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ABSTRACT

Background: The kinetics of neutralizing antibodies against severe acute respiratory 
syndrome coronavirus-2 (SARS-CoV-2) play an important role in evaluating vaccine efficacy 
and durability, herd immunity, additional vaccination, and prediction models of immune 
protection against coronavirus disease 2019.
Materials and Methods: Serum collection times were 4 and 8 weeks after 1st inoculation 
of AZD1222 (AstraZeneca, Cambridge, UK), and 2 and 16 weeks after 2nd inoculation with 
12-week dosing intervals. Neutralizing antibody (Nab) titers were measured indirectly using 
commercially available R-FIND SARS-CoV-2 Neutralizing Antibody ELISA Kit (SG Medical 
Inc., Seoul, Korea). Possible influences of gender, age, and adverse events on neutralizing 
antibody titer were also investigated.
Results: Nab titers (median inhibition %) started to decrease shortly after reaching peaks. 
This decrease was more pronounced in the elderly group (≥56 years) than in the young group 
(≤39 years) at 8 weeks (49.5% vs. 55.4%, P = 0.021) and 16 weeks (40.6% vs. 53.9%, P = 0.006) 
after the 1st and 2nd inoculation. And Nab titers were inversely correlated with age in the 
8-week (r = -0.2091, P = 0.0284) and the 28-week group (r = -0.2811, P = 0.0029). Seropositive 
conversion of Nab reached 89.1% and 100% following 1st and 2nd inoculation. This 100% 
seropositivity was dropped sharply to 74.5% after 16 weeks. Compared to subjects without 
adverse events (51.8%), median inhibition was higher in subjects with one or more systemic 
adverse events (74.2%, P = 0.0203) or those with one or more local and systemic adverse 
events (77.1%, P = 0.0003).
Conclusion: Nab induced by AZD1222 (AstraZeneca, UK) vaccination started to degrade 
shortly after the production period. Nab titers were lower in the elderly than in younger 
group during the degradation period. This seems to be because the degradation process of 
Nab is more pronounced in the elderly. This may explain why the frequency of breakthrough 
infections, disease severity, and mortality were higher in the elderly and may require 
revaccination to ensure robust immunity.
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INTRODUCTION

The pandemic of coronavirus disease 2019 (COVID-19) caused by the severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) has resulted in 446 million confirmed cases and over 
6 million deaths after two years after onset (http://covid19.who.int) [1]. Many scientists have 
believed that the only way out of this catastrophe is to gain herd immunity through natural 
infection or vaccination. And this has sparked the most extensive and rapid global vaccine 
development program in history (http://www.gavi.org) [2]. So far, 23 vaccines have been 
approved for emergency use by regulatory agencies in many countries. Four have been approved 
in Korea, including two mRNA vaccines coated with a lipid nanoparticle delivery system such as 
BNT162b2 (Pfizer/BioNTech, Philadelphia, PA, USA) [3] and mRNA-1273 (Moderna, Cambridge, 
MA, USA) [4] and two DNA vaccines using an adenoviral vector system such as ChAdOx1 nCoV-
19 (AZD1222, AstraZeneca, Cambridge, UK) [5] and Ad26.COV2 (Janssen, Titusville, NJ, USA) 
[6] vaccines. All of these introduce genetic information in the form of RNA or DNA encoding 
SARS-CoV-2 spike protein into host cells. The generated spike protein can then induce binding 
antibodies to spike protein and neutralizing antibodies (Nabs).

During natural infection, SARS-CoV-2 can bind to human angiotensin-converting enzyme 2 
receptor (hACE2) via the receptor binding domain (RBD) of the viral spike glycoprotein. This 
RBD-hACE2 complex is responsible for viral entry and replication in host cell. RBD-targeted 
Nab generated from a natural infection or vaccination can competitively bind to RBD and 
inhibit the RBD-hACE2 complex, thereby preventing infection or reinfection and reducing 
the disease severity [7]. This assumption is supported by several reports. Up to 89.0% of Nab 
seropositive subjects who have recovered from COVID-19 are reported to be protected from 
reinfection [8]. There are also some reports showing protection against reinfection in non-
human primate data [9, 10]. Therapeutic effects of passive delivery of Nabs have also been 
reported [11]. There is also an inverse correlation between Nab concentration and breakthrough 
infection [12]. Unfortunately, Nab titers in convalescent sera are known to continue to decline 
over time [13]. Nab immune response against SARS-CoV-2 vaccines have been extensively 
described in the literature. However, kinetics about the long-term duration of Nabs after 
vaccination are still lacking, which is a key issue determining the immune protection against 
COVID-19 breakthrough infection or its variant, and is also important for designing vaccination 
strategies during the current pandemic. Therefore, quantification and kinetics of long term 
duration of Nab after vaccination are very important and urgently needed.

The current standard methods for measuring Nab rely on using wild-type SARS-CoV-2 or 
pseudo-virus and the degree of infection using cell culture-based system as a read-out [14]. 
However, these assays are labor-intensive. They also require adequate biosafety facilities. 
In addition, they are difficult to standardize. Neutralization tests using recombinant RBD 
acting as a surrogate of real virus based on antibody-mediated blocking of the RBD-hACE2 
protein complex have recently been reported [15, 16]. And they are already commercially 
available (ELISA, cPassTM SARS-CoV-2 NAbs detection kit; GenScript, Piscataway, NJ, USA). 
A similar kit has recently been developed and is also available in Korea (R-Find SARSCoV-2 
Neutralizing Antibody ELISA; SG Medical Inc., Seoul, Korea).

To determine the kinetics of Nab response, we measured Nab levels at four time points for 
110 healthcare workers at Pyeongtaek St. Mary’s Hospital who received two doses of AZD1222 
(AstraZeneca, UK) with 12-week dosing interval. Possible influence of gender, age, and 
adverse events on Nab level were also investigated.
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MATERIALS AND METHODS

1. Enrolled subjects and procedure
We enrolled 110 healthcare workers (HCWs) who received two doses of AZD1222 (AstraZeneca, 
UK) (0.5 ml in each dose containing 5 × 1010 viral particles) 12 weeks apart in accordance with 
the Korean government policy. These 110 subjects were divided into three age groups: 19 - 39 
years, 40 - 55 years, and 56 - 77 years. All subjects were asked to report adverse events (AEs) 
during two days after vaccination (1st and 2nd inoculations, respectively) via a mobile self-
report questionnaire. Questionnaire consisted of a total of nine AEs, including local reactions 
(pain & tenderness, swelling, itching, and redness at the injection site) and systemic reactions 
(fever, headache, muscle pain, chillness, and nausea) [17].

Blood samples were collected into serum-gel tubes (BD SST II Advance®, Becton Dickinson, 
Franklin lakes, NJ, USA). Sera were separated within 4 hours after blood collection and stored 
at -20oC until the day of measurement. Blood collection times were 4 and 8 weeks after 1st 
inoculation of AZD1222 (AstraZeneca, UK), and 2 and 16 weeks after 2nd inoculation with 12-
week dosing interval. Nab against SARS-CoV-2 was measured indirectly using commercially 
available ELISA-based surrogate SARS-CoV-2 neutralization test (R-Find SARS-CoV-2 
Neutralizing Antibody ELISA; SG Medical, Korea). This Kit contains two key components: 
horseradish peroxidase (HRP) conjugated recombinant SARS-CoV-2 RBD fragment (HRP-
RBD) and hACE2. The test was performed according to the manufacturer’s instructions. 
Briefly, 25 μl of test serum was added to the ELISA plate well coated with hACE2 pre-filled 
with 25 μl sample diluent. 50 μl of provided positive and negative controls were also added to 
appropriated wells. And 50 μl of HRP-RBD conjugated were mixed to each well and incubated 
for 45 minutes at room temperature. The supernatant including unbound HRP-RBD was 
removed and washed 3 times using provided washing buffer. 100 μl of tetramethylbenzidine 
substrate was added for 15 minutes at room temperature before the reaction was stopped 
by addition of 50 μl stop solution. The absorbance of the samples was measure at 450 nm 
using microplate reader. Manufacturer provided performance evaluation data between 
two commercial kits (SG Medical, Korea and GenScript, USA). After the 1st vaccination of 
BNT162b2, the neutralizing antibody positive rates were 92.4% (SG Medical) and 87.6% 
(GenScript). Positive rate after 2nd vaccination was 100.0% in both companies. In addition, 
the test evaluation results for the same sample for the kit of GenScript and SG Medical 
showed very high agreement (r = 0.9424, P <0.0001).

Results were interpreted by percent inhibition and calculated as follows:

percent Inhibition = ( 1 − Optical densitiy value of sample
Optical density of negative control )  ×  100 

 According to the manufacturer’s instructions, a percent inhibition of ≥30.0% was considered 
positive and percent inhibition of <30.0% was considered negative. For convenience, the 
inhibition rate of 30.0 – 50.0% was set as moderate, 51.0 - 75.0% as high, and 76.0% or more 
as very high.

2. Ethics statement
This study was approved by Institutional Review Board (IRB) of the College of Medicine, The 
Catholic University of Korea (IRB approval number: MC22RADI0006), and written informed 
consent was obtained from all participants.
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3. Statistical analysis
Nab titer (inhibition %) were expressed as median with interquartile range (IQR). Paired 
t-test or one-way ANOVA were used to compare Nab titer after vaccination. In addition, we 
used an independent, two tailed, unpaired t-test for comparing Nab titers between different 
age groups, and between different adverse events. To determine the correlation between age 
and the Nab titer was used Pearson’s correlation test. Categorical variables were compared 
using Pearson’s chi-squared test. Trend analysis using the Cochran-Armitage test was 
performed to determine a significant increase or decrease in the frequency of AEs across age 
groups. All statistical analyses were performed using GraphPad Prism® software (version 
9.1.0, San Diego, CA, USA).

RESULTS

1. Demographic data
We obtained blood samples for measuring Nab from a total of 110 HCWs each at 4 and 8 
weeks after the 1st inoculation and at 2 and 16 weeks after the 2nd inoculation. Of the 110 
vaccinated HCWs, 65 were females and 45 were males. Their median age was 48.5 years 
(range, 19 - 77 years).

2. Kinetics of Nab titers after 1st and 2nd inoculation of AZD1222 vaccine
As shown in Figure 1, In the 4-week group (4 weeks after 1st inoculation), inhibition% 
increased sharply to 70.1% (range: 9.2 - 93.7%, IQR: 46.7 - 83.7%) and seropositive rate was 
89.1% (98/110). Of the 98 seropositive subjects, 78 (79.6%) had Nab titers greater than 50.0% 
of median inhibition, 48 were in very high (>75.0%) and 30 were in high titer range (50.0 
– 75.0%). At 8 weeks after the 1st inoculation (8-week group), the median inhibition was 
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Figure 1. Kinetics of Nab at four different time points after two doses of AZD1222 vaccine. The vertical axis 
represents the % inhibition (Nab titer) for SARS-CoV-2 Nab tested using R-Find SARS-CoV-2 Neutralizing Antibody 
ELISA. Horizontal red lines indicate median values ± (IQR). The black dotted lines correspond to the seropositivity 
threshold at 30.0% inhibition and 50.0 and 75.0% lines indicates the borderline between moderate, high and 
very high protection areas. 
Nab, neutralizing antibody; ELISA, enzyme linked immunosorbent assay; IQR, interquartile range; SARS-Cov-2, 
severe acute respiratory syndrome coronavirus-2.



rapidly decreased (P <0.0001) from 70.1% to 49.2% (range: 8.4 - 95.3%, IQR: 38.7% - 66.3%). 
Interestingly, the number of seronegative subject (12 of 110) was the same as in the 4-week 
group. However, the number of subjects in the very high titers range (>75.0%) decreased 
from 48 (50.0%, 48/98) to 11 (11.2%, 11/98). And these reduced 37 subjects were dispersed 
into the lower titer range group. In 14-week group (2 weeks after the 2nd inoculation), all 
subjects were seropositive, and the median inhibition was increased (P = 0.0001) to 76.7% of 
inhibition (range: 31.3 - 96.2%, IQR: 60.8 - 86.5%). Most (96/110, 87.3%) subjects were above 
50.0% inhibition line in the very high (n = 58) or high titers range (n = 38). In the 28-week 
group (16 weeks after the 2nd inoculation), the median inhibition was decreased (P <0.0001) 
from 76.7% in 14-week group to 50.5% of inhibition (range: 0 - 92.6%, IQR: 29.3 - 70.0%). 
The number of subjects in very high titers was drastically decreased from 58 (52.7%) to 21 
(19.1%). Mostly are located in high (n = 34, 30.9%) and moderate titer ranges (n = 27, 24.5%). 
The number of seronegative subjects was also increased 0 to 28 (25.5%). In addition, only 
14 (12.7%) subjects were less than 50.0% of inhibition at 2 weeks after 2nd inoculation, but 
increased to 55 (50.0%) subjects after 16 weeks.

3. Differences in Nab response according to age
All 110 subjects were seropositive and the inhibition% ranged from 31.3 to 96.2% in 14-week 
group (Fig. 2). However, the 28-week group with relatively a long degradation period (16 weeks 
after the 2nd inoculation) showed broad distribution pattern (0 to 92.6% of inhibition). Also, 
the number of seronegative subjects increased rapidly from 0 in the 14-week group to 28 in the 
28-week group. This seronegative conversion rate was 40.4% (19/47) in the ≥56 years group, 
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Figure 2. The time course of the measured values of Nab titers (inhibition %) for all vaccinated individuals. For ease of viewing, a merged line graph with all age 
groups was separated into 3 ages groups of 19 - 39, 40 - 55 and 56 - 77 years. In the 28-week group, subjects with inhibition% of less than 30.0% (red), 31.0 – 
50.0% (blue) and >51.0% (orange) are indicated by different color lines. 
Nab, neutralizing antibody.



which was significantly greater than 14.3% (9/63) in ≤55 years group (P = 0.0015) or 7.9% (3/38) 
in ≤39 years group (P = 0.0005). During Nabs production period, the median inhibition% 
was not significantly different between the three age groups in the 4-week group. However at 
2 weeks after 2nd inoculation, it was slightly higher in younger age group (≤39 years, 77.7%) 
than in the elderly (≥56 years, 73.9%, P = 0.029) (Fig. 3). However, even at 2 weeks after 2nd 
inoculation, one of the production period, Nab titer was slightly lower in the elderly group 
(≥56 years) than in the young group (≤39 years) (73.9% vs. 77.4%, P = 0.0213). It also showed an 
inverse correlation with age (r = -0.1902, P = 0.0465). During the degradation period of Nab, 
the median inhibition% of the elderly (≥56 years) compared to young group (≤39 years) was 
greatly reduced at 8-week (55.4% vs. 49.5%, P = 0.021) and at 28-week (53.9% vs. 40.6%, P = 
0.006). And Nab titers were conversely correlated with age in the 8-week group (r = -0.2091, P 
= 0.0284) and in the 28-week group (r = -0.2811, P = 0.0029) (Fig. 4).

4. Difference in Nab response according to the adverse events
 
Table 1. shows the frequency of local and systemic AEs following 1st and 2nd inoculations of 
AZD1222 (AstraZeneca, UK). In general, AEs developed on the night or the next day following 
vaccination and continued for 1 or 2 days. Fever (28.2%, 31/110) and pain & tenderness 
(30.0%. 33/110) were the most common AEs in systemic and local AEs respectively. And these 
two AEs (P for trend = 0.0001 and P = 0.0025) tended to be more common in younger age 
group. Subjects with one or more systemic AEs (59.1%, 65/110) also tended to be common in 
younger subjects (P for trend = 0.0032). There were no gender differences in the frequency 
of AEs. And the frequency of AEs after 2nd inoculation was too low to obtain meaningful 
statistical data.

As shown in Figure 5, subjects without AEs after the 1st inoculation showed a median 
inhibition of 51.8% (range: 9.2 - 93.6%, IQR: 37.1 - 72.4%). Compared to subjects without 
AEs (51.8%), median inhibition was higher in subjects with one or more systemic AEs 
(74.2%, P = 0.0203) or those with one or more local and systemic AEs (77.1%, P = 0.0003). Of 
32 subjects with fever, 8 visited emergency room (ER) or had hospitalization for antipyretic 
treatment (Fever + ER). In comparison between these two groups, the Nab titer was 88.4% 
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Table 1. Frequency of local and systemic adverse events after AZD1222 vaccination according to gender and age difference
Variables Gender P value Age group P for trend

Total Male Female ≤39 40 - 55 ≥56
Vaccinated HCWs 110 45 (40.9%) 65 (59.1%) 38 (34.6%) 25 (22.7%) 47 (42.7%)
Adverse event after 1st inoculation

Any systemic adverse event 65 (59.1%) 26 39 0.8157 28 (73.7%) 17 (68.0%) 20 (42.6%) 0.0032
Fever 31 (28.2%) 14 17 0.5699 20 (52.6%) 5 (20.0%) 6 (12.8%) <0.0001
Headache 21 (19.1%) 8 13 0.7706 7 7 7 0.6339
Nausea 8 (7.3%) 2 6 0.3419 5 2 1 0.0509
Muscle pain 11 (10.0%) 2 9 0.1061 3 4 4 0.9710
Chillness 16 (14.5%) 7 9 0.8026 7 4 5 0.3066

Any local adverse event 38 (34.5%) 13 25 0.2992 17 9 12 0.0632
Pain & tenderness 33 (30.0%) 10 23 0.1386 17 (44.7%) 9 (36.0%) 7 (14.9%) 0.0025
Swelling 26 (23.6%) 11 15 0.8682 12 4 10 0.2899
Erythema 14 (12.7%) 3 11 0.1125 8 2 4 0.0926
Itching 17 (15.5%) 7 10 0.9805 8 5 4 0.1042

Adverse event after 2nd inoculation
Any systemic adverse event 14 (12.7%) 4 10 0.3149 6 4 4 0.3039

Fever 4 (3.6%) 2 2 0.7064 2 1 1 0.4399
Headache 8 (7.3%) 2 6 0.3419 2 4 2 0.7836
Nausea 5 (4.5%) 2 3 0.9662 3 1 1 0.2077
Muscle pain 1 (0.9%) 1 0 0.2273 0 1 0 0.9252
Chillness 3 (2.7%) 2 1 0.3576 1 1 1 0.8696

Any local adverse event 12 (10.9%) 7 5 0.1934 4 6 2 0.2974
Pain & tenderness 11 (10.0%) 7 4 0.1061 4 5 2 0.2923
Swelling 9 (8.2%) 6 3 0.1010 4 4 1 0.1375
Erythema 8 (7.3%) 5 3 0.1971 3 4 1 0.2655
Itching 4 (3.6%) 1 3 0.5097 1 2 1 0.8490

HCW=Healthcare worker.



(IQR: 80.4 - 92.8%) in the severe fever group (Fever + ER), distinct from 68.9% (IQR: 51.4 - 
84.4%) of inhibition in simple fever group (P = 0.0331).

DISCUSSION

Several COVID-19 vaccines including AZD1222 (AstraZeneca, UK) have received emergency 
approval early last year in Korea. The AZD1222 (AstraZeneca, UK) vaccine was initially 
one of avoiding vaccines due to some mistakes in clinical trials in the early stages of its 
development, lower efficacy compared to mRNA vaccines, and exaggerated rumors about 
adverse events such as thrombosis with thrombocytopenia syndrome [18]. However, all 
healthcare workers in Pyeongtaek St. Mary’s Hospital received the AZD1222 (AstraZeneca, 
UK) vaccine according to the government policy without any option. Measurement of Nab 
titer using recombinant RBD, a surrogate of real virus, based on antibody-mediated blocking 
of the RBD-hACE2 protein complex has been recently reported. It is already commercially 
available [15, 16]. Therefore, we had a chance to evaluate kinetics of Nab following AZD1222 
(AstraZeneca, UK) vaccination using sera obtained from at four different time points from 
110 healthcare workers who voluntarily participated in this study.

Studies have shown that the Nab response peaks at 3 - 5 weeks after infection, and the 
magnitude of the peak correlates with clinical disease severity [19, 20]. However, Nab 
responses can degrade rapidly in early convalescence, having an overall half-life of 90 days 
over the first 8 months after infection [21]. Although there are reports of Nab degradation 
after vaccination, the literature on the long-term responses of Nab titers, especially after 
AZD1222 (AstraZeneca, UK) vaccination, is still lacking. Kang et al. [22] also reported 
Nab responses at 3 different time points identical to ours, except for 28-week group. They 
claim that there was no significant difference in Nab titer between 4 and 8 weeks after 1st 
dose of AZD1222 (AstraZeneca, UK). In our data, despite the same number of seronegative, 
Nab titer (median inhibition) decreased sharply (P <0.0001) from 70.1% (4-week group) 
to 49.2% (8-week group). More specifically, the number of subjects in the very high titers 

147

Neutralizing antibody response after AZD1222 vaccination

https://doi.org/10.3947/ic.2022.0009https://icjournal.org

%
 o

f i
nh

ib
iti

on

Local or systemic AEs

Ve
ry

 h
ig

h
H

ig
h

M
od

er
at

e
N

eg
at

iv
e

No AEs

Only 
sys

temic 
AEs

Only 
loca

l A
Es

Any A
Es

0

100

50

Fe
ve

r

Fe
ve

r +
 ER

P = 0.02 P = 0.033

P = 0.003

Figure 5. Comparison of Nab titers between the subjects with or without AEs after the 1st inoculation of AZD1222. 
AEs, adverse events; ER, emergency room; Nab, neutralizing antibody.



range (>75.0%) decreased from 48 (50.0%, 48/98) to 11 (11.2%, 11/98). And these reduced 
37 subjects were dispersed into the lower titer ranges. After 2 weeks of the 2nd inoculation, 
the median inhibition increased to 76.1% again, and decreased to 50.3% after 14 weeks 
(28-week group) (Fig. 1). Therefore, it is believed that the Nab produced by the vaccine starts 
to decrease immediately after reaching the peak. Moreover, the decrease in Nab titers was 
more pronounced in the elderly (≥56 years) than in the young (≤39 Years) at 8-week (49.5% 
vs. 55.4%) and 28-week (40.6% vs. 53.9%) (Fig. 3). This was strongly supported by the fact 
that Nab titers were inversely correlated with age in the 8-week (r = -0.2091, P = 0.0284) and 
28-week groups (r = -0.2811, P = 0.0029) obtained by linear regression analysis (Fig. 4). Müller 
et al [20] also reported that antibody titers after 1st and 2nd dose of BNT162b2 vaccine were 
significantly lower in elderly (>80 years) than in younger group (<60 years). On the other 
hand, the number of seronegative subjects increased rapidly from 0 in the 14-week group to 
28 in the 28-week group (Fig. 1). In the 28-week group, the seronegative conversion rate was 
also higher in the ≥56 years group (40.4%) than the ≤55 years (14.3%) or the ≤39 years group 
(7.9%) (Fig. 2). Although currently unexplained, our data suggested that the degradation 
process of Nab was more pronounced in elderly rather than the generation process of Nab. 
This may be related to why the frequency of breakthrough infections, disease severity, and 
mortality are higher in the elderly. According to the latest data from the Center for Disease 
Control and Prevention, people 65 years and older account for 63.5% (1,286/2,025) of 
hospitalizations and 86.0% (363/428) of deaths from breakthrough cases [23].

Kang et al. reported that seropositive rates after 1st and 2nd inoculation were 66.8% and 
98.0% for AZD1222 (AstraZeneca, UK), and 87.5% and 100% for BNT162b2 vaccine [22]. 
Nam et al. [24]. also reported that seropositive rates of AZD1222 (AstraZeneca, Cambridge, 
UK) vaccine were 68.8 and 97.3% after 1st and 2nd inoculation, similar to those reported by 
Kang et al. However, in the case of BNT162b2, the positivity rate after the 1st inoculation was 
96.6%, which was significantly higher than that of Kang et al [22] (87.5%). Our seropositive 
rates were 89.1% and 100% after the 1st and 2nd AZD1222 (AstraZeneca, Cambridge, UK) 
vaccination (Fig. 1). Among them, the positive rate after 1st inoculation was significantly 
higher (89.1%) than in the above two papers. We used the SG Medical kit, which has the same 
principle as the GenScript kit, but with some difference in the testing process. In the case of 
the GenScript kit, serum (Nab) and RBD are sufficiently reacted first, and then transferred 
to the well-coated hACE2. Thus, the only remaining RBDs that fail to bind Nab bind hACE2. 
However, the SG Medical kit differs in that serum (Nab) and RBD can be administered 
simultaneously to hACE2-coated well, allowing RBD to competitively bind to Nab or hACE2. 
The high seropositivity of this first paper using the SG Medical kit compared to GenSript kit 
means lower discrimination power, especially at low Nab titers. Papers using GenScript kit 
are divided into cases using 20.0% or 30.0% of inhibition as a cutoff [25]. Although neither 
of these methods is quantitative analysis, the determination of cutoff is critical and should 
be standardized with greater precision in the future. Nevertheless, we had no problems 
observing the longitudinal kinetics of Nab titers using the SG Medical kit.

Many papers have reported that AZD1222 (AstraZeneca, UK) has lower vaccine efficacy and/
or Nab production rate compared to RNA vaccines [22, 24, 26, 27]. The most important 
determinant of producing a high level of Nab is SARS-CoV-2 infection itself. One subject 
was infected with SARS-CoV-2 at our hospital 4 months prior to the start of the AZD1222 
(AstraZeneca, UK) vaccine schedule. And his Nab titers showed absolutely high levels of Nab 
titers without any decrease during for a total of 44 weeks, including 16 weeks after infection 
and 28 weeks of study period. He was, of course, excluded from this analysis.
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According to two articles [17, 28], vaccine-related AEs in Korean healthcare workers were more 
common in AZD1222 (AstraZeneca, UK) than in the BNT162b2 group. In contrast to BNT162b2, 
most types of AEs in AZD1222 (AstraZeneca, UK) tend to decrease with old age group and 
female experienced AEs more frequent. Lee et al also reported that pain around injection site 
was the most common AEs, and Nab response was not related to age, sex, and obesity [28]. 
However, our data have no gender difference. Fever and pain around injection site were most 
common AEs in systemic and local AEs respectively. And these two AEs tend to be more in 
younger age group (Table 1). We showed that the Nab titers were higher in the group with one 
or more systemic AEs (p = 0.02) and in the group with at least one or more local or systemic AEs 
(p = 0.003) than in the group without AEs (Fig. 5). When we compared subjects who had simple 
fever and subjects with severe fever requiring emergency room visit or hospitalization, Nab titer 
was higher in the severe fever group (88.4% vs. 68.9% of inhibition, P = 0.0331) (Fig. 5). This is 
consistent with the fact that the stronger the inflammatory response following vaccination can 
achieve better the immunity [29].

This study has some limitations. First, the Nab degradation process was not sufficiently 
observed by tracking the Nab titer only for 16 weeks after 2nd inoculation. Second, in this 
study, it was rather difficult to evaluate the adverse events after vaccination because there were 
not enough subjects. Third, the Nab measurement method in this study is a semi-quantitative 
and an indirect method using surrogate marker instead of authentic SARS-CoV-2 or pseudo-
virus, and no clear cut-off criterion. Finally, humoral immunity, such as Nab production, is also 
important for protective immunity obtained after vaccination, but other immune factor such as 
T cell immunity also has a great impact on the protection from disease severity.

In conclusion, Nab induced by AZD1222 (AstraZeneca, UK) vaccination started to degrade 
shortly after the production period. Nab titers were lower in the elderly than in younger 
group during the degradation period. This seems to be because the degradation process of 
Nab is more pronounced in the elderly. This may explain why the frequency of breakthrough 
infections, disease severity, and mortality were higher in the elderly and may require 
revaccination to ensure robust immunity.
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