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Seroprevalence of SARS‑CoV‑2 
antibodies among Japanese 
healthcare workers from 2020 
to 2022 as assayed by two 
commercial kits
Yan Yan 1,5, Kaori Saito 2,5, Toshio Naito 1,3*, Kanami Ito 3, Shuko Nojiri 4, Yuki Horiuchi 2, 
Gautam A. Deshpande 1, Hirohide Yokokawa 1 & Yoko Tabe 2

Antibody tests are used as surveillance tools for informing health policy making. However, results 
may vary by type of antibody assay and timing of sample collection following infection. Long‑term 
longitudinal cohort studies on antibody assay seropositivity have remained limited, especially among 
Asian populations. Using blood samples obtained at health physicals (2020–2022) of healthcare 
workers (mass vaccinated with mRNA COVID‑19 vaccines) at a Japanese medical center, we measured 
N‑specific antibodies using two commercially available systems. Roche Elecsys Anti‑SARS‑CoV‑2 
measures total antibodies and Abbott Alinity SARS‑CoV‑2 IgG measures only IgG. Among 2538 
participants, seroprevalence was found to be 16.6% via total antibody assay versus 12.9% by IgG‑
only (including grayzone) by mid‑June 2022. For 219 cases with a previous PCR‑confirmed infection, 
positivity was 97.3% using total antibody assay versus 76.3% using IgG‑only assay at the 2022 health 
physical. Using PCR positive test date as day 0, while the positivity of the total antibody assay was 
retained for the entire study period (until more than 24‑months post‑infection), the IgG‑only assay’s 
positivity declined after month 4. The Mantel–Haenszel test found a significant difference in the 
two assays’ seropositivity, between stratified groups of “within 3 months” and “4 months or more” 
from infection (P < 0.001). Our study found significant differences in seropositivity over time of total 
antibody versus IgG‑only assays, suggesting an optimal assay for retaining sensitivity over the entire 
infection period when designing seroprevalence studies.

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) transmission has been reported in Japan since 
early 2020, with approximately 27.0 million cumulative COVID-19 cases reported as of mid-December  20221. 
Due to more involvement of the upper respiratory tract, and possibly also due to Japan’s high vaccination cover-
age, infections by Omicron and its subvariants have resulted in cases with mild or no symptoms compared to 
previous  variants2–4. Routine public health reporting may underestimate true numbers of infections because 
mild or asymptomatic cases may not be tested and are likely to remain unidentified.

By mid-November 2022, Japan’s infection rate reached 19.0% (23.3 million cumulative cases out of 122.8 
million in the national population, including those with multiple infections)5. In contrast, a recent national 
N-antibody seroprevalence study in Japan (n = 8260) of donated blood revealed a national infection rate of 
approximately 26.5% by mid-November  20226. Despite comprehensive testing and reporting systems existing 
nationwide in Japan, the substantially higher N-seropositive rate compared to the PCR-positive based standard 
public health calculations highlights the challenges in achieving accurate understanding of the infection situation.

Of the three major methods for detecting SARS-CoV-2 infection—PCR, rapid antigen tests, and antibody 
tests—antibody tests remain the least utilized choice. PCR tests are recommended by the WHO for confirming 
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diagnosis in symptomatic individuals, and rapid antigen tests have the advantage of being faster for those most 
likely at risk of transmitting the virus. Nonetheless, antibody tests, which detect the host response to infection 
or vaccination, have proven to be useful surveillance tools to inform public  policy7.

The nucleocapsid protein (NCP) of SARS-CoV-2 is essential for viral genome condensation and packaging 
and is quantifiably the most abundant viral protein in infected  cells8. Currently available mRNA COVID-19 
vaccines do not contain NCP or nucleotides encoding NCP. As such, anti-SARS-CoV-2-nucleocapsid (N) anti-
bodies can theoretically be used to identify individuals who have been previously infected with SARS-CoV-2. 
For this reason, it may be helpful to monitor N-specific antibody levels to determine seroprevalence in targeted 
populations, especially in those with high rates of vaccination with an mRNA  vaccine9.

Previous studies have reported that antibody seropositivity (magnitude and detectability) is driven by disease 
severity, as well as both timing and type of  assay10–13. Although comparison studies on the clinical performance 
of various SARS-CoV-2 antibody assays—total antibody, IgG, and IgM—have been previously published, most 
of these studies utilized samples from recently infected persons, typically within 6 months from COVID-19 
symptom onset or PCR positive  dates12,14–18. Little is known about test performance regarding duration of sero-
positivity of the commonly used antibody tests—an important feature to determine choice of test in future 
seroprevalence studies.

We previously reported that due to our strict infection control protocol and robust vaccine campaigns (mostly 
with Pfizer/BioNTech BNT162b2 and Moderna mRNA-1273), the seroprevalence among the HCWs of Juntendo 
University Hospital remained extremely low (0.3% by mid-July 2020; 1.6% by mid-June 2021). In the other 
words, 98.4% of our HCWs were infection-naïve by mid-202119–22. We also reported that by mid-June 2022, the 
seroprevalence rate increased to 16.7%, mainly due to spread of the Omicron  variant23. In these studies, data 
was obtained from annual occupational health physical samples and all were tested using a total antibody assay 
(Roche Elecsys Anti-SARS-CoV-2).

In order to demonstrate and clarify the variation in seropositivity reporting in epidemiological surveys, in 
the current study we tested all samples from the 2022 health physical using two assays: the total antibody assay 
noted above (Roche Elecsys Anti-SARS-CoV-2), as well as an IgG-only assay (Abbott Alinity SARS-CoV-2 IgG). 
Additionally, for participants with PCR-confirmed infections, we tested blood samples from their 2020 and 
2021 annual health physicals and examined the seropositivity over time, using the PCR positive date as day 0.

Results
A total of 2538 HCWs gave consent for use of three consecutive years (2020 through 2022) of data obtained from 
blood samples. Characteristics of the studied population are shown in Table 1. 64.3% were women and 92.0% 
were aged 20–59 years old (mean = 38.0; SD, ± 12.0). 609 (24.0%) had close contacts with COVID-19 patients 
as frontline healthcare providers. As of mid-June 2022, 97.5% had received 2 or more doses of a COVID-19 
mRNA vaccine.

Among all 2538 participants, 16.6% (420/2538; 95% confidence interval [CI] 15.0–18.2) were found to be 
N-seropositive by total antibody assay by mid-2022. Using IgG-only assay, prevalence was 12.9% (327/2538; 95% 
CI 11.5–14.4), including 191 positive and 136 grayzone results (In this study, grayzone results of the IgG-only 
assay are considered positive) (Table 1). Multivariate logistic regression analysis showed that compared to par-
ticipating HCWs aged 60 or above, being aged 59 or younger is significantly associated with higher seropositiv-
ity, tested by the total antibody assay (OR = 4.96; 95% CI 2.41–10.21; p = 0.000), and also by the IgG-only assay 
(OR = 3.56; 95% CI 1.72–7.36; p = 0.001) (Table 2). Having 2 doses of vaccine or less was significantly higher 
with seropositivity when tested by the IgG-only assay (p = 0.006), but didn’t prove to be a significant factor when 
tested by the total antibody assay (p = 0.058) (Table 2).

There were 219 participants with recorded PCR-confirmed infection of the past 3 years and 2319 without. 
Among the 219 PCR-confirmed cases, by using sera from the 2022 health physical, total antibody assay detected 
213 seropositive while 6 were seronegative; IgG-only assay found 167 seropositive (including 59 grayzone), and 
52 seronegative. Among the 2319 participants without record of a PCR-confirmed infection, the total antibody 
assay detected 207 positive cases, accounting for 49.3% of all 420 seropositive cases identified with the total anti-
body assay at the 2022 health physical. For IgG-only assay, it detected a total of 160 positive or grayzone cases, 
accounting for 48.9% of all identified 327 seropositive or grayzone cases at the 2022 health physical (Table 1).

Distribution of positive and negative results among the overall 2538 participants by type of assay is shown 
in Table 3. At the 2022 heath physical, 117 samples were positive with total antibody assay but negative with 
IgG-only assay; another 24 samples were positive (including grayzone) with IgG-only assay but negative with 
total antibody assay. Assay concordance was substantial (k, 0.78; 95% CI 0.75–0.82). However, the results of our 
developed logistic model for estimating the risk of infection showed low accuracy for both assays. The scores of 
c-statistics were 0.57 (95% CI 0.53–0.60) for the total Ig assay, and 0.57 (95% CI, 0.54 to 0.60) for the IgG-only 
assay (S Fig. 1a,b).

Among the participating HCWs with a PCR-confirmed infection history, positivity with respect to months 
from PCR positive date by assay types is shown in Table 4, and visually presented in Fig. 1. The Mantel–Haenszel 
test found a significant difference in the two assays’ seropositivity, between stratified groups of “within 3 months” 
and “4 months or more” from infection (using PCR positive date as day 0) (P < 0.001). Detailed weekly positivity 
by assay types is shown in S Table 1. While the total antibody remained positive throughout the study period 
(more than 24 months), IgG-only assay’s positivity began to decline over time, starting from month 4. Complete 
testing results by serology type, categorized by year, for each of the 219 participant HCWs with a PCR-confirmed 
infection are shown in S Table 2.
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Table 1.  N-specific antibody testing results by serology assay type among HCW participants at the 2022 
health physical (n = 2538)a. a  Data in this table reflect the situation by the timepoint of 2022 annual health 
physical. b  Paramedical staff includes clinical laboratory personnel, pharmacists, rehabilitation specialists, etc.

Total Roche Elecsys Anti-SARS-CoV-2 Abbott Alinity SARS-CoV-2 IgG

n % Negative n (%) Positive n (%) Negative n (%) Grayzone n (%) Positive n (%)
Grayzone/
Positive n (%)

Overall 2538 (100.0) 2118 (83.5) 420 (16.6) 2211 (87.1) 136 (5.4) 191 (7.5) 327 (12.9)

Age

 20–29 597 (23.5) 462 (77.4) 135 (22.6) 494 (82.7) 37 (6.2) 66 (11.1) 103 (17.3)

 30–39 747 (29.4) 615 (82.3) 132 (17.7) 640 (85.7) 47 (6.3) 60 (8.0) 107 (14.3)

 40–49 638 (25.1) 532 (83.4) 106 (16.6) 555 (87.0) 38 (6.0) 45 (7.1) 83 (13.0)

 50–59 355 (14.0) 316 (89.0) 39 (11.0) 329 (92.7) 10 (2.8) 16 (4.5) 26 (7.3)

 60–69 164 (6.5) 158 (96.3) 6 (3.7) 257 (95.7) 4 (2.4) 3 (1.8) 7 (4.3)

 70 or older 37 (1.5) 35 (94.6) 2 (5.4) 36 (97.3) 0 (0.0) 1 (2.7) 1 (2.7)

Sex

 Male 907 (35.7) 754 (83.1) 153 (16.9) 788 (86.9) 47 (5.2) 72 (7.9) 119 (13.1)

 Female 1631 (64.3) 1364 (83.6) 267 (16.4) 1423 (87.2) 89 (5.5) 119 (7.3) 208 (12.8)

Profession

 Doctor 748 (29.5) 612 (81.8) 136 (18.2) 638 (85.3) 46 (6.1) 64 (8.6) 110 (14.7)

 Nurse 820 (32.3) 650 (79.3) 170 (20.7) 696 (84.9) 51 (6.2) 73 (8.9) 124 (15.1)

 Paramedical  staffb 399 (15.7) 360 (90.2) 39 (9.8) 366 (91.7) 13 (3.3) 20 (5.0) 33 (8.3)

 Administration staff 391 (15.4) 336 (85.9) 55 (14.1) 349 (89.3) 17 (4.3) 25 (6.4) 42 (10.7)

 Other 180 (7.1) 160 (88.9) 20 (11.1) 162 (90.0) 9 (5.0) 9 (5.0) 18 (10.0)

Close contacts with COVID-19 patients

 No 1929 (76.0) 1630 (84.5) 299 (15.5) 1698 (88.0) 106 (5.5) 125 (6.5) 231 (12.0)

 Yes 609 (24.0) 488 (80.1) 121 (19.9) 513 (84.2) 30 (4.9) 66 (10.8) 96 (15.8)

No. of vaccine doses received (mRNA vaccines)

 0 dose 54 (2.1) 45 (83.3) 9 (16.7) 47 (87.0) 2 (3.7) 5 (9.3) 7 (13.0)

 1 dose 9 (0.4) 7 (77.8) 2 (22.2) 7 (77.8) 0 (0.0) 2 (22.2) 2 (22.2)

 2 doses 144 (5.7) 110 (76.4) 34 (23.6) 113 (78.5) 14 (9.7) 17 (11.8) 31 (21.5)

 3 doses 2115 (83.3) 1749 (82.7) 366 (17.3) 1837 (86.9) 115 (5.4) 163 (7.7) 278 (13.1)

 4 doses 216 (8.5) 207 (95.8) 9 (4.2) 207 (87.1) 136 (5.4) 191 (7.5) 327 (12.9)

PCR-confirmed COVID-19 infection?

 Yes 219 (8.6) 6 (2.7) 213 (97.3) 52 (23.7) 59 (26.9) 108 (49.3) 167 (76.3)

 No 2319 (91.4) 2112 (91.1) 207 (8.9) 2159 (93.1) 77 (3.3) 86 (3.6) 160 (6.9)

Table 2.  Multivariate logistic regression analysis for seropositivity among participating HCWs at the 2022 
health physical, by serology assay type (n = 2538). a Positive results include those of grayzone for Abbott Alinity 
SARS-CoV-2 IgG assay.

Parameter
Participants in 
total (n)

Roche Elecsys Anti-SARS-CoV-2

p-value

Abbott Alinity SARS-CoV-2 IgG

p-value
Positive Results 
(n) Positive (%) OR [95% CI]

Positive  Resultsa 
(n) Positive (%) OR [95% CI]

Total 2538 420 16.5 327 12.9

Age

 ≥ 60 (reference) 201 8 4.0 8 4.0

 ≤ 59 2337 412 17.6 4.96 [2.41–10.21] 0.000 319 13.6 3.56 [1.72–7.36] 0.001

Sex

 Male (reference) 907 153 16.9 119 13.1

 Female 1631 267 16.4 0.90 [0.72–1.12] 0.342 208 12.8 0.92 [0.72–1.17] 0.481

Close contacts with COVID-19 patients

 No (reference) 1929 299 15.5 231 12.0

 Yes 609 121 19.9 1.23 [0.97–1.56] 0.085 96 15.8 1.28 [0.99–1.67] 0.063

No. of vaccine doses

 3 or more (refer-
ence) 2331 375 16.1 287 12.3

 ≤ 2 207 45 21.7 1.40 [0.99–1.99] 0.058 40 19.3 1.67 [1.15–2.41] 0.006
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Discussion
Comparing the two commercially available COVID-19 antibody assays, our study revealed a difference regard-
ing seropositive rate—16.6% in the total antibody assay versus 12.9% in the IgG—only assay at the 2022 health 
physical. Our findings are corroborated by previous studies in Japan, which have also reported that N-specific 
serological results varied by assay type. In June 2020, a population-based seroprevalence surveillance study by 
the National Institute of Infectious Disease (n = 1971 in Tokyo; n = 2970 in Osaka; n = 3009 in Miyagi prefecture) 
found inconsistent results between the two  assays24.

Regarding seropositivity over time by assay type, notably, we found that while the total antibody assay gener-
ally retained 100% seropositivity from PCR-confirmed infection date through the entire study period, seroposi-
tivity of the IgG-only assay dropped beginning around month 4. In a review study (including 178 studies with 
527 test evaluations), Fox et al. reported an average 94.3% sensitivity for total antibodies and 89.8% for IgG-only 
assays during the convalescent phase of infection (up to 100 days after onset of symptoms)14. In a study with a 
longer study period of up to 33 weeks of 5788 Irish HCWs, Allen et al. reported that positivity with an IgG-only 
assay began to decline at 21 weeks after confirmed  infection12. Another study evaluating the cross-reactivity 
of N-specific antibodies in COVID-19 patients by ELISA using recombinant N protein from the SARS-CoV-2 
mutant strain showed a marked decrease in N-specific antibodies 1 year after infection, with N-IgG antibodies 
detected in only about 17% of patients at 14 months after PCR-confirmed  infection25.

Table 3.  Distribution of positive and negative results at the 2022 health physical, by serology assay type 
(n = 2538)a. a Data in this table reflect the testing results by the timepoint of 2022 annual health physical. 
b Positive results include those of grayzone for Abbott Alinity SARS-CoV-2 IgG assay.

Roche Elecsys Anti-SARS-CoV-2 results (n)

Abbott Alinity SARS-CoV-2 IgG results (n)

Percentage agreement kª Statistic (95% CI)Positive  resultsb Negative results Total

Positive 303 117 420 94.4% 0.78 (0.75–0.82)

Negative 24 2094 2118

Total 327 2211 2538
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Figure 1.  Seropositivity among participants with a PCR-confirmed infection at the 2022 health physical, by 
serology assay type (n = 219). For Abbott Alinity SARS-CoV-2 IgG assay, positive results included those in 
grayzone. PCR positive dates were reported by HCW participants with PCR tests done either at JUH or other 
medical facilities. “Months” in the figure means “complete months” between PCR positive date and blood 
sample collection date.
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Our findings from this longitudinal study were consistent with previous studies—the seropositivity of IgG-
only assays decline over time from  infection12,25. Yet, compared to the Irish study, we found that IgG-only sero-
positivity started to decline at even an earlier time (month 4). As Asian ethnicity has been reported to be a factor 
associated with IgG seronegativity, and 100% of our study population was Asian, this may be an associated factor 
for faster decline of IgG seropositivity in our study. The magnitude of effect that regional or ethnic differences 
exert on the early decline of SARS-CoV-2 N IgG antibodies warrants further investigation. In contrast, the total 
antibody assay in our study, which measures N-Ta, showed little decrease in positivity over time, suggesting that 
differences in the isotype of anti-N antibody detected may determine the availability of N antibody long after 
infection. Serological assays for antibodies to SARS-CoV-2 often use different epitopes for the same protein; this 
may therefore affect detection  rates26. In addition, these assays are not cross-calibrated, making direct compari-
sons between the various assays difficult.

Although our findings suggested that total antibody assay would be a more appropriate choice for COVID-19 
epidemiological studies, our developed logistic model for estimating the risk of infection showed low accuracy 
for both assays (scores of c-statistics as 0.57 for the total Ig assay; 0.57 for the IgG-only assay). Further investiga-
tion is warranted to examine the seropositivity’s change over time by assay type.

For the IgG-only assay in particular, while its positivity among those with a PCR-confirmed infection (n = 219) 
was 76.3% through the entire study period, our study found 59 in the grayzone versus 108 with clearly positive 
results (Table 4). Excluding grayzone results in further sub-analysis, IgG-only assay positivity dropped to 49.3%, 
substantially lower than the 97.3% seropositivity in the total antibody assay. Our findings suggest the importance 
of including grayzone results when using this IgG-only assay.

While 219 (out of 2538) reported a previously PCR-confirmed infection in this study, we identified 420 sero-
positive cases with the total antibody assay and 327 seropositive cases with the IgG-only assay in the year 2022. 
Close to 50% (49.3% [207 out of 420] using total antibody assay; 48.9% [160 out of 327] using IgG-only assay) of 
the seropositive cases were found among persons without awareness of COVID-19 infection. Considering this 
hospital’s robust vaccination campaigns and strict infection-control measures including daily temperature checks 
and PCR tests for close contacts of confirmed cases, symptomatic cases should have been detected thoroughly. 
Our findings indicate that these asymptomatic infection cases wouldn’t have been identified if PCR positive tests 
were utilized as the only identification tool. Importantly, our findings support that antibody testing, including 
both total antibody assay and IgG-only assay, remains a useful tool to monitor seroprevalence of COVID-19 
among target populations, especially those with a high vaccination rate and/or infection histories who would 
display mild or no symptoms when infected.

Limitations
This study has several limitations worth addressing. First, CT values of PCR tests and data regarding symptoms 
were not available for all previously infected participants, precluding speculation on possible associations between 
assay performance and disease severity. Second, although reinfection is considered limited among this study 
population, undetected reinfection may exist, which may shorten the interval between infection and serologi-
cal testing, therefore affecting seropositivity of antibody assays over time. Third, since there were a number of 
infection cases without awareness, the reported PCR positive cases didn’t represent all actual infection cases, 
which makes analyzing sensitivity and specificity of the two commercially available assays unavailable. Fourth, 
the majority of participants in our sample were younger than 60 years old and included a large group of young 
female nurses, not a fully representative sample of the population of the Tokyo metropolitan area. Additionally, 
although this medical center has strict infection control protocols, the participating HCWs (including close 

Table 4.  Seropositivity among participants with a PCR-confirmed infection at the 2022 health physical, by 
serology assay type (n = 219). a Months” in the above table means “complete months” between PCR positive 
date and blood sample collection date.

No. of  monthsa from 
the positive PCR test Total

Roche Elecsys Anti-SARS-CoV-2 Abbott Alinity SARS-CoV-2 IgG

Grayzone/Positive % Grayzone/Positive
Mantel–Haenszel 
p-valueNegative Positive % Positive Negative Grayzone Positive

< 1 month 15 1 14 93.3 1 2 12 14 93.3 < 0.001

1 month 25 0 25 100.0 2 2 21 23 92.0

2 months 58 1 57 98.3 0 13 45 58 100.0

3 months 28 1 27 96.4 3 14 11 25 89.3

  ≤ 3 months 126 3 123 97.6 6 31 89 120 95.2

4–6 months 44 1 43 97.7 14 20 10 30 68.2

7–9 months 14 0 14 100.0 6 5 3 8 57.1

10–12 month 12 0 12 100.0 6 1 5 6 50.0

13–18 months 10 1 9 90.0 8 1 1 2 20.0

19–24 months 12 1 11 91.7 11 1 0 1 8.3

> 24 months 1 0 1 100.0 1 0 0 0 0.0

  ≥ 4 months 93 3 90 96.8 46 28 19 47 50.5

  Total 219 6 213 97.3 52 59 108 167 76.3
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contacts with COVID-19 patients) had a higher risk to be exposed to infected patients and therefore a higher 
risk for COVID-19 infection, which may not reflect the real-world practices of the population in Tokyo. As such, 
our findings should be interpreted with caution.

Conclusion
In countries with high vaccination coverage and/or high percentage of natural COVID-19 infection, many cases 
remain asymptomatic, potentially causing underestimation of SARS-CoV-2 prevalence. Though our study shows 
that antibody testing remains a useful tool to monitor seroprevalence of COVID-19 among target populations, 
especially among those with possible infection without awareness, we highlight the fact that seropositivity var-
ies significantly by assay type and from time of infection. Although further investigation is warranted, in this 
3-year longitudinal study, we found that IgG-only assay’s positivity declines over time, indicating that the total 
antibody assay would be a more appropriate choice for COVID-19 epidemiological studies. In conclusion, 
our findings suggest an optimal assay for retaining sensitivity over the entire infection period when designing 
seroprevalence studies.

Methods and materials
Study design
This is a comparative study using two commercially available nucleocapsid protein (N-specific) SARS-CoV-2 
antibody assays—a total antibody assay (Elecsys Anti-SARS-CoV-2, Roche Diagnosis, Basel, Switzerland) versus 
an IgG-only assay (Alinity SARS-CoV-2 IgG, Abbott Laboratories, Chicago, IL, USA)—to compare seropositivity 
over time from infection. Study participants were 2538 HCWs of Tokyo-based Juntendo University Hospital, 
who gave consent for using blood samples from annual occupational health physicals between 2020 and 2022. 
Information on participants’ COVID-19 vaccination records (receiving either Pfizer/BioNTech BNT162b2 or 
Moderna mRNA-1273 vaccines) and their demographic information were extracted from JUH employee charts. 
Previous PCR-confirmed infection dates were self-reported and recorded in the hospital’s electronic system. 
Detailed information regarding the hospital’s baseline infection control measures and vaccination is described 
in Supplementary Information.

Reinfection is an important factor to consider in longitudinal serological studies, with undetected reinfection 
effectively shortening the interval between infection and serological testing, and therefore affecting seropositivity 
of antibody assays over  time16,18. However, reinfection is considered to be limited within the study period (July 
2020 to June 2022), due to the hospital’s strict infection control protocol and robust vaccine  campaigns19–21,27–29 
(Supplementary Information).

This study was approved by Juntendo Ethical Committee (IRB # M20-0089-M01) and was performed in 
accordance with the Helsinki declaration.

Serological testing
The total antibody assay was used to test sera at each year’s health physicals from 2020 through 2022 for all 
participating healthcare workers. N-positivity results identified in this total antibody assay for those 3 years 
have been  published19,20,23. In this study, the IgG-only assay was used to test all 2538 samples at the 2022 health 
physical. In addition, for those with a PCR-confirmed infection, samples of 2020 to 2022 were tested by the 
IgG-only assay as well.

Antibodies against the N-specific SARS-CoV-2 were measured for total antibody assay on Cobas e 801 ana-
lyzer (Roche Diagnosis, Basil, Switzerland) and for IgG-only assay on the Alinity platform (Abbott Laboratories, 
Chicago, IL, USA) according to manufacturer instructions. The total antibody assay detects N-specific total 
immunoglobulins by electrochemiluminescence immunoassay and results are presented qualitatively in the form 
of a cut-off index (COI; signal sample/cut-off), with COI ≥ 1.0 being interpreted as  positive30–32. The IgG-only 
assay is a chemiluminenscent microparticle immunoassay that detects IgG antibodies to the N-protein of SARS-
CoV-2. The assay threshold of ≥ 1.4 (sample to calibrators [S/C]) were interpreted as  positive33,34. In October 2020, 
manufacturer guidance on the IgG-only assay was updated to include an optional editable “grayzone” with a S/C 
index range of 0.5–1.39 (Abbott Diagnostics Product Information Letter PI1060-2020)35–37. The interpretation 
of S/C indices used in this study was as follows: negative, < 0.5; grayzone, 0.5 to < 1.4; and positive, ≥ 1.4. The 
grayzone results as presumptive positives are likely to be positive on other testing platforms and may add value 
to individual serological tests by indicating the need for additional  testing12.

Antibodies targeting the nucleocapsid (N) protein of SARS-CoV-2 were reportedly not detected in samples 
collected during the pre-pandemic period (2015–2019)38. However, to confirm that the N antibody positivity is 
due to SARS-CoV-2 infection and not to pre-existing antibodies induced by other coronaviruses, it is advisable 
to perform the assay using sera from the pre-pandemic period, which could not be done in this study.

Statistical analysis
Assay concordance was accessed using Cohen’s kappa statistic for difference in proportions. Cohen’s kappa coef-
ficient (k) measures the level of agreement between assays, taking into account the possibility of the agreement 
occurring by chance. The k statistic varies from 0 to 1, where 0 indicates agreement equivalent to chance, and 
0.00 to 0.20, 0.21 to 0.40, 0.41 to 0.60, 061 to 0.80, 0.81 to 0.99 representing slight, fair, moderate, substantial, 
and almost perfect agreement, respectively. A kappa of 1 indicates perfect  agreement39,40.

The seroprevalence is presented as crude percentages with 95% CIs. Multivariate logistic regression analysis 
was performed to compute ORs of seroprevalence with respect to basic characteristics. The Mantel–Haenszel 
test was performed to examine the two assays’ seropositivity between the stratified groups of “within 3 months” 
and “4 months or more” from infection (using PCR positive date as day 0), among the participating HCWs with 
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a PCR-confirmed infection history. In addition, a logistic model was developed to estimate the risk of infec-
tion among participating HCWs for both assays, with variables of sex, age, having close contacts to COVID-19 
patients, and the number of vaccine doses. Receiver operating characteristic (ROC) curves were used to estimate 
model discrimination by the c-statistics or area under the curve (AUC). IBM SPSS Statistics 29 and R version 
4.3.1 were used. A two-tailed p < 0.05 was considered significant.

Ethics declarations
This study was approved by the Institutional Review Board (IRB) at Juntendo University Hospital, Japan (IRB # 
M20-0089-M01). Informed consent was given by all participating health care workers.

Data availability
All data generated or analyzed during this study are included in this article.

Received: 6 May 2023; Accepted: 3 February 2024

References
 1. Our World in Data. Accessed 19 Dec 2022; https:// ourwo rldin data. org/ covid- cases.
 2. Nyberg, T. et al. Comparative analysis of the risks of hospitalisation and death associated with SARS-CoV-2 omicron (B.1.1.529) 

and delta (B.1.617.2) variants in England: A cohort study. Lancet 399(10332), 1303–1312. https:// doi. org/ 10. 1016/ S0140- 6736(22) 
00462-7 (2022).

 3. Tuekprakhon, A. et al. Antibody escape of SARS-CoV-2 Omicron BA.4 and BA.5 from vaccine and BA.1 serum. Cell 185(14), 
2422–2433. https:// doi. org/ 10. 1016/j. cell. 2022. 06. 005 (2022).

 4. Menni, C. et al. Symptom prevalence, duration, and risk of hospital admission in individuals infected with SARS-CoV-2 dur-
ing periods of omicron and delta variant dominance: a prospective observational study from the ZOE COVID study. Lancet 
399(10335), 1618–1624. https:// doi. org/ 10. 1016/ S0140- 6736(22) 00327-0 (2022).

 5. Ministry of Health, Labour and Welfare of Japan. COVID-19 statistics. Accessed 19 Dec 2022; https:// covid 19. mhlw. go. jp/.
 6. Ministry of Health, Labour and Welfare of Japan. Geographic difference on SARS-CoV-2 seroprevalence. Accessed 19 Dec 2022; 

https:// www. jiji. com/ jc/ artic le?k= 20221 20400 168&g= soc.
 7. Peeling, R. W., Heymann, D., Teo, Y. Y. & Garcia, P. J. Diagnostics for COVID-19: moving from pandemic response to control. 

Lancet 399, 75768. https:// doi. org/ 10. 1016/ S0140- 6736(21) 02346-1 (2022).
 8. Lu, S. et al. The SARS-CoV-2 nucleocapsid phosphoprotein forms mutually exclusive condensates with RNA and the membrane-

associated M protein. Nat. Commun. 12(1), 502. https:// doi. org/ 10. 1038/ s41467- 020- 20768-y (2021).
 9. Koerber, N. et al. Dynamics of spike-and nucleocapsid specific immunity during long-term follow-up and vaccination of SARS-

CoV-2 convalescents. Nat. Commun. 13(1), 153. https:// doi. org/ 10. 1038/ s41467- 021- 27649-y (2022).
 10. Peluso, M. J. et al. SARS-CoV-2 antibody magnitude and detectability are driven by disease severity, timing, and assay. Sci Adv. 

7(31), eabh3409. https:// doi. org/ 10. 1126/ sciadv. abh34 09 (2021).
 11. Takahashi, S., Greenhouse, B. & Rodriguez-Barraquer, I. Are seroprevalence estimates for severe acute respiratory syndrome 

coronavirus 2 biased?. J. Infect. Dis. 222(11), 1772–1775. https:// doi. org/ 10. 1093/ infdis/ jiaa5 23 (2020).
 12. Allen, N. et al. SARS-CoV-2 antibody testing in health care workers: A comparison of the clinical performance of three commer-

cially available antibody assays. Microbiol Spectr. 9(2), e0039121. https:// doi. org/ 10. 1128/ Spect rum. 00391- 21 (2021).
 13. Muecksch, F. et al. Longitudinal serological analysis and neutralizing antibody levels in coronavirus disease 2019 convalescent 

patients. J. Infect. Dis. 223(3), 389–398. https:// doi. org/ 10. 1093/ infdis/ jiaa6 59 (2021).
 14. Fox, T. et al. Antibody tests for identification of current and past infection with SARS-CoV-2. Cochrane Datab. Syst. Rev. 11(11), 

CD013652. https:// doi. org/ 10. 1002/ 14651 858. CD013 652. pub2 (2022).
 15. Harritshoj, L. H. et al. Comparison of 16 Serological SARS-CoV-2 Immunoassays in 16 clinical laboratories. J. Clin. Microbiol. 

59(5), e02596-e2620. https:// doi. org/ 10. 1128/ JCM. 02596- 20 (2021).
 16. Harley, K. & Gunsolus, I. L. Comparison of the clinical performances of the Abbott alinity IgG, Abbott architect IgM, and Roche 

Elecsys total SARS-CoV-2 antibody assays. J. Clin. Microbiol. 59(1), e02104-e2120. https:// doi. org/ 10. 1128/ JCM. 02104- 20 (2020).
 17. Wiwe, E. F. et al. Long-term comparison of 7 SARS-CoV-2 antibody assays in the North Zealand Covid-19 cohort. J. Appl. Lab. 

Med. 7(3), 711–726. https:// doi. org/ 10. 1093/ jalm/ jfab1 73 (2022).
 18. Weidner, L. et al. Quantification of SARS-CoV-2 antibodies with eight commercially available immunoassays. J. Clin. Virol. 129, 

104540. https:// doi. org/ 10. 1016/j. jcv. 2020. 104540 (2020).
 19. Fukuda, H. et al. SARS-CoV-2 seroprevalence in healthcare workers at a frontline hospital in Tokyo. Sci. Rep. 11(1), 8380. https:// 

doi. org/ 10. 1038/ s41598- 021- 87688-9 (2021).
 20. Igawa, G. et al. Antibody response and seroprevalence in healthcare workers after the BNT162b2 vaccination in a University 

Hospital at Tokyo. Sci. Rep. 12(1), 8707. https:// doi. org/ 10. 1038/ s41598- 022- 12809-x (2022).
 21. Yan, Y. et al. Increased delta variant SARS-CoV-2 infections in a highly vaccinated medical center in Japan. Vaccine 40(23), 

3103–3108. https:// doi. org/ 10. 1016/j. vacci ne. 2022. 04. 029 (2022).
 22. Okumura, N. et al. The first eleven cases of SARS-CoV-2 Omicron variant infection in Japan: A focus on viral dynamics. Glob. 

Health Med. 4(2), 133–136. https:// doi. org/ 10. 35772/ ghm. 2021. 01124 (2022).
 23. Kanamori, R. et al. Increased SARS-CoV-2 seroprevalence and the spread of cases of infection without awareness among health-

care workers through 2020–2022 in a Japanese medical center. Sci. Rep. 13(1), 4941. https:// doi. org/ 10. 1038/ s41598- 023- 32193-4 
(2023).

 24. Suzuki T. National institute of infectious disease. Accessed 28 Dec 2022https:// www. niid. go. jp/ niid/ images/ plan/ kisyo/2_ suzuki. 
pdf.

 25. Paul, G. et al. The humoral immune response more than one year after SARS-CoV-2 infection: Low detection rate of anti-nucle-
ocapsid antibodies via Euroimmun ELISA. Infection 51(1), 83–90. https:// doi. org/ 10. 1007/ s15010- 022- 01830-x (2023).

 26. Coste, A. T., Jaton, K., Papadimitriou-Olivgeris, M., Greub, G. & Croxatto, A. Comparison of SARS-CoV-2 serological tests with 
different antigen targets. J. Clin. Virol. 134, 104690. https:// doi. org/ 10. 1016/j. jcv. 2020. 104690 (2021).

 27. Tokyo COVID-19 Infection Control Center, Metropolitan Government. Detection of the Omicron variant. Accessed 10 Nov 2023; 
https:// www. metro. tokyo. lg. jp/ tosei/ hodoh appyo/ press/ 2021/ 12/ 22/ 31. html. 

 28. Hall, V. et al. Protection against SARS-CoV-2 after Covid-19 vaccination and previous infection. N. Engl. J. Med. 386(13), 1207–
1220. https:// doi. org/ 10. 1056/ NEJMo a2118 691 (2022).

 29. Matuchansky, C. Protection against SARS-CoV-2 after vaccination and previous infection. N. Engl. J. Med. 386(26), 2534. https:// 
doi. org/ 10. 1056/ NEJMc 220561 (2022).

https://ourworldindata.org/covid-cases
https://doi.org/10.1016/S0140-6736(22)00462-7
https://doi.org/10.1016/S0140-6736(22)00462-7
https://doi.org/10.1016/j.cell.2022.06.005
https://doi.org/10.1016/S0140-6736(22)00327-0
https://covid19.mhlw.go.jp/
https://www.jiji.com/jc/article?k=2022120400168&g=soc
https://doi.org/10.1016/S0140-6736(21)02346-1
https://doi.org/10.1038/s41467-020-20768-y
https://doi.org/10.1038/s41467-021-27649-y
https://doi.org/10.1126/sciadv.abh3409
https://doi.org/10.1093/infdis/jiaa523
https://doi.org/10.1128/Spectrum.00391-21
https://doi.org/10.1093/infdis/jiaa659
https://doi.org/10.1002/14651858.CD013652.pub2
https://doi.org/10.1128/JCM.02596-20
https://doi.org/10.1128/JCM.02104-20
https://doi.org/10.1093/jalm/jfab173
https://doi.org/10.1016/j.jcv.2020.104540
https://doi.org/10.1038/s41598-021-87688-9
https://doi.org/10.1038/s41598-021-87688-9
https://doi.org/10.1038/s41598-022-12809-x
https://doi.org/10.1016/j.vaccine.2022.04.029
https://doi.org/10.35772/ghm.2021.01124
https://doi.org/10.1038/s41598-023-32193-4
https://www.niid.go.jp/niid/images/plan/kisyo/2_suzuki.pdf
https://www.niid.go.jp/niid/images/plan/kisyo/2_suzuki.pdf
https://doi.org/10.1007/s15010-022-01830-x
https://doi.org/10.1016/j.jcv.2020.104690
https://www.metro.tokyo.lg.jp/tosei/hodohappyo/press/2021/12/22/31.html
https://doi.org/10.1056/NEJMoa2118691
https://doi.org/10.1056/NEJMc220561
https://doi.org/10.1056/NEJMc220561


8

Vol:.(1234567890)

Scientific Reports |         (2024) 14:3102  | https://doi.org/10.1038/s41598-024-53656-2

www.nature.com/scientificreports/

 30. Elecsys. Anti-SARS-CoV-2 immunoassay for the qualitative detection of antibodies(ind. IgG) against SARS-CoV-2. (Roche Diag-
notics, Basel, Switzerland, accessed 19 Dec 2022); https:// diagn ostics. roche. com/ us/ en/ produ cts/ params/ elecs ys- anti- sars- cov-2. 
html. ()

 31. Monico J. Understanding your Roche Anti-SARS-CoV-2 (Nucleocapsid) test result. Accessed 20 January 2023
 32. Public Health England, Porton Down Nuffield Department of Medicine, University of Oxford Oxford University Hospitals NHS 

Foundation Trust. Evaluation of sensitivity and specificity of four commercially available SARS-CoV-2 antibody immunoassays. 
Accessed 20 Jan 2023, https:// assets. publi shing. servi ce. gov. uk/ gover nment/ uploa ds/ system/ uploa ds/ attac hment_ data/ file/ 898437/ 
Evalu ation__ of_ sensi tivity_ and_ speci ficity_ of_4_ comme rcial ly_ avail able_ SARS- CoV-2_ antib ody_ immun oassa ys. pdf.

 33. Food and Drug Administration. SARS-CoV-2 IgG Architect-instructions for use, FDA. Food and drug Administration, Silver 
Spring, MD (2021). Accessed 19 Dec 2022 https:// www. fda. gov/ media/ 137383/ downl oad.

 34. Bradley, B. T. et al. Anti-SARS-CoV-2 antibody levels measured by the AdviseDx SARS-CoV-2 assay are concordant with previ-
ously available serologic assays but are not fully predictive of sterilizing immunity. J. Clin. Microbiol. 59(9), e0098921. https:// doi. 
org/ 10. 1128/ JCM. 00989- 21 (2021).

 35. ARCHITECT System. SARS-COV-2IgG/IgM e- Assay CD-ROM—WW (excluding US) list number 6514-03. (Abbott Diagnostics, 
2021)

 36. Kerr, C. et al. SARS-CoV-2 anti-nucleocapsid assay performance in healthcare workers at baseline and 6 months. Ir. J. Med. Sci. 
191(3), 1089–1092. https:// doi. org/ 10. 1007/ s11845- 021- 02700-5 (2022).

 37. Narasimhan, M. et al. Clinical evaluation of the abbott alinity SARS-CoV-2 spike-specific quantitative IgG and IgM assays among 
infected, recovered, and vaccinated groups. J. Clin. Microbiol. 59(7), e0038821. https:// doi. org/ 10. 1128/ JCM. 00388- 21 (2021).

 38. Chau, N. V. V. et al. Absence of SARS-CoV-2 antibodies in pre-pandemic plasma from children and adults in Vietnam. Int. J. Infect. 
Dis. 111, 127–129. https:// doi. org/ 10. 1016/j. ijid. 2021. 07. 072 (2021).

 39. Cohen, J. A coefficient of agreement for nominal scales. Educ. Psychol. Meas. 20, 37–46 (1960).
 40. Kundel, H. L. & Polansky, M. Measurement of observer agreement. Radiology 228(2), 303–308. https:// doi. org/ 10. 1148/ radiol. 

22820 11860 (2003).

Acknowledgements
The authors thank all the health care workers of Juntendo University Hospital who participated in this study, 
and the Department of Research Support Utilizing Bioresource Bank (Juntendo University Graduate School 
of Medicine) for use of their facilities. We also thank Kristin Thurlby (Johnson County Community College, 
Overland Park, KS, USA) for her editorial advice on preparation of this manuscript.

Author contributions
Prof. Tabe and Prof. Naito and have full access to all the data in the study and take responsibility for the integ-
rity of the data and the accuracy of the data analysis. Concept and design: All authors. Acquisition, analysis, or 
interpretation of data: K.S., Y.Y., Y.H., Y.T., N.T. Drafting of the manuscript: Y.Y., G.A.D. Critical revision of the 
manuscript for important intellectual content: All authors. Statistical analysis: H.Y., Y.Y., S.N. Administrative, 
technical, or material support: K.S., K.I. Supervision: Y.T., N.T. All authors meet the ICMJE authorship criteria.

Funding
This work was supported by Japan Agency for Medical Research and Development (AMED) [grant num-
ber JP20fk0108472] to TN. The funder had no role in design and conduct of the study; collection, management, 
analysis, and interpretation of the data; preparation of the manuscript; and decision to submit the manuscript 
for publication.

Competing interests 
Abbott Japan LLC provided reagents for Alinity SARS-CoV-2 IgG assay, and Roche Diagnosis provided reagents 
for Elecsys Anti-SARS-CoV-2 assay, free of cost to the researchers. These two companies had no role in design 
and conduct of the study; collection, management, analysis, and interpretation of the data; preparation of the 
manuscript; and decision to submit the manuscript for publication. All authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 024- 53656-2.

Correspondence and requests for materials should be addressed to T.N.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2024

https://diagnostics.roche.com/us/en/products/params/elecsys-anti-sars-cov-2.html
https://diagnostics.roche.com/us/en/products/params/elecsys-anti-sars-cov-2.html
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/898437/Evaluation__of_sensitivity_and_specificity_of_4_commercially_available_SARS-CoV-2_antibody_immunoassays.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/898437/Evaluation__of_sensitivity_and_specificity_of_4_commercially_available_SARS-CoV-2_antibody_immunoassays.pdf
https://www.fda.gov/media/137383/download
https://doi.org/10.1128/JCM.00989-21
https://doi.org/10.1128/JCM.00989-21
https://doi.org/10.1007/s11845-021-02700-5
https://doi.org/10.1128/JCM.00388-21
https://doi.org/10.1016/j.ijid.2021.07.072
https://doi.org/10.1148/radiol.2282011860
https://doi.org/10.1148/radiol.2282011860
https://doi.org/10.1038/s41598-024-53656-2
https://doi.org/10.1038/s41598-024-53656-2
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Seroprevalence of SARS-CoV-2 antibodies among Japanese healthcare workers from 2020 to 2022 as assayed by two commercial kits
	Results
	Discussion
	Limitations
	Conclusion

	Methods and materials
	Study design
	Serological testing
	Statistical analysis
	Ethics declarations

	References
	Acknowledgements


