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Background: The effects of high-intensity immunity on coronavirus disease 2019 (COVID-19) remain un-
clear. Antibodies against severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) are preferentially
induced in inpatients with COVID-19 compared with outpatients with milder disease, and immunosup-
pression is the standard therapy for severe cases. This study investigated the relationship between cross-
reactive antibody production against seasonal human coronavirus and the clinical course of COVID-19.

I;févgf)égi;_z Methods: Among the immunogenic epitopes of SARS-CoV-2, conserved peptides in human coronavirus
Antibody 0C43 were searched and synthesized. Enzyme-linked immunosorbent assay was designed to detect an-

tibodies against synthesized peptides. Antibody titres against S2’ cleavage site epitopes near fusion pep-
tides of SARS-CoV-2 and OC43 were determined in the sera of 126 inpatients with COVID-19. The corre-
lation between antibody titres and clinical data was analysed.

Fusion peptide
S2' cleavage site
Cross-reactivity

Results: Inpatients with COVID-19 who produced antibodies against OC43 did not develop severe or fa-
tal pneumonia. Antibody titres against the corresponding epitope of SARS-CoV-2 did not differ between
inpatients with severe and mild COVID-19. Antibody titres against the OC43 epitope increased more than
those against SARS-CoV-2 during the first 2 weeks of COVID-19.

Conclusions: Immunity to seasonal human coronavirus OC43 effectively enhanced recovery from COVID-
19. Detecting cross-reactive antibodies to OC43 may help to predict prognosis for patients with COVID-19.

© 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 license (http://creativecommons.org/licenses/by/4.0/)

Introduction

An important characteristic of coronavirus disease 2019 (COVID-
19), caused by severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2), is its variations. During the ongoing COVID-19 pan-
demic, the numbers of confirmed cases and deaths differ widely
between countries, with rates more than 10 times higher in
North America and Europe than in East Asia as of March 2021
(Wiersinga et al., 2020; World Health Organization, 2021). The
severity of COVID-19 also varies considerably. Most infected cases
have no symptoms or recover with mild, self-limiting symptoms,
while approximately 5% of infected patients develop deadly pneu-
monia (Wiersinga et al., 2020). Acquired immunity to other hu-
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man coronaviruses (HCoVs) may affect the morbidity and mortal-
ity of COVID-19. HCoVs such as 0C43, HKU-1, NL63 and 229E are
less pathogenic than their relative, SARS-CoV-2, and cause the sea-
sonal common cold in the general population (Killerby et al., 2018).
Memory T and B lymphocytes against seasonal HCoVs can be re-
activated by SARS-CoV-2 infection, producing cross-reactive anti-
bodies (Grifoni et al., 2020; Le Bert et al., 2020; Mateus et al.,
2020; Secchi et al., 2020; Shrock et al., 2020). The difference in
immunological memory against seasonal HCoVs is one possible ex-
planation for the variations in COVID-19.

A critical question is whether cross-reactive immunity against
SARS-CoV-2 and seasonal HCoVs reduces the severity of COVID-
19. This issue is important for predicting the effectiveness and
safety of SARS-CoV-2 vaccines. The origin of vaccination by Jen-
ner was based on the medical use of cross-reactive immunity trig-
gered by a related virus with low toxicity. Antibodies against the
spike (S) protein or the receptor binding domain in the S1 pro-
tein of SARS-CoV-2 are detected in patients with COVID-19, and
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the antibodies may protect the host through their neutralizing ac-
tivity (Brouwer et al., 2020; Chi et al., 2020; Hassan et al., 2020;
Ju et al, 2020; Shi et al., 2020). In contrast, severe pneumo-
nia in patients with COVID-19 is amplified by an excessive im-
mune response called a ‘cytokine storm’ (Moore and June, 2020;
Woodruff et al, 2020). Immunosuppression by corticosteroids
or interleukin-6 blockade is a reliable therapy in severe cases
(Guaraldi et al, 2020; Horby et al, 2021). Antibodies against
SARS-CoV-2 have been detected more frequently in patients hos-
pitalized with COVID-19 than in milder cases (Long et al., 2020;
Shrock et al., 2020; Wiersinga et al., 2020; Garcia-Beltran et al.,
2021). High amounts of immune complexes or activated lympho-
cytes may induce excessive inflammation. Some studies have pro-
posed antibody-dependent enhancement of infection with subop-
timal antibodies (Lee et al., 2020; Garcia-Beltran et al., 2021). One
of the most serious concerns is the possibility that immunity acti-
vated by vaccines or seasonal HCoVs may increase the severity of
COVID-19 owing to excessive inflammation when the host fails to
prevent infection with SARS-CoV-2.

This study assessed the clinical effect of immunity against sea-
sonal HCoVs on COVID-19. Antibody titres against the most im-
munogenic epitope near the fusion peptide in the S2 protein
(Shrock et al., 2020), shared by SARS-CoV-2 and 0C43 HCoV, were
measured, and the clinical outcomes of patients hospitalized for
COVID-19 (excluding mild, non-hospitalized cases) were compared,
mainly using blood samples collected within 2 weeks of diagnosis.

Materials and methods

Database search for cross-reactive epitopes of SARS-CoV-2 and 0C43
HCoV

For 61 peptide sequences of epitope candidates of SARS-CoV-
2 listed by Wang et al. (2020), blastp in NCBI (https://blast.ncbi.
nlm.nih.gov) was used to search for similar peptides in 0C43
HCoV by activating ‘Align two or more sequences’. AAR01012.1-
AAR012020.1, listed in AY391777.1, were used for protein se-
quences of 0C43 HCoV. The sequences of S2 protein of SARS-CoV-2
(QHD43416.1) and 0C43 (AAR01015.1) were aligned with blastp in
NCBI. Figure 1A shows the functional domains in S2 protein known
as the ‘fusion peptide’ (Madu et al., 2009) and the ‘predicted S2’
cleavage site’ (Benton et al., 2020).

Clinical subjects in the first epidemic period

By June 2020, 66 adults had been diagnosed with SARS-CoV-
2 infection at Nozaki Tokushukai Hospital in Osaka, Japan using
quantitative reverse transcription polymerase chain reaction (qRT-
PCR). Residual blood samples were available for 49 patients, in-
cluding 34 hospitalized patients. The median age was 51 years
(range 15-92 years). Among the 34 hospitalized patients, 25 (74%)
had pneumonia detected on computed tomography (CT). One hun-
dred and fifty-two residual blood samples, collected on 8-10 April
2020, from patients whose tests showed they were not infected
with SARS-CoV-2 were used as SARS-CoV-2-negative samples.

Clinical subjects in the second epidemic period

From July to October 2020, 126 patients with COVID-19 were
hospitalized at Nozaki Tokushukai Hospital. Residual blood sam-
ples drawn during hospitalization were available from all patients
at some time points. Blood samples were available for 122 cases
within 7 days of diagnosis, and for 106 cases from >7 days after
diagnosis. The median age of these 126 patients was 55.5 years
(range 13-96 years). Thirteen patients died during the observa-
tion period lasting until November 2020. Among them, 10 patients
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died from COVID-19, including two patients who died shortly af-
ter discharge from the infectious disease ward (median day 13, 3-
28 days after diagnosis). The other three patients died from causes
other than COVID-19, and were excluded from the fatal COVID-19
cases. Although the hospital did not have an intensive care unit
for patients with COVID-19, seven cases were classified as severe
COVID-19 according to the respiratory conditions and CT findings.
The cause of death and the classification of severity were deter-
mined by physicians who were blinded to the results of this study.
Clinical data can be seen in Table 2. The mean sampling day of the
analysed bloods of patients hospitalized with fatal, severe or mild
COVID-19 was 8.4, 11.7 and 9.7 days after diagnosis, respectively.

Enzyme-linked immunosorbent assay using the different peptides of
0C43 and SARS-CoV-2

Peptides (S-SARS2, S-OC43, Hel and NSP13 listed in Table S1,
see online supplementary material) were synthesized and puri-
fied using high-performance liquid chromatography at >50% pu-
rity by Eurofins Genomics K.K. (Tokyo, Japan). Dry peptides were
dissolved in water at a concentration of 2 mM, except for NSP13.
NSP13 was dissolved in water with a 10% volume of acetate. A
96-well enzyme-linked immunosorbent assay (ELISA) plate (IWAKI,
AGC Techno Glass, Shizuoka, JAPAN) was coated with 1 uM pep-
tide diluted in 50 mM carbonate buffer (pH 9.6) at 4°C overnight.
After washing with PBST (0.05% Tween-20 in phosphate buffered
saline) three times, plates were blocked with blocking buffer (1%
bovine serum albumin in PBST) for 1 h. After washing with PBST,
the plates were incubated with patient serum diluted in blocking
buffer for 1 h. After washing with PBST, 0.4 pg/mL anti-human
IgG(H+L) conjugated with horseradish peroxidase (Promega, Fitch-
burg, WI, USA) in blocking buffer was added and incubated for 30
min. After washing with PBST five times, 50 pL of TMB substrate
solution (Thermo Fisher Scientific, Waltham, MA, USA) was added.
The reaction was stopped by adding 150 pL sulfuric acid after
10 min of incubation. Optical density (OD) values were measured
at 450 nm using a microplate reader (Sunrise, Tecan, Mdnnedorf,
Switzerland). For standard antibody titration, sera from Cases 2
and 3 drawn on day 35 were mixed in a 1:1 ratio, and the mix-
ture was defined to be 1 U/mL. The mixture was serially diluted
with serum from a healthy donor which had 0.105 U/mL of anti-
S-SARS2 and 0.017 U/mL of anti-S-0C43. Using 10% serum diluted
with blocking buffer, the antibody concentration in each sample
was determined by referring to a fitting curve made on the same
ELISA plate.

Results
Search for conserved epitopes between SARS-CoV-2 and 0C43 HCoV

A published database was searched for immunogenic epitopes
to detect antibodies against 0C43 HCoV in ELISA. Among 61 epi-
tope candidates listed by Wang et al. (2020), four epitope se-
quences of SARS-CoV-2 were found to be completely matched to
sequences in Orflab of OC43 HCoV, as expected from the high ho-
mology of their Orflab genes (Zhou et al., 2020). Two regions of
0C43 HCoV were selected: 5802-5815 in helicase (Hel) and 6920-
6934 in NSP-13; these included the matched epitope and had one
amino acid difference from their counterparts in SARS-CoV-2 (Ta-
ble S1, see online supplementary material). In the S protein, an epi-
tope candidate of SARS-CoV-2, 816-SFIED-820, was found to share
sequence with 0C43 HCoV, except for 817-F. Two peptides, S-0C43
(906-919 of 0C43 HCoV) and S-SARS2 (810-823 of SARS-CoV-2)
were synthesized (Table S1, see online supplementary material).
This domain in the S2 protein partially overlaps with the fusion
peptide (Madu et al., 2009), and includes the predicted S2’ cleavage
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Figure 1. Antibody titres against S-OC43 but not S-SARS2 are low in patients with severe coronavirus disease 2019 (COVID-19). (A) Part of the protein sequence of S2
proteins. SARS-CoV-2 S2 protein (from 805 to 865™" amino acid) and 0C43 HCoV S2 protein (from 9015 to 961% amino acid) were aligned based on homology, indicating
the shared amino acids. Peptide sequences of S-SARS2 and S-0C43 are shown in red letters. The functional domains known as the S2’ cleavage site and the fusion peptide
are also shown. (B) Antibody titres against S-SARS2 and S-OC43 in each patient. Antibody titres were measured for 126 patients hospitalized with COVID-19 using sera
drawn 1-2 weeks after diagnosis. Red and blue circles indicate fatal and severe cases, respectively. Dotted lines indicate the antibody titres of sera used for dilution of
standard, meaning the lower detection limits. Median values of replicated tests are shown. The numbers of cases in the fractions and correlation coefficient are inserted.
(C,D) Antibody titres were plotted against age. The number of cases in the area is also shown. (E,F) Titres of anti-S-SARS2 (E) and anti-S-0C43 (F) were compared between
severe or fatal cases (closed markers) and mild hospitalized cases (open markers) among all populations, cases aged >70 years, and cases aged >70 years with or without
systemic corticosteroid treatment. The number of cases in each group is shown in (E). Boxes indicate 75th, 50th and 25th percentiles. Crosses indicate the mean. Statistical
significance was tested using Mann-Whitney U-test.
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Table 1
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Development of pneumonia in patients infected with severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) treated with

antibodies during the first epidemic period.

Index Age Sex Pneumonia  Max O,(L/min)  Treat-ment? Days ofqRT-PCR(+)" Anti-S-SARS2¢ Anti-S-0C43¢
1 30s M Bilateral 0 B 39 NA ++ NA ++
2 50s F Bilateral 1 F,B 44 ++ ++ ++ 4+
3 20s M Bilateral 1 S,F 40 NA ++ NA ++
4 50s F Bilateral 0 B 8 NA ++ NA +
5 60s M Left 0 B 33 NA + NA +
6 40s F Left 0 B 14 NA + NA +

7 10s F Non 0 - NA (<47) + NA + NA
8 40s M Bilateral 1 F 30 - - - -

9 20s F Bilateral 1 Fl 36 - - - ++
10 50s F Bilateral 0 - NA - NA - NA
11 70s M Bilateral 15 - NA - NA - NA

qRT-PCR, quantitative reverse transcriptase polymerase chain reaction.

Among 49 patients infected with SARS-CoV-2 before June 2020, Cases 1-8 had the highest amounts of anti-S-SARS2 and anti-S-0C43,
Case 9 had the highest amount of anti-Hel, Case 10 had the highest amount of anti-NSP13, and Case 11 died 8 days after diagnosis.
Cases 3, 7 and 10 were family members. Pneumonia was evaluated with computed tomography. Maximum flow rates of oxygen

inhalation required during hospitalization are shown.

2 Treatments for pneumonia other than antibiotics are listed. B, baloxavir marboxil; F, favipiravir; S, systemic corticosteroids; I,

inhaled corticosteroids.

b Days of qRT-PCR(+) indicate days from diagnosis until the last day of a positive result on qRT-PCR for SARS-CoV-2; NA, qRT-PCR

testing was not repeated at the study hospital.

¢ The results for antibody detection are shown for blood drawn at diagnosis (left) and at least 20 days later (right). ++, antibody
was detected at 1/100 dilution; +, antibody was detected at 1/10 dilution; NA, blood samples were not available.

site (Benton et al., 2020) (Figure 1A). Interestingly, lists of the most
immunogenic epitopes that were searched using unbiased methods
by five independent groups commonly include this S2’ cleavage site
epitope (Farrera-Soler et al., 2020; Poh et al., 2020; Shrock et al.,
2020; Wang et al., 2020; Yi et al., 2020).

Antibodies against the S2 peptides were detected in COVID-19 and
non-COVID-19 cases

In order to detect the prevalence of anti-OC43 humoral immu-
nity in normal populations, ELISA was performed with four pep-
tides of 0C43 and SARS-CoV-2 (Table S1, see online supplementary
material) using blood samples from 152 uninfected cases, drawn
in April 2020 at the same time as the qRT-PCR test for SARS-CoV-
2 infection. Among them, six cases (3.9%) showed higher OD val-
ues at 450 nm (OD450) against S-SARS2 than the thresholds. Re-
garding S-0C43, 12 cases (7.9%) were positive, of which four cases
were also positive for S-SARS2 (Figure S1, see online supplemen-
tary material). The other two cases were positive for anti-S-SARS2
alone. Regarding Hel and NSP13, 22 and 77 cases were higher than
the thresholds, respectively. The OD450 values were slightly higher
in almost all samples in wells coated with NSP13 or Hel than in
those without peptides. This implies a wide prevalence of immu-
nity against HCoVs, as reported by Grifoni et al. (2020), but the
possibility that the result reflected characteristics of the coating
peptides could not be ruled out. The OD450 values for S-SARS2
and S-0C43 were clearly high in four cases, and the average values
were lower than those of the other peptides. These results indi-
cate that approximately 8% of uninfected people have humoral im-
munity against 0C43 HCoV which is detectable with anti-S-0C43
ELISA, and half of them have cross-reactive antibodies against S-
SARS2.

Next, blood samples of SARS-CoV-2-infected cases were tested
to assess the effect of SARS-CoV-2 infection on antibody titres.
During the first epidemic period, until June 2020, blood samples
were collected from 49 patients who were diagnosed with SARS-
CoV-2 infection at Nozaki Tokushukai Hospital. Among them, seven
cases, including five cases whose samples were taken >1 week af-
ter diagnosis, had anti-S-SARS2 (Table 1 and Figure S2A, see online
supplementary material). All seven cases with anti-S-SARS2 were
also positive for anti-S-0C43, and six cases had anti-NSP13. In the
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first epidemic period, patients with COVID-19 were hospitalized
for a long period until repeated qRT-PCR tests became negative.
Among the seven cases with a high titre of anti-S-SARS2, SARS-
CoV-2 was detected in four cases for a long duration (>1 month),
and six cases suffered from pneumonia (Table 1 and Figure S2B,
see online supplementay material). Seven patients were rehospital-
ized due to mild symptoms and positive results on re-examination
of SARS-CoV-2 gRT-PCR, including Cases 1 and 5. These findings
indicate that cross-reactive antibodies against S-SARS2 and S-0C43
can be detected in hospitalized patients with COVID-19 pneumo-
nia, but the contribution to recovery is unclear.

Low antibody titres against 0C43 S2 peptide in patients with severe
CovID-19

In order to reveal the effect of cross-reactive immunity on the
clinical outcomes of COVID-19, this study focused on the titres
of antibodies against S-SARS2 and S-OC43 in patients hospitalized
with COVID-19, and analysed the correlation between antibody
titres and the severity of each case in the next epidemic period.
Blood samples were collected from 126 hospitalized patients with
COVID-19 during the second epidemic period, from July to October
2020. The majority were patients with mild or moderate pneumo-
nia, or patients with a mild or asymptomatic infection who were
at high risk due to old age or comorbidities. Antibody titres against
S-SARS2 and S-0C43 were determined by comparing 0D450 val-
ues with those of the serum mixture of Cases 2 and 3 (defined
as 1 U/mL) diluted in serum from a healthy donor that contained
0.105 U/mL of anti-S-SARS2 and 0.017 U/mL of anti-S-OC43. When
blood samples drawn 1-2 weeks after diagnosis (median day 9,
range 1-17 days) were tested, 40 (32%) and 38 (30%) cases had
anti-S-SARS2 and anti-S-0C43 above the detection thresholds, re-
spectively (Figure 1B). Antibody titres against S-SARS2 and S-0C43
were correlated (r=0.52), while nine (7.1%) cases had anti-S-0C43
alone at high levels. These results suggest that antibodies against
S-0C43 are not always cross-reactive with S-SARS2, but the im-
mune state producing anti-S-0C43 may easily induce generation of
antibodies reactive to S-SARS2.

Among 126 cases, 10 patients (shown as red circles in Figure 1)
died during the observation period (median day 13, range 3-
28 days after diagnosis), excluding three patients who died from
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Table 2
Clinical data for severe cases receiving antibodies and cases who died from other causes during the second epidemic period.

Index Age Sex Pneumonia  Max Oy(L/min)  Treatment®  Days to death  Days of qRT-PCR(+)°  Anti-S-SARS2¢  Anti-S-0C43¢
12 90s F Non 0 - 42 14 - ++ - ++
13 90s F Bilateral 10 S 3 NA + NA - NA
14 70s F Bilateral 15 S,F.Na 10 >9 - + - +

15 80s M Bilateral 15 S,Na 0 (<14) - + - -

16 70s M Bilateral MV S.ENi 17 NA + NA -

17 70s M Bilateral 8 - 86 4 - - - -

18 50s F Bilateral 4 S,Na 11 0 (<8) - - - -

qRT-PCR, quantitative reverse transcriptase polymerase chain reaction; MV, mechanical ventitlation.

Of the hospitalized patients infected with severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) from July to October 2020, five severe or fatal
cases induced detectable levels of anti-S-SARS2 (Cases 12-16). Three cases who died from causes other than coronavirus disease 2019 are also listed
(Cases 12, 17 and 18). Pneumonia was evaluated with chest X-ray imaging in Case 13, and with computed tomography in the other cases. Maximum
flow rates of oxygen inhalation required during hospitalization are shown. MV was required from day 2 to day 9.

Case 12 was discharged from the infectious disease ward on day 28 but died on day 42 from senility. Pneumonia was not detected on repeated
computed tomography. Case 17 recovered from severe COVID-19 pneumonia and was discharged on day 31, but was rehospitalized due to respiratory
failure on day 82 and died on day 86 when SARS-CoV-2 was negative on qRT-PCR. Case 18 was hospitalized due to hydrocephalus and arteriovenous
malformation. SARS-CoV-2 infection was diagnosed by screening qRT-PCR test at hospitalization. Her respiratory condition recovered, but she died

International Journal of Infectious Diseases 109 (2021) 261-268

from brain damage. Cases 12 and 18 were classified as mild COVID-19.

2 Treatments for pneumonia other than antibiotics are listed. S, systemic corticosteroids; F, favipiravir; Na, nafamostat; Ni, nintedanib.

b Days of qRT-PCR(+) indicate days from diagnosis until the last day of a positive result on qRT-PCR for SARS-CoV-2.

¢ Antibody titres of blood drawn within 1 week of diagnosis (left) and later (right) are shown. ++, antibody titre is higher than 0.21 and 0.105 U/mL
for anti-S-SARS2; +, antibody titre is higher than 0.034 and 0.017 U/mL for anti-S-OC43, respectively.

causes other than COVID-19 on days 11, 42 and 86 after diagno-
sis (Table 2). Seven cases, including Case 17 who recovered from
COVID-19 pneumonia but died on day 86, were classified as severe
COVID-19 with a broad area of pneumonia on CT scan and poor
respiratory condition (shown as blue circles, Figure 1B-D). Classifi-
cation was determined by physicians who were blinded to the an-
tibody titre results. Case 12, a female patient in her 90s with high
antibody titres, did not suffer from COVID-19 pneumonia, but died,
possibly from senility, 42 days after diagnosis (shown by an open
red circle). In contrast, Cases 13 and 14, with low levels of anti-S-
SARS2, died of COVID-19 pneumonia 3 and 10 days after diagnosis,
respectively (Table 2). Antibody titres against S-SARS2 and S-0C43
were compared between 17 fatal or severe patients (closed circles
in Figure 1B) and 109 mild inpatients with COVID-19 (open cir-
cles in Figure 1B). Interestingly, the titres of anti-S-OC43 were sig-
nificantly higher in less severe cases than in fatal or severe cases
(P<0.01, Mann-Whitney U-test), while those of anti-S-SARS2 did
not differ (P>0.1, Mann-Whitney U-test) (Figure 1E,F).

Fatality due to COVID-19 is known to be largely affected by age
(Wiersinga et al., 2020). Consistent with this, the ratio of severe
COVID-19 cases among hospitalized patients was found to be high
in older patients (Figure 1C). Plotting antibody titres against age
revealed that the antibody titre of anti-S-OC43 was not higher in
the elderly population, despite possible exposure to OC43 HCoV
at more time points during their life (Figure 1D). This may be
due to a reduction in antibody titres after seasonal HCoV pre-
exposure for several years (Edridge et al., 2020). When antibody
titres were compared between 14 fatal or severe COVID-19 cases
and 31 mild cases aged >70 years (Figure 1C-F), the titres of anti-
S-0C43 were still significantly higher in mild cases than in se-
vere cases (P<0.05, Mann-Whitney U-test). The titres of anti-S-
SARS2 did not differ between the two groups. Immunosuppres-
sion by corticosteroid therapy may affect antibody titres (Garcia-
Beltran et al,, 2021). When antibody titres among patients aged
>70 years old who were not treated with systemic corticosteroids
were compared, four fatal or severe cases had significantly lower
titres of anti-S-OC43 than 16 mild cases (P<0.05, Mann-Whitney
U-test); in contrast, there were no significant differences in titres
of anti-S-SARS2 between the same groups, or in titres of anti-S-
0C43 among cases treated with systemic corticosteroids (Figure 1
E,F, right). While the titres of antibodies against SARS-CoV-2 could
be largely affected by high viral loads or the severity of COVID-19,
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the high titre of anti-S-OC43 was an indicator of good prognosis of
COVID-19, with high immunity against 0C43 HCoV which poten-
tially cross-reacts with SARS-CoV-2.

Anti-S-0C43 titre increases before the induction of specific antibody
against S-SARS2

To investigate whether the acquired immunity against OC43
HCoV is re-activated by SARS-CoV-2 infection, the kinetics of an-
tibody titres during hospitalization were analysed. For example,
the titres of anti-S-SARS2 and anti-S-OC43 in the blood of Case 12
were low at hospitalization and increased three- and six-fold, re-
spectively, 2 weeks after diagnosis, removing the virus successfully
(Figure 2A, left). In another case, a man in his 40s with mild pneu-
monia without treatment, the titre of anti-S-OC43 increased 8.7-
fold, while the titre of anti-S-SARS2 increased 1.2-fold (Figure 2A,
right). To confirm the increase in anti-S-0C43 titre with SARS-
CoV-2 infection, ELISA was performed using 101 serum samples
drawn at hospitalization within 6 days of diagnosis, and the an-
tibody titres were compared with those in blood drawn at least
5 days after the initial sampling (mean interval 9 days, range 5-
14 days). Among the 26 cases that produced detectable amounts
of anti-S-SARS2 and anti-S-0C43, initial blood samples in 15 (58%)
cases contained low amounts of antibodies (Figure 2B, right upper
plots). When the ratio of antibody titres in sera drawn at the later
time point were compared with those in sera drawn at the ini-
tial time point, the median fold changes were >1 for anti-S-SARS2
(median 1.05-fold) and anti-S-0C43 (median 1.12-fold) (Figure 2C).
More interestingly, the fold changes in antibody titres were signif-
icantly higher for anti-S-OC43 than anti-S-SARS2 among patients
hospitalized with COVID-19 (P<0.05, Wilcoxon signed-rank test,
Figure 2C,D). Six cases were found to have increased anti-S-OC43
titres but not anti-S-SARS2 titres (Figure 2B,D). These results in-
dicate that patients who have already acquired immunity against
S-0C43 have increased anti-S-OC43 titres after SARS-CoV-2 infec-
tion, and 75% of these patients successfully generated antibodies
reactive to S-SARS2. These results suggest that re-activation of im-
munological memory against seasonal HCoVs is induced more fre-
quently than new construction of specific antibodies against SARS-
CoV-2 during the first 2 weeks of SARS-CoV-2 infection.
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Figure 2. Preferential induction of anti-S-0C43 over anti-S-SARS2 after infection with severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection. (A) Titres of
anti-S-SARS2 and anti-S-0C43 in sera of two cases are plotted against sampling days after diagnosis. The median values are connected with lines. The results of quantitative
reverse transcription polymerase chain reaction of SARS-CoV-2 are also shown. The left is Case 12 listed in Table 2. (B) Change in antibody titres over 1-2 weeks after
diagnosis of SARS-CoV-2. For 101 cases whose serum samples were available, antibody titres were compared in each case between serum within 6 days of diagnosis (shown
as circle) and serum 5-14 days later (shown as arrow). Data are classified in four groups depending on the titres in the later sera. The numbers of cases in each area are
inserted in the figures. (C,D) Ratio of antibody titres in sera drawn at the later time point to the initial titres in each patient, shown as box and whisker plots (C) and dot
plots (D). Statistical significance was analysed using Wilcoxon’s signed-rank test. COVID-19, coronavirus disease 2019.

Discussion

This study showed that the antibody titre against the epitope
near the fusion peptide of 0C43 HCoV was significantly lower in
patients hospitalized with severe or fatal COVID-19 than in patients
with mild disease. While 30% of cases had detectable levels of anti-
S-0C43 during hospitalization, only one patient among 17 fatal or
severe cases induced anti-S-OC43 at a marginal level. In contrast,
anti-S-SARS2 was induced in four severe or fatal cases, albeit at
low levels. These results suggest that immunity against 0C43 HCoV
is measured successfully by anti-S-0C43 ELISA, and that the titre is
an indicator of good prognosis in patients hospitalized with COVID-
19.

Many groups have shown that the neutralizing antibodies and
cross-reactive immunity to seasonal HCoVs are induced in pa-
tients infected with SARS-CoV-2 (Long et al., 2020; Shrock et al.,
2020; Sun et al., 2020; Wiersinga et al., 2020; Garcia-Beltran et al.,
2021). Consistent with the present findings, higher titres of anti-
bodies were detected in symptomatic hospitalized cases than in
asymptomatic cases, possibly due to their higher viral loads. Con-
sequently, the correlation between antibody titres and good prog-
nosis of COVID-19 was difficult to demonstrate. Higher titres of
antibodies against S1 antigens or neutralizing activity were re-
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ported to be associated with less severe cases among hospital-
ized patients (Atyeo et al., 2020; Secchi et al., 2020; Sun et al.,
2020; Garcia-Beltran et al., 2021). Following these reports, clinical
outcomes were compared among hospitalized patients, excluding
mild, non-hospitalized cases of SARS-CoV-2 infection. The results
with titres of cross-reactive antibody are more informative than
reports based on titre ratios of specific antibody over other anti-
SARS-CoV-2 (Atyeo et al., 2020; Garcia-Beltran et al., 2021) in or-
der to assess whether high acquired immunity is protective against
COVID-19. For cross-reactive antibody, a group reported that anti-
body against SARS-CoV-2 S1+S2 antigens was associated with im-
proved survival, and the anti-SARS-CoV-2 titres were correlated
with antibody titres against 0C43 S2 antigen (Secchi et al., 2020).
The larger antigen epitopes or longer duration of blood sampling
used in the present study may explain the slight discrepancy (i.e.
anti-S-0C43 but not anti-S-SARS2 was correlated with good clinical
outcome).

The epitope including the S2' cleavage site near the fusion pep-
tide is the most immunogenic epitope (Farrera-Soler et al., 2020;
Poh et al., 2020; Shrock et al., 2020; Wang et al., 2020; Yi et al.,
2020). The fusion peptide is known to be highly conserved among
various coronaviruses, and mediates the fusion of viral mem-
branes and mammalian cells through its hydrophobic amino acids
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(Madu et al., 2009; Chan et al., 2013). Antibodies against this do-
main may have neutralizing activity (Miyoshi-Akiyama et al., 2011;
Poh et al., 2020). Although the authors have not evaluated the neu-
tralizing activity or cross-reactivity directly, antibodies against S-
0C43 may be acquired during previous exposure to 0C43 HCoV,
and may interfere with SARS-CoV-2 infection of host cells.

Some improvements are required to clarify the results and to
make this ELISA system useful as a clinical test. The antibodies
to 0C43 HCoV were detectable in <10% of cases in blood drawn
at diagnosis or before infection with SARS-CoV-2. A wait of 1-3
weeks was needed until the antibodies increased to detectable lev-
els in 30% of cases (Secchi et al.,, 2020). The requirement for this
delay may cause bias in the availability of blood. One-quarter of
patients with fatal disease died within 1 week, and one-quarter of
patients were discharged within 1 week. This also explains why
hospitalized patients with pneumonia showed higher titres of an-
tibodies than outpatients with milder disease in the results dur-
ing the first epidemic period. Treatments with a high dose of cor-
ticosteroids for severe COVID-19 may affect antibody production
(Garcia-Beltran et al., 2021). As many as 76% of severe or fatal
cases received systemic corticosteroid treatment, which is a higher
proportion than that in mild COVID-19 cases. Although the treat-
ment in either severe or mild cases did not show reduced titres
of antibodies in blood samples drawn approximately 10 days after
diagnosis, treatments before blood sampling may affect antibody
titres. In order to detect cross-reactive immunity in blood drawn
at diagnosis, sensitivity should be improved by some modification,
such as by increasing the number of epitopes evaluated in order to
cover epitopes of the other three seasonal HCoVs.

Despite these limitations and the small size of the cohort, these
results indicate that high immunity against OC43 HCoV protects
patients hospitalized with COVID-19 from fatal exacerbations. Hu-
moral immunity against seasonal HCoVs may be functionally more
important than specific antibodies against SARS-CoV-2, which take
1 month to reach a peak (Secchi et al., 2020; Garcia-Beltran et al.,
2021), and may be a better indicator of good prognosis. The
present results also include important suggestions regarding the
SARS-CoV-2 vaccine. The protective function of cross-reactive im-
munity supports the notion that vaccines are fundamentally safe
and effective against COVID-19. A new type of vaccine that acti-
vates immunity to seasonal HCoVs may be worth considering to
prepare for the possible epidemics of new and existing SARS-CoV-
2 variants.
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