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IMPORTANCE Control of the global COVID-19 pandemic will require the development and
deployment of safe and effective vaccines.

OBJECTIVE To evaluate the immunogenicity of the Ad26.COV2.S vaccine (Janssen/Johnson &
Johnson) in humans, including the kinetics, magnitude, and phenotype of SARS-CoV-2
spike-specific humoral and cellular immune responses.

DESIGN, SETTING, AND PARTICIPANTS Twenty-five participants were enrolled from July 29,
2020, to August 7, 2020, and the follow-up for this day 71interim analysis was completed on
October 3, 2020; follow-up to assess durability will continue for 2 years. This study was
conducted at a single clinical site in Boston, Massachusetts, as part of a randomized,
double-blind, placebo-controlled phase 1 clinical trial of Ad26.COV2.S.

INTERVENTIONS Participants were randomized to receive 1or 2 intramuscular injections with
5 x 10'° viral particles or 1 x 10" viral particles of Ad26.COV2.S vaccine or placebo
administered on day 1and day 57 (5 participants in each group).

MAIN OUTCOMES AND MEASURES Humoral immune responses included binding and
neutralizing antibody responses at multiple time points following immunization. Cellular
immune responses included immunospot-based and intracellular cytokine staining assays to
measure T-cell responses.

RESULTS Twenty-five participants were randomized (median age, 42; age range, 22-52; 52%
women, 44% male, 4% undifferentiated), and all completed the trial through the day 71
interim end point. Binding and neutralizing antibodies emerged rapidly by day 8 after initial
immunization in 90% and 25% of vaccine recipients, respectively. By day 57, binding and
neutralizing antibodies were detected in 100% of vaccine recipients after a single
immunization. On day 71, the geometric mean titers of spike-specific binding antibodies were
2432 to 5729 and the geometric mean titers of neutralizing antibodies were 242 to 449 in the
vaccinated groups. A variety of antibody subclasses, Fc receptor binding properties, and
antiviral functions were induced. CD4+ and CD8+ T-cell responses were induced.

CONCLUSION AND RELEVANCE In this phase 1study, a single immunization with Ad26.COV2.S
induced rapid binding and neutralization antibody responses as well as cellular immune
responses. Two phase 3 clinical trials are currently underway to determine the efficacy of the
Ad26.COV2.S vaccine.
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COVID-19 pandemic. Previous studies have demon-
strated that an adenovirus serotype 26 (Ad26) vector!
expressing a stabilized SARS-CoV-2 spike (S),%* termed
Ad26.COV2.S, effectively protected rhesus macaques against
infection and hamsters against severe disease following SARS-
CoV-2 challenge.** Interim results of a phase 1/2a clinical trial
in 810 participants describing the safety and immunogenic-
ity of single-shot and 2-shot regimens of Ad26.COV2.S in hu-
mans have recently been reported.®
In this randomized, double-blind, placebo-controlled clini-
cal trial of Ad26.COV2.S, 25 participants were enrolled at a
single clinical site in Boston, Massachusetts, for detailed de-
scriptive immunogenicity studies. Participants were random-
ized to receive single-shot and 2-shot vaccine regimens with
either 5 x 10° or 1 x 10" viral particles of Ad26.COV2.S or pla-
ceboin healthy adults 18 to 55 years of age. This study reports
the kinetics, magnitude, and diversity of humoral and cellu-
lar immune responses elicited by Ad26.COV2.S (Janssen/
Johnson & Johnson).

V accination represents a key strategy to control the

Methods

Study Design

This study was conducted at a single site at Beth Israel Dea-
coness Medical Center in Boston. The protocol (Supple-
ment 1) was approved by the Beth Israel Deaconess Medical
Center institutional review board. All participants gave writ-
ten informed consent and successfully completed an assess-
ment of understanding before the initiation of study
procedures. This descriptive study (cohort 1b) was per-
formed as part of a larger multicenter, randomized, double-
blind, placebo-controlled phase 1/2a trial to evaluate the safety,
reactogenicity, and immunogenicity of Ad26.COV2.Sat 5 x 101°
or1 x 10" viral particles administered intramuscularly as single-
shot or 2-shot vaccine schedules, 56 days apart, in healthy
adults. Cohort 1b enrolled adults 18 to 55 years of age (N = 25),
and included visits and sampling of serum, plasma, and pe-
ripheral blood mononuclear cells to allow for investigation of
exploratory end points. For the cohorts not reported here, co-
hort 1a enrolled adults 18 to 55 years of age (N = 375) and fo-
cused on collecting primary safety and immunogenicity end
points. Cohort 3 (N = 375) enrolled participants who were older
than 65 years and tested the same regimens as evaluated in
cohort 1. Cohort 2 comparing different dosing intervals has not
yet been reported.

Participants

Eligible participants were 18 to 55 years old (inclusive) and
negative for SARS-CoV-2 infection by screening nasopharyn-
geal polymerase chain reaction and serum immunoglobulin
testing. Eligible participants also had a body mass index of 30
or less (calculated as weight in kilograms divided by height in
meters squared); were healthy, in the investigator’s clinical
judgment, as confirmed by medical history, physical exami-
nation, clinical laboratory assessments, and vital signs per-
formed at screening; and did not have comorbidities related
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Key Points

Question Is the Ad26.COV2.S vaccine immunogenic in humans,
how quickly does it raise antibody responses, and what types of
immune responses are elicited?

Findings This randomized, double-blind, placebo-controlled
phase 1 clinical trial of Ad26.COV2.S enrolled 25 participants.
Antibodies were detected in vaccine recipients by day 8 and were
observed in all vaccine recipients by day 57 after a single
immunization. T-cell responses were also generated in vaccine
recipients.

Meaning In this phase 1study, a single immunization with
Ad26.COV2.S induced rapid binding and neutralization antibody
responses as well as cellular immune responses.

toanincreased risk of severe COVID-19. Participants who were
of child-bearing potential were required to use highly effec-
tive contraception and could not be pregnant or breastfeed-
ing. Race and ethnicity were based on participant reporting
with fixed categories and were recorded to provide demo-
graphic information on the study population. Participants were
excluded if they were currently working in an occupation with
a high risk of exposure to SARS-CoV-2 or considered at the in-
vestigator’s discretion to be at increased risk to acquire
COVID-19 for any other reason. Full eligibility criteria are de-
scribed in the study protocol (Supplement 1).

Randomization

Randomization was done by an Interactive Web Response Sys-
tem using randomly permuted blocks of 5. The sponsor, clini-
cal staff, investigators, participants, and laboratory person-
nel were blinded to assignment. Sponsor and statisticians were
group-unblinded to immunogenicity group summaries with-
out participant identifiers for the interim analysis when all par-
ticipants completed the day 29 and day 71 visits or discontin-
ued earlier. The pharmacist with primary responsibility for
study product preparation and dispensing was not blinded to
group assignment. To preserve blinding, they placed an over-
lay on the syringes.

The participants were randomly allocated to 1 of 5 experi-
mental groups (n = 5/group): (1) 5 x 10'° viral particles of
Ad26.COV2.S (low-dose) on day 1 and day 57 (low-dose/low-
dose); (2) low-dose on day 1 and placebo on day 57 as a single-
shot vaccine (low-dose/placebo); (3) 1 x 10 viral particles of
Ad26.COV2.S (high-dose) on day 1and day 57 (high-dose/high-
dose); (4) high-dose on day 1and placebo on day 57 as a single-
shot vaccine (high-dose/placebo); or (5) placebo on day 1 and
day 57 (placebo/placebo).

Intervention

Ad26.COV2.Sisarecombinant, replication-incompetent Ad26
vector encoding the full length and stabilized SARS-CoV-2 S
protein derived from the first clinical isolate of the Wuhan strain
(Wuhan, 2019, whole-genome sequence NC_045512).
Ad26.COV2.S was supplied at a concentration of 1 x 10! viral
particles/mL as a suspension in single-use vials, with an ex-
tractable volume of 0.5 mL. Formulation buffer was supplied
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as 15-mM citrate, 5% (wt/wt) hydroxypropyl-f-cyclodextrin,
0.4% (wt/wt) ethanol, 0.03% (wt/wt) polysorbate 80, 75-mM
sodium chloride, and pH of 6.2 and placebo was 0.9% so-
dium chloride. For blinding purposes, the same volume (1 mL)
was administered to all participants. Study vaccine was ad-
ministered by intramuscular injection into the deltoid muscle,
preferably of the nondominant arm. Placebo consisted of 1 mL
of 0.9% sodium chloride solution.

Outcomes

Immunogenicity end points included enzyme-linked immu-
nosorbent assays (ELISA), pseudovirus neutralization assays,
interferon (IFN)-y, and IL-4 enzyme-linked immunospot
(ELISPOT) assays to measure cellular immune responses, and
intracellular cytokine staining (ICS) assays to measure CD4+
and CD8+ T-cell responses (eMethods in Supplement 2). Within
the full randomized clinical trial, these end points were
considered secondary. Exploratory immunogenicity end points
included Ad26 neutralization assays, systems serology as-
says, and electrochemiluminescence assays (ECLA) (eMethods
in Supplement 2).

Solicited adverse events (AEs), collected through a diary,
were recorded for each vaccination from the time of vaccina-
tion until 7 days after vaccination. All other unsolicited AEs
and special reporting situations, whether serious or nonseri-
ous, were reported for each vaccination from the time of vac-
cination until 28 days after vaccination. Unsolicited AEs with
the onset date outside the timeframe defined above (>28
days after previous study vaccination), which were ongoing
on the day of the subsequent vaccination, were recorded as
such. All serious AEs and AEs leading to participant discon-
tinuation (regardless of the causal relationship) were
reported for all participants from the moment of first vacci-
nation until completion of the participant’s last study-related
procedure, which may include contact for safety follow-up.
All AEs were followed until resolution or until clinically
stable. An internal data review committee, consisting of
members who were not directly involved in the study con-
duct, data management, or statistical analysis, was estab-
lished and will monitor data to ensure the continued safety
of the participants enrolled in this study.

Sample Size and Statistical Analysis

No formal statistical hypothesis for safety or immunogenic-
ity was tested. The number of participants was chosen for this
study to provide a preliminary safety and immunogenicity as-
sessment. Placebo recipients were included for blinding and
safety purposes and to provide additional control specimens
for immunogenicity assays. The full analysis set includes all
participants with at least 1 vaccine administration docu-
mented. The per-protocol immunogenicity population in-
cluded all randomized and vaccinated participants for whom
immunogenicity data were available excluding participants
with major protocol deviations expecting to affect the immu-
nogenicity outcomes. In addition, samples obtained after
missed vaccinations or participants with natural infection oc-
curring after screening (if applicable) were excluded from the
analysis set. No formal statistical testing of safety data was
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planned. Safety data were analyzed descriptively by vaccine
group. No formal hypothesis on immunogenicity was tested.
Descriptive statistics were calculated for continuous immu-
nologic parameters at all available time points. Immunoge-
nicity analyses were performed on the per-protocol immuno-
genicity population. Analysis of immunologic data was
performed using GraphPad Prism version 8.4.2 (GraphPad Soft-
ware). Comparison of data between groups was performed
using 2-sided Mann-Whitney U tests. Correlations were as-
sessed by 2-sided Spearman rank-correlation tests. Two-
sided Pvalues of less than .05 were considered significant. This
study reports an interim analysis that includes data through
day 71 of the study.

. |
Results

Study Design

Among 28 participants who were screened between July 27,
2020, and August 7, 2020, 2 participants were ineligible due
to positive diagnostic test results for SARS-CoV-2 at screen-
ing and 1 was ineligible due to body mass index greater than
30 (Figure 1). Twenty-five participants received the following
doses (N = 5/group): (1) 5 x 10'° viral particles of Ad26.COV2.S
(low-dose) on day 1 and day 57 (low-dose/low-dose); (2) low-
dose on day 1 and placebo on day 57 as a single-shot vaccine
(low-dose/placebo); (3) 1 x 10" viral particles of Ad26.COV2.S
(high-dose) on day 1and day 57 (high-dose/high-dose); (4) high-
dose on day 1 and placebo on day 57 as a single-shot vaccine
(high-dose/placebo); or (5) placebo on day 1 and day 57 (pla-
cebo/placebo). Demographics of the study population are
shown in the Table. Safety data from these 25 participants have
been reported separately.®

Kinetics and Magnitude of Binding
and Neutralizing Antibody Responses
By day 8 following immunization, binding antibodies were ob-
served in 65% (13 of 20) of vaccine recipients against full-
length S protein (Figure 2A and B; eFigure 1A in Supple-
ment 2; P = .02, comparing undetectable geometric mean titer
[GMT]at day 1 vs GMT of 41 on day 8) and in 90% (18 of 20) of
vaccine recipients against the Sreceptor binding domain (RBD)
(Figure 2A and B; eFigure 1B in Supplement 2; P = .003, com-
paring undetectable GMT at day 1 vs GMT of 41 on day 8 re-
sponses by ELISA). Virus-neutralizing antibodies were ob-
served in 25% (5 of 20) of vaccine recipients (Figure 2C and D;
eFigure 1Cin Supplement 2) by a luciferase-based pseudovirus-
neutralizing antibody assay.>”®

By day 15, S-specific and RBD-specific binding antibodies
were observed in 100% (20 of 20) of vaccine recipients
(Figure 2A and B), and neutralizing antibodies were observed
in 85% (17 of 20) of vaccine recipients (Figure 2C and D). Bind-
ingand neutralizing antibodies continued to increase on days
29, 57, and 71. By days 57 and 71, 100% (20 of 20) of vaccine
recipients showed neutralizing antibodies as well as S- and
RBD-specific binding antibodies. On day 71, the GMTs of
S-specific binding antibodies were 2432, 3249, 5729, 2852, and
20; the GMTs of RBD-specific binding antibodies were 1018,
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Figure 1. Participant Recruitment, Randomization, and Follow-up in a Study of Ad26.COV2.S Vaccine
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BMI indicates body mass index (calculated as weight in kilograms divided by height in meters squared); PCR, polymerase chain reaction; and vp, viral particles.
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Table. Summary of Demographics and Baseline Characteristics

No. (%)
Ad26.COV2.S, Ad26.COV2.S,
5x 10°vp 1x 10 vp Placebo All participants
No. 10 10 5 25
Age,y
Mean (SD) 43.7 (8.2) 35.4(7.7) 40.8 (12.0) 39.8(9.3)
Median (range) 45.0 (24.0-52.0)  34.5(26.0-47.0) 42.0(22.0-52.0)  42.0(22.0-52.0)
18-40 2 (20) 6 (60) 2 (40) 10 (40)
41-55 8 (80) 4 (40) 3(60) 15 (60)
Sex
Female 5(50) 5(50) 3(60) 13 (52)
Male 5(50) 4 (40) 2 (40) 11 (44)
Undifferentiated® 0 1(10) 0 1(4)
Race
White 8 (80) 9 (90) 5(100) 22 (88)
Asian 2 (20) 0 0 2(8)
Multiple 0 1(10) 0 1(4)
Ethnicity
Hispanic or Latino 0 1(10) 1(20) 2 (8)
Not Hispanic or Latino 9(90) 9 (90) 4 (80) 22 (88)
Not reported 1(10) 0 0 1(4)
Weight, kg
Mean (SD) 67.6 (13.0) 71.2 (10.0) 73.7 (10.5) 70.2 (11.2)
Median (range) 65.3 (46.7-90.5) 68.8 (56.5-85.0) 70.3(61.7-89.0) 68.9 (46.7-90.5)
Height, cm
Mean (SD) 171.1(11.3) 166.6 (10.7) 171.8 (3.6) 169.4 (9.9)
Median (range) 175.3 166.1 172.5 169.9 (146.0-185.7) e .
(157.0-185.7) (146.0-182.6) (167.0-176.7) Abbreviations: BMI, body mass index
BMI (calculated as weight in kilograms
Mean (SD) 23.0(3.4) 257 (2.8) 24.9 (3.0) 245(3.2) divided by height in meters squared);

Median (range)

23.5(18.8-27.1)

25.6(21.4-29.9)

23.9(22.1-29.9)

24.8(18.8-29.9)
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2 Undifferentiated: nonbinary sex.
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Figure 2. Kinetics and Magnitude of Binding and Neutralizing Antibodies (NAb) Following Ad26.COV2.S Vaccination
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Figure 3. Systems Serology Following Ad26.COV2.S Vaccination
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Figure 4. Antibody Cross-Reactivity Following Ad26.COV2.S Vaccination
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2023, 3666, 2372, and 21; and the GMTs of neutralizing anti- ~ dose, low-dose/placebo, high-dose/high-dose, high-dose/
bodies were 242, 375, 449, 387, and 13 in the low-dose/low-  placebo, and placebo/placebo groups, respectively (Figure 2).
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The boost immunization on day 57 increased binding an-
tibody titers by a mean of 2.56-fold (range, 1.58-3.04) and neu-
tralizing antibody titers by a mean of 4.62-fold (range, 3.56-
5.68) in the low-dose/low-dose and high-dose/high-dose
groups on day 71. The immunologic response to the boost was
also manifested by an increase in Ad26 vector-specific neu-
tralizing antibodies in the low-dose/low-dose and high-dose/
high-dose groups on day 71 (Figure 2C and D).

S-specificand RBD-specific binding antibody titers on day
29 strongly correlated with each other (R = 0.98, P < .001; eFig-
ure 2 in Supplement 2), and both correlated with neutralizing
antibody titers on day 29 (R = 0.88, P < .001; and R = 0.86,
P < .001, respectively; eFigure 2 in Supplement 2).

Diversity and Specificity of Antibody Responses
Assessment of binding and functional profiles of
vaccine-elicited antibodies on day 29 by systems serology®
showed that Ad26.COV2.S induced S- and RBD-specific IgAl,
IgA2, IgGl, IgG2, IgG3, IgG4, and IgM subclasses; FcyR2a,
FcyR2b, FcyR3a, and FcyR3b binding; and antibody-
dependent complement deposition, antibody-dependent neu-
trophil phagocytosis, antibody-dependent cellular phagocy-
tosis, and antibody-dependent NK cell activation functional
antiviral responses (Figure 3; eFigures 3 and 4 in Supple-
ment 2). A similar diversity of antibody responses was ob-
served to the S1and S2 subdomains of the S protein (eFigures
5,6, and 7 in Supplement 2).

An ECLA was used to evaluate the specificity of the anti-
body responses to SARS-CoV-2, SARS-CoV-1, CoV-229E,
CoV-HKUI, CoV-NL63, and CoV-0OC43. Ad26.COV2.S vaccina-
tion induced SARS-CoV-2 S-specific antibodies by ECLA
(Figure 4) that appeared comparable to ELISA (Figure 2).
Cross-reactive responses were observed to the S protein from
SARS-CoV-1 at approximately 10-fold lower magnitude than
SARS-CoV-2 (Figure 4). High background levels of antibodies
were observed at baseline for the S proteins from the com-
mon cold coronaviruses CoV-229E, CoV-HKUI, CoV-NL63, and
CoV-0C43, with no clear increase in these responses follow-
ing vaccination (eFigure 8 in Supplement 2).

Cellular Immune Responses

S-specific cellular immune responses were assessed by IFN-y
and IL-4 ELISPOT assays in peripheral blood mononuclear cells
of all participants, as well as multiparameter ICS assays in a
subset of participants for which sufficient peripheral blood
mononuclear cells were available. IFN-y ELISPOT responses
were observed in 65% (13 of 20) of vaccine recipients by day
15 and in 84% (16 of 19) of vaccine recipients by day 71, with
no clear differences among groups (Figure 5A and B). No IL-4
responses were observed, indicating a T;1-biased cellular im-
mune response. Multiparameter ICS assays confirmed the in-
duction of central memory CD27+/CD45RA-/CD4+ and CD8+
T-cell responses in all but 1 vaccine recipient studied
(Figure 5C). IFN-y ELISPOT responses correlated with S-
specific binding antibody titers (R = 0.55, P = .005), RBD-
specific binding antibody titers (R = 0.54, P = .006), and neu-
tralizing antibody titers (R = 0.57, P = .003) on day 29 (eFigure 9
in Supplement 2).
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Discussion

In this study, humoral and cellular immune responses were
assessed in 25 individuals who received Ad26.COV2.S or
placebo in a phase 1 clinical trial. The findings extend previ-
ously reported results® by showing that a single immuniza-
tion with Ad26.COV2.S induced rapid binding and neutral-
ization antibody responses as well as cellular immune
responses, including induction of RBD-specific binding anti-
bodies in 90% of vaccine recipients by day 8. Moreover, this
vaccine induced a diversity of antibody subclasses, FcR
binding properties, and antiviral functions. These data dem-
onstrate that Ad26.COV2.S induced rapid and complex anti-
body responses as well as cellular immune responses.

The immunogenicity of Ad26.COV2.S complements re-
cent reports describing the safety and immunogenicity of other
COVID-19 vaccine candidates, including mRNA vaccines,'°3
Ad vector-based vaccines,'*® and adjuvanted protein
vaccines.!® The mRNA-1273,2° BNT162b2 mRNA,?! and
ChAdOx1?2 vaccines have recently shown robust protective ef-
ficacy in phase 3 clinical trials, raising the possibility that ad-
ditional COVID-19 vaccine candidates may also prove safe and
effective in humans.

A central hypothesis for most current COVID-19 vaccine
programs is that antibodies against the SARS-CoV-2 S pro-
tein are protective. Most programs are therefore focused on
strategies that induce virus-specific neutralizing antibodies,
although it is possible that other antibody functions may
also contribute to protection. Binding, neutralizing, and
functional nonneutralizing antibodies correlated with pro-
tective efficacy following DNA and Ad26 vaccination in rhe-
sus macaques.>® Moreover, adoptive transfer of purified IgG
from convalescent macaques protected naive macaques
against SARS-CoV-2 challenge in a dose-dependent
fashion.”?* S-specific binding antibody titers of 400, RBD-
specific binding antibody titers of 100, and neutralizing
antibody titers of 50 represented the thresholds for protec-
tion in this preclinical model,?* but correlates of protection
have not yet been determined for protection against
COVID-19 infection or disease in humans. Nevertheless, the
antibody titers induced in humans by Ad26.COV2.S
exceeded these thresholds. CD8+ T-cell responses may also
contribute to protection, particularly in the setting of wan-
ing or borderline antibody responses?? or potentially against
viral variants that are partially resistant to antibodies. Two
phase 3 clinical trials (NCT04505722 and NCT04614948) are
currently underway to determine the efficacy of the Ad26.
COV2.S vaccine.

Limitations

This study has several limitations. First, the small size of
this study precludes formal statistical comparisons among
groups. Second, participants aged 18 to 55 years were
enrolled at a single site in Boston, and thus generalizability
to elderly individuals and to other regions will require fur-
ther study. Third, immunogenicity data are shown for 71
days following immunization, and additional follow-up
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Figure 5. Kinetics and Magnitude of Cellular Immune Responses Following Ad26.COV2.S Vaccination

[A] IFN-y ELISPOT

1000+

S 8004

= [ ]

o

o

o

= 6004

v

3 =

o

2

£ 400 .

g @ L]

o n

a 2004

2 o w £ .
3 - .

018 o & o & m M = 4

® Low dose/low dose
W Low dose/placebo
High dose/high dose
High dose/placebo
< Placebo/placebo

IL-4 ELISPOT

1000
800 -
600 -
400+

200+

Spot-forming cells, 106 PBMCs

= - - =

= = 4 —_—

71
Study day

1 15 29 71 1 15 29 71 1

Intracellular cytokine staining
1

" ]
R ° ° o
= 01 - — °
3 [
S E o—o
+ B [ ]
= b °
S )
T 0014
= 3
= ]
0.001 ° —o——
Low dose High dose Placebo
Group

Study day

E °
P ]
= 1 ° )
o
Pl 0.14 o ©
= E ——— °
=] 7 [
& ] [
g 1 °

[ J
4 N
B 0.01 E °
= ]
0.001 ———
Low dose High dose Placebo
Group
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staining (ICS) assays (C) following Ad26.COV2.S vaccination. ICS assays were
performed in a subset of participants with sufficient peripheral blood mononuclear
cells (PBMCs) on days 71and 85. The red bars indicate geometric mean responses.

time will be required to define the long-term durability of
this vaccine. Fourth, the relevance of antibody responses to
protection against COVID-19 infection or disease in humans
remains to be proven. Fifth, additional studies will be
required to determine whether neutralizing antibody and
T-cell responses are diminished against the recently
described SARS-CoV-2 variants from the United Kingdom,
South Africa, and Brazil.
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Conclusions

In this phase 1study, a single immunization with Ad26.COV2.S
induced rapid binding and neutralization antibody responses
as well as cellular immune responses. Two phase 3 clinical trials
are currently underway to determine the efficacy of the
Ad26.COV2.S vaccine.
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