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ABSTRACT

CoronaVac, also known as the Sinovac inactivated SARS-CoV-2 vaccine, has been widely implemented in
combating the COVID-19 pandemic. We summarized the results of clinical trials and real-world studies of
CoronaVac in this review. The overall efficacy for the prevention of symptomatic COVID-19 (before the
emergence of variants of concern) using two doses of 3 ug CoronaVac was 67.7% (95% Cl, 35.9% to 83.7%).
Effectiveness in preventing hospitalizations, ICU admissions, and deaths was more prominent than that in
preventing COVID-19. A third dose inherited the effectiveness against non-variants of concern and
increased effectiveness against severe COVID-19 outcomes caused by omicron variants compared to
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two doses. Most adverse reactions were mild. Few vaccine-related serious adverse reactions have been
reported. Moreover, three-dose regimen significantly increased the seroconversion levels of neutralizing
antibodies against omicron as compared to two-dose regimen. This review of CoronaVac may provide

a scientific basis for optimizing global immunization strategies.

Introduction

The biggest vaccination campaign in history is underway to
provide acquired immunity against SARS-CoV-2, the virus
that causes COVID-19. Globally, there have been more
than 460 million confirmed cases of COVID-19, including
nearly 6.06 million deaths (up to 18 March 2022) and
counting. More than 10.9 billion vaccine doses have been
administered and more than 5 billion persons vaccinated
with at least one dose as of 17 March 2022." Vaccination is
expected to be the ultimate weapon to end this pandemic.
CoronaVac is an inactivated whole virus, aluminum-
hydroxide-adjuvanted COVID-19 vaccine, created from
African green monkey kidney cells (Vero cells) that have
been inoculated with SARS-CoV-2 (CNO2 strain).>’ The
vaccine was developed by the Chinese company Sinovac
Biotech. The primary vaccination regimen for CoronaVac
is two doses with an interval of 2 to 4 weeks.” Injections
should be made in the deltoid muscle 2-3 finger widths
below the medial lateral process of the acromion. The raw
material and final product for formulating CoronaVac can
be refrigerated and transported at 2-8°C without the need
to be frozen, which is importantly helpful for global
distribution.* On 1 June 2021, WHO validated the vaccine
for emergency use. As of 17 March 2022, over two billion
doses of CoronaVac have been administered in 52 countries
and jurisdictions, most of which are low or middle-income
areas.” Therefore, CoronaVac vaccine has been enormously
important in fighting the COVID-19 pandemic.

Recently, the protection offered by the vaccine has been
questioned. Firstly, the emergence of five SARS-CoV-2 variants
of concern since September 2020 is concerning, particularly
B.1.1.529 (South Africa, Omicron). The emerging variants with
multiple mutations in the spike protein or RBD are capable of
escaping neutralization by vaccine-induced humoral
immunity.® Secondly, virus neutralizing antibody response,
regarded as a proxy for protection from infection in humans
with virus, from the two-dose regimen wanes over time,””® and
the protection provided to the elderly and immunocompro-
mised persons is limited. In October 2021, WHO recom-
mended an additional dose for older adults and
immunocompromised persons who have received two-dose
CoronaVac to ensure sufficient protection.””” Hence, we
reviewed the eflicacy, safety, and immunogenicity of
CoronaVac against SARS-CoV-2 in clinical trials and real-
world studies for providing a basis for the optimization of
global immunization programs.

Efficacy
Efficacy in clinical trials

Vaccine efficacy refers to the proportion of reduction of a disease
among vaccinated persons during a clinical trial.'” There were
three reported phase 3 clinical trials of CoronaVac. One was
conducted at 24 centers in Turkey from September 2020 to
January 2021, and included 10,214 adults aged 18-59 years
(before the emergence of variants of concern). Individuals were

CONTACT lJingxin Li @jingxin42102209@126.c0m @ National Health Commission (NHC) Key Laboratory of Enteric Pathogenic Microbiology, Jiangsu Provincial
Center for Disease Control and Prevention, 172 Jiangsu Rd., Nanjing 210009, China; Fengcai Zhu 8 jszfc@vip.sina.com

*These authors contributed equally to this work.
© 2022 The Author(s). Published with license by Taylor & Francis Group, LLC.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.


http://orcid.org/0000-0002-1644-0006
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/21645515.2022.2096970&domain=pdf&date_stamp=2022-12-04

€2096970-2 L. JIN ET AL.

Table 1. Efficacy of CoronaVac in clinical trials.

Efficac Age Symptomatic COVID-19 Hospitalization Requiring assistance Moderate/severe disease
y ) Y 9

In Turkey'" 18-59 years 83.5(65.4-92.1) 100.0(20.4-100.0) NR NR

In Brazil'2 >18 years 50.7(35.9-62.0) NR 83.7(58.0-93.7) 100.0(56.4-100.0)

In Indonesia'>"* 18-59 years 65.0(20.0-85.0) NR NR NR

Overall — 67.7(35.9-83.7) — — —

Data are efficacies (%) with 95% confidence intervals for the prevention of symptomatic COVID-19 14 days or more after dose 2 before the emergence of variants of

concern. NR=not reported.

randomly assigned to receive two doses of CoronaVac or pla-
cebo (vaccinations were 14 days apatrt).11 Another was con-
ducted at 16 centers in Brazil from July 21 to
16 December 2020 (before the emergence of variants of concern)
and included 12,396 healthcare workers aged 18-59 and 60 years
or older (=14 days apart).12 The third one was conducted in
Indonesia involving 1620 healthy participants aged 18-59 years
(14 days apart) from 11 August 2020 to 21 October 2020 (before
the emergence of variants of concern).'>'*

The efficacies for the prevention of symptomatic COVID-19
14 days or more after the second dose were 83.5% (95% CI,
65.4% to 92.1%) in Turkey,'' 50.7% (95% CI, 35.9%-62.0%) in
Brazil,'? 65% (95% CI, 20% to 85%) in Indonesia.'*'* We
estimated a pooled value using inverse variance-weighted ran-
dom effect models using log-transformed effect size estimates
from each phase 3 trial. The pooled efficacy for the prevention
of symptomatic COVID-19 was 67.7% (95% CI, 35.9% to
83.7%) (Table 1). That is, compared to placebo recipients, two-
dose CoronaVac reduced the risk of COVID-19 by 67.7%.

The eflicacy for the prevention of COVID-19-related hospi-
talization (in Turkey), cases requiring assistance and moderate/
severe cases (in Brazil) was 100.0% (95% CI, 20.4% to
100.0%),"" 83.7% (95% CI, 58.0% to 93.7%) and 100.0% (95%
CI, 56.4% to 100.0%), respectively (Table 1).12 Obviously,
CoronaVac are more effective in preventing severe COVID-
19 outcomes than in preventing infection with SARS-CoV-2.

Effectiveness in the real world

Vaccine effectiveness refers to how well the vaccines work to
protect communities as a whole in the real world, differing
from the efficacy measured in a clinical trial."

Effectiveness against non-variants of concern

In Chile, a prospective national cohort included approximately
10.2 million persons aged 16 years or older from February 2 to
1 May 2021 (lack of representative data for variant types).
CoronaVac was administered using a two-dose schedule (28
days apart). The vaccine effectiveness for the prevention of
COVID-19, hospitalization, ICU admission, and COVID-19-
related death was 65.9% (95%CI, 65.2%-66.6%), 87.5% (95%CI,
86.7%-88.2%), 90.3% (95%CI, 89.1%-91.4%), 86.3% (95%CI,
84.5%-87.9%), respectively, at 14 days or above following
the second dose. These effectiveness were significantly higher
than those after the first dose (Table 2).'> The subgroup results
showed that the effectiveness of two doses in preventing hos-
pitalization and ICU admission was reduced in adults aged
260 years as compared to that in adults aged 16-59 years
(Table 2).**

However, a cross-sectional study in an intensive care unit in
Turkey found discouraging results at least 14 days after
the second dose (no sampling for variant type). ICU and
hospital stay, ICU and hospital mortality were similar between
the vaccinated and unvaccinated groups. But the sample size in
this study was only 90, and the data were from COVID-19
patients over 65 years old."®

Effectiveness against SARS-CoV-2 variants of concern

SARS-CoV-2 variants of concern have increased transmissibil-
ity or detrimental change compared to the original virus. Alpha
variant (B.1.1.7) was estimated to be 1.4- to 1.9- fold more
transmissible  than  the  wild-type =~ SARS-CoV-2."7
A retrospective cohort study was conducted among 4067
healthcare workers in Turkey between March 1 and
31 May 2021 when alpha variant was dominant. The median
follow-up period was 104 days after the second dose. Two-dose
CoronaVac were 39% (95% CI, 20%-64%) effective in prevent-
ing alpha variant infection (Table 2).18

Gamma variant (P.1) first discovered in Manaus in early
2021, showed 1.7- to 2.4-fold more transmissible than the
ancestral virus.'” A matched, test-negative case-control real-
world study was conducted in Brazil from January 17 to
29 April 2021, including 22,177 individuals aged =70 years
across 645 cities using two-dose vaccination (28 days apart).
In the setting with extensive transmission of the gamma var-
iant, when >14 days following the second dose, the adjusted
effectiveness for the prevention of symptomatic COVID-19,
hospitalization and COVID-19-related death was 46.8% (95%
CL, 38.7% to 53.8%), 55.5% (95% CI, 46.5% to 62.9%) and
61.2% (95% CI, 48.9% to 70.5%) respectively (Table 2).*°
Furthermore, a retrospective longitudinal study of more than
25 million CoronaVac vaccinees in Brazil from January 18 to
24 July 2021 (P.1 dominated) showed that vaccine effectiveness
14 days and above after the second dose against hospitalization,
ICU admission, and death were lower in adults 260 years as
compared to that in adults aged <60 years (Table 2).*' In
a descriptive observational study in Colombia from
24 February 2021, to 10 August 2021 among 7856 inhabitants
aged 18 years and above (P.1 circulates), two-dose CoronaVac
was 94.3% to prevent mild cases, and 99.9% effective in pre-
venting moderate, severe forms and deaths. Duration after
the second immunization was not provided in this study.**
However, a test-negative case-control study from
1 October 2020 to 13 April 2021 among 53,153 healthcare
workers in Brazil showed less than 50% effectiveness against
symptomatic gamma infection 14 days or more after receiving
the second dose (vaccine effectiveness: 36.8% [95% CI, —54.9%



Table 2. Effectiveness of CoronaVac in the real world studies.
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Symptomatic

Effectiveness Doses CovID-19 COovID-19 Hospitalization ICU admission ~ COVID-19-related death
Against non-variants of >14 days after dose 1
concern in adults'?' >16 years 17.1(15.5-18.7) NR 429(38.9-46.1)  44.6(38.9-49.9) 42.0(25.6-54.8)
>14 days after dose 2
>16 years 65.9(65.2-66.6) NR 87.5(86.7-88.2) 90.3(89.1-91.4) 86.3(84.5-87.9)
16-59 years 63.5(62.4-64.6) NR 91.9(90.2-92.2) 94.6(92.2-96.3) 85.8(69.6-93.4)
=60 years 66.6(65.4-67.8) NR 85.3(84.3-86.3) 89.2(87.6-90.6) 86.5(84.6-88.1)

At 14 days after dose 3

Unreported age range 70.9(65.0-75.8) 73.6(67.5-78.5) 80.8(72.6-86.5) 85.1(70.4-92.5) NR
Against alpha variants in - Mean 104 days after dose 2
healthcare workers'® Unreported age range 39(20-64) NR NR NR NR
Against gamma in adults >14 days after dose 1
in a longitudinal <60 years 31.9(29.5-34.2) NR 54.3(47.1-60.6) 53.3(37.7-65.0) 56.1(34.3-70.7)
study21 60-69 years 22.0(18.5-25.3) NR 37.5(31.5-43.0) 38.4(28.6-46.9) 40.4(31.1-48.5)
70-79 years 36.8(34.1-39.4) NR 41.9(37.3-46.1) 41.1(33.7-47.7) 44.4(38.1-50.0)
80-89 years 22.9(16.9-28.4) NR 28.9(20.3-36.6) 33.6(19.4-45.4) 30.7(20.1-39.9)
>90 years 17.1(2.9-29.2) NR 17.2(-3.8-33.9) 11.4(-34.7-41.7) 19.1(—6.5-38.5)
>14 days after dose 2
<60 years 50.0(48.4-51.4) NR 82.8(80.0-85.1)  84.1(78.6.0-88.2) 84.8(77.1-89.9)
60-69 years 59.1(57.4-60.8) NR 79.6(77.6-81.4) 80.0(76.7-82.7) 82.9(80.1-85.3)
70-79 years 59.5(58.0-60.9) NR 72.7(70.8-74.4) 73.8(70.9-76.4) 77.5(75.3-79.5)
80-89 years 48.8(45.5-52.0) NR 58.2(53.9-62.1) 58.5(51.2-64.7) 63.5(58.7-67.7)
>90 years 36.5(27.5-44.4) NR 42.4(30.2-52.4) 36.0(8.5-55.3) 48.6(35.0-59.3)
Against gamma variants >14 days after dose 1
in older adults in >70 years NR 12.5(3.7-20.6) 16.9 (5.7-26.8) NR 16.9(5.7-26.8)
a case-control study® >14 days after dose 2
>70 years NR 46.8(38.7-53.8) 55.5 (46.5-62.9) NR 61.2(48.9-70.5)
70-74 years NR 59.0(43.7-70.2) 77.6(62.5-86.7) NR 83.9(59.2-93.7)
75-79 years NR 56.2(43.0-66.3) 66.6(51.8-76.9) NR 78.0(58.8-88.3)
>80 years NR 32.7(17.0-45.5) 38.9(21.4-52.5) NR 44.0(20.3-60.6)
Against gamma variants >14 days after dose 1
in healthcare workers? >18 years NR 49.6(11.3-71.4) NR NR NR
>14 days after dose 2
>18 years NR 36.8 (—54.9-74.2) NR NR NR
Against delta variants in 1-2 months after dose 2
adults® >18 years 74.5(70.6-78.0)* NR NR 56.0(51.2-60.2) 79.2(76.8-81.4)
18-39 years 73.9(68.4-78.5)* NR NR 81.9(75.1-86.8) 88.3(81.1-92.7)
40-59 years 70.5(64.1-75.7) NR NR 71.2(66.1-75.5) 85.5(82.1-88.3)
=260 years 78.6(74.4-82.2) NR NR 46.1(37.1-53.8) 76.3(72.7-79.4)
3-5 months after dose 2
>18 years 30.4(18.8-40.3)* NR NR 28.7(12.2-42.1) 76.2(68.8-81.9)
18-39 years 67.3(60.1-73.3)* NR NR 43.5(-5.1-69.6) 59.5(-11.5-85.3)
40-59 years 32.4(16.7-45.2) NR NR 38.3(10.9-57.2) 82.6(63.6-91.7)
260 years 38.6(68.4-14.1) NR NR 30.3(7.7-47.4) 75.4(66.7-81.9)
Against omicron >14 days after dose 1
variants?® 20-59 years NR NR 2.1(-53.3-37.5  60.9(40.6-74.3)° 65.4(38.6, 79.4)
60-69 years NR NR NR? 55.1(30.9, 70.9)° 70.2(51.3, 81.7)
70-79 years NR NR NR? 33.9(8.1, 52.5)° 48.9(28.1, 63.7)
>80 years NR NR NR? 35.0(8.8, 53.7)° 40.5(14.9, 58.4)
>14 days after dose 2
20-59 years NR NR 17.9(-18.0,42.9)* 91.7(87.8, 94.4)° 94.0(89.6, 96.5)
60-69 years NR NR NR? 82.6(74.2, 88.2)° 87.6(80.9, 91.9)
70-79 years NR NR NR? 80.8(72.8, 86.5)° 84.4(77.5, 89.2)
>80 years NR NR NR? 60.2(43.9, 71.8)° 66.8(51.9, 77.0)
>14 days after dose 3
20-59 years NR NR 423(11.4,624)  98.5(95.2, 99.5)° NR
60-69 years NR NR NR? 98.5(95.3, 99.6)° 98.7(94.4, 99.7)
70-79 years NR NR NR? 96.7(92.3, 98.6)° 97.2(92.3, 99.0)
>80 years NR NR NR? 98.6(94.3, 99.7)° 99.2 (94.3, 99.9)

Data are effectiveness (%) with 95% confidence intervals. Superscript letters a and b indicate the effectiveness against mild/moderate disease, severe/fatal disease,
respectively. * indicates effectiveness in persons with a lower age limit of 15. Variants of concern that were not reported are not listed. NR=not reported.
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to 74.2%]. Even, during the 0-13 days after the first vaccina-
tion, vaccinated healthcare workers were more likely to be
infected than unvaccinated individuals.*

Delta (B.1.617.2) variant demonstrated 60% more transmis-
sible than the alpha variant.>* An observational study involving
9.92 million individuals was conducted in Malaysia from
1 September 2021 to 30 September 2021, during which the
delta variant was predominant. Vaccine effectiveness against
COVID-19 decreased from 74.5% (95% CI, 70.6% to 78.0%) at
1-2 months after the second dose to 30.4% (95% CI, 18.8% to
40.3%) at 3-5months after the second dose in persons aged
>15years. Also, the effectiveness against ICU admission
decreased from 56.0% (95% CI, 51.2% to 60.2%) to 28.7%
(95% CI, 12.2% to 42.1%). Effectiveness against death remained
stable (Table 2).*° Similarly, a test-negative study from
18 January 2021 to 11 November 2021 involving almost
14 million people in Brazil estimated the effectiveness of
CoronaVac over time. The effectiveness of CoronaVac in
adults aged =>18years against COVID-19 (1-2months
after second dose: 51.7% [95% CI, 51.1%-52.4%]; 4-5 months
after second dose: 41.8% [95% CI, 40.8% to 42.8%]; > 6 months
after second dose: 34.7% [95% CI, 33.1% to 36.3%]), hospita-
lization or death (1-2 months: 82.6% [95%CI, 82.1% to 83.2%];
4-5 months: 77.0% [95%CI, 76.1% to 77.8%]; > 6 months:
72.6% [95% CI, 71.0% to 74.2%]) waned over time, particularly
for the elderly.*®

Omicron (B.1.1.529) variant multiplied around 70-fold fas-
ter than the Delta variant in the bronchi.”” An ecological study
on vaccine effectiveness was  conducted from
31 December 2021 to 8 March 2022 during a omicron variant
associated epidemic of COVID-19 in Hong Kong, China and
14,861 persons aged 20-69 years with confirmed SARS-CoV-2
infection were analyzed. The most critical results of this study
were that CoronaVac offered protection against severe/fatal
disease or mortality after infection with omicron, and even
one dose was effective. Of course, two doses offered a higher
level of protection against severe/fatal disease or mortality
compared to one dose.”® These effectiveness of two-dose sche-
dule for the prevention of symptomatic COVID-19, hospitali-
zation, severe/fatal disease and deaths decreased with age
(Table 2).2%%8

Effectiveness after a third dose of CoronaVac

Since evidence has shown that vaccine effectiveness wanes
over time,”® and as SARS-CoV-2 variants emerge,”*>°
a third booster vaccination of CoronaVac was implemen-
ted to optimize immunity. As reported on
25 October 2021 in Chile, a third dose consistently pro-
longed the effectiveness of the second dose in general
population in Chile. Effectiveness for the prevention of
COVID-19, symptomatic COVID-19, hospitalization, and
ICU admissions 14 days after the third dose were 70.89%
(95%CI, 65.02% to 75.78%), 73.58% (95%CI, 67.50% to
78.52%), 80.77% (95%CI, 72.57% to 86.51%) and 85.10%
(95%CI, 70.35% to 92.52%) respectively. The viral strains
circulating at that time were not reported.’’
Encouragingly, in the real world study in Hong Kong
mentioned above, a third dose was not only inherited,

but also improved the effectiveness against omicron of
the second dose, and the effectiveness against severe/fatal
or death was about 98%, whether under 60, over 60, or
even over 80 years old (Table 2).%8

Safety

Total adverse events/reactions

Adverse reactions, also known as side effects, are considered
vaccine-related. An adverse event can be a true adverse reac-
tion or a coincidental event that happened following
vaccination.*® Values of incidence reported in different studies
vary. Incidence of adverse events within 7 days after each dose
in the vaccine group was higher than that in the placebo group
in the phase 3 trials in Turkey (18.9% versus 16.9%, p=.01)
and adverse reactions within 7 days after each injection in
Brazil as well (77.1% versus 66.4%, p < .001).112 However, in
a phase 3 trial in Indonesia, after two-dose immunization,
there was no significant difference in the frequency of mild
adverse events within 28 days after the second dose between
the vaccine and control groups (47.9% versus 42.9%, p
=.317)."” Anyway, most of the adverse reactions were
mild."'""?

A phase 4 trial in Brazil included 910 patients with
autoimmune rheumatic diseases (ARD) and 182 healthy
controls and showed that the total adverse events within
28 days after the first dose and 6 weeks after the second
dose were more frequent in patients than that in the
healthy adults (50.5% versus 40.1%, p=.011)."> A cross-
sectional survey reported that among 22 CoronaVac reci-
pients with autoimmune and inflammatory rheumatic dis-
eases (AIIRD), the incidence of adverse events within 6
months prior to study initiation was 54.5% and the vast
majority were common local reactions or system
response.”* Among cancer patients receiving active systemic
therapy, the cumulative rate of adverse reactions after one
dose and two doses was 19% and 32% respectively, and
both were mild or moderate (grade 1 or 2).%° In addition,
the incidence of adverse reactions within one week follow-
ing the first/second immunization among 1673 medical
workers in China was 15.6%/14.6%° and the incidence of
adverse events in 144 medical interns in Indonesia was
38%/35%.”” No gender differences were observed in the
two surveys. However, Riad et al. surveyed 780 healthcare
workers in Turkey who received either one or two doses of
CoronaVac and found that women had a higher frequency
of adverse reactions than men (67.9% versus 51.4%, p
<.001).>® Moreover, a third booster dose after 6-8 months
of primary immunization also showed a good safety profile.
Adverse reactions did not increase following the third dose
compared with the second dose.””*°

Other adverse events like cutaneous allergic reactions,
reactive arthritis,** subacute thyroiditis,‘ls’46 acute thyroiditis
and bilateral optic neuritis,*’ transient focal neurological def-
icit mimicking stroke,*® and shoulder injury*’ were also
reported. Most, in case reports, wereconsidered self-limiting
or discharged after receiving medical care.

41-43



Injection site pain was the most common adverse reaction/
event (mostly greater than 10%) in clinical trials or real-world
surveys,' ! 713733739737740.41750 Ratigne (mostly greater than 10%)
was the most frequently reported in phase 3 trial in Turkey,"'
cancer patients,”> and healthcare workers.’>*®>® The most
frequent systemic reactions/events in the phase 3 and phase 4
trials in Brazil were myalgia'? and headache,” respectively. In
general, the most reported systemic reaction was fatigue. Most
adverse reactions/events occurred in less than 10% of

CoronaVac recipients (Table 3).

Serious adverse events

Serious adverse events were reported in 11 (0.1%) of the 10,214
participants, including six (0.1%) of 6646 in the vaccine group
and five (0.1%) of 3568 in the placebo, during a median follow-
up period of 43 days after the second dose of CoronaVac in the
interim results of phase 3 trial in Turkey."" In the phase 3 trial
in Brazil, during a median follow-up of two months after
the second dose, 64 (0.5%) of the 12,396 participants reported
serious adverse events, including 33 (0.5%) of 6195 in the
vaccine group and 31 (0.5%) of 6201 in the placebo group.'?
In the phase 3 trial in Indonesia, 9 (0.6%) of the 1620 subjects
reported serious adverse events during a median period of 2.5
months after the second dose.'” Of the three real-world studies
among healthcare workers, one showed 4 (0.5%) of 878
reported serious adverse events requiring medical care within
four weeks after vaccination,®® and the other two showed
none.”>*® No serious adverse events following vaccination
were seen in the phase 4 trial in Brazil,** and in real world
investigations in patients with autoimmune and inflammatory
rheumatic diseases,” and patients with cancer undergoing
treatment.>> After the third dose (injected 8 months after
the second dose), 5 (5.0%) of 101 participants reported serious
adverse events from the beginning of immunization to 28 days
after the third dose (Table 3).*°

There were a total of five serious adverse reactions after
evaluation among the serious adverse events reported
above,'”® and the others were deemed not related to
vaccination.

Immunogenicity

Immunogenicity in healthy population

Immunogenicity is the ability of a vaccine to provoke an
immune response in the human body.”" In the phase 3 trial
in adults aged 18-59 years in Turkey, two-dose CoronaVac
induced anti-RBD antibodies in 89.7% of serum whereas
4.4% was observed in the placebo group.'' In the phase 3 trial
in adults aged 18-59 years in Indonesia, neutralizing antibody
seroconversion was defined as conversion from titer <1:8 to
titer >1:8 or 4-fold increase if baseline titer >1:8 14 days after
two doses. The seroconversion rate in the vaccine group was
higher than that in the placebo group (87.15% [95% CI, 83.50-
90.09] versus 0.00% [95% CI, 0.00-2.81]) with the geometric
mean titer (GMT) of 15.76 (95% CI, 14.57-17.04) versus 2.02
(95% CI, 1.98-2.05) (Figure 1a)."”
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Immunogenicity in special populations

Immunogenicity in patients with autoimmune rheumatic
diseases (ARD)

Patients with ARD are at high risk for infectious diseases due to
immune dysregulation, emphasizing the importance of the
vaccine for this group of patients in reducing transmission.
In the phase 4 trial in Brazil, neutralizing antibody positivity
was defined as neutralization activity >30% and anti-SARS-
CoV-2 IgG seroconversion was defined as post-vaccination
serology of >15.0 UA/ml with a negative pre-vaccination ser-
ology at 6 weeks after two-dose schedule. Neutralizing anti-
body positivity rate (79.3% versus 56.3%, p <.001) and IgG
seroconversion rate (95.5% versus 70.4%, p <.001) were lower
in patients with ARD than those in healthy adults. Median
neutralization activity (58.7% versus 64.5%, p=.013) in
patients with ARD was lower compared to healthy adults, as
were IgG titers (12.1 versus 29.7, p < .001).”*

Immunogenicity in pregnant woman

As a risk factor for severe COVID-19, pregnancy appears to
worsen the clinical course of SARS-CoV-2 infection, although
it does not increase the risk of acquiring SARS-CoV-2
infection.” The cord serum/maternal serum transfer ratio of
anti-RBD antibodies was 1.04 (764/734 AU/ml) at 45 days after
a mother received two doses of CoronaVac (Figure 1f).?
Moreover, human milk is the external secretion with the high-
est IgA concentrations, conferring protection to the newborn
infants.* Human milk samples collected from 16 healthy
mothers showed elevated anti-SARS-CoV-2 specific IgA levels
after two doses compared to before vaccination.”” The contin-
ued breastfeeding of infants after the mother has been vacci-
nated with CoronaVac, even after infection with SARS-CoV-2,
should be emphasized.”

Immunogenicity in kidney transplant recipients

The COVID-19 mortality rate for kidney transplant recipients
is not optimistic.”® Vaccination against COVID-19 is critical
for this immunocompromised population.”” In a study of 85
kidney transplant recipients in Turkey, only 18.8% developed
anti-SARS-CoV-2 IgG antibodies against nucleocapsid and
spike antigens at 28 days after the second dose of CoronaVac,
with median values of 52.50 and 2.04 IU/ml in the seropositive
and seronegative groups, respectively (Figure 1g). The older
the age, the higher the creatinine level, and the worse the
antibody response.”®

Immunogenicity in patients with cancer

Cancer patients are at higher risk for COVID-19 and related
mortality than the healthy population.® In a prospective obser-
vational study conducted in Turkey, seroconversion was
defined as SARS-CoV-2 antibody 21 IU after vaccination and
<1 IU before vaccination. After receiving 2 doses of
CoronaVac, 30 (63.8%) of 47 cancer patients had seroconver-
sion of SARS-CoV-2 total antibodies (including IgG and IgM).
Seroconversion was 59.5% (25/42) in patients receiving at least
one cytotoxic drug, and 100% (5/5) in patients receiving mono-
clonal antibodies or immunotherapy alone.*
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Figure 1. Imnmunogenicity of CoronaVac in different populations. We summarize immunogenicity of two-dose CoronaVac in healthy population aged 18-59 years (a)
and three-dose CoronaVac in healthy population aged =18 years (b); immunogenicity of two-dose CoronaVac in breakthrough cases (c), in participants exposed to air
pollution (d), against SARS-CoV-2 variants (e), in pregnant woman (f), in kidney transplant recipients (g) and in healthcare workers with previous COVID-19 infection (h).
Numbers above the bars in panels a-h are geometric mean titers of neutralizing antibodies against SARS-CoV-2 (a-c, e), median of neutralizing antibody titers (Au/ml)
(d), anti-RBD antibody levels (Au/ml) (f), median of anti-SARS-CoV-2 IgG levels (lu/ml) (g), geometric mean titers IgG antibody of viral spike protein (h). The error bars in
panels a-¢, h indicate 95% confidence intervals, while those in panel g indicate interquartile ranges. All dotted line denotes the cutoff level for positivity.



Immunogenicity in healthcare workers with previous
COVID-19 infection

A prospective observational study in Turkey included 148
healthcare workers (74 with previous COVID-19 infection
and 74 with not). The IgG antibody titers against SARS-CoV
-2 spike protein induced by two-dose CoronaVac in healthcare
workers with previous SARS-CoV-2 infection were higher than
those in healthcare workers without COVID-19 history (GMT:
1280.3 versus 899.7 AU/ml, p <.001) (Figure 1h).%° This result
has been verified in multiple studies.®'

Immunogenicity in participants exposed to air pollution
Exposure to air pollutants has been shown to be a critical risk
factor for vaccine antibody levels®® and for COVID-19
cases.®>®® In a cross-section study conducted at 6 weeks after
the second dose from China, grouped according to the com-
bined toxic effects of air pollutants, plasma neutralizing anti-
body titers were lower in the high daily exposure dose group,
compared with the low daily exposure group (median: 11.13
AU/mL  versus 14.56 AU/mL, p<.05) (Figure 1d).
Furthermore, increases in individual daily exposure to air
pollutants were associated with decreases in plasma neutraliz-
ing antibody titers (r; = 0.652, p <.01).*”

Immunogenicity against SARS-CoV-2 variants

More transmissible SARS-CoV-2 variants have emerged recently
that may reduce vaccine effectiveness.® The serum at 14 days
after two-dose CoronaVac showed an average 1.51-, 5.27- and
3.92-fold reduction in neutralizing alpha, beta, and gamma var-
iants compared with the activity against wild-type strains,
respectively.”” At the same sampling time point in another similar
study, plasma from two-dose CoronaVac recipients showed an
average 2.9-, 5.5-, 4.3-, 3.4- and 12.5-fold reduction in neutraliz-
ing alpha, beta, gamma, delta and omicron variants when com-
pared with the wild-type virus respectively.”” A study from
Hong Kong, China found among two-dose CoronaVac recipi-
ents, at 56 days after the first dose of CoronaVac, 100%, 68%, 0%
and 0% of serum specimens had detectable neutralizing antibody
titer (=10) against wild-type strains, delta variant, beta variant and
omicron variant, respectively.”' The neutralizing ability against
both P.1 isolates (P.1/28 and P.1/30) was significantly lower than
that against lineage B isolate.”” Neutralizing antibody titers
against alpha (GMT = 18.5) and gamma (GMT = 10.0) variants
were lower than that against wild-type virus (GMT = 75.1) at 60
days after the second immunization of CoronaVac (Figure 1e).”?

Immunogenicity after the third dose of CoronaVac

Although two-dose CoronaVac reduces the risk of disease,
breakthrough cases may still occur defined as the detection of
SARS-CoV-2 after completion of the vaccination schedule.”* In
a Chilean clinical trial, 45 (1.99%) of 2263 subjects developed
breakthrough infections following two-dose CoronaVac. The
GMT of neutralizing antibodies against wild-type strains in the
breakthrough cases was about 4-fold lower than that in
CoronaVac recipients without COVID-19 (5.4 [95%CI, 2.5-
11.6] versus 28.5 [95%CI, 15.0-54.6]) (Figure 1c).””
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At one month after the third dose (given at approxi-
mately 5 months after 2 doses), the median titers of IgG-S
(glycoprotein) and IgG-N (nucleocapsid protein) increased
by 1.7- and 1.8-fold compared to one month after
the second dose respectively.”® Neutralizing antibody titers
against wild-type virus dropped significantly below the ser-
opositivity cutoff value (a titer of 8) at 6 months after two
doses and a third dose (given at 8 months after dose 2)
recalled specific immune responses to SARS-CoV-2 in
healthy adults aged 18-59 years and elderly aged 60 and
over (Figure 1b).*” Compared with wild-type strains, neu-
tralizing titers against delta and omicron were 3.3-fold and
16.5-fold lower at 28 days after three doses of CoronaVac,
respectively. Three-dose CoronaVac recipients had signifi-
cantly higher seroconversion rates (defined as the geometric
mean half-maximal neutralizing titers >8 after vaccination)
of neutralizing antibody against omicron variants, compared
with the two-dose vaccine regimen (95% versus 0%).”” In
addition, as shown in the meeting materials reported on
25 October 2021 by WHO, neutralizing antibody titer
against wild-type virus (GMT: 50) of 6 months after the
third dose was comparable to the peak of two-dose immu-
nization (GMT: 48.4).%°

Discussion

Our review showed that a two-dose regimen of CoronaVac
conferred 67.7% protection against symptomatic COVID-19.
Effectiveness of two doses waned with age and time after vacci-
nation and was better than a single dose. A third dose inherited
the effectiveness against non-variants of concern and increased
effectiveness against severe COVID-19 outcomes caused by
omicron variants compared to two doses. Effectiveness in pre-
venting hospitalizations, ICU admissions, and deaths was more
prominent than that in preventing COVID-19. Most of the
adverse reactions following CoronaVac were mild. A two-dose
regimen demonstrated a better immunogenicity profile in
healthy populations compared to that in patients with autoim-
mune rheumatic diseases, kidney transplant recipients, patients
with cancer, or individuals exposed to air pollution. A third
dose enhanced immune responses to omicron variants as com-
pared to two-dose CoronaVac.

Although two-dose CoronaVac met the 50% or more effi-
cacy requirements approved for emergency use by the WHO,'”
and the probability of true vaccine efficacy greater than 30%
exceeded the minimum FDA criteria for authorization,”®
CoronaVac was less effective in preventing infection with
SARS-CoV-2 than in preventing severe COVID-19 outcomes.
Therefore, the efficacy of CoronaVac to prevent SARS-CoV-2
virus into the human body needs to be improved. This also
suggested that non-vaccine interventions are still needed for
people vaccinated with CoronaVac.

Of note, humoral immunity is integral but probably not
unique to the prevention of COVID-19. On the one hand,
the poor performance of neutralizing antibodies in break-
through cases relative to vaccine-protected individuals sug-
gested that neutralizing antibodies may be indispensable in
the prevention of COVID-19. On the other hand, vaccina-
tion with CronaVac could reduce the risk of severe illness
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or death after infection with Omicron, and even one dose
was effective. However, none of the serum specimens after
two-dose regimen showed neutralizing antibody serocon-
version against omicron, implying the possibility that
humoral immunity may represent not all protection against
severe COVID-19 outcomes. It is likely that there are other
potential factors worth exploring that can resist the inva-
sion of the Omicron variant in the human body.

Surprisingly, Hitchings et al found in Brazil that vaccinated
healthcare workers were more susceptible to gamma virus
infection than unvaccinated individuals shortly after the first
dose of CoronaVac.”> However, this conclusion was only for
one dose and less than 14 days after vaccination, after all, it
took time for neutralizing antibodies to develop after vaccina-
tion. Importantly, in their study, healthcare workers who prior-
itize vaccinations had a slightly higher rate of previous positive
RT-PCR or antigen tests, meaning that vaccinated individuals
were at higher risk of exposure than unvaccinated individuals.
There was also a reason that previous natural infections in
Brazil may have provided protection for unvaccinated
individuals.”

Adverse reactions/events varied across studies due to differ-
ences in study protocols including different sample sizes. There
was approximately a four-fold difference in total adverse reac-
tions/events between the Turkish and Brazilian phase 3 trials.
Uniform standards are needed for the collection of safety data
before clinical trials. Also, few vaccine-related serious adverse
reactions were reported in studies with large sample sizes,
suggesting that surveillance for serious adverse reactions
needs to be intensified during the trial process. Some cases,
such as cutaneous allergic reactions, reactive arthritis, and
thyroiditis, although rarely reported in clinical trials or real-
world studies, need to be vigilant.

Findings of immunogenicity in special populations indi-
cated that disease status, environmental pollution and previous
COVID-19 infection that need to be considered in future
CoronaVac strategies. Moreover, the durability of the antibody
response induced by the third dose requires further observa-
tion. Germline origin, evolution and decay of dominant neu-
tralizing antibodies following CoronaVac vaccination needs
further study.

Currently, it is not clear what level of antibody titer can ensure
protection from SARS-CoV-2. The weakening of antibody
responses over time is a natural process of humoral immunity.
In the future, for individuals who have been vaccinated with two
doses of CoronaVac as primary immunization, the third booster
immunization is recommended. For individuals with weakened
immunity, new immunization schemes, such as heterologous
prime-boost immunization, can be considered. Additionally, con-
tinuous monitoring for SARS-CoV-2 variants is warranted.

There are some limitations in this review. Firstly, we did not
review heterologous prime-boost studies, although we
included the effectiveness of a homologous prime-boost with
CoronVac. Secondly, we summarized the effectiveness of
CoronaVac in the adult and geriatric populations, but not in
the pediatric population, which was rarely reported. Thirdly,
we did not directly compare the results of humoral immune
responses in different studies due to different test kits used.
Finally, we summarized the eflicacy, safety, and

immunogenicity of CoronaVac without comparing it to other
vaccine candidates. However, this review of CoronaVac may
provide a scientific basis for optimizing global immunization
strategies.
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