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Summary
What is already known about this topic?
Previous  studies  have  reported  vaccine  efficacy  or
effectiveness  against  severe  acute  respiratory  syndrome
coronavirus 2 (SARS-CoV-2) Omicron subvariants for
several vaccine platforms. However, there are currently
few  data  on  estimates  of  inactivated  platform
coronavirus  disease  2019  (COVID-19)  vaccines,
especially  against  the  globally  dominant  subvariant —
Omicron BA.5.
What is added by this report?
The  study  predicts  vaccine  efficacy  against  four
Omicron  subvariants  —  Omicron  BA.1,  BA.2,
BA.2.12.1,  and  BA.4/5  —  after  vaccination  with  a
homologous  third  dose  of  CoronaVac  across  clinical
endpoints and age groups.
What  are  the  implications  for  public  health
practice?
The  results  suggest  that  CoronaVac-elicited  immunity
may not provide adequate protection against Omicron
subvariants  after  the  homologous  third  dose,  and  a
heterologous booster and Omicron-specific vaccination
may be alternative strategies.

 

The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2)  Omicron  variant,  designated  a  variant
of concern (VOC) by the World Health Organization
(WHO),  was  first  identified  in  November  2021  in
South Africa (1). Three major subvariants, BA.1, BA.2,
and BA.3, were identified nearly simultaneously. Soon
after its discovery, BA.1 rapidly emerged to become the
dominant  subvariant  worldwide.  Gradually,  BA.2  and
its constituent subvariants, such as BA.2.12.1, overtook
BA.1  as  the  dominant  variant  worldwide.  More
recently,  two  new  subvariants,  BA.4  and  BA.5,  were
first discovered in South Africa. As of October 1, 2022,
the  Omicron  BA.5  subvariant  has  been  observed  in
139  countries  across  all  six  WHO  regions  and  has
become  a  globally  dominant  subvariant  due  to  its

substantial  growth  advantages  and  faster  spread
compared to previous subvariants (2). Preliminary data
suggest  that  highly  divergent  mutations  in  the  spike
protein of Omicron may be associated with a high level
of humoral immune evasion.

There  are  limited  efficacy  or  effectiveness  data  on
the  Omicron  subvariants  for  the  CoronaVac
inactivated  vaccine,  and  the  duration  of  protection
after  a  homologous  inactivated  vaccine  booster  dose
has  not  been  fully  explored.  Given  the  extensive
resources and time required to identify and distinguish
variants in vaccine trials, statistical models were used to
predict  CoronaVac-specific  efficacy  against  Omicron
BA.1,  BA.2,  BA.2.12.1,  and  BA.4/5  across  three
clinical  endpoints  —  infection,  symptomatic
coronavirus  disease  2019  (COVID-19),  and  severe
COVID-19  —  28  days  and  6  months  after  a
homologous third dose.

Age-specific  neutralizing  data  was  extracted  from  a
randomized,  double-blind,  placebo-controlled,  phase
1/2  clinical  trial  of  CoronaVac  among  healthy  adults
aged 18 years  and older  (3)  (Supplementary Table S1,
available in https://weekly.chinacdc.cn/). Briefly, in the
clinical  trial,  blood  samples  were  obtained  from  a
group  of  predefined  participants  who  were  vaccinated
with  a  homologous  third  dose  of  3  μg  of  CoronaVac
28 days or 6 months after  two primary series  doses of
CoronaVac.  Fold  change  data  on  neutralizing
antibodies  against  SARS-CoV-2  Omicron  subvariants
compared to the prototype strain were extracted from a
published  study,  which  separately  estimated  the
reduction  fold  of  geometric  mean  antibody  titers
(GMTs)  through  a  live  virus  neutralization  assay  (4)
(Supplementary Table S2,  available  in  https://weekly.
chinacdc.cn/).

Following  the  models  by  Khoury  et  al.  (5),  the
vaccine  protection  of  CoronaVac,  for  28  days  and  6
months  after  the  homologous  third  dose  with  the
relationship  between  neutralizing  antibody  levels,  and
vaccine  efficacy  were  predicted.  Model  details  and
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parameters  are  summarized  in  the  Supplementary
Table S3 (available in https://weekly.chinacdc.cn/). All
statistical  analyses  were  performed  using  R  software
(version 4.0.1, R Core Team, Vienna, Austria).

For  vaccine-induced  protection  against  infection
caused  by  four  Omicron  subvariants,  the  predicted
efficacies  of  CoronaVac  were  very  low  even  with

homologous  booster  doses,  with  less  than  30%  and
10%  of  the  predicted  efficacy  against  Omicron
subvariants 28 days and 6 months after a homologous
third dose, respectively. Age did not significantly affect
the predicted efficacy against virus infection over time
in the model results (Figure 1).

For  protection  from  symptomatic  illness  from
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FIGURE 1. Predicted efficacy of CoronaVac against SARS-CoV-2 Omicron subvariants across three clinical endpoints. (A)
SARS-CoV-2 infection; (B) Symptomatic COVID-19; (C) Severe COVID-19.
Note:  The  number  on  the  top  of  the  bar  represents  the  predicted  efficacy,  and  the  vertical  line  represents  the  95%
confidence interval.
Abbreviation: COVID-19=coronavirus disease 2019; SARS-CoV-2=severe acute respiratory syndrome coronavirus 2.
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Omicron  infection,  the  predicted  efficacies  against
BA.4/5  were  24.2%  [95%  confidence  interval  (CI):
22.3%–25.2%]  and  26.2%  (95% CI:  24.2%–27.3%)
for  younger  adults  (18–64 years  old)  and  older  adults
(≥65  years  old)  28  days  after  the  homologous  third
dose,  respectively.  Predicted  efficacies  against  BA.4/5
were  7.3%  (95% CI:  6.6%–7.7%)  for  younger  adults
and 10.4% (95% CI:  9.4%–10.9%) for older adults 6
months  after  the  homologous  third  dose  (Figure 1).
Compared  with  other  Omicron  subvariants,  the
predicted  efficacies  against  BA.4/5  were  similar  to
those  against  BA.2.12.1  but  lower  than  those  against
BA.1  and  BA.2  after  the  homologous  third  dose  of
CoronaVac.  For  severe  COVID-19,  the  predicted
efficacies  against  Omicron  BA.4/5  were  71.6%  (95%
CI:  69.4%–72.7%)  and  36.5%  (95%  CI:
34.0%–37.7%)  28  days  and  6  months  after  the
homologous  third  dose  for  young  adults,  respectively.
For  older  adults,  the  predicted  efficacies  were  73.9%
(95%  CI:  71.8%–74.9%)  and  45.9%  (95%  CI:
43.3%–47.2%)  28  days  and  6  months  after  the
homologous  third  dose,  respectively,  with  no
significant  difference  compared  with  younger  adults
(Figure 1). 

DISCUSSION

The  study  predicted  the  efficacy  against  the
Omicron  BA.1,  BA.2,  BA.2.12.1,  and  BA.4/5
subvariants  after  a  homologous  third  dose  of
CoronaVac  across  three  clinical  endpoints.  Vaccine
protection  against  infection  and  symptomatic  illness
caused  by  the  Omicron  subvariants  was  found  to  be
not adequate, even after a homologous third dose, and
that  protection  was  not  maintained  for  6  months.
Although  a  homologous  booster  dose  of  CoronaVac
would  increase  its  efficacy  to  more  than  70%  for
protection from severe illness within one month after a
booster,  the  predicted  efficacy  from  homologous
boosting  will  wane,  gradually  declining  to  less  than
50% after 6 months.

Compared  to  the  Wuhan-Hu-1  reference  genome,
the  Omicron  variant  has  more  than  30  mutations  in
the  spike  protein,  nearly  half  of  which  are  in  the
receptor-binding  domain  (6).  This  degree  of  genetic
change  in  such  an  important  part  of  the  virus  raised
serious  concerns  about  strong  immune  evasion  and
significant reductions in vaccine efficacy (7). Regarding
Omicron subvariants, BA.2.12.1 and BA.4/5 increased
evasion of neutralizing antibodies compared with BA.2

and BA.1 (8). In plasma from individuals who received
an  inactivated  vaccine  (CoronaVac)  or  receptor
binding  domain  (RBD)  protein  (ZF2001)  booster  six
months after two doses of CoronaVac, BA.1 and BA.2
showed  no  significant  difference  in  resistance  to
neutralization by plasma. However, BA.2.12.1 showed
increased  immune  evasion  capability  over  BA.2,  and
BA.4/BA.5  exhibited  even  greater  evasion,  with  the
major  contributions  made  from  L452R  and  F486V
mutations (8–9). Such a large degree of immune escape
for BA.4/5 may partly verify our predicted results of a
lower efficacy, compared to ancestral strains, across all
three clinical endpoints.

A  previous  study  reported  that  the  effectiveness  of
booster  vaccination  against  a  documented  Omicron
BA.2  infection  and  severe/critical  illness  in  Shanghai
Municipality,  China,  a  city  with  widespread  usage  of
inactivated  vaccines,  was  18.0%  (95%  CI:
17.0%–18.9%)  and 92.8%  (95% CI:  90.2%–94.7%),
respectively.  The  study  also  found  that  a  homologous
booster  dose  provided  9  months  of  >80%  protection
against  more  severe  outcomes,  which  was  similar  to
predicted efficacies against Omicron BA.2 in this study
(10).  Another  study  reported  that  the  effectiveness  of
three  doses  of  CoronaVac  against  mild  or  moderate
disease  caused  by  Omicron  BA.2  was  32.4%–51.0%,
with  a  relatively  wide  confidence  interval  of
8.3%–60.4%, which covered the range of symptomatic
estimates  of  32.0%–46.0%  were  used  in  this  study
(11).  Besides,  the  observed  effectiveness  among
individuals  with  diabetes  or  kidney  disease  against
different  clinical  outcomes  caused  by  BA.2  infection
was  comparable  to  the  predicted  results  of  this  study
(12–13).  Of note,  such a comparison should be made
cautiously  due  to  differences  derived  from  the  study
methodology,  definition  of  clinical  outcomes,
characteristics  of  study  participants,  and  timepoints
used to calculate effectiveness/efficacy. However,  there
are  currently  few  data  on  the  effectiveness  against
Omicron  BA.4/5  of  inactivated  platform  COVID-19
vaccines, which limits comparisons between real-world
evidence and our predictions. The efficacy 28 days and
6 months after a homologous third dose of CoronaVac
was  predicted  and  it  was  found  that  the  protective
effect against Omicron subvariants was not retained for
6  months  due  to  antibody  waning,  indicating  that  a
homologous booster of inactivated vaccine may not be
a  suitable  regimen  for  controlling  potential  large-scale
transmission  of  the  Omicron  variant.  More  recent
evidence  has  shown  that  heterologous  booster
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vaccination  induces  strong  humoral  responses  and
augments  neutralization  potency  against  the  Omicron
variant.  Specifically,  a  third dose of BNT162b2/Pfizer
vaccine given to those who received two primary doses
of  CoronaVac  could  provide  protective  levels  of
antibodies  against  Omicron  (14).  A  real-world  study
also  revealed  that  a  BNT162b2/Pfizer  vaccine  booster
based  on  two  doses  of  ChAdOx1  nCoV-
19/AstraZeneca  can  provide  71.4%  protection  against
symptomatic  illness  caused  by  infection  with  the
Omicron  variant  (15).  In  addition,  replacing  vaccine
antigens  and  accelerating  the  development  of
Omicron-specific vaccines may be alternative solutions.
For  example,  the  first  bivalent  COVID-19  booster
made  by  Moderna  that  targets  both  the  original  virus
and  the  Omicron  BA.1  variant  was  approved  by
regulators  in  the  United  Kingdom  and  the  Food  and
Drug  Administration  (16).  Besides,  more  and  more
evidence  showed  that  bivalent  booster  doses  are
effective  in  preventing  moderate  and  severe  COVID-
19  caused  by  Omicron  BA.4/5  infections  compared
with  previous  monovalent  mRNA  vaccine  doses  only
(17–19).

The  study  was  subject  to  at  least  two  limitations.
First,  only  predictions  of  efficacy  for  an  inactivated
vaccine of CoronaVac were made due to limited time-
varying  neutralization  data  after  boosting  doses  for
other-platform  vaccines.  Second,  predicted  estimates
need  further  verification  by  real-world  evidence  as
more  effectiveness  data  of  inactivated  vaccines  are
revealed.

In  conclusion,  the  study  provided  predictions  of
vaccine  efficacy  against  the  4  SARS-CoV-2  Omicron
subvariants 28 days and 6 months after a homologous
third  dose  of  CoronaVac  across  3  clinical  endpoints.
The  findings  suggest  that  CoronaVac-elicited
immunity may not provide adequate protection after a
homologous  third  dose.  Heterologous  boosting  and
vaccination with an Omicron-specific booster may be a
viable  strategy  to  protect  people  from  Omicron
infection. 
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SUPPLEMENTARY TABLE S1. Neutralizing antibody dynamics for CoronaVac by time period.

Reference Vaccine Age
(years)

Neutralization
assay

GMTs (95% CI)

Neutralizing titers in
convalescent

individuals (Phase I/II
trials)

Xin et al., (1) CoronaVac

18–55
CPE-based
microneutralization
assay

28 days after the second dose: 49.1 (40.1–60.2)
6 months after the second dose: 6.7 (5.2–8.6)
28 days after a homologous third dose: 143.3
(112.3–182.8)
6 months after a homologous third dose: 36.4
(28.7–46.1)

163.7

65–85
CPE-based
microneutralization
assay

28 days after the second dose: 41.2 (34.2–49.6)
6 months after the second dose: 3.4 (2.9–4.1)
28 days after a homologous third dose: 158.5
(96.9–259.2)
6 months after a homologous third dose: 53.2
(39.7–71.1)

163.7

Abbreviation: CI=confidence interval.

SUPPLEMENTARY TABLE S2. Fold change in neutralization antibody levels of the Delta and Omicron variants compared to
prototype strains.

Vaccine Type of neutralization assay Fold change from original study Data source

CoronaVac Live virus neutralization assay

BA.1: 8.0 (95% CI: 6.2–9.6)
BA.2: 7.0 (95% CI: 5.2–8.3)
BA.2.12.1: 11.8 (95% CI: 11.0–13.3)
BA.4/5: 12.0 (95% CI: 11.4–13.3)

Plaque-neutralizing antibody to BA.2.12.1,
BA.4, and BA.5 in individuals with three
doses of BioNTech or CoronaVac
vaccines, natural infection and
breakthrough infection (2).

Abbreviation: CI=confidence interval.

SUPPLEMENTARY TABLE S3. Model parameters used in the prediction of efficacy
Model structure LL AIC Slope (k) Pooled SD

Fitting protection from symptomatic vs. severe COVID-19

　Symptomatic − − 3.0 (2.2–4.2)

　Severe −66.08 138.16 2.94 (2.14–4.04) 0.44

Fitting protection from symptomatic COVID-19 vs. SARS-CoV-2 infection

　Infection −61.10 128.20 2.88 (2.19–3.78) 0.44
Note: "−" means not applied.
Abbreviation: LL=log-likelihood; AIC=Akaike information criterion; SD=standard deviation; COVID-19=coronavirus disease 2019; SARS-
CoV-2=severe acute respiratory syndrome coronavirus 2.
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