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BACKGROUND
The Ad26.COV2.S vaccine was highly effective against severe–critical coronavirus 
disease 2019 (Covid-19), hospitalization, and death in the primary phase 3 efficacy 
analysis.
METHODS
We conducted the final analysis in the double-blind phase of our multinational, 
randomized, placebo-controlled trial, in which adults were assigned in a 1:1 ratio 
to receive single-dose Ad26.COV2.S (5×1010 viral particles) or placebo. The primary 
end points were vaccine efficacy against moderate to severe–critical Covid-19 with 
onset at least 14 days after administration and at least 28 days after administration 
in the per-protocol population. Safety and key secondary and exploratory end points 
were also assessed.
RESULTS
Median follow-up in this analysis was 4 months; 8940 participants had at least 
6 months of follow-up. In the per-protocol population (39,185 participants), vac-
cine efficacy against moderate to severe–critical Covid-19 at least 14 days after 
administration was 56.3% (95% confidence interval [CI], 51.3 to 60.8; 484 cases 
in the vaccine group vs. 1067 in the placebo group); at least 28 days after admin-
istration, vaccine efficacy was 52.9% (95% CI, 47.1 to 58.1; 433 cases in the vaccine 
group vs. 883 in the placebo group). Efficacy in the United States, primarily 
against the reference strain (B.1.D614G) and the B.1.1.7 (alpha) variant, was 69.7% 
(95% CI, 60.7 to 76.9); efficacy was reduced elsewhere against the P.1 (gamma), 
C.37 (lambda), and B.1.621 (mu) variants. Efficacy was 74.6% (95% CI, 64.7 to 
82.1) against severe–critical Covid-19 (with only 4 severe–critical cases caused by 
the B.1.617.2 [delta] variant), 75.6% (95% CI, 54.3 to 88.0) against Covid-19 leading 
to medical intervention (including hospitalization), and 82.8% (95% CI, 40.5 to 96.8) 
against Covid-19–related death, with protection lasting 6 months or longer. Effi-
cacy against any severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in-
fection was 41.7% (95% CI, 36.3 to 46.7). Ad26.COV2.S was associated with mainly 
mild-to-moderate adverse events, and no new safety concerns were identified.
CONCLUSIONS
A single dose of Ad26.COV2.S provided 52.9% protection against moderate to se-
vere–critical Covid-19. Protection varied according to variant; higher protection was 
observed against severe Covid-19, medical intervention, and death than against 
other end points and lasted for 6 months or longer. (Funded by Janssen Research 
and Development and others; ENSEMBLE ClinicalTrials.gov number, NCT04505722.)
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The Ad26.COV2.S vaccine (Johnson & 
Johnson–Janssen) is a recombinant, repli-
cation-incompetent human adenovirus type 

26 (Ad26) vector encoding a full-length, mem-
brane-bound severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) spike protein in a 
prefusion stabilized conformation.1,2 Primary anal-
ysis of the phase 3 ENSEMBLE trial, performed 
when preset criteria had been met and conduct-
ed during the early emergence of variants and 
for a median follow-up of 58 days, showed 
66.9% efficacy against moderate to severe–critical 
(i.e., severe or critical) coronavirus disease 2019 
(Covid-19) and greater than 85% efficacy against 
severe–critical disease.3 Here, we report the final 
analysis of the double-blind phase of ENSEMBLE, 
which was conducted in accordance with the 
protocol when data for more than 90% of the 
participants had been unblinded.

Me thods

Trial Design and Oversight

We have reached the stage in this ongoing mul-
tinational, randomized, double-blind, placebo-
controlled, phase 3 trial at which crossover vac-
cination of the participants in the control group 
has occurred. The trial was designed and con-
ducted and the data were analyzed and interpreted 
by the sponsor (Janssen Research and Develop-
ment) and collaborators (see the Supplementary 
Methods section in the Supplementary Appen-
dix, available with the full text of this article at 
NEJM.org). The trial-site investigators collected 
and contributed to the interpretation of the data. 
All the data were available to the authors, who 
vouch for the accuracy and completeness of the 
data and for the fidelity of the trial to the proto-
col, available at NEJM.org. Medical writers fund-
ed by the sponsor assisted in drafting the manu-
script.

Trial Participants

Participants were adults who were 18 years of 
age or older and were in good or stable health, 
without coexisting conditions or with stable and 
well-controlled coexisting conditions. Key exclu-
sion criteria were previous receipt of a Covid-19 
vaccine or abnormal immune system function 
(see the Supplementary Methods section). After 
emergency use authorization, participants who 
received placebo during the double-blind phase 

became eligible for vaccination with Ad26.COV2.S 
(crossover vaccination), provided they had not re-
ceived another Covid-19 vaccine outside the trial. 
This crossover shortened the follow-up time in 
the projected double-blind phase of the trial.

Procedures

Trial procedures are described in the Supple-
mentary Methods section. Participants were ran-
domly assigned in a 1:1 ratio with the use of 
randomly permuted blocks in an interactive 
Web-response system to receive Ad26.COV2.S 
(5×1010 viral particles) or saline placebo as an 
intramuscular injection (0.5 ml). The investiga-
tors at the trial sites and the participants re-
mained unaware of the group assignments until 
the unblinding or crossover visit.

Primary and key secondary efficacy evalua-
tions were based on centrally confirmed Covid-19 
cases (confirmed molecularly with the use of 
m-2000 SARS-CoV-2 real-time reverse-transcrip-
tase polymerase chain reaction [RT-PCR], Abbott); 
cases were clinically assessed independently by a 
clinical severity adjudication committee. Partici-
pants responded to a twice-weekly questionnaire 
assessing whether they had Covid-19 symptoms, 
which were reported with the use of the elec-
tronic Symptoms of Infection with Coronavi-
rus-19 questionnaire. Additional details are pro-
vided in the Supplementary Methods section.

Efficacy Assessments

The two primary end points were vaccine effi-
cacy against the first occurrence of centrally 
RT-PCR–confirmed moderate to severe–critical 
Covid-19 with onset at least 14 days after admin-
istration and at least 28 days after administra-
tion in the per-protocol population (Table S1 in 
the Supplementary Appendix). Covid-19 case defi-
nitions and protocol-defined secondary and ex-
ploratory end points (e.g., efficacy according to 
SARS-CoV-2 lineage) are provided in the Supple-
mentary Methods.

Safety Assessments

Serious adverse events and suspected adverse 
events of special interest are recorded throughout 
the trial. During the double-blind phase of the 
trial, a safety subpopulation that included ap-
proximately 6000 participants recorded solicited 
local and systemic adverse events in an electronic 
diary for 7 days after administration and unso-
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licited adverse events for 28 days after adminis-
tration.

Statistical Analysis

The full analysis population included all the 
participants who underwent randomization and 
received a dose of trial vaccine or placebo. The 
at-risk population excluded participants who had 
a Covid-19 case with an onset before day 15 or 
before day 29 for the vaccine efficacy evaluations 
at least 14 days after administration or at least 
28 days after administration, respectively. Effi-
cacy analyses were conducted in the per-protocol 
population, which included participants who 
received vaccine or placebo in the double-blind 
phase; participants who were seropositive or RT-
PCR–positive at baseline were excluded from the 
per-protocol population. Safety analyses were 
conducted with the full analysis population. 
Participant data were censored on unblinding or 
receipt of a Covid-19 vaccine outside the trial.

Statistical hypothesis testing was conducted 
in accordance with the prespecified scheme for 
the control of familywise type I error as indi-
cated with adjusted 95% confidence intervals. 
End points that had already been inferentially 
evaluated in the primary analysis were summa-
rized descriptively with 95% confidence inter-
vals. Other prespecified end points not included 
in the prespecified scheme for familywise type I 
error control (such as exploratory end points) are 
summarized with descriptive 95% confidence 
intervals. Nonprespecified end points are desig-
nated as post hoc. Exact Poisson regression was 
used for analyses of efficacy and associated 
calculations of confidence intervals.4 Cumulative 
incidence was estimated with Kaplan–Meier 
methods to evaluate time to the first occurrence 
of Covid-19 and vaccine efficacy over time.

The frequency of serious adverse events was 
tabulated for the full analysis population; the 
frequency and severity of solicited and unsolic-
ited adverse events were tabulated in the safety 
subpopulation.

R esult s

Participants

Trial enrollment began on September 21, 2020, 
and the data cutoff for the final analysis was July 
9, 2021, with the end of the double-blind period 
varying among countries. Table S2 shows case 

numbers in each country according to viral lin-
eage, and Figure 1 shows the detection of viral 
lineages over time according to country. Emer-
gency use authorization for Ad26.COV2.S occurred 
on February 27, 2021; crossover began after ap-
proval of protocol amendment 4, with the first 
participant in the placebo group vaccinated on 
March 10, 2021. The characteristics of the par-
ticipants at baseline were balanced between trial 
groups (Table S3) and were generally representa-
tive of the population at risk for Covid-19 in the 
United States (Table S4). Worldwide, 19.5% of 
the participants in the trial were 65 years of age 
or older, and 42.0% had coexisting conditions.

In total, 43,788 participants underwent ran-
domization and received vaccine or placebo, and 
39,185 participants who were seronegative for 
SARS-CoV-2 at baseline were included in the per-
protocol analysis population for the double-
blind phase (Fig. S1). At the time of the final 
analysis, 97% of the participants had completed 
the double-blind phase or had withdrawn pre-
maturely. Median follow-up was 121 days (range, 
1 to 284), and 35,788 (91.3%) and 8940 (22.8%) 
of the participants in the per-protocol popula-
tion had follow-up of at least 2 months and at 
least 6 months, respectively, in the double-blind 
phase. Follow-up was nearly identical in the full 
analysis population (median, 123 days [range, 0 to 
284]; 40,260 [91.9%] and 11,290 [25.8%] of the 
participants had follow-up of ≥2 months and ≥6 
months, respectively).

Efficacy against Moderate to Severe–Critical 
Covid-19

In the per-protocol at-risk population, 484 mod-
erate to severe–critical Covid-19 cases with onset 
at least 14 days after administration were noted 
in the vaccine group, as compared with 1067 in 
the placebo group (vaccine efficacy, 56.3%; 95% 
confidence interval [CI], 51.3 to 60.8) (Table 1). 
Vaccine efficacy against moderate to severe–
critical Covid-19 with onset at least 28 days after 
administration was 52.9% (95% CI, 47.1 to 58.1). 
The primary end point captured most symptom-
atic disease with onset at least 28 days after ad-
ministration, with only 10 cases of mild Cov-
id-19 occurring in the vaccine group and 12 in 
the placebo group, resulting in efficacy of 52.4% 
(95% CI, 46.6 to 57.6) against any symptomatic 
infection.

The Kaplan–Meier cumulative incidence curves 
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for moderate to severe–critical Covid-19 sepa-
rated after 14 days (Fig. 2A); vaccine efficacy 
persisted through approximately 6 to 7 months 
after administration with a modest decline, after 
which wide confidence intervals and low num-
bers of at-risk participants preclude interpreta-

tion (Fig. 2B). This apparent reduction in effi-
cacy may be related to the emergence of more 
neutralization-resistant variants toward the end 
of the trial (Fig. 1), as evidenced by the absence 
of a decline in efficacy against minor, “other” 
viral sequences (i.e., SARS-CoV-2 with substitu-

Figure 1. Cases of Covid-19 According to SARS-CoV-2 Lineage (Full Analysis Population).

The distribution of severe acute respiratory syndrome coronavirus 2 (SARS‑CoV‑2) lineages among cases of corona‑
virus disease 2019 (Covid‑19) is shown for each country in the trial over time during the double‑blind phase of the 
trial. The reference sequence is defined as the SARS‑CoV‑2 Wuhan‑Hu‑1 sequence but with the D614G amino acid 
variation. At the time of the trial, sequences categorized as “other” were those with substitutions not resulting in 
another SARS‑CoV‑2 lineage or variant. “Other+E484K” refers to sequences with E484K but no other substitutions 
resulting in another SARS‑CoV‑2 lineage or variant. Next‑generation sequencing was performed with the use of the 
Swift Biosciences SNAP Assay, version 2. Amino acid variants are defined as changes from the reference sequence. 
The last available visit date across countries was July 1 through 9, 2021, and the last available date of onset for a pri‑
mary end‑point case was June 26 (Argentina), March 24 (Brazil), April 22 (Chile), June 23 (Colombia), May 27 (Mexi‑
co), July 1 (Peru), July 5 (South Africa), and April 16 (United States). None of the cases were caused by the eta, kap‑
pa, theta, or C.36.3 variant. The alpha, beta, gamma, and delta variants were variants of concern according to World 
Health Organization definitions at the time of the analysis.
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tions not considered to result in another lineage 
or variant) (Fig. S2). Because efficacy results for 
the primary end point were similar at 14 or more 
days and at 28 or more days after administration, 
only the latter results are shown for secondary 
and exploratory end points.

Efficacy According to Viral Lineage

New viral lineages emerged and became domi-
nant in most countries in the trial during the 
analysis period, with some variants occurring 
predominately in one country (e.g., B.1.351 [beta] 
in South Africa, C.37 [lambda] in Peru, and B.1.621 
[mu] in Colombia) (Fig. 1). Vaccine efficacy was 
70.2% (95% CI, 35.3 to 87.6) against moderate to 
severe–critical Covid-19 caused by the B.1.1.7 (al-
pha) variant; 69.0% (95% CI, 59.1 to 76.8) against 
moderate to severe–critical Covid-19 caused by 
SARS-CoV-2 classified as “other,” with efficacy 
remaining stable through 195 days of follow-up; 
and 58.2% (95% CI, 35.0 to 73.7) against moder-
ate to severe–critical Covid-19 caused by the refer-
ence strain (B.1.D614G). Overall efficacy was 
44.4% (95% CI, 34.6 to 52.8) against SARS-CoV-2 
lineages other than the reference strain (Fig. 3), 
including 51.9% (95% CI, 19.1 to 72.2) against 
the beta variant and 36.5% (95% CI, 14.1 to 53.3) 
against the P.1 (gamma) variant; at the end of 
the double-blind period, there was no observed 
difference between vaccine and placebo with 
respect to the 21 cases caused by the B.1.617.2 
(delta) variant in South Africa (vaccine efficacy, 
−5.7%; 95% CI, −177.7 to 59.2). The Kaplan–
Meier curves suggest that efficacy against the 
circulating reference strain and beta variant be-
gan 14 days and 25 days after immunization, 
respectively, and began immediately on exposure 
to the alpha variant, which emerged at least 2 
months after vaccination of the participants in 
the vaccine group was completed (Fig. 1). Kaplan–
Meier curves were plotted to the end of the dou-
ble-blind phase, independent of whether cases 
were occurring in both groups. An additional 
variant analysis was conducted for cases that oc-
curred during the double-blind period but were 
sequenced after database lock; results were con-
sistent with those of the initial analysis (Fig. S3).

Efficacy against Severe–Critical Covid-19

For severe–critical Covid-19, overall vaccine ef-
ficacy was 74.6% (95% CI, 64.7 to 82.1) (Table 1). 
The cumulative incidence curves, which began 

to separate approximately 7 days after administra-
tion (Fig. 4), with no evidence of waning for ap-
proximately 6 to 7 months after administration.

Vaccine efficacy against severe–critical Covid-19 
was 93.1% (95% CI, 54.4 to 99.8) for the refer-
ence strain; 71.8% (95% CI, 56.3 to 82.3) for 
non–reference strain SARS-CoV-2 lineages, in-
cluding “other” sequences with the E484K muta-
tion; 78.4% (95% CI, 34.5 to 94.7) for the beta 
variant; 63.6% (95% CI, 18.8 to 85.1) for the 
gamma variant; 67.6% (95% CI, −29.8 to 94.4) 
for the lambda variant; and 79.5% (95% CI, 38.5 
to 94.9) for the mu variant. Only six cases of 
severe–critical Covid-19 caused by the alpha vari-
ant and four caused by the delta variant were 
reported (Fig. S4).

Additional Secondary and Exploratory 
Efficacy End Points

Vaccine efficacy against moderate to severe–
critical Covid-19 with onset at least 28 days after 
administration in all participants regardless of 
serostatus at baseline, excluding participants in 
whom Covid-19 developed before day 29 (at-risk 
population), was 53.2% (95% CI, 47.5 to 58.4). 
Vaccine efficacy against moderate to severe–
critical Covid-19 with onset 1 day after adminis-
tration was 52.6% (95% CI, 47.6 to 57.2).

Vaccine efficacy against Covid-19 with onset 
at least 28 days after administration that led to 
medical intervention (including hospitalization) 
was 75.6% (adjusted 95% CI, 54.3 to 88.0) (Ta-
ble 1) and lasted 6 to 7 months (Fig. S5). Efficacy 
against severe–critical Covid-19 leading to medi-
cal intervention (including hospitalization) was 
approximately 90% initially and tapered to 70% 
by approximately 6 weeks, remaining at that level 
for 5 to 6 months. On the basis of available se-
quences, 3 such cases were caused by the refer-
ence strain (all in the placebo group) and 44 were 
caused by variants (11 in the vaccine group and 
33 in the placebo group; vaccine efficacy, 67.5%; 
95% CI, 34.1 to 85.2) (Fig. S6). The severity and 
duration of symptoms, the effect on Covid-19 
lasting longer than 28 days, and vaccine efficacy 
against any infection, including asymptomatic 
infection, are described in the Supplementary 
Results (Figs. S7 through S10).

Among the 2131 participants in the vaccine 
group who were seropositive for SARS-CoV-2 
nucleocapsid (N) protein at baseline as compared 
with the 18,924 participants in the placebo group 
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who were seronegative at baseline, observed vac-
cine efficacy against moderate to severe–critical 
Covid-19 was 97.7% (post hoc 95% CI, 93.3 to 
99.5) (Table S5); the small number of cases (3) 
in the vaccine group precludes analysis of this 
end point according to viral lineage. Previous 
infection alone, in an analysis involving sero-
positive and seronegative placebo recipients, was 
found to provide 90.4% (95% CI, 83.2 to 95.1) 
protection against moderate to severe–critical 
Covid-19.

Vaccine efficacy against Covid-19–related death 
was 82.8% (95% CI, 40.5 to 96.8) (Table 1), with 
protection sustained through at least 6 months 
after administration. At least 28 days after ad-
ministration, 3 Covid-19–related deaths occurred 
in the vaccine group (all in participants who 
were ≥60 years of age), as compared with 17 in 
the placebo group.

Efficacy in Subgroups

In subgroup analyses, vaccine efficacy against 
moderate to severe–critical Covid-19 in partici-
pants with human immunodeficiency virus (HIV) 
infection was found to be 23.5% (95% CI, −78.3 
to 68.2). Vaccine efficacy against moderate to 
severe–critical disease varied according to coun-
try: 33.1 (95% CI, 6.3 to 52.5) in Peru, 45.3 (95% 
CI, 29.1 to 58.0) in Brazil, 49.3 (95% CI, 26.9 to 
65.3) in South Africa, and 69.7 (95% CI, 60.7 to 
76.9) in the United States. Data on additional 
subgroup analyses are provided in the Supple-
mentary Results (Figs. S11 and S12 and Table S6).

Safety

The safety subpopulation included 3356 partici-
pants in the vaccine group and 3380 in the pla-
cebo group. Overall, more solicited adverse events 
occurred in the vaccine group than in the pla-
cebo group during the 7-day period after admin-
istration. Grade 3 local and systemic solicited 
adverse events during the 7-day period were 
similar to those reported in the primary analysis 
(Fig. S13). In general, lower reactogenicity was 
observed among older adults than among young-
er adults. Among the 155 participants in the 
vaccine group who were seropositive for SARS-
CoV-2 at baseline (safety subpopulation), 60.0% 
and 52.9% reported a solicited local or systemic 
adverse event, respectively, similar to the percent-
ages among the 3201 baseline-seronegative par-
ticipants (54.5% and 60.6%, respectively). Grade †
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3 or higher solicited local adverse events were 
rare among vaccine recipients, regardless of their 
serostatus at baseline (occurring among 1.3% of 
those who were seropositive and 0.6% of those 
who were seronegative). Grade 3 or higher sys-
temic adverse events occurred in 1.3% of sero-
positive vaccine recipients and 2.3% of seronega-
tive vaccine recipients.

Unsolicited events of grade 3 or higher sever-
ity (safety subpopulation) and unsolicited events 
of grade 3 or higher that were considered by the 
investigators to be related to vaccine or placebo 
(full analysis population and safety subpopula-
tion) are summarized in Tables S7 and S8. Serious 
adverse events that were not related to Covid-19 
(full analysis population) occurred in 223 par-

Figure 2. Cumulative Incidence of Moderate to Severe–Critical Covid-19 and Vaccine Efficacy over Time (Per-Protocol 
Population).

Panel A shows the Kaplan–Meier cumulative incidence of molecularly confirmed moderate to severe–critical Cov‑
id‑19 with onset at least 1 day after administration of vaccine or placebo. Shading indicates the 95% confidence in‑
terval. Panel B shows vaccine efficacy against moderate to severe–critical Covid‑19 over time; dark gray shading in‑
dicates the 95% pointwise confidence interval, and light gray shading the 95% simultaneous confidence interval. 
The graph includes 95% of the events that occurred before day 189, with the hazard smoothed over 21 days. Partici‑
pants were seronegative at baseline, as determined by reverse‑transcriptase–polymerase‑chain‑reaction (RT‑PCR) 
and serologic tests.
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ticipants (1.0%) in the vaccine group and in 265 
participants (1.2%) in the placebo group. Addi-
tional information on serious adverse events is 
provided in Table S9.

Imbalances in adverse events that occurred 
during a 28-day risk window after administra-
tion are described in the Supplementary Results 
(Table S10). At the time of the final analysis with 
prolonged follow-up, imbalances were seen for 
tinnitus (15 cases in the vaccine group vs. 4 in 
the placebo group), urticaria (13 vs. 6), convulsion 
(9 vs. 4), pulmonary embolism (10 vs. 5), and 
deep-vein thrombosis (11 vs. 3); no imbalances 
were observed for the Guillain–Barré syndrome 
(1 case per group) or Bell’s palsy (2 cases in the 
vaccine group and 1 in the placebo group) (Table 
S10). No cases of capillary leak syndrome, myo-
carditis, or encephalitis were reported. Throm-
bosis with thrombocytopenia was defined as an 
adverse event of special interest (Supplementary 
Methods). One event, which occurred in a 25-year-
old man within 28 days after administration of 
Ad26.COV2.S, occurred in association with posi-
tivity for anti-PF4 antibodies and met the Centers 
for Disease Control and Prevention (CDC) tier 1–2 
and Brighton Collaboration level 1 criteria for 
vaccine-induced immune thrombotic thrombo-
cytopenia (VITT, also known as thrombosis 
with thrombocytopenia syndrome).

At the time of the final analysis, 83 deaths 
had been reported in the double-blind phase 
(28 in the vaccine group and 55 in the placebo 
group, with 5 and 22, respectively, related to 
Covid-19 in the full analysis population). All 
deaths were considered by the investigators to be 
unrelated to the vaccine or placebo.

Discussion

In the final analysis of the double-blind portion of 
our phase 3 trial, median follow-up was 4 months, 
with 8940 participants having at least 6 months 
of follow-up. A single dose of the Ad26.COV2.S 
vaccine remained effective (52.9%) in preventing 
moderate to severe–critical Covid-19 and all symp-
tomatic Covid-19 (52.4%), despite the emergence of 
variants during the trial. Efficacy against severe–
critical disease remained higher (74.6%) than ef-
ficacy against moderate to severe–critical dis-
ease, with a lower point estimate for variants 
(93.1% efficacy against the reference strain and 
71.8% efficacy against non–reference strain lin-

eages, including “other” sequences with the E484K 
mutation), indicating that Ad26.COV2.S induces 
higher levels of protection in proportion to the 
severity of the disease and the nature of the viral 
mutation.

During the placebo-controlled period, which 
differed between countries on the basis of when 
the participants became aware of the trial-group 
assignments, the incidence of SARS-CoV-2 infec-
tion was highly variable geographically and over 
time as new viral variants emerged. The reduc-
tion in overall efficacy in the final analysis as 
compared with the primary analysis3 (vaccine 
efficacy for the primary end point at least 28 
days after administration, 66.1% in the primary 
analysis and 52.9% in the final analysis) was 
most likely due to lower vaccine efficacy against 
variants that appeared outside the United States 
(Latin America) in this multinational trial after 
the primary analysis — for example, 10.1% 
against the lambda variant and 36.5% against 
the gamma variant. Regional emergence of vari-
ants such as lambda and gamma contributed to 
the lower vaccine efficacy that was observed for 
some subgroups (e.g., Asian, Hispanic, and Amer-
ican Indian or Alaskan Native populations). In the 
United States, where the alpha variant emerged 
after the reference strain, vaccine efficacy against 
moderate to severe–critical Covid-19 was 69.7%.

The efficacy findings in this trial are consis-
tent with durable immune responses being elic-
ited by Ad26.COV2.S5 and with immediate effi-
cacy against the alpha variant occurring at least 
60 days after vaccination. Furthermore, the on-
set of protection differed between the original 
strain (14 days) and the more neutralization-resis-
tant beta variant (25 days). The higher vaccine 
efficacy observed against the more resistant beta 
variant6 as compared with the lower efficacy 
against the less resistant lambda variant suggests 
that other factors also played a role in protection.

Conclusions about vaccine efficacy against 
symptomatic Covid-19 caused by the delta vari-
ant, including severe–critical Covid-19 (with only 
4 cases among the participants), were not pos-
sible in this trial because of the wide confidence 
intervals. Real-world data from several studies7-10 
— some of which analyzed more severe symp-
tomatic disease, against which this vaccine has 
higher efficacy — have shown varying degrees 
of efficacy of Ad26.COV2.S against symptomatic 
delta-variant infection. Effectiveness ranged from 
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60% to 94% against hospitalization,7,8,10-12 13% to 
78% against SARS-CoV-2 infection,8,9,12-14 and 52% 
to 82% against death after SARS-CoV-2 infec-

tion9,10 during periods and in regions in which 
the delta variant was prominent.
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in participants with HIV infection in our trial was 
low, at 23.5%, with wide confidence intervals. 
However, in a large phase 3B study involving 
477,234 participants, vaccine effectiveness was 
73% against hospitalization and 65% against 
death among the approximately 37,000 partici-
pants living with HIV infection.10

We observed that participants with previous 
asymptomatic infection (defined by serologic 
positivity for SARS-CoV-2 N protein and an ab-
sence of history of symptomatic Covid-19) can 
benefit from immunization with a Covid-19 vac-
cine. In a post hoc analysis, previous infection 
alone provided 90.4% protection against symp-
tomatic infection, and after administration of 
Ad26.COV2.S in seropositive participants, 97.7% 
protection was observed in a comparison with 
seronegative placebo recipients; these findings 
extended observations from previous immuno-
logic studies.15-17

When Covid-19 developed in participants who 
had received Ad26.COV2.S, they had lower sever-
ity of illness, shorter duration of illness, and 
lower viral loads than placebo recipients. In addi-
tion, vaccination with Ad26.COV2.S led to fewer 
medical interventions (including hospitalization) 
than placebo (vaccine efficacy against medical 
intervention ≥28 days after administration, 75.6%). 
Vaccine efficacy against Covid-19–related death 
was 82.8% with onset at least 28 days after ad-
ministration, and the three Covid-19–related 
deaths among vaccine recipients occurred in 
participants 60 years of age or older who were 

seronegative at baseline and had coexisting con-
ditions associated with an increased risk of se-
vere Covid-19.

Serious adverse events were rare: serious ad-
verse events not associated with Covid-19 oc-
curred in approximately 1% of the participants 
in each group during the double-blind period. 
Tinnitus was observed in postauthorization sur-
veillance and is classified as “very rare” in the 
fact sheet associated with the label.18 Of the very 
rare events occurring after vaccination that were 
identified after marketing began,18,19 no cases of 
anaphylaxis or capillary leak syndrome occurred, 
and one case of VITT20-22 meeting the CDC and 
Brighton Collaboration criteria occurred in this 
trial. With 3 to 4 cases per million vaccinations 
being reported in the postmarketing period, we 
would not expect to see more than 1 case of 
VITT in a clinical trial involving more than 
43,000 participants (21,898 of whom received 
Ad26.COV2.S).

Strengths of the current analysis included a 
longer follow-up period than in our primary analy-
sis that extends our primary findings, as well as 
the analysis of vaccine efficacy across geograph-
ic regions, across diverse populations, and against 
infection with variants. A limitation of the trial 
was the premature discontinuation of follow-up 
in the placebo-controlled phase and variable 
follow-up times among countries, depending on 
when approval of the post–emergency use autho-
rization amendment occurred (which permitted 
group assignments to be revealed to participants 
and those in the placebo group to be vaccinated). 
Therefore, for the delta and omicron variants, 
limited or no data were obtained in the double-
blind phase of the study. Going forward, vaccine 
effectiveness for new variants will need to come 
from studies involving real-world evidence.

On the basis of the reported results at the end 
of the double-blind phase, the efficacy of Ad26.
COV2.S against moderate to severe–critical dis-
ease and against severe–critical disease was lower 
than that observed in clinical trials assessing 
messenger RNA vaccines.23,24 The recently noted 
incidence of breakthrough infections with the 
omicron variant in vaccine-primed persons,25 re-
gardless of the primary vaccine regimen, suggests 
that a booster may be required for all primary 
vaccine regimens. Recent data from a study involv-
ing South African health care workers conducted 
during the omicron wave indicate 85% efficacy 

Figure 3 (facing page). Vaccine Efficacy against  
Moderate to Severe–Critical Covid-19 According to 
SARS-CoV-2 Lineage (Per-Protocol Population).

Shown is vaccine efficacy against moderate to severe–
critical Covid‑19 with onset at least 14 days after ad‑
ministration (Panel A) and at least 28 days after ad‑
ministration (Panel B). SARS‑CoV‑2 in the category of 
“Lineages other than the reference strain” were all 
variants of concern or interest, with “other” sequenc‑
es excluded. At the time of the trial, sequences catego‑
rized as “other” were those with substitutions not re‑
sulting in another SARS‑CoV‑2 lineage or variant. 
“Other+E484K” refers to sequences with E484K but no 
other substitutions resulting in another SARS‑CoV‑2 
lineage or variant. Vaccine efficacy was not calculated 
if fewer than 6 cases were observed for an end point. 
Confidence intervals have not been adjusted for multi‑
plicity and should not be used to infer statistical sig‑
nificance.
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of Ad26.COV2.S against hospitalization when giv-
en as a single priming dose followed by a booster 
6 to 9 months later.26

Overall, our findings indicate that a single 
dose of Ad26.COV2.S provided protection against 
severe disease and hospitalization, which could 
be important in regions requiring mass vaccina-
tion or in populations with poor adherence to 

two-dose prime regimens, and support the use 
of Ad26.COV2.S in the ongoing effort against 
the global Covid-19 pandemic.
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Figure 4. Cumulative Incidence of Severe–Critical Covid-19 and Vaccine Efficacy over Time (Per-Protocol Population).

Panel A shows the Kaplan–Meier cumulative incidence of molecularly confirmed severe–critical Covid‑19 with onset 
at least 1 day after administration of vaccine or placebo. Shading indicates the 95% confidence interval. Panel B 
shows vaccine efficacy against severe–critical Covid‑19 over time; dark gray shading indicates the 95% pointwise 
confidence interval, and light gray shading the 95% simultaneous confidence interval. The graph includes 95% of 
the events that occurred before day 189, with the hazard smoothed over 21 days. Participants were seronegative at 
baseline, as determined by RT‑PCR and serologic tests.
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