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ABSTRACT Reliable results regarding serologic positivity for severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) antibody before and after AstraZeneca (AZ) vacci-
nation are essential for estimating the efficacy of vaccination. We assessed positivity rates
and associated factors using five SARS-CoV-2 antibody assays. A total of 228 paired serum
samples (456 samples) were obtained from 228 participants. After baseline sampling, the
second sampling was conducted between 11 and 28days after the first dose of the AZ
vaccine. Sera were tested using five SARS-CoV-2 antibody assays, including two surrogate
virus neutralization tests. A questionnaire on the symptoms, severity, and duration of
adverse reactions was completed by all participants. The overall positivity rates for SARS-
CoV-2 antibody were 84.6% for the Roche assay, 92.5% for the Abbott assay, 75.4% for
the Siemens assay, 90.7% for the SD Biosensor assay, and 66.2% for the GenScript assay
after the first dose of the AZ vaccine. The positivity rates and antibody titers of sera
obtained between 21 and 28days were significantly higher than those obtained between
11 and 20days in all five assays. More-severe adverse reactions and longer durations of
adverse reactions were related to higher SARS-CoV-2 antibody levels. The agreements
and correlations among the assays applied were substantial (x, 0.73 to 0.95) and strong
(p, 0.83 to 0.91). A single dose of the AZ vaccine led to high positivity rates based on the
five assays. Days after vaccination and adverse reactions could help estimate serologic
conversion rates. The results should be interpreted cautiously considering the assays and
cutoffs applied. Our findings could inform decisions regarding vaccination and laboratory
settings and could thus contribute to the control of the spread of SARS-CoV-2 infection.
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oronavirus disease 2019 (COVID-19) is a viral respiratory syndrome caused by

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which originated in
Wuhan, Hubei Province, China, in December 2019. COVID-19 patients present with vari-
ous symptoms, such as fever, cough, shortness of breath, and pneumonia, and the dis-
ease is characterized by rapid spread; the basal infection reproductive rate was approx-
imately 3 (1-3). Currently, in South Korea, the AstraZeneca (AZ) vaccine (ChAdOx1
nCoV-19; AstraZeneca, Lund, Sweden) and the Pfizer-BioNTech (BNT162b2) vaccine
(Pfizer, Inc., Philadelphia, PA) are administered to prevent the spread of COVID-19. To
date, early data have been reported on the immunogenicity and safety of the vaccines
(4-9), but factors related to vaccine effectiveness, such as the duration of the immune
response and the rate of antibody production, remain unknown. In addition, insufficient
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clinical data on the association of antibody production with adverse reactions after vaccina-
tion, including allergic reactions, high fever, and chills, which are reported in several cases
(10-12), have been published.

SARS-CoV-2 antibody testing aids in studying the immune responses of infected
patients and identifying the precise serologic prevalence rate of infection in an
affected area (13). SARS-CoV-2 antibody testing is currently performed using various
measurement methods, including chemiluminescence immunoassays (CLIA) and
enzyme-linked immunosorbent assays (ELISA) (14, 15). In performance evaluation, anti-
body testing shows a sensitivity of 90.1% to 97.4% and a specificity of 97.9% to 100%,
depending on the assay reagents and equipment used (16). Quantitative evaluation of
the SARS-CoV-2 antibody titer is the most intuitive and rapid approach to determining
the effect of vaccination. However, performance evaluation for many methods based
on CLIA and ELISA is still lacking for various clinical institutions. In particular, the per-
formance of antibody testing using various CLIA methods in determining vaccine effec-
tiveness has not been studied thus far.

Therefore, this study aimed to investigate the response rates of antibody produc-
tion, including the production of neutralizing antibodies (NAbs), before and after vacci-
nation among health care workers receiving the first dose of the AZ vaccine. We also
investigated associated factors, including adverse reactions after vaccination, through
a questionnaire. In addition, the results of five SARS-CoV-2 antibody assays after vacci-
nation were compared in order to determine the best laboratory setting.

MATERIALS AND METHODS

Study population and sample collection. A total of 228 health care workers from two university
hospitals (Hallym University Dongtan Sacred Heart Hospital and Hallym University Kangnam Sacred
Heart Hospital) were included in this study. The workers were older than 18 years and received the AZ
vaccine between 4 and 12 March 2021. Serum samples were obtained from the participants to deter-
mine the presence of SARS-CoV-2 antibodies at baseline (n = 228). The second sampling was conducted
between 11 and 28 days after the first dose to evaluate the serological response (n = 228). Initially, 234
participants were registered. Among them, three health care workers who did not receive vaccines were
excluded. Three participants who received the Pfizer-BioNTech vaccine were also excluded. Finally, 456
serum samples (228 for baseline and 228 for serological response) from 228 participants were collected,
aliquoted, and stored at —70°C until use.

This study was approved by the Institutional Review Board of Hallym University Dongtan Sacred
Heart Hospital (HDT 2021-02-007) and the Institutional Review Board of Hallym University Kangnam
Sacred Heart Hospital (HKS 2021-02-030-003). Informed consent was obtained from all participants.

Questionnaire on adverse reactions after the first dose of AZ vaccination. All participants
received the questionnaire on adverse reactions after the first dose of AZ vaccination. The questionnaire
comprised four questions regarding the presence, severity, and duration of adverse reactions after the
first dose of the AZ vaccine and the use or nonuse of antipyretic drugs.

SARS-CoV-2 antibody assays. Sera were tested using the following five SARS-CoV-2 antibody
assays: the Elecsys Anti-SARS-CoV-2 S total-antibody assay on the Cobas €801 platform (Roche
Diagnostics, Mannheim, Germany), the SARS-CoV-2 IgG Il Quant assay on the Alinity i platform (Abbott
Laboratories Abbott Park, IL, USA), the SARS-CoV-2 IgG assay on the Atellica platform (Siemens, Munich,
Germany), the STANDARD E SARS-CoV-2 nAb ELISA kit (SD Biosensor, Suwon, Korea), and the cPass
SARS-CoV-2 neutralization antibody detection kit (GenScript, NJ, USA). The SD Biosensor ELISA and
GenScript ELISA were performed using the Epoch microplate spectrophotometer (BioTek Instruments,
Winooski, VT, USA) and ELx50 filter microplate washer (BioTek Instruments). The GenScript cPASS SARS-
CoV-2 neutralization antibody detection kit and the SD Biosensor STANDARD E SARS-CoV-2 nAb ELISA
kit are surrogate virus neutralization tests that can detect neutralizing antibodies that can block the
interaction between the receptor-binding domain (RBD) in reagents and ACE2 coating the ELISA plate.
The SD Biosensor STANDARD E SARS-CoV-2 nAb ELISA kit is composed of the V1 and V2 assays: the V1
assay uses the V1 enzyme conjugate (the receptor-binding domain of the Wuhan/UK variant conjugated
to horseradish peroxidase), and the V2 assay uses the V2 enzyme conjugate (the receptor-binding do-
main of the South Africa/Brazil variant conjugated to horseradish peroxidase). Therefore, this kit could
detect SARS-CoV-2 antibodies against the UK, South Africa, and Brazil variants as well as the original
SARS-CoV-2. At least one positive result in the V1 assay or V2 assay was interpreted as a positive result
for SARS-CoV-2 neutralizing antibody using the SD Biosensor assay.

The principle, instrument, detecting antibody, reagents used, sample volume, cutoff value, and time
to the first result of each assay are listed in Table 1. All procedures were performed according to the
manufacturer’s instructions. Most assays were performed at Hallym University Dongtan Sacred Heart
Hospital by one laboratory technician and one scientific researcher, but the SARS-CoV-2 IgG assay on
the Atellica platform was performed at Hallym University Kangnam Sacred Heart Hospital by another
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laboratory technician. The coded samples were tested in a single-blinded manner with no prior informa-
tion on the samples.

Statistical analysis. Statistical analysis was performed using MedCalc software, version 19.8
(MedCalc Software Ltd., Ostend, Belgium), and Analyse-it Method Evaluation Edition software, version
2.26 (Analyse-it Software Ltd., Leeds, UK). Positivity was calculated according to subgroups based on par-
ticipants’ characteristics. Comparisons of nominal and continuous variables were assessed using the chi-
square test, Mann-Whitney U test, and Kruskal-Wallis test. Positive, negative, and total agreements
between assays were evaluated using Cohen’s kappa () statistics, with the categories of poor (below
0.00), slight (0.00 to 0.20), fair (0.21 to 0.40), moderate (0.41 to 0.60), substantial (0.61 to 0.80), and
almost perfect (0.81 to 1.00). Spearman’s rank correlation coefficients for the correlations among the five
SARS-CoV-2 antibody assays were calculated and expressed as correlation graphs. They were interpreted
as negligible (<0.1), weak (0.1 to 0.39), moderate (0.40 to 0.69), strong (0.70 to 0.89), or very strong
(=0.9).

Data availability. The data set for this article has been deposited at https://dataverse.harvard.edu/
(17).

RESULTS

Characteristics of participants and samples. A total of 456 serum samples from
228 participants were collected. The demographic data of the vaccinated participants
and serological positivity rates are presented in Table 2. The median age of the partici-
pants was 33.5 years (1st to 3rd quartile range, 27.0 to 44.0 years). Of the 228 samples
obtained after the first vaccination, 179 (78.5%) were sampled before 3 weeks (11 to
20days) and 49 (21.5%) were collected after 3 weeks (21 to 28 days). In our cohort,
nurses accounted for 67.5%, medical laboratory technicians for 25.4%, and doctors for
6.1%. Most participants experienced mild adverse reactions after vaccination (n = 152
[66.7%]). Among individuals with adverse reactions, most experienced the reactions for
2 to 3days (n = 141 [64.1%]). Antipyretics were administered to 89.9% of participants.
All participants were given two Tylenol tablets, and the medical staff were instructed
to take the tablets if adverse reactions occurred at the vaccine administration site.
However, many participants took them prophylactically before the adverse reactions
occurred.

Statistical analysis. The positivity rates for SARS-CoV-2 antibody before vaccination
among 228 health care workers were 0.0% for the Roche assay, 0.4% (1/228) for the
Abbott assay, 0.0% for the Siemens assay, 0.9% (2/228) for the SD Biosensor assay, and
0.0% for the GenScript assay.

Positivity rates by the five SARS-CoV-2 antibody assays after vaccination. The
overall positivity rates for SARS-CoV-2 antibody after the first dose of vaccine were
84.6% for the Roche assay, 92.5% for the Abbott assay, 75.4% for the Siemens assay,
90.7% for the SD Biosensor assay, and 66.2% for the GenScript assay (Table 2). The SD
Biosensor V2 assay, targeting the antibody to the South Africa/Brazil variant of SARS-
CoV-2, showed 72.2% positivity, whereas the SD Biosensor V1 assay, targeting the anti-
body to the original Wuhan SARS-CoV-2 and UK variant, revealed 90.7% positivity. The
positivity rates of sera obtained between 21 and 28 days were significantly higher than
those obtained between 11 and 20 days in all five assays. (98.0% [P = 0.004] for Roche,
100.0% [P = 0.025] for Abbott, 89.8% [P = 0.008] for Siemens, 98.0% [P = 0.049] for SD
Biosensor, and 81.6% [P = 0.010] for GenScript). The absence of adverse reactions after
vaccination showed significantly lower positivity rates in two assays than the presence
of adverse reactions (25.0% [P < 0.001] for Siemens; 37.5% [P = 0.018] for GenScript).
Adverse reactions lasting <1day revealed lower positivity rates in four assays than
those lasting 2 to 3 days or >4 days (72.9% [P = 0.011] for Roche, 81.4% [P < 0.001] for
Abbott, 61.0% [P = 0.002] for Siemens, and 78.0% [P < 0.001] for SD Biosensor). P val-
ues for qualitative rates of positivity are presented in Fig. 1T and 2. With regard to anti-
pyretics, there were no significant differences between administrators and nonadmi-
nistrators in terms of qualitative positivity (Table 2).

Quantitative antibody values of the five SARS-CoV-2 antibody assays before
and after the first vaccination. Antibody levels before vaccination were available for
226 participants. The median values of the Abbott, SD Biosensor V1, and SD Biosensor
V2 assays showing positivity in baseline samples were 1.5 AU/ml (1st to 3rd quartile
range, 0.5 to 3.3 AU/ml), 11.2% (1st to 3rd quartile range, 7.5 to 15.4%), and 8.3% (1st
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FIG 1 Serological responses to a single dose of the AstraZeneca vaccine according to the number of days after vaccination. (A) Roche; (B) Abbott; (C) Siemens;
(D) SD Biosensor V1; (E) SD Biosensor V2; (F) GenScript. P values were calculated by the Mann-Whitney U test for the quantitative differences between 11 and
20days and 21 to 28days after the first vaccination. Chi-square tests were applied to the calculation of P values for the qualitative rates of positivity. The
difference between baseline and the first vaccination was significant in all assays included (P < 0.001). Dashed lines indicate the cutoff of each assay.

to 3rd quartile range, 5.4 to 11.9%), respectively. After the first dose of the vaccine, the
quantitative values of all five assays increased significantly (P < 0.001) (Fig. 1). The
box-and-whisker plots shown in Fig. 1 and 2 depict the levels for variables showing sig-
nificant differences in both qualitative and quantitative assessments. Quantitative lev-
els at 21 to 28days after vaccination were significantly higher than those at 11 to
20days (medians, 16.8 versus 6.5 U/ml for the Roche assay, 417.0 versus 251.1 AU/ml
for the Abbot assay, an index of 4.0 versus 2.6 for the Siemens assay, 88.3% versus
78.9% for the SD Biosensor V1 assay, 65.0% versus 47.3% for the SD Biosensor V2 assay,
and 49.8% versus 36.6% for the GenScript assay) (Fig. 1). The presence and duration of
adverse reactions also showed significant differences in the quantitative values of all
five assays (Fig. 2). In terms of the quantitative antibody levels for the assays, male sex
and the profession of doctor were related to higher values (see Table S1 in the supple-
mental material). Meanwhile, the intake of antipyretics was not associated with quanti-
tative antibody values in any of the five assays (Table 2).

Agreement and correlation of the five SARS-CoV-2 assays. The rates of agree-
ment of the results among the five assays are summarized in Table 3. Total agreement
rates ranged from 86.6% (95% confidence interval [Cl], 83.1% to 89.6%) to 97.6% (95%
Cl, 95.7% to 98.8%). The Abbott and SD Biosensor assays showed the highest rate of
agreement. There were no significant differences in agreement between nonneutraliz-
ing-antibody assays and neutralizing-antibody assays. There was substantial agree-
ment among all the assays included based on kappa values ranging from 0.73 to 0.95.
The Abbott and SD Biosensor assays showed the highest kappa value (0.95 [95% Cl,
0.92 to 0.98]). Meanwhile, correlations among the assays were somewhat nonlinear
(Fig. 3). Spearman’s correlation coefficients of rank correlation ranged from 0.83 to
0.91, showing strong correlation. The total number of discordant results among the
five SARS-CoV-2 antibody assays was 90 (19.7%) out of 456 samples. Table 4 shows the
numbers of samples (with median values) that presented positive or negative results in
only one assay despite contrasting results in the other four assays. Among these, the
most discrepant results were as follows: 5 (5.6%) samples showed positivity in the
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Abbott assay only, and 24 (26.7%) samples were positive by all assays except the
GenScript assay.

DISCUSSION

In this study, we investigated antibody responses to a single dose of the AZ vaccine
using five SARS-CoV-2 assays consisting of three binding antibody (nonneutralizing
antibody) assays and two surrogate virus neutralizing antibody assays. Our results
showed 66.2% to 92.5% seroconversion rates, which differed from one assay to
another. The number of days after vaccination, the presence of adverse reactions, and
the duration of adverse reactions were related to the positivity rates. The agreements
and correlations among the five assays were substantial and strong.
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Our results showed an increase in the antispike antibody responses after the first
dose of the AZ vaccine, in accordance with the result of a previous report on the safety
and immunogenicity of the ChAdOx1 nCoV-19 vaccine, in which a single vaccination
exhibited a significant increase in antispike antibody responses, peaking by day 28 in
543 subjects (18). With regard to the neutralizing ability of the antibody, the study
showed that the response rates after ChAdOx1 nCoV-19 vaccination were 91% (32/35)
and 100% (35/35) using a microneutralization assay and a plaque reduction neutraliza-
tion test, respectively (18). Our results obtained through surrogate virus neutralization
tests revealed 90.7% (206/228) positivity in the SD Biosensor assay and 66.2% (151/
228) positivity in the GenScript assay. The positivity of the SD Biosensor assay in our
study was similar to that of assays used in a previous study (18). However, there are
studies demonstrating an effectiveness of 67% (19) or a pooled efficacy of 76% (20) de-
spite the high seroconversion rate (more than 90%) after the first AZ vaccination.

TABLE 4 Analysis of discrepant results among five SARS-CoV-2 antibody assays before and after the 1st dose of the AstraZeneca vaccine®

Median (range) antibody level by the following assay:

No. (%) of

Category of discrepancy samples Roche (U/ml) Abbott (AU/ml) Siemens (index) GenScript (%) SD biosensor V1 (%)
Roche only positive 2(2.2) 58.6 (2.3-115.0) 36.4 (36.0-36.8) 0.5 (0.0-1.0) 17.0 (9.9-24.1) 13.4(4.6-22.2)
Abbott only positive 5(5.6) 0.5 (0.0-1.0) 82.1 (61.0-267.3) 0.5 (0.4-0.8) 21.9(14.0-27.6)  26.8(24.3-29.7)
Siemens only positive 1(1.1) 0.7 35.4 1.48 10.1 21.7
GenScript only positive 0 - - - - -
SD Biosensor only positive 2(22) 0.4 (0.4-0.4) 11.2(0.6-21.7) 0.2 (0.1-0.3) 13.6 (7.5-19.7) 38.2(33.5-41.1)

(V1 positive or V2 positive)
Roche only negative 1(1.1) 0.7 182.1 5.54 32.3 79.9
Abbott only negative 0 - - - - -
Siemens only negative 5(5.6) 1.7 (0.9-23.0) 86.3 (76.0-150.2) 0.7 (0.5-1.0) 35.6 (31.6-60.3) 68.3 (62.6-90.2)
GenScript only negative 24 (26.7) 4.5(1.1-114.0) 193.1 (107.0-950.8) 1.7 (1.1-5.1) 25.8 (13.0-30.0) 65.0 (41.6-89.3)
SD Biosensor only negative 0 - - - - -
Others 50 (55.6)
Total 90 (100) 1.5 (0.4-143.0) 115.1 (0.6-1347.6) 0.9 (0.0-15.5) 24.2 (0.1-72.9) 54.2 (4.6-90.2)

aCutoff values are 0.8 U/ml for the Roche assay, 50 AU/ml for the Abbott assay, an index of 1.0 for the Siemens assay, 30% for the GenScript assay, and 30% for the SD
Biosensor V1 assay.

September 2021 Volume 59 Issue9 e01105-21 jcm.asm.org 9


https://jcm.asm.org

Jeong et al.

Furthermore, the GenScript assay showed a level of accuracy for qualitative delineation
between individuals with positive and negative results similar to or higher than those of
eight SARS-CoV-2 IgG serology and two live-cell neutralization tests (21). Considering these
reports, the positivity of the GenScript assay in our study may be associated with actual
protection against SARS-CoV-2 infection.

According to a previous study performed in Oxford University Hospitals, the positiv-
ity rates of SARS-CoV-2 antispike antibody responses to the first dose of the AZ vaccine
in participants with no prior evidence of infection were 94% in 15 to 21 days and 97%
in 22 to 28days (22). In addition, Singh et al. (23) demonstrated that antibody titers
between 21 and 28 days after the first dose were higher than those at other times. An
interim analysis of four randomized controlled trials showed two cases of hospitaliza-
tion because of SARS-CoV-2 infection before 21 days after the first dose, whereas no
hospitalized individual was found after 21 days (8). Similarly to previous reports, our
study results revealed higher positivity rates between 21 and 28 days than between 11
and 20days in all SARS-CoV-2 antibody assays included. Two participants who had
negative results for SARS-CoV-2 antibody assays when sampled between 14 and
20days showed positive conversions in samples collected between 42 and 47 days,
suggesting the importance of the number of days after vaccination (data not shown).

Local and systemic adverse reactions, including injection site pain, chills, muscle
ache, and headache, have also been reported (18). Many reactions were resolved by
the use of paracetamol and were less common in older adults (18, 24). However, there
has been a lack of reports on the association of adverse reactions with serologic
responses. To investigate this possible association, we collected data on the symptoms,
severity, and duration of adverse reactions and the use of antipyretics through a ques-
tionnaire. The presence and the duration of adverse reactions were significantly related
to the positivity rate in qualitative and quantitative analyses in our study. Therefore,
these variables may be useful as subjective surrogate parameters to estimate the pro-
duction of anti-SARS-CoV-2 antibodies.

Older age was reported to be associated with lower rates of seroconversion (22, 23).
However, in our study, age was not related to positivity rates of SARS-CoV-2 antibodies
in any of the five assays, a finding consistent with the results of a previous study dem-
onstrating similar levels of immunogenicity across all age groups (24). Study popula-
tion characteristics such as the number of subjects included, distribution, and ethnicity
might influence these results.

With regard to the immunogenicity of the AZ vaccine against variants of SARS-CoV-
2, there is a discordance of results among reported studies. A study conducted in
South Africa revealed that the B.1.351 variant exhibited increased resistance as deter-
mined by neutralization assays (25). Meanwhile, another study suggests that a single
dose of vaccine based on the original sequence might induce a significant increase in
antibodies cross-reactive with variants such as B.1.351 and B.1.1.7 (26). According to
another study conducted at the University of Oxford (19), two vaccine doses provided
>85% protection against SARS-CoV-2 infection in health care workers, and this
included protection against the B.1.1.7 variant. The SD Biosensor V2 assay is designed
to detect antibodies to the South Africa/Brazil variant of SARS-CoV-2. However, no sam-
ples in this study showed SD Biosensor V1-negative and V2-positive results, which
would suggest antibodies to the South Africa/Brazil SARS-CoV-2 variant. All SD
Biosensor V2-positive samples (165/165) showed V1-positive results, whereas 43 of 208
V1-positive samples (20.7%) showed V2-negative results.

The five representative immunoassays included in this study showed substantial
agreement and strong correlation with each other, with kappa values of 0.73 to 0.95
and Spearman'’s correlation coefficients of 0.83 to 0.91. We analyzed the results show-
ing inconsistency, where 90 samples showed discrepancies among the five SARS-CoV-
2 antibody assays. Most inconsistencies were found in specimens classified as positive
or negative with a quantitative value near the cutoff value at the time of seroconver-
sion. These discrepancies affected the positivity rates, resulting in 66.2% for the
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GenScript assay and 92.5% for the Abbott assay. If the previous 20% cutoff value for
the GenScript assay were used rather than the current cutoff of 30%, then its positivity
rate would increase (27, 28). The assays and cutoff values applied are important factors
for analyses. Laboratories can adjust their cutoff values according to the intended pur-
pose. Other points to consider in interpreting the results of SARS-CoV-2 antibody
assays are the types of antibodies detected and the reagent antigens used. The Elecsys
assay measures total antibody, whereas the Abbott and Siemens assays measure IgG
only. Total antibody contains not only IgG but also IgM and IgA, which can affect anti-
body positivity according to the days after vaccination.

One limitation of this study was the single value of short-term antibody measure-
ment after the first vaccination. This preliminary report could not predict the final effi-
cacy of vaccination. Serial evaluation of serological responses with longer periods after
the completion of the second dose may be an ideal reflection of the effect of vaccina-
tion. In addition, focusing on defined health care workers can be both a strength and a
weakness. Additional assessment in children and older individuals aged >60 years is
necessary.

In conclusion, a single dose of the AZ vaccine induced high positivity based on five
representative SARS-CoV-2 antibody assays. The number of days after vaccination, the
presence of adverse events, and the duration of adverse reactions were associated
with higher serologic conversion rates and increased antibody titers. The agreements
and correlations among the assays applied were substantial and strong, but the results
should be interpreted with caution considering the characteristics of the adopted
assay and the cutoff values. To the best of our knowledge, this is the first report to pro-
vide reliable serological results after AZ vaccination based on five representative SARS-
CoV-2 antibody assays, including neutralization antibody assays. In addition, this study
includes information about serological responses of the East Asian population. The
results of our evaluation should facilitate precise decision making for vaccination and
contribute to the control of the spread of SARS-CoV-2 infection.
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