
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



International Journal of Infectious Diseases 111 (2021) 68–75 

Contents lists available at ScienceDirect 

International Journal of Infectious Diseases 

journal homepage: www.elsevier.com/locate/ijid 

Cross-reactive humoral immune responses against seasonal human 

coronaviruses in COVID-19 patients with different disease severities 

✩ 

Kazuo Imai a , b , ∗, Masaru Matsuoka 

c , Sakiko Tabata 

b , Yutaro Kitagawa 

c , Mayu Nagura-Ikeda 

b , 
Katsumi Kubota 

c , Ai Fukada 

c , Tomohito Takada 

c , Momoko Sato 

c , Sakiko Noguchi c , 
Shinichi Takeuchi c , Noriaki Arakawa 

d , Kazuyasu Miyoshi b , Yoshiro Saito 

d , Takuya Maeda 

c 

a Department of Infectious Disease and Infection Control, Saitama Medical University, Saitama, Japan 
b Self-Defense Forces Central Hospital, Tokyo, Japan 
c Department of Clinical Laboratory, Saitama Medical University Hospital, Saitama, Japan 
d Division of Medicinal Safety Science, National Institute of Health Sciences, Kawasaki City, Kanagawa, Japan 

a r t i c l e i n f o 

Article history: 

Received 2 March 2021 

Revised 12 August 2021 

Accepted 12 August 2021 

Key words: 

COVID-19 

SARS-CoV-2 

cross-reactivity 

seasonal human coronavirus 

antibody 

Japan 

a b s t r a c t 

Background: The cross-reactive antibody response against seasonal human coronaviruses (HCoVs) was 

evaluated according to disease severity in patients with COVID-19 in Japan. 

Methods: In total, 194 paired serum samples collected from 97 patients with COVID-19 (mild, 35; severe, 

62) were analyzed on admission and during convalescence. IgG antibodies against the nucleocapsid (N) 

and spike (S) proteins of SARS-CoV-2 and four seasonal HCoVs (HCoV-NL63, -229E, -OC43, and -HKU1) 

were detected by enzyme-linked immunosorbent assays. 

Results: There was no difference in optical density (OD) values for seasonal HCoVs on admission be- 

tween the severe and mild cases. In addition, a specific pattern of disease severity-associated OD values 

for HCoVs was not identified. Significant increases in OD values from admission to convalescence for 

HCoV-HKU1and -OC43 IgG-S, and for HCoV-NL63 and -229E IgG-N were observed in the severe cases. 

Significant differences were observed between the mild and severe cases for HCoV-HKU1 and -OC43 IgG- 

S OD values during convalescence. Correlations were found between the fold changes for HCoV-OC43 

IgG-S OD values, and for SARS-CoV-2 IgG-S OD values, and C-reactive protein, lactate dehydrogenase, and 

lymphocyte levels. 

Conclusion: There was no association between the antibody titer for seasonal HCoVs in the early phase 

of COVID-19 and disease severity. 

© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Novel coronavirus disease 2019 (COVID-19), which is caused by 

he lineage B betacoronavirus severe acute respiratory syndrome 

oronavirus 2 (SARS-CoV-2), is an ongoing pandemic. An under- 

tanding of the humoral immune response against SARS-CoV-2 

s important for assessing the potential for viral reinfection, di- 
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gnosis, surveillance, and pathogenesis. SARS-CoV-2 contains four 

ajor structural proteins, including the spike (S), membrane (M), 

nd envelope (E) proteins that form the viral envelope, and the 

ucleocapsid (N) protein, which is located in the ribonucleopro- 

ein core. The S protein, which consists of two subunits (S1 and 

2), is responsible for recognition of the host cellular receptor 

hat initiates virus entry ( Cui et al., 2019 ). In addition, SARS-CoV- 

 encodes 16 non-structural proteins and nine accessory proteins 

 Dai and Gao, 2021 ). The S and N proteins are highly immuno- 

enic for humoral responses, whereas the M and E proteins are 

oorly immunogenic ( Du et al., 2008 ; Long et al., 2020 ). There-

ore, S and N are considered the main antigens of SARS-CoV-2. Our 

nderstanding of the humoral immune responses of patients with 
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OVID-19 continues to increase as a result of the ongoing effort s 

f the worldwide scientific community ( Imai et al., 2021 ; Liu et al.,

020a ; Long et al., 2020 ; Ma et al., 2020 ; Zhao et al., 2020 ). Inter-

stingly, several studies have reported the simultaneous serocon- 

ersion of IgM and IgG against the S and N antigens of SARS-CoV-2 

n patients with COVID-19, as observed in the second infection pat- 

ern ( Imai et al., 2021 ; Long et al., 2020 ). Thus, it has been hypoth-

sized that patients with COVID-19 could develop cross-reactivity 

f the immune response between previous infections with other 

easonal human coronaviruses (HCoVs) and SARS-CoV-2, with dif- 

erences in antibody response and disease severity perhaps the re- 

ult of previous infections with seasonal HCoVs. 

Four seasonal HCoVs (HCoV-NL63, -229E, -OC43, and -HKU1) 

ave been identified as human pathogens. Seasonal HCoVs cause 

espiratory tract infections in humans, are detected most fre- 

uently in winter, and are responsible for 15–30% of common colds 

orldwide ( Liu et al., 2020b ). Seasonal HCoVs belong to two dis- 

inct taxonomic genera: HCoV-NL63 and -229E belong to the al- 

hacoronavirus family; HCoV-OC43 and -HKU1 belong to the beta- 

oronavirus family ( Liu et al., 2020b ). Protein homology between 

ARS-CoV-2 and seasonal HCoV antigens is approximately 19.8% 

or S1, 39.9% for S2, and 33.0% for N ( Saletti et al., 2020 ). Poten-

ial cross-reactivity of immunity between SARS-CoV-2 and seasonal 

CoVs has been reported, but it is unknown whether the humoral 

mmunity induced by previous infections with seasonal HCoVs can 

revent disease exacerbation ( Dugas et al., 2021 ; Greenbaum et al., 

021 ; Hicks et al., 2021 ; Laing et al., 2020 ; Mateus et al., 2020 ;

g et al., 2020 ; Ringlander et al., 2021 ; Sermet-Gaudelus et al., 

021 ; Wang. et al., 2020a). It is also unknown whether there is an

ssociation between the antibody cross-reactivity patterns of sea- 

onal HCoVs and the severity of COVID-19. 

In our study, the cross-reactivity of humoral immunity for the 

 and N proteins of seasonal HCoVs and the severity of COVID- 

9 was evaluated using 194 paired serum samples collected during 

he early infection and convalescence periods from cases with mild 

nd severe COVID-19. 

ethods 

thical statement 

This study was reviewed and approved by the Institutional Re- 

iew Boards of the National Institute of Health Sciences (approval 

umber 333), Saitama Medical University Hospital (approval num- 

er 20123.01), and Self-Defense Forces Central Hospital (approval 

umber 02-046). 

atients with COVID-19, clinical data, and serum samples 

Patient information was collected retrospectively from the hos- 

ital medical records, and included clinical records and laboratory 

ndings. In total, 97 patients with COVID-19 who were hospital- 

zed at Saitama Medical University Hospital and the Self-Defense 

orces Central Hospital in Japan from February 11 to November 

3, 2020, were enrolled. SARS-CoV-2 RNA was detected in all pa- 

ients with COVID-19 by quantitative reverse-transcription poly- 

erase chain reaction (RT-qPCR) ( Shirato et al., 2020 ) and reverse- 

ranscription loop-mediated isothermal amplification (RT-LAMP; 

oopamp® 2019-SARS-CoV-2 Detection Reagent Kit; Eiken Chemi- 

al, Tokyo, Japan), according to the Infectious Disease Law in Japan. 

Patient age ranged from 18 to 94 years (median, 61 years; 

nterquartile range [IQR], 48–74 years); 72 patients (74.2%) were 

ale and 25 (25.8%) were female. According to their presentation 

uring hospitalization, the symptomatic cases were subdivided ret- 

ospectively into two groups (mild and severe) at the end of hos- 

italization to facilitate statistical analysis based on the number of 
69 
ases. The classification of severity was adapted from the Guide- 

ines on the Diagnosis and Treatment of Novel Coronavirus is- 

ued by the Ministry of Health, Labour, and Welfare, Japan. Se- 

ere symptomatic cases were defined as patients showing clinical 

ymptoms of pneumonia (percutaneous oxygen saturation < 93%) 

nd in need of oxygen therapy. The remaining symptomatic pa- 

ients were classified as mild cases. Finally, among the 97 patients, 

5 (36.1%) and 62 (63.9%) were classified as having mild and severe 

OVID-19, respectively. Nasopharyngeal specimens homogenized in 

hosphate-buffered saline (PBS) were collected on admission and 

tored at −80 °C until RT-qPCR analysis for seasonal HCoVs. The 194 

aired serum samples were collected from each patient on admis- 

ion and during convalescence (at ≥ 18 days after initial symptom 

nset). The median period from initial symptom onset to admis- 

ion was 8 days (IQR, 7–13 days), and to convalescence, 20 days 

IQR, 18–24 days). All serum samples were stored at −80 °C. 

olecular diagnostic methods for SARS-CoV-2 

For the initial diagnosis of COVID-19, RT-qPCR and RT-LAMP 

ere performed according to the National Institute of Infectious 

iseases (NIID) protocol, which is recommended for SARS-CoV- 

 detection in Japan ( Shirato et al., 2020 ). A nasopharyngeal 

wab collected from each patient was homogenized in 1.0 mL 

BS, and viral RNA was extracted from 140 μL of this solu- 

ion using a QIAsymphony TM RNA Kit (Qiagen, Hilden, Germany) 

nd a High Pure Viral RNA Kit (Roche, Basel, Switzerland), ac- 

ording to the manufacturers’ instructions. The gene encoding 

he N protein of SARS-CoV-2 was amplified by RT-qPCR us- 

ng a QuantiTect Probe RT-qPCR Kit (QIAGEN) and the following 

rimers and probe: NIID_2019-nCOV_N_F2, NIID_2019-nCOV_N_R2, 

nd NIID_2019-nCOV_N_P2 ( Shirato et al., 2020 ). Amplification was 

erformed under the following conditions: reverse transcription at 

0 °C for 30 min; initial denaturation at 95 °C for 15 min; 40 cycles

f denaturation at 94 °C for 15 s; and annealing/extension at 60 °C 

or 60 s. A positive result, indicating the presence of SARS-CoV-2 

NA, was determined according to the Ct value: Ct values < 40 in- 

icated the presence of the virus. RT-LAMP detection of SARS-CoV- 

 RNA was performed using a Loopamp® 2019-SARS-CoV-2 Detec- 

ion Reagent Kit (Eiken Chemical) following the manufacturer’s in- 

tructions. A nasopharyngeal swab was homogenized in 4 mL elu- 

ion buffer, with 10 μL buffer used for the reaction. The reaction 

as conducted at 62.5 °C for 35 min in a turbidity-measuring real- 

ime device (LoopampEXIA®; Eiken Chemical). A positive result for 

he LAMP reaction was determined automatically by LoopampEXIA, 

ased on turbidity. 

etection of antibodies against SARS-CoV-2 by enzyme-linked 

mmunosorbent assays (ELISAs) 

To measure IgG antibody titers against the N and S antigens 

f SARS-CoV-2, the QuaResearch COVID-19 Human IgM IgG ELISA 

it (Nucleocapsid Protein) (RCOEL961N; Cellspect Co., Ltd., Iwate, 

apan) and the QuaResearch COVID-19 Human IgM IgG ELISA Kit 

Spike Protein) (RCOEL961; Cellspect Co., Ltd.) were used, respec- 

ively. Serum samples were diluted to 1:10 0 0 for the N antigen 

LISA and 1:250 for the S antigen ELISA in 1% bovine serum al- 

umin/PBS with Tween 20 (PBS-T). For the assay, a 100 μL diluted 

erum sample was added to each well. After incubation at room 

emperature for 1 h, the plates were washed three times with 

BS-T. Specific antibodies were detected using 100 μL horseradish 

eroxidase-conjugated anti-human IgG at room temperature for 

 h, after which the plates were washed three times with PBS-T. 

he enzymatic reaction was developed with 100 μL TMB substrate 

t room temperature for 10 min. Finally, the reaction was stopped 

sing 100 μL of 1 M HCl and the plates were read at 450 nm using
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Figure 1. Distribution of antibody levels of IgG-S and IgG-N against SARS-CoV-2 and seasonal HCoVs according to disease severity. Plots show the timing to sample collection 

(admission [Adm] and convalescence [Conv] periods) and OD values for ELISAs. The y -axis shows the distribution of OD values for ELISAs. Green and blue boxes, mild cases; 

yellow and red boxes, severe cases; black plots, OD values for each individual; ∗p < 0.05; ∗∗p < 0.01; ∗∗∗p < 0.001 
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n ELISA reader. The experiments were performed at Cellspect Co., 

td. 

etection of antibodies against seasonal HCoVs by in-house ELISAs 

The S and N proteins of each HCoV (HCoV-HKU1, -OC43, - 

L63, and -229E) were obtained from Sino Biological, Inc. (Bei- 

ing, China). Details of the antigens used in this study are shown in 

upplementary Table 1 . Microplates (Corning, Steuben, NY) were 

oated with 100 μL carbonate-bicarbonate buffer (0.05 M, pH 9.6) 

ontaining the S or N antigen of each HCoV (Sino Biological, Inc.) at 

n optimal concentration of 50 ng/well. After incubation overnight 

t 4 °C, the plates were washed three times with PBS-T and blocked 

ith 200 μL PBS with 1% Block Ace (KAC Co., Ltd., Kyoto, Japan) 

a milk protein-based blocking reagent — at 37 °C for 1 h. Upon 

rying overnight at 50 °C, the plates were sealed and stored at 4 °C 

ntil use. For the assay, human serum was diluted 1:100 in PBS 

ontaining 1% Block Ace, and 100 μL of the sample was added to 

ach well. After incubation at 37 °C for 1 h, the plates were washed

hree times with PBS-T and specific antibodies were detected us- 

ng 100 μL horseradish peroxidase-conjugated mouse anti-human 

gG (catalog no. 109-035-088; Jackson ImmunoResearch Laborato- 

ies, Inc., Sacramento, CA) diluted 1:20 0 0 0 in PBS with 1% Block 

ce at 37 °C for 1 h. The plates were washed three times with PBS-

 and the enzymatic reaction was developed with 100 μL per well 

f solution from a TMB Peroxidase EIA Substrate Kit (Bio-Rad, Her- 

ules, CA) at 37 °C for 30 min. Finally, the reaction was stopped us- 

ng 100 μL of 1 M H 2 SO 4 /well and the plates were read at 450 nm

sing an ELISA reader. 
70 
etection of seasonal HCoV RNA by RT-qPCR 

Viral RNA was extracted from nasopharyngeal specimens ho- 

ogenized in PBS using a QIAsymphony TM RNA Kit (QIAGEN) and 

igh Pure Viral RNA Kit (Roche), following the manufacturers’ in- 

tructions. Seasonal HCoV-specific RT-qPCR amplification was per- 

ormed using a QuantiTect Virus Kit (QIAGEN) with the primers 

nd probes shown in Supplementary Table 2 . Thermal cycling 

onditions consisted of reverse transcription at 50 °C for 20 min 

nd 95 °C for 5 min, and 45 cycles of denaturation at 95 °C for 15 s

nd annealing/extension at 55 °C for 45 s. RT-qPCR samples were 

nalyzed in duplicate; a positive result in both reactions indicated 

he presence of viral RNA. 

tatistical analysis 

All serum samples were evaluated by ELISA in triplicate, with 

he average optical density (OD) value for these measurements de- 

ned as the test result. Fold change was determined by measuring 

he fold change in OD values in IgG antibody recognition between 

wo subsequent paired specimens collected on admission and dur- 

ng convalescence (OD convalescence /OD admission ). Continuous variables 

ere expressed as mean and standard deviation or median and 

QR, and compared using the t -test or Wilcoxon rank-sum test for 

arametric or non-parametric data, respectively. Linear regression 

nalysis was used to assess the relationships between each con- 

inuous variable. Rho values were analyzed by Pearson’s correla- 

ion coefficient and the Spearman rank-order correlation coefficient 

or parametric or non-parametric data, respectively. A two-sided p - 
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Figure 2. Comparison of fold change for OD values from admission to convalescence (OD convalescence /OD admission ) for SARS-CoV-2 and seasonal HCoVs, according to disease 

severity. The y -axis shows the fold-change level from admission to convalescence for ELISAs. Blue box, mild cases; red box, severe cases; black plots, fold-change levels for 

each patient; adm, admission; conv, convalescence; ∗p < 0.05; ∗∗p < 0.01; and ∗∗∗p < 0.001 
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alue < 0.05 was considered statistically significant. All statistical 

nalyses were conducted using R (v 4.0.2; R Foundation for Statis- 

ical Computing, Vienna, Austria; http://www.R-project.org/ ). 

esults 

ARS-CoV-2 antibody titers 

In total, 194 paired serum samples from the admission and con- 

alescence phases were collected from 97 patients (mild, 35 pa- 

ients; severe, 62 patients) and analyzed by ELISAs. Median OD val- 

es for SARS-CoV-2 IgG-S (admission 0.04 vs convalescence 0.24; 

 < 0.001) and IgG-N (admission 0.32 vs convalescence 2.12; p < 

.001) were significantly higher during convalescence than on ad- 

ission ( Figure 1 ). There were no differences in SARS-CoV-2 IgG-S 

nd IgG-N OD values between the severe and mild cases on ad- 

ission and during convalescence ( Figure 1 ) , whereas fold changes 

mong paired specimens were higher in the severe cases than in 

he mild cases (severe vs mild, p < 0.001) ( Figure 2 ). 

easonal HCoV antibody titers in COVID-19 patients 

On admission, the prevalance of patients with OD values > 0.5 

or IgG-S and/or IgG-N was 82.5% for HCoV-HKU1, 97.9% for HCoV- 

C43, 99.0% for HCoV-NL63, and 99.0% for HCoV-229E. The cor- 

esponding rates for OD values > 1.0 were 45.4% for HCoV-HKU1, 

7.3% for HCoV-OC43, 82.5% for HCoV-NL63, and 75.3% for HCoV- 

29E ( Figure 3 ). All of the patients showed OD values > 0.5 for

gG-S and/or IgG-N for at least one of the HCoVs. No specific dis- 

ribution pattern for HCoV seropositivity rate was associated with 

isease severity ( Figure 3 ). 
71 
In the severe cases, median OD values for HCoV-HKU1 IgG- 

 (admission 0.91 vs convalescence 1.26; p < 0.001), HCoV-OC43 

gG-S (admission 1.13 vs convalescence 1.86; p < 0.001), HCoV- 

L63 IgG-N (admission 1.71 vs convalescence 2.34; p = 0.006), 

nd HCoV-229E IgG-N (admission 0.75 vs convalescence 1.21; 

 = 0.010) were higher during convalescence than on admission, 

hereas in the mild cases there were no differences between OD 

alues ( p > 0.05) ( Figure 1 ). Although there were no differences

n OD values for seasonal HCoVs on admission between the se- 

ere and mild cases — HCoV-HKU1 IgG-S (mild 0.91 vs severe 

.26; p = 0.025) and HCoV-OC43 IgG-S (mild 1.13 vs severe 1.86; 

 = 0.027) — OD values were higher in the severe cases than in 

he mild cases during convalescence ( Figure 1 ). There were no sig- 

ificant differences in fold change among the paired specimens in 

evere and mild cases ( Figure 2 ). The correlations between overall 

old change in antibody levels for seasonal HCoVs and SARS-CoV- 

 are shown in Table 1 . Regression analysis showed positive cor- 

elations for the fold change of OD values for SARS-CoV-2 IgG-S 

ith HCoV-HKU1 IgG-S (Rho = 0.28; p = 0.005) and with HCoV- 

C43 IgG-S (Rho = 0.45; p < 0.001). There was no significant cor- 

elation between other SARS-CoV-2 and seasonal HCoV antibodies 

 Table 1 ) . 

ffects of clinical characteristics on fold changes of OD values for 

ARS-CoV-2 and seasonal HCoVs 

Regression analysis was performed to evaluate the associations 

etween antibody production and clinical characteristics previ- 

usly associated with severity and mortality in COVID-19, includ- 

ng age and levels of lactate dehydrogenase (LDH), C-reactive pro- 

ein (CRP), and lymphocytes. There were positive correlations be- 

http://www.R-project.org/
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Figure 3. Bar graphs showing the seropositive rates of IgG-S and/or IgG-N for seasonal HCoVs on admission, based on the two cut-off points of OD > 0.5 and OD > 1.0. 

Gray bars, total cases; blue bars, mild/moderate cases; red bars, severe cases 

Table 1 

Correlation of the fold change of OD values from admission to convalescence 

(OD convalescence /OD admission ) for IgG-S and IgG-N antibodies among SARS-CoV-2 and seasonal 

HCoVs 

Rho values for IgG-S 

SARS-CoV-2 HCoV-HKU1 HCoV-OC43 HCoV-NL63 HCoV-E229 

SARS-CoV-2 – 0.28 0.45 0.14 0.10 

HCoV-HKU1 – – 0.72 0.42 0.40 

HCoV-OC43 – – – 0.46 0.44 

HCoV-NL63 – – – – 0.71 

HCoV-E229 – – – – –

Rho values for IgG-N 

SARS-CoV-2 HCoV-HKU1 HCoV-OC43 HCoV-NL63 HCoV-E229 

SARS-CoV-2 – -0.1 0 0.05 0.03 

HCoV-HKU1 – – 0.27 0.13 0.33 

HCoV-OC43 – – – 0.25 0.32 

HCoV-NL63 – – – – 0.81 

HCoV-E229 – – – – –

t

a

p

(

c

m

a  

t

O

(

l

c

I  

T

t

C

t

H

H

T

ween fold change of SARS-CoV-2 IgG-S OD values and age, CRP, 

nd LDH, which were observed at the highest level during hos- 

italization ( p < 0.001), and between those for IgG-N and CRP 

 p = 0.019). Negative correlations were found between lympho- 

yte levels, which were observed at the lowest level during ad- 

ission, and the fold change of SARS-CoV-2 IgG-S ( p < 0.001) 

nd IgG-N ( p = 0.020) OD values ( Figure 4 ). In addition, posi-

ive correlations were observed between the fold change of HCoV- 

C43 IgG-S OD values and CRP (Rho = 0.32; p = 0.001) and LDH 

Rho = 0.34; p < 0.001) levels, and a negative correlation with 
72 
ymphocyte levels (Rho = −0.21; p = 0.037), whereas a positive 

orrelation was detected between the fold change of HCoV-HKU1 

gG-S OD values and LDH (Rho = 0.21; p = 0.041) ( Figure 4 ).

here was no significant correlation between seasonal HCoV an- 

ibody OD values and age. Of the 97 hospitalized patients with 

OVID-19, nasopharyngeal specimens were collected from 62 pa- 

ients on admission and tested by RT-qPCR for seasonal HCoVs. 

owever, there was no coinfection between any of the seasonal 

CoVs and COVID-19 in the tested specimens ( Supplementary 

able 3 ). 
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Figure 4. Regression analyses between fold-change levels of OD values from admission to convalescence (OD convalescence / OD admission ) for SARS-CoV-2 IgG-S and IgG-N, HCoV- 

HKU1 IgG-S, and HCoV-OC43 IgG-S, and clinical characteristics. The highest levels during hospitalization were observed for CRP and LDH, and the lowest levels were for 

lymphocyte counts. Regression analyses were conducted using linear regression. Blue plots, mild cases; red plots, severe cases; adm, admission; conv, convalescence; ∗p < 

0.05; ∗∗p < 0.01; and ∗∗∗p < 0.001 
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iscussion 

Our study assessed the cross-reactivity of antibodies for sea- 

onal HCoVs in patients with COVID-19. Our results suggested that 

he majority of Japanese COVID-19 patients had antibodies to sea- 

onal HCoVs due to previous infections. However, there was no 

ssociation between the antibody titer for seasonal HCoVs in the 

arly phase of SARS-CoV-2 infection and the severity of COVID-19. 

everal antibodies for seasonal HCoVs, especially HCoV-OC43 IgG- 

, were increased after SARS-CoV-2 infection in the severe cases, 

hereas there was no significant change in antibodies for seasonal 

CoVs in the mild cases. 

In Japan, seasonal epidemics of HCoVs occur mainly in winter, 

ith HCoV-OC43 detected most frequently in patients with acute 

espiratory symptoms, followed by HCoV-NL63, -HKU1, and -229E, 

n 2010–2019 ( Komabayashi et al., 2020 ; Matoba et al., 2015 ). How-
73 
ver, seroprevalence data for seasonal HCoVs in the Japanese pop- 

lation are not available. Our study found that the majority of pa- 

ients with COVID-19 had antibodies against seasonal HCoVs in 

he early period after the onset of symptoms, suggesting a high 

eroprevalence of seasonal HCoVs. Antibodies against HCoV-OC43, 

NL63, and -229E were detected most frequently in the patients, 

hich was consistent with the epidemiology of seasonal HCoVs in 

apan ( Komabayashi et al., 2020 ). A previous study suggested that 

he antibody response patterns for SARS-CoV-2 showed second in- 

ection patterns in the Japanese population due to cross-reactivity 

aused by previous infections with seasonal HCoVs ( Imai et al., 

021 ). Our results supported the high seroprevalence of seasonal 

CoVs, which could affect the antibody response patterns for 

ARS-CoV-2. 

It remains unclear whether immunity to COVID-19 induced by 

easonal HCoV infections leads to cross-protection or disease ex- 
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cerbation. Dugas et al. and Greenbaum et al. showed that high 

evels of anti-HCoV-OC43 or anti-HCoV-HKU1 S and N antibodies 

ere associated with reductions in severity of COVID-19 or hospi- 

al death in studies with small numbers of samples ( Dugas et al., 

021 ; Dugas et al., 2021 ; Greenbaum et al., 2021 ). In contrast

ith the above reports, Ringlander et al. and Sermet-Gaudelus 

t al. showed that previously verified infections with seasonal 

CoVs were not associated with protection against SARS-CoV-2 in- 

ection or disease exacerbation in adults or children, respectively 

 Ringlander et al., 2021 ; Sermet-Gaudelus et al., 2021 ). Indeed, our 

tudy showed no association between the antibody titers of sea- 

onal HCoVs and disease severity in the early phase of COVID-19. 

ur results agree with the findings that humoral immunity in- 

uced by seasonal HCoV infections may not prevent disease ex- 

cerbation in COVID-19. 

Interestingly, our study found that the OD values for HCoV- 

KU1 and -OC43 IgG-S, which are betacoronaviruses, as well as 

or SARS-CoV-2 IgG-S and IgG-N, were significantly higher in the 

evere cases than in the mild cases during convalescence. This phe- 

omenon was also reported by Wang et al., 2020 a); however, it has 

ot been investigated whether the elevation of antibodies occurs 

efore or after infection with SARS-CoV-2. Our study showed that 

he fold change of antibody OD values occurred after SARS-CoV- 

 infection, and was associated with disease severity. There was 

 positive correlation between SARS-CoV-2 and HCoV-OC43 IgG- 

 in terms of the magnitude of the change of OD values. SARS- 

oV-2 and HCoV-OC43 IgG-S OD values were also correlated with 

RP, LDH, and lymphocyte levels, which are reported to be associ- 

ted with disease severity. Ladner et al. showed that antibodies for 

ARS-CoV-2 cross-recognize seasonal HCoV antigens at two highly 

onserved regions of the S2 subunit epitope ( Ladner et al., 2021 ). It

s assumed that the excess production of cross-reactive antibodies 

or the highly conserved regions of S2 of other betacoronaviruses 

s induced by SARS-CoV-2 infection in severe COVID-19 cases. One 

f the concerns is that the excess production of cross-reactive an- 

ibodies for the S antigen of seasonal HCoVs may be partly re- 

ponsible for disease exacerbation in patients with COVID-19. In 

everal viral infections, including SARS-CoV-1, excess antibody pro- 

uction can lead to disease exacerbation via antibody-dependent 

nhancement ( Katzelnick et al., 2017 ; Wang et al., 2014 ; Yip et al.,

014 ). Wang et al. and Wu et al. showed that, in addition to SARS-

oV-1, an antibody targeting the S protein of SARS-CoV-2 could 

ause antibody-dependent enhancement in COVID-19 ( Wang et al., 

020 b; Wu et al., 2020 ). In vitro and in vivo experiments using

gG-S, especially antibodies for S2, of seasonal HCoVs should be 

erformed to examine the possibility of antibody-dependent en- 

ancement by those antibodies. 

Our study presented some limitations. The serum samples used 

ere collected during the early phase of COVID-19 symptom on- 

et, and not before SARS-CoV-2 infection. Therefore, the humoral 

mmunity for seasonal HCoVs may not have been an exact repre- 

entation of humoral immunity at the time of SARS-CoV-2 infec- 

ion. Only ELISAs were used to detect the antibodies for seasonal 

CoVs; it remains possible that the antibody response patterns are 

ssay-specific. Furthermore, the serum samples were collected only 

rom Japanese patients; this may have introduced selection bias, 

ecause the seroprevalence rates for seasonal HCoVs vary among 

egions and countries. 

Our study did not investigate the cross-reactivity of other struc- 

ural proteins (E and M), non-structural proteins, accessory pro- 

eins, IgM and IgA antibodies, and the T-cell response. Several stud- 

es have shown that 20–60% of people who have not been in- 

ected with SARS-CoV-2 have T-cell reactivity against peptides cor- 

esponding to SARS-CoV-2 sequences, including S, N, M, and non- 

tructural proteins, and open reading frames ( Braun et al., 2020 ; 

rifoni et al., 2020 ; Le Bert et al., 2020 ; Meckiff et al., 2020 ;
74 
eiskopf et al., 2020 ). In addition, Mateus et al. found that SARS- 

oV-2 peptides with > 67% homology with the corresponding pep- 

ides of seasonal HCoVs were associated with the cross-reactivity 

f CD4 + T cells ( Mateus et al., 2020 ). These findings suggest that 

re-existing cross-reactive HCoV CD4 + memory T cells in COVID- 

9 patients could be a contributing factor to variations in disease 

utcome. 

Additional large-scale and multinational investigations, combin- 

ng the evaluation of humoral and T cell responses, are required to 

etermine whether cross-reactive humoral immunity against sea- 

onal HCoVs has a positive or negative impact on the severity of 

OVID-19. 

onclusion 

Our study showed that there was no association between 

he antibody titers of seasonal HCoVs during the early phase of 

OVID-19 and disease severity. Significantly increased OD values 

or HCoV-HKU1 and -OC43 IgG-S from early symptom onset to 

he convalescence period were observed in severe cases, but not 

n mild cases. Further investigations are required to determine 

hether cross-reactivity between SARS-CoV-2 and seasonal HCoV 

ntibodies is associated with the severity of COVID-19. 
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