consent was ob
tained from each donor prior sample collection and all procedures were 
conducted in accordance of the ethical guidelines of the Declaration of 
Helsinki. 

2.2. Cultivation of hCoV 229E and OC43 in cell culture 

Tissue culture (TC)-adapted hCoV OC43 (VR-1558) and 229E 
(VR740), obtained from American Type Culture Collection (ATCC, 
Manassas, VA), were propagated in MRC-5 and HCT-8 cell lines ac
cording to the ATCC instructions. Briefly, virus infection was performed 
on 80–90% confluent, 18–48 h old cellular monolayer. Cells were 
incubated 4–5 days in cell culture media (MEM for MRC-5 and RPMI for 
HTC-8 cells) supplied with 2% fetal bovine serum, 1% natrium pyruvate 
and 1% L-glutamine (all from Sigma-Aldrich) until cytopathic effect was 
detected. The viral supernatants were collected by centrifugation (1000 
×g, 10 min) and stored at − 80 ◦C for later use as antigens in ELISA assay. 

2.3. Detection of hCoV-specific binding antibodies by ELISA 

hCoV OC43 and 229E cell culture supernatants were diluted 1:200 in 
phosphate buffered saline (PBS) and used to coat (50 μl/well) 96-well 
half-area polystyrene plates (Corning, New York, NY). Alternatively, 
the plates were coated with recombinant SARS-CoV-2 S (active trimer) 
protein (R&D Systems, Minneapolis, MN), SARS-CoV-2 RBD (Sanyo
Biopharmaceuticals Co., Ltd., Shanghai, China) or NP (SanyoBio
pharmaceuticals Co., Ltd) at 1 μg/ml. The optimal concentration or 
dilution of the coating antigens was determined in preliminary assays, 
prior to serum samples testing. After washing the unbound antigen (3 ×
125 μl/well 0.05% Tween in PBS), the plates were blocked with 5% milk 
in PBS. All antibodies or sera samples were diluted in 1% milk in PBS and 

the plates were washed six times between each incubation step. The 
serum samples diluted serially two-fold from 1:100 (OC43 and 229E 
virus-coated plates) or diluted 1:100 (SARS-CoV-2 protein coated plates) 
were added at 50 μl/well and incubated for one hour at +37 ◦C. Known 
positive and negative serum samples (1:100 dilution) were used as 
positive and negative controls on virus-coated plates. Human anti-RBD 
mAb (SanyoBiopharmaceuticals Co., Ltd) diluted 1:1000 was used as a 
positive control on S and RBD coated plates. Horseradish-peroxidase 
(HRP) conjugated goat-anti human IgG (Novex, Invitrogen, Carlsbad, 
CA) diluted 1:6000 was subsequently incubated on plates for 1 h at 
+37 ◦C. Substrate (Sigma FAST OPD, Sigma-Aldrich, St. Louis, MO) was 
added (50 μl/well) and the color reaction was let to develop for 30 min 
in dark. Thereafter, the reaction was stopped with 2 M H2SO4 (25 μl/ 
well) and the optical density (OD) was measured at 490 nm (Victor2 

PerkinElmer, Waltham, MA). The background signal from the blank 
wells (sample buffer only) was subtracted from all the OD readings on a 
plate. A sample was considered positive if the net OD value was above 
the cut-off OD calculated for each antigen as mean OD + 3 × SD of three 
negative sera and at least 0.1 OD. End-point antibody titers were defined 
as the reciprocal of the highest serum dilution giving an OD above the 
cut-off OD, determined for each dilution separately. If the starting 
dilution resulted in an OD-value below the set cut-off, the sample was 
given an arbitrary value half of the starting dilution for statistical pur
poses. A starting dilution 1:100 was considered as the limit of detection 
determined in preliminary optimization assays. 

2.4. Surrogate neutralization (sNe) assay 

The assay based on antibody-mediated blockage of CoV S or RBD 
binding to recombinant ACE-2, has been developed to measure 
neutralizing antibodies against SARS-COV-2 [18]. Ninety-six well plates 
(Corning) were coated overnight with human ACE-2 (hACE-2, 
aa18–740) Fc chimera recombinant protein (1 μg/ml in PBS, Invitrogen) 
and the plates were blocked with 5% milk in PBS for one hour at RT. The 
human sera at 1:10 or the positive control at 10 μg/ml (anti-RBD mAb, 
SanyoBiopharmaceuticals Co., Ltd) were preincubated with 0.5 μg/ml of 
S (R&D Systems) or 0.2 μg/ml of RBD (SanyoBiopharmaceuticals Co., 
Ltd) for one hour at +37 ◦C and subsequently the mixtures were added 
to ACE-2 coated plates (50 μl/well). Maximum binding control (S or RBD 
without serum) and blank (sample dilution buffer only) were also added 
and the plates were incubated 1.5 h at RT. The ACE-2 bound S or RBD 
were detected using 1:1000 diluted rabbit anti-S IgG (Invitrogen) and 
subsequently 1:10000 diluted anti-rabbit IgG-HRP (Abcam) that were 
incubated for 1 h at RT. The assay buffers, washing cycles and plate 
development were done following the same procedures as described for 
ELISA in Section 2.3. Binding inhibition percent (%) for each sample was 
calculated as 100% - (OD of ACE-2 binding in the presence of serum /OD 
of ACE-2 maximum binding × 100%). 

2.5. Statistical analyses 

Mann–Whitney U test and Kruskal-Wallis tests were used to compare 
differences in the non-parametric observations (IgG titers) between two 
or more groups. Student's t-test or one-way ANOVA was used to assess 
the inter-group differences in the parametric observations (OD-values) 
between two or more groups. Pearson's chi-square test was performed to 
examine the differences in the antibody prevalence. Spearman rank 
correlation coefficient was used to assess degree of correlation between 
antibody levels. Statistical significance was defined as p < 0.05 and all 
hypothesis testing was two-tailed. Statistical analyses were conducted 
using GraphPad Prism (San Diego, CA) version 8.3.0. 
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3. Results 

3.1. Pre-existing immunity to endemic hCoVs in children and adults 

Twenty-four sera of children and 22 sera of adults were assayed in 
OC43 and 229E CoV -specific ELISAs to evaluate the seroprevalence and 
the level of pre-existing antibodies to endemic hCoVs. Overall, 96% (23/ 
24) of children and 100% (22/22) of adult sera had antibodies to at least 
one of the hCoVs, indicating high overall seroprevalence to endemic 
hCoVs. As shown in Fig. 1, children had equally high levels (p = 0.521) 
of serum IgG antibodies against OC43 (GMT = 898, 95% CI 533–1514) 
and 229E (GMT 734, 95% CI 430–1252) (Fig. 1a). In adults, the 
magnitude of OC43 antibodies (GMT = 1168, 95% CI 758–1798) was 
significantly (p < 0.0001) higher compared to 229E-specific antibodies 
(GMT = 331, 95% CI 252–434, Fig. 1b). Moreover, when virus-specific 
antibody levels were compared between children and adults, no differ
ence was detected for OC43 (p = 0.406) but children had significantly 
higher level of 229E-specific antibodies (p = 0.003, data not shown). 

To further evaluate hCoV-specific antibody generation in childhood, 
the antibody levels were studied in different age-groups (6 m – 2y; 2y – 
5y; 5y – 10y, each age group containing 8 sera) (Fig. 1c). OC43- and 
229E-specific IgG levels increased with age, being the lowest among 6 
months – 2 years old children (GMT 476, 95% CI 151–1500, for OC43 
and GMT 400, 95% CI 112–1435, for 229E), increasing to the highest 
level in 2–5 years age-group (GMT 1600, 95% CI 482–5310, for OC43 
and GMT 1037, 95% CI 313–3435, for 229E) and settling to GMT 951 
(95% CI 632–1433) for both viruses after the age of 5 years. However, 
the differences in the antibody levels across the age-groups or between 
OC43 and 229E were not statistically significant (p > 0.05). Our data 
showed early seroconversion as 96% of 6 months to 2-year-old children 
were already positive to endemic hCoVs and all children over the age of 
2 years were positive to both OC43 and 229E viruses. 

3.2. Cross-reactivity of endemic hCoV-specific antibodies to SARS-CoV-2 

To investigate the serological cross-reactivity of pre-existing hCoV 
antibodies to SARS-CoV-2, all serum/plasma samples were assayed 
against SARS-CoV-2 S, RBD and NP proteins in ELISAs (Fig. 2). Overall, 
the levels of SARS-CoV-2 binding antibodies were low, but there were 
considerable differences in the magnitude and the prevalence of cross- 
reactive antibodies between children and adults. Children had signifi
cantly (p = 0.001–0.007) higher levels of cross-reactive antibodies 
against SARS-CoV-2 S (mean OD 0.179, Fig. 2a), RBD (mean OD 0.193, 
Fig. 2b) and NP (mean OD 0.383, Fig. 2c) in comparison to adults (mean 
OD 0.124 for S, 0.096 for RBD and 0.169 for NP, respectively). 

Consistent with the antibody levels, the seroprevalences against SARS- 
CoV-2 S (Fig. 2d), RBD (Fig. 2e) and NP (Fig. 2f) were significantly (p =
0.001–0.045) higher among children than adults. Of the three SARS- 
CoV-2 proteins tested, the highest prevalence of cross-reactive anti
bodies was observed against NP regardless of age. Furthermore, when 
children and adult data were combined as a single dataset, the highest 
magnitude of cross-reactive antibodies was targeted to NP (p = 0.007) 
over S and RBD (data not shown). The positive controls bound the 
coated SARS-CoV-2 proteins with high intensity in each assay (OD > 2.6, 
data not shown). 

3.3. Correlation of pre-existing hCoV antibodies in children and adults 

To evaluate the cross-reactive nature of pre-existing OC43 and 229E 
antibodies reciprocally or against SARS-CoV-2 proteins, the virus spe
cific titers (Fig. 3a–b) or OD values (Fig. 3c–f) were subjected to 
Spearman correlation analysis. There were remarkable differences 
observed in the antibody correlations between children and adults. A 
strong positive correlation between OC43 and 229E antibody levels was 
detected in the sera of children (r = 0.852, p < 0.0001, Fig. 3a) while this 
correlation completely lacked in the sera of adults (r = 0.071, p = 0.753, 
Fig. 3b). Next, we investigated whether the pre-existing antibodies 
specific to OC43 and 229E correlate with the level of cross-reactive 
antibodies binding to SARS-2-CoV proteins. The levels of OC43 
(Fig. 3c) and 229E (Fig. 3e) antibodies in the sera of children strongly 
and positively correlated (r = 0.742 and 0.764, p = 0.0001) with the 
level of cross-reactive SARS-CoV-2 RBD antibodies, whereas no signifi
cant correlation (r = 0.125 and 0.408, p > 0.05) was detected in the 
adult group (Fig. 3d and f). In children, OC43 and 229E antibody levels 
correlated positively also with anti-S (r = 0.693 and 0.725, p ≤ 0.0002) 
and anti-NP antibodies (r = 0.524 and 0.646, p ≤ 0.0085, data not 
shown). 

3.4. SARS-CoV-2 spike and RBD neutralization antibodies 

sNe assay utilizing the ability of antibodies to block the binding of 
SARS-CoV-2 S or RBD proteins to immobilized ACE2, was used to assess 
the neutralization potency of the SARS-CoV-2 cross-reactive binding 
antibodies. The sera having an OD > 0.195 in a SARS-CoV-2 S- and/or 
RBD-specific ELISAs were selected to be tested for neutralization po
tency and three negative sera (OD < 0.1) were added as negative con
trols. As a result, none of the sera inhibited the binding of active trimeric 
S (Fig. 4a) or RBD (Fig. 4b) to hACE2, indicating the lack of SARS-CoV-2 
neutralizing potential of the cross-reactive antibodies. On the contrary, 
SARS-CoV-2 RBD-specific mAb, used as positive control, completely 

Fig. 1. Serum IgG responses against endemic OC43 and 229E human coronaviruses (hCoVs) in Finnish children and adults. Serially diluted sera of six months to 10 
years old children (a) and adult volunteers (b) were tested against OC43 and 229E hCoV in an enzyme-linked immunosorbent assay (ELISA). Level of virus-specific 
IgG in children sera stratified according to different age groups is shown in (c). Shown are the reciprocals of individual virus-specific end-point titers and the 
geometric mean titers (horizontal full lines) with 95% confidence intervals (error bars). The horizontal dashed line represents the limit of detection. Statistical 
significance was determined by Mann–Whitney U test and Kruskal-Wallis tests and a p-value ≤0.05 was considered statistically significant. ns, non-significant 
p-value. 
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blocked the binding of both proteins (Fig. 4a and b) confirming the 
functionality of the assay. 

4. Discussion 

A high overall seroprevalence (nearly 100%) to endemic hCoVs 
detected in the present study corroborate earlier findings by others 
[8–10,25]. We showed that the levels of hCoV-specific antibodies start 
to rise at an early age and all children over two years of age were 
seropositive to both OC43 and 229E viruses. The seroprevalence rate is 
in line, but somewhat higher, in comparison to the previous age- 
stratified studies [8,9], which reported the 229E seropositivity rate of 
~45% in children 6 months to 2 years of age, rising to 60–90% after the 
age of 5 years. In the referred studies [8,9], the serum samples were 
analyzed against hCoV derived purified proteins whereas in the present 
study, OC43 and 229E virus cultures were utilized, which most likely 
increased the possibility to detect a wide range of homologous and cross- 
reactive hCoV antibodies. In addition, a limitation of our study was the 
relatively small sample size, possibly skewing the results. Serological 
cross-reactivity between hCoVs seems to exist more within than across 
genera, and previous studies have observed only minimal serological 
reactivity between endemic alpha- and beta-hCoVs [26,27]. On amino 
acid level, the sequence identity of NP and S proteins between endemic 
229E and OC43 hCoVs, belonging in different genera, is around 30% 
(Clustal 2.1 pairwise sequence comparison, data not shown). SARS-CoV- 
2 identity rate within S and NP proteins is quite similar with 229E hCoVs 
(28.5–32.5%) and OC34 (30.5–34.8%), but when observing putative 
epitopes for B cells within S protein, the sequence identity rate rises to 
37% with 229E and 44% with OC43 [28], suggesting higher antibody 
cross-reactivity with phylogenetically more related OC43. 

We observed many striking differences in the pre-existing hCoV 
antibody responses between children and adults. The prevalence and the 
magnitude of OC43-specific antibodies were at the same level between 
children and adults, while 229E antibodies were significantly more 
prevalent and robust in children. Similar trend was also found by Shao 
et al. [9], who detected a sharp drop of 229E seropositive individuals 
after the age of 10 years. Another study discussed that OC43 has a 
greater clinical impact over 229E in adult population [29]. The low 
symptomatic 229E incidence among adults possibly reflected to the low- 
level 229E binding antibodies observed in adults also in the current 
study. The level of OC43 and 229E-specific antibodies in the sera of 
children strongly correlated not only with each other but also with the 
level of antibodies cross-reactive to SARS-CoV-2 proteins. The lack of 
correlation between different hCoV antibody levels observed in adult 
volunteers indicates that there might be a difference in the quality of the 
pre-existing pool of hCoV antibodies between adults and children. This 
difference may account for the better protection to SARS-CoV-2 infec
tion seen in children compared to adults [20]. It is also possible that 
memory T cell responses to endemic hCoVs control the circulating hCoV 
infections in adults, whereas in children, the immune response might be 
more antibody dependent. 

Recent studies have demonstrated the cross-reactivity of the endemic 
hCoVs induced pre-existing humoral and cellular immune responses 
with SARS-CoV-2 [30–32], but at what extent these responses influence 
the course of the infection or the severity of the disease, is not fully 
understood. We found significantly better SARS-CoV-2 cross-reactivity 
in the sera of children, with high endemic hCoV burden [7]. Interest
ingly, Tso et al. [30] found a correlation between pre-pandemic sera 
SARS-CoV-2 cross-recognition and low incidence of SARS-CoV-2 infec
tion in sub-Saharan Africa, where the incidence of endemic hCoVs is 

Fig. 2. Cross-reactivity of pre-pandemic sera to SARS-CoV-2 spike protein (S), receptor-binding domain (RBD) and nucleoprotein (NP). The sera of children and adult 
donors were tested against SARS-CoV-2 derived proteins in an ELISA and the individual IgG levels against S (a), RBD (b) and NP (c) are presented by optical density 
values (OD). The horizontal full lines illustrate the mean OD values with standard deviations (SD) of the mean (error bars). The dashed horizontal line represents the 
cut-off OD for the assay. The lower panels illustrate the prevalence (%) of spike (d), RBD (e) and NP (f) positive serum samples within children and adult groups. 
Statistical significance was determined by Pearson's chi-square test and a p-value ≤0.05 was considered statistically significant. 
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high. It has been shown that SARS-CoV-2 has serological cross-reactivity 
at least with endemic beta-CoVs, OC43 and HKU1 [31]. Surprisingly, the 
comparable level of OC43-specific antibodies in children and adults we 
detected, did not result in comparable immunoreactivity to SARS-CoV-2 
proteins, suggesting that the cross-reactivity is not solely dependent on 
the presence of OC43-reactive antibodies. Local, mild or asymptomatic 
endemic hCoV infections, manifesting typically in adults, tend to induce 
weak and rapidly waning humoral responses [33]. Children on the other 
hand, suffer more from endemic hCoV caused illness and hypothetically 
each new infection generates a wider pool of antibodies with higher 
affinity and thus better cross-reactivity to heterotypic strains [28,34] 
which might contribute, at least partially, to the lower incidence of se
vere SARS-CoV-2 infections observed in children [19,20]. Furthermore, 
the repeated infections throughout childhood shape the adaptive re
sponses and when reaching to adulthood, a phenomenon called “original 
antigenic sin” [35] might skew the antibody responses and even cause 
immunopathogenesis through antibody-dependent enhancement as a 
response to highly-pathogenic hCoVs, such as SARS-CoV-2 [36]. 

The highest serological cross-reactivity of the pre-pandemic sera, 
was detected against SARS-CoV-2 NP, which was expected, as NP is the 
most conserved structural protein of CoVs [37]. The sera with the 
highest amount of SARS-CoV-2 S or RBD reactive antibodies were used 
subsequently in a sNe assay to investigate their neutralization potency. 
As expected, low magnitude SARS-CoV-2-specific cross-reactive anti
bodies were not able to block the binding of S or RBD to immobilized 
ACE2, which corroborates the results by others [38]. Based solely on the 
results from the sNe assay, it seems that the pre-existing antibodies 
generated to endemic hCoVs do not provide protection to SARS-CoV-2 
through cross-neutralization. However, several other factors than the 
neutralizing antibodies, such as differences in the innate and adaptive 
immunity between children and adults, might contribute to protection 
from severe COVID-19 in children [39]. 

Although children have better protection to CoV-2 infection than 
adults, the mechanisms of the protection are not completely elucidated. 
Our study supports previous research [40] showing that children and 
adults have different preexisting antibody reactivity to SARS-CoV-2, 

Fig. 3. Correlation of hCoV-specific serum IgG levels. The sera 
of children and adult donors were tested against endemic 
OC43 and 229E virus cultures and SARS-CoV-2 derived re
ceptor binding domain (RBD) in an ELISA. Correlation was 
determined separately for children (left panels) and adults 
(right panels) groups between the IgG levels to OC43 and 229E 
(a and b), OC43 and RBD (c and d) and 229E and RBD (e and 
f). Shown are the individual end-point titers (a - b) or optical 
density (OD) values of sera diluted 1:100 (c - f). Spearman 
correlation coefficients (r) and associated p-values are shown 
in each plot. A p-value ≤0.05 was considered statistically 
significant.   
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resulting from the past infections with endemic hCoV. Vaccines 
currently used to immunize the adult human population, are the only 
effective measure so far to stop the COVID-19 pandemic [41]. It is 
possible that young children, due to the better preexisting immunity, 
might require less vaccine antigen in the vaccine formulation and/or 
fewer immunizations. 

5. Conclusions 

This study adds a general understanding to the humoral immune 
responses against endemic hCoVs, and pre-pandemic sera cross- 
reactivity to SARS-CoV-2, in different age-groups. The serological re
sults obtained here indicate that children are exposed to circulating 
hCoVs at an early age and have higher cross-reactivity to SARS-CoV-2 
than adults. Although the observations in this study do not give a 
direct answer to why children acquire clinically less severe COVID-19 
than adults, the results suggest that higher serological cross-reactivity 
against SARS-CoV-2 could account for better protection from infection 
and severe disease. 
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