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BRIEF REPORT
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ABSTRACT
AZD1222 (ChAdOx1 nCoV-19) is a replication-deficient adenoviral vectored coronavirus disease-19 (COVID- 
19) vaccine that is manufactured as SII-ChAdOx1 nCoV-19 by the Serum Institute of India Pvt Ltd following 
technology transfer from Oxford University/AstraZeneca. The non-inferiority of SII-ChAdOx1 nCoV-19 with 
AZD1222 was previously demonstrated in an observer-blind, phase 2/3 immuno-bridging study (trial 
registration: CTRI/2020/08/027170). In this analysis of immunogenicity and safety data 6 months post first 
vaccination (Day 180), 1,601 participants were randomized 3:1 to SII-ChAdOx1 nCoV-19 or AZD1222 
(immunogenicity/reactogenicity cohort n = 401) and 3:1 to SII-ChAdOx1 nCoV-19 or placebo (safety cohort 
n = 1,200). Immunogenicity was measured by anti-severe acute respiratory syndrome coronavirus 2 spike 
(anti-S) binding immunoglobulin G and neutralizing antibody (nAb) titers. A decline in anti-S titers was 
observed in both vaccine groups, albeit with a greater decline in SII-ChAdOx1 nCoV-19 vaccinees (geo
metric mean titer [GMT] ratio [95% confidence interval (CI) of SII-ChAdOx1 nCoV-19 to AZD1222]: 0.60 
[0.41–0.87]). Consistent similar decreases in nAb titers were observed between vaccine groups (GMT ratio 
[95% CI]: 0.88 [0.44–1.73]). No cases of severe COVID-19 were reported following vaccination, while one case 
was observed in the placebo group. No causally related serious adverse events were reported through 180  
days. No thromboembolic or autoimmune adverse events of special interest were reported. Collectively, 
these data illustrate that SII-ChAdOx1 nCoV-19 maintained a high level of immunogenicity 6 months post- 
vaccination. SII-ChAdOx1 nCoV-19 was safe and well tolerated.

ARTICLE HISTORY 
Received 24 August 2023  
Revised 26 December 2023  
Accepted 10 January 2024 

KEYWORDS 
SARS-CoV-2; COVID-19 
vaccine; SII-ChAdOx1 nCoV- 
19; AZD1222 (ChAdOx1 
nCoV-19); safety; 
immunogenicity

Introduction

The coronavirus disease-19 (COVID-19) pandemic affected 
India severely, with > 44 million cases and > 0.5 million deaths 
due to COVID-19 reported as of January 31, 2023.1 Following 
technology transfer of AZD1222 (ChAdOx1 nCoV-19) from 

AstraZeneca in 2020, SII-ChAdOx1 nCoV-19 (COVID-19 vac
cine) was manufactured in India by Serum Institute of India Pvt 
Ltd (SIIPL).2

A phase 2/3 immuno-bridging trial demonstrated that SII- 
ChAdOx1 nCoV-19 was non-inferior to AZD1222 in terms of 
geometric mean titer (GMT) ratios of anti-spike (anti-S) 
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immunoglobulin G (IgG) antibodies, and was accompanied by 
an acceptable safety profile. Based on these results, SII- 
ChAdOx1 nCoV-19 was approved by the Indian regulatory 
authorities under the brand name of ‘COVISHIELDTM,’ and 
subsequently received an emergency use listing by the World 
Health Organization (WHO).3 SII-ChAdOx1 nCoV-19 has 
played an important role in mitigating the pandemic globally, 
with ~ 1.75 billion doses supplied across > 100 countries.

The immunogenicity and safety of SII-ChAdOx1 nCoV-19 
at 1 month post second-dose primary series vaccination (Day 
57) have previously been described.2 As observed with other 
studies of COVID-19 vaccines, serological monitoring over 
time is important to assess immunological waning after 
vaccination.4–6 AZD1222 has demonstrated durability of pro
tection against symptomatic COVID-19 and immune 
responses for 6 months after the second dose.7 Here, we 
describe the immunogenicity and safety of SII-ChAdOx1 
nCoV-19 6 months post first-dose primary series vaccination 
(Day 180) compared with AZD1222.

Methods

This was a phase 2/3 participant-blind, observer-blind, rando
mized, controlled study in healthy adults in India (trial regis
tration: CTRI/2020/08/027170). The study was approved by 
the Indian regulatory authority and the ethics committee of 
each study site. The study was conducted in accordance with 
the International Council for Harmonization good clinical 
practice guidelines (2016), the Declaration of Helsinki 
(2013), as well as the guidelines of the Indian Council of 
Medical Research (2017), and the Government of India’s 
New Drugs and Clinical Trial Rules (2019). Participants pro
vided written informed consent before study enrollment. An 
independent Data Safety Monitoring Board (DSMB) reviewed 
safety data during the course of the study. The study enrolled 
participants from 14 hospitals across India.

The study had two primary outcomes: incidence of causally 
related serious adverse events (SAEs) with SII-ChAdOx1 
nCoV-19 compared with placebo, and the anti-S IgG GMT 
ratio at 1 month post second dose of SII-ChAdOx1 nCoV-19 
compared with AZD1222. The study design, inclusion/exclu
sion criteria, protocol and safety and immunogenicity results 1  
month post second dose (Day 57) have previously been 
published.2 Briefly, the study enrolled adults aged ≥18 years 
into immunogenicity/reactogenicity and safety cohorts 
between August 25 and October 31, 2020 (data cutoff June 2, 
2021). Individuals who had controlled comorbid conditions, 
per investigator judgment based on medical history and clin
ical examination, were eligible for enrollment. Female partici
pants were required to have a negative pregnancy test prior to 
each dose of vaccine and were required to use adequate contra
ception from 28 days before the first dose through 28 days after 
the second dose. Key exclusion criteria were acute illness, 
known prior severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) infection, and prior diagnosis of an immu
nosuppressive condition or receipt of immunosuppressive 
therapy. Full eligibility criteria are listed in the protocol 
(appendix).

SII-ChAdOx1 nCoV-19 and AZD1222 consist of 
a replication-deficient simian adenovirus vector (ChAdOx1) 
containing genetic material encoding the spike protein for 
SARS-CoV-2.2 Each 0.5 mL dose contains 5 × 1010 viral parti
cles and other excipients. Participants visited the study sites on 
Day 1, Day 29 (+14 days window period), Day 57 (+14 days), 
and Day 180 (+28 days). Two doses of the vaccine or placebo 
were given intramuscularly with a 4-week interval (Day 1 and 
Day 29). Participants were contacted by telephone on Day 90 
for the safety assessment. All participants were tested for 
SARS-CoV-2 by reverse transcription polymerase chain reac
tion (RT-PCR) at baseline, Day 29, Day 180, and at any time 
during the study if they were suspected of having COVID-19, 
or had contact with confirmed COVID-19-positive cases.

In the immunogenicity/reactogenicity cohort, participants 
were randomly assigned in a 3:1 ratio to receive either SII- 
ChAdOx1 nCoV-19 or AZD1222, stratified by age (18–59  
years and ≥60 years, to ensure ~ 25% of participants in the 
latter group). In the safety cohort, participants were randomly 
assigned in a 3:1 ratio to receive SII-ChAdOx1 nCoV-19 or 
placebo. An Interactive Web Response system was used for 
randomization and the randomization scheme was generated 
using SAS version 9.4. Personnel involved in administering 
vaccines were not blinded to treatment allocation and they did 
not conduct any study outcome evaluations. Participants and 
all other study personnel, including sponsor and laboratory 
personnel, were blinded to treatment.

Anti-S and anti-receptor binding domain (anti-RBD) IgG 
antibody titers were tested at baseline, Day 29, Day 57, and Day 
180 using a validated electrochemiluminescence-based multi
plex immunoassay. Antibody titers are expressed as Arbitrary 
Units (AU) per mL based on the reference standard provided 
by Mesoscale Discovery (MSD) and the assay was validated 
using the WHO International Reference Standard, with results 
expressed as binding antibody units per mL. Neutralizing 
antibodies (nAbs) at baseline, Day 29, Day 57, and Day 180 
were tested using a validated pseudovirus-based microneutra
lization (MNT) assay, which is a fully quantitative assay fitted 
with a PPD®-developed reference standard. The assay was 
calibrated against the WHO International Reference 
Standard and results are expressed as relative to the 
International Standard in International Units (IU) per mL.2 

Seroconversion was defined as a four-fold increase in antibody 
titer with respect to the baseline value.

The secondary outcome included immunogenicity at 180  
days post-vaccination. The secondary outcome was not statis
tically powered and analyzed descriptively. The GMT and the 
geometric mean fold rise (GMFR) from baseline were com
pared between the groups. For the immunogenicity analysis, 
the log-transformed titers were used to construct the least 
squares mean (LSM) and its 95% confidence interval (CI) for 
each study group. The difference between the LSMs for the two 
vaccine groups (SII-ChAdOx1 nCoV-19 and AZD1222) and 
a two-sided 95% CI were calculated using the Mixed Model for 
Repeated Measures, which included vaccine group, log base
line titer, comorbidity, age group, sex, visits, and vaccine-by- 
visit interaction as covariates. The GMT and the correspond
ing 95% CI were calculated by using the antilog of the LSM of 
logarithmically transformed titers. Similarly, the GMT ratio 

2 P. S. KULKARNI ET AL.



and the corresponding 95% CI were calculated from the LSM 
difference. The odds ratio for the seroconversion rates between 
the SII-ChAdOx1 nCoV-19 and AZD1222 groups was esti
mated using a logistic regression model, with baseline titer 
value, comorbidity, and age group as covariates. Participants 
having positive RT-PCR for SAR CoV-2 (symptomatic or 
asymptomatic) were excluded from immunogenicity analysis 
from time point of positive result.

In the immunogenicity/reactogenicity cohort, solicited 
adverse events (AEs) were collected for 7 days after each dose 
using diary cards. In all participants, unsolicited AEs were 
collected through 28 days after each vaccine dose. 
Additionally, serious AEs (SAEs) and AEs of special interest 
(AESIs, including all cases of COVID-19) were collected 
throughout the study period until the Day 180 (+28 days) visit. 
Participants were instructed to inform investigators/study staff 
about any SAEs or AESIs including COVID-19 or any other 
illness throughout 180 days in addition to assessments at sched
uled study visits. The proportions of participants experiencing 
SAEs and AESIs were reported for each vaccine group as per
centages. Based on the assumption that the true frequency of 
causally related SAEs is 0.25%, the study provided a 95% prob
ability of detecting at least one causally related SAE among the 
1,200 participants receiving SII-ChAdOx1 nCoV-19.2

Results

The study was initiated in August 2020 and last participant 
visit occurred in June 2021. A total of 1,601 participants were 
enrolled in the study (401 in the immunogenicity/reactogeni
city cohort and 1,200 in the safety cohort) and were rando
mized 3:1 to SII-ChAdOx1 nCoV-19 and AZD1222/placebo. 
1,600 participants received > 1 dose of vaccine or placebo, and 
1,566 (97.6%), 1,573 (98.1%), and 1,549 (96.6%) participants 
completed the Day 57, Day 90, and Day 180 visits, respectively 
(Figure 1). Baseline characteristics between the groups were 
similar (Supplementary Table S1).

In both vaccine groups, the anti-S GMTs were < 100 AU/ 
mL at baseline, and increased to > 6,000 AU/mL after the first 
dose, and > 25,900 AU/mL after the second dose. Day 180, 
anti-S titers were 8,222 (95% CI: 6,650.2–10,165.8) AU/mL 
and 13,790.5 (95% CI: 9,845.7–19,315.9) AU/mL in the SII- 
ChAdOx1 nCoV-19 and AZD1222 groups, respectively. As 
previously reported, the anti-S GMT ratio between SII- 
ChAdOx1 nCoV-19 and AZD1222 on Day 57 was 0.98 (95% 
CI: 0.78–1.23),2 and on Day 180 was 0.60 (95% CI: 0.41–0.87) 
(Table 1). Anti-S GMTs showed similar trends in the serone
gative population at baseline (Supplementary Table S2). The 
anti-S GMFR from baseline was > 325 in both vaccine groups 
on Day 57. On Day 180, the GMFR from baseline was 106.9 
(95% CI: 83.7–136.7) in the SII-ChAdOx1 nCoV-19 group and 
175.9 (95% CI: 105.7–292.7) in the AZD1222 group. In both 
vaccine groups, the anti-S seroconversion rate was ≥ 98% after 
the second dose, and ≥ 94% on Day 180 (Table 2; 
Supplementary Table S3).

In both vaccine groups, the anti-RBD GMTs were < 200 
AU/mL at baseline, and increased to > 5,600 AU/mL after the 
first dose, and > 33,000 AU/mL after the second dose. Day 180 
anti-RBD GMTs were 9,472.7 (95% CI: 7,554.3–11,878.2) and 

16,939.3 (11,818.2–24,279.6) in the SII-ChAdOx1 nCoV-19 
and AZD1222 groups, respectively (Table 1). Anti-RBD 
GMTs showed similar trends in the seronegative population 
at baseline (Supplementary Table S2). Compared with base
line, the anti-RBD GMFR was > 225 on Day 57 in both vaccine 
groups. On Day 180, the GMFR from baseline was 66.6 (95% 
CI: 53.0–83.6) and 114.3 (95% CI: 70.6–185.0) in the SII- 
ChAdOx1 nCoV-19 and AZD1222 groups, respectively. In 
both vaccine groups, the anti-RBD seroconversion rate ≥ 96% 
after the second dose, and ≥ 91% on Day 180 (Table 2; 
Supplementary Table S3).

In both vaccine groups, the nAb GMTs were < 6 IU/mL at 
baseline, and increased to > 53 IU/mL after the second dose. Day 
180 nAb GMTs were 18.1 (95% CI: 12.6–26.0) IU/mL and 20.7 
(95% CI: 11.4–37.6) IU/mL in the SII-ChAdOx1 nCoV-19 and 
AZD1222 groups, respectively, with a GMT ratio of 0.88 (95% 
CI: 0.44–1.73) (Table 1). nAb GMTs showed similar trends in 
the seronegative population at baseline (Supplementary Table 
S2). Compared with baseline, the nAb GMFR was > 12 in both 
vaccine groups on Day 57. On Day 180, the nAb GMFR from 
baseline was 4.9 (95% CI: 3.4–7.1) in the SII-ChAdOx1 nCoV- 
19 group and 6.4 (95% CI: 2.8–14.9) in the AZD1222 group. The 
nAb seroconversion rate was ≥ 84% after the second dose; how
ever, it declined to ≥ 51% on Day 180 in both vaccine groups 
(Table 2; Supplementary Table S3).

Among the 1,600 participants, a total of 27 SAEs were 
reported in 27 (1.7%) participants: 21 of the 1,200 participants 
who received SII-ChAdOx1 nCoV-19 (1.8%, 95% CI: 1.1–2.7), 
4 of the 300 participants who received placebo (1.3%, 95% CI: 
0.4–3.4), and 2 of the 100 participants who received AZD1222 
(2.0%, 95% CI: 0.2–7.0) (Table 3). These SAEs included 
COVID-19 (n = 17), fracture/dislocation (n = 3), and one case 
each of malaria, megaloblastic anemia, cataract, liver cirrhosis, 
invasive ductal breast carcinoma, encephalopathy, and vocal 
cord cyst. All SAEs resolved without any sequalae, and none 
were adjudged to be causally related to the study vaccines. 
There were no thromboembolic or autoimmune AESIs. The 
incidence of COVID-19 was low in both vaccine groups during 
the study (Supplementary Table S4).

Discussion

Here, we present the immunogenicity and safety of the SII- 
ChAdOx1 nCoV-19 vaccine, as compared to AZD1222 and 
placebo, in Indian adults 6 months after first-dose primary series 
vaccination. Despite high antibody titers (anti-S, anti-RBD, and 
nAb) at Day 57 (i.e., 1 month after the second dose), a substantial 
decline in antibody titers was observed at Day 180; however, Day 
180 titers remained higher than baseline titers. Our finding of 
waning antibody titers is consistent with previous studies illus
trating significant reduction in antibody titers in the months 
following natural SARS-CoV-2 infection.8,9 Similar immunolo
gical waning of anti-S, and nAb titers has been reported with all 
available COVID-19 vaccines across mRNA, viral vector, inacti
vated, and subunit vaccine platforms.4–6

SARS-CoV-2 reinfections have been observed within a few 
months of initial infection, and increasing numbers of break
through cases have been reported in countries with early vaccine 
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rollouts/deployment, indicating waning vaccine effectiveness 
after primary series COVID-19 vaccination.10–12 In a previous 
AZD1222 study with follow-up of vaccine effectiveness against 
symptomatic and severe COVID-19 over 20 weeks, protection 
against severe outcomes was shown to be sustained, while 

protection against non-severe COVID-19 declined to an esti
mated 44% by 20 weeks.13 Our findings with SII-ChAdOx1 
nCoV-19 are consistent with these results. No case of severe 
COVID-19 was reported in either vaccine group despite the 
high prevalence of the SARS-CoV-2 Delta variant in India 

Screened
(N = 2,101)

1. Screen failure (N = 442) 
2. Consent withdrawal (N = 52) 
3. PI discretion (N = 1) 
4. Other (N = 5)* 

Randomized
(N = 1,601)

Safety cohort 
(N = 1,200) 

Immunogenicity 
Cohort (N = 401) 

SII-ChAdOx1 nCoV-19 
(N = 900) 

Placebo 
(N = 300) 

AZD1222 (N = 100) 

1stdose 
(N = 900) 

1st dose 
(N = 300) 

1st dose 
(N = 300) 

1st dose 
(N = 100) 

2nddose 
(N = 890) 

2nd dose 
(N = 98) 

2nd dose 
(N = 298) 

2nd dose 
(N = 291) 

Day 57 visit 
(N = 98) 

Day 57 visit 
(N = 298) 

Day 57 visit 
(N = 287) 

Day 57 visit 
(N = 883) 

Withdrawal by 
participant (N = 2) 

Withdrawal by 
participant (N = 8) 
Withdrawal due to 
AE§ (N = 1) 

Withdrawal by 
participant (N = 2) 

Withdrawal by 
participant (N = 9) 
Withdrawn by 
investigator‡ (N = 1) 

Withdrawal by 
participant (N = 7) 
Other reasons (N = 2) 

Day 180 visit 
(N = 874) 

Lost to follow-up (N = 7) 

Withdrawal by 
participant (N = 7) 

Day 180 visit 
(N = 280) 

Lost to follow-up (N = 2)
Other reasons (N = 2) 

Withdrawal due 
to AE (N = 1) 

Day 180 visit 
(N = 297) 

Day 180 visit 
(N = 98) 

SII-ChAdOx1 nCoV-19
(N = 301)†

Safety population (N = 900) Safety population (N = 300) Safety population (N = 300)
Immunogenicity population (N = 297)

Safety population (N = 100)
Immunogenicity population (N = 98)

Figure 1. CONSORT flow chart. *Participants did not go to their study site for the randomization visit within window period of 7 days after screening; †One participant 
withdrew consent before vaccination; ‡Participant was withdrawn by the investigator due to a neurological SAE; §Participant was withdrawn by the investigator on the 
Day 29 visit due to an AE of aggravation of hypertension. AE, adverse event; D, day; PI, principal investigator; SAE, serious adverse event.
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from March to June 2021.14 Longer term protection against 
other variants has not been characterized in India; however, 
waning of protection against severe disease due to SARS-CoV 
-2 Omicron infection has been reported after 6 months of pri
mary vaccination in other geographical regions.15 Our current 
results indicate a decline in anti-S and nAb titers over 6 months 
post vaccination, underscoring the importance of using booster 
doses to restore waning antibody levels and maintain protection 
against symptomatic disease.16,17

SII-ChAdOx1 nCoV-19 has been shown to be non-inferior 
to AZD1222 in terms of anti-S antibodies at Day 572; while 
Day-180 results showed evidence of higher anti-S antibodyle
vels after AZD1222 than SII-ChAdOx1 nCoV-19, the differ
ence in nAb levels was not as marked. The differences observed 
may be related to background heterogeneity in the context of 
a relatively limited overall sample size and different AZD1222 
vs SII-ChAdOx1 nCoV-19 population sizes (3:1 randomiza
tion), at a time of very intense SARS-CoV-2 Delta variant 
community transmission (March – June 2021).14 Moreover, 
immunogenicity assessment at Day 180 timepoint was not 
statistically powered.

Despite the observed decay in antibody levels, there was no 
case of severe COVID-19 in either vaccine group. No safety 
concerns were observed at 6 months after the first dose, with no 
reports of vaccine-related SAEs or AESIs. AZD1222 has also 
previously shown an acceptable safety profile in a large phase 3 
efficacy trial.18 There was only one case of severe COVID-19 in 
the placebo group, which required prolonged hospitalization, 
including intensive care and mechanical ventilation, and no 
deaths due to COVID-19 occurred in the study.

Our study had a few limitations. Firstly, we did not assess 
AZD1222 vaccine effectiveness, as this has already been estab
lished in previous analyses of multiple Phase 2/3 clinical trials 
(66.7%, 95% CI 57.4–74.019 and 74%, 95% CI 65.3–80.5).18 

Secondly, although our findings underline the need for booster 
dosing following primary series vaccination, we did not assess the 
booster response of SII-ChAdOx1 nCoV-19/ AZD1222 in this 
study; this has however been assessed in other studies.20–22 

Finally, our study population was relatively healthy (i.e.,~23% of 
participants had comorbidities), which somewhat limited our 
insight into immunogenicity/safety outcomes among people 
with comorbidities who are known to be at high risk of severe 
COVID-19; however, previous reports have demonstrated no 
difference in AZD1222 efficacy based on comorbidity status.18

To conclude, SII-ChAdOx1 nCoV-19 is highly immuno
genic and has an acceptable long-term safety profile, but boos
ter doses are likely to be needed due to immunological waning 
6 months after primary series vaccination. These data support 
the continued use of SII-ChAdOx1 nCoV-19 to mitigate the 
COVID-19 pandemic.
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Table 2. Proportion of participants with seroconversion (immunogenicity analysis population).

Anti-S Anti-RBD nAbs

Timepoint Statistic
SII-ChAdOx1 nCoV-19 

(N = 297)
AZD1222 
(N = 98)

SII-ChAdOx1 nCoV-19 
(N = 297)

AZD1222 
(N = 98)

SII-ChAdOx1 nCoV-19 
(N = 297)

AZD1222 
(N = 98)

Visit 4 – Day 57 (+14) N evaluated 293 95 293 95 291 95
Seroconversion, n (%)* 287 (98.0) 94 (98.9) 284 (96.9) 93 (97.9) 249 (85.6) 80 (84.2)
95% CI 95.6–99.2 94.3–100.0 94.2–98.6 92.6–99.7 81.0–89.4 75.3–90.9

Visit 6 – Day 180 (+28) N evaluated 258 88 258 88 83 29
Seroconversion, n (%)* 243 (94.2) 85 (96.6) 236 (91.5) 82 (93.2) 47 (56.6) 15 (51.7)
95% CI 90.6–96.7 90.4–99.3 87.4–94.6 85.7–97.5 45.3–67.5 32.5–70.6

*Seroconversion is defined as 4-fold rise in titer from baseline. Anti-RBD, anti-receptor binding domain; anti-S, anti-spike; CI, confidence interval; nAb, neutralizing 
antibody.

Table 3. Summary of unsolicited AEs after any vaccination (overall safety population).

SII-ChAdOx1 nCoV-19 
(N = 1,200) 

n (%) [E]

Placebo 
(N = 300) 
n (%) [E]

AZD1222 
(N = 100) 
n (%) [E]

Any AE within 30 minutes after vaccination 15 (1.3) [16] 4 (1.3) [5] 0
Any AE 352 (29.3) [602] 72 (24.0) [101] 20 (20.0) [32]
Severe 3 (0.3) [3] 1 (0.3) [1] 0
Any treatment-related AE 236 (19.7) [384] 39 (13.0) [50] 0
Any SAE 21 (1.8) [21] 4 (1.3) [4] 2 (2.0) [2]
Related 0 0 0

AE, adverse event; E, number of events; n, participants reporting at least one AE; N, total number of participants in a group; SAE, serious 
adverse event.
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