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IMPORTANCE A vaccine against coronavirus disease 2019 (COVID-19) is urgently needed. Supplemental content

OBJECTIVE To evaluate the safety and immunogenicity of an investigational inactivated
whole-virus COVID-19 vaccine in China.

INTERVENTIONS In the phase 1trial, 96 participants were assigned to 1of the 3 dose groups
(2.5, 5, and 10 pg/dose) and an aluminum hydroxide (alum) adjuvant-only group (n = 24 in
each group), and received 3 intramuscular injections at days O, 28, and 56. In the phase 2
trial, 224 adults were randomized to 5 pg/dose in 2 schedule groups (injections on days O and
14 [n = 84] vs alum only [n = 28], and days O and 21 [n = 84] vs alum only [n = 28]).

DESIGN, SETTING, AND PARTICIPANTS Interim analysis of ongoing randomized, double-blind,
placebo-controlled, phase 1and 2 clinical trials to assess an inactivated COVID-19 vaccine.
The trials were conducted in Henan Province, China, among 96 (phase 1) and 224 (phase 2)
healthy adults aged between 18 and 59 years. Study enrollment began on April 12, 2020.
The interim analysis was conducted on June 16, 2020, and updated on July 27, 2020.

MAIN OUTCOMES AND MEASURES The primary safety outcome was the combined adverse
reactions 7 days after each injection, and the primary immunogenicity outcome was
neutralizing antibody response 14 days after the whole-course vaccination, which was
measured by a 50% plaque reduction neutralization test against live severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2).

RESULTS Among 320 patients who were randomized (mean age, 42.8 years; 200 women
[62.5%]), all completed the trial up to 28 days after the whole-course vaccination. The 7-day
adverse reactions occurred in 3 (12.5%), 5 (20.8%), 4 (16.7%), and 6 (25.0%) patients in the
alum only, low-dose, medium-dose, and high-dose groups, respectively, in the phase 1 trial;
and in 5 (6.0%) and 4 (14.3%) patients who received injections on days O and 14 for vaccine
and alum only, and 16 (19.0%) and 5 (17.9%) patients who received injections on days O and
21 for vaccine and alum only, respectively, in the phase 2 trial. The most common adverse
reaction was injection site pain, followed by fever, which were mild and self-limiting; no
serious adverse reactions were noted. The geometric mean titers of neutralizing antibodies in
the low-, medium-, and high-dose groups at day 14 after 3 injections were 316 (95% Cl,
218-457), 206 (95% Cl, 123-343), and 297 (95% Cl, 208-424), respectively, in the phase 1
trial, and were 121 (95% Cl, 95-154) and 247 (95% Cl, 176-345) at day 14 after 2 injections in
participants receiving vaccine on days O and 14 and on days O and 21, respectively, in the

phase 2 trial. There were no detectable antibody responses in all alum-only groups.
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will require phase 3 trials.
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oronavirus disease 2019 (COVID-19) is an emerging re-

spiratory infectious disease caused by severe acute re-

spiratory syndrome coronavirus 2 (SARS-CoV-2) that
had infected more than 16 million individuals and caused more
than 656 000 deaths worldwide by July 29, 2020.! A safe and
effective vaccine against COVID-19 is urgently needed.

There are currently more than 160 COVID-19 candidate
vaccines in development worldwide, and 25 are in different
phases of clinical trials using different platforms.? The
results of the phase 1 and 2 trials of several vaccines, such
as a recombinant adenovirus type-5 (Ad5)-vectored vaccine,
a chimpanzee adenovirus-vectored vaccine (ChAdOx1
nCoV-19), and 2 mRNA vaccines, have been published or
made available on preprint servers.>® Inactivated vaccines
have been widely used for the prevention of emerging respi-
ratory diseases for decades,® and results from preclinical
studies of 2 inactivated COVID-19 vaccines have shown that
the vaccines could protect rhesus macaques against SARS-
CoV-2 with varying efficacy.!®!! However, results from clini-
cal trials in humans have not been reported for the inacti-
vated vaccines.

This report is the preliminary assessment of the safety
outcomes 28 days and immunogenicity outcomes 14 days
after 3 doses in a phase 1 trial and 2 doses in a phase 2 trial of
an inactivated COVID-19 vaccine candidate in healthy adults
in China.

Methods

Study Design and Participants

These double-blind, randomized, placebo-controlled phase 1
and 2 trials were designed by the Wuhan Institute of Biologi-
cal Products Co Ltd and Henan Provincial Center for Disease
Control and Prevention (CDC). The study protocol, available
in Supplement 1, was approved by the institutional review
board of Henan Provincial CDC. The statistical analysis plan
isavailable in Supplement 2. Written informed consents were
obtained from all participants before enrollment. The ongo-
ing trials are being performed and data collected by the inves-
tigators at the CDC of Wuzhi Country, Henan Province, begin-
ning on April 12, 2020. An independent data and safety
monitoring board is monitoring the safety data and evaluat-
ing the risks among the participants during the trial. An in-
terim analysis was conducted on June 16, 2020, and updated
on July 27, 2020.

Healthy adults, aged 18 to 59 years, without history of
SARS-CoV (via on-site inquiry) or SARS-CoV-2 infection (via se-
rological and nucleic acid test) were eligible for enrollment in
the study, and details of the inclusion and exclusion criteria
are provided in the eMethods in Supplement 3. The partici-
pants were sequentially assigned a computer-generated ran-
domization number, and stratified block randomization (block
size, 8) by subgroups was adopted. Within each randomiza-
tion block, the ratio of vaccine vs placebo was 3:1. All the vac-
cines and placebos were supplied in coded, identical-
appearing, single-dose vials. Participants received 200
renminbi (US $29) for each blood sample donation.
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Key Points

Question What are the safety and immunogenicity of an
inactivated vaccine against coronavirus disease 2019 (COVID-19)?

Findings This was an interim analysis of 2 randomized
placebo-controlled trials. In 96 healthy adults in a phase 1 trial of
patients randomized to aluminum hydroxide (alum) only and low,
medium, and high vaccine doses on days 0O, 28, and 56, 7-day
adverse reactions occurred in 12.5%, 20.8%, 16.7%, and 25.0%,
respectively; geometric mean titers of neutralizing antibodies at
day 14 after the third injection were 316, 206 and 297 in the low-,
medium-, and high-dose groups, respectively. In 224 healthy
adults randomized to the medium dose, 7-day adverse reactions
occurred in 6.0% and 14.3% of the participants who received
injections on days O and 14 vs alum only, and 19.0% and 17.9%
who received injections on days O and 21 vs alum only,
respectively; geometric mean titers of neutralizing antibodies in
the vaccine groups at day 14 after the second injection were 121
vs 247, respectively.

Meaning This inactivated COVID-19 vaccine had a low rate of
adverse reactions and demonstrated immunogenicity, but
longer-term assessment of safety and efficacy will require
phase 3 trials.

In the phase 1trial, participants were randomly and equally
assigned to 3 vaccine dose groups (low, medium, and high
doses with 2.5-, 5-, and 10-ug antigen protein content per dose,
respectively, corresponding to 100, 200, and 400 Wuhan units/
dose in the protocol) and a control group of aluminum hydrox-
ide (alum) adjuvant only, and received intramuscular injec-
tions on days 0, 28, and 56 (Figure 1). In the phase 2 trial,
participants were randomly divided into 2 schedule groups
(days O and 14, and days O and 21) using the medium (5-ug)
dose. Within each schedule group, the ratio of receiving vac-
cine and alum only was 3:1 (Figure 1).

Participants were sequentially enrolled and received in-
jections based on sentinel data. Participants in the low-dose
group in the phase 1 trial received injections first, and ad-
verse events were monitored for 7 days. If no vaccine-related
severe adverse events were observed, participants in the me-
dium-dose group in phase 1 received injections on day 8. Sub-
sequently, participants in the high-dose group in phase 1 and
participants in the medium-dose group in phase 2 received in-
jections 8 days later if no vaccine-related severe adverse events
were observed in the medium-dose group in phase 1.

Vaccine

A SARS-CoV-2 strain (WIVO04 strain, National Genomic Data
Center of the Chinese Academy of Science accession No.
SAMCI133237, and GenBank accession number MN996528) was
isolated from a patient in the Jinyintan Hospital, Wuhan. The
virus was cultivated in a qualified Vero cell line for propaga-
tion, and the supernatant of the infected cells was inacti-
vated with B-propiolactone (1:4000 vol/vol at 2 to 8 °C for 48
hours. Following clarification of cell debris and ultrafiltra-
tion, the second [-propiolactone inactivation was performed
in the same conditions as the first inactivation. The vaccine
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Figure 1. Screening, Randomization, and Inclusion in Safety and Immunogenicity Analyses of Inactivated Vaccine for SARS-CoV-2

E Phase 1 clinical trial 201 Individuals assessed for eligibility

105 Excluded
51 Had abnormal laboratory test values?
22 Had comorbidities?
17 Attended after the expected sample
size was reached
6 Allergic to any medication
6 Did not provide consent
3 Had been to high-risk areas

96 Randomized

P

24 Randomized to low-dose 24 Randomized to medium-dose 24 Randomized to high-dose 24 Randomized to aluminum
vaccine group® vaccine group® vaccine group® hydroxide group
24 Included in the safety analysis set 24 Included in the safety analysis set 24 Included in the safety analysis set 24 Included in the safety analysis set
24 Included in the immunogenicity 24 Included in the immunogenicity 24 Included in the immunogenicity 24 Included in the immunogenicity
analysis set analysis set analysis set analysis set
Phase 2 clinical trial 280 Individuals assessed for eligibility

56 Excluded
29 Had comorbidities?
18 Did not provide consent
7 Allergic to any medication
2 Had been to high-risk areas

" 224 Randomized

‘ 112 Randomized to the 0- and 14-d program ‘ ‘ 112 Randomized to the 0- and 21-d program ‘

84 Randomized to medium-dose 28 Randomized to the aluminum 84 Randomized to the medium-dose 28 Randomized to aluminum
vaccine group hydroxide group vaccine group hydroxide group
84 Included in the safety analysis set 28 Included in the safety analysis set 84 Included in the safety analysis set 28 Included in the safety analysis set
42 Included in the immunogenicity 14 Included in the immunogenicity 42 Included in the immunogenicity 14 Included in the immunogenicity
analysis set analysis set analysis set analysis set
2 Laboratory tests included routine blood tests, liver enzymes, total bilirubin, disease, congenital malformation, mental illness, nervous system diseases,
creatinine, urea nitrogen, urine protein, urine sugar, and urinary occult blood. uncontrolled hypertension and diabetes, severe malnutrition, fever within 14
Details of the list and definition of abnormal values are provided in the days, and other diseases that could affect participation and compliance in the
protocol in Supplement 1. trial as judged by the investigators.
bThe comorbidities in the exclusion criteria included cardiovascular disease,  The low, medium, and high doses represent 2.5, 5, and 10 pg/dose,
cancer, respiratory disease, autoimmune disease, tuberculosis, severe liver respectively.

was adsorbed to 0.5-mg alum and packed into prefilled sy- phases. Any other unsolicited symptoms were also recorded
ringes in 0.5-mL sterile phosphate-buffered saline without pre-  duringa 28-day follow-up period after each injection, and were
servative. The placebo group contained only sterile phosphate-  considered as the secondary safety outcome. In the phase 1
buffered saline and alum adjuvant. All the vaccines and trial, laboratory safety tests (including routine blood tests, liver
placebos were approved by the National Institutes forFoodand  enzymes, total bilirubin, creatinine, urea nitrogen, urine pro-

Drug Control of China. tein, urine sugar, and urinary occult blood) were performed
before and 4 days after each injection to assess any toxic ef-
Outcomes fects after vaccination. Blood lymphocyte subset distribu-

The participants were asked to record any injection site- tion (eg, CD3*CD4" and CD3*CD8" T cells; natural killer cells;
specificadverse reactions (eg, pain, redness, and swelling)and  and B cells) and key cytokines (eg, tumor necrosis factor, IFN-y,
systemic adverse reactions (eg, fever, headache, and fatigue)  IL-2, IL-4, IL-5, and IL-6) were measured via flow cytometry
on diary cards within 7 days of each injection, which were  before and 14 days after each injection. The schedule of bio-
summed and considered as the primary safety outcomeinboth  specimen sample collections and related tests are shown in
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eFigure 1in Supplement 3. The hematologic and biochemical
markers were considered secondary safety measures in the
phase 1 trial, and detailed methods for the laboratory mea-
sures are described in the eMethods in Supplement 3. The grad-
ing criteria of adverse reactions or events and the relation-
ship with receiving injections were decided by the investigators
before unblinding according to the standard guidelines is-
sued by the National Medical Products Administration of China,
and details are shown in eTable 1 in Supplement 3.

The primary humoral immunogenicity outcomes
included the neutralizing antibody titers and the specific
IgG-binding antibody titers. In the phase 1 trial, blood
samples were collected before and at days 4 and 14 after
each injection, as well as day 21 after the first dose. In the
phase 2 trial, blood samples were collected before the first
dose among all participants and at day 14 after the second
dose among half of the participants whose randomization
numbers were in the first half of the group list, which was
considered as the immunogenicity subset in the analysis.
The neutralization capacity induced by vaccine against live
SARS-CoV-2 (BetaCoV/Wuhan/AMMSO01/2020 activated) was
analyzed in triplicate by plaque reduction neutralization
test (PRNT), and the PRNTs, values were reported as a mea-
sure to determine the extent to which serum can be diluted
and still reduce SARS-CoV-2 plaque formation by 50%. The
total specific IgG antibody responses were measured with
an in-house-developed enzyme-linked immunosorbent
assay kit, which used the inactivated whole SARS-CoV-2 as
coating antigen. Details of the immunogenicity assays have
been previously reported!? and are provided in the
eMethods in Supplement 3. The lower limit of detection was
5 for the neutralizing antibody test and 10 for the specific
IgG antibody test, and those below the detection limit (eg,
all baseline values) were assigned to 5 or 10, respectively, for
further analysis. Seroconversion rate, as a secondary immu-
nogenicity outcome, was defined as at least a 4-fold
increase of antibody titers over baseline, thus the threshold
was 20 for the neutralizing antibody titers and 40 for the
specific IgG antibody titers.

Statistical Analysis

The statistical analysis plan is included in Supplement 2. The
sample size was not determined based on the statistical power
calculation; however, a minimum sample size of 20 to 30 par-
ticipants was recommended for the phase 1 vaccine trial by the
National Medical Products Administration of China. Both
phases were designed at the same time, thus the sample size
in the phase 2 trial was not calculated based on results from
the phase 1 trial, but determined based on expert opinion of
previous research experiences to be at least 3-fold that of the
phase 1 trial.

The safety analysis was performed on data from all par-
ticipants who received at least 1 dose. The number and pro-
portion of participants with adverse reactions or events and
the detailed safety profiles were compared across groups. The
immunogenicity analysis was performed on data from the full
analysis set of participants who received at least 1 dose and had
results of any blood biomarker measurements before or after
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injections, and missing values were planned to be imputed by
the last observation carried forward method; however, there
were no missing data. The x? test or Fisher exact test (when
data were sparse) was used to analyze categorical data, and the
t test or the Mann-Whitney U test (for nonnormally distrib-
uted data) was used to analyze log-transformed antibody ti-
ters between vaccine and alum-only groups. Differences across
groups at different time points were analyzed by analysis of
variance. Analyses were conducted using SPSS software, ver-
sion 25.0 (IBM SPSS Inc). Hypothesis testing was 2-sided with
an a value of .05. Because of the potential type I error due to
multiple comparisons, findings for analyses of secondary end
points should be interpreted as exploratory.

To accelerate the vaccine development procedure and pro-
vide evidence for the phase 3 trial, an interim analysis was
added to the protocol on June 14, 2020, to partially unblind
some groups while the trial was ongoing. The groups that were
unblinded in the current analysis were chosen for 2 major rea-
sons. First, data were available for up to 14 days after 2 injec-
tions in those groups in both phases. Second, those groups had
results for 3 different doses (low, medium, and high doses) and
3injection procedures (2 injections on days O and 14, on days
0 and 21, or on days O and 28), which provided evidence for
the design of the next phase. The data and safety monitoring
board reviewed the data and results on June 16, 2020, and rec-
ommended that the preliminary analysis report be provided
to the principal investigator and sponsor. The summary-level
results of safety and humoral immunogenicity for these groups
were released to the public; however, the individual data were
not made public. The field investigators and participants re-
mained blinded and the planned assessments were contin-
ued as specified in the protocol. On July 27, 2020, the results
were further updated for the phase 1 trial with data available
up to 28 days for safety assessment and 14 days for humoral
immunogenicity assessment after the third injection. Data of
extended follow-up visits (days 28, 90, 180, and 360 after the
whole-course vaccination in both phases) were not yet avail-
able and are not reported in the current analysis. The other
groups in the phase 2 trial (low-, medium-, and high-dose
groups with 3 injections [days O, 28, and 56; n = 80 in each
group], amedium-dose group with 2 injections [days O and 28;
n = 112], and a l-injection group with the high dose [n = 112])
remain blinded as specified in the protocol, and results from
those groups are not yet available.

. |
Results

Study Participants

Between April 12 and May 2, 2020, a total of 481 volunteers
were screened, and 96 were included in the phase 1 trial and
224 in the phase 2 trial (Figure 1). All participants completed
immunizations and scheduled visits within the prescribed
time. The baseline characteristics of the participants are
shown in Table 1. The mean (SD) age was 41.2 (9.6) years and
43.5 (9.1) years in the phase 1 and 2 trials, respectively; there
were 58 women (60.4%) in phase 1 and 142 women (63.4%)
in phase 2.

jama.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ by Manuja Karunaratne on 05/27/2021


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.15543?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.15543
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.15543?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.15543
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.15543?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.15543
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.15543?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.15543
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2020.15543?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.15543
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2020.15543

Adverse Reactions and Antibody Responses to an Inactivated SARS-CoV-2 Vaccine—Interim Trial Analyses

Preliminary Communication Research

Table 1. Baseline Characteristics of the Study Participants®

No. (%)

Phase 1 clinical trial;
0, 28, and 56-d group

Phase 2 clinical trial
0 and 14-d Group

0 and 21-d Group

Characteristic Low dose  Medium dose High dose  Alum only Medium dose ~ Alum only Medium dose ~ Alum only

No. of participants 24 24 24 24 84 28 84 28

Age, mean (SD), y 36.0(8.5) 43.5(8.9) ?13615) 42.4(8.7) 43.8(8.8) 45.9(8.7) 41.4(9.3) 46.2 (8.9)

Age groups, y
18-29 6(25.0) 1(4.2) 5(20.8) 3(12.5) 5(6.0) 2(7.1) 13 (15.5) 1(3.6)
30-44 13(54.2) 9(37.5) 7(29.2) 12 (50.0) 36 (42.9) 8(28.6) 35 (41.7) 11(39.3)
45-59 5(20.8) 14 (58.3) 12 (50.0) 9(37.5) 43(51.2) 18 (64.3) 36 (42.9) 16 (57.1)

Sex
Women 13(54.2) 13(54.2) 13(54.2) 19(79.2) 52(61.9) 19 (67.9) 52(61.9) 19(67.9)
Men 11(45.8) 11 (45.8) 11(45.8) 5(20.8) 32(38.1) 9(32.1) 32 (38.1) 9(32.1)

Abbreviation: alum, aluminum hydroxide.
@ The low, medium, and high doses represent 2.5, 5, and 10 pg/dose, respectively.
Table 2. Adverse Reactions After 3 Doses in the Phase 1Trial and 2 Doses in the Phase 2 Trial in the Safety Set®
Phase 1 clinical trial; Phase 2 clinical trial
0, 28, and 56-d group 0 and 14-d Group 0and 21-d Group
Low dose Medium dose  High dose  Alum only Medium dose ~ Alum only Medium dose ~ Alum only

Adverse reaction (n=24) (n=24) (n=24) (n=24) (n=84) (n=28) (n=284) (n=28)

0-7d

Total_adverse 5(20.8) 4(16.7) 6 (25.0) 3(12.5) 5(6.0) 4(14.3) 16 (19.0) 5(17.9)

reactions

Systemic reactions 0 3(12.5) 1(4.2) 1(4.2) 4(4.8) 2(7.1) 4(4.8) 2(7.1)
Coughing 0 0 0 0 1(1.2) 0 0 0
Diarrhea 0 0 0 0 0 0 1(1.2) 0
Fatigue 0 1(4.2) 0 0 1(1.2) 0 0 0
Fever 0 1(4.2) 1(4.2) 0 4(4.8) 1(3.6) 2(2.4) 1(3.6)
Headache 0 0 0 0 1(1.2) 1(3.6) 0 1(3.6)
Naus:e_a and 0 1(4.2) 0 1(4.2) 0 0 1(1.2) 1(3.6)
vomiting
Pruritus 0 0 0 0 0 0 0 1(3.6)
(noninoculated
site)

Local reactions 5(20.8) 1(4.2) 6(25.0) 2(8.3) 2(2.4) 3(10.7) 13 (15.5) 4(14.3)
Itching 0 0 0 0 0 0 1(1.2) 1(3.6)
Pain 5(20.8) 1(4.2) 6(25.0) 2(8.3) 2(2.4) 3(10.7) 12 (14.3) 4(14.3)
Redness 0 0 1(4.2) 0 0 0 0 1(3.6)
Swelling 1(4.2) 0 1(4.2) 0 0 0 1(1.2) 1(3.6)

Other reactions 0 0 0 0 0 0 0 0

0-28d

Total adverse 5(20.8) 4(16.7) 6(25.0) 3(12.5) 5(6.0) 4(14.3) 16 (19.0) 5(17.9)

reactions

Abbreviation: alum, aluminum hydroxide.

2 The safety set included all participants who received at least 1dose.
The low, medium, and high doses represent 2.5, 5, and 10 pg/dose,
respectively. Data are shown as No. of participants with event (%).
A participant was only counted once in the specific reaction category even
though a participant could have more than 1adverse reaction. For example,

a participant who had the same symptom (eg, injection site pain) after each
dose was counted once in the symptom category. Similarly, if a participant had
more than 1symptom in the reaction class (total, systemic, and local), they
were only counted once in that adverse reaction class. Detailed adverse
reactions after each dose are shown in eTable 2 in Supplement 3.

Safety Outcomes

The combined injection site and systemic reaction symp-
toms (according to solicited reports) are shown in Table 2.
Within 7 days after injection, adverse reactions were re-
ported by 48 (15.0%) of 320 participants in the trials. Specifi-
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cally, the number of participants reporting adverse reactions
was 5 (20.8%), 4 (16.7%), 6 (25.0%), and 3 (12.5%) in the low-
dose, medium-dose, high-dose, and alum-only groups, re-
spectively, in the phase 1 trial; and 5 (6.0%), 4 (14.3%),
16 (19.0%) and 5 (17.9%) in the groups who received the
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Table 3. Antibody Responses 14 Days After 3 Doses in the Phase 1Trial and 2 Doses in the Phase 2 Trial®

Phase 1 clinical trial;
0, 28, and 56-d group

Phase 2 clinical trial
0 and 14-d Group

0and 21-d Group

Low dose Medium dose High dose Alum only Medium dose Alum only Medium dose Alum only
(n=24) (n=24) (n=24) (n=24) (n=42) (n=14) (n=42) (n=14)
Neutralizing antibodies to live SARS-CoV-2
Geometric mean titer 316 206 297 5(5-5) 121 5(5-5) 247 5(5-5)
(95% ClI) (218-457) (123-343) (208-424) (95-154) (176-345)
Geometric mean ratio 63.1 41.1 59.4 NA 24.1 NA 49.3 NA
(95% CI)° (43.6-91.5) (24.6-68.7) (41.5-84.9) (19.0-30.7) (35.2-69.0)
Seroconversion rate, % 100.0 95.8 100.0 0 97.6 0 97.6 0
(95% CI)° (60.0-100.0) (56.7-100.0) (60.0-100.0) (67.7-100.0) (67.7-100.0)
Specific IgG-binding antibody responses to whole SARS-CoV-2 antigen
Geometric mean titer 415 349 311 10 (10-10) 74 (56-97) 10(10-10) 215 10 (10-10)
(95%Cl) (288-597) (258-472) (229-422) (157-296)
Geometric mean ratio 41.5 34.9 31.1 NA 7.4 NA 21.5 NA
(95% ClI)° (28.8-59.7) (25.8-47.2) (22.9-42.2) (5.6-9.7) (15.7-29.6)
Seroconversion rate, % 100.0 100.0 100.0 0 85.7 0 100.0 0
(95% CI)° (60.0-100.0) (60.0-100.0) (60.0-100.0) (57.7-100.0) (60.0-100.0)

Abbreviations: alum, aluminum hydroxide; NA, not applicable;
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

2 Immunogenicity population is defined as randomized participants who
received at least 1dose injection with nonmissing immunogenicity data before
or after injections. All participants in the phase 1trial and the first half of the
participants in the phase 2 trial were scheduled for the hormoral
immunogenicity measurement, and there were no missing data. The low,
medium, and high doses represent 2.5, 5, and 10 pg/dose, respectively.

®The geometric mean ratio was calculated as the geometric mean titer at day 14
after the whole-course injection over the geometric mean titer at baseline.
Seroconversion was defined by at least a 4-fold increase in postinjection titer
from baseline. The baseline values were imputed by the lower limit of
detection of the assays, which was 5 for the neutralizing antibody
measurement and 10 for the specific IgG-binding antibody measurement.

medium dose at days O and 14, alum only at days O and 14, the
medium dose at days O and 21, and alum only at days O and
21, respectively, in the phase 2 trial. The most common ad-
verse reaction was injection site pain (14 in phase 1 and 21 in
phase 2), followed by fever (2 in phase 1 and 8 in phase 2). All
adverse reactions were mild (grade 1 or 2), transient, and self-
limiting, and did not require any treatment. No other adverse
reactions were reported between days 8 and 28 after injec-
tion. There were no major differences across 3 injections in
phase 1 or 2 injections in phase 2 (eTable 2 in Supplement 3).
Unsolicited adverse events (regardless of relations with the im-
munization) are shown in eTable 3 in Supplement 3. Four se-
vere adverse events (grade 3) occurred during the follow-up
but all were unrelated to the immunization.

In the phase 1 trial, the laboratory safety tests before and
on day 4 after each injection revealed very few transient ab-
normalities in blood biochemical tests or urinalysis tests with-
out special treatment (eTable 4 in Supplement 3). The blood
lymphocyte subset and cytokine analysis showed no notable
changes over time in different groups or substantial differ-
ences across groups at a certain time point (eFigures 2, 3, 4, 5,
and 6 in Supplement 3).

Immunogenicity Outcomes

None of the participants had any detectable neutralizing an-
tibody response against live SARS-CoV-2 at baseline or in the
alum groups during the follow-up. In the phase 1 trial, the geo-
metric mean titer (GMT) of neutralizing antibody at day 14 af-
ter the third injection was 316 (95% CI, 218-457) in the low-
dose group, 206 (95% CI, 123-343) in the medium-dose group,
and 297 (95% CI, 208-424) in the high-dose group (Table 3).
In the phase 2 trial using the medium dose, the GMT was 121
(95% CI, 95-154) in the group who received injections on days

JAMA September 8,2020 Volume 324, Number 10

0 and 14 and 247 (95% CI, 176-345) in the group who received
injections on days O and 21. Seroconversion was noted in all
participants (100%) receiving vaccines in the low- and high-
dose groups in phase 1, 23 of 24 participants (95.8%) in the me-
dium-dose group in phase 1, and 41 of 42 participants (97.6%)
in the 2 groups in phase 2, but none in the alum-only group.

The GMTs of the specific IgG antibody were 415 (95% CI,
288-597), 349 (95% CI, 258-472), and 311 (95% CI, 229-422) in
thelow-dose, medium-dose, and high-dose groups in the phase
1trial, as well as 74 (95% CI, 56-97) in the medium-dose group
who received injections on days O and 14 and 215 (95% CI, 157-
296) in the group who received injections on days O and 21in
the phase 2 trial (Table 3). Seroconversion was noted in all par-
ticipants (100%) in phase 1 and those who received injections
on days O and 21 in phase 2, while it was 85.7% (36/42) in the
group who received injections on days O and 14 in phase 2 and
none in the alum-only group.

The dynamic changes of the antibody responses in the
phase 1 trial were further examined (Figure 2; eTable 5 in
Supplement 3). Most participants started to generate anti-
body responses after the second injection, and remained at high
levels 14 days after the third injection. The antibody re-
sponses 14 days after the second injection in the phase 2 trial
are also shown in Figure 3, and results in more time points are
currently not available.

|
Discussion

To our knowledge, this is the first report of phase 1 and 2 clini-
cal trials of a whole-virus inactivated COVID-19 vaccine among
healthy adults. The inactivated vaccine was well tolerated in
all dose groups under different injection procedures with no
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Figure 2. Antibody Responses at Different Time Points in the Phase 1 Trial

E Neutralizing antibodies to live SARS-CoV-2 at different time points among different groups

~ 10000+
L>c)> Group
) [JAwmonly [ ]Lowdose [I] Mediumdose [ High dose .
< . P
Ui 1000+ . : —
e .
g u e ] H mal I ﬂ
£ 1004 K o1& A
= ] 5 L
o
2
5
=) 104
£
i ——— ——— — —
s 24 24 24 24 24 24 23 23 242417 21 24 4 3 3 24 3 1 3 24 1
3
= 1
Before 14 d After Before 14 d after Before 14 d After
first dose first dose second dose second dose third dose third dose
Time point
Specific 1gG antibody responses to whole SARS-CoV-2 antigen at different time points among different groups
10000+
3
°
B
o 1000 = = =
+ o -
29
£5 The dots represent individual
2 2 participant values. Boxplots
83z 1009 . show the 25th, 50th (median),
€ 5 .. - - and 75th percentiles. Whiskers
(G-
=X extend to the upper and lower
g 2 104 — —— D D E[ D D adjacent values, the farthest values
g 24 242424 24151715 247 157 241 1 2 24 within 1.5 x the interquartile range
=9
n beyond the 25th and 75th
1 percentiles. The numbers below the
Before 14 d After Before 14.d After Before 14 d After boxes indicate the number of
first dose first dose second dose second dose third dose third dose participants at the lowest measurable

Time point

value. Alum indicates aluminum
hydroxide; SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2.

vaccine-related serious adverse events. The most common ad-
verse reaction was injection site pain, which was mild and self-
limiting. The incidence rate of adverse reactions in the cur-
rent study (15.0% among all participants) was lower compared
with results of other candidate vaccines.>® Although all these
studies reported that the adverse reactions were mostly mild
and moderate in severity and self-limiting, the incidence rates
in the vaccine groups (mostly >60% and in some studies 100%)
were higher compared with the control group. Therefore, the
inactivated vaccine in the current study suggests a relatively
better safety profile compared with vaccines using other plat-
forms. However, these comparisons should be cautiously in-
terpreted given the small sample size in the studies, and that
few serious adverse events occurred.

The neutralizing antibody response was monitored over
14 days after injections in the current preliminary report, and
the results suggested that the inactivated vaccine may effec-
tively induce antibody production. The results in both phases
indicated that a longer interval (21 days and 28 days) between
the first and second injections produced higher antibody re-
sponses compared with a shorter interval schedule (14-day
group). The antibody titers started to increase after the sec-

jama.com

ond injection and further increased after the third injection,
suggesting the need for a booster injection. Nevertheless, the
optimal interval between injections and times of booster in-
jections of the inactivated vaccine remain unclear, and the full
analysis of the trial data with extended follow-up and other
intervention groups is needed.

The observed humoral immune response was likely gen-
erated by the vaccine, not through natural infections, be-
cause the screening procedure (including serological screen-
ing and nucleic acid testing) was conducted to try to ensure
that none of the participants was infected with SARS-CoV-2 be-
fore enrollment. Furthermore, no new COVID-19 cases were
reported at the study area and no participant developed any
symptoms of SARS-CoV-2 infection during the trial.

Convalescent serum samples in a comparison group were
unavailable to provide a benchmark to interpret the magni-
tude of the antibody responses. However, when compared with
published results from other COVID-19 vaccine trials, the neu-
tralizing antibody titers (measured by the PRNT assay in the
current study) were comparable with the levels in other stud-
ies using a similar method, such as the mRNA-1273 vaccine,”
the BNT162b1l RNA vaccine,>® and the ChAdOx1 nCoV-19
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Figure 3. Antibody Responses 14 Days After the Second Dose in the Phase 2 Trial
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Prevaccination is not shown; there were 14 participants in both aluminum
hydroxide (alum)-only groups and 42 in both of the medium-dose vaccine
groups. No measurable antibody responses could be detected at baseline, and
thus, the baseline values were all imputed by the lower limit of detection of the
assays, which was 5 for the neutralizing antibody measurement and 10 for the
specific IgG-binding antibody measurement. The dots represent individual
participant values. Boxplots show the 25th, 50th (median), and 75th

percentiles. Whiskers extend to the upper and lower adjacent values, the
farthest values within 1.5 x the interquartile range beyond the 25th and 75th
percentiles. The numbers below the boxes indicate the number of participants
at the lowest measurable value. Only half of the participants in the phase 2 trial
were scheduled for the hormoral immunogenicity measurement at day 14 after
the second injection. SARS-CoV-2 indicates severe acute respiratory syndrome
coronavirus 2.

vaccine,® and higher than the Ad5-vectored vaccine.>* How-
ever, such direct comparisons should be interpreted cau-
tiously because of different vaccine doses in those trials and
different assay methods. Comparison of the specific IgG anti-
body titers across studies cannot be done because of varied as-
say methods.

Epidemiological studies have reported that neutralizing
antibody titers vary widely in convalescent serum samples
and may be related to several factors (eg, age, sex, disease
severity, and days since infection),'*"'® but none of those
studies used the PRNT method. In addition, some studies
have indicated that the antibody titers may decline over time
in patients recovered from COVID-19,'°-2! particularly in
those who were asymptomatic. A study of 56 patients recov-
ered from SARS found that the neutralizing and IgG antibod-
ies quickly declined after 16 months and continued to decline
further to a very low level or even became undetectable after
3 years.?? Trials of SARS vaccines also suggest that the neu-
tralizing antibody responses may decline over time.?3-24
However, a recent study suggested that patients who had
recovered from SARS (n = 23) still possessed long-lasting
memory T cells reactive to SARS nucleocapsid protein 17
years after infection.?® Thus, it is unclear whether vaccine-
induced antibody levels could persist and, if not, whether the
long-lasting memory T cells could affect susceptibility and
pathogenesis of SARS-CoV-2 infection. The participants in
the current study are scheduled to be followed up to 1 year.
A phase 3 trial has been initiated (Chinese Clinical Trial Regis-
try No. ChiCTR2000034780), which will provide information
on immune persistence and efficacy.

958 JAMA September 8,2020 Volume 324, Number 10

One concern about COVID-19 vaccines is the antibody-
dependent enhancement (ADE) phenomenon that vaccine
could make the subsequent SARS-CoV-2 infection more
severe.?®?” The ADE phenomenon has been reported in stud-
ies of Middle East respiratory syndrome-CoV and SARS-CoV
vaccines in animal challenge models.?%2” However, this was
not observed in the preclinical study in an immunization-
challenge model of rhesus macaques using the same vac-
cines in the current study or in reports from preclinical stud-
ies of other COVID-19 vaccine candidates, including 2 other
inactivated COVID-19 vaccines.'®!-28 Studies have shown that
previous infection of SARS-CoV-2 could protect against re-
challenge in rhesus macaques.?9-3°

Another concern with whole-inactivated virus, particu-
larly with alum adjuvant that can induce T helper 2 cell-
biased responses, was vaccine-associated enhanced respira-
tory disease (VAERD). VAERD was reported in young children
in the 1960s when whole-inactivated virus vaccine with alum
adjuvant was tested for measles and respiratory syncytial
virus.?"32 However, most of the inactivated vaccines against
COVID-19 under development used alum adjuvant,'®" and no
evidence of VAERD has been seen. Instead, alum may reduce
immunopathology compared with unadjuvanted coronavi-
rus vaccines.®* In the current study, notable changes in the lym-
phocyte subset distribution or various cytokines (including
T helper 2 cell-related cytokines IL-4, IL-5, and IL-10) in vari-
ous vaccine groups or alum-only group were not observed.
However, T-cell-mediated immune responses on stimula-
tion were not measured in the current study. Furthermore,
alum is the most widely tested adjuvant component and
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has been commonly used in many types of vaccines on the
market.>* Nevertheless, safety, including the potential possi-
bility of ADE and VAERD, will be closely monitored in the ex-
tended follow-up visits as well as in the phase 3 trial.

Limitations

This study has several limitations. First, the interim analysis
was not prespecified in the original protocol; it was added dur-
ing the study to provide necessary information for the design
of a phase 3 trial. Therefore, results from the unplanned in-
terim analysis should be cautiously interpreted.

Second, the current analysis reported results from only some
groups, and the study was likely underpowered for compari-
sons of adverse events. Therefore, the full analysis of the en-
tire trial population (extended follow-up and other injection

Preliminary Communication Research

schedule groups as specified in the protocol) is needed to pro-
vide a comprehensive profile of the inactivated vaccine in terms
of tolerability, immunogenicity, and immune persistence.

Third, although the inactivated vaccine elicited robust an-
tibody responses, whether it could protect individuals against
COVID-19 remains unknown.

. |
Conclusions

In this interim report of the phase 1 and phase 2 trials of an in-
activated COVID-19 vaccine, patients had a low rate of ad-
verse reactions and demonstrated immunogenicity; the study
is ongoing. Efficacy and longer-term adverse event assess-
ment will require phase 3 trials.
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