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The development trend of influenza in China from 2010 to 2019
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ABSTRACT
In this study, we quantify and evaluate the transmission capacity of different types of influenza, and evaluate 
the flu vaccination effect. Taking the influenza cases reported by the National Influenza Center of China from 
2010 to 2019 as the research object (http://www.chinaivdc.cn/cnic), we established the SEIABR model to 
calculate the influenza infection rate and R0 for each year from 2010 to 2019, and calculate the influenza 
A and B influenza infection rates. We further added vaccination measures to the SEIABR model, and analysis 
the impact of different vaccination rates on the spread of influenza. We find that the range of β(infection 
rate) is 6:03� 10� 10 to 9:66� 10� 10, and the average is 7:95� 1:27ð Þ � 10� 10, the range of R0 is .98 to 1.47, 
and the average is 1.21. Simulation result suggest that vaccine coverage needed to reach 60%-80% to 
control the spread of influenza virus in China when the vaccine effectiveness was 20%-40%. When the 
vaccine effectiveness is 40%-60%, vaccine coverage needs to reach 40%-60% to control the spread of 
influenza virus in China. In China, the infection rate of influenza A is higher than influenza B, to better control 
the spread of the flu virus, we suggest that we also need to increase the number of people vaccinated or 
improve the efficiency of vaccines(the current vaccination coverage is probably less than 20%).
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1. Background

Influenza is an acute respiratory infection caused by a negative- 
strand RNA virus of the Orthomyxoviridae family.1 Influenza 
often causes a respiratory infection, atypical gastrointestinal 
symptoms such as vomiting and diarrhea can occur in chil-
dren. A minority of patients will experience severe disease due 
to viral or secondary bacterial pneumonia with respiratory and 
multiorgan failure.2,3 The incubation period of influenza virus 
is short, usually 1–7 days. The source of infection is mainly 
patients and invisible infections. Most of them are transmitted 
through air and droplets, and they can also be transmitted 
through mucous membranes, such as oral, nasal, and eye con-
tact. It can occur every year, and the population is generally 
susceptible.4 According to the difference between (nuclear 
protein)NP and (matrix protein)MP, influenza can be divided 
into three different types: A, B, and C.5 Among them, influenza 
A antigens have the strongest variability, which can often 
trigger influenza outbreaks and pandemics; influenza 
B antigens have weaker variability, which can generally cause 
local outbreaks and pandemics of influenza; influenza 
C antigens are more stable, Generally does not cause outbreaks 
and epidemics, and sporadic cases are more common. At pre-
sent, the common subtypes of human infection are A/H1N1 
and A/H3N2 influenza and B/Victoria and B/Yamagata 
influenza.5 Studies have found that in different countries and 
regions, the dominant influenza strains may be different. In the 
same country or region, there are also multiple influenza sub-
types co-epidemic. In addition, influenza viruses often undergo 
antigenic shifts, drifts and mutations. Due to the high fre-
quency of influenza virus mutations, the general public often 

lacks immunity to new influenza virus subtypes, and it takes 
several months from the initial discovery of the new virus 
subtype to the development of a vaccine.6

In 2013, a new type A/H7N9 avian influenza virus was 
discovered in China Cases, the fatality rate is close to 40%.7–9 

From 2010 to 2018, estimated seasonal influenza activity in the 
United States ranged from 9.3 million to 49 million cases and 
12,000 to 79,000 deaths per year.10 The 2017–2018 influenza 
season was the third most severe since 2003–2004 and was 
characterized by high severity of disease in all age groups.11 

Most cases were secondary to the A/H3N2 subtype, and low 
vaccine effectiveness was a significant contributing factor. 
Based on public health laboratory specimens, the predominant 
influenza A subtype for the 2018–2019 season was (H1N1) 
pdm09 (56.6% of positive specimens), followed by the A/ 
H3N2 subtype (43.6%) and influenza B(4%).12

We established a compartmental model to estimate the 
infection rate of the influenza in China, and calculated the 
basic reproduction number in every year.

2. Methods

Taking the influenza cases reported by the National Influenza 
Center of China from 2010 to 2019 as the research object, the 
influenza data comes from the influenza surveillance network 
of the National Influenza Center of China (http://www.chi 
naivdc.cn/cnic), and the demographic data comes from the 
National Bureau of Statistics Official website (http://www. 
stats.gov.cn). We will use the collected data and the model to 
calculate the infection rate and basic reproduction number of 
influenza in China from 2010 to 2019.
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2.1. The mathematical model

We have developed two different compartmental models. 
First, we established the SEIABR model to calculate the 
infection rate of influenza for each year from 2010 to 
2019, and calculate the infection rate of influenza A and 
influenza B (model 1.1). We further added vaccinated indi-
vidual to the SEIABR model, and calculated the impact of 
different vaccination coverage on the spread of influenza 
using the influenza data in 2019 (model 1.2). The dynamics 
explained in this subsection are displayed in Figure 1, also 
see Table 1. for the meaning of the remaining parameters. 
The description of model’s parameters are given in Table 2.

In order to build this model 1.1 and model 1.2, we made the 
following assumptions:

(1) Susceptible persons can be infected by exposed 
individuals, and become exposed. The infection 
rate of susceptible with exposed human is β.

(2) The population may become symptomatic or asympto-
matic after being infected by flu virus, and the prob-
ability of becoming asymptomatic is p.

(3) The probability that a susceptible individuals will see 
a doctor after being infected is q.

(4) The recovery rate of symptomatic patients, asympto-
matic patients, and non-visit patients is γ.

(5) Symptomatic patients and non-visit patients can die 
from influenza virus infection, the mortality rate is c° 

Figure 1. Flow diagram of the models.

Table 1. Description of variables in the model (1.1).

Variables Descriptions

N Number of total population
S Number of susceptible human population
E Number of exposed human population
I Number of symptomatic human population
A Number of asymptomatic human population
B Number non-visit population
R Number of recovered human population
V Number of vaccinated population

Table 2. The meaning and value of each parameter in the model 1.1 and model 1.2.

Parameter Meaning Units Value

β Rate of infection of susceptible with exposed human persons−1day−1 Assumed
p Fraction of exposed individuals not showing clinical symptoms - 0.3313,14

w Rate of incubation persons−1day−1 1/715

q Non-visit ratio of symptomatic individuals - 0.25-.7016

γ Recovery rate day−1 Assumed
m Natural mortality rate day−1 0.71%-.72%17

c Influenza mortality rate day−1 0.1%-.5%18,19

μ Natural birth rate day−1 1.05%-1.30%17

σ Vaccination coverage - Assumed
φ Vaccine effectiveness - 20%-60%1
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(6) The recovered individuals do not acquire the infection 
again and are not going to infect others.

Based on these assumptions, we proposed a schematic dia-
gram and provided the corresponding model equations: 

dS
dt
¼ μN � βSE 

dE
dt
¼ βSE � mE � wE 

dI
dt
¼ 1 � pð ÞqwE � mþ cð ÞI � γI (1:1) 

dA
dt
¼ pwE � mA � γA 

dB
dt
¼ 1 � pð Þ 1 � qð ÞwE � mþ cð ÞB � γB 

dR
dt
¼ Aþ I þ Bð Þγ � mR 

dS
dt
¼ μN � βSE � σN 

dE
dt
¼ βSE � mE � wE 

dI
dt
¼ 1 � pð ÞqwE � mþ cð ÞI � γI (1:2) 

dA
dt
¼ pwE � mA � γA 

dB
dt
¼ 1 � pð Þ 1 � qð ÞwE � mþ cð ÞB � γB 

dR
dt
¼ Aþ I þ Bð Þγ � mR 

dV
dt
¼ σN 

2.2. Basic reproduction number

According to next-generation matrix method, the new infec-
tious terms and transition terms of the system (1.1) are 
given by 

F ¼

βSE
0
0
0
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mþ wð ÞE
� 1 � pð ÞqwEþ mþ cþ γð ÞI

� pwEþ mþ γð ÞA
� 1 � pð Þ 1 � qð ÞwEþ mþ cþ γð ÞB

2

6
4

3

7
5

We find the matrices F and V as 

F ¼

β μ
m S 0 0 0
0 0 0 0
0
0

0
0

0 0
0 0
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V ¼

mþ w 0 0 0
� 1 � pð Þqw 0 mþ cþ γ 0
� pw mþ γ 0 0

� 1 � pð Þ 1 � qð Þw 0 0 mþ cþ γ
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It follows that 

FV � 1
x11 . . . 0
..
. . .

. ..
.

0 � � � 0
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Where 

x11 ¼ β
μ

m mþ wð Þ
S 

Because the basic reproduction number is the same as the 
FV−1 spectrum radius, 

R0 ¼ β
μ

m mþ wð Þ
S 

3. Results

Cases were mainly concentrated in January to April, in 2011, 
2012, 2014, 2015, 2016, 2018 and 2019, In 2015 and 2017, cases 
were mainly concentrated in June to October. Two large-scale 
influenza transmissions occurred in 2010, the first from 
January to June, mainly by influenza B viruses, and 
the second from June to October, mainly by influenza 
A viruses. From 2010 to 2019, more patients were infected 
with influenza A than those infected with influenza B, but in 
2010, 2012, 2016, and 2018, the number of patients infected 
with B virus increased significantly (Figure 2).

3.1. Model calibration

On the basis of the model, obtain the annual flu infection rate (β) 
to reflect the flu transmission ability. It is calculated that the range 
of β is 6:03� 10� 10 to 9:66� 10� 10, and the average is 
7:95� 1:27ð Þ � 10� 10. β fluctuates from year to year, but the 

amplitude is not very large. The probability of influenza infection 
from 2010 to 2013 is relatively high. It remained stable after falling 
in 2014, and began to show an upward trend in 2018 (Table 3).

Further, we calculated the R0 of influenza viruses in China 
from 2010 to 2019. We found that R0 from 2010 to 2019 ranged 
from .98 to 1.47, and the average is 1.21. R0 in 2013 was higher 
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than others, and R0 in 2017 was the lowest. Influenza caused 
continuous infection in China from 2010 to 2013 and was well 
controlled after 2014. From 2014 to 2018, the R0 of influenza 
virus in China remained approximately 1 (Table 4).

Separately collate the annual data of influenza A and influ-
enza B, establish a SEIABR model, and combine actual data to 
simulate the epidemic cycle of different types of influenza 

each year. On the basis of the model, the annual infection 
rate (β) of influenza A and influenza B was obtained respec-
tively, and it was found that the average infection probability of 
influenza A was 7:89� 0:78ð Þ � 10� 10, and the average infec-
tion rate of influenza B was 5:88� 0:97ð Þ � 10� 10, the infection 
rate of influenza A is higher than that of type B influenza 
(Table 5 and Figure 3).

Figure 2. Influenza virus epidemic cycle.
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The influenza data of 2019 are used to simulate the vaccination 
coverage of 0%, 20%, 40%, 60%, 80%, and 100%. Based on the 
results of previous studies, it is assumed that the vaccine 
effectiveness(VE) is 20%-60%. The results show that vaccination 
coverage needed to reach 60%-80% to control the spread of 
influenza virus in China when the VE was 20%-40%. When the 
VE is 40%-60%, vaccination coverage needs to reach 40%-60% to 
control the spread of influenza virus in China. Especially when the 
VE is 60%, 20% vaccination coverage can keep the maximum 
number of active cases(patients with existing) below 200 
(Figure 4).

3.2. Sensitivity analysis

The forward sensitivity index of normalization of function 
f with variable x is �u

x ¼
x
u�

@u
@x . According to the formula R0, 

R0 is affected by four parameters β, μ, m and w, among which 
parameters μ, m and w are uncontrollable variables with fixed 
parameter values in the process of disease transmission, so we 
only need to analyze the sensitivity changes of R0 with β.

We find 

@R0

@β
¼

μ
m mþ wð Þ

> 0 

Further 

�
R0
β ¼

β
R0
�
@R0

@β
¼ 1 

We find that for the parameter β, the sensitivity index of R0 
is 1. It means that 1% increase in the value of β will result in 1% 
increase in the value of R0.

4. Discussion

In this study, we first proposed a deterministic compartmental 
model to describe the disease transmission in the population. 
We first goal was to calculated the annual influenza infection 
rate, whereas another aim was to see of the impact of the 
vaccination on influenza epidemic.

We found that in China, the large-scale transmission of 
influenza A and influenza B mostly occurred in spring and 
winter. In 2010, 2014, 2015 and 2017, influenza A also broke 
out in summer, which may be related to population activities. 
China has a lot of population activities from July to August, 
which may lead to large-scale population aggregation. 
Influenza B basically does not spread on a large scale in sum-
mer, which may be one of the reasons why the infection rate of 
influenza B is lower than that of influenza A. By looking at the 
estimated parameters, it is observed that the average of β 
is 7:95� 1:27ð Þ � 10� 10, this infection rate is similar to the 
results of other studies.20 Calculating and comparing the infec-
tion rate of influenza A and influenza B each year, it is found 
that the infection rate of influenza A is higher than influenza 
B. Human influenza A is formed by genetic reassortment of 
human and avian influenza viruses, influenza A is the only 
influenza virus subtype that has an animal host.21 Its infec-
tiousness is manifested by the ability of horizontal gene trans-
fer, which can cause the host repeated infections.22 The 
inherent characteristics of influenza B virus replicase lead to 
slower changes in its antigenic characteristics and genetic evo-
lution than influenza A,23 and influenza B virus does not have 
an animal host and does not have the potential for a pandemic. 
However, studies have found that in recent years, the infection 
rate of influenza B has been on the rise, in 2016, the infection 
rate of influenza B was basically the same as that of influenza 
A. which may be related to avoid the body’s immune defense, 
by antigen drift and antigen transfer.24,25

Our study also simulated the effects of vaccination, we 
found that in the season when influenza epidemics are prone 
to occur, vaccinating the population against influenza can 
effectively control the spread of the influenza virus. Based on 
the actual situation in China, the vaccine effectiveness is 
assumed to be 20%-60%. At 20% vaccine effectiveness, 40% 
vaccine coverage is not effective in controlling influenza trans-
mission, and the maximum number of active cases is about 
2,500. When the vaccine effectiveness is 60%, 20% vaccine 
coverage keeps the maximum number of active cases within 

Table 3. Influenza infection rate in different years.

Year
β 

(10� 10)

Increment 
(10� 10)

Development speed 
(%) Growth Rate(%)

Grand 
total Per year

Fixed base 
ratio

Chain 
ratio

Fixed base 
ratio

Chain 
ratio

2010 8.17 - - 100.00 100.00 - -
2011 9.22 1.05 1.05 112.85 112.85 12.85 12.85
2012 8.85 0.68 −.37 108.32 95.99 8.32 −4.01
2013 9.66 1.49 0.81 118.24 109.15 18.24 9.15
2014 6.87 −1.3 −2.97 84.09 71.12 −15.91 −28.88
2015 6.62 −1.55 −.25 81.03 96.36 −18.97 −3.64
2016 7.05 −1.12 0.43 86.29 106.50 −13.71 6.50
2017 6.03 −2.14 −1.02 73.81 85.53 −26.19 14.47
2018 7.79 −.38 1.76 95.35 129.19 −4.65 29.19
2019 9.25 1.08 1.46 113.22 118.74 13.22 18.74

Table 4. R0 in different years.

Year R0

2010 1.22
2011 1.38
2012 1.34
2013 1.47
2014 1.07
2015 1.03
2016 1.19
2017 0.98
2018 1.11
2019 1.28

Table 5. Infection rate of the two types of influenza viruses.

Year Influenza A(10� 10) Influenza B(10� 10)

2010 8.13 5.77
2011 9.77 6.23
2012 7.46 4.35
2013 7.86 5.70
2014 6.87 4.60
2015 7.64 5.19
2016 7.16 6.95
2017 7.79 7.40
2018 8.00 6.30
2019 8.20 6.30
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200. In China, studies have shown that only 3%-4% of children 
under the age of five are vaccinated against influenza.1 As of 
November 9, China had received about 25 million doses of flu 
vaccine, or just 1.8% of the country’s population, the National 
Health Commission said at a press conference in 
November 2020. In China, except for some regions, voluntary 
and self-funded vaccination methods are adopted, and the 
lower per capita vaccination coverage. Therefore, we suggest 

that if there are difficulties in the promotion of vaccines, we can 
improve the efficiency of vaccines to obtain the best prevention 
and control effect at present.

When an infectious disease breaks out, the protection of 
susceptible people is one of the key measures for prevention 
and control, and vaccination is the most effective means to 
prevent and control influenza. Currently, there are three vac-
cines approved for vaccination in China, namely trivalent 

Figure 4. Simulation result.

Figure 3. The changing trend of the infection rate of different types of influenza viruses.

e2071558-6 N. ZHOU ET AL.



attenuated influenza vaccine (LAIV3), trivalent inactivated 
influenza vaccine (IIV3), and quadrivalent inactivated influ-
enza vaccine (IIV4). Among them, the trivalent vaccine 
includes type A H1N1, H3N2 and a single B strain subtype, 
the quadrivalent vaccine contains A type H1N1, H3N2 and 
B type Victoria, Yamagata four main influenza subtypes, cover-
ing a wider range.

However, vaccine vaccination is affected by many factors, 
such as vaccine production and storage capacity, the number 
and load of vaccination clinics, and the participation of sus-
ceptible people. Few countries have complete influenza vacci-
nation plans.22 In 2020, after the outbreak of the new crown 
epidemic, Chinese citizens’ enthusiasm for influenza vaccina-
tion was unprecedentedly high.26 However, the production 
cycle of influenza vaccines needs at least 5 months, and the 
validity period is 1 year. It cannot be used across the year, and 
there is little room for regulation of temporary increase in 
production. In China, only five companies, Hualan Biology, 
Changchun Biology, Jiangsu Jindike Biology, Beijing Kexing 
Biology and Wuhan Institute of Biological Products, have been 
approved for the production and registration of quadrivalent 
influenza vaccines. Therefore, in the actual prevention and 
control process, It is recommended that the government adjust 
vaccine productivity in a planned way to improve vaccine 
reserve capacity in response to the weak links of vaccination. 
At the same time, increase the construction of vaccination 
clinics, increase their workload, and carry out scientific propa-
ganda to effectively mobilize the population, especially those at 
high risk of influenza. To increase the vaccination rate. In 
addition, previous studies have found that the effectiveness of 
influenza vaccines is limited. Two weeks after vaccination, 
protection begins; one month later, the antibody reaches 
a higher level; after 6–8 months, the antibody level decays 
with time; after one year, the serum antibody level decreases 
significantly.27 Therefore, immunization is required every year, 
in order to ensure the effectiveness of the vaccine, it is neces-
sary to optimize the vaccination time,28 It should be noted that 
the flu vaccine can resist the invasion of influenza virus, but it 
cannot prevent the occurrence of the common cold. In addi-
tion, due to the relatively large variability of influenza virus, its 
antigen will change over time. It is necessary to continuously 
monitor the influenza epidemic and prepare a suitable 
vaccine.29

The influenza surveillance network of the National Influenza 
Center of China was first established in 2000 and now includes 
554 sentinel hospitals and 408 network surveillance laboratories, 
covering all provinces, municipalities and autonomous regions on 
the Chinese mainland. Influenza surveillance by including influ-
enza A and influenza B two kinds, among them, the influenza 
A contains A (H1N1), A (H3N2), influenza B contains 
B (Yamagata), B (Victoria), etc. Sentinel hospitals and network 
laboratories carry out year-round, uninterrupted surveillance of 
influenza cases, including general hospitals and specialized hospi-
tals. According to the diagnostic criteria of influenza, the compe-
tent departments of sentinel hospitals should register, collect and 
summarize the number of influenza cases every day, and input the 
monitoring data into “China Influenza Surveillance Information 
System” before 24:00 every Monday evening. Upon receipt of 
influenza samples collected by sentinel hospitals, the network 

laboratories are required to complete the identification of influ-
enza virus strains or subtypes within three working days, and 
input the results into the influenza surveillance system within 
48 hours after completion of the test.

From 2010 to 2019, sentinel hospitals sent 5,168,766 sam-
ples of suspected influenza cases in China, of which 4,460,245 
were valid, with an effective rate of 86.29%. 671,693 influenza 
cases were detected, with a positive rate of 15.06%.

This study did not analyze people of different ages. In 
China, the vaccination coverage and vaccine effectiveness of 
different age groups may be different, and the effectiveness of 
influenza vaccines against different influenza viruses is also 
different. We will focus on these problems in future study.
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