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Abstract

Non-SARS coronaviruses (HCoVs) contribute substantially to seasonal common colds. Their struc-
tural homology with SARS-CoV-2 suggests a possible cross-reactivity and cross-protection. The presence 
of IgG to the most common HCoVs (NL63, 229E, OC43, HKU1) in correlation with RBD-specific IgG 
and IgA, and the susceptibility to SARS-CoV-2 infection was evaluated in 48 individuals with recently 
diagnosed moderate SARS-CoV-2 infection (A, n=24) or intensive exposure to SARS-CoV-2 (B, n=24). 
Anti-S1 IgG for each of the four HCoVs, alongside with RBD-IgG and RBD-IgA were evaluated using 
ELISA (Creative Diagnostics, USA; Euroimmune, Germany). RBD-specific IgG and IgA were detected 
in 37% and 71% of group A (average levels 8.5 and 6.8) and 42% and 29% of group B (average levels 
3.4 and 4.6 respectively, p<0.05). IgG specific for NL63, 229E, and OC43 was present in 100.0%, and for 
HKU-1 - in 94% of tested samples (average index 7.4, 3.9, 4.1, and 2.6, respectively). The levels of IgG 
to NL63 and 229E did not differ significantly between the groups (7.6 vs.7.2; 3.7 vs. 4.1, p>0.05), nor did 
correlate with anti-SARS-CoV-2 response. HKU-1-specific IgG was significantly decreased in COVID-19 
patients (A) as compared to SARS-CoV-2 resistant donors (B): 1.98vs.3.2, p<0.01. Curiously, OC43-spe-
cific IgG was lower in the group with intensive exposure to SARS-CoV-2 (3.5vs.4.7, p<0.01), and correlat-
ed with RBD-specific IgA (R=0.42, p<0.05). IgG to seasonal coronaviruses is commonly detected, but only 
HKU-1-specific IgG was associated with resistance to SARS-CoV-2 infection. OC43-specific IgG may be 
induced simultaneously with RBD-specific IgA and interfere with SARS-CoV-2 neutralization. 
Keywords: SARS-CoV-2, COVID-19, seasonal coronaviruses 
Резюме

Човешките не-SARS коронавируси (HCoVs) причиняват значителен дял от сезонните настинки. 
Тяхното структурно сходство със SARS-CoV-2 повдига въпроса за наличието на кръстосана 
реактивност и защита към двата типа вируси. Ние изследвахме наличието на ИгГ антитела към най-
често срещаните HCoVs (NL63, 229E, OC43, HKU1) във връзка с наличието на RBD-специфични 
IgG и IgA и податливостта към SARS-CoV-2 при 48 лица след наскоро диагностицирана средно-
тежка SARS-CoV-2 инфекция (А, n=24) или интензивна експозиция на SARS-CoV-2 (В, n=24). Анти 
S1-IgG към HCoVs и към SARS-CoV-2 RBD-IgG и RBD-IgA са изследвани с ELISA (Creative Di-
agnostics, САЩ; Euroimmune, Германия). RBD-специфични IgG и IgA бяха открити в 37% и 71% 
от Група А (средни нива 8.5 и 6.8) и в 42% и 29% от група В (средни нива 3.4 и 4.6, р<0.05). NL63-
, 229E-, и OC43-специфични ИгГ бяха открити в 100.0%, а HKU-1-специфични IgG – в 94% от 
тестваните проби, със среден индекс съответно 7.4, 3.9, 4,1 и 2.6. Нивата на IgG към NL63 и 229E не 
се различаваха значимо между групите (7.6 с/у 7.2; 3.7 с/у 4.1, р>0.05), нито корелираха с отговора 
към SARS-CoV-2. HKU-1-специфичните IgG бяха значително по-ниски при пациентите с COV-
ID-19(A) спрямо устойчивите на SARS-CoV-2 донори(В): 1.98с/у3.2, р<0.01. Интересно е, че OC43-
специфичните IgG бяха по-ниски в групата с екстензивна експозиция (3.5 с/у 4.7 в група А, р<0.01) 
и корелираха с RBD-специфичните IgA (R=0.56, p<0.01). Антителата срещу сезонни коронавируси 
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Introduction
Coronaviruses have been circulating among 

humans long before the emergence of SARS-
CoV-2, and the outbreaks caused by SARS-CoV 
and MERS-CoV. Seasonal coronaviruses cause 
mild to moderate upper-respiratory tract infection, 
contributing substantially to the burden of com-
mon colds each year. The first human coronavirus-
es (HCoVs) were isolated in the 1960s (Tyrrell and 
Bynoe, 1965). Four strains of seasonal coronavi-
ruses circulate worldwide: alpha (NL63, 229E) and 
beta- (OC43, HKU1). HCoVs are believed to cause 
15% – 30% of common colds (Gorse et al., 2010; 
Paules et al., 2020). According to a Dutch study, 
50% of tested children were seropositive for al-
pha- or betacoronaviruses by the age of 30 months, 
the seropositivity for alpha-coronaviruses reached 
100.0% by the age of 10, and 90% of adults was 
estimated to have antibodies against HCoVs (Dijk-
man et al., 2008; 2012). In terms of transmissibility 
and ability to replicate in the nasopharynx, HCoVs 
are very similar to SARS-CoV-2, although they do 
not have the same tendency to cause severe low-
er respiratory tract disease (Dijkman et al., 2013; 
Sungnak et al., 2020). The endemic HCoVs share 
extensive sequence homology with SARS-CoV-2, 
and immune responses to HCoVs can cross-react 
with SARS-CoV-2 antigens, bringing forward the 
question of cross-reactivity and possible cross-pro-
tection between these strains (Hicks et al., 2021). 

Several studies comprising have provided 
so far inconclusive results. Some authors report-
ed undetectable cross-neutralization or unlikely 
protection by HCoVs antibodies, and even more 
– a possible antibody-dependent enhancement of 
SARS-CoV-2 infection by previous anti-HCoVs 
immunity (Arvin et al., 2020; Iwasaki and Yang, 
2020). On the other hand, there is compelling ev-
idence suggesting a link between the presence of 
HCoVs–specific antibodies and a milder course of 
COVID-19 (Galipeau et al., 2021; Ruetalo et al., 
2021; Yamaguchi et al., 2021). Thus, the effect of 
pre-existing HCoVs immunity on the susceptibili-
ty and the immune response to SARS-CoV-2 infec-
tion remains unclear and deserves further research 
in the context of the ongoing pandemic. No rele-
vant data is available about the Bulgarian popula-
tion yet.

The aim of the present study was to eval-
uate the presence of circulating IgG to the most  

 
common alpha- (NL63, 229E) and betacoronaviruses  
(OC43, HKU1) and their possible effect on the de-
velopment of RBD-specific IgG and IgA and the 
susceptibility of SARS-CoV-2 infection. 
Material and Methods
Subjects

Peripheral blood samples were collected from 
48 individuals (22 males, 26 females) with different 
susceptibilities to SARS-CoV-2 infection. Group 
A (n=24; median age 44; min 29 – max 60 years) 
included patients recently diagnosed with moder-
ate SARS-CoV-2 infection (average period since 
positive PCR, 14 days). The blood samples were 
collected in the period between March 2020 and 
November 2021, and none of the participants was 
vaccinated against SARS-CoV-2. Group B (n=24; 
median age 52, min 26 – max 71 years) included 
healthcare workers who had been intensively ex-
posed to SARS-CoV-2 as a result of professional /
and/ household/ contact but have never had a pos-
itive SARS-CoV-2 test or showed clinical signs of 
infection. In accordance with guidelines provided 
by the National Institute of Health, disease severity 
was defined (NIH, 2022).
Enzyme-Linked Immunosorbent Assays 

Virus-specific antibody responses were meas-
ured in plasma with semi-quantitative ELISA. For 
evaluation of human RBD-IgG and -IgA antibod-
ies against SARS-CoV-2, microtiter wells coated 
with S1 domains of spike protein were used (An-
ti-SARS-CoV-2 ELISA, Euroimmun, Lübeck, Ger-
many). Results were presented as a ratio of the ex-
tinction of the patient sample over the extinction of 
the calibrator (Es/Ec). According to the manufac-
turer’s instructions, concentrations of IgG or IgA 
corresponding to a ratio greater than 1.1 (Es/Ec) 
were considered positive, and those below 0.8 were 
negative. 

The presence of IgG specific for each of the 
four HCoVs (NL63; 229E; OC43; HKU-1) in plas-
ma was determined with ELISA using microwells, 
coated with the respective purified HCoVs S1 an-
tigens, according to manufacturer’s instructions 
(CD, Creative Diagnostics, USA). Briefly, plasma 
samples were diluted 1:10 with Working Sample 
Diluent (WSD) to stabilize antibody activity and 
followed by a further dilution of 1:100.00 with Low 

са установяват често, но само HKU-1-специфичните ИгГ са свързани с устойчивост към SARS-
CoV-2 инфекция. OC43-специфичните IgG вероятно се индуцират заедно с RBD-IgA и затрудняват 
неутрализацията на SARS-CoV-2.
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NSB Sample Diluent (LNSD), providing the lowest 
assay background. The antibody activity threshold 
index was determined as the ratio of the extinction 
of the patient sample over the extinction of the cal-
ibrator (Es/Ec). The concentrations corresponding 
to an index above 1.0 were considered positive, ac-
cording to the manufacturer’s instructions. 
Statistical methods

Statistical analysis was performed with 
GraphPad Prism software v9.0. Significant differ-
ences between the groups were determined by the 
Mann Whitney test and correlations by the Pearson 
test.
Results 
SARS-CoV-2 specific antibody response

The evaluation of SARS-CoV-2 specific an-
tibodies in the separate groups showed that 37% 
of recently diagnosed COVID-19 patients (group 
A), and 42% of donors with intensive exposure to 
SARS-CoV-2 (group B) had RBD-IgG antibodies, 
at average levels of 8.5 (5.6 - 14.0) and 3.4 (1.1 
- 6.1), respectively (p>0.05) (Fig. 1). At the same 
time, SARS-CoV-2 specific RBD-IgA were detect-
ed in 71% of group A donors, with an average in-
dex of 6.8 (1.1 – 13.0) as compared to only 29% of 
group B donors, at significantly lower levels (4.6, 
1.5 - 14.9, p<0.001). These results corresponded 
to the established dynamics of anti-SARS-CoV-2 
antibody responses, with RBD-specific IgA often 

appearing during the first week after infection, and 
much earlier than RBD-IgG. (Ong et al., 2021) At 
the same time, the detection of RBD-IgA and RBD-
IgG, in a non-negligible share of group B samples 
in the absence of clinical signs of infection, indicat-
ed a certain resistance to the virus. 
Antibody responses to HCoV viruses

NL63-, 229E-, and OC43-specific IgG were 
detected in 100.0% of tested samples, and only two 
donors had borderline values for HKU-1-specific 
IgG corresponding to a prevalence of 94%. An-
ti-NL63 IgG was the most abundant (average index 
7.4, 2.5 - 20.3), followed by anti-OC43 (4.1, 1.4 
- 8.5), anti- 229E (3.9, 1.2 - 8.4), and anti-HKU-1 
IgG (2.6, 1.0 - 6.5) (Fig. 2). 

Fig. 2. Evaluation of IgG specific for -NL63; 
-229E; -OC43 and -HKU-1 in groups A (grey) 
and B (white). Boxes and whiskers correspond to 
25th - 75th percentile ±1.5IQR. Values falling out of 
this interval are depicted as dots. Dotted line corresponds to 
the cut-off level (1,0). Statistical significance was determined 
by Mann-Whitney test (ns, not significant, p>0.05; *p<0.05; 
***p<0.001). 

In order to evaluate the possible effects of ex-
isting immunity to HCoVs on the development of 
anti- SARS-CoV-2 response, we compared the lev-
els of anti-HCoVs IgG between groups A and B. No 
significant differences were found between the lev-
els of IgG to alpha-HCoVs (NL63 and 229E) (7.6 
vs. 7.2 and 3.7 vs. 4.1. in groups A vs. B respec-
tively, p>0.05) (Fig. 2). Furthermore, anti-NL63 
and anti-229E IgG did not correlate with the an-
ti-SARS-CoV-2 response (data not shown). On the 
other hand, IgG to HKU-1 was significantly higher 
(3.2 vs. 1.98) and IgG to OC43 was significantly 
lower (3.5 vs. 4.7) among resistant controls (group 
B) as compared to COVID-19 patients, (group A), 
(p<0.01 for both). (Fig. 3A, B). 

Fig. 1. Evaluation of RBD-IgG and -IgA specific 
for SARS-CoV-2. Individual values for patients 
with moderate COVID-19 (group A, grey); do-
nors with intensive SARS-CoV-2 contact (group B, 
white) are shown. Means are denoted. Dotted lines corre-
spond to the cut-off level (0,8 – 1,0). Statistical differences 
were determined by Mann Whitney test ***p<0.001; ns, not 
significant, p>0.05.
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We further discovered that 69% of the asymp-
tomatic donors (group B) who were lacking both 
SARS-CoV-2-specific IgG and -IgA had signif-
icantly high levels of anti-HKU-1 IgG (Fig. 4A). 
In addition, a positive correlation was established 
between the levels of anti-OC43 IgG and RBD-spe-
cific IgA in group B (Pearson’s R=0.42, p=0.004) 
(Fig. 4B).
Discussion

Understanding the effects of preexisting im-
munity to HCoVs on the efficiency of SARS-CoV-
2-specific immune response is central both for the 
management of COVID-19 patients, as well as for 
the development of diagnostic tests and prevention 

strategies. We demonstrated that the levels of IgG 
specific for betacoronaviruses HKU1 and OC43 
differentiate between donors with different suscep-
tibility to SARS-CoV-2 infection. Virus-specific 
antibodies with neutralizing activity are an import-
ant correlate of protection as they block virus entry 
into the target cells and may prevent disease when 
present in sufficient quantity at the moment of in-
fection (Klasse, 2014).

Primary adaptive immune response takes 
several days to produce a saturating quantity of 
virus-specific antibodies, giving the virus enough 
time to spread and produce symptoms with diverse 
severity. In contrast, pre-exposed individuals dis-

Fig. 3. Levels of IgG specific for beta coronaviruses differ significantly between patients with moderate 
COVID-19 infection (A) and intensively exposed donors (B). Anti-HKU-1 IgG (Left) was significantly 
lower, and anti-OC43 IgG (Right) was significantly higher in group A (grey) as compared to group B donors 
(white); The mean difference (P5-P95) between A and B values are presented in black (A-B).

Fig. 4. Associations between SARS-CoV-2-specific IgG and -IgA and HKU1-specific IgG A) Most group 
B donors with high levels of anti-HKU-1 IgG (grey) had no or low RBD-IgG and RBD-IgA; B) A positive 
correlation between the levels of anti-OC43 IgG and RBD-specific IgA in group B donors (Pearson R=0.42, 
p=0.04).
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pose of circulating virus-specific IgA and/or IgG 
depending on the recency of exposure, as well as 
of long-living memory B cells capable of restoring 
protective antibodies on short notice. SARS-CoV-2 
RBD-specific IgA and IgG correlate best with se-
rum-neutralizing activity although antibodies bind-
ing outside RBD may also affect viral entry (Rueta-
lo et al., 2021). In our cohort of recently diagnosed 
COVID-19 patients, RBD-IgA was detected at a 
high frequency unlike RBD IgG (71% vs. 37%), 
reflecting the typical dynamics of primary SARS-
CoV-2 antibody response. Between 29% and 42% 
of the exposed controls also displayed SARS-
CoV-2 specific IgA and/or IgG corresponding to 
previous and/or ongoing asymptomatic infections. 
At the same time, about 60% of resistant donors 
displayed no SARS-CoV-2 specific antibodies and 
yet remained intact in high-risk settings. 

Protein homology between seasonal corona-
viruses and SARS-CoV-2 has been estimated as 
important, reaching about 20% for S1, 40% for S2, 
and 33% for N peptides (Hicks et al., 2021; Saletti 
et al., 2020). Hence the hypothesis about the possi-
ble effects of prior immunity to HCoVs on the sus-
ceptibility to SARS-CoV-2 infection. 

In our hands, almost 100.0% of tested sam-
ples indicated the previous contact with endemic 
coronaviruses. Others have reported rates between 
74% and 86% for the 4 HCoVs among adults (21 – 
70 years old), and considerably lower rates for chil-
dren and adolescents (Dijkman et al., 2008; 2012; 
Galipeau et al., 2021). It should be noted however 
that those studies have analyzed pre-pandemic co-
horts, and the elevated prevalence of HCoV-specif-
ic immunoglobulins in our study might also reflect 
the cross-boosting of previously established mem-
ory clones.

According to our results, significant differ-
ences in the levels of IgG to beta-coronaviruses ex-
isted between COVID-19 patients (A) and SARS-
CoV-2 “resistant” donors (B). Anti-HKU-1 IgG 
was significantly higher in group B, indicating a 
possible cross-protective effect. Importantly, 85% 
of the asymptomatic donors with high levels of an-
ti-HKU1 were RBD-IgA-negative, and 69% were 
lacking both RBD-IgG and IgA. Therefore, preex-
isting immunity to HKU1 could be one of the fac-
tors for decreased susceptibility to SARS-CoV-2. 

HCoV-HKU1 displays 29% identity and 40% 
similarity with SARS-CoV-2, concentrated towards 
the C-terminus of the spike proteins, that are respon-
sible for the insertion of the fusion peptide into the 
host cell membrane, and practically lacking in RBD 

(Hicks et al., 2021). Thus, while not interfering 
with diagnostic tests based on S1 proteins, cross-re-
active anti-HKU1 IgG may help prevent host cell 
invasion. Other studies also indicated that pre-ex-
isting immunity to HCoVs may reduce the sever-
ity of COVID-19 infection. Mostly (but not only) 
betacoronaviruses were implied in line with their 
higher homology with SARS-CoV-2. A less severe 
course of COVID-19, decreased need for intensive 
care therapy and death rates were associated with 
higher levels of anti-HKU1 and OC43- antibodies, 
(Dugas et al., 2021; Sagar et al., 2021; Yamaguchi 
et al., 2021). In a study with pre-pandemic serum 
samples Anti-OC43 and -NL63 antibodies, were 
found to have a large range of neutralizing activity, 
capable of interfering with the binding of SARS-
CoV-2 to ACE2 receptors, thus conferring protec-
tion from SARS-CoV-2 (Galipeau, et al., 2021). 
Antibodies against the alpha coronavirus 229E and 
NL63 were also linked to cross-protection against 
mild SARS-CoV-2 infection (Henss et al., 2021; 
Ruetalo et al., 2021). Finally, a study conducted 
among healthcare workers suggested that protec-
tion from SARS-CoV-2 and alleviation of COV-
ID-19 symptoms depended on more complex ratios 
between preexisting anti-HCoV antibodies rather 
than on a single specificity (Gouma et al., 2021). 
However, prevention of symptomatic SARS-CoV-2 
infection by pre-existing HKU1 immunity has not 
been reported yet.

We observed an interesting tendency for an-
ti-OC43 IgG. They seemed to be induced in paral-
lel with RBD-IgA, while not conferring protection, 
as their levels were higher in COVID-19 patients 
(A) as compared to asymptomatic controls (B). In 
fact, a number of studies have questioned the idea 
of cross-protection. Aguilar-Bretones et al. (2021) 
reported that boosted HCoVs-specific IgGs did not 
substantially contribute to SARS-CoV-2 neutraliza-
tion in severe COVID-19. According to Guo et al. 
(2021), there was no impact of the antibodies for 
seasonal HCoVs in the early phase of SARS-CoV-2 
infection, while HCoV-OC43 IgG S, was found 
particularly increased in the severe COVID-19 cas-
es. Two other studies go even further, stating that 
pre-existing HCoV antibodies may hinder effective 
immunity against SARS-CoV-2 based on the idea 
of “original sin” or “immunological imprinting” 
i.e., memory responses to previously met cross-re-
acting HCoVs may dominate the priming of the 
new clones specific for SARS-CoV-2 (Aydillo et 
al., 2021; Focosi et al., 2021; Lin et al., 2022). 

We propose that the higher levels of an-
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ti-OC43 IgG observed in our study for COVID-19 
patients were an effect of the parallel activation of 
cross-reacting memory B cell clones. Co-infection 
was improbable as shown by molecular-epidemi-
ology studies conducted in Bulgaria at that time 
(Trifonova et al., 2022). Yet, we do not consider 
this result contradictory to the before-cited studies. 
A higher level of anti-OC43 IgG in group A could 
simply reflect a more intense immune response to 
a more important viral load while nothing indicates 
that increased anti-HCoVs IgG deteriorates prog-
nosis. Moreover, a considerable cross-reactivity be-
tween T cell clones specific for SARS-CoV-2 and 
HCoVs has also been established, which can con-
tribute to a stronger immune response.
Conclusion

The common immunity to seasonal corona-
viruses may have a significant impact on SARS-
CoV-2-induced immune responses. HKU-1 and 
OC43-specific memory clones can be induced si-
multaneously with the production of RBD-specif-
ic IgA, and depending on SARS-CoV-2 viral load, 
modify the susceptibility and response to SARS-
CoV-2 infection. 
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