
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



International Journal of Infectious Diseases 114 (2022) 165–174 

Contents lists available at ScienceDirect 

International Journal of Infectious Diseases 

journal homepage: www.elsevier.com/locate/ijid 

Immunogenicity and safety of AZD1222 (ChAdOx1 nCoV-19) against 

SARS-CoV-2 in Japan: a double-blind, randomized controlled phase 

1/2 trial 

Michiko Asano 

a , ∗, Hiroshi Okada 

b , Yohji Itoh 

c , Hajime Hirata 

d , Kensuke Ishikawa 

e , 
Erika Yoshida 

f , Akiko Matsui e , Elizabeth J. Kelly 

g , Kathryn Shoemaker h , Urban Olsson 

i , 
Johan Vekemans i 

a Medical Science, BioPharmaceuticals, R&D, AstraZeneca, Tokyo, Japan 
b Medical Science, BioPharmaceuticals, R&D, AstraZeneca, Osaka, Japan 
c Science and Data Analytics, Oncology R&D, AstraZeneca, Osaka, Japan 
d Clinical Science, BioPharmaceuticals, R&D, AstraZeneca, Osaka, Japan 
e Science and Data Analytics, R&D, AstraZeneca, Osaka, Japan 
f Biopharma Clinical Operations, Development Operations, BioPharmaceuticals R&D, AstraZeneca, Tokyo, Japan 
g Microbial Sciences, BioPharmaceuticals R&D, AstraZeneca, Gaithersburg, MD, USA 
h Respiratory and Immunology, BioPharmaceuticals R&D, AstraZeneca, Gaithersburg, MD, USA 
i Respiratory and Immunology, BioPharmaceuticals R&D, AstraZeneca, Gothenburg, Sweden 

a r t i c l e i n f o 

Article history: 

Received 28 July 2021 

Revised 27 September 2021 

Accepted 14 October 2021 

Keywords: 

COVID-19 

ChAdOx1 nCoV-19 

AZD1222 

Japan 

Elderly adult 

Humoral response 

a b s t r a c t 

Background: Immunogenicity and safety of the AZD1222 (ChAdOx1 nCoV-19) vaccine was evaluated in 

Japanese adults in an ongoing phase 1/2, randomized, double-blind, parallel-group, placebo-controlled, 

multi-centre trial (NCT04568031). 

Methods: Adults ( n = 256, age ≥18 years) seronegative for severe acute respiratory syndrome coronavirus- 

2 (SARS-CoV-2) were stratified by age into 18–55- ( n = 128), 56–69- ( n = 86) and ≥70-year-old cohorts 

( n = 42), and randomized 3:1 to receive AZD1222 or placebo (two intramuscular injections 4 weeks apart). 

Immunogenicity and safety were coprimary endpoints. Data collected up to Day 57 are reported. 

Results: Positive seroresponses to SARS-CoV-2 spike and receptor-binding domain antigens were seen 

in all 174 participants who received two doses of AZD1222. Neutralizing antibody seroresponses were 

seen in 67.5%, 60.3% and 50.0% of participants receiving AZD1222 aged 18–55, 56–69 and ≥70 years, 

respectively. Solicited adverse events (AEs) were typically mild/moderate in severity and included pain 

and tenderness at the injection site, malaise, fatigue, muscle pain and headache. Common unsolicited AEs 

included pain and tenderness at the injection site, fatigue and elevated body temperature. No vaccine- 

related serious AEs or deaths were reported. 

Conclusions: AZD1222 elicited a strong humoral immune response against SARS-CoV-2, and was well 

tolerated in Japanese participants, including elderly participants. 

© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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The coronavirus disease 2019 (COVID-19) pandemic, caused by 

evere acute respiratory syndrome coronavirus-2 (SARS-CoV-2), has 

esulted in widespread morbidity and mortality, prompting the 
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ost extensive and rapid global vaccine development programme 

n history ( World Health Organization, 2020a ). Accelerated de- 

elopment and approval has been crucial to providing effective, 

ell-tolerated vaccines against symptomatic SARS-CoV-2 infection 

COVID-19). By the end of 2020, several vaccines had reached their 

hase 3 efficacy milestones and received emergency authorization 

or use ( Polack et al., 2020 ; Baden et al., 2021 ; Voysey et al.,

021a,b ). 
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As of 21 September 2021, 1,679,116 confirmed cases of COVID- 

9 and 17,233 deaths related to the disease have been re- 

orted in Japan, with greater numbers seen in older age groups 

 World Health Organization, 2020b ; National Institute of Popula- 

ion and Social Security Research, 2021 ). In 2019, people aged ≥65 

ears accounted for 28.4% of the Japanese population ( Statistics Bu- 

eau of Japan, 2021 ). Age is a prominent risk factor for COVID-19 

orbidity and mortality, with adults aged ≥70 years at greater risk 

f severe disease and death than younger age groups ( Wu et al., 

020 ; Chen et al., 2021 ). Risk of severe disease is also increased

y the presence of comorbidities, including hypertension, cardio- 

ascular disease, diabetes and obesity ( Wu et al., 2020 ). The rapid 

pproval of COVID-19 vaccines in Japan is therefore crucial to help 

rotect an aging population. 

The AZD1222 (ChAdOx1 nCoV-19) vaccine is a replication- 

eficient simian adenovirus-vectored vaccine encoding the full- 

ength SARS-CoV-2 spike protein ( Folegatti et al., 2020 ). The 

mmunogenicity, safety and efficacy of AZD1222 is being as- 

essed globally in randomized controlled trials ( Folegatti et al., 

020 ; AstraZeneca, 2021 ; Barrett et al., 2021 ; Ewer et al., 2021 ;

amasamy et al., 2021 ; Voysey et al., 2021a,b ). In a pooled analy-

is of four trials conducted in the UK (phase 1/2 and 2/3), Brazil 

phase 3) and South Africa (phase 1/2), AZD1222 exhibited an ac- 

eptable safety profile and overall vaccine efficacy of 66.7% [95% 

onfidence interval (CI) 57.4–74.0] against COVID-19 > 14 days after 

he second dose ( Voysey et al., 2021a ). A single dose of AZD1222

nduced spike and receptor-binding domain (RBD) antibodies as 

ell as neutralizing antibody (nAb) titres against SARS-CoV-2, 

hich were increased substantially after a second dose 28 days 

ater ( Folegatti et al., 2020 ; Barrett et al., 2021 ; Ewer et al., 2021 ;

amasamy et al., 2021 ). 

A growing number of studies suggest that seroresponse and 

resence of nAbs may indicate protection against COVID-19 

 Addetia et al., 2020 ; Folegatti et al., 2020 ; Robbiani et al.,

020 ; Wang et al., 2020 ; Hall et al., 2021 ; Hansen et al., 2021 ;

arvey et al., 2021 ; Krammer, 2021 ; Pilz et al., 2021 ). For the de-

elopment of a vaccine, the presence of an immune response can 

rovide a reasonable indication of efficacy, and immunogenic as- 

essments can be made in a shorter time and with smaller sample 

izes compared with efficacy assessments. 

This article reports immunogenicity and safety results from 

 randomized, placebo-controlled, phase 1/2 trial of AZD1222 

n Japanese adults. To the authors’ knowledge, this is the 

rst randomized, double-blind, placebo-controlled study to eval- 

ate immunogenicity and safety of a replication-deficient simian 

denovirus-vectored vaccine in an East Asian country. 

ethods 

tudy design and participants 

This phase 1/2, randomized, double-blind, parallel-group, 

lacebo-controlled trial (ClinicalTrials.gov identifier: NCT04568031) 

s being conducted at five centres in Japan, with a planned study 

uration of 1 year following dosing for each participant. Safety and 

mmunogenicity data up to Day 57 for all enrolled participants are 

eported here. 

thics and oversight 

The study is being conducted in accordance with the principles 

f the Declaration of Helsinki and Good Clinical Practice. The pro- 

ocol, including amendments and consent form, were approved by 

n institutional review board prior to study initiation. All partici- 

ants provided written informed consent before enrolment. 
166 
articipants 

ligibility criteria 

Adults aged ≥18 years, seronegative for SARS-CoV-2 at screen- 

ng, and with a negative reverse-transcriptase polymerase chain re- 

ction test for SARS-CoV-2 were eligible for inclusion. Participants 

ith a history of laboratory-confirmed SARS-CoV-2 infection, preg- 

ant women, new onset of fever, any confirmed or suspected im- 

unodeficient state, receipt of any vaccine within 30 days before 

r after each study dose, or prior or planned receipt of an inves- 

igational or licensed vaccine or product that may impact inter- 

retation of trial data (e.g. adenovirus-vectored vaccines or coro- 

avirus vaccines) were excluded. Participants with severe and/or 

ncontrolled cardiovascular, respiratory, gastrointestinal, hepatic or 

enal disease, endocrine disorder or neurologic illness were also 

xcluded. Mild/moderate, well-controlled comorbidities were al- 

owed. 

andomization and masking 

Participants were stratified into two age cohorts: 18–55 years 

nd ≥56 years. The ≥56-year-old cohort was further divided into 

ubcohorts aged 56–69 years and ≥70 years. Approximately 30% 

f participants in the ≥56-year-old cohort were aged ≥70 years. 

articipants in each cohort were randomized (3:1) to receive ei- 

her AZD1222 or placebo (saline) using a centralized Interactive 

esponse Technology system. 

AZD1222 and placebo were prepared by an unblinded phar- 

acist, in accordance with local and institutional regulations at 

ach site. Participants, clinical investigators and sponsor staff were 

linded to the study vaccination received until completion of safety 

ata lock at Day 57. 

tudy procedures 

accination 

AZD1222 was manufactured in accordance with current Good 

anufacturing Practice guidelines (AstraZeneca K.K., Osaka, Japan; 

edImmune Pharma BV, Nijmegen, The Netherlands). Participants 

eceived two doses of AZD1222 (5 × 10 10 viral particles/dose) or 

lacebo (saline; 0.9% weight/volume) on Days 1 and 29, adminis- 

ered as intramuscular injections into the deltoid muscle. 

linical and immunogenicity assessments 

Blood samples for immunogenicity assessments were collected 

efore and after each dose (serology: Days 1, 15, 29, 43 and 57; 

Ab: Days 1, 29 and 57). Humoral responses at baseline and after 

osing were assessed using a validated, multiplex, electrochemi- 

uminescent immunoassay against the SARS-CoV-2 spike, RBD and 

ucleocapsid antigens (PPD Vaccines, Richmond, VA, USA), and a 

alidated HIV-1-based pseudo-virus neutralization assay (Mono- 

ram Biosciences, South San Francisco, CA, USA). 

afety assessments 

Participants were monitored for 30 min after dosing to assess 

or adverse events (AEs). Solicited AEs were predefined as local 

pain and tenderness at the injection site, redness, swelling and in- 

uration) or systemic (fever, chills, muscle pain, fatigue, headache, 

alaise, nausea and vomiting) and were collected by participants 

sing an electronic diary for 6 days after each dose (Days 1–7 and 

ays 29–35). Unsolicited AEs were recorded for 28 days following 

ach dose (Days 1–29 and Days 29–57). 

Blood samples were collected at Days 1, 8, 29, 36 and 57 for 

etermination of clinical laboratory safety, including assessment 

f haemoglobin concentration, leukocyte count, platelet count and 

linical chemistry. 
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Severity of safety endpoints was assessed according to toxicity 

rading scales adapted from Food and Drug Administration (FDA) 

rading guidance. 

utcomes 

The coprimary endpoints were immunogenicity, measured by 

nti-SARS-CoV-2 spike seroresponse ( ≥4-fold rise in titre from Day 

 baseline value) ( European Medicines Agency, 2018 ) at Day 57 fol- 

owing vaccination with AZD1222, and safety, measured by occur- 

ence of solicited local and systemic reactogenicity signs/symptoms 

n the 6 days after each dose; occurrence of unsolicited AEs, seri- 

us AEs (SAEs) and AEs of special interest (AESIs) for 28 days after 

ach dose; and change from baseline in safety laboratory measures. 

Secondary endpoints included proportion of participants with a 

eroresponse for the RBD antigen and SARS-CoV-2 nAb 28 days af- 

er the second dose of AZD1222 (Day 57); geometric mean titre 

GMT) and geometric mean fold rise of immunogenicity against 

ARS-CoV-2 spike and RBD antigens and SARS-CoV-2 nAb at each 

ime point up to Day 365; and occurrence of SAEs and AESIs up to 

ay 365. 

tatistical analyses 

ample size calculations 

A sample size of 128 participants (96 and 32 randomized to 

ZD1222 and placebo, respectively) in each cohort was determined 

ainly for the evaluation of safety and based on feasibility. With a 

ample size of 96 participants in the AZD1222 arm for each cohort, 

t least one participant with an AE at an incidence of 2.5% could 

e detected with a probability of approximately 90%. 

nalysis of study endpoints 

The proportions of participants with a seroresponse for the 

ARS-CoV-2 spike and RBD antigens, as well as for nAb, were com- 

ared between AZD1222 and placebo using Fisher’s exact test at 

he two-sided 5% alpha level for each cohort. Two-sided 95% CIs 

ere calculated using the Clopper–Pearson method for proportions 

ithin each cohort/subcohort. Given the exploratory nature of the 

tudy, no adjustment for multiple comparisons and multiplicity 

as performed; only nominal P -values were provided for immuno- 

enicity endpoints. All statistical analyses were conducted using 

AS Version 9.4. 

Assessments of immunogenicity were performed on the fully 

accinated analysis set (FVS), which included all participants who 

eceived two study doses, had no protocol deviations judged to 

otentially interfere with generation/interpretation of immune re- 

ponses, and did not exhibit a seroresponse ( ≥4-fold rise in titre 

rom the Day 1 baseline value) to nucleocapsid antibodies by Meso 

cale Discovery serology assay up to Day 57. Safety analyses (un- 

ess otherwise stated) were performed on the total vaccinated 

nalysis set (TVS), which included all participants who received at 

east one dose of study intervention. Data are summarized by de- 

criptive statistics. 

esults 

articipant disposition 

Participants were recruited from August 2020 (final data lock: 

4 February 2021), with follow-up scheduled for approximately 1 

ear after the first dose. This study was temporarily interrupted by 

he safety data review on the occurrence of SAEs outside Japan. 

articipant disposition is outlined in Figure 1 . All screen failures 

hat were categorized as ‘Sponsor decision’ were associated with 

his interruption and a consequent pause in enrolment ( Figure 1 ). 
167 
articipant baseline characteristics 

Demographic and other participant baseline characteristics 

ere well balanced between AZD1222 and placebo in the TVS 

 Table 1 ). At baseline, the prevalence of comorbidities associated 

ith higher risk of severe COVID-19 was 27.0%, 4.3%, 1.6%, 1.6% and 

.4% for hypertension, obesity (body mass index ≥30 kg/m 

2 ), car- 

iac disorder, type 2 diabetes and type 1 diabetes, respectively. All 

articipants were Japanese (Asian), and 32.8% (42/128) of partici- 

ants aged ≥56 years were aged ≥70 years. 

mmunogenicity endpoints 

oprimary endpoint: antibody responses to AZD1222 spike antigen 

Seroresponses to the SARS-CoV-2 spike antigen in the FVS 

n Day 57 were exhibited by 100% ( n = 174) of participants who 

eceived AZD1222 and 0% ( n = 60) of participants who received 

lacebo ( P < 0.001 for AZD1222 vs placebo for both cohorts). 

econdary immunogenicity endpoints 

In participants who received AZD1222, antibody titres for SARS- 

oV-2 spike antigen increased substantially after the first dose 

nd increased further after the second dose across all age co- 

orts/subcohorts in the FVS. Titres peaked on Day 43 and remained 

bove pre-dose Day 29 levels up to Day 57 ( Figure 2 ). 

Results for SARS-CoV-2 RBD antigen were similar to those for 

he spike antigen ( Figure 3 ). A seroresponse to the SARS-CoV-2 

BD antigen was observed in 100% ( n = 174) of participants who 

eceived AZD1222 and 0% ( n = 60) of participants who received 

lacebo in the FVS on Day 57 ( P < 0.001 for AZD1222 vs placebo for

oth cohorts). nAb responses against SARS-CoV-2 on Day 57 were 

bserved in 67.5% (54/83), 60.3% (35/61) and 50.0% (14/28) of par- 

icipants receiving AZD1222 in the FVS among the 18–55, 56–69 

nd ≥70 years age cohorts, respectively. In contrast, no nAb re- 

ponse was observed in any participant receiving placebo. The dif- 

erence in nAb responses between AZD1222 and placebo was sta- 

istically significant in each age cohort ( P < 0.001). Titres for nAb 

ncreased in a similar manner to the anti-spike and anti-RBD an- 

ibodies, remaining above pre-dose Day 29 levels up to Day 57 

 Figure 4 ). For participants aged 18–55, 56–69 and ≥70 years, peak 

Ab GMTs on Day 57 were 107.3 (95% CI 84.2–136.7), 101.5 (95% 

I 74.3–138.5) and 70.2 (95% CI 45.6–108.1), respectively. In the 

lacebo groups, there was no change from baseline in antibody 

itres for the SARS-CoV-2 spike and RBD antigens, and nAb for any 

ge cohort. 

oprimary endpoint: safety and reactogenicity 

olicited AEs 

Incidences of solicited local and systemic AEs in the first 6 

ays are reported in Figures 5 and 6 , respectively. Solicited AEs 

within 6 days of any dose) were reported by 85.4% (82/96) and 

7.5% (12/32) of participants in the AZD1222 and placebo groups 

n the 18–55-year-old cohort, 72.3% (47/65) and 19.0% (4/21) in 

he 56–69-year-old subcohort, and 51.6% (16/31) and 27.3% (3/11) 

n the ≥70-year-old subcohort, respectively. Across all ages, the 

ost frequently reported solicited AEs within 6 days of any dose 

f AZD1222 were pain and tenderness at the injection site (local), 

nd malaise, muscle pain, fatigue and headache (systemic). The 

ajority were of mild or moderate severity. Severe solicited AEs 

ccurred in 9.4% (9/96) of participants aged 18–55 years receiving 

ZD1222, and were not observed in the other age groups. No po- 

entially life-threatening solicited AEs were reported. Solicited lo- 

al and systemic AEs were most frequently reported in the first 

–4 days following any injection ( Figures 5 and 6 ). Solicited AEs 

ere more frequently reported after the first dose than the second 
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Figure 1. Participant disposition (CONSORT). a Including all participants who received at least one dose of study intervention. b Had seroresponse ( ≥4-fold rise in titre from 

Day 1 baseline value) to nucleocapsid antibodies by Meso Scale Discovery serology assay up to Day 57. c Had protocol deviations judged to have potential to interfere with 

the generation or interpretation of an immune response. The study was interrupted temporarily following the occurrence of serious adverse events in clinical trials outside 

Japan. All screen failures categorized as ‘Sponsor decision’ were associated with this interruption and a consequent pause in enrolment. 

Table 1 

Participant baseline characteristics by age group. 

Age 18–55 years Age 56–69 years Age ≥70 years Total 

Characteristic AZD1222 ( n = 96) Placebo ( n = 32) AZD1222 ( n = 65) Placebo ( n = 21) AZD1222 ( n = 31) Placebo ( n = 11) AZD1222 ( n = 192) Placebo ( n = 64) 

Age, years 45.6 (8.2) 46.1 (6.7) 61.0 (3.7) 62.2 (3.6) 73.1 (3.0) 73.5 (4.7) 55.3 (12.2) 56.1 (12.1) 

Females, n (%) 25 (26.0) 8 (25.0) 27 (41.5) 9 (42.9) 13 (41.9) 5 (45.5) 65 (33.9) 22 (34.4) 

Weight, kg 67.3 (14.1) 69.4 (10.2) 63.4 (12.3) 60.2 (10.2) 58.6 (9.6) 61.7 (16.6) 64.6 (13.2) 65.1 (12.1) 

Height, cm 168.6 (7.3) 169.1 (5.5) 163.8 (8.5) 162.9 (9.3) 159.5 (7.2) 161.6 (9.9) 165.5 (8.4) 165.8 (8.3) 

BMI, kg/m 

2 23.6 (4.2) 24.2 (3.2) 23.5 (3.4) 22.6 (2.8) 22.9 (2.7) 23.4 (4.4) 23.4 (3.7) 23.6 (3.3) 

BMI group 

< 30 kg/m 

2 , n (%) 90 (93.8) 30 (93.8) 63 (96.9) 21 (100.0) 31 (100.0) 10 (90.9) 184 (95.8) 61 (95.3) 

≥30 kg/m 

2 , n (%) 6 (6.3) 2 (6.3) 2 (3.1) 0 0 1 (9.1) 8 (4.2) 3 (4.7) 

Comorbidities 

Hypertension 17 (17.7) 6 (18.8) 19 (29.2) 8 (38.1) 14 (45.2) 5 (45.5) 50 (26.0) 19 (29.7) 

Cardiac disorders 0 0 2 (3.1) 0 1 (3.2) 1 (9.1) 3 (1.6) 1 (1.6) 

Type 2 diabetes 0 0 3 (4.6) 1 (4.8) 0 0 3 (1.6) 1 (1.6) 

Type 1 diabetes 0 0 0 0 0 1 (9.1) 0 1 (1.6) 

BMI, body mass index. 

Table parameters presented were predefined. Values are mean (standard deviation) unless otherwise stated. 
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Table S1, see online supplementary material). In participants who 

eceived AZD1222, solicited AEs were milder and reported less fre- 

uently in those aged ≥70 years compared with those aged 18–55 

ears and 56–69 years. 

nsolicited AEs 

Unsolicited AEs (28 days following each dose) for AZD1222 and 

lacebo, respectively, were reported by 28.1% (27/96) and 9.4% 

3/32) of participants aged 18–55 years, 21.5 % (14/65) and 28.6% 

6/21) in those aged 56–69 years, and 22.6% (7/31) and 27.3% (3/11) 

n those aged ≥70 years. The majority were of mild or moderate 

everity. Severe unsolicited AEs occurred in 4.2% (4/96) of partic- 

pants aged 18–55 years receiving AZD1222, and 3.1% (2/65) and 

.5% (2/21) of participants aged 56–69 years receiving AZD1222 or 

lacebo, respectively. The most common unsolicited AEs were con- 

istent with AEs commonly observed following vaccination, includ- 

ng pain and tenderness at the injection site, fatigue and elevated 

ody temperature (Table S2, see online supplementary material). 

here were no notable imbalances between AZD1222 and placebo 
168 
or AEs that were not commonly associated with vaccination. In 

articipants who received AZD1222, unsolicited AEs were milder 

nd reported less frequently in those aged ≥56 years compared 

ith those aged 18–55 years. 

eaths, SAEs and AESIs 

No deaths, SAEs or AESIs were reported among participants re- 

eiving AZD1222. Among participants receiving placebo, one SAE of 

ervical intra-epithelial neoplasia (grade 3) occurred in a 69-year- 

ld female after the first dose. This SAE was considered to be un- 

elated to placebo and the participant received her second dose as 

lanned. 

linical laboratory parameters 

No clinically significant differences in haematologic and clinical 

hemistry parameters were observed in the AZD1222 and placebo 

roups over time. Isolated increases from baseline in FDA toxic- 

ty grades were observed for haematology/chemistry parameters in 
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Figure 2. Box plots and individual plots of anti-spike antibody titres over time after two doses of AZD1222 or placebo in Japanese participants (fully vaccinated analysis set), 

determined by Meso Scale Discovery serological assay. The bottom and top edges of the box indicate the first and third quartiles [the difference is the interquartile range 

(IQR)], the line inside the box is the median, and the diamond mark inside the box is the geometric mean. The whiskers that extend from the box indicate the minimum and 

maximum within the range of 1.5 × IQR from the box. Box plots are created using log-transformed values. Titre values measured as below the lower limit of quantification 

(LLoQ) (33) are imputed to a value that is half of the LLoQ. Titre values measured as above the upper limit of quantification (ULoQ) (2,0 0 0,0 0 0) are imputed at the ULoQ 

value. AU/mL, arbitrary units per mL; S, SARS-CoV-2 spike antigen. 
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 minority of participants, but this was not considered clinically 

ignificant. A temporary decrease in neutrophils in one male par- 

icipant was reported in the AZD1222 group as an unsolicited AE 

grade 3), and recovered to the normal range within 3 weeks af- 

er each vaccination. There was no clinically relevant change in 

verage platelet count in the AZD1222 group compared with the 

lacebo group (Tables S3 and S4, see online supplementary mate- 

ial). 

iscussion 

The coprimary objectives of this randomized, placebo- 

ontrolled trial were to assess immunogenicity and safety of 

ZD1222 in a Japanese population. 

All measures of immunogenicity indicated a strong humoral 

esponse to AZD1222 on Day 57, irrespective of participant age. 

ll participants who received both doses of AZD1222 had serore- 

ponses against the SARS-CoV-2 spike and RBD antigens on Day 57. 

Ab response rates were 62.0% among participants who received 

wo doses of AZD1222, ranging from 50.0% in those aged ≥70 years 

o 67.5% in those aged 18–55 years. Titre values of anti-spike an- 

ibodies, anti-RBD antibodies and nAb increased substantially after 

he first dose of AZD1222 (Day 29), and increased further after the 

econd dose (Day 57). 

Seroresponse rates against SARS-CoV-2 spike and RBD antigens 

ere almost identical to those reported in a pooled analysis of 

rials conducted in the UK, Brazil and South Africa, in which the 

ajority of participants were white (seroresponse rates ∼100%) 

 Voysey et al., 2021a ), although the respective titre values in this 

tudy were less than reported previously ( Voysey et al., 2021a ). 

Ab response rates and titres were also numerically lower than ob- 

erved in the pooled analysis, although this is likely to be due to 

ifferences in intervals between first and second doses (4 weeks 

2 days in this study compared with 3–26 weeks for the pooled 

nalysis) ( Voysey et al., 2021a ). However, nAb titres observed in 
169 
his study (overall GMT 97.96) were comparable with those in 

linical trials conducted in the UK (GMT 97.43) and Brazil (GMT 

10.96), which employed similar dosing intervals (4–8 weeks) to 

his study ( Pharmaceuticals and Medical Devices, 2021 ). Further- 

ore, the GMTs observed for anti-spike antibodies, anti-RBD an- 

ibodies and nAb after the first dose of AZD1222 were compara- 

le between Japanese and non-Japanese participants ( Voysey et al., 

021a ). 

In this study, there was a decreasing trend in anti-spike 

ntibodies, anti-RBD antibodies and nAb titres with increas- 

ng age, although large variability was observed among indi- 

idual titres with wide, overlapping CIs between age groups. 

hese data align with the reduced humoral responses observed 

n older adults in the previous pooled analysis ( Voysey et al., 

021a ). However, given the robust vaccine efficacy of AZD1222 

bserved previously in adults aged > 65 years ( Voysey et al., 

021a ), these numerically reduced responses may not be clinically 

eaningful. 

Correlates of protection have not yet been established for SARS- 

oV-2 in humans, although nAb titres have been correlated with 

rotection in non-human primates ( Deng et al., 2020 ; van Dore- 

alen et al., 2020a,b ; Yu et al., 2020 ; McMahan et al., 2021 ).

n addition, several studies have suggested that the presence 

f nAb is associated with protection in humans ( Addetia et al., 

020 ; Robbiani et al., 2020 ; Wang et al., 2020 ; Hall et al., 2021 ;

ansen et al., 2021 ; Harvey et al., 2021 ; Krammer, 2021 ; Pilz et al.,

021 ). In this study, AZD1222 elicited a strong humoral immune 

esponse against SARS-CoV-2 in Japanese adults, irrespective of 

ge. This suggests that AZD1222 may provide effective protection 

gainst COVID-19 in this population, extrapolated from immuno- 

enicity and efficacy results observed in the previous pooled anal- 

sis ( Voysey et al., 2021a,b ). 

AZD1222 was well tolerated in Japanese adults across all age 

roups, and the safety profile was similar to that observed in pre- 

ious clinical trials ( Folegatti et al., 2020 ; Ramasamy et al., 2021 ).
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Figure 3. Box plots and individual plots of anti-receptor-binding domain (RBD) antibody titres over time after two doses of AZD1222 or placebo in Japanese participants 

(fully vaccinated analysis set), determined by Meso Scale Discovery serological assay. The bottom and top edges of the box indicate the first and third quartiles [the difference 

is the interquartile range (IQR)], the line inside the box is the median, and the diamond mark inside the box is the geometric mean. The whiskers that extend from the box 

indicate the minimum and maximum within the range of 1.5 × IQR from the box. Box plots are created using log-transformed values. Titre values measured as below the 

lower limit of quantification (LLoQ) (204) are imputed to a value that is half of the LLoQ. Titre values measured as above the upper limit of quantification (ULoQ) (2,0 0 0,0 0 0) 

are imputed at the ULoQ value. AU/mL, arbitrary units per mL. 

Figure 4. Box plots and individual plots of neutralizing antibody (nAb) titres over time after two doses of AZD1222 or placebo in Japanese participants (fully vaccinated 

analysis set), determined by pseudo-virus neutralization assay. The bottom and top edges of the box indicate the first and third quartiles [the difference is the interquartile 

range (IQR)], the line inside the box is the median, and the diamond mark inside the box is the geometric mean. The whiskers that extend from the box indicate the 

minimum and maximum within the range of 1.5 × IQR from the box. Box plots are created using log-transformed values. Titre values measured as below the lower limit of 

quantification (LLoQ) (40) are imputed to a value that is half of the LLoQ. Titre values measured as above the upper limit of quantification (ULoQ) (787,339) are imputed at 

the ULoQ value. 
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he most frequently occurring AEs were consistent with previous 

tudies of AZD1222, and included pain and tenderness at the injec- 

ion site, malaise, fatigue, muscle pain and headache. Up to Day 57, 

o vaccine-related SAEs were reported, and no deaths have been 

eported in the trial to date. 
170 
Extremely rare cases of thrombosis with thrombocytopenia 

yndrome (TTS) have been observed following vaccination with 

ZD1222 during postauthorization use. While no cases of TTS 

ere observed in this study, given the rarity of TTS, no events 

ould be expected in a clinical trial setting such as this; in other 
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Figure 5. Solicited local adverse events in the first 7 days after any dose of AZD1222 or placebo for participants aged (A) 18–55 years, (B) 56–69 years and (C) ≥70 years 

(total vaccinated analysis set). Day 1 is the day of vaccination. Participants with more than one event within one interval and category are counted once for maximum 

severity. 
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Figure 6. Solicited systemic adverse events in the first 7 days after any dose of AZD1222 or placebo for participants aged (A) 18–55 years, (B) 56–69 years and (C) ≥70 years 

(total vaccinated analysis set). Day 1 is the day of injection. Participants with more than one event within one interval and category are counted once for maximum severity. 
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tudies of the large AZD1222 clinical trial programme, no cases 

ere observed among approximately 30,0 0 0 participants who re- 

eived AZD1222 ( Falsey, 2021 ; Voysey et al., 2021a ). Independent 

afety reviews by regulatory authorities have concluded that the 

verall protective benefits of AZD1222 against COVID-19, includ- 

ng severe disease, hospitalization and death, outweigh the risks 

f TTS ( European Medicines Agency, 2021a ; Medicines and Health- 

are Products Regulatory Agency, 2021a ; World Health Organiza- 

ion 2021 ). In individuals with a history of heparin-induced throm- 

ocytopenia and thrombosis or cerebral venous sinus thrombo- 

is, AZD1222 should only be considered where the benefits out- 

eigh any potential risks ( European Medicines Agency, 2021b ; 

edicines and Healthcare Products Regulatory Agency, 2021b ). 

areful monitoring of safety, including anaphylactic reactions, 

mmune-mediated neurologic disorders and TTS, continues in post- 

arketing surveillance. 

Limitations of this study include the small sample size and 

hort duration of follow-up reported ( ∼8 weeks after first dose). 

regnant women, individuals with immunodeficiency, and those 

ith severe or uncontrolled underlying disease were excluded 

rom this study, and the results may not be generalized to these 

opulations. Long-term follow-up of this study (Day 365 after first 

ose), other ongoing clinical studies and emerging real-world ev- 

dence will provide further data to characterize the safety, im- 

unogenicity and efficacy of AZD1222. Although correlates of pro- 

ection against SARS-CoV-2 remain undefined, it is thought that 

oth humoral and cellular immune responses play a protective role 

 Ewer et al., 2021 ). Cellular immunity was not investigated in this 

tudy, which focused on the humoral immune response. However, 

ata from a previous phase 1/2 trial in UK adults (18–55 years) 

emonstrated that AZD1222 induced a T-helper-1-biased CD4 + ef- 

ector response and cytotoxic CD8 + T-cell response ( Ewer et al., 

021 ). Finally, this study was not designed to evaluate the efficacy 

f AZD1222, and it cannot be concluded definitively that the im- 

une responses observed correlate with protection. 

onclusions 

AZD1222 elicited a strong humoral immune response against 

ARS-CoV-2 regardless of age, and was well tolerated with an ac- 

eptable safety profile in Japanese adult participants, including the 

lderly and those with controlled underlying diseases. Results were 

omparable with data from clinical trials conducted in the UK 

nd Brazil that employed a similar dosing interval to this study, 

uggesting that AZD1222 can confer effective protection against 

OVID-19 in the Japanese population. 
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