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Introduction: The usefulness of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) antibody tests in
asymptomatic individuals has not been well validated, although they have satisfied sensitivity and specificity in
symptomatic patients. In this study, we investigated the significance of IgM and IgG antibody titers against SARS-
CoV-2 in the serum of asymptomatic healthy subjects.

Methods: From June 2020, we recruited 10,039 participants to the project named the University of Tokyo COVID-
19 Antibody Titer Survey (UT-CATS), and measured iFlash-SARS-CoV-2 IgM and IgG (YHLO IgM and IgG) titers
in the collected serum. For the samples with increased IgM or IgG titers, we performed additional measurements
using Elecsys Anti-SARS-CoV-2 Ig (Roche total Ig) and Architect SARS-CoV-2 IgG (Abbott IgG) and investigated
the reactivity to N, S1, and receptor binding domain (RBD) proteins.

Results: After setting the cutoff value at 5 AU/mL, 61 (0.61%) were positive for YHLO IgM and 104 (1.04%) for
YHLO IgG. Few samples with elevated YHLO IgM showed reactivity to S1 or RBD proteins, and IgG titers did not
increase during the follow-up in any samples. The samples with elevated YHLO IgG consisted of two groups: one
reacted to S1 or RBD proteins and the other did not, which was reflected in the results of Roche total Ig.
Conclusions: In SARS-CoV-2 seroepidemiological studies of asymptomatic participants, sufficient attention should
be given to the interpretation of the results of YHLO IgM and IgG, and the combined use of YHLO IgG and Roche
total Ig might be more reliable.

1. Introduction

A cluster of undiagnosed pneumonia, which was subsequently called
the coronavirus disease 2019 (COVID-19), was first reported in
December 2019 in China [1]. The disease spread across the world very
quickly, and even in Japan, since the first case was reported in January
2020, the number of infected people is still increasing. After the rela-
tively small two infection waves, the third wave of infection had begun
began in early November. As of March 2021 in Japan, a total of 450,000
cases were confirmed, with a total death toll exceeding 8700 [2].
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There are three main types of diagnostic methods for this disease:
viral gene detection by reverse transcription polymerase chain reaction
(RT-PCR), viral antigen detection, and human antibody detection. It is
recommended that RT-PCR or antigen test be performed to get a
definitive diagnosis in symptomatic individuals [3,4]. Conversely, due
to the window period until the development of serum antibodies, anti-
body testing is not suitable for the diagnosis of the acute phase [5,6]. On
the other hand, it has been reported that asymptomatic individuals seem
to account for approximately 40%-45% of SARS-CoV-2 infections, and
they can possibly infect others over a long period of time [7]. Hence,
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epidemiological monitoring of only symptomatic individuals can only
control a portion of all infections. By examining the antibody prevalence
in each region and community, it is possible to know the status and
trends of infection up to that point. Antibedytestinghowever, hasnot

; blished . alityf 1y _infeetion,

demiological . e individuals.

The SARS-CoV-2 has four structural proteins: the spike (S), mem-
brane (M), envelope (E), and nucleocapsid (N) proteins [8]. The S and N
proteins show high antigenicity. The S protein is the main target of
neutralizing antibodies. The S protein is functionally divided into two
subunits (S1 and S2). The S1 domain comprises the receptor binding

domain (RBD), which is responsible for binding to the
angiotensin-converting enzyme 2 membrane receptor of the host cell.
The N protein is a structural component of the helical nucleocapsid and
related to viral pathogenesis, replication, and RNA packaging [8].

A variety of types of test are currently available for the detection of
antibodies, including IgM, IgG, and IgA against the S protein, N protein,
and RBD. Most tests are based on IgM and IgG, and there are still few
studies based on IgA [9]. Many of these kits generally have good
sensitivity and specificity in symptomatic patients [5,10-13]. However,
the reliability and validity of the asymptomatic population have not
been sufficiently confirmed; accuracy problems and mutual comparison
between kits are challenges in this population subset. In general, it is
known that sensitivity and specificity decrease in populations with low
prevalence. Therefore, it is common to evaluate a combination of mul-
tiple test agents. For example, a survey in Tokyo defined positives as
only those samples that tested positive for two different testing kits [14,
15].

We measured IgG and IgM titers against SARS-CoV-2 in the serum of
members of the University of Tokyo using the SARS-CoV-2 IgG and IgM
reagents (iFLASH) (Shenzhen YHLO Biotech, Shenzhen, China), in the
project named the University of Tokyo COVID-19 Antibody Titer Survey
(UT-CATS), which main purpose is estimating seroprevalence in our
university. We previously reported that the serum levels of these anti-
bodies are affected by several factors, including age, smoking habits, and
comorbidities [16].

The present study aimed to investigate how to interpret the results of
SARS-CoV-2 IgM and IgG assays as a screening test for asymptomatic
individuals by additional measurements, including antibody titers
measured by other methods and the reactivity to N, S1, and RBD pro-
teins of SARS-CoV-2.

2. Method
2.1. Subjects and sample collection

We recruited 10,039 asymptomatic subjects among students, staff,
and faculty members of the University of Tokyo, Japan between June 11
and December 22, 2020, as part of the project UT-CATS. All participants
were 18 years or older. The aims of this study were explained, and all
participants provided written informed consent. Five milliliters of blood
samples were collected at health service centers or health checkup
venues in the University of Tokyo, or the University of Tokyo Hospital.
The participants were asked to answer an online questionnaire on
whether or not they had a past history of COVID-19.

The Clinical Research Review Board of the University of Tokyo
approved the study protocol (Registration number: 2020052NTI). All
methods were carried out in accordance with relevant guidelines and
regulations.

2.2. Measurement kits
iFlash-SARS-CoV-2 IgM and IgG (YHLO Biotechnology Company,

Ltd., Shenzhen, China).
The serum titers of SARS-CoV-2 IgM and IgG of all subjects were
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Table 1
Distributions of YHLO IgM and IgG titers.

YHLO IgM (AU/mL)

0.00-0.99 9154 91.18%
1.00-1.99 645 6.42%
2.00-4.99 179 1.78%
5.00-9.99 38 0.38%
10.00- 23 0.23%
Total 10,039 100.00%
YHLO IgG (AU/mL)

0.00-0.99 8666 86.32%
1.00-1.99 941 9.37%
2.00-4.99 328 3.27%
5.00-9.99 57 0.57%
10.00- 47 0.47%
Total 10,039 100.00%

measured using the iFlash 3000 fully automatic chemiluminescence
immunoassay analyzer (YHLO Biotechnology Company, Ltd., Shenzhen,
China). We used the SARS-CoV-2 IgM and IgG kits containing magnetic
beads coated with SARS-CoV-2 N protein and S protein. According to the
manufacturer’s instructions, we set the cutoff of IgM and IgG at 10.0
AU/mL [10]. Data below detection limit (0.20 AU/mL) were considered
as 0.20 in the subsequent analyses. Previous studies suggested that the
actual cutoff could be lower than 10.0 AU/mL [10]. Therefore, in this
study, we performed the additional tests cited below on all samples with
either IgM or IgG titer of 5.0 AU/mL or higher.

To measure the reactivity to N, S1, and RBD proteins, we used
magnetic beads coated with each single antigen (YHLO Biotechnology
Company, Ltd., Shenzhen, China). Measuring method is the same as the
SARS-CoV-2 IgM and IgG kits, but this shows Ig titers against N, S1, and
RBD proteins individually. Cutoff values have not yet been set.

The remaining serum was stored at —80 °C. In order to confirm the
reproducibility of the results, IgM and IgG were measured again in some
samples one to three months after the first measurement.

2.3. Elecsys Anti-SARS-CoV-2 (Roche diagnostics International AG,
Rotkreugz, Switzerland)

The electrochemiluminescence immunoassay was used for identi-
fying total antibodies against SARS-CoV-2 N protein while not differ-
entiating between IgA, IgM, or IgG antibodies. The manufacturer set the
cutoff index (COI) at 1.0.

2.4. Architect SARS-CoV-2 IgG (Abbott Laboratories, Illinois, United
States)

The chemiluminescent microparticle immunoassay (CMIA) is inten-
ded for the qualitative detection of IgG against N protein of SARS-CoV-2.
The manufacturer set the cutoff at 1.4 index (S/C).

2.5. Statistical analyses

Antibody titers between subgroups were compared using the Man-
n-Whitney test or the Wilcoxon matched-pairs signed ranks test. The
Spearman’s rank test was used for examining the degree to which two
data sets of antibody titers were correlated.

We performed all statistical analyses using Prism version 7.00
(GraphPad). The results are expressed as the mean =+ standard error of
the mean unless otherwise stated. All tests were two-tailed, and a p
value < 0.05 was considered to be statistically significant.
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Table 2
The measurements of Roche total Ig and Abbott IgG titers.
total Roche total Ig  Abbott IgG
>1.0 COI >1.4 index (S/C)
YHLO IgM (AU/mL) 5.00-9.99 38 1 2.63% “1 2.63%
10.00- 23 0 0.00% “1 4.35%
total 61 1 1.64% 2 3.28%
YHLO IgG (AU/mL) 5.00-9.99 57 4 7.02% 4 7.02%
10.00- 47 29 61.70% 25 53.19%
total 104 33 31.73% 29 27.88%
both negative (9,876) 1204 1 0.08% 1 0.08%

? also increased YHLO IgG.

3. Results

3.1. Distributions of YHLO IgM and IgG titers

We included 10,039 asymptomatic volunteers in this study. There
were 5111 (50.9%) males and 4928 (49.1%) females. Average age
(+standard deviation) was 38.2 + 12.8 years old.
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We measured the serum titers of iFlash-SARS-CoV-2 IgM and IgG
(YHLO IgM and IgG), and distributions of the titers are summarized in
Table 1. Most of the samples showed IgM and IgG titers below 2.0 AU/
mL. According to the manual provided by the manufacturer, both cutoff
values for IgG and IgM titers are 10.0 AU/mL. Twenty-three participants
(0.23%) showed IgM titers above this cutoff, whereas the IgG titers of 47
participants (0.47%) were over the cutoff.

It has been reported that the cutoff values might be lower than the
manufacturer’s reported cutoff in Japanese patients with symptomatic
COVID-19 [10]. Using the cutoff value of 5.0 AU/mL, the number of
positive participants was 61 (0.61%) for IgM and 104 (1.04%) for IgG.

Only two samples showed titers of more than 5.0 AU/mL titers for
both IgM and IgG, and there was no correlation found between IgM and
IgG titers (r = 0.01).

3.2. Roche total Ig titers and Abbott IgG titers

In 163 samples, which showed 5.0 AU/mL or more titers of YHLO
IgM or YHLO IgG, we measured Elecsys Anti-SARS-CoV-2 Ig (Roche total
Ig) and Architect SARS-CoV-2 IgG (Abbott IgG) (Table 2). We considered
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Fig. 1. Correlations of YHLO IgM or IgG titers and the reactivity to the N, S1, and RBP proteinsPlot
of data from each participant. IgM-N, IgM-S1, and IgM-RBD are plotted with YHLO IgM (A, C, and E) and IgG-N, IgG-S1, and IgG-RBD with YHLO IgG (B, D, and F).
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a 1.0 COI or more titers of the Roche total Ig and 1.4 index (S/C) or more
of the Abbott IgG as positive results.

Among the samples with increased YHLO IgM, one (1.64%) was
positive for Roche total Ig, and two (3.28%) were positive for Abbott
IgG, all of which also showed increased YHLO IgG. Regarding YHLO IgG
in 47 samples with 10.0 or more AU/mL titers of YHLO IgG, 29 samples
(61.70%) showed positive results for Roche total Ig, and 25 samples
(53.19%) for Abbott IgG. Between 5.0 AU/mL and 10.0 AU/mL, 57
samples with YHLO IgG titers still included 4 samples (7.02%) with
positive Roche total Ig and 4 samples (7.02%) with positive Abbott IgG.
Abbott IgG and Roche total Ig correlated well with YHLO IgG (r =
0.6588 and r = 0.5713, respectively) (Supplementary Figs. 1A and 1B);
however correlation coefficient of Roche total Ig was smaller than that of
Abbott IgG. Randomly selected 1204 samples from 9876 samples with
YHLO IgM and IgG titers less than 5.0 AU/mL revealed 1 (0.08%) pos-
itive Roche total Ig and 1 (0.08%) positive Abbott IgG (Table 2).

3.3. YHLO IgM and IgG reactivity to N, S1, and RBD proteins

We subsequently measured the reactivity to N, S1, and RBD proteins

of the same 163 samples. YHLO IgM titers and the titers of IgM against N
protein (IgM-N), and YHLO IgG titers and titers of IgG against N protein
(IgG-N) were strongly correlated (r = 0.9414 and r = 0.9600, respec-
tively) (Fig. 1 A and B). Conversely, there was no correlation between
YHLO IgM titers and IgM-S1 or IgM-RBD (Fig. 1C and E), and there was a
significant but relatively small correlation between YHLO IgG and IgG-
S1 or IgG-RBD (r = 0.3742 and r = 0.4213, respectively) (Fig. 1 D and F).
Interestingly, there seemed to be two subgroups within the increased
YHLO IgG category according to the IgG-S1 or IgG-RBD titers (Fig. 1 D
and F); the high (more than 10.0 AU/mL) IgG-S1 or IgG-RBD group and
low (less than 4.0 AU/mL) IgG-S1 or IgG-RBD group. There was also a
strong correlation between IgM-S1 and IgM-RBD and IgG-S1 and IgG-
RBD (Supplementary Fig. 2 A and B).

We divided samples with increased YHLO IgG into two groups using
the results of Roche total Ig or Abbott IgG. When divided with Abbott
IgG results, the positive Abbott IgG group showed significantly increased
IgG-S1 and IgG-RBD values in samples with 10.0 AU/mL or more titers
of YHLO IgG (Fig. 2 A and B). When the cutoff values of IgG-S1 and IgG-
RBD were set at 10.0 AU/mL, the sensitivities of Abbott IgG in predicting
positive 1gG-S1 and IgG-RBD was 65.5% and 63.3%, respectively, and

Table 3
Two samples with YHLO IgM and IgG negative but Roche total Ig or Abbott IgG-positive results.
No. YHLOIgM YHLOIgG  Roche Abbott IgG IgM-N IgG-N IgA-N IgM-S1 IgG-S1 IgA-S1 IgM-RBD  IgG-RBD  IgA-RBD
(AU/mL) (AU/mL) total Ig (index (S/ (AU/ (AU/ (AU/ (AU/ (AU/ (AU/ (AU/mL) (AU/mL) (AU/mL)
(Con Q) mL) mL) mL) mL) mL) mL)
1 0.24 0.38 0 2.07 0.29 0.66 0.38 0.33 0.46 0.26 0.44 0.31 0.29
2 0.49 2.05 4.7 0.19 0.5 1.6 5.21 0.49 219 0.52 0.48 1.3 0.74
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Fig. 3. Follow-up blood collection in samples with increased YHLO IgM. YHLO IgM (A) and YHLO IgG (B) were measured after the follow-up. ***: p < 0.001.

the specificities were 87.8% and 87.7%, respectively, in the samples
with elevated YHLO IgG (>5.0 AU/mL). When classified according to
Roche total Ig results, the positive Roche total Ig group had significantly
increased IgG-S1 and IgG-RBD values in samples with 10.0 AU/mL or
more titers of YHLO IgG (0.79 + 0.12 AU/mL vs. 147.2 + 33.3 AU/mL
and 0.39 + 0.04 AU/mL and 100.2 + 23.8 AU/mL) (Fig. 2C and D).
When the cutoff values of IgG-S1 and IgG-RBD were set again as 10.0
AU/mL, the sensitivity and specificity of Roche total Ig for IgG-S1 results
were 100.0% and 94.6%, and those for IgG-RBD results were 96.7% and
94.5% in the increased YHLO IgG (>5.0 AU/mL) group.

Table 3 shows the reactivity to N, S1, and RBD proteins of the two
samples described in Table 2 in which YHLO IgM and IgG were not
increased although the results of Roche total Ig or Abbott IgG remained
positive. One sample with a positive Abbott IgG showed no reactivity to
any proteins at all, and one with the positive Roche total Ig showed small
reactivity to the S1 protein; however, it contained mainly IgA.

3.4. Follow-up of participants with increased YHLO IgM titers

To investigate whether YHLO IgG titers would increase later in
participants with increased YHLO IgM titers, they were asked to provide
another blood sample at least three weeks after the first collection.
Forty-four (72.1%) participants agreed, and we collected their blood
samples. The mean number of days between the first and second blood
collection was 55.6 + 3.7 days. The YHLO IgM titers significantly
decreased the second time (25.5 + 9.7 AU/mL vs. 16.3 + 4.4 AU/mL, p
< 0.0001) (Fig. 3A). The YHLO IgG titers also slightly but significantly
decreased (2.8 + 1.6 AU/mL vs. 2.1 + 1.0 AU/mL, p < 0.0001), and
more importantly, no second sample became positive for YHLO IgG,
except for the two participants who had initially been positive for YHLO
IgG the first time (Fig. 3B).

3.5. Participants with a past history of COVID-19

Sixteen participants (0.16%) had a past history of COVID-19. Their
characteristics and antibody titers are summarized in Table 4. Ten
samples showed increased YHLO IgG of 5.0 AU/mL or more. They all
had positive Roche total Ig and increased 1gG-S1 and IgG-RBD, although
Abbott IgG was positive only in 7 of 10. The other six samples without
increased YHLO IgG were also negative for Roche total Ig and Abbott
IgG, which had been additionally measured in five samples. One blood
sample was collected on the same day of the diagnosis, and another
more than six months later.
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3.6. Reproducibility of the results of YHLO IgM and IgG

The remaining serum was stored at —80 °C, and YHLO IgM and IgG
were measured again to see the reproducibility in 39 samples with
increased IgM and 63 samples with increased IgG. The rates of change
were plotted and are shown in Supplementary Fig. 3. The rate of change
was —15.3 + 4.0% for YHLO IgM and —4.0 + 1.2% for YHLO IgG. Nine
samples (23.1%) showed an IgM decrease of more than 30%, although
no samples showed the same level of decrease in IgG.

4. Discussion

In the present study we extracted 163 samples with increased titers
of iFlash-SARS-CoV-2 IgM or IgG (YHLO IgG) among 10,039 asymp-
tomatic healthy volunteers, and performed further investigations using
Roche total Ig, Abbott IgG, and IgM and IgG reactivity to N, S1, and RBD
proteins.

Although YHLO IgM correlated well with IgM-N, it was not corre-
lated with IgM-S1 or IgM-RBD. There were very few cases of increased
IgM-S1 or IgM-RBD in YHLO IgM-positive cases, though YHLO IgG-
positive cases often had IgM reactivity to S1 or RBD without an in-
crease of YHLO IgM. Furthermore, no increase in YHLO IgG was
observed in the paired sera of all the samples that we could follow-up,
including the cases with elevated IgM-S1. The serum level of IgM
generally increases ahead of that of IgG; however, in symptomatic pa-
tients with SARS-CoV-2 infection, it has been reported that the rise of
IgM occurred almost concurrently with that of IgG, or sometimes IgG
increased ahead of IgM [10]. These results made us speculate that
although the elevated YHLO IgM might reflect the very early stages of
infection, most cases could be false positives. It might be explained by
the low positive predictive value due to the relatively low prevalence
since this study targeted asymptomatic individuals in Japan. There is
also the possibility of false positives due to cross-reaction with the sea-
sonal coronavirus strains [10]. Therefore, YHLO IgM might not be
suitable for the screening of healthy population in areas with a low
prevalence of COVID-19, including Japan as of 2020.

As for YHLO IgG, it was also well correlated with IgG-N, and it was
interesting that YHLO IgG elevated cases seemed to comprise a mixture
of IgG-S1 elevated and non-elevated cases (and IgG-RBD elevated and
non-elevated cases). The fact that those with a history of COVID-19 with
elevated YHLO IgG showed an increased IgG-S1 without any exceptions
made us speculate that an elevated YHLO IgG without an increased IgG-
S1 might be a false positive, although it is impossible to prove this
subgroup had no history of COVID-19.

We also measured Roche total Ig and Abbott IgG, which are run on a
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Table 4

Participants with a past history of COVID-19.

IgA-RBD
(AU/mL)

IgG-RBD

(AU/mL)

IgM-RBD
(AU/mL)

IgA- N IgM- S1 IgG- S1 IgA- S1

(AU/
mL)

IgG-N
(AU/
mL)

IgM- N
(AU/
mL)

Abbott IgG
(index (S/

YHLO IgG Roche

(AU/mL)

YHLO IgM

Diagnostic
method

days after

Sex

age

(AU/mL) (AU/mL)

(AU/mL)

total Ig
(Con

(AU/mL)

diagnosis

(years)

0.02
0.07
3.85
1.6

0.01
0.96
3.42
2.31
0.01
4.72
4.29
0.85
0.04
1.62
0.83
0.02

0.2

0.2
0.2

27
48

0.46

antigen

PCR
PCR

19
35

139.33
4.17

93.32
10.91

28.3

148.1
4.27

148.05
10.87

43.02
2.78

3.74
1.63

38.76
11

1.12
0.62

40.61 335

06
44

1.

18
40
42

4.99

6.1

13.96
0.19

0.

61

0.54
0.9

approx. 80

90

1.16

12.65
96.81

2.58

1.09
10.9

3.09 22.07

0.64
1.33

6.28
0.61

0.58
1.39

0.53

9.3
89.8

12.85
63.39
30

26
33
23
36
67

10.84
5.

9.47

6.47
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commercial basis in many countries including Japan. YHLO IgG and
Abbott IgG were well correlated, and Abbott brought us little additional
information when used with YHLO IgG. At a cutoff value of 5.0 AU/mL,
the elevated YHLO IgG cases included almost all cases with positive
Abbott IgG. Conversely, the combined use with Roche total Ig may
efficiently improve the YHLO IgG test. This is because it could select IgG-
S1 or IgG-RBD elevated cases with high sensitivity and specificity,
whereas the single use of Roche total Ig may not be suitable because it
measures various kinds of immunoglobulins. It was interesting that
Roche total Ig, which reacts to the N protein, could be a good marker of
the reactivity to the S1 or RBD proteins when used with YHLO IgG.

Some samples with a past history of COVID-19 showed no increase of
YHLO IgG; however, it should be emphasized that the results of Roche
total Ig or Abbott IgG were also negative in these cases. Previous reports
have revealed that IgG against SARS-CoV-2 gradually declined and
sometimes resulted in a seronegative result six months after infection
[17]. With the pandemic of the new coronavirus lasting for over a year,
caution should be applied in the interpretation of these findings.

Both YHLO IgM and IgG had a reproducibility of results after the
cryopreservation, although some of the YHLO IgM positive cases turned
clearly negative. There are several limitations in this study. First,
members of the University of Tokyo do not always reflect the population
of Tokyo or Japan. Second, because we did not perform SARS-COV-2
PCR tests or antigen tests, it is not possible to evaluate whether it is
truly positive or negative. This is a universal problem of seroepide-
miological studies; however, we performed follow-up blood collection in
some cases, and asked about a past history of COVID-19 using the
anonymous online questionnaire in order to solve at least a part of this
problem.

In conclusion, attention must be given to the interpretation of the
results of YHLO IgM and IgG in SARS-CoV-2 seroepidemiological studies
of asymptomatic subjects, especially for YHLO IgM. The combined use of
YHLO IgG and Roche total Ig could produce more reliable results in
seroepidemiological studies of SARS-CoV-2.
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