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A BS T R AC T
BACKGROUND

The Ad26.COV2.S vaccine is a recombinant, replication-incompetent human adenovirus type 26 vector encoding full-length severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) spike protein in a prefusion-stabilized conformation.
METHODS

In an international, randomized, double-blind, placebo-controlled, phase 3 trial,
we randomly assigned adult participants in a 1:1 ratio to receive a single dose of
Ad26.COV2.S (5×1010 viral particles) or placebo. The primary end points were vaccine
efficacy against moderate to severe–critical coronavirus disease 2019 (Covid-19) with
an onset at least 14 days and at least 28 days after administration among participants in the per-protocol population who had tested negative for SARS-CoV-2.
Safety was also assessed.
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RESULTS

The per-protocol population included 19,630 SARS-CoV-2–negative participants who
received Ad26.COV2.S and 19,691 who received placebo. Ad26.COV2.S protected
against moderate to severe–critical Covid-19 with onset at least 14 days after administration (116 cases in the vaccine group vs. 348 in the placebo group; efficacy,
66.9%; adjusted 95% confidence interval [CI], 59.0 to 73.4) and at least 28 days
after administration (66 vs. 193 cases; efficacy, 66.1%; adjusted 95% CI, 55.0 to
74.8). Vaccine efficacy was higher against severe–critical Covid-19 (76.7% [adjusted
95% CI, 54.6 to 89.1] for onset at ≥14 days and 85.4% [adjusted 95% CI, 54.2 to 96.9]
for onset at ≥28 days). Despite 86 of 91 cases (94.5%) in South Africa with sequenced virus having the 20H/501Y.V2 variant, vaccine efficacy was 52.0% and
64.0% against moderate to severe–critical Covid-19 with onset at least 14 days and
at least 28 days after administration, respectively, and efficacy against severe–
critical Covid-19 was 73.1% and 81.7%, respectively. Reactogenicity was higher
with Ad26.COV2.S than with placebo but was generally mild to moderate and
transient. The incidence of serious adverse events was balanced between the two
groups. Three deaths occurred in the vaccine group (none were Covid-19–related),
and 16 in the placebo group (5 were Covid-19–related).
CONCLUSIONS

A single dose of Ad26.COV2.S protected against symptomatic Covid-19 and asymptomatic SARS-CoV-2 infection and was effective against severe–critical disease,
including hospitalization and death. Safety appeared to be similar to that in other
phase 3 trials of Covid-19 vaccines. (Funded by Janssen Research and Development
and others; ENSEMBLE ClinicalTrials.gov number, NCT04505722.)
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ince emerging in December 2019, the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic has caused
high morbidity and mortality, with new variants
rapidly spreading.1-4 Vaccines to prevent coronavirus disease 2019 (Covid-19) have been developed with unprecedented speed.5,6
The Ad26.COV2.S vaccine comprises a recombinant, replication-incompetent human adenovirus type 26 (Ad26) vector7 encoding a full-length,
membrane-bound SARS-CoV-2 spike protein in a
prefusion-stabilized conformation.8,9 Other Ad26based vaccines, including an approved Ebola vaccine, are safe and have induced durable immune
responses.8,10-13 Ad26.COV2.S induced durable
protection at low doses in preclinical SARS-CoV-2
challenge studies,8,14 and initial clinical data
showed that a single dose at 5×1010 viral particles
was safe and induced excellent humoral and cellular immune responses.9 Ad26.COV2.S can be
stored for up to 2 years in a standard freezer and
up to 3 months at refrigerator temperatures,
which simplifies transport, storage, and use in a
pandemic.
We are conducting an ongoing phase 3 trial
(ENSEMBLE) to evaluate the safety and efficacy
of a single dose of Ad26.COV2.S at 5×1010 viral
particles for the prevention of Covid-19 and
SARS-CoV-2 infection in adults. Here, we report
the results of the primary analyses.
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is an affiliate of Janssen Vaccines and Prevention
and part of the Janssen pharmaceutical companies of Johnson & Johnson, and the Operation
Warp Speed Covid-19 Rapid Response Team (which
includes the Biomedical Advanced Research and
Development Authority, the National Institutes
of Health, the Covid-19 Prevention Trials Network, and the Department of Defense). The trial
was designed and conducted, and the data analysis and data interpretation were performed, by
the sponsor and collaborators. 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 protocol. Medical writers who
were funded by the sponsor assisted in drafting
the manuscript.
Trial Participants

Stages 1a and 2a of the trial were conducted in
parallel and included 2000 adults 18 to 59 years
of age and 60 years of age or older, respectively,
who were in good or stable health and did not
have coexisting conditions that have been associated with an increased risk of severe Covid-19.
After a 3-day safety review by the data and safety
monitoring board, stages 1b and 2b were initiated. Those stages additionally included adults
of the same respective age ranges who had stable
and well-controlled coexisting conditions. The
eligibility criteria are provided in the SupplemenMe thods
tary Methods section in the Supplementary ApTrial Design and Oversight
pendix, available at NEJM.org. Participants were
We are conducting this ongoing, 2-year, multi- not excluded on the basis of SARS-CoV-2 infeccenter, randomized, double-blind, placebo-con- tion or serostatus.
trolled, phase 3, pivotal trial in Argentina, Brazil, Chile, Colombia, Mexico, Peru, South Africa, Procedures
and the United States. All the participants pro- Details of the trial procedures are provided in
vided written informed consent. The trial adheres the Supplementary Methods section. Participants
to the principles of the Declaration of Helsinki were randomly assigned in a 1:1 ratio, with the
and to the Good Clinical Practice guidelines of use of randomly permuted blocks, to receive eithe International Council for Harmonisation. ther Ad26.COV2.S or saline placebo. RandomizaThe protocol (available with the full text of this tion was conducted with an interactive Web-rearticle at NEJM.org) and amendments were ap- sponse system and stratified according to trial
proved by institutional review boards according site, age group, and the presence or absence of
to local regulations. An unblinded independent coexisting conditions that have been associated
data and safety monitoring board continuously with an increased risk of severe Covid-19.
monitors safety, including monitoring for vacVaccine or placebo was administered on day 1.
cine-associated enhanced respiratory disease.
Ad26.COV2.S was supplied in single-use vials at
The trial is a collaboration between the spon- a concentration of 1×1011 viral particles per milsor, Janssen Research and Development, which liliter and was administered at a dose of 5×1010
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viral particles as a single intramuscular injection
(0.5 ml) by a health care worker who was unaware of the group assignment.
Participants reported Covid-19 symptoms
electronically using the Symptoms of Infection
with Coronavirus-19 questionnaire (methods described in Fig. S1 in the Supplementary Appendix). Participants and trial staff obtained nasal
swabs, which were tested with the use of a Food
and Drug Administration (FDA) Emergency Use
Authorization reverse-transcriptase–polymerasechain-reaction (RT-PCR) assay for SARS-CoV-2 at
a local laboratory and subsequently confirmed
centrally (m-2000 SARS-CoV-2 real-time RT-PCR,
Abbott). Seropositivity for SARS-CoV-2 was evaluated by means of a SARS-CoV-2 nucleocapsid
(N) immunoassay (Elecsys, Roche) at trial entry
and on days 29 and 71. Assays were performed
according to the manufacturers’ protocols.
Primary and key secondary efficacy evaluations were based on centrally confirmed cases
of Covid-19. Owing to the high incidence of
Covid-19 and the time taken for central confirmation, not all cases had been centrally confirmed at the time of the primary analysis. A supplementary analysis of RT-PCR–positive cases from
all sources, whether centrally confirmed or not,
was therefore performed for subgroups, hospitalizations, and deaths.
Safety Assessments

Serious adverse events and adverse events leading
to withdrawal from the trial are being recorded
throughout the trial. In a safety subpopulation
comprising approximately 6000 participants (see
below), data on solicited local and systemic adverse events were recorded in an electronic diary
for 7 days after administration and unsolicited
adverse events for 28 days after administration.
Efficacy Assessments

The two primary end points were the efficacy of
the Ad26.COV2.S vaccine against the first occurrence of centrally confirmed moderate to severe–
critical Covid-19 with an onset at least 14 days
after administration and at least 28 days after
administration in the per-protocol population
(see below). All the potential cases of severe–
critical Covid-19 and cases of moderate Covid-19
with at least three signs or symptoms were classified as being severe–critical by an independent
Clinical Severity Adjudication Committee whose
n engl j med 384;23

members were unaware of the group assignments.
This committee adjudicated cases on the basis of
clinical judgment (e.g., a single low oxygen-saturation measurement was not classified as indicating severe Covid-19 unless other clinical findings were consistent with a severe classification).
The case definitions for Covid-19 and the protocol-defined secondary and exploratory end points
are described in the Supplementary Appendix.
Statistical Analysis

The full analysis set included all the participants
who underwent randomization and received a
dose of trial vaccine or placebo. The per-protocol
population comprised participants who received
a dose of trial vaccine or placebo, were seronegative or had an unknown serostatus at the
time that the vaccine or placebo was administered, and had no protocol deviations that were
likely to affect vaccine efficacy. Participants who
were RT-PCR–positive between days 1 and 14 or
between days 1 and 28 were excluded from the
analysis of cases with an onset at least 14 days
after administration and at least 28 days after
administration, respectively. The per-protocol
population was the main population for the efficacy analyses. Safety analyses were conducted
in the full analysis set, including the safety subpopulation.
The null hypothesis was that the efficacy of
Ad26.COV2.S would be no higher than 30% for
each primary end point, as evaluated with a
truncated sequential probability ratio test15,16 at
a one-sided significance level of 0.025. The sample size was reduced from 60,000 to approximately 40,000 on the basis of the high incidence
of Covid-19 during the trial. The primary analysis
was triggered on a positive recommendation
from the data and safety monitoring board, after
the FDA-specified median 8-week follow-up
was reached and prespecified data requirements
were met.
If the null hypothesis was rejected for both
primary end points, secondary objectives were
evaluated against a null hypothesis that used a
lower limit of vaccine efficacy of more than 0%
with prespecified multiplicity adjustments for
familywise type I error control (Fig. S2). Exact
Poisson regression17 was used for the analysis of
vaccine efficacy and the associated confidence
interval calculations, with accounting for followup time. The cumulative incidence over time was
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estimated with the use of Kaplan–Meier methods to evaluate the onset of vaccine efficacy and
vaccine efficacy over time. Participants had their
data censored at the end of their follow-up.
The frequency of serious adverse events was
tabulated in the full analysis set. The frequency
and severity of solicited and unsolicited adverse
events were tabulated in the safety subpopulation.

R e sult s
Participants

The trial began enrollment on September 21, 2020,
and the data-cutoff date for the present analysis
was January 22, 2021. A total of 44,325 participants underwent randomization, of whom 43,783
received vaccine or placebo; the per-protocol
population included 39,321 SARS-CoV-2–negative participants, of whom 19,630 received
Ad26.COV2.S and 19,691 received placebo (Fig.
S3). The demographic characteristics and coexisting conditions of the participants at baseline
were balanced across the two groups (Tables 1
and S4). A total of 9.6% of the participants were
SARS-CoV-2–seropositive at baseline. The median follow-up was 58 days (range, 1 to 124), and
55% of participants had at least 8 weeks of follow-up; later and slower recruitment of participants 60 years of age or older with coexisting
conditions resulted in a shorter duration of follow-up in this subgroup (Table S5).
Safety

The safety subpopulation included 3356 participants in the vaccine group and 3380 in the placebo group. During the 7-day period after the
administration of vaccine or placebo, more solicited adverse events were reported by Ad26.COV2.S
recipients than by placebo recipients and by
participants 18 to 59 years of age than by those
60 years of age or older (Fig. 1). In the vaccine
group, injection-site pain was the most common
local reaction (in 48.6% of the participants); the
most common systemic reactions were headache
(in 38.9%), fatigue (in 38.2%), myalgia (in 33.2%),
and nausea (in 14.2%).
The adverse events of at least grade 3 that
were considered by the investigators to be possibly related to Ad26.COV2.S or placebo are listed
in Table S6. Serious adverse events, excluding those
related to Covid-19, were reported by 83 of 21,895
vaccine recipients (0.4%) and by 96 of 21,888
2190
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placebo recipients (0.4%). Seven serious adverse
events were considered by the investigators to be
related to vaccination in the Ad26.COV2.S group
(Table S7).
A numeric imbalance was observed for venous
thromboembolic events (11 in the vaccine group
vs. 3 in the placebo group). Most of these participants had underlying medical conditions and
predisposing factors that might have contributed
to these events (Table S8). Imbalances were also
observed with regard to seizure (which occurred
in 4 participants in the vaccine group vs. 1 in the
placebo group) and tinnitus (in 6 vs. 0). A causal
relationship between these events and Ad26.
COV2.S cannot be determined. These events will
be monitored in the post-marketing setting.
Three deaths were reported in the vaccine
group and 16 in the placebo group, all of which
were considered by the investigators to be unrelated to the trial intervention (Table S7). No deaths
related to Covid-19 were reported in the vaccine
group, whereas 5 deaths related to Covid-19 were
reported in the placebo group. Transverse sinus
thrombosis with cerebral hemorrhage and a case
of the Guillain–Barré syndrome were each seen
in 1 vaccine recipient.
Efficacy

In the per-protocol at-risk population, 468 centrally confirmed cases of symptomatic Covid-19
with an onset at least 14 days after administration were observed, of which 464 were moderate
to severe–critical (116 cases in the vaccine group
vs. 348 in the placebo group), which indicated
vaccine efficacy of 66.9% (adjusted 95% confidence interval [CI], 59.0 to 73.4) (Table 2). In
terms of the primary end point of disease onset
at least 28 days after administration, 66 cases of
moderate to severe–critical Covid-19 in the vaccine group and 193 cases in the placebo group
were observed, which indicated vaccine efficacy of
66.1% (adjusted 95% CI, 55.0 to 74.8) (Table 2).
The cumulative incidence of the first occurrence of moderate to severe–critical Covid-19
diverged between the two trial groups at approximately 14 days after the administration of
vaccine or placebo, which indicates an early onset of protection with the vaccine (Fig. 2A). Fewer
cases in the vaccine group were observed after
day 14 while cases continued to accrue in the
placebo group, which led to increasing vaccine
efficacy over time (Fig. S4A). Efficacy against
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Table 1. Characteristics of the Trial Participants at Baseline (Full Analysis Set).*
Characteristic
Age
Median (range) — yr
Distribution — no. (%)
18−59 yr
≥60 yr
Sex — no. (%)
Female
Male
Nonbinary
Unknown
Race or ethnic group — no. (%)†
American Indian or Alaskan Native
Indigenous South American
Asian
Black
Native Hawaiian or other Pacific
Islander
White
Multiracial
Not reported, unknown, or missing
Hispanic ethnic group — no. (%)†
Hispanic
Non-Hispanic
Not reported, unknown, or missing
Country or region — no. (%)
Latin America
Argentina
Brazil
Chile
Colombia
Mexico
Peru
South Africa
United States
SARS-CoV-2 serostatus — no. (%)
Positive
Negative
Missing
Body-mass index‡
Median
≥30 — no./total no. (%)
≥1 Coexisting condition — no. (%)

Ad26.COV2.S
(N = 21,895)

Placebo
(N = 21,888)

Total
(N = 43,783)

52 (18−100)

52 (18−94)

52 (18−100)

14,564 (66.5)
7,331 (33.5)

14,547 (66.5)
7,341 (33.5)

29,111 (66.5)
14,672 (33.5)

9,820 (44.9)
12,071 (55.1)
2 (<0.1)
2 (<0.1)

9,902 (45.2)
11,982 (54.7)
4 (<0.1)
0

19,722 (45.0)
24,053 (54.9)
6 (<0.1)
2 (<0.1)

92 (0.4)
1,991 (9.1)
743 (3.4)
4,251 (19.4)
58 (0.3)

95 (0.4)
1,965 (9.0)
687 (3.1)
4,264 (19.5)
48 (0.2)

187 (0.4)
3,956 (9.0)
1,430 (3.3)
8,515 (19.4)
106 (0.2)

12,858 (58.7)
1,204 (5.5)
698 (3.2)

12,838 (58.7)
1,245 (5.7)
746 (3.4)

25,696 (58.7)
2,449 (5.6)
1,444 (3.3)

9,874 (45.1)
11,472 (52.4)
549 (2.5)

9,963 (45.5)
11,362 (51.9)
563 (2.6)

19,837 (45.3)
22,834 (52.2)
1,112 (2.5)

8,954 (40.9)
1,498 (6.8)
3,644 (16.6)
563 (2.6)
2,125 (9.7)
238 (1.1)
886 (4.0)
3,286 (15.0)
9,655 (44.1)

8,951 (40.9)
1,498 (6.8)
3,634 (16.6)
570 (2.6)
2,123 (9.7)
241 (1.1)
885 (4.0)
3,290 (15.0)
9,647 (44.1)

17,905 (40.9)
2,996 (6.8)
7,278 (16.6)
1,133 (2.6)
4,248 (9.7)
479 (1.1)
1,771 (4.0)
6,576 (15.0)
19,302 (44.1)

2,151 (9.8)
19,104 (87.3)
640 (2.9)

2,066 (9.4)
19,191 (87.7)
631 (2.9)

4,217 (9.6)
38,295 (87.5)
1,271 (2.9)

27.0
6264/21,871 (28.6)
8,936 (40.8)

27.0
6217/21,853 (28.4)
8,922 (40.8)

27.0
12,481/43,724 (28.5)
17,858 (40.8)

*	The full analysis set included all the participants who underwent randomization and received a dose of Ad26.COV2.S
vaccine or placebo. Percentages may not total 100 because of rounding. SARS-CoV-2 denotes severe acute respiratory
coronavirus 2.
†	Race and ethnic group were reported by the participants. American Indian or Alaskan Native was reported only by par‑
ticipants residing in the United States.
‡	The body-mass index (BMI) is the weight in kilograms divided by the square of the height in meters. A BMI of 30 or
higher indicates obesity.
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Incidence of Grade 3 Event

Any grade

A Local Events
100

Ad26.COV2.S

80
60

0.9%

Percentage of Participants

40

0.4%
0.4%

0.2%

20

0.3%

0.2%

0.1%

0.2%

0
100

Placebo

80
60
40
20
0

0.2%

18–59 yr

0.2%

None

≥60 yr

0.2%

18–59 yr

Any Local Reaction

≥60 yr

0.1%

None

0.1%

None

18–59 yr

≥60 yr

18–59 yr

≥60 yr

Pain

Erythema

Swelling

B Systemic Events
100

Ad26.COV2.S

80
60

2.3%
1.1%

Percentage of Participants

40

0.9%

1.2%
0.4%

1.4%
0.8%

20

0.2%
0.1% 0.2%

0.3%
0.1%

0
100

Placebo

80
60
40

0.6% 0.7%

20
0

2192

0.2% 0.3%

0.2% 0.4%

<0.1% 0.4%

0.1% 0.2%

None None

18– ≥60 yr
59 yr

18– ≥60 yr
59 yr

18– ≥60 yr
59 yr

18– ≥60 yr
59 yr

18– ≥60 yr
59 yr

18– ≥60 yr
59 yr

18– ≥60 yr
59 yr

Any Systemic
Reaction

Headache

Fatigue

Myalgia

Nausea

Fever

Use of Antipyretic
Medication
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Figure 1 (facing page). Solicited Local and Systemic
Adverse Events Reported within 7 days after the Administration of Vaccine or Placebo (Safety Subpopulation).
Most solicited local and systemic adverse events oc‑
curred within 1 to 2 days after the administration of
vaccine or placebo and had a median duration of 1 to
2 days. No grade 4 local or systemic adverse events
were reported. There were no local or systemic reacto‑
genicity differences between participants who were se‑
ronegative at baseline and those who were seropositive
(data not shown). Pain was categorized as grade 1
(mild; does not interfere with activity), grade 2 (moder‑
ate; requires modification of activity or involves dis‑
comfort with movement), grade 3 (severe; inability to
perform usual activities), or grade 4 (potentially lifethreatening; hospitalization or inability to perform ba‑
sic self-care). Erythema and swelling were categorized
as grade 1 (mild; 25 to 50 mm), grade 2 (moderate;
51 to 100 mm), grade 3 (severe; >100 mm), or grade 4
(potentially life-threatening; necrosis or leading to hos‑
pitalization). Systemic events were categorized as grade
1 (mild; minimal symptoms), grade 2 (moderate; nota‑
ble symptoms not resulting in loss of work or school
time), grade 3 (severe; incapacitating symptoms result‑
ing in loss of work or school time), or grade 4 (lifethreatening; hospitalization or inability to perform
basic self-care). Fever was defined as grade 1 (mild;
≥38.0 to 38.4°C), grade 2 (moderate; ≥38.5 to 38.9°C),
grade 3 (severe; ≥39.0 to 40.0°C), or grade 4 (potential‑
ly life-threatening; >40°C).

disease with an onset at least 28 days after administration was similar across age groups, but
efficacy against disease with an onset 14 days
after administration was higher among older participants than among younger participants (Table 2). This discrepancy probably resulted from
differences in follow-up duration or from smaller
sample sizes in subgroups. The number of primary end-point cases was similar to the number
of cases of symptomatic Covid-19 as defined
according to the FDA harmonized definition (Table 2); thus, the primary end-point analyses captured most of the cases of symptomatic Covid-19.
Estimates of vaccine efficacy in the analyses of
the two primary end points and the secondary
end points of centrally confirmed cases differed
by less than 2 percentage points from the estimates in analyses of positive cases from all
sources, and the confidence intervals were similar (Tables 2 and 3). Vaccine-efficacy estimates
in the full analysis set were generally lower than
those in the per-protocol population because the

n engl j med 384;23

estimates included cases that occurred at or after
1 day after administration, when immunity was
building (Table S9).
With regard to severe–critical Covid-19, vaccine efficacy was 76.7% (adjusted 95% CI, 54.6 to
89.1) against disease with onset at least 14 days
after administration and 85.4% (adjusted 95%
CI, 54.2 to 96.9) against disease with onset at
least 28 days after administration (Table 2). The
cumulative-incidence curves began to separate
approximately 7 days after administration; vaccine efficacy increased with longer follow-up and
was 92.4% after day 42 (post hoc calculation)
(Figs. 2B and S4B).
The analysis of vaccine efficacy against asymptomatic infection included all the participants
with a newly positive N-immunoassay result at
day 71 (i.e., those who had been seronegative or
had no result available at day 29 and who were
seropositive at day 71). Only 2650 participants had
an N-immunoassay result available at day 71, and
therefore only a preliminary analysis could be
performed. A total of 18 asymptomatic infections
were identified in the vaccine group and 50 in the
placebo group (vaccine efficacy, 65.5%; 95% CI,
39.9 to 81.1).
Vaccine efficacy against Covid-19 involving
medical intervention ranged from 75.0 to 100.0%
(Table S10). Two cases of Covid-19 with onset at
least 14 days after administration in the Ad26.
COV2.S group and 29 such cases in the placebo
group led to hospitalization (vaccine efficacy,
93.1%; 95% CI, 72.7 to 99.2) (Fig. S5). No hospitalizations for cases with an onset at least 28 days
after administration occurred in the vaccine group,
as compared with 16 hospitalizations in the
placebo group (vaccine efficacy, 100%; 95% CI,
74.3 to 100.0).
Participants with moderate Covid-19 who had
received Ad26.COV2.S most frequently reported
4 to 6 symptoms, as compared with 7 to 9 symptoms in participants who had received placebo
(Fig. S6). The total mean symptom-severity score
as reported on the Symptoms of Infection with
Coronavirus-19 questionnaire was 24% (95% CI,
−1 to 46) lower among vaccine recipients than
among placebo recipients at day 1 after symptom
onset, 47% (95% CI, 23 to 66) lower at day 7 after
symptom onset, and 53% (95% CI, 0 to 81) lower
at day 14 after symptom onset among partici-
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114
116

Covid-19, according to FDA harmonized
definition‖

Moderate to severe–critical Covid-19,
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*	All cases of coronavirus disease 2019 (Covid-19) were centrally confirmed unless stated otherwise and occurred in participants who had been seronegative at baseline and negative on
reverse-transcriptase–polymerase-chain-reaction (RT-PCR) testing before 14 or 28 days after the administration of vaccine or placebo, for the respective end points, and were therefore
at risk for Covid-19. The follow-up time for each participant was defined as the time from the administration of vaccine or placebo to the onset of Covid-19 or the last available trial
measurement (January 22, 2021). Adjusted 95% confidence intervals are shown for moderate and severe–critical Covid-19, severe–critical Covid-19, severity-adjusted Covid-19, and
moderate to severe–critical Covid-19, including non–centrally confirmed cases; unadjusted 95% confidence intervals are shown for other end points. The adjusted confidence interval
was calculated with implementation of type I error control for multiple testing. Adjusted confidence intervals are presented for the end points that were prespecified for inferential
evaluation at the primary analysis and on reaching the associated minimal required number of cases for that end point. Mild cases of Covid-19 were defined as a positive result on
RT-PCR testing and the presence of at least one of the following symptoms: fever (body temperature, ≥38.0°C), sore throat, malaise, headache, myalgia, gastrointestinal symptoms,
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Table 2. Vaccine Efficacy against Covid-19 with Onset at Least 14 Days and at Least 28 Days after the Administration of Vaccine or Placebo (Per-Protocol at-Risk Population).*
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cough, chest congestion, runny nose, wheezing, skin rash, eye irritation or discharge, chills, loss of taste or smell, red or bruised looking feet or toes, or shaking chills or rigors.
Moderate cases were defined as a positive RT-PCR test and either the presence of at least two of the following symptoms: fever (≥38.0°C), heart rate of at least 90 beats per minute,
shaking chills or rigors, sore throat, cough, malaise, headache, myalgia, gastrointestinal symptoms, loss of taste or smell, or red or bruised-looking feet or toes; or the presence at
least one of the following symptoms: respiratory rate of at least 20 breaths per minute, abnormal oxygen saturation (but >93% while the patient was breathing ambient air at sea
level), clinical or radiologic evidence of pneumonia, radiologic evidence of deep-vein thrombosis, or shortness of breath or difficulty breathing. Severe–critical cases were defined as a
positive RT-PCR test and the presence of at least one of the following features: clinical signs at rest that were indicative of severe systemic illness (respiratory rate of ≥30 breaths per
minute, heart rate of ≥125 beats per minute, oxygen saturation of ≤93% while the patient was breathing ambient air at sea level, or partial pressure of oxygen divided by the fraction of
inspired oxygen, <300 mm Hg); respiratory failure (defined as the use of high-flow oxygen, noninvasive ventilation, mechanical ventilation, or extracorporeal membrane oxygenation);
shock; clinically meaningful acute renal, hepatic, or neurologic dysfunction; intensive care unit admission; or death.
†	The at-risk population for this analysis excluded participants who were RT-PCR–positive between days 1 and 14 after the administration of vaccine or placebo.
‡	The at-risk population for this analysis excluded participants who were RT-PCR–positive between days 1 and 28 after the administration of vaccine or placebo.
§	The vaccine efficacy was not calculated (NC) if fewer than 6 cases were observed for an end point.
¶	Shown is the weighted version of the estimates of vaccine efficacy against mild, moderate, and severe–critical Covid-19.18
‖	The Food and Drug Administration (FDA) harmonized definition of Covid-19 was defined as a positive RT-PCR test and the presence of Covid-19 symptoms consistent with the FDA
harmonized definition at the time that the protocol was written: fever or chills, cough, shortness of breath or difficulty breathing, fatigue, muscle or body aches, headache, new loss of
taste or smell, sore throat, congestion or runny nose, nausea or vomiting, or diarrhea.
**	A supportive analysis with the use of a Cox proportional-hazards regression model of the time to moderate to severe–critical Covid-19 was used to estimate vaccine efficacy.
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pants with an onset of moderate illness at least
28 days after administration (Fig. S1).
The estimates of vaccine efficacy against severe–critical disease were consistently high across
countries that had sufficient cases for analysis
(Table 3). On the basis of interim sequencing
data from 512 unique RT-PCR–positive samples
obtained from 714 participants (71.7%) with
SARS-CoV-2 infection, the reference sequence
(Wuhan-Hu-1 including the D614G mutation)
was detected predominantly in the United States
(190 of 197 sequences [96.4%]) and the 20H/501Y.
V2 variant (also called B.1.351) was detected
predominantly in South Africa (86 of 91 sequences [94.5%]), whereas in Brazil, the reference sequence was detected in 38 of 124 sequences
(30.6%) and the reference sequence with the E484K
mutation (P.2 lineage) was detected in 86 of 124
sequences (69.4%). Despite the high prevalence
of the 20H/501Y.V2 variant in South Africa and
in Covid-19 cases in the trial, vaccine efficacy was
maintained (52.0% against moderate to severe–
critical disease and 73.1% against severe–critical
disease with onset ≥14 days after administration; 64.0% against moderate to severe–critical
disease and 81.7% against severe–critical disease with onset at ≥28 days after administration)
(Fig. 2C and Table 3). In South Africa, no hospitalizations of participants with an onset of Covid-19
at least 28 days after administration occurred in
the vaccine group, as compared with 6 hospitalizations in the placebo group. All five Covid-19–
related deaths in the trial occurred in the placebo
group in South Africa.
No meaningful differences in vaccine efficacy
were observed among subgroups defined according to sex, race, or ethnic group (Fig. S7 and
Table S11). A lower point estimate of vaccine efficacy was observed among participants 60 years
of age or older with coexisting conditions in the
analysis of cases with onset at least 28 days after
administration (15 cases of moderate to severe–
critical Covid-19 among vaccine recipients vs. 26
cases among placebo recipients) but not in the
analysis of cases with onset at least 14 days after
administration (22 vs. 63 cases) (Fig. S7). Estimates
of efficacy over time that were based on Kaplan–
Meier analysis were similar among participants
60 years of age or older with coexisting conditions and those without coexisting conditions
(Figs. S4C and S8). Two participants 60 years of
age or older with coexisting conditions in the
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Figure 2 (facing page). Cumulative Incidence of Covid-19
with Onset at Least 1 Day after Vaccination and Vaccine
Efficacy over Time.
Panel A shows the cumulative incidence of moderate
to severe–critical cases of coronavirus disease 2019
(Covid-19); circles indicate severe–critical cases. Panel
B shows the cumulative incidence of severe–critical
cases. Cases included in the analyses in Panels A and
B were centrally confirmed cases in the full analysis set
among participants who were seronegative at baseline.
Panel C shows the cumulative incidence of severe–criti‑
cal cases in South Africa among participants who were
seronegative at baseline; these cases were those that
were positive on reverse-transcriptase–polymerasechain-reaction (RT-PCR) testing from all sources,
whether centrally confirmed or not.

vaccine group were hospitalized, as compared with
11 such participants in the placebo group (vaccine
efficacy, 81.6%; 95% CI, 15.8 to 98.0).

Discussion
This international, phase 3 ENSEMBLE trial
showed the efficacy of a single dose of the
Ad26.COV2.S vaccine in preventing Covid-19. Efficacy against moderate to severe–critical Covid-19
was 67% against disease with onset at least 14 days
after administration and 66% against disease
with onset 28 days after administration. Because
the number of primary end-point cases was similar to the number of cases according to the FDA
harmonized definition, this estimate essentially captures most of the cases of symptomatic
Covid-19. Higher efficacy against severe–critical
Covid-19 was observed, with vaccine efficacy of
77% against disease with onset at least 14 days
after administration and 85% against disease
with onset at least 28 days after administration.
The onset of efficacy was evident as of 14 days
after administration for moderate to severe–critical disease and as of 7 days after administration
for severe–critical disease. Efficacy continued
to increase through approximately 8 weeks after administration, especially for severe–critical
Covid-19. No evidence of waning efficacy was
noted among the approximately 3000 participants
who were followed for 11 weeks or among 1000
participants who were followed for 15 weeks, a
finding that is consistent with the persistence of
humoral immunity that was observed in a phase
1–2a trial.9
Efficacy against severe–critical Covid-19 was
n engl j med 384;23

consistently high overall and in individual countries that had sufficient cases for analysis, which
is particularly important because severe disease
has the greatest effect on individual persons and
health care systems.19 Efficacy against Covid-19
involving hospitalization was 93% with regard to
onset at least 14 days after administration (2 cases
in the vaccine group and 29 in the placebo group)
and 100% with regard to onset at least 28 days
after administration (no hospitalizations in the
vaccine group and 16 in the placebo group). Although hospitalization can be influenced by local
practice and resource availability, all the hospitalizations that were reported were justified by
clear clinical findings and were consistent across
countries. Moreover, identical management practices would have applied to the Ad26.COV2.S group
and the placebo group in each country. Five deaths
that were related to Covid-19 occurred in the
placebo group, but there were no such deaths in
the vaccine group. The reduction in the incidence
of death and the high efficacy against hospitalization are expected to substantially reduce the
effect of this disease on individual persons and
dramatically decrease the burden on health care
systems.
Vaccine recipients with breakthrough Covid-19
reported fewer and less severe symptoms than
did placebo recipients with Covid-19, which suggests that illness is milder after vaccination. The
data are consistent with studies reporting higher
efficacy of the influenza vaccine against more
severe influenza20-22 and the attenuation of influenza among vaccinees.23-25 A preliminary analysis
indicated that Ad26.COV2.S provided at least 66%
protection against serologically confirmed asymptomatic infection with SARS-CoV-2. The effect
on the incidence of symptomatic and asymptomatic SARS-CoV-2 infection by the vaccine suggests
that it might be useful in reducing communitywide transmission.
New SARS-CoV-2 virus lineages have emerged,
with mutations in the N-terminal and receptorbinding domains of the spike protein that are
known targets for neutralizing antibodies; in particular, the E484K mutation is associated with
reduced neutralization sensitivity.26-31 Of main
concern are variants that were first identified in
Brazil, South Africa, and the United Kingdom.2-4
In our trial, 95% of the Covid-19 cases in South
Africa in which SARS-CoV-2 was sequenced were
caused by the 20H/501Y.V2 variant, whereas a
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*	All cases of Covid-19 occurred in participants who had been seronegative at baseline and RT-PCR–negative before 14 or 28 days after the administration of vaccine or placebo, for the
respective end points, and were therefore at risk for Covid-19; these participants were positive on RT-PCR testing from all sources. Adjusted 95% confidence intervals are shown for
Covid-19 cases worldwide; unadjusted 95% confidence intervals are shown for country-specific end points. The adjusted confidence interval implements type I error control for multiple
testing.
†	The at-risk population for this analysis excluded participants who were RT-PCR–positive between days 1 and 14 after the administration of vaccine or placebo.
‡	The at-risk population for this analysis excluded participants who were RT-PCR–positive between days 1 and 28 after the administration of vaccine or placebo.
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variant from the P.2 lineage carrying the E484K
mutation was identified in 69% of the cases in
Brazil with a sequenced sample. However, despite the high prevalence of SARS-CoV-2 variants
of concern, vaccine efficacy remained high. This
finding shows that a Covid-19 vaccine that was
based on the original Wuhan-Hu-1 strain can
elicit cross-protective efficacy against new variants in South Africa and Brazil. Nonneutralizing
antibodies against SARS-CoV-2 variants are
probably preserved because they are not limited
to the N-terminal or receptor-binding domains,
where most mutations occur. Antibodies with
Fc-mediated functions are induced by Ad26.
COV2.S against SARS-CoV-2 in humans,32 and
these Fc functional antibodies show no decrease
in potency against new variants (personal communication: G. Alter and D. Barouch). In addition, CD8+ T-cell responses to the SARS-CoV-2
spike protein were seen in a phase 1–2a trial.9
T-cell epitopes were shown to be conserved between SARS-CoV-2 variants according to immunoinformatics analyses.33-35 These factors might
contribute to the high efficacy against severe–
critical disease, hospitalization, and death in
South Africa, where the relatively neutralizationresistant 20H/501Y.V2 variant predominates.26,36
Efficacy against symptomatic infection was
similar among younger and older participants
and among participants with coexisting conditions and those without coexisting conditions. A
subgroup analysis involving participants 60 years
of age or older showed that vaccine efficacy
against symptomatic disease with onset at least
14 days after administration was similar in subgroups defined according to the presence or
absence of coexisting conditions. With regard to
onset at least 28 days after administration, vaccine efficacy appeared lower among participants
with coexisting conditions than among those
without coexisting conditions. This finding can
be attributed to imprecision owing to fewer cases
and shorter follow-up in this subgroup. Furthermore, Kaplan–Meier curves indicated that the
cumulative incidence of cases among vaccine
recipients 60 years of age or older with coexisting conditions was similar to that in the overall
trial population, which suggests a similar vaccine efficacy. Vaccine efficacy against hospitalization among vaccine recipients 60 years of age
or older with coexisting conditions was 82%, a
finding consistent with this result.
n engl j med 384;23

This trial confirmed the findings from a
phase 1–2a trial9 showing that Ad26.COV2.S had
an acceptable safety and reactogenicity profile.
Reactogenicity to Ad26.COV2.S was transient,
was lower in older participants than in younger
participants, and resolved quickly. Severe reactogenicity (grade ≥3) was uncommon, and serious
adverse events were rare. Data from the current
trial are supported by long-term and robust
safety data on the Ad26 platform.10-12
A key strength of this trial is that it showed
vaccine efficacy in an ethnically and geographically diverse population, including participants
in regions with emerging SARS-CoV-2 variants,
as well as in participants with coexisting conditions that have been associated with an increased risk of severe Covid-19. A limitation of
the trial is the relatively short follow-up, which
was necessitated, as in other Covid-19 vaccine
trials, by the urgent need for vaccine. The data
do not suggest a waning of protection. Longterm unblinded follow-up is planned to compare
results in initial Ad26.COV2.S recipients with
those in placebo recipients who are expected to
receive Ad26.COV2.S after a protocol amendment
has been approved.
This trial was conducted during a time of an
extraordinarily high incidence of SARS-CoV-2 infection. Lower vaccine efficacy has been associated with a higher incidence of disease.37-39 This
situation, combined with the emergence of viral
variants, precludes the comparison of vaccine trials. In this trial, we robustly field-tested a simple
regimen under high attack-rate conditions on
three continents and consistently found early and
increasing protection from severe disease.
In this trial, we found that a single dose of
Ad26.COV2.S protected against symptomatic
Covid-19 and was particularly efficacious against
severe–critical disease (including hospitalization
and death), including in countries where variants that are considered to be relatively resistant
to antibody neutralization predominate. Safety appeared to be similar to that seen in previous phase
3 trials of Covid-19 vaccines. The single-dose
schedule and favorable storage conditions of this
vaccine provide major advantages in its deployment and effect worldwide.
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