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A B S T R A C T   

Introduction: The ability to predict which patients with a history of coronavirus disease (COVID-19) will exhibit a 
high antibody titer is necessary for more efficient screening of potential convalescent plasma donors. We aimed 
to identify factors associated with a high immunoglobulin G (IgG) titer in Japanese convalescent plasma donors 
after COVID-19. 
Methods: This cross-sectional study included volunteers undergoing screening for convalescent plasma donation 
after COVID-19. Serum anti-severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) S-protein IgG an-
tibodies were measured using a high-sensitivity chemiluminescence enzyme immunoassay. 
Results: IgG antibodies were measured in 581 patients, 534 of whom had full information of selected independent 
variables. Multiple linear regression analysis revealed that increasing age (1.037 [1,025, 1.048]), days from 
symptom onset to sampling (0.997 [0.995, 0.998]), fever (1.664 [1.226, 2.259]), systemic corticosteroid use 
during SARS-CoV-2 infection (2.382 [1.576, 3.601]), and blood type AB (1.478 [1.032, 2.117]) predict antibody 
titer. 
Conclusion: Older participants, those who experienced fever during infection, those treated with systemic cor-
ticosteroids during infection, those from whom samples were obtained earlier after symptom onset, and those 
with blood type AB are the best candidates for convalescent plasma donation. Therefore, these factors should be 
incorporated into the screening criteria for convalescent plasma donation after SARS-CoV-2 infection.   

1. Introduction 

Since December 2019, coronavirus disease (COVID-19) caused by 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has 
spread worldwide. As of June 15, 2021, more than 175 million people 
have been infected with SARS-CoV-2, and more than 3 million have died 

[1]. Previous studies have reported the efficacy of medications including 
remdesivir [2], dexamethasone [3], tocilizumab [4], and baricitinib [5] 
in treating COVID-19. Since the beginning of the pandemic, studies 
conducted in various countries have also investigated the efficacy of 
convalescent plasma therapy in patients with COVID-19 [6], reporting 
mixed results [7,8], but mostly without clear benefit. Given that new 
variants of COVID-19 continue to emerge, the efficacy of current 
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treatment strategies may fluctuate over time, making it essential to 
continue investigating various treatment options. 

Although SARS-CoV-2 antibody titers are higher in patients with 
severe disease than in those with mild disease [9], they decrease over 
time, with a reported half-life of approximately 40 days after reaching 
their peak [10,11]. Continuing to screen participants with low antibody 
titers is inefficient and burdens both patients and medical institutions. 
The ability to predict which patients will exhibit higher antibody titers 
will enable more efficient screening for convalescent plasma donation, 
thus reducing this burden. 

As previously mentioned, both the severity of illness and the time 
after the onset of illness are important factors influencing antibody titers 
after SARS-CoV-2 infection [9–11]. However, knowledge regarding the 
factors associated with a higher antibody titer remains limited. In this 
study, we aimed to identify factors associated with a high antibody titer 
in the Japanese population by analyzing data collected from individuals 
who voluntarily participated in screening for convalescent plasma 
donation. 

2. Methods 

2.1. Study design and ethics 

The Ethics Committee of Japan’s National Center for Global Health 
and Medicine (approval no.: NCGM-G-003536-01) approved this single- 
center, cross-sectional, retrospective study, and we obtained written 
informed consent from all participants. 

2.2. Setting and participants 

The present study included individuals who participated in the 
Convalescent Plasma Donation Study at Japan’s National Center for 
Global Health and Medicine between April 30, 2020, and April 8, 2021. 
An overview of this study is included in a previously published report 
[12]. In the early phase, we recruited patients admitted to our hospital, 
following which we recruited external participants via social network 
services and websites. During their first visit conducted 3 weeks after the 
onset of COVID-19, volunteers between 20 and 69 years of age 
completed a self-reported questionnaire that included items related to 
the date of COVID-19 onset, medical history, symptoms, date of diag-
nosis, hospitalization status, and treatment. Physicians and research 
assistants confirmed details regarding unclear information via in-
terviews. After confirming their eligibility, participants underwent 
blood sampling for blood typing and antibody titer measurements. 
Participants who met the criteria for eligibility [12] subsequently pro-
ceeded with plasma donation. In this study, only the results of the first 
measurement were used for the data analysis when multiple samples 
were obtained. 

2.3. Evaluation of serum anti-severe acute respiratory syndrome 
coronavirus 2 immunoglobulin G antibody titers 

Anti-SARS-CoV-2 spike protein IgG (S-IgG) antibodies were evalu-
ated using a fully automated high-sensitivity chemiluminescence 
enzyme immunoassay (Sysmex Corporation, Kobe, Japan). More details 
on this measurement method and its performance can be found in a 

previous paper [13]. 

2.4. Statistical analyses 

Continuous variables are presented as medians and interquartile 
ranges (IQRs), whereas categorical variables are presented as numbers 
of cases and percentages. We performed a multiple linear regression 
analysis to identify the factors associated with a high antibody titer. The 
study investigators selected clinically important factors (i.e., age, sex, 
days from symptom onset to sampling, fever, mechanical ventilation, 
systemic corticosteroid use during SARS-CoV-2 infection, hypertension, 
diabetes mellitus, and blood type AB) as variables. We approximated the 
residuals to a normal distribution by transforming the antibody titer to 
the log10 scale. R (version 4.0.2) was used for all analyses. A p value less 
than 0.05 was considered statistically significant. 

3. Results 

During the study period, 586 patients underwent antibody titer 
measurements. Antibody titer measurements were unavailable for 5 of 
the 586 participants; thus, we evaluated serum antibody titers in 581 
participants. The demographic characteristics of the 581 participants 

Abbreviations 

COVID-19 coronavirus disease 2019 
SARS-CoV-2 severe acute respiratory syndrome coronavirus 2 
s-IgG spike protein immunoglobulin G 
IQR interquartile range  

Table 1 
Participant characteristics (n = 581).   

Overall (n = 581) 

Agea 46 (38–54) 
Male sex 287 (49.4) 
ABO blood type 

A 249 (43.1) 
B 131 (22.7) 
O 134 (23.2) 
AB 64 (9.9) 

Rh blood type-positive 574 (99.3) 
Symptoms during disease onset 

Fever 458 (84.2) 
Headache 205 (37.6) 
Arthralgia 133 (24.4) 
Myalgia 97 (17.8) 
Loss of appetite 117 (21.5) 
Cough 235 (42.9) 
Sputum 79 (14.5) 
Hyperemic conjunctiva 16 (2.9) 
Sore throat 121 (22.2) 
Nasal discharge 81 (14.9) 
Chest pain 62 (11.4) 
Dyspnea 105 (19.3) 
Dysgeusia 171 (31.4) 
Dysosmia 202 (36.9) 
Diarrhea 96 (17.6) 
Nausea and vomiting 23 (4.2) 
Fatigue 255 (46.8) 

Baseline conditions 
Diabetes 41(7.1) 
Hypertension 89 (15.5) 
Dyslipidemia 70 (12.1) 

Highest facilities during disease onset 
Hospital admission 318 (54.8) 
Isolation facility (e.g., hotels) 121 (20.9) 
Home 141 (24.3) 

Pneumonia on radiography 222 (45.9) 
Severity 

Oxygen supplementation 90 (15.5) 
Mechanical ventilation 20 (3.5) 
ECMO 7 (1.3) 

Systemic corticosteroid therapy 53 (9.3) 
Days from onset to samplingb 63 (38–102) 
Antibody titer (AU/mL) 33.7 (13.2–73.3)  

a Numbers of missing data and denominators differ for each item. 
b In the 12 asymptomatic participants, the day of sampling on which the 

first positive specimen was identified was regarded as the day of onset. 
ECMO, extracorporeal membrane oxygenation. 
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included in the analysis are shown in Table 1. 
Among the 581 participants, the median age was 46 (IQR: 38–54) 

years, 49.4% were men, and 9.9% had blood type AB. At the time of 
illness, 84.2% and 42.9% of participants had fever and cough, respec-
tively. Hospitalization was required for 54.8% of participants, whereas 
oxygen support was not required for 84.5% of participants. The median 
time from symptom onset to collection of antibody titer samples was 63 
(IQR: 38–102) days, and the median antibody titer was 33.7 (IQR: 
13.2–73.3) AU/mL. None of the participants had been previously 
vaccinated against COVID-19 at the time of sampling. 

Multiple linear regression was performed to predict antibody titer 
based on the independent variables shown above. In total, 534 partici-
pants had full information of the independent variables. The estimated 
amount of antibody titer increase according to each independent vari-
able is shown in Table 2. Higher age, increasing days from symptom 
onset to sampling, presence of fever, systemic corticosteroid use during 
COVID-19, and blood type AB were significant predictors of antibody 
titer. Fig. 1A–D and Fig. 2 present the association between days from the 
onset and antibody titer for these significant variables. 

4. Discussion 

To identify factors associated with a high IgG antibody titer in Jap-
anese convalescent plasma donors after SARS-CoV-2 infection, we 
examined IgG in 581 volunteers with a history of SARS-CoV-2 infection. 
The analysis revealed that older age, earlier sampling, fever, systemic 
corticosteroid use during SARS-CoV-2 infection, and blood type AB were 
associated with a high antibody titer. To the best of our knowledge, this 
is the largest study to date regarding factors associated with high anti-
body titers among convalescent plasma donors in Japan. A previous 
Chinese study conducted from February to March 2020 examined anti-
body titers in 49 participants in their 30s and 40s, who were tested at an 
average of 37.8 days from onset [14]. This Chinese study indicated that 
high IgG titer is correlated with fever but not with age, sex, or ABO blood 
type. A study conducted in Germany from April 2020 included 206 
participants with a median age of 37.4 years who were tested at a me-
dian of 58 days from onset [15]. This study reported that the need for 
hospitalization due to COVID-19 and fever affects SARS-CoV-2 
neutralizing antibody titers. The present study included more partici-
pants than the previous study, and our participants were slightly older 
and had a longer duration from onset to sampling than those in the 
previous studies. 

Our results indicate that actively involving older participants, those 
with a shorter duration from onset to sampling, and those with febrile 
illness may improve the efficiency of the convalescent plasma donation 
process. A previous study conducted in the United States reported that 
older age, male sex, and hospitalization were associated with higher 
levels of anti-spike avidity in convalescent plasma candidates [16]. 
Another Chinese study indicated that antibody titers were higher in 
patients with fever than in those without [14]. The results of the present 
study are generally consistent with these previous findings, but notable 

for showing the similar findings in Japanese populations. Given that 
antibody titers are also correlated with neutralizing antibodies [13], 
these candidates are expected to have better neutralizing titers. 

Our results also suggest that collecting plasma from patients treated 
with systemic corticosteroids during SARS-CoV-2 infection can improve 
the efficiency of the screening process. Although it is a notable finding in 
this study, systemic corticosteroid use was not discussed in previous 
reports [14–16]. Systemic corticosteroids generally function by sup-
pressing the immune response; however, based on the results of the 
RECOVERY study [3], they have become standard in the treatment of 
patients requiring oxygen therapy to receive dexamethasone or other 
corticosteroids. Therefore, the results of the present study suggest that 
antibody titers are high in patients whose illness is sufficiently severe to 
warrant corticosteroid treatment. The present results regarding corti-
costeroid use may essentially represent the fact that severely ill patients 
tend to have higher antibody titers. Although it is not mandatory to limit 
plasma donation to patients treated with corticosteroids, including pa-
tients with a moderate or severe disease rather than those with mild 
disease may be more efficient. 

Given that levels of neutralizing antibodies decrease over time [10] 
and that the results of this study show that days from symptom onset to 
sampling negatively correlate with antibody titer, it is also reasonable to 
collect plasma from participants as early as possible after symptom 
onset. Thus, it may be necessary to add the number of days from 
symptom onset to the screening criteria for plasma donation. Further, 
new participants should be recruited continually. 

Another notable finding of the current study is that antibody titers 
were higher in patients with blood type AB than in those with other 
blood types. Approximately 10% of the Japanese population is estimated 
to have blood type AB [17], and a similar percentage of this blood type 
was observed in the present study. In accordance with our findings, 
previous studies have also reported that donors with blood type AB have 
higher antibody titers than those with blood type O [18,19] and that 
patients with COVID-19 have lower levels of ABO antibodies than un-
infected individuals [20]. These findings indicate that blood type ABO 
may have some influence on the development of SARS-CoV-2 infection 
and antibody production. Given that plasma from donors with blood 
type AB can theoretically be provided to patients with any blood type, 
individuals with blood type AB should be encouraged to participate in 
plasma donation. 

In the current analysis of factors related to high antibody titers, 
mechanical ventilation was not statistically significant. This may be due 
to the small number of patients and the possibility that systemic corti-
costeroids were utilized for longer and at higher doses in ventilated 
patients than in non-ventilated patients. It is also likely that various 
immunosuppressive medications such as tocilizumab and baricitinib 
were used, which may have further influenced the results. 

The present study has several limitations, including its single-center 
design, which limited our study population to individuals visiting our 
hospital. Therefore, caution is required when attempting to generalize 
our findings to other populations. In addition, information related to 
each patient’s background and medical history was collected using a 
self-reported questionnaire, and we did not contact each institution to 
inquire about their medical records. Thus, it is difficult to exclude recall 
bias. However, we believe that such bias was minimal because the place 
of treatment and history of oxygen administration are unlikely to be 
mistaken. Our study is also limited by the variation in antibody titer 
among participants, with some participants having less than detectable 
levels of antibody titer. Although we approximated the residuals to a 
normal distribution, this deviated sample data may have influenced the 
results. 

5. Conclusion 

Our analysis indicated that older age, days from symptom onset to 
sampling, fever, systemic corticosteroid use during SARS-CoV-2 

Table 2 
Multiple linear regression analysis (n = 534).   

Estimate 95% CI p value 

(Intercept) 3.741 2.163–6.469 <0.001 
Age 1.037 1.025–1.048 <0.001 
Male sex 1.055 0.835–1.332 0.655 
Days from symptom onset to sampling 0.997 0.995–0.998 <0.001 
Fever 1.664 1.226–2.259 0.001 
Mechanical ventilation 1.708 0.771–3.782 0.188 
Systemic corticosteroid use 2.382 1.576–3.601 <0.001 
Hypertension 1.317 0.939–1.847 0.111 
Diabetes mellitus 1.176 0.735–1.883 0.499 
Blood type AB 1.478 1.032–2.117 0.033 

CI: confidence interval. 
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infection, and blood type AB were associated with a high antibody titer 
in convalescent plasma following SARS-CoV-2 infection. Therefore, to 
avoid excessive blood collection, healthcare professionals should refer 
to these factors when selecting convalescent plasma donors. Given that 
the level of antibody titer decreases with days from onset to sampling 
and increases when the illness is sufficiently severe to necessitate 
treatment with systemic corticosteroids, these factors should be incor-
porated into the screening criteria for convalescent plasma donation. 
Moreover, as the number of participants who experienced vaccination 
increases, further studies are warranted to elucidate the trend of anti-
body production in the convalescent phase among post-vaccination 
participants. 
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