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A B S T R A C T   

Performing a cohort-based SARS-CoV-2 antibody assay is crucial for understanding infection status and future 
decision-making. The objective of this study was to examine consecutive antibody seroprevalence changes 
among hospital staff, a high-risk population. A two-time survey was performed in May and October 2020 for 545 
hospital staff to investigate the changes in the results of the rapid kit test and chemiluminescence immunoassay 
(CLIA). The seroprevalence of each assay was summarized at both the survey periods. The proportion of sero-
positive individuals in the CLIA for each survey period and the number of confirmed COVID-19 cases in Central 
Fukushima were then compared. We chose 515 participants for the analysis. The proportion of IgM seropreva-
lence in CLIA increased from 0.19% in May to 0.39% in October, and IgG seroprevalence decreased from 0.97% 
in May to 0.39% in October. The proportion of IgM seroprevalence in the rapid kit test decreased from 7.96% in 
May to 3.50% in October, and IgG seroprevalence decreased from 7.77% in May to 2.14% in October. 

The IgG and IgM antibody seroprevalence among hospital staff in rural Central Fukushima decreased; the 
seroprevalence among hospital staff was consistent with the number of confirmed COVID-19 cases in the Central 
Fukushima area. Although it is difficult to interpret the results of the antibody assay in a population with a low 
prior probability, constant follow-up surveys of antibody titers among hospital staff had several merits in 
obtaining a set of criteria regarding the accuracy of measures against COVID-19 and estimating the COVID-19 
infection status among hospital staff.   

1. Introduction 

Laboratory testing in a cohort is vital to estimate the prevalence of 
diseases, to identify them at early stages, and to offer important insights 
about diseases. During the spread of COVID-19 worldwide, under-
standing its infection status in the cohort was essential for public health 
decision-making. To this end, various assays, including polymerase 
chain reaction (PCR) assay, chemiluminescence immunoassay (CLIA), 
immunochromatography (ICG) assay, and other assays have been per-
formed. In particular, antibody assays are useful for evaluating the 
extent of a disease in the population because they are associated with 
past infection status [1]. Consequently, large-scale population-based 
antibody examinations have been performed, and these studies have 

provided information on antibody incidence in the cohort as well as 
allowed for comparisons of results with other assays and inferences 
regarding asymptomatic patients [2,3]. Thus, performing a cohort-based 
COVID-19 antibody test is crucial in terms of public health for under-
standing the infection status and future decision-making. 

To date, numerous antibody tests have been conducted to understand 
the status of COVID-19 in the population. In particular, follow-up studies 
in the cohort have provided principal insights into the spread of SARS- 
CoV2-2019 in the population, including direct information on and es-
timates of infection proportions in various regions [4,5]. In addition, 
hospital staff are considered a priority population for estimated infec-
tion proportion; hospital staff are reported to have a higher proportion 
of antibody positivity than the general population [6]. Thus, antibody 
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testing of hospital staff has been conducted to protect those on the 
frontline [7,8]. Nevertheless, except for a small number of sample size 
surveys, few follow-up studies on antibody testing among hospital staff 
have been conducted [9]. 

Fukushima Prefecture, approximately 239 km north of Tokyo, is an 
area with high disaster frequency where approximately 1,850 thousand 
residents live. A large proportion of these residents live in the rural 
areas, which originally had poor health care resources; the shortage of 
these resources was amplified after disasters—particularly the Great 
East Japan earthquake [10,11]. Recently, in October 2020, it was 
confirmed that there were 388 COVID-19 positive patients in Fukushima 
Prefecture. Nevertheless, previous surveys have suggested that the 
seropositive antibody prevalence among hospital staff was relatively 
higher than expected in Japan [12,13]. More specifically, the Central 
Fukushima area, where there were 27 confirmed COVID-19 cases by 
October 2020, is one of the prefectures that reported the aforementioned 
prevalence [13]. Thus, the Central Fukushima area is a stable area for 
conducting a follow-up study on antibody seroprevalence among hos-
pital staff. 

The objective of this study was to examine the consecutive antibody 
seropositive proportion changes among hospital staff, a high-risk pop-
ulation, to help understand the impact of SARS-CoV2-2019 on the 
cohort. Antibody testing was conducted in May, the end of the first 
wave, and in October, during the second wave, among the staff of a 
health care group in rural Central Fukushima. 

2. Method 

2.1. Setting and study design 

This was an observational cohort study. The Seireikai group is a 
private community-based health care group with hospitals, clinics, long- 
term care facilities, and daycare facilities as well as home visiting ser-
vices in the Central Fukushima area of Japan. It runs Hirata Central 
Hospital, which is located in Hirata Village—a mountainous area that is 
one of the most resource-poor areas in Fukushima Prefecture. Hirata 
Central Hospital with 142 beds for inpatients is the only hospital in the 
area that accepts emergency patients. Moreover, approximately 650 
staff work in the Seireikai group, and have taken efforts to protect 

patients and residents after the COVID-19 pandemic by establishing a 
PCR center and a specialized clinic for patients who had symptoms 
compatible with COVID-19, conducting regular meetings for infection 
control, and organizing a survey of SARS-CoV2-2019 RNA in the sewage 
line. The present survey was conducted as one of the countermeasures in 
this context. Most of the hospital staff were full-time workers; however, 
some of the doctors were part-time workers. The eligible study partici-
pants were hospital staff working in Seireikai Group who had completed 
both tests in May and October and agreed to participate in the study both 
in May and October 2020. 

An initial blood test sampling was conducted between May 8 and 
May 28, 2020, during the end of the first wave of the pandemic in Japan, 
to determine the prevalence of COVID-19 antibodies among staff and to 
understand the infection status. The number of patients per day in 
Fukushima Prefecture and Central Fukushima is shown in Fig. 1 and 
Supplementary Fig. 1. 

Blood samples were collected mainly by the Seireikai group medical 
staff (9 mL). To ensure the accuracy of predictive prevalence, the rapid 
kit test and CLIA were performed on the same blood sample in the first 
survey. The rapid kit test and CLIA test have different characteristics. 
The rapid kit test is easy to use, provides results quickly, and is cheap, 
whereas the CLIA test can determine the quantitative value in detail. 
Comparing the rapid kit test with the CLIA test provided more detailed 
information about the results and the relevance of the tests. Blood test 
sampling was again conducted between October 5 and October 23, 2020 
to determine the consecutive changes of antibody seropositive preva-
lence and provide insight into understanding the consecutive changes in 
the infection status. The second sampling was done at the end of the 
second wave of the pandemic in Japan (see Fig. 1 and Supplementary 
Fig. 1 for the number of patients per day). Blood samples were collected 
mainly by Seireikai group medical staff (9 mL) in the second sampling as 
well. Rapid kit tests and CLIA were also conducted on the same blood 
samples in the second survey. Thus, two surveys were performed to 
investigate the changes in the results of the rapid test kit and CLIA. In 
addition, participants were asked questions about COVID-19 symptoms 
(fever since January 2020, confirmed COVID-19 cases among household 
members) when their consent forms were obtained in May and October. 
The staff could undergo PCR testing when medically necessary, such as 
when they had had contact with outpatients for whom COVID-19 

Fig. 1. Comparison between positive proportion in CLIA in each term and the number of confirmed cases of COVID-19 in the Central Fukushima area. CLIA =
Chemiluminescence immunoassay. Population: 519,431 (1st April 2021). 
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infection could not be ruled out, or when validation tests were required 
to evaluate antibody test results. Moreover, staff could conduct PCR 
immediately if they had COVID-19 related symptoms and whenever 
required, except on weekends. 

This study was approved by the ethics committee of Hirata Central 
Hospital (Ethics Committee ID: 2020–0427-1) and Fukushima Medical 
University (Ethics Committee ID: 2020–172), and all participants pro-
vided individual written informed consent for each blood test. 

2.2. Laboratory analysis 

The 2019-nCoV IgG/IgM kit (Vazyme Biotech Co., Ltd., YHLO 
Biotech, Shenzhen, China) was used for the rapid kit tests; the sensitivity 
and specificity of the rapid test kit were 91.54% and 97.02%, respec-
tively [14]. The testing method process was followed by the official 
testing method, which was adequate [14]. The serum was used for the 
examination, and two independent laboratory technicians certified the 
line judgment. The examination procedure was performed at Hirata 
Central Hospital. 

The CLIA quantitative antibody test was performed using a high- 
throughput assay apparatus, called iFlash 3000, and with assay re-
agents, iFlash-SARS-CoV-2 IgM/IgG (YHLO Biotech, Shenzhen, China). 
The examination procedure was performed at Tokyo University on May 
16, 20, and 29, 2020, for the first survey and on November 10 and 11, 
2020 for the second survey. Blood samples were brought from Hirata 
Central Hospital to Tokyo University. The testing method was performed 
according to official guidelines (Here, please refer to the official in-
struction manual for the iFlash immunoassay analyzer for SARS-CoV-2 
IgG and IgM). The sensitivity and specificity of the CLIA test with -
iFlash-SARS-CoV-2 IgG were 97.3% and 96.3%, respectively. The cutoff 
for the CLIA quantitative antibody test was 10 AU/mL. The S anti-
gen—which may induce the production of neutralizing antibodies—and 
the N antigen were set as the targets for the antibody assay. The quality 
check test was conducted daily before the CLIA samples were measured. 
The expected value and the confidential range of the calibration reagent 
for each lot were demonstrated by the company, and the tests for par-
ticipants were conducted after confirming that the values were within 
the demonstrated range. Reverse transcription polymerase chain reac-
tion (RT-PCR) was performed using the LightCycler® 480 Instrument II 
[15]. 

2.3. Statistical analysis 

First, we described the patient characteristics for each group as 
“tested IgM positive in the rapid kit test or CLIA” or “tested negative in 
all testing” in May and October, respectively. A multivariable adjusted 
logistic regression model was then used to estimate the odds ratio and 
95% confidence intervals (CIs) for the association between IgM sero-
positive results and age, sex, occupation, and place of work. Participants 
who belonged to the group with all seronegative results were removed 
from the multivariable analysis because the group without seropositive 
result must be mandatorily removed from the multivariable analysis to 
conduct statistics analysis (e.g., doctors’ group in Table 2(a)). The same 
analysis was also performed for IgG. Second, the proportion of sero-
positive results in the CLIA based on different testing periods and the 
number of confirmed COVID-19 cases in Central Fukushima Prefecture 
between March and November were compared to understand the pro-
portion of seropositive results against the background of infection status 
in the area. Finally, the seroprevalence of each assay and term and 
complaints of fever were summarized in terms of IgM and IgG for all the 
hospital staff who were seropositive in at least one antibody test. 
Moreover, the numerical values of IgM and IgG from the CLIA in May 
were classified into ten groups (8 seronegative groups and two sero-
positive groups), and the median values for each group in May were 
determined; the results of the CLIA for each group for October were 
obtained as a follow-up, and the median value in October was then 

calculated as well (Supplementary Table 1). The proportion of sero-
positive individuals in the CLIA for different testing periods and the 
number of confirmed COVID-19 cases in Fukushima Prefecture between 
March and November were also compared (Supplementary Fig. 1). P- 
values less than 0.05 were considered statistically significant. All ana-
lyses were performed using STATA IC15 (Lightstone, Texas USA, version 
15). 

3. Results 

The immunochromatography rapid kit test and the CLIA quantitative 
antibody test in May and October were conducted for 545 hospital staff; 
of these, we included 515 participants who worked as Seireikai group 
staff and agreed to participate in this study in the analysis. The median 
age (interquartile range) of the enrolled participants was 44 (34–56) 
years, with 383 (74.37%) women and 409 (79.42%) hospital staff. A 
total of 145 (28.16%) participants worked at the hospital, and 312 
(60.58%) worked at long-term care facilities. Moreover, none of the 106 
participants who performed PCR testing were found to be COVID posi-
tive (Table 1). 

A total of 41 participants tested IgM positive for at least one rapid kit 
test or CLIA assay in May. Females had 5.88 times higher IgM positive 
prevalence than males. In addition, the proportion of IgM positive 
prevalence increased in the older groups (Table 2a). Moreover, a total of 
20 participants tested IgM positive in at least one assay in October. The 
proportion of IgM positive prevalence was higher in those working at 
clinics than in those working at hospitals (Table 2b). 

A total of 40 participants tested IgG positive in at least one assay of 
the rapid kit test or CLIA in May. The proportion of IgG prevalence was 
higher in those aged 45–64 years than in those aged 18–44 years. 
However, the difference in IgG prevalence between sexes was not sig-
nificant (Table 3a). Subsequently, a total of 11 participants tested IgG 
positive in at least one assay in October. The proportion of IgG preva-
lence was not significantly associated with the participants’ background 
characteristics (Table 3b). 

The proportions of seropositive prevalence in CLIA in differen survey 
periods increased in IgM and decreased in IgG; however, the overall 
appearance of antibodies was low (Fig. 2). In the rapid kit test, the 
proportion of IgM seroprevalence decreased from 7.96% in May to 
3.50% in October, and IgG seroprevalence in the rapid kit test decreased 

Table 1 
Participant’s characteristics.   

n (%) 

Gender  
Female 383 (74.37) 
Male 132 (25.63) 

Age, median [IQR] 44 [34–56] 
Occupation  

Doctor 11 (2.14) 
Nurse 103 (20.00) 
Caregiver 237 (46.02) 
Other medical staff 58 (11.26) 
Office worker 50 (9.71) 
Other non-medical staff 56 (10.87) 

Working place  
Hospital 145 (28.16) 
Clinic 48 (9.32) 
Long term care health facility 312 (60.58) 
Other 10 (1.94) 

IgM positive in rapid kit test in May, [95% CI] 41 (7.96) [5.77–10.65] 
IgG positive in rapid kit test in May, [95% CI] 40 (7.77) [5.61–10.43] 
IgM positive in CLIA test in May, [95% CI] 1 (0.19) [0.00–1.08] 
IgG positive in CLIA test in May, [95% CI] 5 (0.97) [0.32–2.25] 
IgM positive in rapid kit test in Oct, [95% CI] 18 (3.50) [2.08–5.47] 
IgG positive in rapid kit test in Oct, [95% CI] 11 (2.14) [1.07–3.79] 
IgM positive in CLIA test in Oct, [95% CI] 2 (0.39) [0.05–1.40] 
IgG positive in CLIA test in Oct, [95% CI] 2 (0.39) [0.05–1.40] 

IQR; interquartile range, Oct; October, CI; confidential interval. 
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Table 2a 
Comparison of participants’ characteristics and IgM seropositive results in the 
rapid kit test or CLIA test in May and adjusted odds ratio for IgM seropositive 
results by gender, age, occupation, and workplace (n = 515).   

IgM (May) Adjusted OR (95% 
CI) 

(n = 504) 

p 
value 

Negative Positive 

Gender     
Female 345 

(90.08) 
38 (9.92) ref. – 

Male 129 
(97.73) 

3 (2.27) 0.17 (0.05–0.62) 0.007 

Age     
18–44 247 

(95.74) 
11 (4.26) ref. – 

45–64 194 
(88.99) 

24 
(11.01) 

3.12 (1.42–6.89) 0.005 

65–78 33 (84.62) 6 (15.38) 5.54 (1.76–17.46) 0.003 
Occupation     

Doctor 11 
(100.00) 

0 (0.00) – – 

Nurse 96 (93.20) 7 (6.80) 0.66 (0.18–2.38) 0.53 
Caregiver 215 

(90.72) 
22 (9.28) 1.66 (0.46–5.96) 0.43 

Other medical staff 54 (93.10) 4 (6.90) 2.18 (0.48– 9.96) 0.32 
Office worker 45 (90.00) 5 (10.00) ref. – 
Other non-medical 
staff 

53 (94.64) 3 (5.36) 0.53 (0.11–2.59) 0.43 

Workplace     
Hospital 134 

(21.41) 
11 (7.59) ref. – 

Clinic 43 (89.58) 5 (10.42) 2.36 (0.69–8.00) 0.166 
Long-term care 
health facility 

289 
(92.63) 

23 (7.37) 0.55 (0.22–1.38) 0.20 

Other 8 (80.00) 2 (20.00) 2.93 (0.49–17.54) 0.24  

Table 2b 
Comparison of participants’ characteristics and IgM seropositive results in the 
rapid kit test or CLIA test in October and adjusted odds ratio for IgM seropositive 
results by gender, age, occupation, and workplace (n = 515).   

IgM (October) Adjusted OR (95% 
CI) 

(n = 438) 

p 
value 

Negative Positive 

Gender     
Female 365 

(95.30) 
18 

(4.70) 
ref. – 

Male 130 
(98.48) 

2 (1.52) 0.43 (0.09–2.08) 0.30 

Age     
18–44 251 

(97.29) 
7 (2.71) ref. – 

45–64 207 
(94.95) 

11 
(5.05) 

2.07 (0.75–5.69) 0.159 

65–78 37 (94.87) 2 (5.13) 2.53 (0.46–13.98) 0.29 
Occupation     

Doctor 11 
(100.00) 

0 (0.00) – – 

Nurse 101 
(98.06) 

2 (1.94) 0.45 (0.06–3.17) 0.42 

Caregiver 223 
(94.09) 

14 
(5.91) 

4.07 (0.56–22.76) 0.166 

Other medical staff 57 (98.28) 1 (1.72) 0.49 (0.04– 5.83) 0.57 
Office worker 47 (94.00) 1 (6.00) ref. – 
Other non-medical 
staff 

56 
(100.00) 

0 (0.00) – – 

Workplace     
Hospital 141 

(97.24) 
4 (2.76) ref. – 

Clinic 44 (91.67) 4 (8.33) 9.97 (1.53–64.81) 0.016 
Long-term care health 
facility 

300 
(96.15) 

12 
(3.85) 

0.44 (0.12–1.62) 0.22 

Other 10 
(100.00) 

0 (0.00) – –  

Table 3a 
Comparison of participants’ characteristics and IgG seropositive results in the 
rapid kit test or CLIA test in May and adjusted odds ratio for IgG seropositive 
results by gender, age, occupation, and workplace (n = 515).   

IgG (May) Adjusted OR (95% 
CI) 

(n = 504) 

p 
value 

Negative Positive 

Gender     
Female 350 

(91.38) 
33 (8.62) ref. – 

Male 125 
(94.70) 

7 (5.30) 0.69 (0.28–1.72) 0.43 

Age     
18–44 246 

(95.35) 
12 (4.65) ref. – 

45–64 195 
(89.45) 

23 
(10.55) 

2.25 (1.07–4.75) 0.033 

65–78 34 (87.18) 5 (12.82) 2.85 (0.91–8.92) 0.072 
Occupation     

Doctor 11 
(100.00) 

0 (0.00) – – 

Nurse 93 (90.29) 10 (9.71) 1.03 (0.32–3.30) 0.97 
Caregiver 219 

(92.41) 
18 (7.59) 0.77 (0.24–2.49) 0.66 

Other medical staff 56 (96.55) 2 (3.45) 0.53 (0.09–3.08) 0.48 
Office worker 45 (90.00) 5 (0.00) ref. – 
Other non-medical 
staff 

51 (91.07) 5 (8.93) 0.81 (0.21–3.07) 0.76 

Workplace     
Hospital 136 

(93.79) 
9 (6.21) ref. – 

Clinic 43 (89.58) 5 (10.42) 2.25 (0.68–7.47) 0.185 
Long-term care 
health facility 

287 
(91.99) 

25 (8.01) 1.34 (0.55–3.28) 0.53 

Other 9 (90.00) 1 (10.00) 1.39 (0.15–13.06) 0.77  

Table 3b 
Comparison of participants’ characteristics and IgG seropositive results in the 
rapid kit test or CLIA test in October and adjusted odds ratio for IgG seropositive 
results by gender, age, occupation, and workplace (n = 515).   

IgG (October) Adjusted OR (95% 
CI) 

(n = 439) 

p 
value 

Negative Positive 

Gender     
Female 375 

(97.91) 
8 (2.09) ref. – 

Male 129 
(97.73) 

3 (2.27) 1.60 (0.38–6.72) 0.52 

Age     
18–44 256 

(99.22) 
2 (0.78) ref. – 

45–64 210 
(96.33) 

8 (3.67) 4.42 (0.91–21.40) 0.065 

65–78 38 (97.44) 1 (2.56) 2.78 (0.23–33.54) 0.42 
Occupation     

Doctor 11 
(100.00) 

0 (0.00) – – 

Nurse 99 (96.12) 4 (3.88) 1.16 (0.18–7.35) 0.88 
Caregiver 233 

(98.31) 
4 (1.69) 0.48 (0.07–3.48) 0.47 

Other medical staff 58 
(100.00) 

0 (0.00) – – 

Office worker 48 (96.00) 2 (4.00) ref. – 
Other non-medical 
staff 

55 (98.21) 1 (1.79) 0.37 (0.03–4.54) 0.44 

Workplace     
Hospital 141 

(97.24) 
4 (2.76) ref. – 

Clinic 47 (97.92) 1 (2.08) 1.01 (0.10–10.58) 0.99 
Long-term care health 
facility 

306 
(98.08) 

6 (1.92) 0.81 (0.19–3.54) 0.78 

Other 10 
(100.00) 

0 (0.00) – –  
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from 7.77% in May to 2.14% in October. The proportions of seropositive 
prevalence in the CLIA were compared with the number of confirmed 
cases in the Central Fukushima area between March and November and 
found to be consistent. 

The results of completely seropositive participants in at least one 
antibody assay were summarized in Fig. 2 for IgM and IgG, respectively. 
However, the majority of participants who were seropositive in May 
became seronegative in October. Moreover, a few patients had fever 
from January 2020 till the day of the second examination. Nevertheless, 
no participant had COVID-19 according to the PCR test. 

The numerical value of the CLIA in May for each of the ten groups 
was obtained until October. The median value of each group in October 
decreased in almost all groups as compared to that in May. The overall 
median value significantly decreased from the first survey to the second 
survey for IgG than for IgM. Forty-nine individuals had increased IgM 
values in the CLIA, and three individuals had increased IgG values in the 
CLIA (Supplementary Table 1). Moreover, the proportions of seroposi-
tive prevalence in the CLIA in each term were found to be consistent 
with the number of confirmed COVID-19 cases in Central Fukushima 
rather than the total number of confirmed cases in the entire Fukushima 
Prefecture (Supplementary Fig. 1). 

4. Discussion 

A follow-up antibody survey for COVID-19 is vital for understanding 
cohort-based infection status and infection control decision-making. The 
present study aimed to investigate the consecutive changes in COVID-19 
antibody prevalence among hospital staff in the rural parts of Central 
Fukushima. 

The IgG and IgM antibody seroprevalence among hospital staff in 
rural Central Fukushima decreased, which was consistent with the 
number of confirmed COVID-19 cases in the area during the period of 
testing and pre-testing. The number of individuals with over cutoff 
values for IgM in the CLIA increased from one to two individuals, yet the 
number of seropositive individuals for IgG in the CLIA clearly decreased, 
as they did for the rapid kit test for both IgM and IgG. The antibody 
values changed in the follow-up survey in the population that was not 
identified as having the infection using PCR. However, it was generally 
reported that IgG does not decrease, while IgM greatly decreases in 
patients who recover from COVID-19 in a previous study [16,17]. 
Nevertheless, both IgG and IgM seroprevalence decreased in this study’s 
cohorts; thus, the results differed from those of a study conducted in 
cohorts recovered from COVID-19 [16]. However, a decrease of IgG 
antibodies in the rapid test has been revealed in previous studies [18]. 
Previous studies have shown that the proportion of antibody decrease 
was higher among patients with milder symptoms than those with 

severe symptoms [19]. In this study, we examined uninfected partici-
pants using the PCR test, for whom the change of antibodies might be 
different from that of hospitalized patients. Further research is required 
to understand the reasons for this result. However, the follow-up anti-
body testing was useful in understanding the status of seroprevalence 
among hospital staff to confirm that antibody titers did not increase in a 
hospital covering a large rural area in Central Fukushima. 

Meanwhile, there was also a discrepancy between the results of the 
CLIA and the rapid kit test, and this trend was clear for IgM. A large 
discrepancy was observed in the first test as well as the second test. 
These discrepancies have been observed in many previous studies 
[20–23]. Such results can sometimes confuse the community and cause 
mental stress in individuals. Nevertheless, in the present study, a low 
prior probability of COVID-19 testing in the target cohort might have 
caused false positives, and these characteristics of antibody assays 
should be widely recognized among hospital staff. 

The characteristics of IgM and IgG seropositive groups among hos-
pital staff were different across the survey periods. Seroprevalence of 
IgM and IgG was higher in the aging group in May, yet this trend was not 
observed in October. Further, the seroprevalence of IgM was higher in 
the female group. The seroprevalence was not higher in older groups in a 
previous study among hospital staff, [6,24] and the age groups with a 
high seroprevalence of antibodies were different among surveys [4,25]. 
The seroprevalence of IgM was not higher in the female group in a 
previous study as well [24,25]. Continuing further testing in the same 
cohort may help in understanding the cause. Additionally, further 
consecutive surveys on antibody prevalence among the population 
without symptoms and false-positive patients are required. 

Antibody follow-up testing among hospital staff in the hospital 
covered a wide range of rural residents and helped to reassure anxious 
staff. The seropositive proportion was higher than expected in the 
baseline survey, and consequently, the staff had to manage confirmation 
tests and increased anxiety. However, in the follow-up test, most of the 
staff had a better understanding of the antibody assay characteristics; 
thus, there was less confusion among the hospital staff. In addition, the 
antibody low seroprevalence made the staff aware that their routine 
measures against COVID-19 were in the right direction. The number of 
hospitals is usually limited in rural areas, and one hospital covers pa-
tients from a wide area. In such a setting, constant testing for antibody 
titers among hospital staff was useful in confirming the correctness of 
the measures they were taking, in estimating the COVID-19 infection 
status among hospital staff, and in reassuring the staff when the anti-
body positivity rate began decreasing. Thus, conducting follow-up 
antibody testing among the hospital staff cohort in addition to routine 
infection control measures had several merits. 

Nevertheless, several limitations should be considered when 

(b) IgG

(a) IgM

Patient 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

Rapid kit test in May Positive

CLIA in May 7.63 0.18 0.78 0.65 2.39 3.82 11.2 0.32 11.1 0.63 0.9 4.36 0.36 21.8 1.33 3.49 7.11 2.46 1.05 0.33 1.89 1.2 1.72 4.03 12.7 21.7 3.75 1.05 0.55 0.75 0.52 1.65 2.13 1.76 6.9 1.24 2.81 4.2 0.18 5.5 Negative

Rapid kit test in October

CLIA in October 5 0.1 0.47 0.46 1.28 1.19 5.16 0.19 7.96 0.39 0.34 2.42 0.21 16.3 0.6 3.34 1.75 0.7 0.47 0.16 0.8 0.97 1.08 3.06 3.02 11.4 1.04 0.81 0.25 0.38 0.28 0.95 1.09 0.95 4.24 0.4 2.13 3.29 0.1 3.26

Date of PCR Oct-21 - May-21 Sep-20 - - May-20 - May-20 - May-20 Oct-21 - Dec-19 Apr-19 - - May-20 - May-20 - May-20 Oct-21 - Jul-18 Oct-17 - - May-20 - May-20 - May-20 Oct-21 - Feb-17 May-16 - - May-20

Fever in 2020 Jan–Oct

Patient 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45

Rapid kit test in May

CLIA in May 0.35 3.55 0.47 0.49 2.58 1 0.44 5.53 5.41 0.34 2.74 7.11 1.06 1.76 3.09 5.61 1.21 0.23 1.94 1.5 1.98 2.67 1.19 1.08 1.36 3.78 0.65 0.77 61.2 4.6 0 .34 3.71 1.08 0.26 2.94 1.47 6.48 6.17 6.45 1.48 0.41 0.36 0.43 1.84 1.32

Rapid kit test in October

CLIA in October 0.33 1.44 0.23 0.25 1.23 0.49 0.31 3.99 3.21 0.27 1.54 4.94 0.55 0.84 1.46 3.17 1.02 0.21 0.72 0.78 1.32 1.16 0.52 0.54 0.96 1.59 0.39 0.42 95.6 2.72 0.25 1.87 0.44 0.22 1.97 0.75 11.7 0.59 1.61 0.88 0.25 0.33 1.09 1.12 0.71

Date of PCR May-20 Jun-20 Jun-20 May-20 May-20 May-20 Jun-20 May-20 May-20 May-20 May-20 May-20 May-20 May-20 May-20 Aug-20 May-20 May-20 - May-20 May-20 - Jun-20 May-20 May-20 May-20 May-20 Aug-20 Aug-20 Aug-20 Aug-20 May-20 May-20 May-20 May-20 - - May-20 May-20 Jun-20 May-20 May-20 May-20 May-20 May-20

Fever in 2020 Jan–Oct

Fig. 2. The summary of the seroprevalence of each assay and each term and complaints of fever. A; IgM, B; IgG. The cut-off value of this chemiluminescence 
immunoassay quantitative antibody test is 10AU/ml. CLIA = Chemiluminescence immunoassay. PCR = Polymerase chain reaction. 
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interpreting these findings. First, the prevalence of COVID-19 patients 
was low in the research area; thus, seropositive antibody assays might 
not be reliable. Second, the possibility of cross-reactions was not 
considered when assessing the seropositive results of each test. Third, 
conducting two testing procedures might have affected the laboratory 
technologist’s judgment of seropositive results. The technologists knew 
that there were many false positives in the baseline test, which might 
have influenced their judgment in the follow-up survey. Fourth, in the 
present study, we could not explain the differences in the participants 
characteristics between the IgM and IgG across the survey periods 
Further studies will be required to identify the reason for the differences. 
Fifth, the results of the rapid kit test and CLIA test, differed greatly, 
which made it difficult to interpret the results. Finally, the interpretation 
of the different result among two tests were not determined. We could 
not determine the definition in this study as well. This require further 
discussion and research. Despite these limitations, this study was one of 
the largest sample size studies that followed up on antibody testing re-
sults among hospital staff. 

5. Conclusion 

The present study surveyed consecutive antibody seroprevalence of 
SARS-CoV-2 among hospital staff in a hospital, covering a wide area 
with rural residents. Subsequently, it was found that the seroprevalence 
among hospital staff decreased, which was consistent with the number 
of confirmed COVID-19 cases in the Central Fukushima area. Although it 
is difficult to interpret the results of antibody assays in a population with 
a low prior probability, constant follow-up surveys of antibody titers 
among hospital staff had several merits in obtaining a set of criteria on 
the correctness of the measures against COVID-19 and in estimating the 
infection status of COVID-19 among hospital staff. 
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