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Preplanned Studies

Preliminary Study of the Protectiveness of Vaccination Against
the COVID-19 in the Outbreak of VOC Omicron BA.2 — Jilin

City, Jilin Province, China, March 3–April 12, 2022

Xuebin Fan1,&;  Shan Lu2,&;  Lu Bai1;  Haican Liu2;  Junshao Fu1;  Xiaoxun Jin1; 
Yulong He3;  Jinxing Lu2;  Xiaoping Dong4,5,6,7,#

Summary
What is already known about this topic?
An outbreak of coronavirus disease 2019 (COVID-19)
of Omicron BA.2 emerged in Jilin City since March 3,
2022, which involved in 27,036 cases by April 12. The
vaccination  program  with  inactivated  COVID-19
vaccines  has  been implemented since  the  beginning of
2021.
What is added by this report?
The incidences of moderate, severe, and critical cases in
the  whole  population  of  the  group  of  0+1  dose  were
1.82-,  9.49-,  and  3.85-fold  higher  than  those  in  the
group of 2 doses, and 5.03-, 44.47-, and ∞-fold higher
than  those  received  3  doses  vaccination.  For  the
population  ≥60  years,  the  incidences  of  moderate,
severe, and critical cases in the group of 0+1 dose were
29.92,  9.62,  and  4.27  per  100,000,  showing  4.13-,
43.72-,  and  4.85-fold  higher  than  2  doses,  as  well  as
13.28-, 22.37-, and ∞-fold higher than 3 doses.
What  are  the  implications  for  public  health
practice?
The  incidences  of  each  type  of  COVID-19  in  the
population  who  were  fully  vaccinated  or  booster
vaccinated  in  Jilin  City  were  significantly  lower  than
those  who  were  unvaccinated  and/or  partially
vaccinated.  Booster  vaccination  with  homologous
inactivated vaccines induces stronger protectiveness for
COVID-19  caused  by  variant  of  concern  (VOC)
Omicron.

An  outbreak  of  coronavirus  disease  2019
(COVID-19)  caused  by  severe  acute  respiratory
syndrome  coronavirus  2  (SARS-CoV-2)  Omicron
BA.2  strain  occurred  in  Jilin  City,  Jilin  Province,
China.  By April  12,  a  total  of  27,036 cases  have been
diagnosed  by  the  reverse  transcription-polymerase
chain  reaction  (RT-PCR)  as  SARS-CoV-2  and
reported  via  the  internet-based  national  direct
reporting  system  for  infectious  disease.  The  clinical

severity  of  those  cases  was  typed  according  to  the
Diagnosis  and  Treatment  Protocol  for  COVID-19
Patient  (9th  edition)  issued  by  the  National  Health
Commission  (NHC)  (1).  Among  them,  13,164  cases
were  asymptomatic,  13,629  were  mild,  196  were
moderate, 32 were severe, and 13 were critical. A total
of 241 cases were diagnosed as COVID-19, accounting
for  0.89% of  all  COVID-19 cases.  There were 2 fatal
SARS-CoV-2  positive  cases  reported  who  died  from
other diseases. The SARS-CoV-2 Omicron BA.2 strain
shows  a  great  impact  on  transmission  and  immunity
globally.  Numerous  studies  have  revealed  that  the
vaccine  effectiveness  on  COVID-19  transmission  of
Omicron strains is markedly reduced, regardless of the
types  of  vaccines  (2–5).  In  this  report,  the  vaccine
protectiveness on COVID-19 induced pneumonia and
more  severe  clinical  types  of  241  cases  in  Jilin  City
were preliminarily analyzed.

Jilin  City  is  the  2nd  largest  city  in  Jilin  Province
with  a  registered  population  of  3,623,713.  Among
them,  25.6%  (915,090)  were  60  years  and/or  older.
The  COVID-19  vaccination  program  has  been
implemented in Jilin City since the beginning of 2021.
All  people  were  vaccinated  with  domestic  inactivated
vaccines. By March 3, the coverages of COVID-19 full
(2  doses)  and  booster  (3  doses)  vaccination  in  the
general  population  were  81.1%  (2,937,342)  and
32.1% (1,163,069), while those in the population ≥60
years  were  79.5%  (727,950)  and  29.8%  (272,943),
respectively.  In  addition,  there  were  68,347  people
who received  1  dose  vaccine  but  had  not  finished  the
full vaccination by March 3.

The  general  population,  the  population  ≥60  years,
and <60 years in Jilin City was divided into 3 groups,
unvaccinated  plus  received  1  dose  (0+1  dose),  full
vaccination  (2  doses),  and  booster  vaccination  (3
doses).  More  COVID-19  cases  distributed  in  the
group of 0+1 dose (n=121) than that of 2 doses (n=90)
and  3  doses  (n=30).  Among  them,  2  moderate  cases
and 1  severe  case  received  only  1  dose  of  the  vaccine.
The distribution of the clinical severity in the different
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groups  of  ages  and  vaccinations  was  summarized  in
Table 1.  In  general  population,  higher  ratios  of  severe
(21.5%) and critical (7.4%) cases were in the group of
0+1  dose,  whilst  lower  ratios  were  in  the  groups  of  2
doses (5.6% of severe and 4.4% of critical) and 3 doses
(3.3% of severe and 0% of critical). Among those 241
cases, 127 cases were at ages of ≥60 years and 117 were
<60  years.  Markedly  more  numbers  and  higher  ratios
of critical cases were in the group of ≥60 years. Only 1
case  <60  years  displayed  a  critical  phenotype  and  did
not receive vaccination. There were no critical cases in
the  group  of  <60  years  who  received  2  doses  of
vaccination,  and  no  severe  or  critical  cases  who
received 3 doses.

The  incidences  (1/100,000)  of  COVID-19  in
different  vaccination  groups  were  further  calculated.
For the general population in Jilin City, the incidences
of  moderate,  severe,  and  critical  cases  in  the  group  of
0+1  dose  were  12.53,  4.08,  and  1.31  per  100,000,
respectively,  which  were  1.82-,  9.49-,  and  3.85-fold
higher  than  those  in  the  group  of  2  doses,  and  5.03-
and  44.47-fold  higher  than  the  moderate  and  severe
cases  that  received 3  doses  of  vaccination (Figure 1A).
For  the  population  ≥60  years,  the  incidences  of
moderate, severe, and critical cases in the group of 0+1
dose  were  29.92,  9.62,  and  4.27  per  100,000,
respectively, which were remarkably higher than that of
the  general  population.  The  incidences  of  moderate,
severe, and critical cases in the group of 0+1 dose were
4.13-,  43.72-,  and  4.85-fold  higher  than  those  in  the
group  of  2  doses,  13.28-  and  22.37-fold  higher  than
moderate  and  severe  ones  in  the  group  of  3  doses,
respectively  (Figure 1B).  Contrarily,  the  incidence  of
COVID-19  in  the  population  <60  years  of  0+1  dose
group  was  lower,  showing  9.82-,  1.60,  and  0.20  per
100,000  in  moderate,  severe,  and  critical  phenotypes,
respectively.  There  were  no  critical  cases  in  the  group
of 2 doses and no severe and critical cases in that of 3
doses. The incidences of moderate and severe disease of
0+1  group  were  3.70-  and  4.85-fold  higher  than  that
of  patients  receiving  2  doses,  while  the  incidence  of
moderate cases was 3.81-fold higher than that receiving
3  doses  (Figure 1C).  The  incidence  of  each  type  of

COVID-19  in  the  population  who  were  fully
vaccinated  or  booster  vaccinated  in  Jilin  City  is
significantly  lower  than  those  who  were  unvaccinated
and/or  partially  vaccinated.  Booster  vaccination
induces stronger protectiveness for COVID-19 both in
the population ≥60 years and <60 years. 

DISCUSSION

As  a  variant  of  concern  (VOC),  SARS-CoV-2
Omicron  BA.2  strain  attracted  great  attention
worldwide since it emerged in South Africa at the end
of 2021, due to numerous amino acid substitutions in
the region of the viral spite protein (6–7). Great impact
on  immunity,  particularly  on  vaccine  effectiveness  in
disease  transmission,  has  been  already  addressed,
regardless of the types of available COVID-19 vaccines
(8–11). In line with another study (8), the preliminary
data in the Omicron BA.2 strain-associated outbreak in
Jilin City here have again verified the protectiveness of
vaccination  with  inactivated  vaccine  against  COVID-
19,  especially  the  severe  and critical  phenotypes.  Such
protectiveness is notable in the population ≥60 years.

Booster vaccination of COVID-19 vaccine has been
implemented since the emergence of VOC Delta in the
middle  of  2021  and  remarkably  accelerated  since  the
emergence  of  VOC  Omicron  globally.  Heterologous
vaccination of different types of vaccine has shown the
advantage  in  the  titers  of  serum neutralizing  antibody
and  in  the  vaccine  effectiveness  against  disease
transmission  and  symptomatic  disease  in  the  real
world.  However,  homologous  vaccination  has  also
revealed reliable vaccine effectiveness  against  COVID-
19  (5,12–13).  Similar  to  many  areas  in  China,  the
inactivated  vaccines  manufactured  by  domestic
pharmaceutical  companies,  mainly  Sinovac  and
Sinopharm COVID-19 vaccine (Vero cell) inactivated,
were  predominantly  used  in  Jilin  City.  It  needs  to  be
emphasized  that  all  booster  vaccinations  in  Jilin  City
were homologous vaccination with inactivated vaccine.
The  data  in  this  report  reveals  the  special  significance
in China and other countries  with predominant usage
of  inactivated  vaccine,  that  booster  vaccination  with

TABLE 1. The distribution of clinical severity phenotypes in different vaccination groups.

Age
(years)

0+1 dose 2 doses 3 doses Total
(n)Moderate Severe Critical Moderate Severe Critical Moderate Severe Critical

≥60 56 (68.3%) 18 (22.0%) 8 (9.8%) 33 (86.8%) 1 (2.6%) 4 (10.5%) 6 (85.7%) 1 (14.3%) 0 (0%) 127

<60 30 (76.9%) 8 (20.5%) 1 (2.6%) 48 (92.3%) 4 (7.6%) 0 (0%) 23 (100%) 0 (0%) 0 (0%) 114

Total 86 (71.7%) 26 (21.5%) 9 (7.4%) 81 (90.0%) 5 (5.6%) 4 (4.4%) 29 (96.7%) 1 (3.3%) 0 (0%) 241
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FIGURE 1. The incidences of COVID-19 in the groups of unvaccinated and partially vaccinated (0+1 dose), fully vaccinated
(2 doses), and booster vaccinated (3 doses). (A) In the whole population; (B) the population  60 years; (C) the population
<60 years.
Note: the X-fold changes in the incidence between groups are indicated.
Abbreviation: COVID-19=coronavirus disease 2019.
* Uncalculatable as there are no cases in the group to be compared.
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homologous  inactivated  vaccine  can  produce  reliable
protectiveness  to  COVID-19  caused  by  VOC
Omicron.

Although  the  exact  effectiveness  of  inactivated
COVID-19  vaccines  against  transmission,
asymptomatic,  and  mild  COVID-19  of  VOC
Omicron  BA.2  in  Jilin  City  is  still  unexplored,
preliminary  protective  data  to  COVID-19  here  is
strong enough to indicate the public significance of the
strategy of full and booster vaccination, particularly for
the elderly population who has markedly higher risk of
having critical and fatal outcomes. Variation of SARS-
CoV-2 seems to be inevitable and the impact of newly
emerged  variants  on  transmission,  immunity,  and
severity  is  also  unpredictable.  Booster  vaccination,
either  homologous  or  heterologous,  probably
repeatedly,  may  be  the  one  of  the  limited  specific
interventions for relief of the impact of COVID-19 in
the future.

This  study  was  subject  to  some  limitations.  The
preliminary  real-world  analysis  here  was  a
straightforward  comparison  of  incidences  of  the  3
outcomes  of  COVID-19  during  the  outbreak  in  Jilin
City  from March  3  to  April  12  by  vaccination  status.
The analyses did not control for potential confounding
variables, such as the presence of comorbidities and the
time  since  vaccination,  although  the  stratification  by
age  group  did  provide  some  ability  to  control  for
subject  age.  Moreover,  different  antiviral  medications,
e.g.,  anti-serum  from  convalescent  patients,  antiviral
monoclonal antibody, and the antiviral Paxlovid, were
applied in clinical settings, which might affect the final
outcomes.  Further  collection  and  analysis  of  the
relevant  data  potentially  affecting  the  vaccine
effectiveness of those patients are deserved. 
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SARS-CoV-2 Omicron Variant is Expected to Retain Most of the
Spike Protein Specific Dominant T-Cell Epitopes Presented by

COVID-19 Vaccines — Worldwide, 2021

Jiajing Jiang1;  Yingying Du1,#;  Tao Peng2,#

 

Summary
What is already known about this topic?
The newly emerged variant of  Omicron,  which carries
many  of  the  mutations  found  in  other  variants  of
concern  (VOCs),  as  well  as  a  great  number  of  new
mutations  that  may  enhance  its  immune  escape,  has
spread rapidly around the world. This has raised public
concern  about  the  effectiveness  of  the  current
coronavirus disease 2019 (COVID-19) vaccine.
What is added by this report?
In  this  study,  different  bioinformatic  softwares  were
applied  to  predict  the  dominant  Omicron  spike  (S)
protein  cytotoxic  T  lymphocyte  (CTL)  and  T  helper
(Th)  epitopes  in  representative  world  population  and
Chinese  population.  Compared  to  the  original  severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-
2)  S  protein,  limited  mutations  were  identified  within
the  dominant  CTL  and  Th  epitopes  in  Omicron
variant.
What  are  the  implications  for  public  health
practice?
The  results  of  this  study  suggested  that  the  current
COVID-19 vaccine-induced T-cell immunity may still
provide significant  protection against  Omicron variant
infection in fully vaccinated individuals.

 

The  World  Health  Organization  (WHO)
categorized the new B.1.1.529 severe acute respiratory
syndrome  coronavirus  2  (SARS-CoV-2)  variant
(Omicron)  as  a  variant  of  concern  (VOC)  on
November  26,  2021.  Since  then,  this  newly  emerged
variant  has  placed the  world on high alert.  Compared
to other VOCs, Omicron has an unusual constellation
of mutations. It contains over 50 mutations in various
locations  of  its  genome.  In  the  spike  protein  gene,
Omicron has over 30 mutations, doubling the number
associated  with  the  Delta  variant.  In  the  receptor
binding  domain  (RBD)  alone,  Omicron  has  over  10
mutations  while  Delta  only  has  2.  Many  of  these

mutations have been shown to enhance the interaction
between  the  viral  spike  and  the  cellular  receptor
angiotensin-converting  enzyme  2  (ACE2).  Based  on
this  observation,  it  is  predicted  that  the  Omicron
variant could be highly contagious.

In general,  a  vaccine  provides  two arms of  immune
protection.  On  one  hand,  the  vaccine  results  in  the
production  of  neutralizing  antibodies  (NAbs)  by  B
cells. These NAbs bind to the spike protein of the virus
and  inhibit  its  ability  to  infect  the  host  cells.  For
previously  immunized  people,  the  memory  humoral
immune  response  is  the  first  line  of  defense  against
Omicron  infection.  Unfortunately,  Omicron  variant
carries  many  mutations  on  the  spike  protein  that
neutralizing  antibodies  recognize,  reducing  vaccinated
individuals’  immunity  to  this  variant.  The  human
body’s  second  line  of  defense  is  heavily  reliant  on  the
human  leukocyte  antigen  (HLA)-restricted  T-cell
response  mechanism,  in  which  viral  epitopes  are
presented  by  dendritic  cells  to  CD8+  T  lymphocytes
through  interactions  with  HLA  class  I  alleles  and
CD4+  T  lymphocytes  through  HLA  class  II  alleles.
Viral  epitope  presentation  by  HLA  class  I  leads  to
clonal expansion of HLA-restricted CD8+ cytotoxic T
lymphocytes  (CTLs),  which  are  primed  to  perform
antiviral  defense  during acute  infection.  Subsequently,
reinfection of the virus is controlled by memory CTLs.
The  recognition  of  viral  epitope-HLA  class  II
complexes  by  CD4+  T  cell  enhances  cell-mediated
immune response by inducing cytokines and facilitates
antibody production by activating B cells.  The urgent
question right now is how many of the memory CTLs
and  T  helper  (Th)  epitopes  remain  in  the  heavily
mutated Omicron variant.

T-cell  epitopes  were  predicted  in  this  paper  using
IEDB  recommended  2020.09  and  SYFPEITHI  for
major histocompatibility complex Class I (MHC Class
I),  and  IEDB  recommended  2.22  and  Propred  for
MHC Class II, before real-world data were available to
answer this question.
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Wuhan-Hu-1  (NCBI  Reference  Sequence:
YP_009724390.1)  was  obtained  from  the  GenBank
database  of  the  National  Center  for  Biotechnology
Information  (https://www.ncbi.nlm.nih.gov/).  EPI
ISL:EPI_ISL_6640916  sequence  (Omicron)  was
obtained  from  the  GISAID  database  (https://www.
gisaid.org/).

IEDB recommended 2020.09 (NetMHCpan 4.1EL)
(http://tools.immuneepitope.org/mhci/,  National
Institute of Allergy and Infectious Diseases, USA) and
SYFPEITHI  (http://www.syfpeithi.de/,  BMI
Biomedical  Informatics,  Heidelberg,  Germany)  were
used  to  predict  HLA-A*02:01,  HLA-A*11:01
restricted epitopes. NetMHCpan4.1 based on artificial
neural  network  (ANN)  applied  binding  affinity  (BA)
and  mass  spectrometry  (MS)  eluted  ligands  (EL)  data
as  a  model  to  analyze  the  affinity  between  target
peptides and their ligands (MHC). This algorithm not
only  integrates  affinity  data  and  mass  spectrometry
eluted  ligand  data,  but  also  covers  information  in  the
process  of  antigen  processing  and  presentation  (1–2).
The  smaller  the  value,  the  higher  the  prediction score
of  the  corresponding  random  natural  peptide.
SYFPEITHI  is  based  on  the  motif  matrix  algorithm
(3), according to the natural ligands, T-cell epitopes, or
the frequency of amino acids in the binding peptides to
predict  the  target  peptides.  The  anchors  and  their
auxiliary  anchors  that  appear  frequently  get  higher
scores  in  the  prediction  results.  The  higher  the  score,
the greater the possibility that the peptide will become
an antigenic peptide.

IEDB  recommended  2.22  (http://tools.immunee
pitope.org/mhcii/,  National  Institute  of  Allergy  and
Infectious  Diseases,  USA)  and  Propred  (http://www.
imtech.res.in/raghava/propred/,  Department  of
Computational  Biology,  Indraprastha  Institute  of
Information Technology, New Delhi, India) were used
to  predict  HLA-DRB1*01:01  and  HLA-DRB1*15:01
restricted  epitopes.  IEDB  recommended  2.22  apply
Consensus  combined  with  Combinatorial  library  (4),
SMM-align  (5),  NN-align  (6)  to  analyze  the  target
peptides  and combine their  predicted values  to obtain
more  accurate  results.  Propred  based  on  an  algorithm
called quantitative affinity matrix (QAM) predicted the
score  of  the  sequence  by  comparing  the  degree  of
match  between  the  target  sequence  and  the  binding
pocket of HLA (7).

In  this  study,  we  analyzed  4  representative  HLA
alleles (including HLA-A*02:01, HLA-A*11:01, HLA-
DRB1*01:01,  and  HLA-DRB*15:01)  restricted
peptides  among  which  HLA-A*02:01  and  HLA-

DRB1*01:01 represented the dominant HLA alleles in
the  world  population,  HLA-A*11:01  and  HLA-
DRB*15:01 represent the dominant HLA alleles in the
Chinese  population  (8–9).  Various  bio-information
software  was  used  to  predict  the  HLA restricted  CTL
or  Th  epitopes,  and  the  top  ten  dominant  epitopes
were  finally  screened.  The  comparison  between
Wuhan-Hu-1 and Omicron was performed.

There  were  17  dominant  HLA-A*02:01  restricted
CTL  epitopes  (ranking  in  the  top  10)  derived  from
spike  (S)  protein  of  Wuhan-Hu-1,  among  which  2
epitopes mutated in Omicron variant (Table 1). These
mutations in Omicron variant exhibited minor decline
in epitope rank and may slightly impair corresponding
CTL  response  in  viral  clearance.  However,  15
dominant HLA-DRB1*01:01 restricted Th epitopes in
S  protein  of  Wuhan-Hu-1  (ranking  in  the  top  ten)
remain consistent in Omicron (Table 1). These results
indicate  that  dominant  protective  CTL  and  Th
epitopes  derived  from original  Wuhan-Hu-1  strain  or
vaccines  constructed  based  on  Wuhan-Hu-1  still
provided  good  T  cell  protection  for  convalescents  or
vaccinated  individuals,  although  limited  mutations
were  found within  dominant  CTL epitopes  in  a  large
proportion of the world’s population.

There  were  12  dominant  HLA-A*11:01-restricted
CTL epitopes (ranking in the top 10) in the S protein
of  Wuhan-Hu-1,  of  which  3  epitopes  mutated  in
Omicron variant (Table 2). Similarly, three of the top-
ten  dominant  HLA-DRB1*15:01  restricted  Th
epitopes  of  Wuhan-Hu-1  strain  S  protein  mutated  in
Omicron variant (Table 2). The mutations in the CTL
epitopes  may  lead  to  a  decrease  in  CTL  against
Omicron variant, while the mutated Th epitopes, may
alter  its  capacity  to  promote  T cell  mediated  immune
response  via  cytokines  and  antibody  generation  via  B
cell  activation,  thus  may  have  some  impact  on
protective effect of vaccine against Omicron variant. 

DISCUSSION

Since  the  WHO  designated  Omicron  as  a  VOC,
Omicron  has  caused  concern  for  the  world  for  its
significant  transmissibility  and  infectivity.  Previously,
Delta  variant,  also  classified  as  VOC,  had  been
spreading  rapidly  worldwide  and  causing  serious
outbreaks  due  to  its  high  transmissibility,  short
incubation  period,  and  high  viral  load  (10).  Reduced
levels  of  neutralizing  antibody  in  serum  against  the
Delta  variant  in  vaccinated  people  and  patients  who
recovered from coronavirus disease 2019 (COVID-19)
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TABLE 1. Comparison of HLA-A*02:01-restricted CTL epitopes and HLA-DRB1*01:01-restricted Th epitopes in Wuhan-Hu-1
S protein and Omicron S protein.

HLA-A*02:01 CTL
epitopes derived
from S Protein

Epitope rank in
Wuhan-Hu-1†

Epitope mutation
exist in Omicron

HLA-DRB1*01:01 Th
Epitopes derived from

S protein

Epitope rank in
Wuhan-Hu-1§

Epitope mutation
exist in Omicron

YLQPRTFLL 1 No MFVFLVLLPLVSSQC 1 No

VLNDILSRL 1 L981F FVFLVLLPLVSSQCV 1 No

TLDSKTQSL 2 No VVLSFELLHAPATVC 2 No

KIADYNYKL 2 K417N VLSFELLHAPATVCG 2 No

RLDKVEAEV 3 No LSFELLHAPATVCGP 2 No

ALNTLVKQL 3 No VVVLSFELLHAPATV 3 No

FIAGLIAIV 3 No SFELLHAPATVCGPK 3 No

RLQSLQTYV 4 No RVVVLSFELLHAPAT 4 No

NLNESLIDL 4 No VFLVLLPLVSSQCVN 5 No

LLFNKVTLA 5 No FELLHAPATVCGPKK 6 No

SIIAYTMSL 5 No FLVLLPLVSSQCVNL 7 No

RLNEVAKNL 6 No ITRFQTLLALHRSYL 8 No

VVFLHVTYV 7 No TRFQTLLALHRSYLT 8 No

HLMSFPQSA 8 No GWTFGAGAALQIPFA 9 No

GLTVLPPLL 8 No SGWTFGAGAALQIPF 10   No

VLYENQKLI 9 No

YQDVNCTEV 10 No
Abbreviations: S=spike; HLA=human leukocyte antigen; CTL=cytotoxic T lymphocytes; Th=T helper.
† This rank is derived from the combined ranking of IEDB recommended 2020.09 and SYFPEITHI.
§ This rank is derived from the combined ranking of IEDB recommended 2.22 and Propred.

TABLE 2. Comparison of HLA-A*11:01-restricted CTL epitopes and HLA-DRB1*15:01-restricted Th epitopes in Wuhan-Hu-1
S protein and Omicron S protein.

HLA-A*11:01 CTL
epitopes derived

from S protein

Epitope rank in
Wuhan-Hu-1†

Epitope mutation
exist in Omicron

HLA-DRB1*15:01 Th
Epitopes derived from

S protein

Epitope rank in
Wuhan-Hu-1§

Epitope mutation
exist in Omicron

SVLNDILSR 1 L981F PTESIVRFPNITNLC 1 No

GVYFASTEK 2 T95I CSNLLLQYGSFCTQL 2 No

ASANLAATK 2 No QPTESIVRFPNITNL 2 No

VTYVPAQEK 3 No TESIVRFPNITNLCP 2 No

SSTASALGK 4 No SNLLLQYGSFCTQLN 3 N764K

TLKSFTVEK 5 No ECSNLLLQYGSFCTQ 4 No

GTHWFVTQR 6 No ESIVRFPNITNLCPF 4 No

NSASFSTFK 7 S371L/S373P/S375F NLLLQYGSFCTQLNR 5 N764K

GVLTESNKK 8 No TECSNLLLQYGSFCT 6 No

GVYYHKNNK 8 No LLLQYGSFCTQLNRA 7 N764K

QIYKTPPIK 9 No LTDEMIAQYTSALLA 8 No

EILPVSMTK 10   No DEMIAQYTSALLAGT 9 No

TDEMIAQYTSALLAG 10   No

Abbreviations: S=spike; HLA=human leukocyte antigen; CTL=cytotoxic T-lymphocytes; Th=T helper.
† This rank is derived from the combined ranking of IEDB recommended 2020.09 and SYFPEITHI.
§ This rank is derived from the combined ranking of IEDB recommended 2.22 and Propred.

China CDC Weekly

Chinese Center for Disease Control and Prevention CCDC Weekly / Vol. 4 / No. 18 383



have  also  been  reported  to  contribute  to  severe
outbreaks.

Vaccines  are  the  safest  option  to  achieve  herd
protection  during  the  SARS-CoV-2  pandemic.
Overall,  43%  of  the  global  population  has  been  fully
vaccinated  with  COVID-19  vaccine  so  far.  Although
some populations had changes in the dominant T-cell
epitopes  due  to  Omicron  mutation,  based  on  the
results  from  this  analysis,  more  than  70%  of  the
dominant  epitopes  were  still  retained.  This  result
predicted  that  vaccine-induced  T-cell  immunity  may
still  provide  good  protection  when  fully  vaccinated
individuals are exposed to the Omicron variant.

Some  of  the  mutations  in  Omicron  S  protein  that
cause  the  changes  of  the  dominant  epitopes  also  exist
in other VOCs (for example, T95I of Delta variant and
K417N of Beta variant). Reduced recognition capacity
of  memory T cell  to viral  epitope-MHC complex due
to the mutations may contribute to the immune escape
of  these  variants.  Thus,  for  the  next  generation  of
COVID-19  vaccine,  the  selection  of  cross-variant
conserved  T-cell  epitopes  should  be  included  in  the
antigen design.

Despite the advancements in bioinformatics software
for  epitope  prediction  in  recent  years,  predictions  can
still  be  inaccurate.  We  chose  to  target  HLA-
A*11:01/HLA-DRB*15:01  and  HLA-A*02:01/HLA-
DRB1*01:01  in  this  study,  therefore  the  prediction
results  can  only  be  instructive  for  these  populations.
The  results  of  this  study  indicated  that  as  the  SARS-
CoV-2 virus mutate, variation among T cell epitopes is
limited  in  much  of  the  world’s  population
(representative  alleles:  HLA-A*02:01  and  HLA-
DRB1*01:01).  Since  the  mutation  rate  is  up  to
23%–25%, mutations in T cell epitopes in the Chinese
population  (representative  alleles:  HLA-A*11:01  and
HLA-DRB*15:01) should be noticed. 
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Summary
What is already known about this topic?
The  Omicron  variant  has  been  listed  as  a  variant  of
concern, but the characteristics still remain unclear.
What is added by this report?
The vaccinated proportion of 65 imported coronavirus
disease  2019  cases  that  were  infected  with  Omicron
variant  in  this  study  was  89.23%,  which  was  higher
than  Delta  cases.  Most  imported  cases  infected  with
Omicron  were  tested  positive  using  polymerase  chain
reaction  after  entering  Guangdong  within  3  days,  a
shorter period than Delta.
What  are  the  implications  for  public  health
practice?
Under  this  observation,  the  international  travelers
infected  with  Omicron  variant  were  detected  positive
earlier  after  entry  than  those  infected  with  Delta
variant.  Breakthrough  infections  occurred  in  most
Omicron  cases  in  this  study,  but  vaccination  was  still
effective  to  reduce  the  incidence  of  severe  illness.
Omicron surveillance should be strengthened.

 

The  Omicron  variant  was  first  identified  in  South
Africa  on  November  9,  2021,  and  the  World  Health
Organization  (WHO)  designated  it  as  a  variant  of
concern (VOC) on November 26, 2021, only 17 days
passed (1). Due to the Omicron variant, the number of
coronavirus  disease  2019  (COVID-19)  cases
worldwide is growing rapidly. On December 13, 2021,
Guangzhou  City  confirmed  a  Canada  imported
COVID-19  case,  which  was  sequenced  as  Omicron
(B.1.1.529) variant. Guangdong had reported a total of
65  imported  COVID-19  cases  infected  with  the
Omicron  variant  (Omicron  cases  in  brief)  by  second-
generation sequencing as  date  of  December  31,  2021.
We selected 78 imported cases infected with the Delta
variant  (Delta  cases  in  brief)  reported  in  Guangdong
from  May  to  June,  2021,  the  first  2  months  when
Delta variant was discovered in Guangdong. These 78
Delta  cases  were  compared  with  65  Omicron  cases.
The  results  showed  that  89.23%  of  Omicron  cases

completed  whole  course  of  vaccination  against  severe
acute  respiratory  syndrome  coronavirus  2
(SARS-CoV-2),  higher  than  that  of  Delta  cases.
Overall,  92.19%  imported  Omicron  cases  tested
SARS-CoV-2  nucleic  acid  positive  after  entering
Guangdong  within  3  days,  which  was  earlier  than
Delta cases.

Information  about  these  COVID-19  cases  was
collected  by  disease  report  cards  and  epidemiological
investigation  report  in  the  China  Information  System
for  Disease  Control  and  Prevention.  Categorical
variables were compared by chi-square test, continuous
variables  were  compared  by  nonparametric  test  of
Mann-Whitney U test. Data analysis was conducted by
software IBM SPSS Statistics (version 25.0, IBM Corp,
Chicago,  USA).  All  statistical  tests  were  2-sided  with
α value at 0.05.

Among  the  65  Omicron  cases,  41  cases  (63.08%)
were  male,  36.92% were  female;  35.38% of  Omicron
cases were 21–30 years old, 21.54% were 31–40 years
old, the mean age of Omicron cases was 34.2 years old,
younger than Delta cases that had a mean age of 40.2
years  old.  Out  of  65  Omicron  cases,  56  cases  were
normal  passengers,  and  9  cases  were  flight  crew
members where 8 were from Ethiopian Airlines and 1
was  from  Israel  Airlines.  However,  no  flight  crew
members  were  reported  in  the  78  Delta  cases,  as
Table 1 shows. Also, 65 Omicron cases came from 16
countries,  of  which  29  cases  (44.62%)  came  from
America,  followed  by  Ethiopia,  Canada,  and
Democratic Republic of the Congo. Overall, 78 Delta
cases  came  from  20  countries,  of  which  27  cases
(34.62%)  came from South  Africa,  followed by  Saudi
Arabia, India, and the United Arab Emirates (not listed
in table).

As more people were vaccinated against SARS-CoV-
2,  the  proportion  of  Omicron  cases  that  were
vaccinated  was  significantly  higher  than  the  Delta
cases.  Except  7  cases  without  history  of  vaccination
against  SARS-CoV-2,  the  other  58  cases  (89.23%)  all
completed the whole course of vaccination, including 2
cases  receiving  1  dose  of  Johnson & Johnson vaccine.
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Further,  3 cases  were vaccinated with 4 doses,  and 11
cases were vaccinated with 3 doses. Among Delta cases,
only  29.49%  completed  the  whole  course  of
vaccination,  and  70.51%  were  never  vaccinated.  It
seemed that breakthrough infection was more common
in Omicron cases than Delta cases in this study.

Among  65  Omicron  cases,  59  cases  all  tested

positive  for  SARS-CoV-2  nucleic  acid  after  entering
Guangdong  within  3  days,  5  cases  within  4–7  days,
except  for  1  special  case  who  was  quarantined  in
another  province  for  14  days  and  tested  positive  for
nucleic  acid  after  returning  to  Guangdong  where  we
considered  he  was  likely  infected  during  transition  to
centralized  quarantine.  As  for  Delta  cases,  52.56%

TABLE 1. Comparation between 65 imported cases infected with Omicron variant and 78 imported cases infected with Delta
variant.

Variable Cases infected with
Omicron variant (%) (n=65)

Cases infected with
Delta variant (%) (n=78) Chi-square test P value

Gender

Male 41 (63.08) 62 (79.49)
4.74 0.029*

Female 24 (36.92) 16 (20.51)

Age (years)

1–10 4 (6.15) 2 (2.56)

14.28 0.027*

11–20 2 (3.08) 0 (0.00)

21–30 23 (35.38) 12 (15.38)

31–40 14 (21.54) 26 (33.33)

41–50 13 (20.00) 26 (33.33)

51–60 7 (10.77) 7 (8.97)

61–70 2 (3.08) 5 (6.41)

Type of traveler

Passenger 56 (86.15) 71 (91.03)

16.73 0.000*Flight crew 9 (13.85) 0 (0.00)

Seaman 0 (0.00) 7 (8.97)

Doses of coronavirus vaccine

None 7 (10.77) 55 (70.51)

56.03 0.000*

1 2 (3.08) 0 (0.00)

2 42 (64.62) 22 (28.21)

3 11 (16.92) 1 (1.28)

4 3 (4.62) 0 (0.00)

Days from entry to SARS-CoV-2 nucleic acid positive†

0–3 59 (92.19) 41 (52.56)

26.82 0.000*
4–7 5 (7.81) 32 (41.03)

8–10 0 (0.00) 4 (5.13)

11–14 0 (0.00) 1 (1.28)

Ct values of SARS-CoV-2 nucleic acid§

ORF1ab gene

Median (Range) 25.0 (15.0–39.0) 27.0 (14.0–37.0) −0.948 0.343

N gene

Median (Range) 24.0 (14.0–38.0) 25.0 (12.0–35.0) −0.851 0.395
Abbreviations: SARS-CoV-2=severe acute respiratory syndrome coronavirus 2; Ct values=cycle threshold value; ORF1ab gene=open
reading frame 1ab gene; N gene=nucleocapsid protein gene.
* P<0.05, the difference is statistically significant.
† An imported COVID-19 infected Omicron variant was considered infection during centralized quarantine in other province, so days from
entry to test SARS-CoV-2 nucleic acid positive were not calculated.
§ Using nonparametric test of Mann-Whitney U test, the statistic for P value was Z.
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were  tested  positive  using  polymerase  chain  reaction
(PCR)  after  entering  Guangdong  within  3  days,
41.03% in 4–7 days, 5.13% in 8–10 days, and 1.28%
in 14 days. The period from entry into Guangdong to
testing  positive  among  Omicron  cases  was  much
shorter than Delta cases. Therefore, we speculated that
the incubation period of  Omicron variant  was  shorter
than the Delta variant.

We  still  compared  the  cycle  threshold  value  (Ct
value) of open reading frame 1ab (ORF1ab) gene and
nucleocapsid  protein  (N)  gene  when  cases  were
confirmed  positive  using  PCR  in  first  time  between
two  groups.  For  Omicron  cases,  the  median  Ct  value
of  ORF1ab and N gene was 25.0 (with range of  15.0
to  39.0)  and  24.0  (with  a  range  of  14.0  to  38.0),
respectively.  For  Delta  cases,  the  median  Ct  value  of
ORF1ab and N gene was 27.0 (with a range of 14.0 to
37.0)  and  25.0  (with  a  range  of  12.0  to  35.0),
respectively.  The  difference  of  Ct  values  between  two
groups  was  of  no  statistical  significance.  The  results
revealed  the  viral  load  of  Omicron  cases  was  not
significantly higher than Delta cases.

We  collected  the  most  severe  clinical  states  of  65
Omicron  cases  by  following  up  to  January  16,  2022.
Among  them,  11  cases  were  diagnosed  as
asymptomatic,  54  cases  were  diagnosed  as  patients
where  25  were  classified  as  ordinary  cases,  29  were
classified  as  mild  cases,  and  no  cases  were  deemed
critical  or  severe.  We  also  analyzed  the  symptoms
among  65  cases  (Figure 1).  The  most  common
symptom  was  coughing  which  occurred  in  21  cases
(32.31%),  followed  by  pharyngoxerosis  (29.23%),
fever  (26.15%),  and  throat  pain  (12.31%).  Other

symptoms  such  as  diarrhea,  headaches,  and  stuffy  or
runny  noses  also  occurred  in  some  cases.  The
proportion with symptoms was lower than that of the
local  epidemic  by  SARS-CoV-2  Delta  in  Guangzhou,
where  75%  of  cases  had  a  fever  and  74%  of  cases
coughed (2).

According  to  the  results,  we  should  be  on  alert  of
local  outbreaks  caused  by  the  Omicron  variant.
Guangdong  had  a  local  outbreak  with  16  Omicron
cases  between  January  13  and  January  16,  2022,
involving Zhuhai, Zhongshan, and Meizhou City. We
roughly  calculated  the  incubation  period  (time  from
exposure to date of illness onset or notification) among
the  14  cases,  except  2  cases  who  did  not  have  clear
dates  of  onset.  The  mean  incubation  period  was  3.2
days,  which  was  shorter  than  the  4.4  days  of  Delta
variant in the former study (3). 

DISCUSSION

Guangdong  first  found  COVID-19  cases  infected
with  Omicron  variant  on  December  13,  2021,  then
the number of imported Omicron cases exceeded Delta
cases in the same period. The in-process vaccination of
the population may provide limited protection against
infection  due  to  the  Omicron  variant,  but  it  was
effective to reduce the incidence of severe illness.

According  to  the  available  evidence,  the  mean
incubation period of Omicron variant was shorter than
that  of  the  Delta  variant  among  both  imported  cases
and  local  cases.  The  WHO  also  reported  that  the
Omicron  variant  has  a  growth  advantage  with  a

 

32.31
29.23

26.15

12.31

3.08 3.08 3.08 3.08

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

45.0

50.0

Cou
gh

Pha
ryn

go
xe

ros
is

Fev
er

Thro
at 

pa
in

Diar
rhe

a

Symptoms

Pe
rc

en
ta

ge
 (%

)

Head
ach

e

Stuf
fy 

no
ses

Run
ny

 no
ses

FIGURE 1. Symptoms among 65 COVID-19 cases infected with Omicron variant.
Abbreviation: COVID-19=coronavirus disease 2019.
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doubling  time  of  2–3  days  compared  with  the  Delta
variant  (4),  which  may  provide  evidence  that
transmission  capacity  of  the  Omicron  variant  was
stronger than Delta. On the other hand, breakthrough
infection  occurred  in  most  Omicron  cases  in  this
study, this may be caused by high vaccination coverage
in  the  whole  population  during  Omicron  epidemic.
However,  former  study  provided  evidence  that  the
Omicron  mutations  favored  the  escape  of  current
vaccines  than  Delta  (5).  The  result  showed  that
personal protective measures, including wearing masks
and maintaining social  distance,  should be  taken even
with  complete  vaccination  against  SARS-CoV-2.  We
also  observed  the  symptoms  caused  by  Omicron
variant seemed to be relatively mild, the proportion of
severe  and  critical  cases  was  relatively  low  due  to  the
contribution of vaccination (6). The viral load of hosts
infected  with  Omicron  variant  was  not  statistically
higher than that of Delta.

This  study  had  two  limitations.  First,  as  of
December 31, 2021, only 65 imported Omicron cases
were  reported  in  Guangdong  Province,  China.  The
limited  cases  may  not  show  us  a  whole  view  of  this
novel  variant.  Second,  this  research  was  based  on  the
field  work  of  emergency  responding,  the  designation
and  quality  control  were  relatively  limited.  Further
research  is  needed  to  obtain  more  evidence  on
characteristics of Omicron variant in future, including
immune  escape,  transmission  dynamics  such  as
incubation  period,  the  generation  time,  the  serial
interval, et al.

Our  research  reminds  that  we  need  to  beware
rebound  of  local  outbreak  by  Omicron  variant.
Travelers  entering  China  should  be  in  closed  loop
management.  Considering  most  imported  Omicron
cases were found within 7 days after entry, we suggest
shortening  the  quarantine  period  from  14  days  to  7
days.  We  also  should  avoid  transmission  risk  during
centralized  or  home  quarantine,  especially  aerosol
transmissio  (7–8),  which  is  relatively  difficult  to
prevent.  We  should  insist  on  nonpharmaceutical
interventions,  and  Omicron  surveillance  should  be
strengthened  to  ensure  early  confirmation  and

treatment. 
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Preplanned Studies

Change of Disease Spectrum Characteristics of Psychiatric
Inpatients Before and After Lockdown Lifted During the

COVID-19 Pandemic — Wuhan City, Hubei Province,
China, 2021

Jingfang Liu1;  Xuan Gong1;  Xiaofen Li1;  Zhiying Wan1,#;  Hongqiang Sun2,#;  Lijun Kang1;  Zhongchun Liu1

Summary
What is already known about this topic?
The  coronavirus  disease  2019  (COVID-19)  pandemic
poses a significant threat to mental health globally and
may change the proportion of hospitalized patients.
What is added by this report?
This  report  analyzed  and  compared  the  disease
characteristics  of  psychiatric  inpatients  one year  before
and  after  Wuhan  lifted  lockdown  during  COVID-19.
About  50%  of  the  inpatients  were  diagnosed  with
bipolar  disorder;  females  and  adolescents  had  a  higher
prevalence of mental disorders.
What  are  the  implications  for  public  health
practice?
More attention should be paid to the mental health of
children, adolescents, and females.

In recent decades, the prevalence of mental disorders
has  increased  in  China  and  worldwide.  The
coronavirus  disease  2019  (COVID-19)  spread
worldwide  in  less  than  2  months  from late  December
2019. Numerous studies have shown that COVID-19
poses a significant threat to physical and mental health
among  the  general  population  (1).  Factors  such  as
chronic stress and social isolation may increase the risk
of emotional  deterioration for some people (2),  which
may  increase  psychosis  risk  and  proportion  of
inpatients.  We conducted a  retrospective cohort  study
of  analyzing  and  comparing  the  disease  characteristics
of psychiatric inpatients 1 year before and after Wuhan
lifted  lockdown  during  COVID-19.  The  data  were
extracted from the information management system of
the  mental  health  center  of  the  third-level  hospital  in
Wuhan  City,  Hubei  Province,  China,  from  April  8,
2019  to  April  9,  2021,  which  included  gender,  age,
Wuhan  residential  registration  (hukou),  and  disease
diagnosis.  Taking  the  date  of  lifting  lockdown  in
Wuhan (April 8, 2020) as the cut-off point, the disease

characteristics of psychiatric inpatients before and after
one  year  were  compared.  Results  showed  that  nearly
half of inpatients were diagnosed with bipolar disorder,
and most tended to be younger and female. This study
suggests  that  more  attention  should  be  paid  to  the
mental  health  of  females  and  adolescents,  and  it  is
necessary  to  conduct  studies  that  are  multicenter  and
have more extended observation periods.

On January 23, 2020, Wuhan was under lockdown
to  control  the  pandemic,  significantly  reducing  access
to services. Renmin Hospital of Wuhan University was
appointed  as  a  designated  hospital  for  ordinary  and
severe  COVID-19  patients.  No  new  inpatients  were
admitted  to  other  departments  except  emergency  and
fever  clinics.  With  the  effort  of  the  whole  society,
Wuhan  was  lifted  from  lockdown  on  April  8,  2020
into the period of normalized epidemic prevention and
control.  All  departments  only  began  to  receive  new
inpatients  after  strict  disinfection.  Therefore,  in  this
study,  April  8,  2020  was  taken  as  the  time  node  to
compare  the  disease  spectrum  characteristics  of
psychiatric  inpatients  before  and  after  one  year  and
provide  references  for  mental  health  assessment  and
prevention over the coming years.

This retrospective cohort analysis was conducted on
patients  with  mental  disorders  hospitalized  between
April  8,  2019 and April  9,  2021 in the  mental  health
center  of  the  third-level  hospital  in  Wuhan,  Hubei,
China.  This  period  was  divided  into  two  phases.
“Phase  1”  (i.e.,  from April  8,  2019  to  April  8,  2020)
represents  the  period  before  Wuhan  lifted  the
lockdown. “Phase 2” (i.e., from April 9, 2020 to April
9,  2021)  was  Wuhan’s  normalized  epidemic
prevention and control stage. Data from the electronic
medical record in the information management system
were  used,  which  contained  information  on
demographic  characteristics  (gender,  age,  Wuhan
hukou)  and  disease  diagnosis  (somatoform  disorders,
bipolar  disorder,  sleep  disorders,  depressive  disorder,
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stress-related  disorder,  emotional  and  behavioral
disorders in children and adolescents, anxiety disorder,
schizophrenia  spectrum  disorder,  psychoactive
substances-induced  mental  disorders,  organic  mental
disorder,  obsessive-compulsive  disorder,  and  other
mental  disorders).  Qualified  psychiatrists  were
responsible  for  defining  and  classifying  the  diagnosis
according  to  the  Diagnostic  and  Statistical  Manual  of
Mental Disorders (DSM-V) (3).

Continuous  data  were  expressed  as  mean  and
standard  deviation,  categorical  data  regarding  the
number of patients (percentage). Continuous data were
analyzed  using  the  two-sample  t-test.  Differences
between  categorical  data  were  evaluated  using  the
Fisher’s  Exact  test  or  the  Pearson  chi-squared  test.
Statistical  analysis  was  performed  using  IBM  SPSS
Statistics  for  Windows  (version  21.0,  IBM  Corp.,
Armonk,  NY,  USA).  And  P<0.05  was  considered
statistically significant.

Between  April  8,  2019  and  April  9,  2021,  10,863
inpatients  were  treated  in  the  Department  of
Psychiatry  at  Renmin  Hospital  of  Wuhan  University.
The total number of inpatients in Phase 1 and Phase 2

±
±

was 6,664 (61.3%), 4,199 (38.7%), respectively, with a
36.98%  reduction  in  Phase  2  compared  to  Phase  1.
Comparison  of  demographic  characteristics  between
both  phases:  the  prevalence  of  female  inpatients  in
Phase  2  was  higher  than  that  in  Phase  1  (61.1%  vs.
55.9%;  P<0.01);  the  average  age  in  Phase  2  was
younger  than  that  in  Phase  1  (33.52 16.52  vs.
34.55 16.10;  P<0.01);  the  prevalence  of  inpatients
with  non-Wuhan  hukou  in  Phase  2  was  higher  than
that  in  Phase  1  (61.5%  vs.  59.0%;  P<0.05)
(Supplementary Table S1,  available  in  http://weekly.
chinacdc.cn/).

The  top  3  disease  diagnoses  in  both  phases  were
bipolar  disorder  (44.6%  vs.  46.7%),  schizophrenia
spectrum  disorder  (19.7%  vs.  16.9%),  and  depressive
disorder (17.9% vs. 16.6%). The distribution of disease
diagnosis  among  inpatients  in  the  Phase  2  was
compared  with  the  Phase  1:  the  proportion  of
inpatients  with  bipolar  disorder  increased  (46.7%  vs.
44.6%, P<0.05); emotional and behavioral disorders in
children  and  adolescents  increased  (3.4%  vs.  1.6%;
P<0.01);  schizophrenia  spectrum  disorder  decreased
(16.9%  vs.  19.7%;  P<0.01)  (Table 1).  The  disease

TABLE 1. Inpatients’ disease diagnosis distribution in Phase 1 and Phase 2.

Variety of disease Phase 1 (n=6,664) Phase 2 (n=4,199) χ2 P-value
Somatoform disorders
　Yes
　No

84 (1.3%)
6,580 (98.7%)

53 (1.3%)
4,146 (98.7%) 0.00 0.994

Bipolar disorder
　Yes
　No

2,975 (44.6%)
3,689 (55.4%)

1,959 (46.7%)
2,240 (53.3%) 4.20 0.040

Sleep Disorders
　Yes
　No

59 (0.9%)
6,605 (99.1%)

29 (0.7%)
4,170 (99.3%) 1.22 0.270

Depressive disorders
　Yes
　No

1,196 (17.9%)
5,468 (82.1%)

696 (16.6%)
3,503 (83.4%) 3.37 0.066

Stress-related disorder
　Yes
　No

36 (0.5%)
6,628 (99.5%)

15 (0.4%)
4,184 (99.6%) 1.85 0.174

Emotional and behavioral disorders in children and adolescents
　Yes
　No

107 (1.6%)
6,557 (98.4%)

144 (3.4%)
4,055 (96.6%) 37.96 <0.001

Anxiety disorders
　Yes
　No

417 (6.3%)
6,247 (93.7%)

298 (7.1%)
3,901 (92.9%) 2.95 0.086

Schizophrenia spectrum disorder
　Yes
　No

1,315 (19.7%)
5,349 (80.3%)

711 (16.9%)
3,488 (83.1%) 13.31 <0.001

Psychoactive substances-induced mental disorders
　Yes
　No

46 (0.7%)
6,618 (99.3%)

23 (0.5%)
4,176 (99.5%) 0.83 0.363

Organic mental disorder
　Yes
　No

232 (3.5%)
6,432 (96.5%)

169 (4.0%)
4,030 (96.0%) 2.14 0.144

Obsessive-compulsive disorder
　Yes
　No

65 (1.0%)
6,599 (99%)

37 (0.9%)
4,162 (99.1%) 0.25 0.620
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diagnoses distribution by gender at different age groups
in  Phases  1  and  2  is  shown  in  Figure 1.  The  disease
distribution  proportion  of  inpatients  by  gender  in
Phase  1  and  Phase  2  are  separately  shown  in
Supplementary Figures S1–S2  (available  in
http://weekly.chinacdc.cn/).  A  detailed  comparison  of
the two stages  of  disease  diagnosis  distribution among
demographic  characteristics  is  presented  in
Supplementary Table S2  (available  in  http://weekly.
chinacdc.cn/). 

DISCUSSION

The  disease  characteristics  of  psychiatric  inpatients
were changed after Wuhan lifted lockdown during the
COVID-19 pandemic.  This  study  showed that  nearly
half  of  the  inpatients  were  diagnosed  with  bipolar
disorder,  and  the  overall  average  age  tended  to  be
younger.

Inpatients  with  mental  disorders  have  significantly
decreased  since  epidemic  prevention  and  control  were
implemented.  COVID-19  poses  a  tremendous

challenge  to  healthcare  systems  around  the  world.
When  sporadic  cases  of  the  virus  occurred  in  local
areas,  most  medical  procedures  and  related  tests  were
highly  restricted  or  more  complex  than  before  to
reduce  the  risk  of  spreading  the  virus.  Some  patients
with  mental  disorders  in  stable  condition  who
preferred  regular  outpatient  review  or  online
consultation  were  not  hospitalized  for  treatment  until
out  of  control  (4).  On  the  other  hand,  with  the
support of the state and government in recent decades,
many local mental health institutions have been rapidly
established  to  undertake  the  treatment  and
management  of  some  patients  with  psychiatric
disorders.

This  study  showed  that  the  top  three  mental
disorders  were  bipolar  disorder,  schizophrenia
spectrum  disorder,  and  depressive  disorder.  However,
the  prevalence  of  bipolar  disorder  has  increased
significantly, and females had a higher prevalence than
males.  The  pathogenesis  of  bipolar  disorder  has  been
unknown and may be related to  genetic,  lifestyle,  and
environmental  exposures  (e.g.,  poor  diet,  physical
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FIGURE 1. Disease distribution of inpatients by gender and age in Phase 1 and Phase 2. (A) Male in Phase 1; (B) Female in
Phase 1; (C) Male in Phase 2; (D) Female in Phase 2.
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inactivity, and childhood trauma) (5). Most individuals
with  bipolar  disorders  are  easily  misdiagnosed  or  not
accurately diagnosed until  years  later  (6).  Females  had
higher  psychiatric  disorders  than  the  general
population, which may be related to endocrine factors,
such as polycystic ovary syndrome (7). More than 70%
of  individuals  with  bipolar  disorders  have  been  onset
before  25-year-old  (8).  It  is  emphasized  that  early
detection,  timely  diagnosis  and  treatment,  and  family
and social support are the need for illness outcomes.

The  prevalence  of  emotional  and  behavioral
disorders  in  children  and  adolescents  has  increased
significantly  after  the  outbreak.  Many  schools  and
educational  institutions  changed  teaching  methods
since the COVID-19 pandemic, and students began to
study by home-based learning or online training.  Peer
activities  and  communication  were  hindered,  and  the
unexpected  situation  changed  their  typical  growth,
learning,  playing,  and  interacting.  It  impeded  the
growth  and  development  of  young  human  minds,
especially  the brain development of  the youngest  ones
(9).  Secondary  school  students  faced  more  academic
pressure  from  the  entrance  examination.  Meanwhile,
their  parents  also  faced  many  challenges  such  as  their
work,  family  income,  and  children’s  education,
increasing  the  risk  of  their  stress.  Parental  stress  was
associated  with  children’s  emotional  and  behavioral
problems  (10).  Therefore,  the  uncertainty  of  their
future  academics,  individual  relationships,  inactivity,
and parent-child relationship posed some severe threats
to their  mental  health.  More attention should be paid
to the mental health of children and adolescents by the
collaboration  of  parents,  teachers,  psychologists,  and
psychiatrists.

This  study  was  subject  to  several  limitations.  First,
data  for  this  study  were  only  obtained  from  one
hospital,  so  the  small  sample  size  limited  the
representativeness.  Second,  the  lack  of  information
about patients may have influenced the analysis. Third,
a relatively short period, just one year, was observed in
this  study.  Future  studies,  especially  multicenter  and
more extended observation period studies, are needed.
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SUPPLEMENTARY TABLE S1. Inpatients’ characteristics of Phase 1 and Phase 2.

Category Phase 1 (n=6,664) Phase 2 (n=4,199) χ2/t P-value
Gender

Male 2,938 (44.1%) 1,634 (38.9%)
28.29 <0.001

Female 3,726 (55.9%) 2,565 (61.1%)

Age ±34.55 16.10 ±33.52 16.52 3.21 0.001

Wuhan hukou

Yes 2,734 (41.0%) 1,618 (38.5%)
6.67 0.010

　No 3,930 (59.0%) 2,581 (61.5%)
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Other meatal disorders

SUPPLEMENTARY FIGURE S1. Disease distribution proportion of  inpatients in Phase 1 by gender,  (A) male;  (B) female;
and (C) both.

China CDC Weekly

Chinese Center for Disease Control and Prevention CCDC Weekly / Vol. 4 / No. 18 S1



2.88%
7.16%

22.34%

1.29%

4.53%
1.10%

0.92%

44.68%

0.67%

12.55%
0.31%

1.59%

3.86%
7.06%

13.49%

0.08%
3.70%
0.74%

1.48%

47.91%

0.70%

19.14%

0.39%
1.44%

3.50%
7.10%

16.93%

0.55%

4.02%
0.88%

1.26%
46.65%

0.69%

16.58%

0.36% 1.48%

A B

C

Somatoform disorders
Bipolar disorder
Sleep disorders
Depressive disorders
Stress-related disorder

Emotional and behavioral disorders in children and adolescents
Anxiety disorders
Schizophrenia spectrum disorder
Psychoactive substances-induced mental disorders
Organic mental disorder
Obsessive-compulsive disorder

Other meatal disorders

SUPPLEMENTARY FIGURE S2. Disease distribution proportion of  inpatients in Phase 2 by gender,  (A) male;  (B) female;
and (C) both.
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SUPPLEMENTARY  TABLE S2. Inpatients’  disease  diagnosis  distribution  among  demographic  characteristics  in  Phase  1
and Phase 2.

Variety of disease
Gender

Age
Wuhan hukou

Male Female Yes No
Soma to form
disorders

Phase 1 37 (44.0%) 47 (56.0%) ±47.81 15.08 30 (35.7%) 54 (64.3%)

Phase 2 15 (28.3%) 38 (71.7%) ±50.66 16.34 19 (35.8%) 34 (64.2%)

χ2/t 3.42 −1.04 0.00
P−value 0.064 0.299 0.987

Bipolar
disorder

Phase 1 1,273 (42.8%) 1,702 (57.2%) ±30.50 13.14 1,156 (38.9%) 1,819 (61.1%)
Phase 2 730 (37.3%) 1,229 (62.7%) ±28.70 13.09 707 (36.1%) 1,252 (63.9%)

χ2/t 14.96 4.73 3.85
P−value <0.001 <0.001 0.050

Sleep
disorders

Phase 1 22 (37.3%) 37 (62.7%) ±48.88 16.15 26 (44.1%) 33 (55.9%)
Phase 2 11 (37.9%) 18 (62.1%) ±47.07 15.69 9 (31%) 20 (69%)

χ2/t 0.003 0.50 1.38
P−value 0.953 0.619 0.240

Depressive
disorders

Phase 1 399 (33.4%) 797 (66.6%) ±34.68 17.49 503 (42.1%) 693 (57.9%)
Phase 2 205 (29.5%) 491 (70.5%) ±36.64 18.30 261 (37.5%) 435 (62.5%)

χ2/t 3.09 −2.28 3.79
P−value 0.079 0.023 0.051

Stress-related
disorder

Phase 1 11 (30.6%) 25 (69.4%) ±40.72 15.99 17 (47.2%) 19 (52.8%)
Phase 2 5 (33.3%) 10 (66.7%) ±35.93 20.16 7 (46.7%) 8 (53.3%)

χ2/t 0.04 0.90 0.001
P−value 0.846 0.372 0.971

Emotional and
behavioral
disorders in
children and
adolescents

Phase 1 53 (49.5%) 54 (50.5%) ±14.71 2.30 34 (31.8%) 73 (68.2%)
Phase 2 45 (31.3%) 99 (68.8%) ±14.70 1.99 41 (28.5%） 103 (71.5%)

χ2/t 8.62 0.04 0.32
P−value 0.003 0.969 0.572

Anxiety
disorders

Phase 1 171 (41%) 246 (59%) ±46.94 17.21 19 (46.8%) 222 (48.7%)
Phase 2 11 (39.3%) 18 (60.7%) ±.48.77 14 (48.7%) 153 (51.3%)

χ2/t 0.22 −1.46 0.25
P−value 0.639 0.144 0.617

Schizophrenia
spectrum
disorder

Phase 1 686 (52.2%) 629 (47.8%) ±.36.42 551 (41.9%) 764 (58.1%)
Phase 2 365 (51.3%) 34 (48.7%) ±.35.61 301 (42.3%) 410 (57.7%)

χ2/t
0.130.721

1.25 0.04
P−value 0.211 0.850

Psychoactive
substances-

induced mental
disorders

Phase 1 42(91.3%) 4(8.7%) ±41.54 11.93 32 (69.6%) 14 (30.4%)
Phase 2 21(91.3%) 2(8.7%) ±40.13 12.52 13 (56.5%) 10 (43.5%)

χ2/t 0.46 1.15
P−value 1.000* 0.650 0.284

Organic mental
disorder

Phase 1 13 (56.5%) 10 (43.5%) ±57.23 18.44 11 (51.3%) 11 (48.7%)
Phase 2 74 (43.8%) 95 (56.2%) ±51.59 18.69 80 (47.3%) 89 (52.7%)

χ2/t 6.29 3.01 0.61
P−value 0.012 0.003 0.434

Obsessive-
compulsive
disorder

Phase 1 41 (63.1%) 24 (36.9%) ±27.83 11.78 26 (40%) 39 (60%)
Phase 2 18 (48.6%) 19 (51.4%) ±32.41 16.14 14 (37.8%) 23 (62.2%)

χ2/t 2.01 −1.64 0.05
P−value 0.156 0.103 0.830

* Using the Fisher’s Exact test.
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Commentary

Persevere in the Dynamic COVID-Zero Strategy in China to
Gain a Precious Time Window for the Future

Jue Liu1;  Min Liu1,#;  Wannian Liang2,3,#

  

According  to  the  report  of  the  World  Health
Organization  (WHO),  as  of  April  20,  2022,  the
cumulative  number of  confirmed cases  of  severe  acute
respiratory  syndrome  coronavirus  2  (SARS-CoV-2)  in
the world had exceeded 500 million, with 6.20 million
deaths and over 580,000 new confirmed cases on that
day  (1).  As  many  countries  have  announced  to  relax
quarantine policies, China is facing increasing pressure
from  overseas  imports.  All  31  provincial-level
administrative  divisions  (PLADs)  of  China  have
reported a total of 191,112 local confirmed cases, with
2,761 new confirmed cases, 17,166 new asymptomatic
infections,  and  7  new  deaths  (all  in  Shanghai
Municipality)  on  April  19  (2).  Recently,  several  local
outbreaks  in  clusters  have  appeared  in  China,
presenting a grim and complex situation with multiple
spots, wide coverage, and frequent occurrence (3). 

Omicron Spreads Quickly and Is
Harmful to Those at Risk

The  current  epidemic  was  mainly  caused  by
Omicron  variant  BA.2,  which  has  a  short  incubation
period, strong transmissibility, short serial interval, and
a  large  ability  of  immune  escape  (4–5).  It  was  found
that  the  basic  regeneration  number  (R0)  of  Omicron
variant  was  about  9.5,  and  its  maximum  incubation
period was about 9 days (4–5). The median incubation
period  was  about  3  days,  which  was  significantly
shorter  than  that  of  the  Delta  variant  (4.3  days)  and
other  variants  (5.0  days)  (4–5).  Its  median  serial
interval was about 2.8 days (4–5).

It  is  reported  that  the  proportion  of  asymptomatic
infections  of  Omicron  variant  was  relatively  high  (4).
There are some reasons for this phenomenon. First, the
characteristics  of  Omicron  variant  caused  a  higher
proportion  of  asymptomatic  infections  than  that  of
other  variants.  Second,  some  people  did  not  develop
symptoms  even  after  being  infected  because  of  the
coronavirus  disease  2019  (COVID-19)  vaccination.
Third, early detection can find infections at early stages
when  symptoms  have  not  yet  appeared.  In  addition,
the training of medical staff to improve their ability to

correctly  conduct  diagnosis  and  treatment,
scientifically  and  reasonably  determinate  the
asymptomatic  and  confirmed  cases,  also  needed  to  be
strengthened.  According  to  the  Statistics  on  the  5th
Wave  of  COVID-19  in  Hong  Kong,  the  population-
wide  mortality  rate  caused  by  Omicron  variant  was
799  per  million  and  for  people  over  80  years  old  was
10,408 per million ((6–7). According to the real-world
data  in  Hong  Kong,  the  fatality  rate  of  the  Omicron
variant  (0.76%)  was  significantly  higher  than  that  of
influenza (0.1%), and it reached 10.4% among people
over  80  years  old  (6–7).  The  elderly,  people  with
underlying  diseases,  and  those  who  had  not  been
vaccinated were at high risk of severe illness and death.
Of  the  8,973  patients  who  died  (0–112  years  old)  in
Hong Kong, 96% were the elderly, and 88% were not
fully  vaccinated.  Fortunately,  a  large  real-world  study
in  Hong  Kong  showed  that  three  doses  of  either
vaccination against COVID-19 offered very high levels
of protection against severe illness and death caused by
the  Omicron  variant  (vaccine  effectiveness  98.1%,
95%  confidence  interval:  97.1%,  98.8%)  (8).
Although the total vaccine coverage in the mainland of
China  is  high,  compared with  adults,  the  two-dose  or
booster vaccination rate of the elderly and children was
relatively  low. In Shanghai,  for  example,  the two-dose
vaccination  rate  for  people  over  80  years  old  is  only
about  15%  (9).  There  are  still  a  large  proportion  of
susceptible people. 

The Dynamic COVID-Zero Strategy
Is Still Required

China  should  still  persevere  in  the  Dynamic
COVID-Zero  Strategy.  Putting  people’s  lives  and
health  first  is  the  fundamental  starting  point  and goal
of  all  prevention  and  control  measures  in  China.
Because  of  the  large  population,  unbalanced  regional
development,  and  insufficient  total  medical  resources,
China will face the risk of serious runs of medical and
health  resources  if  the  “lying  flat”  strategy  is  adopted
(10).  The  health  of  many  patients  with  underlying
diseases,  the  elderly,  children,  and  pregnant  women
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will  be  seriously  threatened,  and  the  steady  economic
and social development will be seriously affected (10).

Dynamic  COVID-Zero  Strategy  is  the  general
guideline  for  China’s  fight  against  COVID-19,  which
is  also  a  summary  of  previous  experiences  in  fighting
against  dozens  of  domestic  clusters  of  outbreaks  since
2020. The multiple rounds of COVID-19 have proved
that  the  Dynamic  COVID-Zero  Strategy  is  in  line
with China’s national conditions and is the best option
for China to fight the epidemic, which is based on the
concept  of  “people  first,  life  first.”  China  has  the
capability,  the  foundation,  the  conditions,  and  the
toolkits  to  implement  this  strategy.  Also,  China  has
strong institutional advantages, professional teams, and
the support of the public, which will form the greatest
protection for life.

The  core  of  the  dynamic  zero  strategy  lies  in  early
detection,  rapid  containment,  and  cutting  off
transmission  to  prevent  continuous  spread  and  large-
scale  rebound of  the epidemic (11).  This  is  not  about
“zero infection” or “zero tolerance” of COVID-19, but
about  science  and precision.  The  premise  of  precision
is  to  be  effective.  In  the  face  of  the  virus,  we  need  to
stay  ahead.  Zero  community  transmission  refers  to
newly  discovered  infected  persons  being
comprehensively  found  in  quarantined  and  controlled
populations without the possibility of spreading to the
rest of society. The temporary inconveniences in some
areas  are  for  longer-term  normal  life  and
socioeconomic  development  of  the  population  more
broadly. We need to take a systematic approach and a
long-term view to do the best to strike a better balance
between  epidemic  prevention  and  control  with
socioeconomic development. 

Seize the Opportunities to Gain
Precious Time Window for the Future

At  present,  China  has  entered  the  fourth  stage  of
comprehensive  epidemic  prevention  and  control,
namely,  “scientific,  accurate,  and  dynamic  COVID-
zero”  (10).  Facing  the  rapidly  spreading  Omicron,  in
order  to  stop  the  spread  of  the  epidemic  in  the
community  as  soon  as  possible,  we  are  supposed  to
make  coordinated  efforts  to  control  the  outbreak  at
early  stages,  including  control  of  at-risk  populations,
detection,  epidemiological  investigation,  transport,
isolation,  treatment,  and  other  aspects  (10).  The
Dynamic  COVID-Zero  Strategies  adopted  by  China
have  won  a  precious  time  window  for  the  future.
China  should  seize  this  opportunity  to  speed  up
research  and  development  of  specific  drugs  and

vaccines,  accelerate  the  two  or  three-dose  vaccination
of  the  population,  especially  for  the  elderly  and
children, and strengthen the preparedness of resources
for  the  future  to  finally  defeat  the  virus  at  a  minimal
cost. 
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