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Abstract
The coexistence of coronavirus disease 2019 (COVID-19) and seasonal influenza epidemics has become a potential threat to human 
health, particularly in China in the oncoming season. However, with the relaxation of nonpharmaceutical interventions (NPIs) during 
the COVID-19 pandemic, the rebound extent of the influenza activities is still poorly understood. In this study, we constructed a 
susceptible–vaccinated–infectious–recovered–susceptible (SVIRS) model to simulate influenza transmission and calibrated it using 
influenza surveillance data from 2018 to 2022. We projected the influenza transmission over the next 3 years using the SVIRS model. 
We observed that, in epidemiological year 2021–2022, the reproduction numbers of influenza in southern and northern China were 
reduced by 64.0 and 34.5%, respectively, compared with those before the pandemic. The percentage of people susceptible to influenza 
virus increased by 138.6 and 57.3% in southern and northern China by October 1, 2022, respectively. After relaxing NPIs, the potential 
accumulation of susceptibility to influenza infection may lead to a large-scale influenza outbreak in the year 2022–2023, the scale of 
which may be affected by the intensity of the NPIs. And later relaxation of NPIs in the year 2023 would not lead to much larger 
rebound of influenza activities in the year 2023–2024. To control the influenza epidemic to the prepandemic level after relaxing NPIs, 
the influenza vaccination rates in southern and northern China should increase to 53.8 and 33.8%, respectively. Vaccination for 
influenza should be advocated to reduce the potential reemergence of the influenza epidemic in the next few years.
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Significance Statement

Relaxing nonpharmaceutical interventions (NPIs) will lead to large influenza outbreaks in 2022–2023. The sharp increase in the popu-
lation susceptibility to influenza viruses from 2020 to 2022 may be one of the important reasons for the rebound of influenza activities. 
Increasing the influenza vaccination rate to 54% can control the influenza activities to the level before the COVID-19 pandemic.
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Introduction
In December 2019, the transmission of a novel coronavirus, severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), led to a 
pandemic of coronavirus disease 2019 (COVID-19) (1). To mitigate 
the COVID-19 pandemic, a set of nonpharmaceutical interven-
tions (NPIs), including massive mobility restrictions, universal fe-
ver screening, the use of big data and artificial intelligence to 
strengthen contact tracing, and the management of prioritized 
populations, were implemented worldwide (2). Because both 
COVID-19 and seasonal influenza are respiratory infections and 
have similar routes of transmission (2), it is not surprising that in-
fluenza activity decreased under COVID-19 control measures dur-
ing the 2019–2020 seasons worldwide, such as in Singapore (3), 

China (4–6), the United States (7), New Zealand (8), Spain, and 
Japan (9). The impact of NPIs on COVID-19 transmission has 
been well-documented (10, 11). However, long-term NPIs have 
raised concerns about the potential for economic recession (12) 
and unintended adverse mental health outcomes (13). With 
more people being vaccinated against COVID-19, NPIs have been 
relaxed worldwide (14).

NPIs used to control COVID-19 significantly reduced seasonal 
influenza transmission at the beginning of the COVID-19 pandem-

ic in 2020 (3, 8). However, their potential long-term impact is less 

well understood, especially when NPIs are relaxed. A study had 

quantified the long-term impact of NPIs used to control 

COVID-19 on the influenza epidemic in the United States (15). 
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And a sharp increase in influenza activity during the 2021–2022 
season has been reported in some countries in which NPIs were re-
laxed (16). However, different to the situation in the United States 
and Europe, longer and stricter NPIs were implemented in China. 
Thus, influenza activity was at a low level during the past 2 sea-
sons in China, and it is possible that human immunity to the influ-
enza virus was also at a low level. Thus, with the relaxation of 
NPIs, it is possible that there was a sharper increase of influenza 
activity in the following seasons in China. In addition, with the re-
laxation of NPIs, the coexistence of COVID-19 and seasonal influ-
enza epidemics in the oncoming season would become a potential 
threat to human health in China (17, 18).

In this study, we addressed these challenges by building a 
susceptible–vaccinated–infected–recovered–susceptible (SVIRS) 
model that was applied to influenza surveillance data in China 
from 2018 to 2022, and we used this model to generate predictions 
after 2022. This study aimed to quantify the long-term impact of 
NPIs on the influenza epidemic by predicting influenza transmis-
sion dynamics over the next 3 years under various control 
scenarios.

Results
Since 2020 January 23, when the Chinese government began a 
1-level response and implemented a set of NPIs to mitigate the 
COVID-19 pandemic, the incidence rate of influenza decreased 
rapidly in both southern China and northern China (Fig. 1). 
During the 2020–2021 season, the activity of influenza and num-
ber of new daily cases of COVID-19 remained at an extremely 
low level. In the 2021–2022 season, the activity of influenza re-
bounded in both southern China and northern China, but it still 
had a relatively lower peak than those in seasons before the 
COVID-19 pandemic. Compared with the peak incidence rates of 
influenza in the 2018–2019 and 2019–2020 seasons, the peak inci-
dence rate of influenza in the 2021–2022 epidemiological year in 
southern China was 70.9% lower, whereas that in northern 
China was only 32.4% lower. Furthermore, in the 2021–2022 sea-
son, we estimated that the transmission efficiencies of influenza 

in southern China and northern China were reduced by 64.0% 
(95% CI: 61.7–65.6%) and 34.5% (95% CI: 34.5–34.5%), respectively.

We simulated the influenza transmission from 2018 to 2020 
and calibrated it using surveillance data in southern China and 
northern China, respectively. The simulated influenza incidence 
rate in 2018–2020 matched the observed incidence rate well (R2  

= 0.96 in southern China and R2 = 0.98 in northern China) 
(Fig. 2), regardless of whether the average duration of immunity 
to the influenza virus was set as 2 years or 3 years.

In the 2018–2019 and 2019–2020 epidemiological years, when 
the average immunity period was set as 2 years, the estimated 
percentage of susceptible individuals in the population at the be-
ginning of the epidemiological year was ∼45–50%, it reached the 
lowest value in February, and it peaked in November (Fig. 3). 
When the immunity period was set as 3 years, the estimated per-
centage of individuals in the population who are susceptible to in-
fluenza was much lower, at ∼20–32%. This was reasonable 
because, with a longer immunity period, the recovery period 
would also be longer (Fig. 3). According to a community-based co-
hort study of the 2018–2019 epidemiological year in China, the 
percentage of individuals in the population who were susceptible 
to influenza virus was ∼25–37% (19); thus, in the following study, 
the average immunity period was set as 3 years.

Because the incidence rate of influenza from 2020 to 2022 was 
very low, it was not surprising that the accumulation of popula-
tion susceptibility reached an extremely high level at the end of 
2021 and remained at a high level by 2022 (Fig. 3). When the im-
munity period was assumed to be 3 years, by the end of 2021, 
the percentages of influenza-susceptible individuals in the popu-
lation in northern China and population in southern China in-
creased by 57.3 and 138.6%, respectively.

The predicted transmission dynamics of influenza from 2022 to 
2025 in southern China and northern China under the 4 different 
scenarios are shown in Fig. 4. When the immunity period was as-
sumed to be 3 years, the relaxation of NPIs would lead to a sub-
stantial increase in the incidence rate of influenza in the 2022– 
2023 epidemiological year in both southern China and northern 
China (Fig. 4). When the NPIs were completely relaxed, the peak 
incidence rate of the influenza epidemic in southern China and 

Fig. 1. Influenza and COVID-19 activities in China from 2018 to 2022.
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that in northern China would increase by 3.8-times and 3.0-times 
in the 2022–2023 epidemiological year (Table 1). With a greater re-
laxation of NPIs, the rebound of influenza activity is more pro-
nounced in the year 2022–2023 (Fig. 4 and Table 1). In addition, 

with the relaxation of NPIs on December 4, the peak influenza ac-
tivity predicted in the 2022–2023 season would occur later than 
that in years before the COVID-19 pandemic, but the speed of 
reaching the peak value is faster. The peak timing would be 
around January to February in the 2022–2023 season, while in 
the 2018–2019 and 2019–2020 seasons, the peak timing was 
around December to February (Table 1). In scenario 4, the rebound 
of influenza activity in 2023–2024 was approximately close to the 
rebound level of influenza activity in 2022–2023 in scenario 1. This 
means that later relaxation of NPIs would not much higher re-
bound of influenza activities in China. The main reason may be 
that under recent condition, though the influenza activities are 
low, it is prevalent.

The impacts in southern and northern China were slightly dif-
ferent. The relaxation of NPIs in southern China would lead a lar-
ger rebound of the influenza epidemic than that in northern China 
(Fig. 4). The main reason for this could be that the influenza activ-
ity in the 2021–2022 epidemiological year in southern China was 
lower than that in northern China (Fig. 2). The relaxation of NPIs 
had a very limited effect on influenza activity in the 2024–2025 
epidemiological years in southern China in all 4 scenarios; that 
is, the incidence rates of influenza in the 2024–2025 seasons grad-
ually returned to the level of that in years before the COVID-19 
pandemic (Fig. 4A). The impact in northern China still existed in 
the 2023–2024 and 2024–2025 epidemiological years. In northern 
China, a high influenza activity in a year would lead to lower influ-
enza activity in the subsequent year (Fig. 4B).

A potential measure for controlling the rebound of the influ-
enza epidemic when relaxing NPIs is vaccination. Figure 5
presents the prediction of the influenza incidence rate in the 
2022–2023 season under different influenza vaccination coverage 
rates when the NPIs were completely relaxed. When the influenza 
vaccination coverage rates in southern China and northern China 
reached 53.8% (95% CI: 51.1–55.8%) and 33.8% (95% CI: 33.5–34.3%) 
(Fig. 5), respectively, the influenza incidence rates remained at the 
same level as those before the COVID-19 pandemic, even when 
the NPIs are completely relaxed.

Discussion
In the short term, NPIs are expected to decrease not only the activ-
ity of influenza but also the activity of other infectious diseases (8, 
20) and alleviate the burden on healthcare systems. However, 
after the relaxation of NPIs, the potential accumulation of suscep-
tible individuals to influenza infection may lead to a large out-
break, which would be worrisome for the medical infrastructure 
if no interventions were implemented. Our modeling suggests 
that, in the upcoming 2022–2023 season, the peak influenza inci-
dence rates in southern China and northern China will be greater 
than 3-fold than those before the COVID-19 pandemic if the NPIs 
are completely relaxed. Moreover, the rebound in southern China 
would be more pronounced than that in northern China, which is 
partly due to the relatively low rebound of influenza activity in the 
2021–2022 epidemiological year in southern China. The higher in-
crease in the proportion of susceptible people in southern China 
than that in northern China led to a higher influenza rebound in 
southern China, which is consistent with the results of other stud-
ies (21). In addition, if NPIs were lifted in the 2022–2023 epidemio-
logical year, the influenza activity may have arrived faster. It is 
recommended that the medical system should prepare in ad-
vance, such as appealing for influenza vaccination earlier. A re-
search result indicated that the severity of influenza rebound is 
related to the duration of NPI implementation and various 

Fig. 2. Fitted and surveillance influenza activities in 2018–2022 in 
southern China A, C) and northern China B, D). The average duration of 
immunity was assumed to be 2 years A, B) or 3 years C, D). 
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relaxations of NPIs. The longer the duration of NPI implementa-
tion, the more thorough the relaxation of NPIs and the more se-
vere the flu rebound (22). Compared with other countries, China 
has consistently implemented NPIs for longer time; thus, China 
may exhibit a greater accumulation of individuals in the popula-
tion who are susceptible to influenza, leading to a larger rebound 
in the influenza activity after relaxing NPIs. A large-scale outbreak 
of influenza patients during a concentrative period and severe 
clinical reactions caused by increased susceptibility of the popula-
tion will bring enormous pressure to the medical system and pose 
a great threat to public health, especially for children with low im-
munity and students who usually gather in classrooms for a long 
time.

Vaccination for influenza could be an important intervention to 
control the rebound of influenza activity after the COVID-19 pan-
demic in China. As the rate of influenza vaccination was low be-
fore the COVID-19 pandemic (23), improving the coverage of 
influenza vaccination in China has become particularly import-
ant. Our study suggests that, when the influenza vaccination 
rate increases to 54% and the vaccine effectiveness is 59%, even 
with the complete relaxation of NPIs, the influenza activity could 
remain at a prepandemic level in the 2022–2023 season. In add-
ition, we also demonstrated that southern China needs a higher 
vaccination rate (54%) than northern China (34%) to achieve the 
same outcome, which is consistent with the results of the study 
by Ali et al. (21). However, owing to the low prevalence of influenza 
activity during the past 2 years, it may be difficult to predict the 
dominant influenza strains to guide influenza vaccine production. 
Before the COVID-19 pandemic, in the 2018–2019 and 2019–2020 
epidemiological years, the incidence of influenza was dominated 
by that of the influenza A subtype, whereas after the COVID-19 
pandemic, it was dominated by the influenza B Victoria subtype 
(24). Thus, the uncertainty of the dominant influenza strains after 
the pandemic will decrease the effectiveness of influenza vaccin-
ation. Therefore, improving the coverage of influenza vaccination 
by promoting a reimbursement-based influenza vaccination pol-
icy (25) and implementing some NPIs, such as wearing masks, at 
the same time may be a better option.

Some limitations of this study must be noted, as they may af-
fect the generalization of the results. First, in addition to the 
NPIs and influenza vaccination, the transmission dynamics of 
the influenza epidemic can be affected by viral antigenic evolution 
(26), climatic conditions (27), and host (e.g. human) contact pat-
terns (28). Since we did not have detailed data for these factors, 
we did not consider these factors in the present study. In the fu-
ture, the model could be further improved with more data. 
Second, influenza and SARS-CoV-2 coinfection has been reported 
in experimental data (29), and the interaction between these vi-
ruses interferes with the level of immunity of the population 
(30). Our study did not consider the cross-protection of 
SARS-CoV-2 against infection by the influenza virus. In the future, 
we will strive to obtain population-level immunity data to predict 
influenza activity with a higher accuracy. Third, the reported in-
fluenza incidence rate in the past 2 years may be biased. Owing 
to the impact of the COVID-19 pandemic, some patients with in-
fluenza may prefer to stay at home and avoid going to the hospital. 
Therefore, the incidence rate of influenza during this period may 
be an underestimation of the true incidence rate, leading to a 
biased estimation of the proportion of susceptible individuals. 
Fourth, in the parameter inference, we fixed the value of some pa-
rameters due to the parameter dependence; thus, the credible in-
tervals for simulated influenza activities in this study were very 
skinny, which may be overconfident. The parameter inference 
program should be further improved. Fifth, in this study, we com-
bined influenza A and B to study. However, different influenza 
strains have different transmission patterns in China (31), and 
in different years, the dominant strain may vary. For example, 
in the epidemiological year 2021–2022, the dominant strain was 
influenza B, while in the year 2022–2023, the dominant strain 
was influenza A. Thus, population susceptibility to different 
strains may also vary. Thus, to get the signal for each strain, 
they should not be combined to study. In the future, the model 
should be further developed which could model the transmission 
of different strains. In the developed model, the cross-immunity 
of different strains should be considered (32); otherwise, we may 
overestimate the transmission of 1 or 2 subtypes. Finally, we failed 

Fig. 3. Simulated population susceptibility to influenza in southern China and northern China from 2018 to 2022 accumulates over time. The average 
duration of immunity was assumed to be 2 or 3 years. 
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to retrieve age-specific influenza incidence data, so we could not 
predict the influenza incidence trend in different age groups in 
the next 3 years or provide insightful opinions. We will strive to 
obtain age-specific influenza incidence data and provide sugges-
tions for age-stratified target-based vaccination strategies and 
other effective prevention and control measures.

Conclusions
In conclusion, this study quantified the rebound of influenza ac-
tivity in southern China and northern China in the 2023–2024 
and 2024–2025 epidemiological years when NPIs are relaxed. We 
demonstrated that the greater the extent of the relaxation of 
NPIs was and the longer the period of immunity to the influenza 
virus was, the larger the rebound of influenza activity was and 
the faster the arrival of influenza activity was. The peak incidence 
rate of influenza could be greater than 3-fold than that before the 

pandemic, and the rebound of influenza activity in southern 
China would be larger than that in northern China. This finding 
is mainly due to the accumulation of individuals in the population 
who are susceptible to influenza. Therefore, influenza vaccination 
should be advocated to reduce the reemergence of influenza. To 
control the influenza epidemic to the prepandemic level after 
completely relaxing NPIs, the influenza vaccination rates in 
southern China and northern China should increase to 53.8 and 
33.8%, respectively.

Materials and methods
Data source
Weekly influenza surveillance data from 2018 to 2022 were ob-
tained from the Chinese National Influenza Center, which are 
available at the National Population and Health Science Data 
Sharing Platform. The influenza surveillance data reported each 

Fig. 4. Predicted influenza activities in the 2022–2023, 2023–2024, and 2024–2025 epidemiological years in A) southern China and B) northern China. The 
average duration of immunity was assumed to be 3 years. 
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week included the number of hospital visits, influenza-like illness 
(ILI) cases, specimens tested, and number of positive influenza A 
(H1N1, H3N2, and pdmH1) and influenza B (Yamagata and 
Victoria) cases examined in the laboratory. The weekly incidence 
rate of influenza was calculated by multiplying the ILI rate of pa-
tients in the sentinel hospital by the positive rate of viral detec-
tion, and the weekly incidence rate was converted into the daily 
incidence rate using splines (33). The daily incidence rates of influ-
enza A (H1N1, H3N2, and pdmH1) and influenza B (Yamagata and 
Victoria) were combined to obtain the total daily incidence rate of 
influenza. China is a geographically and climatologically diverse 
country. Northern China, including Shaanxi, Henan, Gansu, 
Shandong, Qinghai, Ningxia, Shanxi, Hebei, Tianjin, Beijing, 
Liaoning, Nei Monggo, Xinjiang, Jilin, and Heilongjiang 
Provinces, has a temperate climate, while southern China, includ-
ing Hainan, Guangxi, Guangdong, Yunnan, Fujian, Guizhou, 
Hunan, Jiangxi, Chongqing, Zhejiang, Sichuan, Hubei, Shanghai, 
Anhui, and Jiangsu, has a subtropical climate. Therefore, northern 
China and southern China experience different influenza season-
al patterns (31, 34, 35). In addition, it is possible that the NPIs im-
plemented in the northern and southern China may be different 
due to the socioeconomic factors, so that the long-term impact 
of NPIs on influenza activities may be different. Therefore, in 
this study, influenza transmission in southern and northern 
China was studied separately. The epidemiological year of influ-
enza is defined as being from October 1 of 1 year to September 
30 of the following year, and this definition is based on the season-
ality of the influenza epidemic in China (31, 35).

SVIRS model
We constructed a SVIRS model to simulate and project the influ-
enza transmission in China. The governing equations are as fol-
lows:

dS(t)
dt

=
N − S(t) − I(t) − V(t)

L
−

β(t)S
7

τ=1 PτI(t − τ)
 

N
, 

dI(t)
dt

=
β(t)S(t)

7
τ=1 PτI(t − τ)

 

N
−

I
D

, 

dR(t)
dt

=
I(t)
D

−
N − S(t) − I(t) − V(t)

L
, 

V(t) ≡ αμN, 

where N represents the total population in northern China or that 
in southern China; S(t), I(t), R(t), and V(t) represent the numbers of 
susceptible, infected, recovered, and vaccinated individuals, re-
spectively, at time t; N = S(t) + I(t) + R(t) + V(t), L indicates the aver-
age duration of immunity, and D is the mean infectious period. μ 
represents the influenza vaccination rate, α represents the 
vaccine effectiveness, and α = 59% (95% CI: 51.0–66.0%) (36). β(t) 
is the transmission rate of the influenza virus at time t. As climate 
can influence influenza transmission, it was assumed, for simpli-
city, that β(t) = a(1 + b sin(wt + c)) (37), where b represents the rela-
tive contribution of climate to the spread of influenza, which 
generally ranges from 0.05 to 0.3 (37). In addition, Pτ is the 7-day 
infectivity profile, which is subject to a gamma distribution with 
a mean of 2.7 days and a variance of 1.8 days (38). i(t) is the number 

of new infected cases at time t, and i(t) = β(t)S
7

τ=1
Pτ I(t−τ)

( 

N . rate(t) 

represents the influenza incidence rate at time t, and rate(t) = i(t)
N′ , 

where N′ indicates the reporting population of influenza 
cases, and we assumed that N′ = 10%N (37). According to 
previous studies, w was assumed to be 0.017 (=2π/365), 
which means that β(t) is a periodic function of 1 year (39). D was 
fixed at 5 days, and L was fixed at 2 or 3 years (40) to explore 
how the incidence rate of influenza will change after relaxing vari-
ous NPIs.

Initial condition
The initial percentage of infected people, I(0), in each epidemio-
logical year was chosen as the 40% quantile of the nonzero weekly 
incidence rate. The timing of the onset of the influenza epidemic is 
always defined as the first 3 consecutive weeks with a weekly in-
cidence rate exceeding the 40% quantile of the nonzero weekly in-
cidence rate (40, 41). The initial percentage of susceptible 
individuals is always unknown because of several factors that 
are unknown, such as the influenza virus evaluation and domin-
ant strain in that year. In this study, the initial percentage of sus-
ceptible individuals, S(0), in epidemiological year 2018–2019 was 
estimated based on the assumption that the simulated percent-
age of susceptible individuals at the end of epidemiological year 
2018–2019 was equal to S(0) in that epidemiological year. This as-
sumption is based on the idea that, in the years before the 
COVID-19 pandemic, the influenza epidemic was relatively stable; 
therefore, in each epidemiological year, the initial percentage of 
susceptible individuals was the same, and the influenza transmis-
sion dynamics in epidemiological year 2018–2019 were similar to 
those in epidemiological year 2019–2020. The unknown parame-
ters a, b, and c in the model were estimated using the Markov chain 
Monte Carlo (MCMC) method; details of this method are presented 
in the following section.

Parameter inference using the MCMC method
In the MCMC model, there are 3 unknown parameters, a, b, and c, 
which were estimated using a robust Bayesian method (42). The 
likelihood function of the influenza observations, Y, is defined as 
follows:

f (Y) = exp −


t

L(i(t), i(t))

 

, 

Table 1. Peak incidence rates and peak timings of the influenza 
epidemic in the epidemiological years 2018–2024 before and after 
the implementation of strict NPIs in different scenarios.

Year Region Peak arrival timing Peak incidence rate

2018– 
2019

Northern January 13 0.0312
Southern February 5 0.0379

2019– 
2020

Northern December 24 0.0324
Southern December 25 0.0385

2021– 
2022

Northern January 7 0.0215
Southern January 23 0.0111

Prediction
2022– 

2023
Northern Scenario 1 February 5 0.1273 (+300.3%)a

Scenario 2 February 14 0.0987 (+210.4%)a

Scenario 3 February 28 0.0689 (+116.7%)a

2023– 
2024

Scenario 4 December 3 0.1224 (+284.9%)a

2022– 
2023

Southern Scenario 1 January 12 0.1822 (+377.0%)a

Scenario 2 January 16 0.1538 (+302.6%)a

Scenario 3 January 23 0.1257 (+229.1%)a

2023– 
2024

Scenario 4 November 9 0.1668 (+336.6%)a

aPercentage increase in the peak incidence rate from the mean peak value in 
the 2018–2019 and 2019–2020 epidemiological years.
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where L(i(t), i(t)) is the loss from using i(t) to estimate i(t), and Y is 
the total i(t). Because i(t) is a small value in real observations, the 
squared loss function is not sufficient to capture the deviation be-

tween i(t) and i(t). Thus, we used the abstract loss function, i.e. 

L(i(t), i(t)) = k|i(t) − i(t)|, where k is a constant, to increase the accur-
acy; in this study, k = 1,000. Prior distributions for a, b, and c were 
determined to be normal, and metropolis-hastings (M-H) within 
the Gibbs algorithm was used to sample from posterior distribu-
tions. The estimation results for the parameters a, b, and c are re-
ported in Supplementary Figs. S1 and S2.

Forecasts
An accurate prediction of influenza dynamics is challenging be-
cause of several factors that are unknown, such as influenza virus 
evaluation and climate change. All of these factors contribute to 
the cross-seasonal variability in influenza incidence. In this study, 

without considering the impact of climate change and influenza 
virus evaluation on influenza transmission in 2020–2025, we sim-
ply considered the impact of changes in influenza vaccination 
coverage before and after the COVID-19 pandemic. The influenza 
vaccination rate before the COVID-19 pandemic was 10.0% (95% 
CI: 7.1–13.4%), and that after the COVID-19 pandemic was 16.7% 
(95% CI: 12.9–21.0%) (43). We assumed that the vaccine effective-
ness was 59.0% (95% CI: 51.0–66.0%) (36). In the 2020–2021 season, 
we assumed that the reproduction number of influenza was re-
duced by 55% (40). Our previous study also found a similar reduc-
tion, that is, we observed that the incidence rate of influenza 
decreased by 64% in the following 4 weeks after NPIs were imple-
mented on 2020 January 23 (5).

In the 2021–2022 epidemiological season, we further estimated 
the reduction in the transmission efficiency of the influenza virus 
based on surveillance data. Specifically, we introduced a multi-
plier, to represent the percentage reduction, caused by NPIs in 

Fig. 5. Predicted influenza activities in the 2022–2023 epidemiological year under different influenza vaccine coverage rates in A) southern China and B) 
northern China. 
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the 2021–2022 season. We calculated the value of that best fit the 
incidence rates in the 2021–2022 epidemiological season in nor-
thern China and that in southern China.

In the 2022–2025 seasons, we predicted the influenza transmis-
sion dynamics under the following 4 scenarios:

Scenario 1: Complete relaxation of NPIs on 2022 December 4 
and maintained until 2025, in which the transmission efficiency 
of the influenza virus was the same to that of the value estimated 
from the data in the 2018–2019 and 2019–2020 seasons.

Scenario 2: Partial relaxation of NPIs in on 2022 December 4 to 
2023 October 1, which led to a 10% reduction in the transmission 
efficiency of the influenza virus in 2022 compared with the esti-
mated value from the data in the 2018–2019 and 2019–2020 sea-
son, and complete relaxation in 2023–2025.

Scenario 3: Partial relaxation of NPIs on 2022 December 4 to 
2023 October 1, which led to a 20% reduction in the transmission 
efficiency of the influenza virus in 2022 compared with the esti-
mated value from the data in the 2018–2019 and 2019–2020 sea-
sons, and complete relaxation in 2023–2025.

Scenario 4: The transmission efficiency of the influenza virus in 
the year 2022 was the same to that in 2021, and NPIs were com-
pletely relaxed in 2023–2025.
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