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ABSTRACT

Background:  Seasonal influenza resurged in China
in  February  2023,  causing  a  large  number  of
hospitalizations.  While  influenza  epidemics  occurred
across  China  during  the  coronavirus  disease  2019
(COVID-19)  pandemic,  the  relaxation of  COVID-19
containment  measures  in  December  2022  may  have
contributed  to  the  spread  of  acute  respiratory
infections in winter 2022/2023.

Methods:  Using  a  mathematical  model
incorporating  influenza  activity  as  measured  by
influenza-like  illness  (ILI)  data  for  northern  and
southern  regions  of  China,  we  reconstructed  the
seasonal  influenza  incidence  from  October  2015  to
September  2019  before  the  COVID-19  pandemic.
Using  this  trained  model,  we  predicted  influenza
activities in northern and southern China from March
to September 2023.

Results:  We  estimated  the  effective  reproduction
number  Re  as  1.08  [95%  confidence  interval  (CI):
0.51,  1.65]  in  northern  China  and  1.10  (95%  CI:
0.55,  1.67)  in  southern  China  at  the  start  of  the
2022–2023  influenza  season.  We  estimated  the
infection attack rate  of  this  influenza  wave  as  18.51%
(95%  CI:  0.00%,  37.78%)  in  northern  China  and
28.30%  (95%  CI:  14.77%,  41.82%)  in  southern
China.

Conclusions:  The  2023  spring  wave  of  seasonal
influenza in China spread until July 2023 and infected
a substantial number of people. 

INTRODUCTION

In  China,  influenza  virus  exhibited  apparent
seasonality  before  the  coronavirus  disease  2019
(COVID-19)  pandemic  but  was  suppressed  by
multifaceted  control  strategies  during  the  COVID-19
pandemic  (1).  However,  due  to  the  substantially
reduced pathogenicity of the new COVID-19 variants,

officials  decided to  adjust  the  response  strategies  (e.g.,
restricting  testing  coverage,  shortening  quarantine
periods  for  inbound  travelers,  and  suspending
secondary  contact  tracing)  to  better  balance  public
health and economic factors starting on November 11,
2022  (2);  then,  on  December  7,  2022,  control
measures (e.g., the prohibition of regional mass testing
and  the  implementation  of  home  isolation  or
quarantine) were further relaxed (3).

During  the  COVID-19  pandemic,  nonpharma-
ceutical interventions (NPIs) such as social distancing,
school  closures,  bans  on  large  gatherings  and
nonessential  activities,  stay-at-home  orders,  travel
restrictions,  wearing  face  masks,  extensive  testing,
contact  tracing,  and  isolation  programs  have  all  been
successful in slowing the spread of the virus that causes
COVID-19, thereby minimizing outbreaks and saving
lives (4–7). In early 2020, NPIs were estimated to have
reduced  influenza  activity  in  southern  and  northern
China  by  79.2%  and  79.4%,  respectively,  in  contrast
with  normal  seasonal  influenza  activity  (8).  This
outcome  was  undoubtedly  positive,  especially  in  the
short  term,  as  it  reduced  the  spread  of  the  virus  and
thus  the  number  of  infections.  However,  the  reduced
circulation  of  influenza  may  have  negative
consequences  in  the  long  term;  for  example,  when
fewer people have developed immunity to influenza, a
population can be rendered slightly more vulnerable to
infection in the following season (9–10).

In  China,  the  national  influenza  vaccination
coverage rate per year was particularly lower than that
in  other  countries,  at  approximately  2.2%  in  2014
(11),  in  contrast  with  6.9%  at  the  global  scale  (12).
The  lack  of  immune  stimulation  due  to  reduced
circulation  of  influenza  could  result  in  a  more  severe
outbreak in the following season, potentially leading to
more  hospitalizations  and  deaths  (10).  It  is  thus
unsurprising  that  there  was  a  large  resurgence  of
influenza  B  and  influenza  A  activity  in  China  in  July
2021 and June 2022 in Shanghai, respectively (1).

The  eventual  cancellation  of  COVID-19-related
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NPIs (e.g., the prohibition of regional mass testing and
the  implementation  of  home  isolation  or  quarantine)
in  China  on  December  7,  2022  (3)  led  to  an
unprecedentedly  large  Omicron  wave  in  December
2022  together  with  a  sharp  increase  in  influenza
incidence  in  February  2023  (13).  As  of  March  12,
2023, 807 outbreaks had been detected in China (14).
For  improving  the  surveillance  and  early  warning
systems  for  influenza  epidemics,  in  this  study,  we
projected  the  influenza  incidence  and  quantified  the
influenza transmission dynamics (e.g., attack rate, peak
timing,  and  peak  value)  in  northern  and  southern
China  from  October  2022  to  September  2023
(epidemiological  year  2022–2023)  using  a
mathematical  compartmental  model  informed  by
influenza data from 2015 to 2019. 

METHODS

µ

We collected weekly influenza surveillance data from
the  Chinese  National  Influenza  Center  for  northern
and southern China from 2015 to 2023 (15). To map
the  influenza-like  illness  positive  (ILI+)  to  the  weekly
symptomatic  incidence  of  the  general  population,  we
optimized  the  health  care  seeking  rate   with  a  value
from  0  to  1  with  steps  of  0.1;  the  least  mean  square
error (MSE) of  ILI+ was between the observation and
mean  estimates  of  100  simulations  of  the  fitting  and
forecast  results  for  2015–2019  and  2022–2023.  The
influenza  season was  defined  following  reference  (ref.)
(16).

βt

We  characterized  influenza  transmission  in  the
population  using  a  susceptible-symptomatic-
asymptomatic-recovered-hospitalized-dead  (SYARHD)
model  and  used  this  model  to  simulate  influenza
transmission  dynamics  per  season.  To  forecast
influenza  activity,  we  used  the  ensemble  adjustment
Kalman filter (EAKF) to infer the varying transmission
coefficients  in  the  mathematical  transmission  model
following  the  parameter  setting  in  ref.  (17–19).  We
replayed  the  historical  infection  pattern  with  the
inferred transmission rates  to validate  the effectiveness
of  model  calibration.  When  simulating  influenza
activity  in  the  future  season,  we  set  the  transmission
rates at time t as the average of the transmission rates at
time  t  in  the  previous  four  influenza  seasons
(2015–2016,  2016–2017,  2017–2018,  and
2018–2019).  By  doing  so,  we  could  simulate  the
influenza infection pattern for different situations (i.e.,
various  proportions  of  the  susceptible  population).  By
using  the  distribution  of  ( )  inferred  by  EAKF,  we

derived  the  95%  confidence  interval  (CI)  of  the
number  of  new  infections  each  week.  Then,  we
aggregated  the  new  infections  in  the  whole  flu  season
and calculated the attack rate as the proportion of the
population that was infected. 

RESULTS

According  to  the  influenza  surveillance  data  from
the Chinese National Influenza Center (15),  influenza
activity  continued  to  increase  in  February  2023  after
the sudden relaxation of COVID-19 control measures;
consequently, among the eight study years, the highest
influenza  activity  was  observed  in  2023,  followed  by
2020,  and  the  lowest  activity  was  observed  in  2021,
with  no  apparent  seasonality.  In  contrast  to  that  in
northern  China,  the  influenza  activity  in  southern
China was more serious in the summer of 2022. In this
period,  the  ILI+  and  influenza-like  illness  (ILI)  in
southern  China  were  23.90  per  1,000  and  75.41  per
1,000  persons,  respectively,  which  were  higher  than
those  in  northern  regions  (4.44  per  1,000  and  27.77
per  1,000  persons,  respectively).  The  ILI  had  a
rebound  increase  in  December  2022  and  peaked  at
130.96 per  1,000 and 86.25 per  1,000 persons in the
southern and northern regions, respectively, during the
Omicron  variant  outbreak  in  China,  and  resulted  in
notably  increasing  ILI  cases  compared  with  any  other
period. In February 2023, ILI+ had the highest values
of 54.39 per 1,000 and 51.41 per 1,000 persons in the
northern and southern regions, respectively.

To validate the epidemic models used in this study,
we  performed  model  calibration  for  influenza
outbreaks  in  North  and  South  China  over  five
influenza  seasons  (2015–2016,  2016–2017,
2017–2018,  2018–2019,  and  2022–2023).  Informed
by  ILI+  (Figure 1),  we  used  the  EAKF  algorithm
(Methods)  to  infer  the  transmission  rates  in  previous
influenza  seasons  and  replayed  the  historical  infection
pattern in the northern and southern regions of China
(Figures 2–3).

We projected the influenza activity between October
9,  2022,  and  October  1,  2023  (Figure 4),  with  the
transmission rate as the fitted value in the 2015–2019
seasons  (Figure 3).  During  the  study  period,  we
estimated that the attack rates were 18.51% (95% CI:
0.00%,  37.78%)  and  28.30%  (95%  CI:  14.77%,
41.82%) in northern and southern China, respectively.
The  influenza  incidence  was  estimated  to  peak  on
March  12,  2023,  and  March  19,  2023,  in  northern
and  southern  China,  with  ILI+  values  of  61.28  (95%
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FIGURE 1. ILI and ILI+ in (A) northern China and (B) southern China.
Note: We estimated seasonal ILI+ (20) in northern and southern regions by multiplying the activities of ILI by public health
laboratory estimates of percent positive influenza tests from the China CDC surveillance system for the 2015–2022 seasons.
Gray shading represents the influenza seasons (16).
Abbreviation: ILI+=Influenza-like illness positive; ILI=Influenza-like illness.
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FIGURE 2. Reconstruction  fit  of  ILI+  between  2015  and  2019  in  northern  regions.  (A)  2015–2016;  (B)  2016–2017;
(C) 2017–2018; (D) 2018–2019.
Note: Blue lines and shaded areas indicate the mean and 95% CI of the estimation. The red line indicates the data.
Abbreviation: ILI+=Influenza-like illness positive; ILI=Influenza-like illness; CI=confidence interval.
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CI:  0,  160.87)  and  66.04  (95% CI:  0,  161.09),
respectively,  and  the  outbreaks  were  predicted  to  end
on  June  18  and  July  23,  2023,  in  northern  and
southern China,  respectively.  For  the  influenza  season
of 2022–2023, the attack rate was estimated to exceed
5% in northern and southern China for 72% and 83%
of the epidemics, respectively.

The  effective  reproduction  number  Re  between
October 9, 2022, and October 1, 2023, started at 1.08
(95% CI:  0.51,  1.65)  and  1.10  (95% CI:  0.55,  1.67)
and  reached  as  high  as  2.13  (95% CI:  1.56,  2.70)  on
February 26, 2023, and 2.44 (95% CI: 1.86, 3.01) on
February 26, 2023, while the mean estimates were 0.93
(95% CI:  0.35, 1.51) and 0.96 (95% CI:  0.44, 1.49),
respectively,  in  northern  and  southern  China.  In
contrast,  the  mean  estimate  was  0.97  (95% CI:  0.96,
0.98) and 0.99 (95% CI: 0.98, 1.00), with peak values
of 1.60 (95% CI: 1.56, 1.65) and 1.42 (95% CI: 1.41,
1.43), for the period from October 2015 to September
2019 in northern and southern China, respectively.

The estimated proportions of the initially susceptible
population  (S0)  on  October  9,  2022,  were  0.73  and
0.76  in  northern  and  southern  China,  respectively.
Following the same Re, a higher S0 would cause both a
higher  ILI+  and  attack  rate.  We  further  investigated

the  impact  of  susceptibility  on  the  attack  rate  by
varying  S0  from 50%  to  80%  across  the  transmission
scenarios  (Supplementary Figures S1–S2,  available  in
https://weekly.chinacdc.cn/).  In  southern  China,  we
estimated  that  the  attack  rates  were  0.11%  (95%  CI:
0.04%,  0.19%),  0.45%  (95%  CI:  0%,  1.12%),
14.00% (95% CI: 3.37%, 24.62%), and 35.72% (95%
CI:  18.21%,  53.24%)  for  S0=  0.5,  0.6,  0.7,  and  0.8,
respectively. In northern China, we estimated that the
attack  rates  were  0.18%  (95%  CI:  0.05%,  0.32%),
0.61%  (95%  CI:  0.00%,  1.26%),  10.27%  (95%  CI:
0.00%,  24.55%),  and  42.54%  (95%  CI:  18.79%,
66.28%) for S0= 0.5, 0.6, 0.7, and 0.8, respectively. 

DISCUSSION

Infection  with  respiratory  viruses,  including
influenza viruses and respiratory syncytial virus (RSV),
typically  occurs  in  seasonal  patterns  in  China,  with
increased  incidence  during  the  cooler  months  of  the
year and around summer in southern China. However,
due  to  the  strict  public  health  measures  implemented
during  the  COVID-19  pandemic,  such  as  social
distancing  and  wearing  masks,  the  circulation  of
influenza was significantly reduced in 2020 and 2021.
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FIGURE 3. Reconstruction  of  ILI+  between  2015  and  2019  in  southern  regions.  (A)  2015–2016;  (B)  2016–2017;
(C) 2017–2018; (D) 2018–2019.
Note: Blue lines and shaded areas indicate the mean and 95% CI of the estimation. The red line indicates the data.
Abbreviation: ILI+=Influenza-like illness positive; ILI=Influenza-like illness; CI=confidence interval.
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With the gradual relaxation of COVID-19 NPIs in late
2020  and  further  relaxation  after  the  COVID-19
Omicron wave in late 2022, influenza started to spread
in  the  community.  It  is  important  to  remain  vigilant
and  track  influenza  development  when  it  circulates,
especially  among vulnerable  populations  such  as  older
adults  and  those  with  underlying  health  conditions.
Although  considerable  uncertainty  exists  regarding
cocirculating influenza variants, vaccines, and NPIs, we
projected  that  influenza  activities  peaked  in  March
2023 in northern and southern China.

Influenza  epidemiology  is  characterized  by
seasonality,  which is  influenced by population contact
patterns,  viral  survival,  and  host  immunity  (21).  In
temperate climate zones, influenza seasons are generally
synchronized and occur during winter  (22).  However,
pandemics  can  occur  when  a  new  influenza  virus
emerges  and  spreads  globally,  causing  severe  illness,
death,  and significant social  and economic disruption.
Some  influenza  pandemics  have  had  unusual  patterns
of  illness,  with  out-of-season  waves  reported.  For
example,  during  the  1918 pandemic,  there  were  three

waves  of  illness,  with  the  first  wave  occurring  in  the
spring of 1918, followed by a second, more severe wave
in the  fall  of  that  year  and a  third  wave  in  the  winter
and  spring  of  1919.  The  2009  H1N1  pandemic  also
had  an  unusual  pattern  of  illness,  with  a  first  wave
occurring  in  the  spring  of  2009,  followed  by  a  larger
second wave in the fall  and winter of that year.  These
perturbations  are  typically  limited  to  the  first  year  of
circulation of a pandemic virus (22).

Compared  to  previous  influenza  pandemics,  recent
influenza  activity  has  been  substantially  disrupted  by
the  COVID-19  pandemic.  This  pandemic  has  caused
changes  in  contact  patterns  and  mobility,  which  have
affected the seasonal cycles of many infectious diseases
globally,  including  influenza.  When  COVID-19  first
emerged  in  2020,  there  was  little  to  no  influenza
activity  in  either  hemisphere  due  to  the  reduction  in
human  mobility  and  contact  in  response  to  COVID-
19. However, influenza started to resurge in late 2021,
with  out-of-season  activity  in  the  Southern
Hemisphere.  A  peak  in  weekly  influenza  cases  was
reported in Australia in June 2022, earlier than typical
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FIGURE 4. Projected ILI+ between October 9, 2022, and September 30, 2023. (A) The transmission rate in the 2022–2023
season in northern China, (B) the transmission rate in the 2022–2023 season in southern China; (C) probability distribution
of the attack rate in northern China; (D) probability distribution of the attack rate in southern China.
Note:  ILI+  is  fitted  before  March  26,  2023,  and  projected  after  March  26  until  September  30,  2023.  We  used  the  mean
estimates  of  the  four  fitted  transmission  rates  per  week  for  the  2015–2016,  2016–2017,  2017–2018,  and  2018–2019
seasons  as  the  transmission  rate  for  the  same  week  in  the  2022–2023  season.  We  ran  100  stochastic  simulations  and
estimated the weekly incidence. Blue lines and shaded areas indicate the mean and 95% CI of the model, whereas the red
line  denotes  the  observations.  Gray  shading  represents  the  influenza  season  (16).  We  estimated  the  attack  rate  for  the
influenza season for each of the 100 stochastic simulations and estimated the probability distribution.
Abbreviation: ILI+=Influenza-like illness positive; ILI=Influenza-like illness; CI=confidence interval.
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and far exceeding the 5-year average (23). According to
the  March  20,  2023,  World  Health  Organization
update,  influenza  activity  continued  to  decrease
following  the  peak  in  late  2022  (24).  In  North
America,  most  indicators  of  influenza  activity  were  at
end-of-season levels, while in Europe, overall influenza
diagnoses  decreased  slightly,  and  influenza  positivity
rates  decreased  according  to  data  from  sentinel  sites,
although  these  values  remained  above  the  epidemic
threshold at the regional level. In East Asia, the activity
of  influenza  A  (H1N1)  pdm09,  which  was  the
predominant  strain,  steeply  increased  in  China  but
decreased in the other reporting countries.

The rise in the prevalence of respiratory viruses may
not solely be attributed to the relaxation of strict NPIs
used  during  the  pandemic  and  population  behavioral
changes  in  response  to  perceived  levels  of  risk.
Importantly,  while  COVID-19  has  created  many
challenges,  it  has  also  highlighted  the  significance  of
maintaining good health and hygiene practices.

The  influenza  A  (H1N1),  A  (H3N2)  and  B  strains
can cocirculate in an influenza season. According to the
isolation  and  identification  results  for  the  influenza
virus from the China CDC (14), nearly half of samples
from  infected  individuals  harbored  B  viruses  between
2015  and  2019.  However,  more  than  99%  of  virus-
positive  samples  contained  A  viruses  in  2023.
Compared  to  influenza  B,  influenza  A  tends  to  be
more  transmissible  (25)  and  more  likely  to  cause  a
pandemic (26), which may have resulted in the higher
peak in 2023 than before. In the summer of 2022, an
H3N2 influenza outbreak occurred in southern regions
and  peaked  on  June  20,  2022,  with  an  ILI+  of  23.9,
while the maximum ILI+ in northern regions was only
4.44  for  the  same  period.  Although  natural  infection
provides long-lived immunity (27) in southern regions,
the estimated attack rate and S0 in southern regions in
2022–2023  seasons  are  higher  than  that  in  northern
regions.

For years, a global control strategy for influenza has
been  implemented  based  on  regular  vaccine  strain
updates,  which  are  centered  on  the  synchronicity  of
influenza circulation at the hemispheric level (28). The
findings  of  this  study  have  important  practical
implications  for  public  health  authorities.  The  return
of influenza activity in 2021–2022 highlights the need
for  improved  influenza  vaccines  and  increased
vaccination  coverage.  Public  health  authorities  should
prioritize  the  development  and  distribution  of
improved  influenza  vaccines  and  ensure  that
vaccination  campaigns  are  widely  promoted  and

accessible  to  all  populations,  particularly  vulnerable
groups such as older adults and those with underlying
health  conditions.  Resource  allocation  should  be
carefully  considered  in  the  context  of  cocirculating
influenza  variants  and  the  potential  for  pandemics.
Public  health  authorities  should  prioritize  the
allocation  of  resources  toward  surveillance  and  early
warning systems for influenza epidemics as well  as the
development  and  distribution  of  antiviral  medications
in  addition  to  vaccine  development  and  distribution.
Given  the  limitations  of  this  study,  public  health
authorities  should  continue  to  monitor  the  situation
closely  and  adjust  their  strategies  accordingly.  These
strategies  include  ongoing  surveillance  of  influenza
activity,  vaccine  coverage  and  efficacy  tracking,  and
evaluation  of  the  impact  of  NPIs,  such  as  social
distancing  and  wearing  masks,  on  influenza
transmission.

The  limitations  of  this  study  should  be  noted.  Our
model  does  not  explicitly  include  contact  patterns,
mobility,  vaccination  or  NPIs  but  captures  these
factors  through  our  estimates  of  transmissibility.
Second, we use weekly ILI+ and scaling factors to map
ILI+  to  the  weekly  symptomatic  incidence  of  the
general  population  from  municipal-scale  estimates  to
denote the transmission rate, which may bias the attack
rate  given  the  potential  uncertainty  in  spatial
heterogeneity. 

CONCLUSION

Understanding influenza seasonality is important for
predicting  and  preparing  for  future  outbreaks.  After
the  cancellation  of  COVID-19-related  measures  in
China  in  December  2022,  we  expected  that  a
significant  increase  in  influenza  activity  would last  for
4  months  in  northern  and  southern  China  starting
from  mid-February  to  mid-June  2023.  Although
pandemic  influenza  seasons  can  disrupt  regular
seasonal  cycles,  further  research  is  needed  to  improve
our  understanding  of  influenza  seasonality  and  the
emergence  of  new  viruses.  This  is  a  crucial  time  to
initiate  well-designed  studies  that  can  help  us
understand  how  seasonal  factors,  immunity,  contact
patterns, and infections interact. 
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SUPPLEMENTARY MATERIAL
 

Data
Weekly influenza surveillance data were obtained from the Chinese National  Influenza Center (1)  for northern

and southern China from 2015 to 2023. The data reported each week included the number of influenza-like illness
(ILI) cases at the sentinel hospitals and the number of positive cases of influenza A (H1N1, H3N2, and pdmH1)
and influenza B (Yamagata and Victoria)  that were examined in a laboratory.  We calculated the weekly incidence
rate of influenza by multiplying the ILI rate by the positive rate of viral detection.

The influenza season was defined in the following refference (2). The onset of influenza seasons refers to the first
of  three  consecutive  weeks  when influenza-like  illness  positive  (ILI+)  records  exceeded a  prescribed baseline (40%
quantile of the nonzero ILI+ records). The end of the season refers to the first of two consecutive weeks with ILI+
below the baseline following the onset of the season.

µ

µ

Since  ILI+  was  calculated  according  to  the  ILI  and  laboratory-positive  rate,  it  only  represents  the  influenza-
positive proportion of the health care-seeking population. Therefore, in our study, we assumed a health care seeking
rate   to map ILI+ to the weekly symptomatic incidence of the general population and then to obtain the weekly
incidence of the general population based on the weekly symptomatic incidence and the symptomatic proportion.
For the optimal value of  , we chose a value from 0 to 1 with steps of 0.1; the least mean square error (MSE) of ILI+
was  between  the  observation  and  mean  estimates  of  100  simulations  of  the  fitting  and  forecast  results  for
2015–2019 and 2022–2023. 

Transmission Model
We  characterized  influenza  transmission  in  the  population  using  a  susceptible-symptomatic-asymptomatic-

recovered-hospitalized-dead (SYARHD) model and used this model to simulate influenza transmission dynamics per
season. The model equations were as follows:

St+ = St − βt × St × (Yt + ω × At) + γ × Rt (1)

Yt+ = Yt + σ × βt × St × (Yt + ω × At) − α × Yt − δ × Yt (2)

At+I = At + ( − σ) × βt × St × (Yt + ω × At) − δ × At (3)

Rt+ = R + δ × At + δ × Yt + δ ×Ht − γ × Rt (4)
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SUPPLEMENTARY FIGURE S1. Projected attack rates for the influenza outbreak in northern regions.
Note: Panel (A) is the estimated attack rates with the mean and 95% confidence interval (CI) between October 9, 2022, and
September 30, 2023 across five transmission scenarios: 50%, 60%, 70%, 80% and our best estimate (73%) of the population
initially  susceptible  on  October  9,  2022.  Panel  (B)  is  the  estimated  incidence  (%)  of  influenza  infections  across  four
scenarios.  Black  dotted  horizontal  lines  correspond  to  attack  rates  for  the  same  period  during  the  2015–2019  influenza
seasons. We ran 100 stochastic simulations. Lines and shaded areas indicate the mean and 95% CI of the model.
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Ht+ = Ht + α × Yt − δy ×Ht − ϵ ×Ht (5)

Dt+ = Dt + ϵ ×Ht (6)

t St Yt

At Rt δ

/γ
Following  infection  at  time  ,  susceptible  individuals  ( )  enter  an  infectious  state  (symptomatic    and

asymptomatic  ),  in  which a  fraction of  infected patients  recover  ( )  at  rate  .  Those  recovered patients  remain
protected from future infection for the duration of   on average.

βt t
St It At σ = ., δ = /, δ = /, δ = .,

α = ., γ = / ( × ) , ω = . ε = . Re

To  forecast  influenza  activity,  we  used  the  ensemble  adjustment  Kalman  filter  (EAKF)  to  infer  the  varying
transmission  coefficient    at  time    in  the  mathematical  transmission  model  as  well  as  the  proportion  of  daily
susceptible  population    and  infected  population    and  .  We  set 

  , and   following refs. (3–5). The effective reproduction number ( ) at
time t was calculated as follows:

Rt(t) = St × βt × ( σ

δ + α
+ ω ×

 − σ

δ
) (7)

βt βtIn each influenza season, we hierarchically inferred S0 and  . For a given S0,   was calibrated over time using
EAKF. During the fitting period between 2015 and 2019, the initial  S0 values  were drawn using latin hypercube
sampling (LHS) from the range [0.65, 0.75] with 100 stochastic simulations (3). To forecast the influenza activity
between October 9, 2022, and September 30, 2023, we chose a value from 0.65 to 1 with steps of 0.01; the least
mean square error (MSE) of ILI+ was between the observation and mean estimates of 100 stochastic simulations.

βt Np

βt

β
i
t Np

βt Np

In the parameter calibration of  , EAKF uses a group of particles (with population size  ) to approximate the
distribution  of  .  Specifically,  one  particle  contains  a  specific  combinatorial  value  of  the  hidden  variables,  for
instance ( ), and a group of particles are regarded as   random samples from the underlying distribution of these
hidden variables ( ). We set the number of particles   to 10,000.

wt

dIw = ∑d+
t=d βt × St × (It + At) d

w wt

Ow wi
t ∝ N (dIiw»»»»»Ow,Ω) Ω = . × Ow

t + 

To  infer  the  hidden  variables,  EAKF  assigns  a  weighting    to  each  particle  according  to  its  likelihood  of
generating the observed incidence. We model the influenza activity using the SIRS model on a daily basis, while the
influenza incidence data are reported weekly. To align our model output with the reported data, we aggregate the
daily  new infection  simulated  by  the  SIRS  model  to  weekly  incidence,  ,  where    is  the
first day of week  . That is, we only calculate weightings for the end day of each week. The assigned weighting   is
negatively  proportional  to  the  distance  between  the  modeled  weekly  incidence  and  the  observed  ILI+  weekly
incidence  ,  which we model using the Gaussian likelihood function:  ,  where  .
In the simulation of influenza activity at the next time step  , EAFK draws one particle from the particle group at
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SUPPLEMENTARY FIGURE S2. Projected attack rates for the influenza outbreak in southern regions.
Note:  Panel  (A)  estimated  attack  rates  with  the  mean  and  95%  confidence interval  (CI)  between  October  9,  2022,  and
September  30,  2023,  across  five  transmission  scenarios:  50%,  60%,  70%,  80%  and  our  best  estimate  (78%)  of  the
population  initially  susceptible  on  October  9,  2022.  Panel  (B)  estimated  incidence  (%)  of  influenza  infections  across  four
scenarios.  Black  dotted  horizontal  lines  correspond  to  attack  rates  for  the  same  period  during  the  2015–2019  influenza
seasons. We ran 100 stochastic simulations. Lines and shaded areas indicate the mean and 95% CI of the model.
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t +  wj
t , j ∈ [,Np] t + 

β
j
t

time step   with probability   and propagates to the next time step   with the SIRS transmission
model using the value of the drawn particle ( ).

βt

We replayed  the  historical  infection  pattern  with  the  inferred  transmission  rates  to  validate  the  effectiveness  of
model calibration. When simulating the influenza activity in the future season, we set the transmission rates at time
t as the average of the transmission rates at time t in the previous four influenza seasons (2015–2016, 2016–2017,
2017–2018, and 2018–2019). By doing so, we simulated the influenza infection pattern for different situations (i.e.,
various proportions of a susceptible population). By using the distribution of ( ) inferred by EAKF, we derived the
95% confidence interval of the number of new infections each week. Then, we aggregated the new infections for the
whole flu season and calculated the attack rate as the proportion of the population that was infected. 
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