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ABSTRACT
Objectives  Rapid antigen tests have been used to prevent 
the spread of the COVID-19; however, there have been 
concerns about their decreased sensitivity to the Omicron 
variant. In this study, we assessed the sensitivity and 
specificity of the rapid antigen test compared with the PCR 
test among the players and staff members of the Japan 
Professional Football League and clubs. Furthermore, we 
evaluated the relationship between the sensitivity and the 
duration from the onset of symptoms to testing or vaccine 
status.
Design  This was a retrospective observational study.
Methods  We used 656 results from both the rapid antigen 
and PCR tests for COVID-19 using samples collected on 
the same day from 12 January to 2 March 2022, during 
the Omicron variant outbreak in Japan.
Results  The sensitivity of the rapid antigen test compared 
with the PCR test was 0.63 (95% CI: 0.53 to 0.73) and the 
specificity was 0.998 (95% CI: 0.995 to 1.000). There were 
no significant associations between the sensitivity and the 
duration from the onset of symptoms to testing (including 
asymptomatic cases in the category) or vaccination status 
(p>0.05) with small effect sizes (Cramer’s V or φ: ≤0.22).
Conclusions  Even during the Omicron outbreak, the 
sensitivity of the rapid antigen tests did not depend on the 
duration from the onset of symptoms to testing.

INTRODUCTION
To prevent the spread of the COVID-19, active 
testing has been used to identify and isolate 
infected individuals, especially in populations 
at high risk of infection.1 Among the various 
testing methods including the reverse tran-
scription-PCR test, antigen quantitative test 
and rapid antigen test, the rapid antigen test 
is the least sensitive, but it has the advantage of 
being inexpensive and providing prompt test 
results.2 In particular, high-frequency routine 
testing using rapid antigen test kits is more 

promising in reducing the spread of infec-
tion than highly sensitive, but low-frequency 
testing, because it can identify infected indi-
viduals from the time of infection until the 
onset of symptoms (ie, presymtomatic cases), 
when a high viral load is present.3 It has been 
noted; however, that the sensitivity of the 
rapid antigen tests may be lower for Omicron 
than for previous variants.4 5 In addition, the 
sensitivity of the rapid antigen tests may be 
particularly low during the first few days after 
infection (preprint).6 This means that rapid 
antigen testing may be less effective in iden-
tifying infected individuals with high viral 
load prior to the onset of symptoms during 
the Omicron variant outbreak. Thus, there is 
concern that the lower sensitivity of the rapid 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ Rapid antigen testing was conducted two times a 
week on a regular basis during the Omicron variant 
outbreak among the players and staff of the Japan 
Professional Football League and clubs, and more-
over, additional antigen and PCR testing was con-
ducted in the clubs where infected individuals were 
identified.

	⇒ We obtained the results from both rapid antigen and 
PCR tests for COVID-19 using samples collected on 
the same day.

	⇒ We had a sufficient number of participants to ex-
amine the association between the sensitivity of the 
rapid antigen test and the duration from the onset of 
symptoms to testing.

	⇒ Not all rapid antigen tests could be paired with PCR 
tests with the same date.

	⇒ No information on individual characteristics po-
tentially related to sensitivity and specificity was 
available.
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antigen tests during the short period after infection may 
reduce the effectiveness of the testing system in the popu-
lation. However, it is not clear whether the sensitivity of 
rapid antigen tests is lower for Omicron than for previous 
variants. A previous study reported no large differences 
in the analytical sensitivity of the rapid antigen test in a 
comparison between representative Delta and Omicron 
isolates, using 10 test kits.7 In another case study with 
human participants, there was also no difference in 
the rapid antigen test sensitivity between the Delta and 
Omicron variants.8 Since both rapid antigen and other 
tests (eg, PCR tests) must be performed using samples 
collected on the same day from the same individuals to 
evaluate the sensitivity of the rapid antigen tests, studies 
based on human participants have been limited9 and 
these findings were not sufficient.

The Japan Professional Football League, a professional 
league of the most popular sport in Japan, collected the 
results of rapid antigen and PCR tests for COVID-19 
among players and staff members in order to maintain 
and promote its activities.10 If the rapid antigen test was 
positive, the person was required to remain at home until 
the results of the PCR test or the physician’s diagnosis 
were obtained. If the PCR test was positive, the patient 
had to visit a medical institution. Since January 2022, 
rapid antigen testing was conducted two times a week on 
a regular basis. Moreover, additional antigen and PCR 
testing was often conducted on players and staff members 
in the clubs where infected individuals were identified. 
Consequently, from 12 January to 2 March 2022, during 
the period when the Omicron variants emerged in Japan, 
the number of cases in which both rapid antigen and 
PCR tests were performed on the same day exceeded 650, 
which made it possible to evaluate the sensitivity of the 
rapid antigen test compared with the PCR test.

In this study, we compared the results between the rapid 
antigen and PCR tests for COVID-19 among the players 
and staff of the Japan Professional Football League and 
clubs to determine the sensitivity and specificity of the 
rapid antigen test against the PCR test. We then assessed 
the relationships between the sensitivity and the duration 
from the onset of symptoms to testing, or vaccine status.

METHODS
Participants
This study was a retrospective observational study. We 
obtained test results from 12 January to 2 March 2022. 
This was the period of the Omicron variant outbreaks in 
Japan (98.92% on 7 February 2022).11 In total, the Japan 
Professional Football League and clubs had 1759 players 
and 1864 staff members (as of February 2022). Each club 
has its own testing manager and physician. The Japan 
Professional Football League conducted a routine rapid 
antigen test (hereinafter, ‘regular test’) two times a week 
among players and staff members (a total of 35 393 tests 
during the study period). Each club also conducted addi-
tional rapid antigen testing (hereinafter, ‘voluntary test’) 
and PCR testing, but the number of such tests was not 
available. We obtained the data including a total of 656 
cases in which both rapid antigen and PCR tests were 
performed using samples collected on the same date 
from players and staff members of the Japan Professional 
Football League and clubs (figure 1). If the rapid antigen 
and PCR tests were performed on different dates, they 
were not included in this study. Of the 656 cases, 277 
were regular tests and 379 were voluntary tests. Among 58 
clubs from J1 (the highest grade) to J3 (the lowest grade) 
in the Japan Professional Football League, 23 clubs (707 
players and 754 staff members, as of February 2022) were 

Figure 1  The number of the rapid antigen and PCR tests during the Omicron variant outbreak among players and staff 
members of the Japan Professional Football League and clubs.

 on July 6, 2023 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2022-067591 on 30 January 2023. D
ow

nloaded from
 

http://bmjopen.bmj.com/


3Murakami M, et al. BMJ Open 2023;13:e067591. doi:10.1136/bmjopen-2022-067591

Open access

included in this study as a result. Since personal infor-
mation on the participants was not available, the break-
down of the number of players and staff members in 656 
cases was unknown. In the process of collecting the test 
results from players and staff members, some of the cases 
in which both tests were negative may not have been avail-
able: that is, the number of cases reported in this study in 
which both tests were negative may be smaller than the 
actual number.

Table  1 shows the date and number of cases per 
club covered in this study. The same person was never 
subjected to rapid antigen or PCR tests more than once 
on the same day: the number of cases assessed in a given 
club on a given day represents the number of unique 
participants (no duplicates). Therefore, the maximum 
number of cases assessed on a given day in each club 
represents the minimum possible number of unique 
participants in the club. Furthermore, the same person 

did not belong to different clubs. Hence, the sum of the 
minimum possible number of unique participants in 
clubs (n=309) represents the minimum possible number 
of unique participants in this study.

Survey items
The information used in this study included the posi-
tivity or negativity of each test, presence or absence of 
symptoms, duration between the onset of symptoms and 
testing, vaccination status (ie, whether the participants 
were vaccinated: at least once, none, or unknown), manu-
facturer of the rapid antigen test kit, sample types used in 
the PCR test (ie, ‘saliva’, ‘nasal swab’ or ‘either or other’) 
and the type of test (‘regular test’, defined by the use of a 
routine rapid antigen test two times a week by the Japan 
Professional Football League or a ‘voluntary test’ other 
than a routine test). The onset of symptoms was based on 
the tally by the Japan Professional Football League, which 

Table 1  The date and number of tests per club, and minimum possible number of unique participants during the Omicron 
variant outbreak among players and staff members of the Japan Professional Football League and clubs

Club number Date (n) n (total)
Minimum possible number of 
unique participants

1 Jan 12 (2); Jan 19 (1); Jan 21 (1) 4 2

2 Jan 12 (1) 1 1

3 Jan 20 (1); Jan 27 (1); Jan 31 (1) 3 1

4 Jan 24 (47); Jan 28 (46); Jan 30 (2); Feb 4 (40); Feb 22 (1); 
Feb 28 (2)

138 47

5 Jan 19 (14); Jan 20 (2); Jan 22 (12); Jan 27 (1); Jan 28 (1) 30 14

6 Jan 30 (2); Jan 31 (3); Feb 2 (1) 6 3

7 Jan 30 (3); Feb 3 (1) 4 3

8 Feb 4 (2); Feb 7 (1) 3 2

9 Feb 8 (49); Feb 10 (1); Feb 12 (4) 54 49

10 Feb 12 (1); Feb 15 (1); Feb 17 (1); Feb 18 (1) 4 1

11 Feb 7 (1); Feb 16 (2); Feb 22 (37) 40 37

12 Feb 14 (1); Feb 16 (3); Feb 20 (13) 17 13

13 Feb 20 (1); Feb 22 (1); Feb 24 (1); Feb 28 (3) 6 3

14 Feb 21 (4); Feb 24 (2); Feb 25 (1); Feb 26 (1); Mar 1 (1); Mar 
2 (4)

13 4

15 Feb 26 (5) 5 5

16 Mar 2 (1) 1 1

17 Feb 15 (4); Feb 16 (1); Feb 21 (3); Feb 22 (3) 11 4

18 Feb 21 (3) 3 3

19 Jan 29 (1) 1 1

20 Jan 23 (58); Jan 24 (58); Jan 25 (6); Jan 26 (3); Jan 27 (53); 
Jan 28 (4); Jan 30 (4); Jan 31 (6); Feb 3 (8)

200 58

21 Feb 5 (52); Feb 8 (50); Feb 11 (1) 103 52

22 Jan 12 (1); Jan 15 (3); Jan 17 (3) 7 3

23 Feb 18 (2) 2 2

Total 656 309

n, number of cases in which both rapid antigen and PCR tests were performed on the same date.
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comprised the individuals’ self-reported information that 
their health condition was different from usual (eg, fever, 
sore throat). The date of the onset of symptoms repre-
sented the date when the symptom developed. ‘−2 days’ 
and ‘−1 day’ represents 2 days or a day before symptom 
onset (ie, presymtomatic cases), respectively. Asymptom-
atic cases represented those who did not exhibit symp-
toms up to the time of testing and after.

The rapid antigen test was performed using nasal 
swab samples, and the kits used were the Abbott Panbio 
COVID-19 Antigen Rapid Test or the Roche SARS-CoV-2 
Rapid Antigen Test. The sample types used in the PCR 
test were saliva or a nasal swab. Both samples were gener-
ally self-collected by the participants except for some 
rare cases of collection by the testing managers or physi-
cians. The samples for the rapid antigen and PCR tests 
were collected and analysed separately. No samples were 
pooled. The players and staff members of the Japan 
Professional Football League and the clubs received 
lectures from their physicians on how to collect samples. 
Each club sent their samples to a medical or measuring 
laboratory for PCR testing. A Ct (threshold cycle) value 
of <40 was considered as positive. PCR test results were 
notified from 2 hours to the next day following sample 
collection. Other details of the analytical information of 
the PCR tests were not available. Since information on 
the manufacturer of the rapid antigen test kits and on 
the sample types used in PCR test was not available on an 
individual basis, we instead matched the individuals and 
their club using the information that was obtained from 
a survey of how each club conducted testing during the 
period. The clubs determined whether the manufacturer 
of the rapid antigen test kit was Abbott, Roche or either 
(ie, sometimes Abbott, sometimes Roche), and whether 
the sample types used in PCR test were saliva, nasal swab, 
either (ie, sometimes saliva, sometimes nasal swab) or 
other. The results (positivity or negativity) of the rapid 
antigen test among each of the 103 PCR-positive cases 
according to the duration from the onset of symptoms 
to testing (including asymptomatic cases in the category) 
were reported on the website of the Japan Professional 
Football League.12

Patient and public involvement
Patients and the public were not involved in the design, 
or conduct of the study. The information about this study 
was disclosed on the websites of the Institute of Medical 
Science of the University of Tokyo and the Japan Profes-
sional Football League.

Statistical analysis
In this study, the sensitivity and specificity of the rapid 
antigen test against the PCR test were first calculated by 
comparing the results (positivity or negativity) between 
both tests. We performed a Bootstrap method (10 000 
samples) to estimate the 95% CI for sensitivity and 
specificity. We also used the Bootstrap method (10 000 
samples) to estimate the 95% CI for sensitivity among 

only those whose PCR sample type was saliva (n=80). 
Next, among the cases with positive PCR results, the χ2 or 
Fisher’s exact test was performed to investigate the associ-
ations between the results of the rapid antigen test (posi-
tivity or negativity) and the duration from the onset of 
symptoms to testing (including asymptomatic cases in the 
category), vaccination status or test type. As an additional 
stratified analysis, only vaccinated individuals, those 
whose rapid antigen test kit manufacturer was Abbott, 
and those whose PCR sample type was saliva were used to 
examine the relationships between the rapid antigen test 
result (positivity or negativity) and the duration from the 
onset of symptoms to testing (in categories asymptomatic 
included) using the χ2 or Fisher’s exact test. In this strati-
fied analysis, −2 and −1 days were grouped together as one 
category for the duration from the onset of symptoms to 
testing. Similarly, 1 and 2 days were combined into one 
category.

IBM SPSS V.28 and R V.4.2.013 were used for the statis-
tical analysis.

RESULTS
Of the 656 cases, 65 were positive for both the rapid 
antigen and PCR tests, 38 were negative for the antigen 
tests and positive for the PCR test, 1 was positive for the 
rapid antigen test and negative for the PCR test and 552 
were negative for both (table  2). The sensitivity of the 
rapid antigen test compared with the PCR test was 0.63 
(95% CI: 0.53 to 0.73) and the specificity was 0.998 (95% 
CI: 0.995 to 1.000).

Among the 103 cases that were positive for the PCR test, 
74 cases (71.8%) were symptomatic (table 3). There were 
no significant associations between the sensitivity and the 
duration from the onset of symptoms to testing (Cram-
er’s V=0.146, p=0.837). Similarly, the sensitivity was not 
associated significantly with the vaccination status or test 
type (in the order: Cramer’s V=0.220, p=0.073; φ=0.012, 
p=0.904). Among those whose PCR sample type was saliva 
(n=80), the sensitivity was 0.58 (95% CI: 0.46 to 0.69).

Table 2  Results of the rapid antigen and PCR tests during 
the Omicron variant outbreak among players and staff 
members of the Japan Professional Football League and 
clubs

PCR

+ − Total

Rapid antigen + 65 (63%) 1 (0.2%) 66

− 38 (37%) 552 (99.8%)* 590

Total 103 (100%) 553 (100%) 656

*The values of the number of participants with both negative rapid 
antigen and PCR tests shown in the table may be smaller than the 
actual values. Some of the cases in which both tests were negative 
may not have been reported to the Japan Professional Football 
League.
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A stratified analysis of 70 vaccinated individuals showed 
no significant association between the sensitivity and the 
duration from the onset of symptoms to testing (Cramer’s 
V=0.084, p=0.955; table 4). Similarly, the stratified anal-
ysis of 45 individuals who used Abbott rapid antigen test 
and of 80 individuals whose PCR sample type was saliva 
showed no significant associations between the two (in 
the order: Cramer’s V=0.181, p=0.688; Cramer’s V=0.087, 
p=0.895).

DISCUSSION
Using 656 cases, we compared the rapid antigen and PCR 
test results for COVID-19 that were conducted on the 
same day among players and staff members of the Japan 
Professional Football League and clubs from January to 
March 2022, when the Omicron variant emerged, to deter-
mine the sensitivity and specificity of the rapid antigen 
test compared with the PCR test. We also investigated 

Table 3  Associations between the sensitivity of the rapid antigen test compared with the PCR test and the duration from the 
onset of symptoms to testing, vaccination status, kit manufacturer, sample type of PCR or test type during the Omicron variant 
outbreak among players and staff members of the Japan Professional Football League and clubs

Items
Rapid antigen: +
PCR: +

Rapid antigen: −
PCR: + Sensitivity φ or Cramer’s V P value

Duration from the onset 
of symptoms to testing

−2 days* 3 1 0.75 0.146 0.837†

−1 day* 5 3 0.63

0 day 20 16 0.56

1 day 12 5 0.71

2 days 5 4 0.56

Asymptomatic 20 9 0.69

Vaccination Yes 43 27 0.61 0.220 0.073†

No 9 9 0.50

Unknown 13 2 0.87

Test type Regular 23 13 0.64 0.012 0.904‡

Voluntary 42 25 0.63

*‘−2 days’ and ‘−1 day’ represent cases that were asymptomatic at the time of tests but subsequently developed symptoms.
†Fisher’s exact test
‡χ2 test.

Table 4  Associations between the sensitivity of the rapid antigen test compared with the PCR test and the duration from the 
onset of symptoms to testing during the Omicron variant outbreak among players and staff members of the Japan Professional 
Football League and clubs: a stratified analysis

Participants

Duration from the 
onset of symptoms 
to testing

Rapid antigen: 
+
PCR: +

Rapid antigen: 
−
PCR: + Sensitivity Cramer’s V P value

Vaccine: yes (n=70) −2 days or −1 day* 7 3 0.70 0.084 0.955†

0 day 15 11 0.58

1 day or 2 days 7 4 0.64

Asymptomatic 14 9 0.61

Kit manufacturer: 
Abbott (n=45)

−2 days or −1 day* 4 3 0.57 0.181 0.688†

0 day 13 3 0.81

1 day or 2 days 3 1 0.75

Asymptomatic 13 5 0.72

Sample type of PCR: 
saliva (n=80)

−2 days or −1 day* 6 4 0.60 0.087 0.895‡

0 day 16 14 0.53

1 day or 2 days 10 8 0.56

Asymptomatic 14 8 0.64

*‘−2 days or −1 day’ represents cases that were asymptomatic at the time of the tests but subsequently developed symptoms.
†Fisher’s exact test.
‡χ2 test.
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the relationship between the sensitivity and the duration 
from the onset of symptoms to testing, vaccination status 
or test type.

The sensitivity was 0.63 (95% CI: 0.53 to 0.73) and 
specificity was 0.998 (95% CI: 0.995 to 1.000). The spec-
ificity was possibly an underestimate because there may 
have been fewer reports on the number of cases that were 
negative for both tests than the actual number. The sensi-
tivity was not significantly associated with the duration 
from the onset of symptoms to testing. Consistent results 
were found in the stratified analysis of only those who 
were vaccinated, those whose kit manufacturer was Abbott 
and those whose PCR sample type was saliva. Overall, the 
effect sizes were small (Cramer’s V <0.2). Furthermore, 
the sensitivity was not associated with vaccination status or 
test type (Cramer’s V or φ ≤0.22).

The results indicated that the sensitivity of the rapid 
antigen test compared with the results of the PCR test was 
independent of the duration from infection to testing or 
the presence or absence of symptom onset. This result 
was in contrast to that of a previous report (preprint)6: 
sensitivity of the rapid antigen test (Abbott or Quidel) 
compared with that of the PCR test (sample type: saliva) 
was 0.25 within 2 days from the first positive PCR test to 
the target testing and 0.9 since 3 days. The sensitivity in 
our study was higher than the sensitivity of the previous 
study (ie, 0.25 within 2 days from the first positive PCR test 
to the target testing). One possible explanation is that the 
players and staff members who participated in our study 
received lectures from their physicians on how to collect 
samples and that the tests were performed routinely, so 
that the samples were collected appropriately. The sensi-
tivity of the rapid antigen tests may decrease when the 
tests are not performed according to the manufacturers’ 
instructions for use.14 Proper sample collection can lead 
to a high sensitivity.

The results of our study, which showed that the sensi-
tivity of the rapid antigen test compared with the PCR test 
was 0.63 (95% CI: 0.53 to 0.73), may be used in combi-
nation with a model analysis to provide the fundamental 
knowledge required to establish a highly effective and 
efficient testing system. For example, a model analysis has 
estimated that the use of frequent rapid antigen testing is 
more effective than infrequent PCR testing in reducing 
the infection risk among populations such as professional 
sports players and staff members.15 Under the assumption 
of an incubation period of 5 days, an R0 of 4, and isolation 
with a test positive result, the infection risk (defined as 
‘number of infected individuals remaining at the end of 
the 2 week isolation’) among populations, in which a daily 
rapid antigen test with a sensitivity compared with a PCR 
test of 0.6 that was conducted for 2 weeks, was estimated 
to be as effective as when PCR testing was performed 
every 3 days.15 Similarly, the sensitivity of 0.5 and 0.7 was 
equivalent to a PCR test being performed once every 
4 days and every 2 days, respectively. Since the cost of the 
rapid antigen test is approximately one tenth that of the 
PCR test, the rapid antigen test can be performed more 

frequently than the PCR test assuming the same financial 
resources, and is therefore expected to be highly effec-
tive in controlling infection. However, since the Omicron 
variant is more infectious than previous variants16 and has 
a shorter incubation period,17 future testing strategies are 
expected to be combined with further model evaluations 
to match the characteristics of the Omicron variant.

Our study had some limitations. First, not all rapid 
antigen tests could be paired with a PCR test on the same 
date. Second, some of the cases in which both tests were 
negative may not have been reported to the Japan Profes-
sional Football League, which may have resulted in the 
underestimation of specificity, as described above. Third, 
the manufacturer of the test kits, and the samples used 
in the PCR tests, were based on the data provided by the 
clubs, and it was not possible to identify the manufacturer 
or sample types used by some participants. Therefore, 
we did not analyse the association between the sensi-
tivity and the manufacturer or sample types. However, 
we confirmed that there was no association between 
the sensitivity and the duration from the onset of symp-
toms to testing by performing a stratified analysis of only 
those for whom the manufacturer was Abbott or the PCR 
sample type was saliva. Fourth, this study did not provide 
clinical diagnostic information on COVID-19. Therefore, 
it was not possible to assess the sensitivity of the rapid 
antigen test against the clinical diagnosis. In this regard, 
however, the PCR test is used worldwide as the gold stan-
dard to diagnose COVID-19, although the sensitivity of 
PCR against the clinical diagnosis was not 100%.18 We 
therefore assessed the sensitivity of the rapid antigen test 
compared with the PCR test. Fifth, we could not obtain 
information on the participants’ age, gender, presence 
or absence of underlying diseases or history of COVID-19 
infection. The Ct values for the PCR tests were also only 
available from some of the participants. Therefore, it 
was not possible to evaluate the association between the 
sensitivity of these items. Since the sensitivity of the rapid 
antigen test varies depending on the Ct value in a wild-
type strain,19 it may be useful to calculate the sensitivity 
of the rapid antigen test for the Omicron variant by strat-
ified analysis using Ct values in a further study. Sixth, 
SARS-CoV-2 were not sequenced to confirm them as the 
Omicron variant. However, since the Omicron variant 
was predominant in the period under study (98.92%11) 
as described above, the possibility of other variants was 
very low. Seventh, the participants of this study were 
professional sports players and staff members who had 
been lectured by their physicians about the testing proce-
dures and who were tested on a regular basis frequency. 
Caution is therefore required in applying the findings of 
our study to populations that may not be accustomed to 
testing procedures and such sample collection.

Despite such limitations, we analysed the sensitivity and 
specificity of the rapid antigen test against the PCR test 
during the Omicron variant outbreak, and found that 
the sensitivity was independent of the duration from the 
onset of symptoms to testing.
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