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a b s t r a c t   

Adverse events following vaccination with the ChAdOx1 COVID-19 vaccine may be associated with the titer 
of neutralizing antibodies (NAbs) against SARS-CoV-2. In this cross-sectional study, a total of 82 HCWs who 
received the ChAdOx1 COVID-19 vaccine and did not have previous COVID-19 history were enrolled during 
March 2021. Blood samples were collected from HCWs 3 weeks after the first and second doses of vaccine, 
and NAbs were estimated using two types of commercially available kits, the cPass™ SARS-CoV-2 NAbs Kit 
(Genscript Biotech, Piscataway, NJ, USA) and R-FIND SARS-CoV-2 NAbs ELISA (SG Medical, Seoul, Korea). 
Median percent signal inhibition of NAbs was significantly higher after the second than after the first dose 
of vaccine, as determined using both the Genscript (median 43.1[IQR 71.2] vs. 93.6[83.1], p = 0.004) and R- 
FIND (53.2[82.6] vs. 76.8 [90.6], p = 0.03) kits. The percent signal inhibition of NAbs after the second dose of 
vaccine was higher in HCWs with than without systemic adverse events after the second dose, as de-
termined using both the Genscript (p = 0.03) and R-FIND (p = 0.07) kits. The two doses of the ChAdOx1 
vaccine induced high value of NAbs 3 weeks after vaccination. Immune responses were stronger in HCWs 
with than without adverse reactions after the second dose of ChAdOx1 vaccine. 
© 2022 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health 

Sciences. 
CC_BY_NC_ND_4.0   

Introduction 

Since the novel severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) was first reported in China at the end of 2019, the 
virus has spread worldwide. As of July 21, 2021, there have been over 
190 million confirmed cases of COVID-19, including over 4 million 
deaths[1]. Several potential vaccines against COVID-19 for hope to 

decrease mortality and prevent infection risk have been developed. 
In Korea, the COVID-19 vaccination campaign using BNT162b2 
COVID-19 vaccine (Pfizer–BioNTech, New York, USA) and ChAdOx1 
COVID-19 vaccine (Astrazeneca, Cambridge, U), has been admini-
strated for high risk groups including health care workers (HCWs) 
and older patients in nursing hospitals since February 26, 2021. 

Various serologic assays have been developed to test for anti- 
SARS-CoV-2 antibodies in infected patients and in individuals ad-
ministered with COVID-19 vaccines. However, the interpretation of 
serologic results and their clinical significance remain uncertain. 
Neutralizing antibodies (NAbs) are those that block the virus, 
making them crucial for recovery from infection and protection 
against viral disease. Measuring the concentration of NAbs is a 
standard method of evaluating immune responses to a vaccine [2]. 
Antibody production can be affected by various factors, including 
immune disorders, treatment with immunosuppressants, and age  
[3]. Although adverse reactions following vaccination have been 
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reported to potentially indicate stronger immune responses [4], it is 
unclear whether common adverse reactions after COVID-19 vacci-
nation correlate with neutralizing antibody production. 

Surrogate virus neutralization tests (sVNTs) have become com-
mercially available. Several studies have shown that the results of 
sVNTs correlate with those of both conventional virus neutralization 
tests (cVNTs) and pseudovirus-based neutralization tests (pVNTs), 
indicating that sVNTs are particularly useful for evaluating antibody 
production in response to vaccines [5,6]. 

To determine the difference of levels between two types of 
commercially available sVNT that measure NAbs against SARS-CoV- 
2, the present study assessed the levels of NAbs, as determined by 
both methods, in HCWs administrated ChAdOx1 COVID-19 vaccine. 
This study also analyzed whether levels of NAbs were associated 
with adverse events following vaccination. 

Materials and methods 

Study population 

A cross-sectional study in a single center was conducted during 
the first months of the vaccination roll-out (March 2021). We en-
rolled HCWs at Incheon St. Mary's Hospital who received the 
ChAdOx1 SARS-CoV-2 vaccine and did not have a previous history of 
COVID-19 infection. Participants were excluded if they (1) did not 
provide informed consents; (2) had history for positive SARS-CoV2 
PCR result before vaccination or for COVID-19 infection or (3) had 
COVID-19 like symptoms at enrollment. Blood samples were col-
lected twice from each participant, the first 21  ±  2 days after the 
first dose of vaccine and the second 21  ±  2 days after the second 
dose of vaccine. Baseline characteristics, adverse events, and use of 
antipyretics were determined through questionnaires. The survey 
form was distributed to eligible participants at the day of the vac-
cination. A designated researcher explained to them about the 
survey form. All participants were asked about solicited adverse 
events including eight systemic adverse events and five local adverse 
events, occurred for 7 days after each injection. The data from survey 
was collected by spontaneous report from the participants and col-
lected by the researcher on the day 8 after each infection. 

Serologic assays 

All plasma samples were stored at − 80 °C before the assays. 
Antibody concentrations were determined using two commercially 
available sVNTs: commercial cPass™ SARS-CoV-2 Neutralization 
Antibody Detection Kits (Genscript Biotech, Piscataway, NJ, USA) and 
a newly developed R-FIND SARS-CoV-2 Neutralizing Antibody ELISA 
(SG Medical, Seoul, Korea). The manufacturer-reported sensitivity 
and specificity of cPass™ and R-FIND were 93.80% and 99.40%, and 
98.2% and 99.4%, respectively. Each test was performed according to 
the manufacturer’s instructions. Each assay is a competitive ELISA 
that detects circulating NAbs against SARS-CoV-2 by blocking the 
interaction between the receptor binding domain (RBD) of the viral 
spike glycoprotein and the host cell surface receptor ACE2. Percent 
inhibition was calculated as (1 – optical density (OD) of the sample / 
OD of the negative control) x 100%. Signal inhibition ≥ 30% on both 
tests was considered positive for the presence of SARS-CoV-2 NAbs. 

The percent inhibition on sVNTs was reported to correlate with cVNT 
titers as previous reports[5,6]. 

Ethics 

The study was approved by the ethics committee of Incheon St. 
Mary’s Hospital (study number: OC20TIS10104) and conformed to 
the guidelines of the Declaration of Helsinki. Written informed 
consent was obtained from all study participants who voluntarily 
agreed to participate. 

Statistical analysis 

Continuous data were expressed as the median (interquartile 
range [IQR]) and compared using independent t-test or one-way 
analysis of variance (ANOVA). Categorical data were expressed as 
percentages and compared using Chi-squared tests. All statistical 
analyses were performed using SPSS (version 14.0; SPSS Inc., 
Chicago, IL, USA), with p-values <  0.05 considered statistically sig-
nificant. 

Results 

This study enrolled 82 HCWs, of median age 41.5 years (range, 
23–64 years). The 82 participants included 66 (80.5%) women and 16 
(19.5%) men, and included 11 (13.4%) physicians, 41 (50.0%) nurses, 
22 (26.8%) administrative assistants, seven nurse’s aides (8.5%), and 
one (1.2%) radiology technician. 

Using R-FIND kits, positive NAbs were found after the first and 
second vaccine doses in 65 (79.3%) and 78 (96.3%) HCWs (p = 0.58). 
Using Genscript kits, however, positive NAbs were found in 62 
(75.6%) participants after the first dose and in 80 (97.6%) after the 
second dose (p = 0.01). Median percent signal inhibition of NAbs was 
significantly higher after the second than after the first dose using 
both Genscript (43.1 [71.2] vs. 93.6 [83.1], p = 0.004) and R-FIND 
(53.2 [82.6] vs. 76.8 [90.6], p = 0.03) kits. The percent signal in-
hibitions of NAbs measured by the Genscript and R-FIND kits 
showed strong positive correlations after both the first (r 0.89, 
p  <  0.0001) and second (r 0.90, p  <  0.0001) doses of vaccine. 

Table 1 showed the percent signal inhibition of NAbs measured 
by Genscript and R-FIND kits according to baseline characteristics of 
the study participants. Gender and job category did not differ sig-
nificantly in both tests. After the first dose of vaccine, the median 
percent signal inhibition, as measured by the Genscript and R-FIND 
kits in participants aged 20–30 years, was 55.5% (IQR, 58.9) and 
62.3% (IQR, 50.1), respectively. In participants aged >  60 years, the 
median percent signal inhibition, as measured by the Genscript and 
R-FIND kits after the first dose of vaccine, was 37.9% (IQR, 0.81) and 
51.3% (IQR, 3.6), respectively. These findings indicated that NAbs 
tended to be higher in younger than in older HCWs, although these 
differences were not statistically significant (Genscript, p = 0.4; R- 
FIND, p = 0.8). 

Systemic adverse events were reported more frequently after the 
first (n = 57, 69.5%) than after the second (n = 41, 50%) dose of vaccine 
(Table 2). The most commonly reported systemic adverse reaction 
after the first dose was myalgia (n = 48, 58.5%), followed by fatigue 
(n = 45, 54.8%), headache (n = 35, 42.7%), fever (n = 32, 39.0%) and 
chills (n = 32, 39.0%). After the second dose, fatigue (n = 29, 35.4%) 
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was the most frequently reported systemic adverse event, followed 
by myalgia (n = 26, 31.7%). Local adverse events were reported more 
frequently after the second (n = 50, 57.3%) than after the first (n = 54, 
65.8%) dose of vaccine, with pain at the injection site being the most 
frequent local adverse event, reported by 57.3% and 65.8% partici-
pants after the first and second doses, respectively. Use of acet-
aminophen was reported by 58.5% of participants after the first dose 
and by 21.9% after the second dose of vaccine. No severe adverse 
reactions were reported. 

Fig. 1 showed the percent signal inhibition of NAbs measured by 
the Genscript and R-FIND kits as a function of adverse events. When 
measured with the Genscript kits, NAbs after the second dose of 
vaccine were significantly higher in HCWs with than without sys-
temic adverse events (94.9 [70.5] vs. 90.5 [83.1], p = 0.03), and were 
higher in HCWs with than without local adverse events, although 
the latter difference was not statistically significant (93.9 [70.8] vs. 
91.3 [82.6], p = 0.29). When measured with the R-FIND kits, the 

levels of NAbs after the second dose of vaccine were higher in HCWs 
with than without systemic adverse events (79.4 [88.4] vs. 71.7 
[77.3], p = 0.06) and with than without local adverse events (78.5 
[90.6] vs. 74.7 [73.8], p = 0.07), although these differences were not 
statistically significant. After the first dose, the use of acet-
aminophen was not associated with the percent signal inhibition of 
NAbs using both the Genscript (47.1 [71.2] vs. 39.7 [48.2], p = 0.13) 
and R-FIND (57.6 [74.0] vs. 49.0 [77.1], p = 0.34). NAb titers were 
higher in HCWs who did than in those who did not take acet-
aminophen after the second dose of vaccine, as determined using 
the Genscript (94.8 [29.1] vs. 92.4 [83.1], p = 0.01) and R-FIND (80.5 
[42.9], vs. 75.7 [88.3], p = 0.08) kits. 

Discussion 

The present study showed that the levels of NAbs, as measured 
using Genscript and R-FIND kits, were markedly higher after the 
second than after the first dose of ChAdOx1 COVID-19 vaccine. In 
addition, HCWs with systemic adverse reactions after the second 
dose had a stronger immune response than participants without 
adverse reactions. Generally, stronger immune responses after vac-
cination have been associated with higher rates of side effects, such 
as aches and fever. The present study showed similar results, in that 
levels of NAbs after ChAdOx1 COVID-19 vaccination were positively 
associated with adverse reactions. Adverse reactions after vaccina-
tion are likely to relate the activation of immune and inflammatory 
pathways, and they may be associated with the antibody levels after 
vaccination if adverse reactions are considered to process of vacci-
nation. 

The national government of Korea introduced an immunization 
program against COVID-19 in April 2021, using both the BNT162b2 
and ChAdOx1 COVID-19 vaccines. Vaccination was prioritized, al-
though many people tended to avoid vaccination with ChAdOx1 
because of its association with frequent adverse reactions and rare 
severe adverse events such as vaccine induced thrombocytopenic 
thrombosis [7]. The present study showed that 76.8% and 74.4% of 
HCWs experienced ≥ 1 local or systemic adverse event after the first 
and second doses of vaccine, respectively, but none experienced a 
life-threatening adverse event. ChAdOx1 vaccine has an acceptable 

Table 2 
Percentage of adverse effects.       

After the first dose After the second dose P value 

(n = 82), n (%) (n = 82), n (%)  

Systemic AE* 57 (69.5%) 41 (50%) 0.009 
Fever 

Chills 
Myalgia 
Headache 
Fatigue 
Nausea 
Diarrhea 
Dyspnea 

31 (37.8%) 
32 (39.0%) 
48 (58.5%) 
35 (42.7%) 
45 (54.8%) 
11 (13.4%) 
3 (3.7%) 
3 (3.7%) 

19 (23.2%) 
8 (9.8%) 
26 (31.7%) 
19 (23.2%) 
29 (35.4%) 
2 (2.5%) 
0 (0%) 
0 (0%) 

0.03 
0.0001 
0.001 
0.007 
0.014 
0.01 
- 
- 

Local AE* 50 (60.9%) 54 (65.8%) 0.56 
Pain 

Tenderness 
Erythema 
Induration 
Itching 

47 (57.3%) 
44 (53.7%) 
11 (13.4%) 
7 (8.5%) 
7 (8.5%) 

51 (62.2%) 
44 (53.7%) 
6 (7.3%) 
2 (2.4%) 
9 (11.0%) 

0.54 
- 
0.27 
0.18 
0.75 

Use of antipyretics    
Acetaminophen 48 (58.5%) 18 (21.9%) 0.0001  

* Participants were able to choose multiple symptoms.  

Table 1 
Percent signal inhibition of NAbs in HCWs measured by two sVNT methods as a function of baseline characteristics.            

Variables After first dose After second dose 

GeneScript, median (IQR) P value SG, P value GeneScript, median (IQR) P value SG, P value 

Median (IQR) Median (IQR)  

Total   43.1 (71.2) –  53.2 (82.6) –  93.6(83.1) –  76.8(90.6) – 
Gender Male, n = 16 

Female, n = 66  
41.4 (47.8) 
45.5 (71.2) 

0.45  53.4 (67.6) 
52.1(82.6) 

0.82  93.6(51.6) 
93.4(83.1) 

0.80  79.4(62.3) 
75.7(88.4) 

0.87 

Ages 
yrs 

20–30, n = 12 
31–40, n = 25 
41–50,n = 26 
51–60,n = 17  
>  60, n = 2  

55.5 (58.9) 
35.4(61.4) 
41.8 (53.8) 
43.0(42.6) 
37.9(0.81) 

0.4  62.3(50.1) 
44.4(73.2) 
54.6(78.9) 
53.6(60.3) 
51.3(3.6) 

0.8  92.7(27.4) 
94.1(51.5) 
93.6(52.8) 
93.5(82.7) 
94.8(4.0) 

0.3  71.2(42.1) 
78.6(51.6) 
78.9(67.2) 
69.8(87.2) 
83.1(2.7) 

0.5 

Job Physicians, n = 11 
Nurses,n = 41 
Nurses’ aides, n = 7 
Administrators, n = 22 
Radiologist, n = 1  

35.3(37.8) 
48.5(66.8) 
60.9(62.9) 
40.3(48.1) 
58.5(-) 

0.3  44.3(42.1) 
62.9(73.2) 
54.6(82.6) 
52.4(66.5) 
75.3(-) 

0.21  92.8(50.9) 
94.1(70.7) 
94.6(83.4) 
92.7(44.7) 
90.4(-) 

0.70  73.7(60.1) 
77.1(88.2) 
70.4(74.1) 
76.9(67.2) 
78.6(-) 

0.92 

NAbs; neutralizing antibodies, sVNT; surrogate virus neutralization tests  
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safety in our study despite the small number of HCWs. Similar to 
other studies of the efficacy of the ChAdOx1 vaccine, NAbs were 
higher after two doses than after one dose [8]. Three weeks after the 
second dose, 98.8% (80/81) of participants, as tested using com-
mercial Genscript kits, and 97.5% (79/81) as tested with SG kits, had 
protective levels of NAbs, consistent with previous findings [8,9]. 
Our study revealed that two doses of ChAdOx1 produced enough 
level of neutralizing antibody response, although the persistence of 
NAbs after vaccination and their ability to protect against COVID-19 
variants have not been determined. 

Some vaccines are less effective in elderly individuals because of 
age-related immunosenescence, which involve functional changes in 
the immune system and advances in natural age [10–13]. Few stu-
dies have assessed the efficacy of COVID-19 vaccines in elderly 
people. A comparison of participants aged 16–55 and >  55 years 
administered the BNT162b2 vaccine found that antibody levels were 
lower in the older age group [14]. Another study found that factors 
associated with lower antibody in vaccinated persons included male, 
advanced age, current use of steroids, and longer length of time from 
vaccination [15]. Our data showed that NAbs tended to be lower in 
older HCWs after ChAdOx1 vaccination, but that the difference was 
not statistically significant. Our study did not include a sufficient 
number of older people, indicating a need for additional studies 
assessing the efficacy or duration of protection after COVID-19 vac-
cination among elderly participants. 

The present study has several limitations. First, sample sizes 
were small. Second, although HCWs without a history of COVID-19 
were enrolled, we did not perform SARS-CoV2 PCR or antibody tests 
before vaccination. Nevertheless, this study focused on HCWs in a 
hospital setting. In general, most HCWs are tested for COVID-19 
more frequently than the general population and are closely mon-
itored for COVID-19-like symptoms throughout the pandemic. In 
addition, there has been no outbreak of COVID-19 in our hospital 
to date. 
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