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Abstract:

Introduction: The coronavirus disease 2019 (COVID-19) pandemic is spreading rapidly all over the world. The Japanese
government lifted the state of emergency, announced in April 2020, on May 25, but there are still sporadic clusters. Asymp-
tomatic patients who can transmit severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) cause some of these
clusters. It is thus urgent to investigate the seroprevalence of antibodies against SARS-CoV-2 and their neutralizing activity.
We conducted a cross-sectional study of >10,000 samples at hospitals in Hyogo Prefecture, Japan.

Methods: Between August 6 and October 1, 2020, we collected samples of residual blood from the patients who visited or
were admitted to five hospitals and a foundation in Hyogo. We tested the samples for antibodies against SARS-CoV-2 by
electrochemiluminescence immunoassay (ECLIA) and chemiluminescent enzyme immunoassay (CLEIA). Sera that were
positive by ECLIA or CLEIA were analyzed by an immunochromatographic (IC) test and neutralizing activity assay.
Results: We tested 10,377 samples from patients aged between 0 and 99 years old; 27 cases (0.26%) were positive on the
ECLIA, and 51 cases (0.49%) were positive on CLEIA. In the 14 cases that tested positive on both ECLIA and CLEIA, the
positive rates on the IC test and for neutralizing activity were high (85% and 92%, respectively). In 50 cases (0.48%) that
were positive by either ECLIA or CLEIA, the corresponding rates were low (20% and 6%, respectively). The positive rate of
neutralizing antibody was 0.15%.

Conclusions: These results indicate that most Hyogo Prefecture residents still do not have antibodies and should avoid the
risk of incurring a SARS-CoV-2 infection. Two or more antibody tests should be required for seroepidemiological studies
of the antibody for SARS-CoV-2, and a neutralizing activity assay is also essential.
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Introduction

In December 2019, the coronavirus disease 2019 (COVID-19)
pandemic caused by severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), occurred in Wuhan, China . Since
then, there have been 37,109,851 confirmed cases of COV-
ID-19 worldwide, including 1,070,355 deaths reported to the
World Health Organization (WHO), as of October 12,
2020 @. The first case in Japan was reported in January 2020,
followed by the first outbreak on a giant cruise ship called the

Diamond Princess. The number of cases in Japan has contin-
ued to increase, with 89,652 infected and 1,631 deaths as of
October 13, 2020. The Japanese government announced a
pandemic state of emergency on April 7, 2020. It was lifted on
May 25, but sporadic clusters of COVID-19 are still being re-
ported in multiple regions, raising concerns about the virus’s
spread.

An accurate estimation of the prevalence of COVID-19
requires antibody tests in asymptomatic individuals, and more
information about the neutralizing activity of the antibodies is
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Figure 1. Map of Hyogo Prefecture and the six participating facilities.
Hyogo Prefecture, with a population of ~5.4 million, is in the Kansai region of Japan and adjacent to Osaka, one of the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) endemic areas in Japan.

needed to predict epidemics in the coming winter. The accu-
racy of the several currently available antibody tests is un-
clear @, In June 2020, the Ministry of Health, Labor and
Welfare of Japan randomly selected ~3,000 residents by gender
and age in each of the three prefectures of Tokyo, Osaka, and
Miyagi and conducted an epidemiological survey of the sero-
prevalence of antibodies for SARS-CoV-2. The survey re-
vealed that 0.10%, 0.17%, and 0.03% of the residents were se-
ropositive for SARS-CoV-2 in Tokyo, Osaka and Miyagi, re-
spectively, suggesting that most people still do not have anti-
bodies against SARS-CoV-2 with neutralizing activity ©.
Herein, we analyzed >10,000 serum samples from the hospi-
tals and foundation located in Hyogo Prefecture, which is in
the Kansai region of Japan with a population of roughly 5.4
million people. The Prefecture of Hyogo is adjacent to Osaka,
which is one of the SARS-CoV-2 endemic areas in Japan
(Figure 1). We performed three different antibody tests in-
cluding a neutralizing activity assay to determine the seropre-
valence of antibodies for SARS-CoV-2 in Hyogo Prefecture.

Materials and Methods

Sample collection

From August 6 to October 1 2020, residual blood of patients
who visited or were admitted to the five hospitals and a foun-
dation in Hyogo Prefecture were selected and tested for anti-
bodies against SARS-CoV-2. The six participating facilities
were Kobe University Hospital (Ko), anonymous X Hospital
(X), Hyogo Prefectural Nishinomiya Hospital (NI), Hyogo
Prefectural Amagasaki General Medical Center (AM), Hyogo
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Prefecture Health Promotion Association (HE), and Hyogo
Prefectural Kobe Children’s Hospital (CH), which are located
from west to east in Hyogo Prefecture. The average number of
outpatients per day at each hospital was as follows: Ko 2,000;
X 1,100; NI 650; AM 1,800; HE 100 or CH 350. The respec-
tive number of samples collected at each hospital was as fol-
lows: Ko 2,048 (1,045 males); X 2,000 (989 males); NI 2,010
(904 males); AM 2,000 (1,001 males); HE 1,000 (596 males)
or CH 1,319 (689 males) (5,184 males of 10,377 samples in
total). The median age at each facility was 67, 69, 69, 70, 47 or
8 years old (median 62 years old).

Antibody measurements

Immunochromatographic test

The Innovita 2019-nCoV Ab Test (Innovita Biological Tech-
nology Co., Beijing, China) is a colloidal gold lateral flow assay
for the qualitative detection of IgM and IgG antibodies to un-
disclosed SARS-CoV-2 epitopes of N and S proteins. In ac-
cord with the manufacturer’s instructions, 10 Ul of preserved
serum was placed into the test kit, followed by the buffer. The
result was available 15 min later. This immunochromato-
graphic test is hereinafter referred to as the IC’ test ©.

Electrochemiluminescence immunoassay (ECLIA)

An electrochemiluminescence immunoassay (ECLIA) using
the Elecsys® Anti-SARS-CoV-2 assay and the cobas e801
module (Roche Diagnostics, Rotkreuz, Switzerland) is a dou-
ble-antigen sandwich assay for the qualitative detection of dif-
ferent types of antibodies against SARS-CoV-2 nucleocapsid
(N) proteins, primarily IgG*. This ECLIA was carried out ac-
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cording to the manufacturer’s instructions, and a cut-off in-
dex (COI) =1.0 indicates a positive diagnosis. The reagents
for 5,000 samples were obtained in collaboration with Roche,
and the reagents for the other samples were purchased from
Roche.

Chemiluminescent enzyme immunoassay (CLEIA)

A chemiluminescent enzyme immunoassay (CLEIA) was per-
formed by an HISCL-5000 immunoassay analyzer (Sysmex,
Kobe, Japan) for the qualitative detection of IgG against
SARS-CoV-2 nucleocapsid protein (N-IgG) and spike protein
(S-IgG), respectively. This was carried out according to the
manufacturer’s instructions, but during the survey, the cut-off
was optimized and changed to stricter standards (from N-IgG
10 signal unit (SU) /ml and S-IgG 20 SU/ml to N-IgG 20
SU/ml and S-IgG 35 SU/ml). The result was considered posi-
tive if N-IgG or S-IgG was positive. This test is hereinafter re-
ferred to as the CLEIA, CLEIA-N, or CLEIA-S. The meas-
urement of antibody titers was done by Sysmex under an out-
sourcing agreement.

Measurement of neutralizing activity against SARS-
CoV-2

The neutralizing activity of each serum sample was evaluated
by a neutralization test against SARS-CoV-2 (Biken-2 strain)
in a biosafety level 3 laboratory, which was kindly provided by
the Research Foundation for Microbial Diseases of Osaka
University (BIKEN), Osaka University. At 24 hr before the as-
say, 4 x 10* Vero E6 (TMPRSS2) cells per well were seeded in
96-well tissue culture microplates 7. A two-fold serial dilution
of heat-inactivated (56°C, 30 min) serum was prepared using
Dulbecco’s Modified Eagle’s Medium as the diluent and
mixed with a 100 tissue culture infectious dose (TCID),, of vi-
rus and incubated at 37°C for 1 hr. After this incubation, the
serum-virus mixture was added to Vero E6 (TMPRSS2) cells
and incubated at 37°C for 3 days. The neutralizing antibody
titer was determined as the highest serum dilution that did not
show any cytopathic effects by observation under a light mi-
croscope.

Sample analysis

The obtained sera were first analyzed by the ECLIA and
CLEIA. The sera that were positive by either of or both the
ECLIA and CLEIA were then analyzed by the IC test and the
neutralizing assay against SARS-CoV-2. The sera which were
negative by both of the ECLIA and CLEIA were considered
negative, and they were not subjected to the IC test or neutral-
izing assay.

This study was approved by the ethical committees of
Kobe University Graduate School of Medicine (approval
code: B2056703), and all institutions enrolled (Kobe Universi-
ty Hospital, anonymous X Hospital, Hyogo Prefectural Nish-
inomiya Hospital, Hyogo Prefectural Amagasaki General
Medical Center, Hyogo Prefecture Health Promotion Associ-
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ation, and Hyogo Prefectural Kobe Children’s Hospital) were
granted the approval. Regarding X Hospital and Hyogo Pre-
fectural Health Promotion Association, ethical approval was
done under the ethical committee of Kobe University Gradu-
ate School of Medicine. The other facilities also got approval
from their internal ethical review committees. This study was
a retrospective observation study, and carried out by the opt-
out method of each institution’s website (Kobe University
Hospital, anonymous X Hospital, Hyogo Prefectural Nishi-
nomiya Hospital, Hyogo Prefectural Amagasaki General Med-
ical Center, Hyogo Prefecture Health Promotion Association
and Hyogo Prefectural Kobe Children’s Hospital).

Results

A total of 10,377 serum samples of the in- and outpatients
were analyzed for the seroprevalence of COVID-19. There
were no duplicate samples from one individual. All of the
samples were analyzed by the ECLIA, but the samples from
Hyogo Prefectural Kobe Children’s Hospital were not ana-
lyzed by the CLEIA due to the small amount of serum.

The patients’ characteristics and the number of positive
samples at each hospital are shown in Table 1: 5,184 males
(49.9%) and 5,193 females (50.1%), with the median age of 62
years, including patients aged 0 to 99 years. Twenty-seven cas-
es (0.26%) were positive for SARS-CoV-2 by the ECLIA, and
S1 cases (0.49%) were positive for SARS-CoV-2 by the
CLEIA. Seventeen cases were positive on both the CLEIA-N
and -S, whereas 29 cases were positive on the CLEIA-N and
39 cases were positive on the CLEIA-S.

The 64 cases (0.6%) which were positive for SARS-CoV-2
by either of or both the ECLIA and CLEIA were analyzed
turther by the IC test and neutralization activity assay. The pa-
tients’ characteristics and the percentage of positive cases at
each hospital were almost the same, with the exception of the
Children’s Hospital (Table 1).

Figure 2 illustrates the distribution of all patients and
positive cases by age. Although the number of patients was
high in the 70s age group and low in the 20s and 30s groups,
there were several positive cases in their 20s and 30s in addi-
tion to the 70s. Table 2 lists all positive patients by hospital.
The results of the IC test and neutralizing activity assay for
the 64 positive cases, which were classified based on the pat-
terns of ECLIA, CLEIA, CLEIA-N and CLEIA-S results, are
shown in Table 3. The IC test result was positive in 22 of the
64 patients (34%). Of note, nine triple-positive cases (positive
for ECLIA, CLEIA-N and CLEIA-S) were also positive on
the IC test. In the other patterns, the IC test’s positive rate
tended to be low, whereas it was high (7 of 9 cases, 77%) in the
CLEIA-N-positive group but ECLIA and CLEIA-S-negative.
During this study, the CLEIA cut-off was optimized and
changed to stricter criteria, and there were seven cases that
were positive on the IC test among the patients whose result
was changed from positive to negative due to this cut-off
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Table 1. Patients’ Characteristics and the Number of Positive Cases in Each Hospital.
hyosg Hyogo Hyogo
Hyogo Prefectural
Kobe f I Ki Prefecture prefectural
Total university a:onyrnc:u)s( X I\I:.rt:]_ectur'a Arcri\agasal ! Health Kobe
(N=10377) hospital (Ko) os_plta X) o AaIy.2 SR Promotion Children's
_ (N=2000) Hospital (NI) Medical .. .
(N=2048) (N=2010) Center (AM) Association Hospital (CH)
(N=2000) (HE) (N=1000) (N=1319)
Male - no.(%) 5184 (49.9) 1045 (51) 989 (49.4) 904 (44.9) 1001 (50) 596 (59.6) 689(52.2)
Median age - yr 62(0-99) 67 (2-96) 69 (1-95) 69 (0-99) 70 (1-97) 47 (19-82) 8(0-19)
(range)
ECLIA positive - no. 27(0.26) 5(0.24) 7(0.35) 4(0.19) 6(0.3) 4(0.4) 1(0.07)
(%)
CLEIA positive (-N 51 (0.49) 12.(0.58) 12.(0.6) 9 (0.44) 11(0.55) 7(0.7) ND
or -S) - no.(%)
CLEIA-N positive 29(0.27) 4(0.19) 11(0.55) 7(0.34) 4(0.2) 3(0.3) ND
-n0.(%)
CLEIA-S positive - 39(0.37) 12.(0.58) 6(0.3) 7(0.34) 10(0.5) 4(0.4) ND
no.(%)
CLEIA-N and -S 17(0.16) 4(0.19) 5(0.25) 5(0.24) 3(0.15) 0(0) ND
positive - no.(%)
ECLIA and CLEIA 14(0.13) 1(0.05) 4(0.2) 3(0.15) 3(0.15) 3(0.3) ND
positive - no.(%)
ECLIA or CLEIA 64(0.6) 16 (0.78) 15(0.75) 10(0.49) 14(0.7) 8(0.8) 1(0.07)
positive - no.(%)
IC positive - no.(%) 22(0.21) 2(0.09) 8(0.4) 5(0.24) 3(0.15) 40.4) 0(0)
Neutralization 16(0.15) 2(0.09) 4(0.2) 3(0.15) 3(0.15) 4(0.4) 0(0)

activity positive - no.

(%)

ECLIA: electrochemiluminescence immunoassay, CLEIA: chemiluminescent enzyme immunoassay, CLEIA-N: CLEIA against severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) nucleocapsid protein, CLEIA-S: CLEIA against SARS-CoV-2 spike protein, IC: immunochromatographic test,

(a)

3000
2500
2000
1500

1000

Number of cases

5

P=3
S

<10

(n) 874

776 416

OHHHHHH

10-19 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-99

620 940 1207

Age group

[

1654 2530 1234 126

(b)

Number of cases
B

<1

Figure 2. Case distribution of all patients and positive patients by age.
(a) Distribution of all cases (n = 10,377) by age. (b) Distribution of the positive cases on neutralizing activity assay (n = 16) by age.
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Blood
‘ ECLIA CLEIAN  CLEIAS  NAb ic

Label  Sex  Age °°1:fa°;‘°" (con (SUml)  (SUml) titer

Ko-1 M 58 2020/8/3 0.0758 15(6.4 <2

Ko-2 M 62 2020083 0.0752 <2

Ko-3 F 80  2020/8/3 0.0731 14.3 <

Ko-4 F 78 2020/8/3 <

Ko-5 F 37 202083 64

Ko-6 M 84 202083 <2

Ko-7 F 76 202083 <2

Ko-8 F 76 2020/8/3 <2

Ko-9 M 78 2020/8/3 <2

Ko-10 F 40 2020/8/4 4

Ko-11 M 73 202008/4 <

Ko-12 M 73 2020084 <

Ko-13 F 77 2020/8/4 )

Ko-14 F 72 2020804 <2

Ko-15 M 73 2020/8/5 )

Ko-16 F 73 2020/8/5 <

X-1 F 57T 20208/11 <

X-2 M 88 2020/8/11 64

X-3 M 73 2020811 256

X-4 M 68 2020/8/11 <

X-5 M 66 2020/8/12 <

X-6 F 76 2020/8/12 <2

X-7 F 26 20208/13 32

X-8 F 63 2020817 <2

X-9 M 52 2020/8/17 )

X-10 M 64 2020/8/17 <

X-11 M 88 2020/8/17 <

X-12 F 72 2020817 8

X-13 M 69 2020/8/18 <2

X-14 M 67 2020/8/18 )

X-15 F 83 2020818 <2

NI-1 M 75 20200806 <2

NI-2 M 65 2020/8/6 <

NI-3 F 83 20208/13 <2

NI-4 F 76 2020099 64

NI-5 F 77 202098 128

NI-6 M 65 2020917 <2

NI-7 F 39 20200917 64 - -
NI-8 F 69 202009/17 < - -
NI-9 M 52 2020917 < ) -
NI-10 M 75 20200917 < ) -
AM-1 M 25 2020/8/20 ) - -
AM-2 F 72 2020820 < - B
AM-3 M 63 2020/8/20 28 o+ s
AM-4 M 82 2020821 < - -
AM-5 M 65 2020821 <2 - -
AM-6 F 77 20208021 ) - -
AM-7 M 70 2020/8/21 2 . |
AM-8 M 77 20200821 <2 - -
AM-9 M 57 2020/8/24 64
AM-10 M 73 2020/8/26 < - -
AM-11 F 78  2020/8/26 <2 - -
AM-12 M 80  2020/8/26 ) - -
AM-13 M 87 20200827 < - -
AM-14 M 70 20200827 <2 - )
HE-1 F 26 2020811 16 -
HE-2 M 61 2020/8/13 < - _
HE-3 M 51 2020/8/13 8 - -
HE-4 M 28 2020/8/17 4 - )
HE-5 M 26 2020/8/19 ) -
HE-6 F 48 20200820 <2 - -
HE-7 M 25 2020/8/20 ) - -
HE-8 M 37 2020827 8 -+
CH-1 M 12 202006126 <2 - -

[S2 BN SURE \CRE

NAD titer: neutralizing antibody titer (positive >2), COI: cut off index, SU: signal unit,
ND: not detected, +: positive, - : negative, Ko: Kobe University Hospital, X: anonymous
X Hospital, NI: Hyogo Prefectural Nishinomiya Hospital, AM: Hyogo Prefectural
Amagasaki General Medical Center, HE: Hyogo Prefecture Health Promotion
Association, CH: Hyogo Prefectural Kobe Children’s Hospital

Table 2. Results of Antibody Tests in 64 Individual Cases Which Were Positive on ECLIA 2 or CLEIA by Hospital.

tive cases (25%), and these cases were not included in the
ECLIA-negative group (Table 4). Fourteen cases were posi-

tive on both the ECLIA and CLEIA and showed high positiv-
ity rates on the IC test (12 of 14 cases, 85%) and neutralization
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Table 3. Results of Antibody Tests in 64 Cases Classified Based on the Patterns of ECLIA 2, CLEIA-N, and CLEIA-S.

Both positive (N=14)

Either positive (N=50)

ECLIA + + + — + — — +
ECLIA or
Al CLEIA CLE + + - + — ND
(N=10377) positive
(N-st)  cieia- N . . B B . \D
(N=9) (N=3) (N=2) (N=8) (N=12) (N=9) (N=20) (N=1)
Male - no.(%) 5184 (49.9) 39(60,9) 4(444)  2(66.6) 1(50) 6(75)  8(66.6) 5(55.5) 12(60)  1(100)
median age - yr 62(0-99) 70 (12-88) 63(2677)  76(37-88) 27(26:28)  70.5 69.5 65(26-83)  74(25-88) 12
(range) (52-83) (40-78)
median ECLIA 0.0781 0.084 33 4.46 31.3 0.07 1.72 0.07(0.07-0.08) 0.07 1.62
(COI)(IQR)  (0.0753-0.0818) (0.076-2.39) (29.7-58.4)  (4617) (243-383) (0.07-0.07) (1.28-2.1) (0.07-0.08)
median CLEIA 0.1 (0.14-0.29) 19(1.5-71) 158 61.7 14.1 76.4 1.32 27.7 (23.8-60.8) 1.36 ND
N (SU/ml) (123-196)  (49-655) (12.1-162) (62.1-104) (0.5-2.81) (0.59-6.39)
(IQR)
median CLETA  0.28 (0.14-0.63) 47 (0.68-83) 152 29 53 361 0.31 0.24 (0.2-0.36) 52 ND
S (SU/ml) (64-400)  (15.2-31.1) (47.4-58.6) (241-647) (0.2:0.59) (46.9-70)
(IQR)
IC positive - 22(0.21) 22.(34.3) 9(100)  2(66.6) 1(50) 0(0) 2(16.6) 7(77.7) 1(5) 0(0)
no.(%)
Neutralization 16(0.15) 16 (25%) 9(100)  2(66.6)  2(100) 0(0) 3(25) 0(0) 0(0) 0(0)
activity positive
-no.(%)
median ND <2(<2-3) 64(64-128) 8(<2-64) 10(7-13) <2 <2 <2 <2 <2
Neutralization
antibody titer
(IQR)

activity assay (13 of 14 cases, 92.8%). Fifty cases were positive
on either the ECLIA or the CLEIA and showed low positivity
rates on the IC test (10 of 50 cases, 20%) and neutralization
activity assay (three of 50 cases, 6%). There were three cases
that were positive for neutralization activity but negative on
the IC test. We calculated the positive rate of neutralizing anti-
body as the serum antibody prevalence; it was 0.15%.

Discussion

Serological surveys are the best way to understand the spread
of infectious diseases, especially in the presence of incomplete
confirmations of asymptomatic cases . The clinical severity
of COVID-19 varies from asymptomatic to severe, and it has
been reported that approx. 40%-45% of individuals with
COVID-19 are asymptomatic, and that such individuals can
transmit SARS-CoV-2 to others for >14 days . Also, asymp-
tomatic COVID-19 patients reportedly carry the same
amount of virus as those who are symptomatic . Therefore,
asymptomatic patients play a significant role in this pandemic,
and several seroprevalence surveys have been conducted
WOI‘ldWIdC (11),(12),(13),(14),(15)'

The findings from our present seroprevalence study for
SARS-CoV-2 showed that the prevalence of antibodies is
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0.15%. This result is not substantially different from the do-
mestic survey in June 2020 revealing that the antibody preva-
lence was 0.03% to 0.17% in Miyagi, Tokyo and Osaka, indi-
cating that most of the residents of those areas still did not
have antibodies with neutralization activity against SARS-
CoV-2 ©. That domestic survey was conducted using an
ECLIA from Roche and a CLEIA that uses the ARCHI-
TECT SARS-CoV-2 antibody detection kit (Abbott, Abbott
Park, IL, USA), and revealed that neutralization activity was
confirmed in all cases that were positive on both assay, and was
not confirmed in cases that were positive on either assay ©.
Our present investigation also revealed high positive rates on
the IC test (85%, 12 of 14 cases) and neutralizing activity assay
(13 of 14 cases) in the positive samples on both the ECLIA
and the CLEIA. Thus, the diagnosis could become more spe-
cific by combining the ECLIA and the CLEIA. Since there
was no neutralization activity in the ECLIA-negative group
(Table 3), we speculate that the results obtained with the
ECLIA may correlate more closely with neutralizing activity.
However, among the present 50 cases that were positive
on either the ECLIA or the CLEIA, ten and three were posi-
tive on the IC test and neutralization activity assay, respective-
ly. Unlike the previous report, this result did not confirm neu-
tralization activity in cases that were positive on either the
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Table 4. Results of the Neutralization Activity Titer and IC Test in 64 Individual Cases Classified Based on the Patterns of

ECLIA, CLEIA-N and CLEIA-S.

Both positive (N=14)

Either positive (N=50)

ECLIA + + + = + = = +
CLEIA-N i i = + = i — ND
CLEIA-S + = + + — = + ND
(N=9) ::::: IC (N=3) t":::: IC (N=2) ::::I: IC (N=8) :::el: IC (N=12) "::El: IC (N=9) :‘::\el: IC  (N=20) ::::: IC (N=1) "::El: IC
NI-4 64 + X2 64 + HE-1 16 + XS <2 — NI <2 — AM-11 <2 —  AM-1 <2 — CH-1 <2 -

NI-5 128 + X6 <2 — HE4 4 - X9 <2 —  Ko4 <2 — HE2 <2 + AM-2 <2 -

NI-7 64 + HE-8 8 + X-10 <2 —  Ko-10 4 + HE-S <2 + AM-4 <2 -

Ko-5 64 + Ko-2 <2 —  Ko-11 <2 - X-1 <2 —  AM-8 <2 —

X3 256 + Ko-8 <2 —  Ko-15 <2 - X-4 <2 + AM-10 <2 -

X7 32 + Ko-9 <2 - X-12 8 - X-8 <2 + AM-12 <2 -

AM-3 128 + NI-1 <2 - X-13 <2 - XI5 <2 + AM-13 <2 -

AM-7 32 I Ko-3 <2 -  Xl14 8 - X2 <2 + HEe6 <2 -

AM-9 64 + HE-3 8 — NI6 <2 + HE7 <2 -

AM-5 <2 - X-11 <2 +

AM-6 <2 - Ko-1 <2 -

AM-14 <2 - Ko-3 <2 -

Ko-6 <2 -

Ko-7 <2 -

Ko-12 <2 -

Ko-13 <2 -

Ko-14 <2 -

Ko-16 <2 —

NI-8 <2 —

NI-10 <2 -

NAD titer: neutralizing antibody titer (positive >2), IC: immunochromatographic test

ECLIA or the CLEIA ©, suggesting a risk of overlooking posi-
tive results. Our results demonstrate the need for at least two
methods of evaluating the antibodies against SARS-CoV-2. A
neutralizing activity assay should confirm the multiple meth-
ods’ results. Even in facilities that cannot perform the neutrali-
zation activity test, patients with positive results on the two
antibody tests might have neutralization activity, considering
the high correlation between them shown in this study
(Table 3 and 4).

In the 50 present cases (0.48%) that were positive on either
the ECLIA or CLEIA, a false-positive result may mean two
possibilities: a non-specific reaction or the possession of anti-
bodies cross-reacted with SARS-CoV-2 antigens, e.g., anti-
bodies for other coronaviruses but without neutralizing activi-
ty (9. Interestingly, we also detected several cases with high
neutralizing activity, which may indicate a recent asympto-
matic infection in the individuals, although there is the possi-
bility of a past symptomatic infection. Since antibodies against
SARS-CoV-2 gradually decrease 7, the positivity rate might
be underestimated if the samples came from previously infect-
ed individuals who lost the antibodies.

The assessment of the neutralizing antibody is the most
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important evaluation for seroprevalence studies of antibodies
because it is the most reliable method to ‘see’ the real infec-
tion. It is critical for the protection against virus infection.
However, some of the people now infected with SARS-CoV-2
do not develop the neutralizing antibody for a long time.
Thus some people have antibodies for the infection but do
not have the neutralizing antibody ". In the present study,
nine cases (0.08%) were positive on the IC test but negative for
neutralization activity. The antibodies without neutralizing
activity for SARS-CoV-2 (especially for the spike protein) may
cause antibody-dependent enhancement (ADE) and enhance
the infection, resulting in the severe form of COVID-19.

On the other hand, three cases were positive for neutraliz-
ing antibodies but negative on the IC test. It is not easy to ex-
plain this result; however, some non-infected individuals re-
portedly carry neutralizing antibodies that react with SARS-
CoV-2 spike protein 9. That report remains controversial.
Cell-mediated immunity has also been important for virus
protection “?. Thus, people who have the antibodies could be
protected from the infection by cellular immunity even if they
do not neutralize antibodies. Further investigations are re-
quired to test this concept.
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Osaka, one of the endemic areas, is located in the east of
Hyogo Prefecture. We conducted this study of patients at fa-
cilities from the west to the east of Hyogo Prefecture. There
was no apparent difference in positivity rates among the six fa-
cilities, which might indicate that SARS transmission is stable
at this stage and not expanding in Hyogo Prefecture. The sta-
bility might be due to social distancing. Since most Hyogo
Prefecture residents do not infected with SARS-CoV-2, social
distancing appears more effective in Hyogo than elsewhere in
the world already affected by the pandemic.

Our study has several limitations. First, 1,319 patients
aged 0 to 19 years at the Children’s Hospital could not be test-
ed by the CLEIA, so our seroprevalence results for adolescents
might thus be inaccurate. Second, we did not perform the IC
test and the neutralization activity assay on patients who were
negative on both the ECLIA and the CLEIA, but some of
these patients may have been positive. Third, the antibody
test’s blood collection period was not the same among the six
facilities, at intervals of 2 to 6 weeks. This may have had some
effects on the results.

The results revealed by our present analyses demonstrate
that many people do not have antibodies for the SARS-CoV-2
infection, as they may be not infected or may no longer have
the antibodies. Our findings contribute to understanding the
seroepidemiology of COVID-19 in Japan today and could
help predict the epidemics over the coming winter. The social
measures that have been advised for the control of the infec-
tion, i.e., social distancing, mask-wearing in public, and thor-
ough hand-washing, may also be reflected in our present data
from Hyogo Prefecture.

Conclusion

The SARS-CoV-2 antibody seroprevalence was 0.15% in this
study, indicating that most of the people in the area investigat-
ed here still do not have the needed antibodies.
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