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ABSTRACT

Antibody persistence and safety up to 12 months of heterologous orally administered adenovirus type-5 vector-based
COVID-19 vaccine (Ad5-nCoV) in individuals who were primed with two-dose inactivated SARS-CoV-2 vaccine
(CoronaVac) previously, has not been reported yet. This randomized, open-label, single-centre trial included Chinese
adults who have received two-dose CoronaVac randomized to low-dose or high-dose aerosolised Ad5-nCoV group, or
CoronaVac group. In this report, we mainly evaluated the geometric mean titres (GMTs) of neutralizing antibodies
(NAbs) against live wild-type SARS-CoV-2 virus and omicron BA.4/5 pseudovirus at 12 months after the booster dose
and the incidence of serious adverse events (SAEs) till month 12. Of 419 participants, all were included in the safety
analysis and 120 (28.64%) were included in the immunogenicity analysis. Serum NAb GMT against live wild-type
SARS-CoV-2 was 204.36 (95% Cl 152.91, 273.14) in the low-dose group and 171.38 (95% Cl 121.27, 242.19) in the
high-dose group at month 12, significantly higher than the GMT in the CoronaVac group (8.00 [95% Cl 4.22, 15.17],
p <0.0001). Serum NAb GMT against omicron BA.4/5 pseudovirus was 40.97 (95% Cl 30.15, 55.67) in the low-dose
group and 35.08 (95% Cl 26.31, 46.77) in the high-dose group at month 12, whereas the GMT in the CoronaVac
group was below the lower limit of detection. No vaccine-related SAEs were observed. Orally administered
aerosolised Ad5-nCoV following two-dose CoronaVac priming has a good safety profile and is persistently more
immunogenic than three-dose CoronaVac within 12 months after the booster dose.
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Introduction The emergence and rapid spread of SARS-CoV-2

The Coronavirus Disease 2019 (COVID-19) pandemic
caused by severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) is profoundly affecting life
around the world. Globally, as of 25 October 2022,
there have been more than 0.6 billion confirmed
cases of COVID-19, including nearly 6.5 million
deaths, and the number of cases continues to rise.
Safe and effective vaccination strategies are urgently
needed to control the COVID-19 pandemic [1]. As
of 19 October 2022, 11 vaccines have been granted
emergency use by WHO, all of which were adminis-
tered intramuscularly [2].

variants of concern and waning immunity over time
are challenging the effectiveness of vaccines [3,4]. In
view of this emerging evidence, the WHO recommends
that homologous (same vaccine platform) or heter-
ologous (different vaccine platform) booster (third)
doses should be offered 4-6 months after completion
of the primary vaccination series, especially for inacti-
vated vaccines [5]. Previous studies supported a heter-
ologous booster regimen following the completion of
two-dose CoronaVac (the Sinovac inactivated whole-
virion SARS-CoV-2 vaccine) [6-10]. However, these
reports were limited to 28 days or 3 months after the
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booster dose. The long-term immunity of heterologous
prime-boost regimens is currently unknown.

In our previously reported study [11], a heter-
ologous booster vaccine with an orally administered
aerosolised Ad5-nCoV (by CanSino Biologics,
China) induced substantial serum neutralizing anti-
body (NAb) titres against SARS-CoV-2, which were
6.7-fold and 10.7-fold stronger than a homologous
CoronaVac booster at day 14 and day 28 after the
booster dose, respectively. Participants who inhaled
0.1 and 0.2 mL of aerosolized Ad5-nCoV had NAb
GMT peaks of 6054.1 and 4221.3 IU/mL against live
SARS-CoV-2 virus, respectively, at day 28 after the
booster vaccination, which was higher than three
doses of BNT162b2 (955.7 IU/mL) using the WHO
international standard. In addition, a heterologous boos-
ter vaccine with an orally administered aerosolised Ad5-
nCoV was safe and had lower adverse reactions than a
homologous boost with CoronaVac in adults who have
previously received two-dose CoronaVac. However,
antibody persistence and long-term safety of this vacci-
nation regimen are not been reported yet. Here, we
updated the serological and safety data to 12 months fol-
lowing the boost dose in this trial.

Methods
Study design and samples

We did a randomized, open-label, single-centre trial
on the safety and immunogenicity of heterologous
boost immunization with an orally administered aero-
solised Ad5-nCoV after two-dose priming with an
inactivated SARS-CoV-2 vaccine in Chinese adults
aged 18 years and older (ClinicalTrials.gov number:
NCT05043259), which has been reported previously
[11]. Briefly, 419 healthy participants without the
history of SARS-CoV-2 infection who had received
two-dose CoronaVac as primary immunization were
randomly assigned (1:1:1) to one of three groups:
140 participants received a heterologous booster
immunization with aerosolised Ad5-nCoV at 0.1 mL
in the low-dose group, 139 received a heterologous
booster immunization with aerosolised Ad5-nCoV at
0.2 mL in the high-dose group, and 140 received a
homologous intramuscular booster immunization at
0.5 mL in the CoronaVac group. The trial protocol
was approved by the Research Ethics Committee of
Jiangsu Provincial Center for Disease Control and
Prevention (JSVCT127) and was conducted following
the principles of the Declaration of Helsinki, ICH
Good Clinical Practice guidelines and local guidelines.
Written informed consent was obtained from all par-
ticipants. We have previously reported the safety and
immunogenicity within 28 days post-boost [11]. In
this report, the incidence of serious adverse events
(SAEs) till the 12 months after the booster dose was

considered as the safety endpoint. While the NAb
GMTs against live wild-type SARS-CoV-2 virus and
wild-type SARS-CoV-2 RBD-specific IgG antibody
responses at months 3, 6 and 12 after the booster
dose were evaluated as immunogenicity endpoints.
Moreover, we revealed the NAb responses against
live omicron BA.l subvariant at months 3 and 6,
and NADb responses against omicron BA.4/5 pseudo-
virus at months 3, 6 and 12 in each of the three treat-
ment groups as post-hoc analyses. We also reported
the pregnancy events that occurred 12 months after
booster vaccination.

Serologic assays

Serum samples were collected from 120 participants
(first 40 participants in each group [11]) in the sub-
cohort for antibody persistency analysis. NAb titres
against live wild-type SARS-CoV-2 and omicron
BA.1 subvariant were determined by using a cyto-
pathic effect-based microneutralization assay with a
wildtype SARS-CoV-2 virus isolate BetaCoV/
Jiangsu/JS02/2020 (GISAID EPI_ISL_411952) and an
omicron (B.1.1.529) variant isolate hCoV-19/Jiangsu/
JS01/2022 (GISAID EPI_ISL_12511653) (BA.1) in
VeroE6 cells (National Collection of Authenticated
Cell Cultures, National Academy of Science, China).
The serum dilution for microneutralization assay
was 1:8-1:8192 and then mixed with the equal volume
of virus solution to reach a 50% tissue culture infec-
tious dose of 100 per well. The reported titres were
the reciprocal of the highest sample dilution observed
by an inverted microscope protecting at least 50% of
the cells from cytopathy. The seropositivity for NAbs
was defined as titre >1:8. We used the WHO
International Standard (NIBSC code 20/136) as the
reference for the cytopathic effect-based microneutra-
lization assays. We also measured the NAb titres
against omicron BA.4/5 subvariant induced by vacci-
nation using pseudovirus neutralization tests (an HIV
pseudovirus system expressing the spike glycoprotein)
with a detectable NADb titre >1:30 [12]. We used the
commercial Anti-SARS-CoV-2 RBD-IgG ELISA kit
(Vazyme Medical Technology, Nanjing, China) to
measure wild-type SARS-CoV-2 RBD-specific IgG
responses (RU/mL) with a cutoff titre of 1:10 [11].

Statistical analysis

The sample size calculation was based on the hypoth-
esis that a booster vaccination with aerosolised Ad5-
nCoV following two doses of CoronaVac could elicit
a non-inferior or superior serum NAbs response at
14 days after the booster dose compared with a third
dose of CoronaVac does, which has been reported pre-
viously [11]. Serum NAbs titres against the wild-type
SARS-CoV-2 virus and omicron (B.1.1.529) variant



at day 28, month 3, month 6 and month 12 were
measured in a subgroup of the first 40 participants
out of 140 participants in each group. The serum
NAbs and RBD-specific IgG antibodies GMTs were
calculated with the two-sided 95% confidence intervals
(CIs) on the basis of the t-distribution of the log-trans-
formed titres and were then back-transformed to the
original scale. Geometric mean fold increases (GMFIs)
of NAbs and RBD-specific binding antibodies and
GMT ratios of the heterologous boost group versus the
homologous boost group were also calculated. Data
below the detection limit were assigned a value half of
that limit and data above the highest detection limit
were assigned a value of the threshold. y” test and Fish-
er’s exact test were used to analyse categorical data when
appropriate. Analysis of variance was used to analyse the
log-transformed antibody titres and the Wilcoxon rank-
sum test was used for non-normal distributed data. SAS
(version 9.4) and GraphPad Prism (version 8.0.1) were
used for statistical analyses.

Results

Trial profile and demographic characteristics of
the participants

Of the 419 participants, 418 (99.76%) completed the
12-month follow-up, and all (100.00%) were involved
in the safety analysis cohort. In the sub-cohort of anti-
body persistence analysis, 120 (100.00%) participants
donated blood samples on day 28 after the booster
dose, and 118 (98.33%), 114 (95.00%), and 91
(75.83%) participants contributed blood samples at
months 3, 6, and 12, respectively (Figure 1). In both
cohorts, the median time interval between the second
prime dose of CoronaVac and the booster was 5.00
(IQR 5.00, 5.00) months. Demographic characteristics
of the participants were comparable across the groups
in both cohorts (Table S1).

NAbs against live wild-type SARS-CoV-2

Participants in the low-dose and high-dose aeroso-
lised Ad5-nCoV groups showed NAb GMTs against
live wild-type SARS-CoV-2 of 1910.54 (95% CI
1391.98, 2622.28), 1635.03 (95% CI 1112.16,
2403.73) at day 28, 530.06 (95% CI 412.49, 681.12),
457.57 (95% CI 349.40, 599.22) at month 3, 312.88
(95% CI 237.71, 411.82), 251.12 (95% CI 178.16,
353.96) at month 6, and 204.36 (95% CI 152.91,
273.14), 171.38 (95% CI 121.27, 242.19) at month
12, which were significantly higher than those of
the CoronaVac group, with GMT ratios of 25.97
and 22.42 folds at month 3, 29.94 and 24.04 folds
at month 6, 25.58 and 21.41 folds at month 12,
respectively (p <0.0001) (Figure 2 and Table S2).
No significant difference of the NAb GMTs against
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live wild-type SARS-CoV-2 was found between the
low-dose and high-dose aerosolised Ad5-nCoV
groups at either month 3 (p=0.4206), month 6 (p
=0.3112) or month 12 (p =0.4305). However, com-
pared with the peaking levels of NAb GMTs on
day 28 after the booster dose, the NAb GMTs
against live wild-type SARS-CoV-2 decreased by
72.26% and 72.01% at month 3, 83.62% and
84.64% at month 6, 89.30% and 89.52% in month
12 in the low-dose and high-dose aerosolised Ad5-
nCoV groups, respectively. Similarly, in the Corona-
Vac group, the NAb GMTs decreased by 70.78% at
month 3, 85.04% month 6, and 88.54% at month 12.

The low-dose and high-dose aerosolised Ad5-
nCoV groups had substantially higher GMFIs from
the baseline Nab GMTSs before the boosting than
did the CoronaVac group at month 3 (139.58 [95%
CI 100.75, 193.40] and 110.18 [95% CI 76.73,
158.23] vs. 5.56 [95% CI 3.63, 8.51]), month 6
(84.14 [95% CI 58.17, 121.70], 60.41 [95% CI
39.95, 91.33] vs. 2.80 [95% CI 1.96, 4.00]) and
month 12 (47.67 [95% CI 33.44, 67.96], 39.83 [95%
CI 26.33, 60.26] vs. 1.80 [95% CI 1.02, 3.16])
(Table S2). In addition, all participants (100%) in
the low-dose and high-dose groups were serum ser-
opositive for NAb GMTs against live wild-type
SARS-CoV-2 at all pre-specified time points till
month 12, while 85.00% (34/40), 66.67% (26/39)
and 61.54% (8/13) of the participants in the Corona-
Vac group had seropositivity at month 3, month 6
and month 12, respectively (Table S2).

NAbs against live omicron BA.1 subvariant

The NAb GMTs against live omicron BA.1 of the low-
dose and the high-dose aerosolised Ad5-nCoV groups
were 51.98 (95% CI 37.23, 72.58) and 23.07 (95% CI
15.68, 33.95) at day 28, 27.86 (95% CI 18.81, 41.26)
and 23.27 (95% CI 16.24, 33.35) at month 3, 16.00
(95% CI 10.88, 23.53) and 11.99 (95% CI 8.55, 16.81)
at month 6, respectively. In the low-dose aerosolised
Ad5-nCoV group, the NAb GMT against live omicron
BA.1 declined by 46.60% and 69.22% at 3 and 6
months, respectively, compared with the peaking
levels at day 28. While, in the high-dose aerosolised
Ad5-nCoV group, the NAb GMT increased by
0.87% (23.27 [95% CI 16.24, 33.35]) at month 3 and
decreased by 48.03% (11.99 [95% CI 8.55, 16.81]) at
month 6, compared with those at day 28 (Figure 2).
In contrast, in the CoronaVac group, nearly all partici-
pants showed no detectable NAbs against omicron
BA.1 at any time point (Figure 2 and Table S3). At
day 28, the low-dose aerosolised Ad5-nCoV group
demonstrated a higher NAbs against omicron BA.1
than did the high-dose group (p =0.0018). However,
no significant difference between the two aerosolised
Ad5-nCoV groups at either month 3 (p =0.4983) or
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419 volunteers received a booster dose
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Figure 1. Study profile. Ad5-nCoV = orally administered aerosolised adenovirus type-5 vector-based COVID-19 vaccine carrying
full-length SARS-CoV-2 spike gene. CoronaVac = intramuscularly administered inactivated whole-virion SARS-CoV-2 vaccine.

month 6 (p =0.2593). In terms of the seropositivity for
NADs against omicron BA.1, no significant differences
were noted between the two aerosolised Ad5-nCoV
groups at either day 28 (p=0.7015), month 3 (p=
0.7385), or month 6 (p =0.8874).

NAbs against omicron BA.4/5 subvariant
pseudovirus

The GMTs of NAb against omicron BA.4/5 pseudo-
virus in the low-dose and high-dose aerosolised
Ad5-nCoV groups were 149.58 (95% CI 101.03,
221.45) and 158.52 (95% CI 111.36, 225.66) at day
28, 117.47 (95% CI 83.65, 164.96) and 112.53 (95%
CI 83.77, 151.16) at month 3, 65.50 (95% CI 48.31,

88.81) and 56.80 (95% CI 41.65, 77.46) at month 6,
40.97 (95% CI 30.15, 55.67) and 35.08 (95% CI
26.31, 46.77) at month 12, respectively. Compared
with 28 days, in the low-dose and high-dose aeroso-
lised Ad5-nCoV groups, the GMTs of NAb against
omicron BA.4/5 pseudovirus decayed by 21.47% and
29.01% at month 3, 56.21% and 64.17% at month 6,
72.61% and 77.87% at month 12, respectively. In the
CoronaVac group, GMTs of NAb against omicron
BA.4/5 pseudovirus were below the lower limit of detec-
tion at all the time points (Table 1 and Figure 3). Signifi-
cantly higher seropositivity of the participants was noted
in the low-dose and high-dose aerosolised Ad5-nCoV
groups as compared with that in the CoronaVac group
from month 3 to month 12 (Table 1).
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Figure 2. NAbs against live wild-type SARS-CoV-2 and omicron BA.1 subvariant after a booster vaccination. Horizontal bars show
GMTs and error bars show 95% confidence intervals. Data (folds) above the bars are the NAb GMT ratios of the homologous boost
group to the heterologous boost group. Long lines connecting the GMTs of adjacent groups indicate trends in NAbs over days
after a booster vaccination. Data (%) above the bars show the percent reduction in GMTs of NAb titres at day 90, day 180 and day
360 post-boost compared to day 28. All horizontal dotted lines denote the cutoff levels for positivity (1:8) or the levels of WHO
international standard (NIBSC code 20/136). Data below the cutoff level were assigned half the limit. GMT = geometric mean titre

in serum. NAb = neutralizing antibody.

Wild-type SARS-CoV-2 RBD-specific IgG
antibodies

The GMTs of wild-type SARS-CoV-2 RBD-specific
IgG antibodies in the low-dose and high-dose aeroso-
lised Ad5-nCoV groups were 5210.84 (95% CI
3797.85, 7149.54), 5743.39 (95% CI 4059.90,
8124.94) at day 28, 3646.17 (95% CI 2706.95,
4911.28), 3328.55 (95% CI 2429.74, 4559.84) at
month 3, 2711.25 (95% CI 2040.90, 3601.79),
2218.17 (95% CI 1621.50, 3034.39) at month 6,
1806.39 (95% CI 1363.49, 2393.14), 1452.29 (95% CI
1062.17, 1985.69) at month 12. Compared with the
peaking RBD-specific IgG at day 28 after the booster
dose, the GMTs of RBD-specific IgG antibodies in
the low-dose and high-dose aerosolised Ad5-nCoV
groups decreased by 30.30% and 42.05% at month 3,
47.97% and 61.38% at month 6, 65.33% and 74.71%
at month 12, respectively. Likewise, in the CoronaVac
group, the NAb GMTs decreased by 52.80%, 74.59%
and 75.25%, respectively, at the same time points.
However, the GMTs of the low-dose and high-dose

aerosolised Ad5-nCoV groups were 26.25 and 23.98
folds higher at month 3, 36.23 and 29.67 folds higher
at month 6, 24.81 and 19.96 folds higher at month 12,
as compared with those of the CoronaVac group
respectively (p <0.0001) (Figure 4 and Table S4).
There was no significant difference in RBD-specific
IgG between the two aerosolised Ad5-nCoV groups
at either month 3 (p =0.6712), month 6 (p =0.3386)
or month 12 (p =0.2960).

GMFIs of the low-dose and high-dose aerosolised
Ad5-nCoV groups were significantly higher compared
with that of the CoronaVac group throughout the time
points till month 12 (Table S4).

SAEs and pregnancy events

A total of four (0.95%) participants reported SAEs
from day 28 till month 12. All of the participants
with SAEs were resolved within 5 days after the hospi-
talization. All the four SAEs were determined to be
unrelated to vaccination (Table S5). In addition, five
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Table 1. GMT, seropositivity rate, and GMT ratio of neutralizing antibodies to omicron BA.4/5 subvariant pseudovirus after a

booster vaccination.

Low-dose group (n = 40) p Value* High-dose group (n = 40) p Value** CoronaVac group (n = 40) p Value***
Day 28
GMT 149.58 (101.03, 221.45) <0.0001 158.52 (111.36, 225.66) <0.0001 23.75 (19.41, 29.05) 0.8247
Seropositivity 92.50 (79.61, 98.43) <0.0001 94.87 (82.68, 99.37) <0.0001 40.00 (24.86, 56.67) 1.0000
GMT ratio 6.30 (4.60, 9.98) - 6.68 (4.87, 10.60) - ref -
Month 3
GMT 117.47 (83.65, 164.96) <0.0001 112.53 (83.77, 151.16) <0.0001 23.13 (17.05, 31.38) 0.8478
Seropositivity 90.00 (76.34, 97.21) <0.0001 97.37 (86.19, 99.93) <0.0001 30.00 (16.56, 46.53) 0.1842
GMT ratio 5.08 (3.72, 8.00) - 4.86 (3.57, 7.64) - ref -
Month 6
GMT 65.50 (48.31, 88.81) <0.0001 56.80 (41.65, 77.46) <0.0001 16.18 (14.78, 17.70) 0.5084
Seropositivity 84.21 (68.75, 93.98) <0.0001 81.08 (64.84, 92.04) <0.0001 7.69 (1.62, 20.87) 0.7204
GMT ratio 4.05 (2.84, 7.01) - 3.51 (2.49, 5.97) - ref -
Month 12
GMT 40.97 (30.15, 55.67) 0.0038 35.08 (26.31, 46.77) 0.0100 17.79 (13.83, 22.88) 0.4582
Seropositivity 62.50 (45.80, 77.27) 0.0032 55.26 (38.30, 71.38) 0.0126 15.38 (1.92, 45.45) 0.5160
GMT ratio 2.30 (1.71, 3.54) - 1.97 (1.49, 2.93) - ref -

Notes: Data are GMT (95% Cl), seropositivity (%, 95% Cl), GMT ratio (95% Cl). GMT = geometric mean titre. Seropositivity (%): The proportion of participants
whose antibody titres was defined as a detectable neutralizing antibody titre >1:30. Data below the cutoff level were assigned half the limit. *The p
values of this column are the results of comparison between low-dose aerosolised vaccine group and inactivated vaccine group. **The p values of
this column are the results of comparison between high-dose aerosolised vaccine group and inactivated vaccine group. ***The p values of this column
are the results of comparison between low-dose aerosolised vaccine group and high-dose aerosolised vaccine group. GMT ratio = heterologous boost
group/homologous boost group. Measurements on day 28 were taken 28 days after the booster vaccination.

female participants became pregnant during the
follow-up period. No adverse pregnancy outcomes
or fetal abnormalities were observed during the
12-month follow-up after the booster vaccination
(Table S6).

Discussion

The aerosolized Ad5-nCoV is the first aerosolized
COVID-19 vaccine administrated by oral inhalation
authorized for emergency use as a booster dose follow-
ing the primary series of inactivated COVID-19 vac-
cines. The initial study reported previously indicated
that the heterologous aerosolized Ad5-nCoV plus
two-dose CoronaVac was more immunogenic than
three-dose CoronaVac within 28 days post-vacci-
nation in Chinese adults aged 18 years and older
[11]. In this report, we reported the humoral immune
responses in terms of the NAb GMTs against the wild-
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type SARS-CoV-2, the omicron BA.4/5 and the omi-
cron BA.l subvariant at day 28, month 6 and/or
month 12 as the final report of the trial. Our results
showed that after receiving the heterologous boost
with 0.1 or 0.2 mL aerosolized Ad5-CoV, participants
had persistently higher NAb GMTs to both the proto-
type and omicron variants than the peak NAb levels
achieved by day 28 after receiving the homologous
boost with CoronaVac. Moreover, we found no vac-
cine-related long-term safety concerns associated
with aerosolized Ad5-CoV. This is the first study to
show the antibody persistence and the safety data
after heterologous boosting with orally aerosolised
Ad5-nCoV in individuals primed with two-dose Cor-
onaVac previously.

Although the quick waning of NAbs along with
time has been found after the primary or boosting
immunization with all kinds of COVID-19 vaccines,
the decay rates of neutralizing response associated
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Figure 3. Neutralizing antibodies against omicron BA.4/5 pseudovirus after a booster vaccination. Horizontal bars show GMTs and
error bars show 95% confidence intervals. Data (folds) above the bars are the NAb GMT ratios of the homologous boost group to
the heterologous boost group. Long lines connecting the GMTs of adjacent groups indicate trends in neutralizing antibodies over
days after a booster vaccination. Data (%) above the bars show the percent reduction in GMTs of NADb titres at day 90, day 180 and
day 360 post-boost compared to day 28. All horizontal dotted lines denote the cutoff levels for positivity (1:30). Data below the
cutoff level were assigned half the limit. GMT = geometric mean titre in serum. NAb = neutralizing antibody.
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Figure 4. Wild-type SARS-CoV-2 RBD-specific IgG antibodies after a booster vaccination. Horizontal bars show GMTs and error bars
show 95% confidence intervals. Data (folds) above the bars are the NAb GMT ratios of the homologous boost group to the het-
erologous boost group. Long lines connecting the GMTs of adjacent groups indicate trends in RBD-IgG antibodies over days after a
booster vaccination. Data (%) above the bars show the percent reduction in GMTs of RBD-IgG antibody titres at day 90, day 180
and day 360 post-boost compared to day 28. All horizontal dotted lines denote the detectable cutoff titres of 1:10. GMT = geo-
metric mean titre in serum. RBD-IgG = receptor-binding domain (RBD)-specific IgG antibodies.

with different COVID-19 vaccines could be varied
[13,14]. However, in this study, we found that the
decay patterns of the NAD responses after the peaking
following the boosting with aerosolized Ad5-nCoV
within 12 months were similar to that following the
CoronaVac boosting. Furthermore, this decline of
NADb responses was obvious within the first 6 months,
and much slower after that, which is consistent with
that observed in individuals after receiving other vec-
tored based or virus-like particle COVID-19 vaccines
[15].

Since considerable escape of the omicron variants
to NAb induced by the first generation of COVID-
19 vaccine against the prototype strain has been wildly
reported [16], it is necessary to analyse the NAb
responses to both the omicron BA.1 and BA.4/5.
Our results showed that participants receiving a boos-
ter dose of low-dose or high-dose aerosolized Ad5-
nCoV had the seropositivity of 92.5% for NAbs against
omicron BA.1 at day 28, then decreased to 72.2% at
month 6, and 97.4% for NAbs against omicron
BA.4/5 at day 28, then decreased to 55.3% at month
12. While nearly all participants had no detective
NADs against omicron variants at any time points
before or after the homologous boost with CoronaVac.

In this study, our data firstly demonstrated the NAb
responses against omicron variants persisted for at
least 12 months produced by orally administered aero-
solised Ad5-nCoV following two-dose CoronaVac
priming. NAbs have been proven to be highly predic-
tive of SARS-CoV-2 immune protection [17], and vac-
cine efficacy increased as NAD levels increased [18].
Consequently, our study suggested that although the
omicron variant evaded NAb responses elicited by
the homologous CoronaVac boost regimen, the heter-
ologous boost regimen may provide a broad spectrum
of antibodies against both omicron BA.1 and BA.4/5
subvariants, which could be beneficial to fight against

other predominant SARS-CoV-2 variants in the future
and to slow the immune escape of SARS-CoV-2 var-
iants in the face of the selective pressure [19].

Previously, an increased risk of the rare and poten-
tially fatal thrombosis with thrombocytopenia syn-
drome has been found associated with recipients of
the adenovirus viral vector vaccine (ChAdOxl
nCoV-19) [20,21]. Other studies on another adeno-
virus viral vector vaccine for COVID-19 (Sputnik V)
have revealed a rare incidence of 0.1 cases per million
doses associated with the vaccination of Ad5-vectored
COVID-19 vaccine [22]. However, we found no
thrombosis or other vaccine-related SAEs in this
study. Since the sample size of this study is likely to
be too small to identify any rare adverse reactions fol-
lowing the immunization, further surveillance of
adverse reactions associated with the aerosolised
Ad5-nCoV is needed in a large population.

This study had several limitations. Firstly, mucosal
immune responses were not provided because no sal-
iva or mucosal immunity samples were collected per
protocol. Secondly, vaccine efficacy or vaccine effec-
tiveness against SARS-CoV-2 was not presented
because of no widespread COVID-19 outbreak during
the study period. Additionally, the influencing factors
of antibody persistence had not been analysed due to
the small sample size. However, previous studies
found that prior infection and age influence the mag-
nitude and persistence of antibody responses [23-25].
Finally, only a small proportion of participants aged 60
years and older were involved in this trial. The anti-
body persistence of heterologous aerosolized Ad5-
nCoV regimens in 80 years of age or older and other
special populations will be required.

Recently, low-dose aerosolized Ad5-nCoV at
0.1 mL has been authorized for emergency use as a
booster in China and has initiated the deployment of
massive vaccination campaign. Each aerosolized
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Ad5-nCoV vaccination uses only one-fifth intramus-
cular injection dose of the originally licensed Ad5-
nCoV, which is significantly beneficial for addressing
the challenge that limited resource in vaccine distri-
bution in many parts of the world needs to be
addressed to improve global access to the COVID-19
vaccines. In addition, compared to the intramuscular
COVID-19 vaccines, the aerosolized Ad5-nCoV is
supposed to be able to elicit respiratory mucosal
immunity, which could potentially provide additional
protection by eliciting innate and adaptive immunity
in the mucosal tissue [26].

In conclusion, our study demonstrated that heter-
ologous orally aerosolised Ad5-nCoV as a booster fol-
lowing two-dose CoronaVac priming had a good
long-term safety profile and was persistently more
immunogenic than three-dose CoronaVac within 12
months after boosting, providing additional support
for the massive COVID-19 vaccine boosting
campaign.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was supported by the National Science Foun-
dation for Excellent Young Scholars of China [grant number
82222062]; the General Program of the National Natural
Science Foundation of China [grant number 82173584];
Jiangsu Provincial Science Foundation for Distinguished
Young Scholars [grant number BK20220064]; and the Key
Program of Jiangsu Provincial Science and Technology
Plan [grant number BE2021738].

ORCID

Fengcai Zhu © http://orcid.org/0000-0002-1644-0006

References

[1] WHO. WHO coronavirus (COVID-19) dashboard.
[cited 2022 Oct 25]. Available from: https://covid19.
who.int/?topicsurvey=v8kj13)&gclid=EAIalQobCIlh
MxL2d_4Sv-AIVYRLnCh2ZXwaDEAAYASACEgI9y
_D_BwE

[2] WHO. COVID-10 vaccine tracker. [cited 2022 Oct
19]. Available from: https://covid19.trackvaccines.
org/agency/who/

[3] Ong SWX, Chia T, Young BE. SARS-CoV-2 variants
of concern and vaccine escape, from Alpha to
Omicron and beyond. Expert Rev Respir Med.
2022;16(5):499-502.

[4] Dolgin E. COVID vaccine immunity is waning - how
much does that matter? Nature. 2021;597(7878):606—
607.

[5] WHO. Interim recommendations for heterologous
COVID-19 vaccination schedules. [cited 2022 Oct
14]. Available from: https://www.who.int/news/item/

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

16-12-2021-interim-recommendations-for-heterologo
us-covid-19-vaccine-schedules

Wang K, Jia Z, Bao L, et al. Memory B cell repertoire
from triple vaccinees against diverse SARS-CoV-2 var-
iants. Nature. 2022;603(7903):919-925.

Yorsaeng R, Suntronwong N, Phowatthanasathian H,
et al. Immunogenicity of a third dose viral-vectored
COVID-19 vaccine after receiving two-dose inacti-
vated vaccines in healthy adults. Vaccine. 2022;40
(3):524-530.

Cao Y, Hao X, Wang X, et al. Humoral immunogeni-
city and reactogenicity of CoronaVac or ZF2001 boos-
ter after two doses of inactivated vaccine. Cell Res.
2022;32(1):107-109.

Costa Clemens SA, Weckx L, Clemens R, et al.
Heterologous versus homologous COVID-19 booster
vaccination in previous recipients of two doses of
CoronaVac COVID-19 vaccine in Brazil (RHH-001):
a phase 4, non-inferiority, single blind, randomised
study. Lancet. 2022;399(10324):521-529.

Jara A, Undurraga EA, Zubizarreta JR, et al.
Effectiveness of homologous and heterologous booster
doses for an inactivated SARS-CoV-2 vaccine: a large-
scale prospective cohort study. Lancet Glob Health.
2022;10(6):e798-€806.

Li JX, Wu SP, Guo XL, et al. Safety and immunogeni-
city of heterologous boost immunisation with an
orally administered aerosolised Ad5-nCoV after two-
dose priming with an inactivated SARS-CoV-2 vac-
cine in Chinese adults: a randomised, open-label,
single-centre trial. Lancet Respir Med. 2022. DOI:10.
1016/52213-2600(22)00087-X

Nie J, Wu X, Ma J, et al. Development of in vitro and
in vivo rabies virus neutralization assays based on a
high-titer pseudovirus system. Sci Rep. 2017;7:42769.
Barouch DH, Stephenson KE, Sadoff ], et al. Durable
humoral and cellular immune responses 8 months
after Ad26.COV2.S vaccination. N Engl ] Med.
2021;385(10):951-953.

Doria-Rose N, Suthar MS, Makowski M, et al
Antibody persistence through 6 months after the
second dose of mRNA-1273 vaccine for Covid-19. N
Engl ] Med. 2021;384(23):2259-2261.

Gobeil P, Pillet S, Boulay I, et al. Durability and cross-
reactivity of immune responses induced by a plant-
based virus-like particle vaccine for COVID-19. Nat
Commun. 2022;13(1):6905.

Planas D, Saunders N, Maes P, et al. Considerable
escape of SARS-CoV-2 Omicron to antibody neutral-
ization. Nature. 2022;602(7898):671-675.

Khoury DS, Cromer D, Reynaldi A, et al. Neutralizing
antibody levels are highly predictive of immune pro-
tection from symptomatic SARS-CoV-2 infection.
Nat Med. 2021;27(7):1205-1211.

Gilbert PB, Montefiori DC, McDermott AB, et al.
Immune correlates analysis of the mRNA-1273
COVID-19 vaccine efficacy clinical trial. Science.
2022;375(6576):43-50.

Ahmad L. Implication of SARS-CoV-2 immune
escape spike variants on secondary and vaccine break-
through infections. Front Immunol. 2021;12:742167.

Greinacher A, Thiele T, Warkentin TE, et al
Thrombotic thrombocytopenia after ChAdOx1 nCov-
19 vaccination. N Engl ] Med. 2021;384(22):2092-2101.
Cines DB, Bussel JB. SARS-CoV-2 vaccine-induced
immune thrombotic thrombocytopenia. N Engl ]
Med. 2021;384(23):2254-2256.


http://orcid.org/0000-0002-1644-0006
https://covid19.who.int/?topicsurvey=v8kj13
https://covid19.who.int/?topicsurvey=v8kj13
https://covid19.who.int/?topicsurvey=v8kj13
https://covid19.who.int/?topicsurvey=v8kj13
https://covid19.trackvaccines.org/agency/who/
https://covid19.trackvaccines.org/agency/who/
https://www.who.int/news/item/16-12-2021-interim-recommendations-for-heterologous-covid-19-vaccine-schedules
https://www.who.int/news/item/16-12-2021-interim-recommendations-for-heterologous-covid-19-vaccine-schedules
https://www.who.int/news/item/16-12-2021-interim-recommendations-for-heterologous-covid-19-vaccine-schedules
https://doi.org/10.1016/S2213-2600(22)00087-X
https://doi.org/10.1016/S2213-2600(22)00087-X

[22]

(23]

[24]

Herrera-Comoglio R, Lane S. Vaccine-Induced
immune thrombocytopenia and thrombosis after the
Sputnik V vaccine. N Engl ] Med. 2022;387
(15):1431-1432.

Fraley E, LeMaster C, Khanal S, et al. The Impact of
Prior Infection and Age on Antibody Persistence
After Severe Acute Respiratory Syndrome Coronavirus
2 Messenger RNA Vaccine. Clin Infect Dis. 2022;75(1):
€902-e904.

Desmecht S, Tashkeev A, EI Moussaoui M, et al.
Kinetics and persistence of the cellular and humoral

(25]

(26]

Emerging Microbes & Infections . 9

immune responses to BNT162b2 mRNA vaccine in
SARS-CoV-2-naive and -experienced subjects: impact
of booster dose and breakthrough infections. Front
Immunol. 2022;13:863554.

Ferrari D, Di Resta C, Tomaiuolo R, et al. Long-term
antibody persistence and exceptional vaccination
response on previously SARS-CoV-2 infected subjects.
Vaccine. 2021;39(31):4256-4260.

Rubin R. Trying to block SARS-CoV-2 transmission
with intranasal vaccines. JAMA. 2021;326(17):1661-
1663.



	Abstract
	Introduction
	Methods
	Study design and samples
	Serologic assays
	Statistical analysis

	Results
	Trial profile and demographic characteristics of the participants
	NAbs against live wild-type SARS-CoV-2
	NAbs against live omicron BA.1 subvariant
	NAbs against omicron BA.4/5 subvariant pseudovirus
	Wild-type SARS-CoV-2 RBD-specific IgG antibodies
	SAEs and pregnancy events

	Discussion
	Disclosure statement
	ORCID
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


