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Background: Long duration trial data for two-dose COVID-19 vaccines primary series’ are uncommon due
to unblinding and additional doses. We report one-year follow-up results from a phase 1/2 trial of
AZD1222 (ChAdOx1 nCoV-19) in Japan.
Methods: Adults (n = 256) seronegative for severe acute respiratory syndrome coronavirus-2 (SARS-CoV-
2) were stratified by age, 18–55 (n = 128), 56–69 (n = 86) and �70-year-old (n = 42), and randomized 3:1
to AZD1222 or placebo. Safety, immunogenicity, and exploratory efficacy data were collected until study
Day 365.
Results: Safety was consistent with previous reports. In AZD1222 vaccinees, humoral responses against
SARS-CoV-2 steadily declined over time. By Day 365, anti-SARS-CoV-2 spike-binding (spike) and
receptor-binding domain (RBD) mean antibody titers remained above Day 15 levels and pseudovirus neu-
tralizing antibodies were undetectable in many participants.
Conclusions: AZD1222 is immunogenic and well tolerated in Japanese adults. Expected waning in anti-
SARS-CoV-2 humoral responses was observed; spike and RBD antibody titers remained elevated.
(ClinicalTrials.gov: NCT04568031).
� 2023 The Authors. Published by Elsevier Ltd. This is an openaccess article under the CCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Assessing the duration of humoral responses to COVID-19 vac-
cines is important, given the potential for waning immunity to
necessitate boosting [1–3] and the emergence of SARS-CoV-2 vari-
ants. However, while there continues to be variance in global boos-
ter vaccination policies and availability [4,5], there is limited
clinical trial immunogenicity data available past six months in par-
ticipants without booster vaccinations [6].

We previously reported in our primary analysis of this trial,
which evaluated the safety and immunogenicity of AZD1222 (ChA-
dOx1 nCoV-19) in Japanese adults up to 28 days post-second dose
(Day 57), that AZD1222 was well tolerated and elicited strong
humoral responses against SARS-CoV-2 [7]. In this final analysis,
we report on extended participant safety and humoral immuno-
genicity as well as exploratory efficacy through one year post-
first dose (Day 365). To our knowledge, this is the first randomized,
placebo-controlled study to report the one-year immunogenicity of
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an adenovirus-vector-based vaccine primary series in an East Asian
country.
2. Methods

2.1. Study design, participants, and ethics

Full details of this phase 1/2, randomized, double-blind,
parallel-group, placebo-controlled trial (NCT04568031) design
and participant information up to Day 57, the primary analysis
cut-off, have been reported previously [7]. Methods specific to
the final analysis, from Day 57 to Day 365, are detailed herein. Data
were censored upon receipt of a non-study COVID-19 vaccine, as
described below; otherwise, no changes to the previously reported
inclusion or exclusion criteria were applied to the study population
prior to this final analysis [7]. Briefly, the study included adults
seronegative for SARS-CoV-2 and excluded participants with labo-
ratory confirmed SARS-CoV-2 infection prior to randomization,
prior or planned receipt of an investigational or licensed vaccine
or product that may impact interpretation of trial data, and those
with severe and/or uncontrolled cardiovascular, respiratory, gas-
trointestinal, hepatic, renal, endocrine, or neurologic
comorbidities.

This study was conducted in accordance with the principles of
the Declaration of Helsinki and Good Clinical Practice. The protocol
was approved by an institutional review board prior to initiation
and participants provided written informed consent before
enrollment.

2.2. Randomization and masking

As previously described, adults seronegative for SARS-CoV-2
were stratified by age and randomized (3:1) to receive either two
doses of AZD1222 (5 � 1010 viral particles/dose) or saline (0.9 %
weight/volume) placebo, delivered via deltoid intramuscular injec-
tion on Day 1 and Day 29 [7]. Investigators and participants were
unblinded after the primary analysis data lock, 24 February 2021,
to facilitate notification of participants when they became eligible
for a licensed non-study COVID-19 vaccine during the follow-up
period.

2.3. Study procedures

Study procedures have been detailed previously [7]. For safety,
serious adverse events (SAEs) and adverse events of special interest
(AESIs), as defined in the primary analysis, were recorded until Day
365 in participants who received at least one dose of study inter-
vention [7]. For immunogenic analyses presented herein, serum
samples were collected from participants on Days 183 and 365.
Immunology and efficacy were evaluated in participants who
received two doses of study intervention and had no protocol devi-
ations that could interfere with assessed responses.

For immunogenicity assessment, anti-SARS-CoV-2 spike-
binding (spike) and receptor-binding domain (RBD) antibody levels
against ancestral SARS-CoV-2 were assessed using the Meso Scale
Discovery (MSD) serological assay, a validated multiplexed
electrochemiluminescence-based immunoassay (PPD Vaccines,
Richmond, VA, USA) [7]. Additionally, pseudovirus neutralizing
antibody (nAb) responses to ancestral SARS-CoV-2 were evaluated
via a validated HIV-1-based pseudovirus assay (Monogram Bio-
sciences, South San Francisco, CA, USA) [7]. For efficacy, serum
samples collected at study visits on Days 57, 183 and 365 were
tested for nucleocapsid (NP) seroresponse via MSD assay as previ-
ously described [8]. The threshold for NP seroresponse was defined
as � 9787 AU/mL, based on a 99th upper percentile serostatus cut
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point with pre-pandemic samples known to be SARS-CoV-2-
negative [8].

Participants who received non-study COVID-19 vaccines were
censored from the reported date of non-study COVID-19 vaccina-
tion for safety, immunogenicity, and exploratory efficacy out-
comes. Participants who continued to attend scheduled site visits
after data censoring were evaluated independently for anti-SARS-
CoV-2 immunogenicity after non-study COVID-19 vaccination
using the methodology described above.

2.4. Statistical methodology

Statistical methodology has been detailed previously [7].
Briefly, a sample size of 128 participants (96 and 32 randomized
to AZD1222 and placebo arms, respectively) in each age cohort
for the primary analysis (18–55 years and � 56 years) was deter-
mined mainly for the evaluation of safety and based on feasibility.
Geometric mean titer (GMT) and geometric mean fold rise (GMFR)
were calculated along with their 95 % CI based on the Clopper Pear-
son method.

To evaluate the extent of the waning observed during the
follow-up period, a post-hoc mixed model for repeated measures
of the log-transformed titer values for anti-SARS-CoV-2 spike and
RBD antibodies was performed with Tukey-Kramer multiplicity
adjusted post-Day 1 timepoint comparisons in participants who
had received two study doses of AZD1222. The model was used
to explore differences in GMTs recorded at Days 183 and 365 in
participants in the AZD1222 arm relative to respective Day 15
values.

2.5. Outcomes

Safety was evaluated in all participants receiving study inter-
vention until Day 365. AZD1222 immunogenicity outcomes were
GMT and GMFR of anti-SARS-CoV-2 spike, RBD and nAb until Day
365. Occurrences of reported positive SARS-CoV-2 reverse tran-
scription polymerase chain reaction (RT-PCR) or antigen tests, or
SARS-CoV-2 NP seroresponse in serum samples collected after
Day 43 were recorded for exploratory efficacy analyses.

2.6. Immunogenicity after non-study COVID-19 vaccination

Immunogenicity data, including anti-SARS-CoV-2 spike, RBD,
and pseudovirus nAb titers, for all participants who had reported
a non-study COVID-19 vaccination (mRNA-1273 or BNT162b2)
and attended site visits on Days 183 and 365, were plotted accord-
ing to the time that had elapsed from the date of the first reported
non-study COVID-19 vaccination. Peak titers from participants
who had been randomized to the placebo arm and who reported
receiving two doses of a non-study COVID-19 vaccination were
pooled for comparison against respective peak GMTs obtained
from AZD1222 vaccinees and corresponding placebo controls at
Days 43 or 57.
3. Results

3.1. Participants

Between August–November 2020, 192 and 64 participants were
randomized to receive AZD1222 or placebo, respectively (Fig. 1).
The baseline demographics of the full study population have been
published previously [7]. Among the AZD1222 arm of 65 female
and 127 male participants, mean age was 55.3 years; among the
placebo arm of 22 female and 42 male participants, mean age
was 56.1 years. The last participant study visit occurred in Novem-



Fig. 1. Participant disposition. aAll screen failures categorized as ‘excluded by sponsor decision’ were associated with a temporary interruption in the study, and consequent
pause in enrollment following a reported serious adverse event of transverse myelitis in another clinical trial [18]. bData collected from participants who reported receiving a
non-study COVID-19 vaccination were censored from safety, AZD1222 immunogenicity, and efficacy outcomes from the date of the first dose of non-study COVID-19
vaccination. cData from all participants who received two doses of study intervention and had not discontinued from the study by Day 43 were included in exploratory
efficacy analyses. dHad seroresponse (a � 4-fold rise in titer compared to recorded Day 1 baseline values) to nucleocapsid antibodies as quantified by MSD serology assay up
to Day 57. Abbreviation: MSD = Meso Scale Discovery.
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ber 2021; clinical data lock was in January 2022. The median
follow-up time for safety in participants who received at least
one dose of AZD1222 was 355.5 (range: 183, 383) days, compared
to 271.5 (range: 140, 368) days in participants who received pla-
cebo. As previously reported, at Day 57, 174 and 60 participants
remained enrolled in the AZD1222 and placebo arms, respectively,
and were evaluated in the primary analysis for immunogenicity
(Fig. 1).

After the primary analysis cut-off (Day 57; approximately two
months following the first dose of study intervention), 7 partici-
pants in the AZD1222 arm (3.6 %, participant withdrawal: n = 4;
physician decision: n = 2; lost to follow-up: n = 1) and one in the
placebo arm (1.6 %, participant withdrawal) discontinued from
the study. The remaining participants were eligible for evaluation
until the end of the follow-up period (Day 365) in this final analysis
(Fig. 1). Additionally, during the one-year follow-up, one (0.6 %)
participant in the AZD1222 arm and 52 (86.7 %) participants in
the placebo arm reported a non-study COVID-19 vaccination and
were consequently censored from the reported date of vaccination
from AZD1222 immunogenicity, efficacy, and safety outcomes
(Fig. 1, Supplementary Fig. 1).

3.2. Safety

SAEs were reported in three participants who received
AZD1222 (1.6 %, events = 6) and two participants who received pla-
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cebo (3.1 %, events = 2) during the study. SAEs recorded after Day
57, included 6 events in the AZD1222 and 1 in the placebo arm
(Supplementary Table 1, see footnote for event details). None of
the reported SAEs were considered related to study intervention,
no AESIs, which included thrombotic events, were reported for
the duration of follow-up, and no deaths were reported (Supple-
mentary Table 1).

3.3. AZD1222 immunogenicity

The median follow-up time for immunogenicity was 355.5
(range: 183, 383) days in the AZD1222 arm and 268.0 (range:
140, 365) days in the placebo arm, respectively. As previously
reported [7], vaccination with AZD1222 elicited strong humoral
responses in participants, which increased substantially after both
the first and second doses, peaking at or before Day 57 (Figs. 2, 3, 4;
Supplementary Table 2). After Day 57, anti-SARS-CoV-2 spike and
RBD antibody levels in participants who received AZD1222 gradu-
ally declined over time (Figs. 2, 3; Supplementary Table 2). Post-
hoc analysis of Day 183 and Day 365 anti-SARS-CoV-2 spike and
RBD levels in participants who received AZD1222 indicated that
GMTs remained significantly elevated above Day 15 levels for the
duration of follow-up (p < 0.0001 for all comparisons). The decline
in pseudovirus nAb titers was more pronounced than binding titer,
approaching baseline values by Day 183 and falling below the
lower limit of quantification in most participants by Day 365



Fig. 2. Anti-SARS-CoV-2 spike responses over time in study participants who received two doses of study intervention. Box plots and individual plots of anti-SARS-CoV-2
spike antibody titers over time in participants, stratified by age, who received AZD1222 or placebo (on Days 1 and 29) and had not been censored at the time of study visits, as
determined by Meso Scale Discovery serological assay. The pooled placebo arm includes all participants who received two doses of placebo; participants who received two
doses of AZD1222 are stratified by age. The bottom and top edges of the box indicate the first and third quartiles [the difference is the IQR], the line is the median, and the
diamond mark 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. Titer values measured as below the LLoQ (33 AU/mL) are imputed to a value that is half of the LLoQ. Titer values measured as above the
ULoQ (2,000,000 AU/mL) are imputed at the ULoQ value. Abbreviations: AU/mL = arbitrary units per milliliter, IQR = interquartile range, LLoQ = lower limit of quantification,
S = spike, SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2, ULoQ = upper limit of quantification.
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(Fig. 4; Supplementary Table 2). In the placebo arm, humoral
responses remained near baseline throughout the study; excepting
high anti-SARS-CoV-2 antibody levels recorded in two NP seroneg-
ative participants at Day 365, likely caused by unreported non-
study COVID-19 vaccination (Figs. 2, 3, 4; Supplementary Table 2).
Overall, mean humoral responses trended downwards as age
increased (Figs. 2, 3, 4; Supplementary Table 2).
3.4. SARS-CoV-2 infection incidence

Occurrence of SARS-CoV-2 infections was recorded for an
exploratory assessment of efficacy. Median follow-up time was
longer in participants who received AZD1222, at 355.0 (n = 176,
range: 183, 383) days, than in participants who received placebo,
at 270.0 (n = 61, range: 140, 365) days. Positive tests for SARS-
CoV-2 were reported by two (1.0 %) participants aged 18–55 years
in the AZD1222 arm – one asymptomatic participant had taken a
RT-PCR test as a requirement for travel and one symptomatic par-
ticipant had taken an antigen test. Additionally, some participants
in the AZD1222 arm (Day 57: n = 1: Day 183: n = 2, Day 365: n = 5)
exhibited a SARS-CoV-2 NP seroresponse (Supplementary Table 3).
By Day 365, the majority of participants (86.7 %, n = 53) in the pla-
cebo arm were censored after reporting a non-study COVID-19
vaccine, hindering assessments of efficacy. No SARS-CoV-2 infec-
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tions were reported in the placebo arm during the follow-up period
(Supplementary Table 3).
3.5. Immunogenicity after non-study COVID-19 vaccination

Immunogenicity was assessed in all participants following non-
study COVID-19 vaccinations, including 2 participants randomized
to AZD1222 (1.0 %, mRNA-1273: n = 2) and 55 participants ran-
domized to placebo (89.1 %, mRNA-1273: n = 18; BNT162b2:
n = 35; mRNA vaccine not specified by study center or able to be
inferred from the dosing interval: n = 2). Individual anti-SARS-
CoV-2 spike, RBD, and nAb titers in participants who received
non-study COVID-19 vaccines were generally higher than respec-
tive peak GMTs recorded in participants who received AZD1222
(Supplementary Fig. 2). As in participants who received AZD1222,
peak antibody titers in participants who received non-study
COVID-19 vaccinations were observed after second doses were
reported – between 30 and 60 days after the reported first dose
of non-study COVID-19 vaccination. Waning of humoral responses
over time was also noted in participants who received non-study
COVID-19 vaccines (Supplementary Fig. 2). Pooled mean titers cap-
tured from ten participants who received non-study COVID-19
vaccination (randomized to placebo) within the 30–60 day post-
first dose peak time-window were higher than the peak GMTs cap-
tured after AZD1222 or placebo (Supplementary Fig. 3).



Fig. 3. Anti-SARS-CoV-2 receptor-binding domain (RBD) responses over time in participants who received two doses of study intervention. Box plots and individual
plots of anti-SARS-CoV-2 RBD antibody titers over time in participants who received AZD1222 or placebo (Days 1 and 29) and were not censored at the time of study visits,
determined by Meso Scale Discovery serological assay. The pooled placebo arm includes all participants who received two doses of placebo; participants who received two
doses of AZD1222 are stratified by age. The bottom and top edges of the box indicate the first and third quartiles [the difference is the IQR], the line is the median, and the
diamond mark 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. Titer values measured as below the LLoQ (204 AU/mL) are imputed to a value that is half of the LLoQ. Titer values measured as above
the ULoQ (2,000,000 AU/mL) are imputed at the ULoQ value. Abbreviations: AU/mL = arbitrary units per milliliter, IQR = interquartile range, LLoQ = lower limit of
quantification, RBD = receptor-binding domain, SARS-CoV-2 = severe acute respiratory syndrome-coronavirus 2, ULoQ = upper limit of quantification.
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3.6. Subgroup analysis

No notable patterns or trends were observed in subgroup analy-
ses of immunogenicity by gender (Supplementary Table 2). Though
these resultsweregenerally consistentwith thoseof theoverall pop-
ulation, they should be interpreted with caution given the explora-
tory nature of these analyses and the small sample sizes.
4. Discussion

Our analysis of the one-year immunogenicity following an
AZD1222 primary series in Japanese adult participants in this
phase 1/2 trial demonstrates an expected, gradual waning of
humoral immunity, consistent with previous reports of both
AZD1222 and other COVID-19 vaccines [1–3,6]. However, we
found anti-SARS-CoV-2 spike and RBD antibody levels remained
above post-first-dose (Day 15) levels for the duration of the one-
year follow-up, indicating some level of protection may persist.
This theory is supported by recent results which suggest that a
lower incidence of COVID-19, including severe or critical disease,
is maintained for at least 6 months after the first dose despite nota-
ble waning of anti-SARS-CoV-2 humoral responses [6,9]. This long-
term efficacy could potentially be mediated by cellular responses
not explored herein [10].
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These results contain the longest reported primary series
immunogenicity data in an East Asian population, including the
duration of immunogenicity in high-risk age groups [11]. Thus, this
work may inform the potential impact of the ongoing challenges in
vaccine availability that persist in many areas of the world [5].
Additionally, our results are consistent with the established
AZD1222 safety profile [6,12], indicating that AZD1222 remains
well tolerated.

The small study population size coupled with the frequency,
demographics, and timing of non-study COVID-19 vaccination,
especially in the placebo arm, prevented meaningful between-
group comparisons of efficacy against SARS-CoV-2 infection. Inter-
pretation was further complicated by low rates of SARS-CoV-2
exposure experienced in Japan; under 200 daily COVID-19 cases/
million persons were reported for the study duration [13]. Further-
more, an increase in pseudovirus nAb titers observed in several
participants at late time points likely reflected unreported non-
study COVID-19 vaccination or subclinical infection. Consistent
with the primary analysis, our follow-up used standardized assays
against ancestral SARS-CoV-2. Other studies of SARS-CoV-2 variant
specific neutralizing antibody responses post-AZD1222 indicate
responses against the Omicron variant are low following two-
dose primary vaccination but increase after additional AZD1222
doses [14,15].



Fig. 4. Pseudovirus neutralizing antibody titers over time in study participants who received two doses of study intervention. Box plots and individual plots of nAb
antibody titers over time in participants who received AZD1222 or placebo (on Days 1 and 29) and had not been censored at the time of study visits, as determined by
pseudovirus neutralization assay. The pooled placebo arm includes all participants who received two doses of placebo; participants who received two doses of AZD1222 are
stratified by age. The bottom and top edges of the box indicate the first and third quartiles [the difference is the IQR], the line is the median, and the diamond mark 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. Titer values measured as below the LLoQ (40) are imputed to a value that is half of the LLoQ. Titer values measured as above the ULoQ (787,339) are
imputed at the ULoQ value. Abbreviations: IQR = interquartile range, LLoQ = lower limit of quantification, nAb = pseudovirus neutralizing antibodies, ULoQ = upper limit of
quantification.
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Consistent with previous reports, early anti-SARs-CoV-2 anti-
body GMTs were higher in participants after non-study mRNA-
1273 or BNT162b2 vaccinations than post-AZD1222 [1,3,12]. How-
ever, similar effectiveness against severe disease has been
observed in global studies of mRNA COVID-19 vaccines and
AZD1222 [9,16] and there is no established threshold for protec-
tion against COVID-19. Additionally, a similar pattern of waning
of humoral responses and subsequent decline in protection against
SARS-CoV-2 infection has been observed after mRNA-based
COVID-19 vaccines and AZD1222, an effect amplified by the emer-
gence of variants with increased immune evasion [1–3,17].
5. Conclusion

These data suggest that AZD1222 is well tolerated and elicits
persistent anti-SARS-CoV-2 spike and RBD antibody responses in
Japanese adults, regardless of age, with expected waning over the
course of one year.
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