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ABSTRACT
Introduction: Due to the vaccine’s short supply and the efficacy of a single dose of the ChAdOx1 
(AZD1222) vaccine, many governments delayed the interval between prime and boost dose from 4 to 
8–12 weeks. However, the waning of immune response in this period is a concern. This study evaluated 
the durability, contributing factors of anti-RBD antibody concentration, and reactogenicities after the 
single dose of AZD1222 vaccine in the Thai population.
Methods: This was a single-center, prospective cohort study at Chulabhorn Hospital, Bangkok, Thailand. 
Individuals 18 years or older who were negative for anti-SARS-CoV-2 antibody were eligible. Anti- 
receptor-binding domain antibody concentrations were tested at least three weeks after the first vaccina-
tion and immediately before the second dose of vaccine. Information on reactogenicities was obtained via 
a questionnaire sent by a short message service.
Results: Anti-RBD Antibody concentration at 2 and 3 months post-vaccination were significantly higher 
than at 1 months post-vaccination (20.14 BAU/mL (95%CI; 16.37, 24.77) at 1 month, 48.08 BAU/mL (95%CI; 
42.76, 54.08) at 2 month, and 65.01 BAU/mL (95%CI; 58.88,71.61) at 3 month). Adverse events occurred in 
approximately 60% of participants. Factors influencing vaccine immunogenicity include age, sex, the time 
elapsed from the first dose of vaccine, and underlying disease with diabetes and hematologic disease.
Conclusion: A single dose of AZD1222 could elicit immune responses that did not decline within three 
months in Thai individuals. These data support the public health strategy of a delay between the prime 
and boost dose of AZD1222 of 4 to 12 weeks.
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Introduction

All three arms of adaptive immunity, including antibody 
responses, CD4+ T cell responses, and CD8+ T cell responses, 
are required to prevent and control the COVID-19.1 

Antibodies targeting the receptor-binding domain (RBD) of 
the spike protein of SARS-CoV-2 can potently neutralize the 
virus.2 The ChAdOx1 (AZD1222) vaccine developed by 
Oxford University and AstraZeneca Biopharmaceuticals con-
sists of a replication-deficit simian adenoviral vector contain-
ing the full-length DNA sequence of the spike protein. Clinical 
studies of the ChAdOx1 (AZD1222) vaccine in the United 
Kingdom, South Africa, and Brazil showed excellent efficacy 
in preventing symptomatic SARS-CoV-2 infection and severe 
COVID-19 after two doses of the vaccine spaced at least four 
weeks apart.3,4 Moreover, three weeks after a single dose of the 
ChAdOx1 (AZD1222) vaccine, recipients were protected from 
symptomatic SARS-CoV-2 infection for 12 weeks.5 In addition 
to the clinical study results, neutralizing antibody levels also 
predict vaccine efficacy. Higher neutralizing antibody titers are 
generally associated with increased vaccine efficacy.6 Salazar 

et al. found that anti-RBD immunoglobulin titers correlated 
with in vitro virus neutralization.7 Due to the vaccine’s short 
supply and the efficacy of a single dose of the ChAdOx1 
(AZD1222) vaccine, many governments, including Thailand, 
delayed the interval between prime and boost dose from 4 to 8– 
12 weeks. However, the waning of immune response in this 
period is a concern.8

This study aims to evaluate the durability, contributing fac-
tors of anti-RBD antibody concentration, and reactogenicities 
after a single dose of AZD1222 vaccine in the Thai population.

Materials and methods

Study design and participants

This was a single-center, prospective cohort study designed to 
evaluate the durability, influence factors of anti-RBD antibodies 
concentration, and reactogenicities after a single dose of the 
ChAdOx1 (AZD1222) vaccine in Thai health care workers at 
Chulabhorn Hospital, Bangkok, Thailand. The health care work-
ers in our institute who plan to vaccinate with AZD1222 vaccine 
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and are interested in joint this study were recruited. Participants 
were recruited between March 31, 2021, and May 5, 2021. 
Individuals 18 years or older who were negative for anti-SARS- 
CoV-2 antibody were eligible. Individuals who had previously 
received COVID-19 vaccines, pregnant or lactating women, 
patients receiving steroids or immunosuppressive agents, and 
patients with active underlying diseases were excluded. Written 
informed consent was obtained from each participant before 
enrollment. The study protocol, case records form, and consent 
form were reviewed and approved by the Ethics Committee for 
Human Research, Chulabhorn Research Institute (reference 
number: 022/2564).

Procedures

Participants were tested for baseline anti-RBD immunoglobu-
lin titers following enrollment in the study using a 6 mL serum 
sample. Sera were sent to the central laboratory department of 
the Chulabhorn hospital and processed within 6 hours. 
Identical procedures were repeated three weeks after the first 
dose of the vaccine and before the second dose of the vaccine. 
The ChAdOx1 (AZD1222) vaccine used in this study was 
manufactured and vialed following Good Manufacturing 
Practices and was approved by the regulatory agency of 
Thailand. All vaccine doses contained 5–6.5 × 1010 viral parti-
cles. The registered nurses administered the vaccine by intra-
muscular injection into the deltoid muscle.

Safety

After 30 minutes of observation to monitor the immediate 
adverse event, participants could go home. On days 1 and 7 
post-vaccinations, participants were queried regarding reacto-
genicities via a questionnaire sent by a short message service. 
The severity of adverse events was graded by participants (mild 
vs. moderate vs. severe severity).

Measurement of anti-RBD immunoglobulin titers

Serum levels of anti-RBD immunoglobulin were measured 
using the Elecsys Anti-SARS-CoV-2 S (Elecsys-S) kit 
(Roche Diagnostics, Mannheim, Germany), an automated 
electrochemiluminescence immunoassay (ECLIA). The 
measurement and validation were performed according to 
the manufacturer's instruction. The Elecsys-S uses the dou-
ble-antigen sandwich principle to detect anti-S protein anti-
bodies. The measurement range was 0.4 to 2,500 U/mL. 
The manufacturer’s suggested cutoff value for a positive 
result was >0.8 U/mL. Based on the international standard 
for anti-SARS-CoV-2 immunoglobulin titers developed by 
the WHO,9 Elecsys-S U was converted to binding antibody 
units (BAU) using the equation: Elecsys-S U = 0.972 
× BAU. The threshold using Elecsys-S for detection of 
neutralizing antibodies (1:20) following natural infection 
was 133 BAU/mL (2.12 log10). Using this cut-point value, 
the specificity and sensitivity were 84% and 74.5%, respec-
tively. However, the Elecsys-S assay cannot differentiate 
between high and low neutralizing antibody titers.10

Primary endpoints

The primary endpoint was the geometric mean concentration 
(GMC) of anti-RBD antibody at 2 and 3 months after a single 
dose of AZD1222 compared with the GMC at the first month. 
One month was defined as four weeks.

The secondary endpoints were the contributing factor that 
correlated with the anti-RBD antibody concentration and the 
reactogenicities within seven days following vaccination.

Statistical analysis

Summary statistics were presented as medians and interquar-
tile ranges (IQRs) as well as geometric means and 95% con-
fidence intervals (CIs). Levels of anti-RBD immunoglobulin 
among different time points were compared using multiple 
linear regression, using the first month as the reference 
group. Correlation between anti-RBD immunoglobulin levels 
and contributing factors was assessed using multiple linear 
regression. Statistical analyses were performed using IBM 
SPSS statistic version 26 and GraphPad Prism version 9. 
Values of P < .05 were considered statistically significant.

Results

Participants

A total of 864 participants were recruited. However, we 
excluded 70 participants from this analysis. Nine participants 
had no baseline anti-RBD antibody level, 3 participants with 
prior seropositive before vaccination, and 58 participants with 
no anti-RBD antibody data after vaccination. Finally, there 
were 796 participants in this study.

Approximately two-thirds were female (517, 64.9%). The 
median age was 40 years (IQR 30–57 years). Demographic data 
and anti-RBD antibody titers are summarized in Table 1. We 
planned to measure anti-RBD antibodies two times, the first 
time at 3 weeks after the first dose and the second time before 
the second dose. Some participants did not convenient for anti- 
RBD antibodies measurement at 3 weeks after vaccination. 
Therefore, we allowed them to measure anti-RBD antibodies 
within 7 weeks. One thousand one hundred fifty-five serum 
samples measured anti-RBD antibodies after the first dose and 
before the second dose of the vaccines. Three hundred sixty- 
one participants were measured anti-RBD antibodies two 
times, and 433 were measured one time. The interval between 
the first and second dose of vaccine in the initial study protocol 
was 12 weeks. However, during the study period, outbreaks of 

Table 1. Demographic characteristics of study participants.

All participants (N = 794)

Female, n (%) 517 (65.1%)
Age (years), median (IQR) 40 (30, 57)

Underlying comorbidities
Cardiovascular disease 5 (0.63%)
Diabetes 11 (1.39%)
Obese 1 (0.13%)
Hypertension 26 (3.27%)
Dyslipidemia 27 (3.40%)
Hematologic disease 8 (1.00%)

IQR, interquartile range. Obese; body mass index > 25 kg/m2.
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the delta variant of SARS-CoV-2 occurred in Thailand. The 
Thai national COVID-19 vaccine guideline-recommended 
shortening the interval between the first and second dose of 
the AZD1222 vaccine to 8 weeks. So, the participants in this 
study have received the second dose at an 8–11 week interval 
(Table 2).

Anti-RBD antibodies

Anti-RBD antibodies were detectable as early as three weeks 
after a single dose of the ChAdOx1 (AZD1222) vaccine. At 
three weeks, the geometric mean concentration was 14.80 (95% 
CI, 10.81, 20.23) BAU/mL. The concentration of anti-RBD 
antibodies reached high levels at five weeks post-vaccination 
(GMC, 46.56 (95%CI, 37.07–58.34) BAU/mL) and persisted or 
slightly increased through 11 weeks post-vaccination (Figure 1 
and Table 2). Anti-RBD Antibody concentration at 2 and 
3 months post-vaccination were significantly higher than at 
1 months post-vaccination (20.14 BAU/mL (95%CI; 16.37, 
24.77) at 1 month, 48.08 BAU/mL (95%CI; 42.76, 54.08) at 
2 month, and 65.01 BAU/mL (95%CI; 58.88,71.61) at 
3 month). The GMR was 2.72 (95%CI; 2.21–3.33) for two 
months and 3.33 (95%CI; 2.73–4.05) for three months com-
pared with the first month (Figure 2 and Table 3). Based on 
multiple regression modeling, sex, age, underlying comorbidity 
with diabetes or hematologic disease, and time elapsed from 
first vaccination were correlated with anti-RBD antibody con-
centration. (Table 4). Men had 29% (95%CI; 16%-39%) lower 
anti-RBD antibodies concentration than women. Time elapsed 
from the first dose through week-11 post-vaccination was also 
correlated with anti-RBD antibody levels. The anti-RBD 

antibody level increased on average by 16% (95%CI; 13%- 
20%) every week from the first dose through 11 weeks post- 
vaccination. Age was also correlated with anti-RBD antibody 
levels. For every 10-year increase in age, the mean anti-RBD 
antibody level decreased by 15% (95%CI; 10%-20%). 
Participants with diabetes or hematologic disease comorbidity 
had 55% (95%CI; 23%-84%) and 56% (95%CI; 3%-80%) lower 
anti-RBD antibodies concentration. (Table 4).

Safety

The reactogenicities were common after a single dose of the 
ChAdOx1 (AZD1222) vaccine. Overall, 322 of 538 participants 
(59.9%) reported adverse events who responded to the ques-
tionnaire. Most adverse events developed within 24 hours fol-
lowing vaccination. Adverse events were mild to moderate in 
most participants. Systemic adverse events were more common 
than local reactions. The most common adverse events that 
developed within 24 hours were myalgia (50.56%), fever 
(48.51%), headache (43.31%), fatigue (40.15%), and injection 
site reactions (24.35%) (Figure 3).

Discussion

The results of this study indicate that a single dose of the 
ChAdOx1 (AZD1222) vaccine can elicit antibody responses 
as early as three weeks post-vaccination and persist through 
at least three months without declining. Female participants 
had significantly higher anti-RBD antibody concentrations 
compared with male participants. Participants with older age 
had a lower immune response. Diabetes and hematologic dis-
ease reduce the immune response after vaccination. The reac-
togenicities after vaccination were common. However, most 
participants had mild to moderate degrees of severity.

This finding contrasts with the results of Flaxman et al., 
showing that a single dose of ChAdOx1 (AZD1222) stimulated 
immune responses that declined over 320 days after a single 
dose of the AZD1222 vaccine. This study enrolled 480 partici-
pants with an 18–55 year age range, median age 37.2 years 
(IQR; 29.0–47.0). The GMR of anti-spike protein at day 180 
was 0.51 (95%CI; 0.45–0.57) compared with day 28 post- 
vaccination.8 The participants’ age in this study was similar 

Table 2. The geometric mean concentration (GMC) of anti-RBD antibody after 
a single dose of the AZD1222 vaccine (weeks).

Time elapsed 
from first dose of 
AZD1222 (weeks)

Sample 
(N)

Geometric mean 
concentration of anti-SARS- 

CoV-2 antibody 
concentration (95%CI) (BAU/ 

mL)
Geometric mean 

ratio (95%CI)*

Baseline level 794 < 0.4
3 118 14.80 (10.81, 20.23) Reference
4 120 27.23 (20.84,35.56) 1.79 (1.30, 2.48)
5 123 46.56 (37.07,58.34) 3.05 (2.22, 4.18)
6 251 48.87 (41.50, 57.54) 3.79 (2.86, 5.01)
7 63 47.97 (37.41, 61.52) 4.78 (3.21, 7.11)
8 1 65.48 4.28 (0.36, 50.58)
9 66 56.75 (42.46, 75.86) 4.20 (2.88, 6.12)
10 382 65.16 (58.48, 72.44) 4.47 (3.43, 5.81)
11 31 83.75 (55.98, 125.31) 5.58 (3.41, 9.16)

*adjust with age, sex, underlying disease, GMR; geometric mean ratio, 95%CI; 95% 
confidence interval.

Table 3. The geometric mean concentration (GMC) of anti-RBD antibody after 
a single dose of the AZD1222 vaccine (months).

Time elapsed from the 
first dose of AZD1222 
(month)

Sample 
(N)

GMC of anti-SARS-CoV 
-2 antibody (95%CI) 

(BAU/mL) GMR (95%CI)*

Baseline level 794 0.4
1 238 20.14 (16.37, 24.77) reference
2 438 48.08 (42.76, 54.08) 2.72 (2.21–3.33)
3 479 65.01 (58.88,71.61) 3.33 (2.73–4.05)

*adjust with age, sex, underlying disease, GMR; geometric mean ratio, 95%CI; 95% 
confidence interval.

Table 4. Linear regression analysis of contributing factors of anti-RBD antibody 
concentration (antilogarithm).

Predictor Adjusteda (95%CI)

R2 0.132
Sex

Female reference
Male 0.71 (0.61–0.84)

Age (decades) 0.85 (0.80–0.90)
Time elapsed from first dose of AZD1222 (weeks) 1.16 (1.13–1.20)

Underlying comorbidity
Cardiovascular disease 0.11 (0.39–1.65)
Diabetes 0.45 (0.26–0.77)*
Obese 0.48 (0.04–5.79)
Hypertension 0.90 (0.58–1.39)
Dyslipidemia 0.64 (0.40–1.04)
End-stage kidney disease 0.20 (0.02–2.32)
Hematologic disease 0.44 (0.20–0.97)*

aadjust with age, sex, underlying comorbidity, and time elapsed after the first 
dose. 95%CI; 95% confidence interval. * p-value <.05.
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to ours. The different demographic data were ethnicity and sex, 
half of the participants (49.4%) were female, and most of the 
participants (90.6%) were white. The median body mass index 
(BMI) of participants in the Flaxman et al. study was 24.9 (IQR; 
22.4–27.8). Our results also contrast with those of immune 
responses to mRNA vaccination studies. The mRNA-1273 
vaccine-elicited peak neutralizing antibody levels two weeks 
after the second dose of the vaccine declined slowly with a half- 
life of 2 to 3 months.11 This finding supported the public health 
strategy of a delay between the first and second dose of 
ChAdOx1 (AZD1222) of 4 to 12 weeks5 when vaccine supply 
is limiting, especially in developing countries.

The reason why our finding differences from those of other 
studies was unknown. There are a few hypotheses that expand 
our study result. First, the antigen carried by the adenoviral 
vector can persist for a long time. A mice model study showed 
that the transgene sequence of a viral vector could be detected for 

up to 1 year in the liver, spleen, and inoculated muscle after 
inoculum with the viral vector vaccine. Moreover, the protein 
produced by the transgene was detected at least 5 weeks after 
vaccination. The transgene product-specific memory T cells were 
also detected 405 days after vaccination.12 The sustain of memory 
T cells may reflect the prolonged transgene expression of the viral 
vector vaccine.13 The persistence of the vector genome and 
transgene protein was also demonstrated in nonhuman primates 
(NPH) for up to 22 months.14 The clinical study also demon-
strated the persistence of the immune response after the adeno-
viral vector vaccination. After a single dose of the ChAd3-EBO-Z 
vaccine in phase 1/2a clinical, the IgG antibodies against glyco-
protein were peaked on day 28 and persisted through day 180 
with an approximate 6 months half-life.15 Moreover, the long 
half-life of antibody response was found after a single dose of the 
ChAdOx1 (AZD1222) vaccine.8 Contrast with the mRNA vac-
cine platform, which has a half-life of antibody 2 to 3 months.11 

Second, the bodyweight of each individual may affect the vaccine 
response. The lower body weight individuals tend to have more 
immune response with the same dose of vaccine. For example, 
the study of the BNT162b2 vaccine in adolescents aged 12– 
15 years compared with those aged 16–25 years using 30 µg of 
the BNT162b2. The result found that the adolescent group had 
more immune response with the GMR of neutralizing titer 1.76 
(95%CI, 1.47–2.10).16 However, this effect was not seen after the 
mRNA1273 vaccination in adolescents.17 The participants in 
South-East Asia had significantly lower body mass index com-
pared with North-West Europe.18 Third, the different immune 
responses may be due to different ethnicities. The polymorphism 
in major histocompatibility complex (MHC) genes, pattern 
recognition receptors (PRRs), or single-nucleotide polymorph-
isms (SNPs) have been demonstrated to be associated with var-
iations in an immune response.19 For example, during the 
COVID-19 pandemic, evidence supports those Black and South 
Asian individuals had a higher hospitalization rate, ICU admis-
sion, and death than White individuals.20 For the influenza 
A vaccine, the polymorphism of the IGHV-1 69 gene modulates 
anti-influenza repertoire expression. Moreover, the distribution 

Figure 1. Anti-RBD antibody levels over 11 weeks following the first dose of the AZD1222 vaccine.

Figure 2. Anti-RBD antibody levels over 3 months following the first dose of the 
AZD1222 vaccine.
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of the IGHV-1 69 alleles was impacted by ethnicity.21 Further 
research is needed to establish the impact of the polymorphism in 
the COVID-19 vaccine.

To our knowledge, this is the first study that showed 
a single dose of the AZD1222 vaccine could elicit a long- 
lasting immune response without decline within three 
months.

Limitations of this study included 1) drop-out of partici-
pants who did not complete two times of anti-RBD antibody 
measurement. This is the major confounding factor that inter-
feres with the study result. 2) Timing of anti-RBD antibodies 
measurement in each participant was different in the majority 
of participants. This factor also interferes with the result of the 
study.

In conclusion, we demonstrated the persistence without 
a decline of antibody responses for 11 weeks after a single 
dose of the ChAdOx1 (AZD1222) vaccine in a Thai population 
with mild to moderate reactogenicities. Factors influencing 
vaccine immunogenicity were age, sex, time following the 

first dose of vaccine, and diabetes or hematologic disease 
comorbidity.
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