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Abstract 

Introduction: In this work, six SARS-CoV-2-specific antibody assays were evaluated, namely, two pan-immunoglob-
ulin (pan-Ig) assays [Roche Elecsys Anti-SARS-CoV-2 (named "Elecsys" in this study) and the PerkinElmer SuperFlex™ 
Anti-SARS-CoV-2 Ab Assay (SuperFlex_Ab)], two IgM assays [SuperFlex™ Anti-SARS-CoV-2 IgM Assay (SuperFlex_IgM) 
and YHLO iFlash-SARS-CoV-2 IgM (iFlash_IgM)], and two IgG assays [SuperFlex™ Anti-SARS-CoV-2 IgG Assay (Super-
Flex_IgG) and iFlash-SARS-CoV-2 IgG (iFlash_IgG)]. Combination assays of SuperFlex™ (SuperFlex_any) and iFlash 
(iFlash_any) were also evaluated.

Methods: A total of 438 residual serum samples from 54 COVID-19 patients in the COVID-19 group and 100 samples 
from individuals without evidence of SARS-CoV-2 infection in the negative control group were evaluated.

Results: In the early stage of COVID-19 infection, within 14 days of symptom onset, the seropositive rate was lower 
than that of the late stage 15 days after onset (65.4% vs 99.6%). In the total period, the pan-Ig and IgG assays had 
higher sensitivity (90.8–95.3%) than the IgM assays (36.5–40.7%). SuperFlex_Ab and SuperFlex_any had higher sensi-
tivity than Elecsys and SuperFlex_IgG (p < 0.05). The specificity of all the assays was 100%, except for SuperFlex_IgM 
(99.0%). The concordance rate between each assay was higher (96.4–100%) in the late stage than in the early stage 
(77.4–98.1%).

Conclusion: For the purpose of COVID-19 diagnosis, antibody testing should be performed 15 days after onset. 
For the purpose of epidemiological surveillance, highly sensitive assays should be used as much as possible, such as 
SuperFlex_Ab, iFlash_IgG and their combination. IgM assays were not suitable for these purposes.
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Introduction
Since the start of the coronavirus disease 2019 (COVID-
19) pandemic and its worldwide spread, the gold stand-
ard for diagnosis has been the identification of viral 
RNA by reverse-transcription polymerase chain reaction 
(RT-PCR) from nasal swabs, nasopharyngeal swabs, or 
saliva [1]. RT-PCR can detect the infectious severe acute 

respiratory syndrome coronavirus (SARS-CoV-2) virus 
itself with high sensitivity and specificity. However, false-
negative results can be obtained due to sampling errors, 
the sample collection site, swab type, timing of sample 
collection, skill of the laboratory staff, etc. [2].

Antibody testing for COVID-19 can be a complemen-
tary diagnostic tool to RT-PCR. Because seroconversion 
is generally observed 3 to 14 days after symptom onset, 
antibody testing is not suitable for the early diagnosis of 
COVID-19 [3]. However, it can be suitable for the fol-
lowing purposes: (1) the diagnosis of patients more than 
7 days after symptom onset, (2) the diagnosis of patients 
with a negative RT-PCR test but with strong suspicion of 
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COVID-19 infection, (3) contact tracing, (4) the deter-
mination of potential immunity, and (5) serosurveillance 
[4]. At present, many antibody assays for COVID-19 
are available and have been authorized by the U.S. Food 
and Drug Administration (FDA) under emergency use 
authorization (EUA) [5]. Although these assays have 
good sensitivity and specificity (87.9–100% sensitivity 
and 95.0–100% specificity for IgG), the sensitivity and 
specificity values are mainly determined 14  days from 
symptom onset or later. For the purpose of serosur-
veillance, it is desirable to select an antibody test that 
has good sensitivity and specificity not only for the late 
stage of COVID-19 infection but also the early stage so 
that seropositive cases of early-stage COVID-19 can be 
detected. Thus, we compared six assays and two combi-
nation assays, including one assay approved under EUA 
by the FDA, with the goal of identifying the assay(s) with 
the highest sensitivity and specificity.

Materials and methods
Study settings
Sera from two distinct groups, the COVID-19 group 
(COG) and the negative control group (NCG), were ana-
lyzed in this study. The COG samples were composed of 
a total of 438 residual serum samples from 54 COVID-
19 patients who were admitted to Kyoto University Hos-
pital, Kyoto, Japan from April 2020 to January 2021. All 
patients were confirmed to have COVID-19 infection 
by RT-PCR using saliva and/or nasopharyngeal swab 

samples. All patients were confirmed to have COVID-19 
infection by RT-PCR using saliva and/or nasopharyngeal 
swab samples, which were performed because individu-
als had symptoms of COVID-19 or were in close contact 
with COVID-19 patients [6]. The characteristics of these 
patients are shown in Table  1. The numbers of patients 
and samples and the timing of sample collection are 
shown in Table 2. The severity of COVID-19 was defined 
according to the World Health Organization (WHO) 
severity classification [7].

The NCG samples included 100 of 1589 randomly 
selected serum samples that were derived from regional 
epidemiological surveillance of COVID-19 from Septem-
ber 2020 to October 2020 in Kyoto City, Japan. None of 
the NCG group participants tested positive by RT-PCR 
or had evidence of COVID-19 infection.

Laboratory methods and antibody testing
Sera from patients and research participants were sepa-
rated after centrifugation and stored at − 80 °C in a deep 
freezer until analysis. The samples were analyzed using 
six assays from three manufacturers according to the 
manufacturer’s instructions, including calibration and 
quality control (QC) (Table  3). QC tests of each assay 
were performed using QC reagents supplied by each 
company [reciControl Anti-SARS-CoV-2 for Elecsys, 
provided QC reagents for SuperFlex (control 1 and con-
trol 2 are provided each assay kit), and 2019-nCovIgG 
Control 2019-nCovIgM Control for iFlash]. These 

Table 1 Demographic characteristics of patients in COVID-19 group

IQR, interquartile range; NA, data not available; MV, mechanical ventilation; ECMO, extra corporeal membrane oxygenation; ICU, intensive care unit

*Patients who were positive for at least one of SARS-CoV-2 specific antibody testing

Total COVID-19 patients
(n = 54)

Seropositive patients*
(n = 48)

Seronegative patients
(n = 6)

p value

Age, years old (IQR) 69.5 (57.25–82.5) 71 (57.75–83.5) 65.5 (57.3–73.8) 0.31

Sex, female (%) 13 (24.1%) 10 (20.8%) 5 (50.0%) 0.14

Severity, no. (%) < 0.01

Critical 21 (38.9%) 21 (43.8%) 0 (0%) 0.07

Severe 17 (31.5%) 16 (33.3%) 1 (16.7%) 0.65

Moderate 9 (16.7%) 7 (14.6%) 2 (33.3%) 0.26

Mild 5 (9.3%) 2 (4.2%) 3 (50.0%) < 0.01

Asymptomatic 2 (3.7%) 2 (4.2%) 0 (0%) 1.00

Respiratory support, no. (%) < 0.01

MV and ECMO 5 (9.3%) 5 (10.4%) 0 (0%) 1.00

MV 14 (25.9%) 14 (29.2%) 0 (0%) 0.32

None or oxygen 35 (64.8%) 29 (60.4%) 6 (100%) 0.08

Administration

Collected samples, no. (IQR) 5 (3–9) 7 (3–10.25) 2 (2–2.75) < 0.01

Days of serum sample collection from 
onset, median days (IQR)

18 (12–39) 19 (12–40) 6 (3–10) < 0.01



Page 3 of 9Yamamoto et al. Virology Journal           (2022) 19:24  

Ta
bl

e 
2 

Pa
tie

nt
s 

an
d 

Sa
m

pl
es

 a
na

ly
ze

d 
in

 th
is

 s
tu

dy
, a

nd
 re

su
lt 

of
 e

ac
h 

as
sa

y 
in

 e
ac

h 
pe

rio
d

*P
at

ie
nt

s 
w

ho
 w

er
e 

po
si

tiv
e 

fo
r a

t l
ea

st
 o

ne
 o

f S
A

RS
-C

oV
-2

 s
pe

ci
fic

 a
nt

ib
od

y 
te

st
in

g

**
Sa

m
pl

es
 w

ith
 p

os
iti

ve
 re

su
lt 

fo
r a

t l
ea

st
 o

ne
 o

f S
A

RS
-C

oV
-2

 s
pe

ci
fic

 a
nt

ib
od

y 
te

st
in

g
†  T

he
 S

up
er

Fl
ex

_a
ny

 is
 th

e 
as

sa
y 

co
m

bi
ne

d 
w

ith
 S

up
er

Fl
ex

_A
b,

 S
up

er
Fl

ex
_I

gM
, a

nd
 S

up
er

Fl
ex

_I
gG

#  T
he

 iF
la

sh
_a

ny
 is

 th
e 

as
sa

y 
co

m
bi

ne
d 

w
ith

 iF
la

sh
_I

gM
 a

nd
 iF

la
sh

_I
gG

D
ay

s 
fr

om
 

sy
m

pt
om

 
on

se
t

To
ta

l 
pa

tie
nt

s,
 

no

Se
ro

po
si

tiv
e 

pa
tie

nt
s*

, 
no

. (
%

)

To
ta

l 
co

lle
ct

ed
 

sa
m

pl
es

, n
o

Sa
m

pl
es

 
w

ith
 p

os
iti

ve
 

re
su

lt*
*,

 n
o.

 
(%

)

El
ec

sy
s,

 n
o.

 
(%

)
Su

pe
rF

le
x_

A
b,

 n
o.

 (%
)

Su
pe

rF
le

x_
Ig

M
, n

o.
 

(%
)

Su
pe

rF
le

x_
Ig

G
, n

o.
 (%

)
Su

pe
rF

le
x_

an
y†

, n
o.

 
(%

)

iF
la

sh
_I

gM
, 

no
. (

%
)

iF
la

sh
_I

gG
, 

no
. (

%
)

iF
la

sh
_a

ny
# , 

no
. (

%
)

D
ay

 1
–7

23
14

 (6
0.

9%
)

53
24

 (4
5.

3%
)

16
 (3

0.
2%

)
18

 (3
4.

0%
)

3 
(5

.7
%

)
11

 (2
0.

8%
)

18
 (3

4.
0%

)
8 

(1
5.

1%
)

19
 (3

5.
8%

)
19

 (3
5.

8%
)

D
ay

 8
–1

4
39

32
 (8

2.
1%

)
10

9
82

 (7
5.

2%
)

66
 (6

0.
6%

)
69

 (6
3.

3%
)

18
 (1

6.
5%

)
61

 (5
6.

0%
)

71
 (6

5.
1%

)
34

 (3
1.

2%
)

71
 (6

5.
1%

)
71

 (6
5.

1%
)

D
ay

 1
–1

4 
to

ta
l

62
46

 (7
4.

2%
)

16
2

10
6 

(6
5.

4%
)

82
 (5

0.
6%

)
87

 (5
3.

7%
)

21
 (1

3.
0%

)
72

 (4
4.

4%
)

89
 (5

4.
9%

)
42

 (2
5.

9%
)

90
 (5

5.
6%

)
90

 (5
5.

6%
)

D
ay

 1
5–

21
29

29
 (1

00
%

)
78

77
 (9

8.
7%

)
76

 (9
7.

4%
)

76
 (9

7.
4%

)
47

 (6
0.

3%
)

76
 (9

7.
4%

)
76

 (9
7.

4%
)

50
 (6

4.
1%

)
77

 (9
8.

7%
)

77
 (9

8.
7%

)

D
ay

 2
2–

28
19

19
 (1

00
%

)
45

45
 (1

00
%

)
45

 (1
00

%
)

45
 (1

00
%

)
33

 (7
3.

3%
)

45
 (1

00
%

)
45

 (1
00

%
)

37
 (8

2.
2%

)
45

 (1
00

%
)

45
 (1

00
%

)

D
ay

 2
9–

56
15

15
 (1

00
%

)
80

80
 (1

00
%

)
74

 (9
2.

5%
)

80
 (1

00
%

)
35

 (4
3.

8%
)

80
 (1

00
%

)
80

 (1
00

%
)

25
 (3

1.
3%

)
80

 (1
00

%
)

80
 (1

00
%

)

D
ay

 5
7–

84
6

6 
(1

00
%

)
20

20
 (1

00
%

)
20

 (1
00

%
)

20
 (1

00
%

)
3 

(1
5.

0%
)

20
 (1

00
%

)
20

 (1
00

%
)

1 
(5

.0
%

)
20

 (1
00

%
)

20
 (1

00
%

)

D
ay

 8
5–

11
2

1
1 

(1
00

%
)

12
12

 (1
00

%
)

12
 (1

00
%

)
12

 (1
00

%
)

0 
(0

%
)

12
 (1

00
%

)
12

 (1
00

%
)

0 
(0

%
)

12
 (1

00
%

)
12

 (1
00

%
)

D
ay

 1
13

–1
40

2
2 

(1
00

%
)

14
14

 (1
00

%
)

14
 (1

00
%

)
14

 (1
00

%
)

0 
(0

%
)

14
 (1

00
%

)
14

 (1
00

%
)

0 
(0

%
)

14
 (1

00
%

)
14

 (1
00

%
)

D
ay

 1
41

–1
82

2
2 

(1
00

%
)

27
27

 (1
00

%
)

25
 (9

2.
6%

)
27

 (1
00

%
)

0 
(0

%
)

27
 (1

00
%

)
27

 (1
00

%
)

0 
(0

%
)

22
 (8

1.
5%

)
22

 (8
1.

5%
)

D
ay

 1
5–

18
2 

to
ta

l
74

74
 (1

00
%

)
27

6
27

5 
(9

9.
6%

)
26

6 
(9

6.
4%

)
27

4 
(9

9.
3%

)
11

8 
(4

2.
8%

)
27

4 
(9

9.
3%

)
27

4 
(9

9.
3%

)
11

3 
(4

0.
9%

)
27

0 
(9

7.
8%

)
27

0 
(9

7.
8%

)

To
ta

l
13

6
12

0 
(8

8.
2%

)
43

8
38

1 
(8

7.
0%

)
34

8 
(7

9.
5%

)
36

1 
(8

2.
4%

)
13

9 
(3

1.
7%

)
34

6 
(7

9.
0%

)
36

3 
(8

2.
9%

)
15

5 
(3

5.
4%

)
36

0 
(8

2.
2%

)
36

0 
(8

2.
2%

)



Page 4 of 9Yamamoto et al. Virology Journal           (2022) 19:24 

assays consisted of two pan-immunoglobulin (pan-Ig) 
assays [Roche Elecsys Anti-SARS-CoV-2 (named “Elec-
sys” in this study) and PerkinElmer SuperFlex™ Anti-
SARS-CoV-2 Ab Assay (SuperFlex_Ab)], two IgM assays 
[SuperFlex™ Anti-SARS-CoV-2 IgM Assay (SuperFlex_
IgM) and YHLO iFlash-SARS-CoV-2 IgM (iFlash_IgM)], 
and two IgG assays [SuperFlex™ Anti-SARS-CoV-2 IgG 
Assay (SuperFlex_IgG) and iFlash-SARS-CoV-2 IgG 
(iFlash_IgG)]. Elecsys is approved under EUA by the US 
FDA and marked with CE-in vitro-diagnostic medical 
devices (IVDs), and it has 100% sensitivity [95% confi-
dence interval (CI): 88.3–100%] and 99.8% specificity 
(95% CI: 99.7–99.9%) [5]. SuperFlex_IgG, iFlash_IgM, 
and iFlash_IgG are also marked with CE-IVD. Informa-
tion about the measurement method and target antigens 
of these assays is also shown in Table  3. Furthermore, 
we evaluated two combination assays: “SuperFlex_any”, 
which is a combination of SuperFlex_Ab, SuperFlex_IgM, 
and SuperFlex_IgG, and “iFlash_any”, which is an iFlash_
IgM and iFlash_IgG combination. At present, there is 
no standard method available for SARS-CoV-2 antibody 
testing for diagnosis and serosurveillance. Therefore, if 
seroconversion was observed and at least one of these 
assays was positive, SARS-CoV-2 antibody testing was 
defined as seropositive in this study.

Statistical analysis
All statistical analyses were performed using R version 
4.0.3 [8]. A p-value of < 0.05 was considered statistically 
significant. Fisher’s exact test was used to compare cat-
egorical variables. Mann–Whitney U-test was used to 
compare ordinal or continuous variables. McNemar’s 
exact test was used to compare the sensitivities between 
each assay. To observe agreement, the agreement rate, 
Cohen’s kappa, and Gwet’s AC1 were calculated between 

each assay, with the exception of IgM assays, which have 
obviously lower positivity rates than the other assays [9].

Results
Patients and samples
Among the 54 patients in the COG, the median age was 
69.5  years old [interquartile range (IQR) 57.25–82.5], 
and 24.1% were female (Table 1). Most of these patients 
were seriously ill, as follows: 38.9% were in a critical state, 
and 31.5% were in a severe state. Both mechanical ven-
tilation (MV) and extracorporeal membrane oxygenation 
(ECMO) were used in 9.3% of patients, and MV without 
ECMO was used in 25.9%. Seroconversion was observed 
in 48 (88.9%) of 54 patients, who were defined as sero-
positive patients (Table  1). During the study period, a 
total of 438 serum samples were analyzed, among which 
381 samples (87.0%) were positive in at least one of the 
COVID-19 antibody assays. The NCG included 100 ran-
domly selected participants from 1589 regional epide-
miological studies. They were essential workers in Kyoto 
City, Japan [median age: 43  years old (IQR 33–49.5), 
female: 41%]. All their SARS-CoV-2 RT-PCR tests were 
negative, and they had no evidence of COVID-19 infec-
tion, such as clinical manifestations and close contact 
with COVID-19 patients.

Positivity rate among serum samples of COVID-19 patients
The positivity rate of antibody testing among serum 
samples of the COG varied according to the days after 
symptom onset and the assay (Fig. 1). In the early stage of 
COVID-19, within 14 days of symptom onset, the posi-
tivity rate was lower than that in the late stage, at 15 days 
after onset (65.4% vs 99.6%). The IgM assays had lower 
positivity rates than the other assays, including the pan-
Ig, IgG, and combination assays. The highest positivity 
rates among the IgM assays occurred between day 22 and 

Table 3 Assays for SARS-CoV-2 antibody testing used in this study

FDA, Food and Drug Administration; EUA, Emergency Use Authoraization; ECLIA, electro chemiluminescence immunoassay; CLIA, chemiluminescent immunoassay; N, 
nucleocapsid protein; S, spike protein; Pan-Ig, Pan-immunogulobulin

Assay name (in this study) Manufacturer (using 
instrument)

Measurement 
method

Target protein Immunoglobulin 
class

FDA EUA CE-IVD

1 Elecsys Anti-SARS-CoV-2 (Elecsys) Roche (Cobas e602) ECLIA N Pan-Ig (+) (+)

2 SuperFlex™ Anti-SARS-CoV-2 Ab 
Assay (SuperFlex_Ab)

PerkinElmer (SuperFlex) CLIA S Pan-Ig (−) (−)

3 SuperFlex™ Anti-SARS-CoV-2 IgM 
Assay (SuperFlex_IgM)

PerkinElmer (SuperFlex) CLIA N and S IgM (−) (−)

4 SuperFlex™ Anti-SARS-CoV-2 IgG 
Assay (SuperFlex_IgG)

PerkinElmer (SuperFlex) CLIA S IgG (−) (+)

5 iFlash-SARS-CoV-2 IgM (iFlash_
IgM)

Shenzhen YHLO (iFlash 3000) CLIA N and (S) IgM (−) (+)

6 iFlash-SARS-CoV-2 IgG (iFlash_
IgG)

Shenzhen YHLO (iFlash 3000) CLIA N and (S) IgG (−) (+)
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day 28 after onset, at 76.7% (SuperFlex_IgM) and 86.0% 
(iFlash_IgM). Fifteen days after onset, almost all pan-Ig 
and IgG assays revealed positive results (92.5–100%).

Sensitivity, specificity, positive predictive value, and 
negative predictive value
The sensitivity, specificity, positive predictive value 
(PPV), and negative predictive value (NPV) of the assays 
are shown in Table  4. In general, the pan-Ig, IgG, and 
combination assays had good sensitivities, specificities, 
PPVs and NPVs. Similar to the positivity rate, the sen-
sitivities in the early stage were lower than those in the 
late stage. In each stage, IgM assays had lower sensitivi-
ties than other assays. Then, we compared pan-Ig assays 
(Elecsys and SuperFlex_Ab), IgG assays (SuperFlex_IgG 
and iFlash_IgG), and combination assays (SuperFlex_
any and iFlash_any). In the total period, SuperFlex_Ab 
and SuperFlex_any had higher sensitivities than Elecsys 
and SuperFlex_IgG (p < 0.05, Fig.  2a)). iFlash_IgG and 
iFlash_any also had higher sensitivities than SuperFlex_
IgG (p = 0.02). The specificity of all the assays was 100%, 
except for SuperFlex_IgM (99.0%), and this result affected 
the specificity of SuperFlex_any. In the early stage, Super-
Flex_Ab, SuperFlex_any, iFlash_IgG, and iFlash_any 
had relatively higher sensitivity (82.1–84.9%). In the late 
stage, the concordance rate between each assay was high 
(96.4–100%, Fig.  3), and the results of Gwet’s AC1 also 
supported this finding. However, in the early stage, the 
concordance rate between each assay was likely to be low 
(77.4–98.1%).

Discussion
The six assays and two combination assays for COVID-19 
antibody testing were compared using 438 serum sam-
ples from 54 confirmed COVID-19 patients and 100 sam-
ples from COVID-19-negative individuals in this study. 
The 2 pan-Ig assays (Elecsys and SuperFlex_Ab), two IgG 
assays (SuperFlex_IgG and iFlash_IgG), and two combi-
nation assays (SuperFlex_any and iFlash_any) had high 
sensitivities, specificities, PPVs and NPVs. Moreover, the 
positivity rates of these assays among COVID-19-con-
firmed patients were also high, especially 15  days after 
symptom onset. On the other hand, the positivity rates 
and sensitivities of the IgM assays (SuperFlex_IgM and 
iFlash_IgM) were lower than those of the pan-Ig assays, 
IgG assays, and combination assays in each period. At 
least in this study, there was no evidence that the IgM 
assays were superior to the pan-Ig or IgG assays. There-
fore, pan-Ig assays, IgG assays and combination assays 
are all considered appropriate for both epidemiological 
studies and clinical use.

Although the usefulness of antibody testing for SARS-
CoV-2 remains controversial, the CDC suggests its 
importance for public health and clinical use, e.g., for 
monitoring and responding to the COVID-19 pandemic 
[10]. They recommend choosing an assay with very high 
sensitivity and specificity. PerkinElmer SuperFlex™ con-
tains 3 assays, pan-Ig, IgG, and IgM assays, and the pan-
Ig and IgG assays have high sensitivities and remarkably 
high specificities. SuperFlex™ can also be used with the 
orthogonal testing algorithm. Therefore, SuperFlex™ is a 
feasible way to adhere to the CDC’s recommendation.

Fifteen days after onset, pan-Ig assays, IgG assays and 
combination assays were positive, with a high positivity 
rate. On the other hand, in the early clinical stage, the 

Fig. 1 The positivity rate of each assay on each day from symptom onset. a The positivity rate of the pan-immunoglobulin assays [Elecsys (orange 
line) and SuperFlex_Ab (cyan line)] and combination assays [SuperFlex_any (purple line) and iFlash_any (red line)]. b The positivity rate of the IgM 
assays [SuperFlex_IgM (aqua line) and iFlash_IgM (pink line)] and IgG assays [SuperFlex_IgG (purple line) and iFlash_IgG (red line)]
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positivity rate was low, and the concordance rate varied 
depending on the assay. These tendencies have also been 
observed in former studies [11–13]. In particular, Super-
Flex_Ab and SuperFlex_any had significantly higher 
sensitivities than Elecsys—one of the FDA EUA assays. 
SuperFlex_Ab, SuperFlex_any, iFlash_IgG, and iFlash_
any demonstrated the same performance in detecting 
SARS-CoV-2-specific antibodies and had relatively high 
sensitivity, even in the early stage. Increased sensitivity in 
the early stage is a great benefit for clinical diagnosis and 
serosurveillance. Although pan-Ig assays and IgG assays 
had good sensitivities relative to other than IgM assays, 
their performance in the early stage was suboptimal.

There remains no gold standard for COVID-19 anti-
body testing. One feasible strategy is to evaluate antibody 
assays using neutralizing antibodies as the standard. Of 
course, for the evaluation of convalescent plasma and 
vaccination, neutralizing assays should be used as the 

standard. However, for SARS-CoV-2-specific antibody 
testing assays, as used in this study, the sensitivity of 
antibody detection could be higher than that for neutral-
izing antibody testing for diagnosis. Moreover, the proce-
dures are more complex for neutralizing assays than for 
antibody testing. Therefore, from a standpoint of sero-
prevalence, SARS-CoV-2-specific antibodies instead of 
neutralizing antibodies could be more easily detected and 
appropriate for study. Therefore, we defined seropositive 
as an antibody-positive result obtained from at least one 
assay among seroconversion-observed patients. However, 
this strategy may cause false-positive results. Each assay 
is a semiquantitative assay, and the antibody titer can 
increase. Even if only one positive result was obtained 
from one patient, the other assays could reveal a lower 
antibody titer increase that is below the cutoff level. In 
the early stage, between day 1 and day 14 after symptom 
onset, SuperFlex_Ab, SuperFlex_any, and iFlash_IgG had 

Table 4 Sensitivity, specificity, positive predicted value, and negative predicted value

PPV, positive predicted value; NPV, negative predicted value; CI, confidence interval

*The SuperFlex_any is the assay combined with SuperFlex_Ab, SuperFlex_IgM, and SuperFlex_IgG
#  The iFlash_any is the assay combined with iFlash_IgM and iFlash_IgG

Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI)

Total

Elecsys 91.3% (88.1–94.0%) 100% (96.4–100%) 100% (98.9–100%) 75.2% (67.0–82.3%)

SuperFlex_Ab 94.8% (92.0–96.8%) 100% (96.4–100%) 100% (99.0–100%) 83.3% (75.4–89.5%)

SuperFlex_IgM 36.5% (31.6–41.5%) 99.0% (94.6–100%) 99.3% (96.1–100%) 29.0% (24.3–34.2%)

SuperFlex_IgG 90.8% (87.5–93.5%) 100% (96.4–100%) 100% (98.9–100%) 74.1% (65.8–81.2%)

SuperFlex_any* 95.3% (92.6–97.2%) 99.0% (94.6–100%) 99.7% (98.5–100%) 84.6% (76.8–90.6%)

iFlash_IgM 40.7% (35.7–45.8%) 100% (96.4–100%) 100% (97.6–100%) 30.7% (25.7–36.0%)

iFlash_IgG 94.5% (91.7–96.6%) 100% (96.4–100%) 100% (99.0–100%) 82.6% (74.7–88.9%)

iFlash_any# 94.5% (91.7–96.6%) 100% (96.4–100%) 100% (99.0–100%) 82.6% (74.7–88.9%)

Day 1–14

Elecsys 77.4% (68.2–84.9%) 100% (96.4–100%) 100% (95.6–100%) 80.6% (72.6–87.2%)

SuperFlex_Ab 82.1% (73.4–88.8%) 100% (96.4–100%) 100% (95.8–100%) 84.0% (76.2–90.1%)

SuperFlex_IgM 19.8% (12.7–28.7%) 99.0% (94.6–100%) 95.5% (77.2–99.9%) 53.8% (46.3–61.2%)

SuperFlex_IgG 67.9% (58.2–76.7%) 100% (96.4–100%) 100% (95.0–100%) 74.6% (66.4–81.7%)

SuperFlex_any* 84.0% (75.6–90.4%) 99.0% (94.6–100%) 98.9% (94.0–100%) 85.3% (77.6–91.2%)

iFlash_IgM 39.6% (30.3–49.6%) 100% (96.4–100%) 100% (91.6–100%) 61.0% (53.1–68.5%)

iFlash_IgG 84.9% (76.6–91.1%) 100% (96.4–100%) 100% (96.0–100%) 86.2% (78.6–91.9%)

iFlash_any# 84.9% (76.6–91.1%) 100% (96.4–100%) 100% (96.0–100%) 86.2% (78.6–91.9%)

Day 15–182

Elecsys 96.7% (93.9–98.5%) 100% (96.4–100%) 100% (98.6–100%) 91.7% (84.9–96.2%)

SuperFlex_Ab 99.6% (98.0–100%) 100% (96.4–100%) 100% (98.7–100%) 99.0% (94.6–100%)

SuperFlex_IgM 42.9% (37.0–49.0%) 99.0% (94.6–100%) 99.2% (95.4–100%) 38.7% (32.7–44.9%)

SuperFlex_IgG 99.6% (98.0–100%) 100% (96.4–100%) 100% (98.7–100%) 99.0% (94.6–100%)

SuperFlex_any* 99.6% (98.0–100%) 99.0% (94.6–100%) 99.6% (98.0–100%) 99.0% (94.6–100%)

iFlash_IgM 41.1% (35.2–47.2%) 100% (96.4–100%) 100% (96.8–100%) 38.2% (32.3–44.3%)

iFlash_IgG 98.2% (95.8–99.4%) 100% (96.4–100%) 100% (98.6–100%) 95.2% (89.2–98.4%)

iFlash_any# 98.2% (95.8–99.4%) 100% (96.4–100%) 100% (98.6–100%) 95.2% (89.2–98.4%)
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approximately 80% sensitivity. As described in a previous 
study, it is difficult to determine the optimal assay for the 
detection of SARS-CoV-2-specific antibodies during this 
period [11–13]. Fifteen days after symptom onset, the 
pan-Ig, IgG assays, and combination assays had remark-
ably high sensitivities, and no significant difference was 
found among them.

This study has several limitations, which should be 
acknowledged. First, the COG in this study included 
mainly COVID-19 patients hospitalized with severe 
illness and a small number of mild or asymptomatic 
patients. Some studies described negative results for 
antibody testing among patients who were asympto-
matic or who had mild disease [14]. The patient char-
acteristics widely differed, and the timing of blood 
sample collection could not be matched. Second, this 
study population included a relatively small number 
of patients at 56  days after onset. Further evaluation 
is needed to understand how long antibodies can be 
detected among COVID-19 patients. Third, a neutral-
izing antibody assay could not be performed. There-
fore, it remains uncertain whether the antibody tests 
analyzed in this study can be correlated with that of 

neutralizing assays. Finally, the SARS-CoV-2 antibody 
assay that targets the spike protein cannot distinguish 
between antibodies derived from infection and vacci-
nation. However, it remains valid for testing individu-
als who have not been vaccinated and for screening use 
for SARS-CoV-2 antibody detection. For instance, the 
SuperFlex™ assay can be performed easily and has a 
short turn-around time (15 min). Among the post-vac-
cinated cohort, antibody assays that target the nucle-
ocapsid protein or envelope protein are appropriate for 
diagnosing COVID-19 infection.

In summary, within 14  days of symptom onset, the 
positivity rate of SARS-CoV-2 antibody testing was rel-
atively low compared with 15 days after onset. During 
the late stage of infection, the sensitivities of pan-Ig, 
IgG and combination assays are very high. However, in 
the early stage, the sensitivities vary among the assays. 
The pan-Ig assays, the SuperFlex™ combination assay 
and the IgG and iFlash combination assays were more 
sensitive than the Elecsys pan-Ig assay approved under 
EUA by the FDA. For the diagnosis of COVID-19, anti-
body testing should be performed 15  days after onset. 
For epidemiological surveillance, assays with high 

Fig. 2 McNemar’s exact test was used to compare each assay (pan-Ig assays and IgG assays). An asterisk indicates significantly different 
performance
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sensitivity, even if in the early stage, should be used, 
such as SuperFlex_Ab, iFlash_IgG, and their combina-
tion. IgM assays were not suitable for these purposes.

Acknowledgements
This work was supported by the COVID-19 Private Fund (to the Shinya 
Yamanaka Laboratory, CiRA, Kyoto University). We thank Hiromi Inoue and 
Takeshi Ikeda, from the Public Health and Welfare Bureau of Kyoto City, for 
their kind support of regional epidemiological surveillance.

Authors’ contributions
MY: Conceptualization, Methodology, Investigation, Data curation, Writ-
ing—original draft. KO: Investigation. YK: Investigation. KS: Investigation. SY: 
Investigation. TN: Investigation. MT: Investigation. YM: Investigation, Writing—
original draft. YN: Investigation. MN: Writing—original draft. All authors read 
and approved the final manuscript.

Availability of data and materials
All data supporting the conclusions of this article are included in this article.

Declarations

Ethics approval and consent to participate
This study was performed according to the principles outlined in the Declara-
tion of Helsinki. The Ethics Committee of Kyoto University Graduate School 
and Faculty of Medicine approved this study (R2379) and waived the need 
to obtain informed consent from each patient in the COG. The regional 

epidemiological study in Kyoto City was also approved by the ethics commit-
tee (R2523), and informed consent was obtained from each participant.

Consent for publication
Not applicable.

Competing interests
All authors declare that they have no competing interests.

Author details
1 Department of Clinical Laboratory Medicine, Kyoto University Graduate 
School of Medicine, 54 Shogoin-Kawaharacho, Sakyo-ku, Kyoto 606-8507, 
Japan. 2 Department of Clinical Laboratory, Kyoto University Hospital, 54 
Shogoin-Kawaharacho, Sakyo-ku, Kyoto 606-8507, Japan. 

Received: 2 June 2021   Accepted: 24 January 2022

References
 1. Wiersinga WJ, Rhodes A, Cheng AC, Peacock SJ, Prescott HC. *Pathophysi-

ology, transmission, diagnosis, and treatment of coronavirus disease 2019 
(COVID-19): a review. JAMA. 2020;324:782–93. https:// doi. org/ 10. 1001/ 
jama. 2020. 12839.

 2. Wikramaratna PS, Paton RS, Ghafari M, Lourenço J. *Estimating the false-
negative test probability of SARS-CoV-2 by RT-PCR. Eurosurveillance. 
2020. https:// doi. org/ 10. 2807/ 1560- 7917. ES. 2020. 25. 50. 20005 68.

Fig. 3 The agreement of each assay using the concordance rate and Gwet’s AC1. a-1–c-1 show the results of the concordance rate between each 
assay in each period. a-2–c-2 show the results of Gwet’s AC1 (95% confidence interval)

https://doi.org/10.1001/jama.2020.12839
https://doi.org/10.1001/jama.2020.12839
https://doi.org/10.2807/1560-7917.ES.2020.25.50.2000568


Page 9 of 9Yamamoto et al. Virology Journal           (2022) 19:24  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 3. Wang H, Ai J, Loeffelholz MJ, Tang Y-W, Zhang W. Meta-analysis of 
diagnostic performance of serology tests for COVID-19: impact of assay 
design and post-symptom-onset intervals. Emerg Microbes Infect. 
2020;9:2200–11. https:// doi. org/ 10. 1080/ 22221 751. 2020. 18263 62.

 4. Mohit E, Rostami Z, Vahidi H. *A comparative review of immunoassays for 
COVID-19 detection. Expert Rev Clin Immunol. 2021. https:// doi. org/ 10. 
1080/ 17446 66X. 2021. 19088 86.

 5. for D C, Health R. EUA Authorized Serology Test Performance, FDA. 2021. 
https:// www. fda. gov/ medic al- devic es/ coron avirus- disea se- 2019- covid- 
19- emerg ency- use- autho rizat ions- medic al- devic es/ eua- autho rized- serol 
ogy- test- perfo rmance. Accessed May 17 2021.

 6. Matsumura Y, Shimizu T, Noguchi T, Nakano S, Yamamoto M, Nagao M. 
Comparison of 12 molecular detection assays for severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2). J Mol Diagn. 2020. https:// doi. org/ 
10. 1016/j. jmoldx. 2020. 11. 007.

 7. WHO. Clinical management of COVID-19: interim guidance, 2021. 2020. 
https:// apps. who. int/ iris/ bitst ream/ handle/ 10665/ 332196/ WHO- 2019- 
nCoV- clini cal- 2020.5- eng. pdf? seque nce= 1& isAll owed=y.

 8. R Core Team. R: a language and environment for statistical computing. 
2020. https:// www.R- proje ct. org/.

 9. Gwet K. Kappa statistic is not satisfactory for assessing the extent of 
agreement between raters. Stat Methods Inter Rater Reliab Assess. 
2002;1:1–6.

 10. CDC. Antibody Testing Interim Guidelines, 2021. n.d. https:// www. cdc. 
gov/ coron avirus/ 2019- ncov/ lab/ resou rces/ antib ody- tests- guide lines. 
html.

 11. Whitman JD, Hiatt J, Mowery CT, Shy BR, Yu R, Yamamoto TN, Rathore U, 
Goldgof GM, Whitty C, Woo JM, Gallman AE, Miller TE, Levine AG, Nguyen 
DN, Bapat SP, Balcerek J, Bylsma SA, Lyons AM, Li S, Wong AW, Gillis-Buck 
EM, Steinhart ZB, Lee Y, Apathy R, Lipke MJ, Smith JA, Zheng T, Boothby 
IC, Isaza E, Chan J, Acenas DD, Lee J, Macrae TA, Kyaw TS, Wu D, Ng DL, Gu 
W, York VA, Eskandarian HA, Callaway PC, Warrier L, Moreno ME, Levan J, 
Torres L, Farrington LA, Loudermilk RP, Koshal K, Zorn KC, Garcia-Beltran 
WF, Yang D, Astudillo MG, Bernstein BE, Gelfand JA, Ryan ET, Charles RC, 
Iafrate AJ, Lennerz JK, Miller S, Chiu CY, Stramer SL, Wilson MR, Manglik 
A, Ye CJ, Krogan NJ, Anderson MS, Cyster JG, Ernst JD, Wu AHB, Lynch 
KL, Bern C, Hsu PD, Marson A. Evaluation of SARS-CoV-2 serology assays 
reveals a range of test performance. Nat Biotechnol. 2020;38:1174–83. 
https:// doi. org/ 10. 1038/ s41587- 020- 0659-0.

 12. Wölfel R, Corman VM, Guggemos W, Seilmaier M, Zange S, Müller MA, 
Niemeyer D, Jones TC, Vollmar P, Rothe C, Hoelscher M, Bleicker T, 
Brünink S, Schneider J, Ehmann R, Zwirglmaier K, Drosten C, Wendtner C. 
Virological assessment of hospitalized patients with COVID-2019. Nature. 
2020;581:465–9. https:// doi. org/ 10. 1038/ s41586- 020- 2196-x.

 13. Long Q-X, Liu B-Z, Deng H-J, Wu G-C, Deng K, Chen Y-K, Liao P, Qiu J-F, Lin 
Y, Cai X-F, Wang D-Q, Hu Y, Ren J-H, Tang N, Xu Y-Y, Yu L-H, Mo Z, Gong F, 
Zhang X-L, Tian W-G, Hu L, Zhang X-X, Xiang J-L, Du H-X, Liu H-W, Lang 
C-H, Luo X-H, Wu S-B, Cui X-P, Zhou Z, Zhu M-M, Wang J, Xue C-J, Li X-F, 
Wang L, Li Z-J, Wang K, Niu C-C, Yang Q-J, Tang X-J, Zhang Y, Liu X-M, Li 
J-J, Zhang D-C, Zhang F, Liu P, Yuan J, Li Q, Hu J-L, Chen J, Huang A-L. 
Antibody responses to SARS-CoV-2 in patients with COVID-19. Nat Med. 
2020;26:845–8. https:// doi. org/ 10. 1038/ s41591- 020- 0897-1.

 14. Long Q-X, Tang X-J, Shi Q-L, Li Q, Deng H-J, Yuan J, Hu J-L, Xu W, Zhang Y, 
Lv F-J, Su K, Zhang F, Gong J, Wu B, Liu X-M, Li J-J, Qiu J-F, Chen J, Huang 
A-L. Clinical and immunological assessment of asymptomatic SARS-
CoV-2 infections. Nat Med. 2020;26:1200–4. https:// doi. org/ 10. 1038/ 
s41591- 020- 0965-6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1080/22221751.2020.1826362
https://doi.org/10.1080/1744666X.2021.1908886
https://doi.org/10.1080/1744666X.2021.1908886
https://www.fda.gov/medical-devices/coronavirus-disease-2019-covid-19-emergency-use-authorizations-medical-devices/eua-authorized-serology-test-performance
https://www.fda.gov/medical-devices/coronavirus-disease-2019-covid-19-emergency-use-authorizations-medical-devices/eua-authorized-serology-test-performance
https://www.fda.gov/medical-devices/coronavirus-disease-2019-covid-19-emergency-use-authorizations-medical-devices/eua-authorized-serology-test-performance
https://doi.org/10.1016/j.jmoldx.2020.11.007
https://doi.org/10.1016/j.jmoldx.2020.11.007
https://apps.who.int/iris/bitstream/handle/10665/332196/WHO-2019-nCoV-clinical-2020.5-eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/332196/WHO-2019-nCoV-clinical-2020.5-eng.pdf?sequence=1&isAllowed=y
https://www.R-project.org/
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antibody-tests-guidelines.html
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antibody-tests-guidelines.html
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antibody-tests-guidelines.html
https://doi.org/10.1038/s41587-020-0659-0
https://doi.org/10.1038/s41586-020-2196-x
https://doi.org/10.1038/s41591-020-0897-1
https://doi.org/10.1038/s41591-020-0965-6
https://doi.org/10.1038/s41591-020-0965-6

	Comparison of six antibody assays and two combination assays for COVID-19
	Abstract 
	Introduction: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Study settings
	Laboratory methods and antibody testing
	Statistical analysis

	Results
	Patients and samples
	Positivity rate among serum samples of COVID-19 patients
	Sensitivity, specificity, positive predictive value, and negative predictive value

	Discussion
	Acknowledgements
	References


