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Objectives: The aim of this study is to estimate the excess mortality burden of
influenza virus infection in China from 2012 to 2021, with a concurrent analysis
of its associated disease manifestations.

Methods: Laboratory surveillance data on influenza, relevant population
demographics, and mortality records, including cause of death data in China,
spanning the years 2012 to 2021, were incorporated into a comprehensive
analysis. A negative binomial regression model was utilized to calculate the
excess mortality rate associated with influenza, taking into consideration factors
such as year, subtype, and cause of death.

Results: There was no evidence to indicate a correlation between malignant
neoplasms and any subtype of influenza, despite the examination of the effect
of influenza on the mortality burden of eight diseases. A total of 327,520 samples
testing positive for influenza virus were isolated between 2012 and 2021, with
a significant decrease in the positivity rate observed during the periods of
2012-2013 and 2019-2020. China experienced an average annual influenza-
associated excess deaths of 201721.78 and an average annual excess mortality
rate of 14.53 per 100,000 people during the research period. Among the causes
of mortality that were examined, respiratory and circulatory diseases (R&C)
accounted for the most significant proportion (58.50%). Fatalities attributed to
respiratory and circulatory diseases exhibited discernible temporal patterns,
whereas deaths attributable to other causes were dispersed over the course of
the year.

Conclusion: Theoretically, the contribution of these disease types to excess
influenza-related fatalities can serve as a foundation for early warning and
targeted influenza surveillance. Additionally, it is possible to assess the costs
of prevention and control measures and the public health repercussions of
epidemics with greater precision.
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1 Introduction

Influenza, commonly known as the flu, is the foremost infectious
disease subject to global surveillance (1), highlighting its detrimental
effects. An estimated 290,000 to 650,000 deaths occur annually as a
result of seasonal or pandemic influenza, with a particularly profound
impact on older adults, according to global data (2). Accurate
information regarding the burden of influenza-associated diseases is
pivotal for effective immunization strategies and the allocation of public
health resources. However, official statistics frequently fail to provide an
accurate depiction of the true incidence and mortality rates associated
with influenza due to inadequate recognition of primary influenza
infections and delayed reporting of severe clinical outcomes resulting in
the cause of death being classified as due to other diseases. Additionally,
evaluating the impact of social determinants on disease burden during
influenza outbreaks poses challenges (3). Mathematical models are
frequently used on a global scale to compute influenza-associated excess
mortality rates during influenza seasons. These models calculate the
proportion of deaths that exceed baseline levels and serve as a metric to
assess the societal and health repercussions of influenza, with a
particular focus on the impact of the epidemic of infectious diseases (4).

A study estimated the mortality rate of influenza-associated
respiratory diseases in China following the 2009 pandemic (5). Several
investigations have provided estimates of the burden of mortality in
specific cities across China, considering respiratory and circulatory
diseases as potential causes of death for estimation purposes (1, 6-16).
In recent years, other influenza-associated diseases have been
identified as a result of scientific progress. According to literature,
influenza has been found to exert a significant impact on malignant
tumors (17, 18), diabetes (19-24), and nervous system diseases (25—
27). Furthermore, liver cirrhosis and kidney failure are frequent
complications of influenza (28-30). Detailed associated diseases are
shown in Figure 1. Furthermore, manifestations of influenza may
differ as a result of environmental climate changes and social activities.

Abbreviations: AC, All causes; RD, Respiratory diseases; CD, Circulatory diseases;
MN, Malignant Neoplasms; DM, Diabetes Mellitus; NSD, Nervous system disease;
CKLD, Chronic liver and kidney disease; IHD, Ischemic Heart Disease; COPD,
Chronic Obstructive Pulmonary Disease; R&C, Respiratory and Circulatory diseases;
RR, Relative risk; ER, Excess risk
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Therefore, it is critical to comprehensively analyze the actual disease
burden attributed to influenza in China. Taking into account the
diverse climatic zones prevalent across China, it is noteworthy that
certain regions exhibit less conspicuous influenza virus activity
compared to others. In the selection of model methods, it is pertinent
to note the exclusion of approaches such as the rate difference model,
the Serfling method, and other techniques reliant on clearly defined
seasonal patterns. Therefore, this study employs an alternative method
developed by the US Centers for Disease Control, which assumes a
proportional relationship between virus activity and deaths caused by
influenza (31, 32). Virus surveillance data is utilized to guide the
burden model. The objective of this study is to estimate excess
mortality caused by influenza within China over the last decade and
to verify the disease impact of influenza. The analysis of this indicator
is the basis for the country to measure the economic costs of health
and thus develop effective policies to avoid future crises.

2 Data sources

In 2011, China commenced the enhancement of its nationwide
influenza surveillance network in response to the 2009 and 2010
pandemics. In order to ensure stable surveillance conditions, excess
influenza mortality data from 2012 to 2021 was selected as the main
focus of this study. The annual influenza period was defined as January
1st to December 31st each year. To represent the population accurately,
we utilized the average annual population by taking into account the
mean population at the end of two consecutive years. Population data
were obtained from the statistical yearbook of the National Bureau of
Statistics. Weekly data on virus numbers, strain types of influenza,
specimen submissions, and proportions of positive subtypes were
extracted from etiological surveillance data provided by the Chinese
National Influenza Center in order to depict patterns in influenza
virus activity. The data spanned from December 2011 to December
2021. We excluded the number of samples co-infected with
other viruses.

We extracted surveillance data on mortality and causes from the
Disease Surveillance System of China for nine diseases from 2011 to
2021 using ICD-10 codes (Table 1). The diseases included in the data
are as follows: all-cause (AC), respiratory system diseases (RD),
circulatory system diseases (CD), malignant tumors (MN), diabetes
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TABLE 1 ICD-10 codes for the influenza-associated deaths selected in
the Chinese disease surveillance system.

Cause of death ‘ ICD-10 codes

All causes (AC)

Respiratory diseases (RD) J00-J99, U07.1

Circulatory diseases (CD) 100-199
Malignant neoplasms (MN) C00-C97
Diabetes mellitus (DM) E10-E14
Nervous system diseases (NSD) A39, G00-G99

Chronic liver and kidney disease
K70, K74, N00-N19, Q60

(CKLD)
Ischemic heart disease (IHD) 120-125
Chronic obstructive pulmonary disease

J40-J44

(COPD)

Respiratory and circulatory diseases

J00-J99, U07.1, 100-199
(R&C)

mellitus (DM), nervous system diseases (NSD), chronic liver and
kidney diseases (CKLD), ischemic heart disease (IHD), and chronic
obstructive pulmonary diseases (COPD). Furthermore, respiratory
and circulatory disease indicators were combined as R&C in order to
assess their contribution toward excess influenza mortality, in
accordance with previous research on influenza disease burden (33).
More information on the sources of the data is provided in
the Appendix.

3 Methods

Negative binomial regression models were employed to analyze
the data on fatalities related to influenza-associated diseases and
influenza surveillance utilizing discrete phenomenon tests. The lag
effect of influenza virus on outcomes was assessed by incorporating
virological data from 0 to 3 weeks prior to mortality into the model,
whereas the positive rate of different subtypes served as a proxy for
measuring influenza virus activity (27, 34). The fitting equation for the
negative binomial regression model, which takes into account different
causes of mortality as dependent variables in order to estimate the
regression coefficients for various types of influenza viruses, is
presented below:

Y=o exp. {fo+p: [t]+P: [(t°]+P;s [t°]+Ps [sin(2t/12)] +Bs
[cos(2ti/12)] + B [A (HINT)4] +B; [A (H3N2)] +B5 [Bul}  (1)(31)

Where, Y represents the number of deaths during ¢ for a specific
cause of death, ¢, stands for consecutive months, The term « is the
population offset, 3, is the intercept, /3, is the linear time trend in months,
f, and f; are non-linear time trends, f3, and f are seasonal changes in
death, and f through f; are coefficients associated with the percentages
of specimens testing positive for specific influenza viruses in a
given month.

The total number of fatalities can be determined by multiplying
the regional mortality rate with the corresponding population size.
The positive rate of a specific subtype of the influenza virus was
determined through the computation of the ratio between the total
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number of samples examined and the number of samples that tested
positive for that particular subtype. Monthly data on positive samples
was derived from weekly data (31). The excess mortality rate was
determined by calculating the ratio of excess fatalities to the
population during the observation period. The total number of excess
deaths per month was utilized to calculate the mortality associated
with influenza and the overall excess mortality for the entire year (33).
The regression coeflicient, RR value, ER, and 95% CI of various viruses
were calculated to determine the influenza virus with the strongest
correlation to death. Furthermore, an analysis of the fluctuating trend
was conducted after calculating the percentage of excess mortality and
excess fatalities attributable to various causes on an annual average
basis. Akaike information criterion (AIC), Bayesian Information
Criterion (BIC), and R* were used to evaluate the models.

The statistical analysis and data preparation were conducted
utilizing SPSS 24.0 and Python 3.11.3 software, respectively.

4 Results

We screened out the most relevant lag between different virus
subtypes and influenza-related deaths. A (HIN1) virus had a
statistically significant effect on 8 causes of death except MN and R&C
(p<0.05) (Table 2). With every 1% increase in the positive rate of A
(HINT1), the excess risk of influenza-associated deaths in descending
order were RD 4.79% (95% CI: 2.04-9.99), COPD 4.04% (95% CI:
1.75-8.23), NSD 2.75% (95% CI, 0.62-7.67), CD 2.08 (0.54-5.16),
IHD 1.62 (0.46-3.70), AC 1.03(0.49-1.77), CKLD 0.86 (0.41-1.46),
DM 0.10 (—0.10-0.34), and R&C 2.41 (0.95-4.96).

The A (H3N2) virus was found to be exclusively associated with RD
and COPD, with a statistically significant correlation (p<0.05). With an
increase of 1% in the positive rate of A (H3N2), the excess risk of
influenza-associated death was 1.92% (95% CI: 0.73-3.94) and 2.29%
(95% CI: 1.00-4.39), respectively, for RD and COPD cases. However, no
significant impact on excess mortality due to R&C was observed.

The impact of the B virus on 7 different classes, excluding CD and
MN caused by influenza, significantly affects excess deaths (p<0.05).
With an increase of 1% in the positive rate of B virus, the excess risk of
influenza-associated death in descending order was COPD 2.11% (95%
CIL: 0.94~3.99), RD 1.77% (95% CI: 0.68 ~3.58), IHD 1.06% (95% CIL:
029~228), NSD 097% (95% CL 004~274), DM
0.80% (95% CL 0.04~2.09), CKLD 0.65% (95% CIL: 0.32~1.06), AC
0.62% (95% CI: 0.26 ~ 1.07), and the excess risk for R&C was 0.63% (95%
CIL: 0.05~ 1.55).

A total of 327,520 influenza-positive samples were isolated from
2012 to 2021.

Figure 2 illustrates the positive detection rate of influenza virus
samples in China among different years. The annual average positive
detection rate for influenza virus samples was 13.0%. The year 2019
recorded the highest rate at 20.7%, followed by 2012 at 17.8%, 2016 at
15.8%, 2017 at 15.4%, and 2014 at 14.6%. In contrast, the rates were
relatively lower in 2015 (12.8%) and 2018 (12.7%), reaching the lowest
point in 2020 at a mere 5.9%. During the research period, a downward
trend was observed from 2012 to early 2013. This was followed by an
increase until mid-2014, after which a stable fluctuation occurred until
late 2018, when an upward trend emerged until late 2019. Subsequently,
there was another decline that persisted until late 2020, at which point
it reached its lowest level.
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TABLE 2 The influence of virus subtypes on excess deaths from influenza-related diseases.

10.3389/fpubh.2024.1399672

Type/sub type Lag (week) p S.E. RR? (95%Cl) ER® (95%Cl) P
AC

A (HIN1) 0 0.7101 0.1577 2.03 (1.50-2.78) 1.03 (0.49-1.77) <0.001

A (H3N2) 1 0.0176 0.1383 1.02 (0.78-1.33) 0.02 (~0.22-0.33) 0.898

B 0 0.4799 0.1252 1.62 (1.27-2.07) 0.62 (0.26-1.07) <0.001
RD

A (HIN1) 1 1.7554 03276 5.79 (2.99-11.38) 479 (2.04-9.99) <0.001

A (H3N2) 1 1.0723 02682 2.92 (1.70-5.06) 1.92 (0.73-3.94) <0.001

B 1 1.0198 02559 2.77 (1.70-4.56) 1.77 (0.68-3.58) <0.001
cD

A (HIN1) 0 1.1244 03543 3.08 (1.54-6.31) 2.08 (0.54-5.16) 0.002

A (H3N2) 2 —0.4347 0.3054 0.65 (0.36-1.17) —0.35 (~0.64-0.18) 0.155

B 0 0.3344 02814 1.40 (0.80-2.47) 0.40 (—0.2-143) 0235
MN

A (HIN1) 0 0.1247 0.0970 1.13 (0.94-1.37) 0.13 (~0.06-0.37) 0.199

A (H3N2) 1 —0.1271 0.0829 0.88 (0.75-1.04) —0.12 (=0.25-0.04) 0.125

B 0 0.0017 0.0771 1.00 (0.86-1.17) 0.00 (~0.14-0.17) 0.983
DM

A (HIN1) 1 0.7881 0.3655 220 (1.10-4.48) 0.10 (=0.10-0.34) 0.031

A (H3N2) 2 ~0.5366 0.3001 0.58 (0.33-1.04) —0.42 (~0.68-0.05) 0.074

B 0 0.5863 02769 1.80 (1.05-3.13) 0.80 (0.04-2.09) 0.034
NSD

A (HIN1) 1 1.3226 04273 3.75 (1.65-8.79) 2.75 (0.62-7.67) 0.002

A (H3N2) 0 —0.7359 0.3458 0.48 (0.25-0.93) —0.52 (=0.76-0.06) 0.053

B 0 0.6799 03263 1.97 (1.03-3.85) 0.97 (0.04-2.74) 0.037
CKLD

A (HIN1) 0 06218 0.1430 1.86 (1.41-2.47) 0.86 (0.41-1.46) <0.001

A (H3N2) 1 0.0409 0.1254 1.04 (0.81-1.33) 0.04 (=0.19-0.33) 0.744

B 0 0.5019 0.1136 1.65 (1.32-2.06) 0.65 (0.32-1.06) <0.001
IHD

A (HIN1) 0 0.9636 02983 262 (1.48-4.72) 1.62 (0.46-3.70) 0.001

A (H3N2) 2 —0.2884 02619 0.75 (0.46-1.24) —0.25 (~0.55-0.25) 0271

B 0 0.7227 02369 2,06 (1.30-3.31) 1.06 (0.29-2.28) 0.002
COPD

A (HIN1) 1 1.6181 03086 5.04 (2.72-9.48) 404 (1.75-8.23) <0.001

A (H3N2) 1 1.1901 02527 329 (1.97-5.52) 2.29 (1.00-4.39) <0.001

B 1 1.1347 02410 3.11 (1.96-4.98) 2.11 (0.94-3.99) <0.001
R&C

A (HIN1) 0 1.2256 02853 3.41 (1.94-6.08) 2.41 (0.95-4.96) <0.001

A (H3N2) 2 —0.1616 02504 0.85 (0.52-1.39) —0.15 (~0.48-0.39) 0519

B 0 04910 02266 1.63 (1.05-2.57) 0.63 (0.05-1.55) 0.030

“Relative risk (RR), RR=exp(f), RR (95% CI) =exp (P +1.96 SE). "Excess risk (ER), ER = [exp(p) -1] x 100%, ER (95% CI) = [exp (B £ 1.96 SE) -1] x 100%.

Divergences in the prevailing influenza strains were observed
among various years in China. Both influenza A (H3N2) and B viruses
co-circulated in 2012, 2015, 2016, and 2020. It was influenza A
(HIN1) and A (H3N2) in 2013. During 2014 and 2017, Influenza A
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(H3N2) remained dominant, with a certain proportion (>20%) of A
(HIN1) and B virus also present. In 2018, influenza A (HINI)
emerged as the dominant strain, however, Influenza B accounted for
a significant positive rate of 35%. In 2019, Influenza A (HINI1), A
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TABLE 3 Excess influenza-related deaths in China from 2012 to 2021.

Deaths Average excess deaths® Percentage of excess Excess mortality rate of the
deaths® (%) populationc (1/100,000)

AC 201721.78 (126584.26-244324.45) 2.042 (1.281-2.473) 14.526 (9.115-17.594)

RD 51751.82 (32336.24-61525.01) 4.898 (3.060-5.822) 3.727 (2.329-4.430)

CD 63310.96 (39915.88-77294.29) 1.534 (0.967-1.873) 4.559 (2.874-5.566)

DM 4417.27 (2722.13-5295.54) 2.157 (1.329-2.586) 0.318 (0.196-0.381)

NSD 3252.08 (2013.42-3936.86) 2.901 (1.796-3.512) 0.234 (0.145-0.283)

CKLD 3688.68 (2307.71-4458.33) 2316 (1.449-2.799) 0.266 (0.166-0.321)

IHD 54920.11 (34279.00-66644.27) 3.354 (2.093-4.070) 3.955 (2.468-4.799)

COPD 43311.99 (27019.05-51290.02) 5.454 (3.402-6.458) 3.119 (1.946-3.693)

R&C 117997.43 (74454.51-143431.54) 2.276 (1.436-2.767) 8.497 (5.361-10.328)

“The average excess deaths are the difference between the full model prediction and the prediction with the covariate coefficients, which is set to zero for each influenza virus type. The total
number of excess deaths per month is used to calculate the excess deaths for the year. "Percentage of excess deaths equal to the average of annual excess deaths divided by the annual number of
observed deaths of influenza-associated diseases (%). “The excess mortality rate of the population is equal to the average of annual excess deaths divided by the annual population of China (per

100,000 people per year).

(H3N2), and B viruses co-circulated, with Influenza B having the
lowest positive rate. As for the year 2021, Influenza B virus strains
exhibited an absolute advantage.

Data from Table 1 was utilized to fit the negative binomial model.
Excess deaths associated with influenza-associated diseases were
extrapolated, and the mortality rates were calculated (Table 3). An
annual estimate of 201,721.78 cases of influenza-related excess deaths
for the entire Chinese population was calculated from 2012 to 2021;
these cases accounted for approximately 2.04% of all observed deaths
annually. The corresponding excess mortality rate among this
population was calculated to be 14.53 per 100,000 individuals.

The average annual excess mortality of RD and CD population
were, respectively, 3.73 (2.329-4.430) and 4.559 (2.874-5.566). DM,
NSD, and CKLD contributed almost equally to influenza-associated
excess mortality with rates of 0.318 (0.196-0.381), 0.234 (0.145-
0.283), and 0.266 (0.166-0.321). The excess mortality caused by IHD
accounted for 86.75% of circulatory diseases, while the excess
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mortality caused by COPD accounted for 83.69% of respiratory
diseases, which were the primary component. In China, the excess
mortality rates associated with influenza-induced COPD and IHD
were 3.95/100,000 and 3.12/100,000, respectively.

R&C accounted for a significant proportion (58.50%) of these
excess deaths over the past decade. Specifically, an average annual
occurrence of 117,997.43 influenza-associated excess deaths, accounts
for approximately 2.28% of total observed annual deaths attributed to
R&C that were observed. Furthermore, the average annual excess
mortality rate within this group amounted to approximately 8.50 per
100,000 individuals.

Table 4 shows the models of influenza-related diseases were well
fitted. The R* value of COPD is the highest, indicating that X had the
highest explanatory power for Y in the model with COPD as the
dependent variable. The R* value of MN is 0.034. The fitted models of
MN deaths were statistically significant, but were not related to the
three influenza subtypes, so the fitted deaths may be derived from
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TABLE 4 Model fitting evaluation results.

10.3389/fpubh.2024.1399672

Dependent variable/ AIC BIC R? P
evaluation indicator
AC 735585.205 735596.355 0.348 <0.001
RD 352561.586 352572.736 0.457 <0.001
CD 1446756.223 1446767.373 0.161 <0.001
MN 63455.412 63466.562 0.034 <0.001
DM 78685.849 78696.999 0.158 <0.001
NMD 58528.775 58539.925 0.171 <0.001
CKLD 12324.269 12335.419 0.370 <0.001
IHD 457279.499 457290.649 0.232 <0.001
COPD 235601.691 235612.841 0.493 <0.001
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FIGURE 3
Trends in excess influenza-related deaths by diseases, 2012-2022.

demographic and seasonal factors. AIC and BIC are mainly applied to
model category screening, and are only used as indicators to evaluate
the degree of model fitting.

As a result of the correlation between respiratory and circulatory
diseases, R&C was utilized as one of the trend analysis indicators. A
discernible temporal pattern was observed in excess mortality for
respiratory and circulatory diseases, ischemic heart disease, chronic
obstructive pulmonary disease, and all causes of death in China
between 2012 and 2021. Annual peaks in incidence were consistently
observed in January. However, variations were noted among different
years regarding the onset month, magnitude, and duration of these
mortality peaks (Figure 3).

As the observation index, we selected R&C as it exhibited the
greatest correlation with excess mortality due to influenza and
accounted for the highest proportion. We converted the vertical axis
to the logarithmic axis to compare differences. The vertical axis was
converted to a logarithmic scale for better comparison of differences
(Figure 4). “Observed value of ILI” showed the deaths registered as flu.
The “virus positive count” is the number of strains of influenza virus
detected by the Influenza Centre. “Excess deaths of R&C” shows the
deaths registered as flu and also the deaths which are not registered as
flu in respiratory and circulatory diseases.

It can be seen that the trend in excess deaths of R&C estimated by
the model is consistent with the trend in virus positives count from
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2012 to 2021. However, the excess deaths of R&C are significantly
higher than the number of influenza deaths directly detected
(Observed value of ILI). And the trend in observed value of ILI does
not match the trend of virus positive count.

5 Discussion

It is vital to have an accurate assessment of the true impact of
influenza epidemics in order to make informed decisions regarding
public health. In this study, we examined nine diseases that have been
proposed to be associated with influenza in terms of disease burden.
Among them, the burden of death from all cause, respiratory diseases,
circulatory diseases, diabetes mellitus, nervous system diseases,
chronic liver and kidney disease, ischemic heart disease, and chronic
obstructive pulmonary disease have been shown to be influenced by
the prevalence of influenza viruses. However, based on the statistical
data from China spanning the years 2012 to 2021, it was not confirmed
that any subtype of influenza had an impact on malignant neoplasms.
Influenza A (H3N2) only affected deaths related to respiratory
diseases, especially for COPD. Additionally, the influence of the
influenza B virus on the burden of circulatory system diseases was also
not statistically significant. This may be the result of prior research (5,
33) that linked influenza to disease burdens predominantly using data
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from pandemic eras, during which economic and social factors
significantly influenced causes of death in comparison to
stable periods.

Additionally, the annual burden of influenza fluctuates, possibly
due to factors such as the prevailing virus in circulation, the efficacy
of vaccines, and the duration of the annual influenza epidemic. A
significant decrease in influenza virus activity was observed during
the post-pandemic period following the A (HIN1) and COVID-19
pandemics. This decline was accompanied by changes in dominant
viral strains, indicating the potential efficacy of interventions such as
vaccination and reduced population susceptibility.

The average annual excess mortality rate for the entire population
in China due to all causes (AC) was estimated at 14.53 per 100,000
individuals from 2012 to 2021. R&C remained the leading cause of
death in influenza virus circulation, accounting for 58.50% of all
deaths, with an excess mortality rate of 8.497 per 100,000 individuals.
Previous research has primarily focused on the burden of respiratory
and circulatory diseases; however, more influenza-associated diseases
have been identified over the past decade. The mortality figures
presented in this paper are consistent with those reported in a global
study that utilized data from prior years to estimate the aggregate
mortality (1). Over the past decade, the average annual excess deaths
and population mortality of AC and R&C have decreased in
comparison to the influenza-associated excess deaths in China from
2004 to 2009 (33). This decline is likely due to enhanced infectious
disease prevention measures such as vaccines.

However, the influenza percentage of excess deaths of respiratory
and circulatory diseases has increased. This is because influenza
usually causes acute episodes of respiratory and circulatory diseases.
In recent years, medical advances have reduced the overall number of
deaths from respiratory and circulatory diseases, and increased the
cure rate for chronic respiratory and circulatory diseases in particular.
The proportion of deaths caused by influenza has increased. COPD
and THD significantly contribute to the excess mortality burden
associated with influenza in the Respiratory and circulatory systems.
Furthermore, the results of this study revealed that seasonal influenza
during stable periods also contributed to a certain proportion of the
excess mortality burden for patients with chronic liver and kidney
disease, diabetes mellitus, and diseases of the nervous system.
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Therefore, it is imperative to implement effective preventive measures
that target these vulnerable populations. The model evaluation results
showed that the models of influenza-related diseases were well fitted.

The distribution of influenza virus in China exhibited a consistent
pattern throughout the year, from 2012 to 2021. In contrast to diseases
that were closely associated with AC and R&C, which exhibited
negligible seasonal variations, the excess fatalities caused by these
conditions in China peaked in the winter and spring. It was previously
believed that the influenza virus in China was most prevalent during
the winter and disappeared during the summer (27). This is most
likely the result of monitoring only the most immediate causes of flu
deaths. In addition, the results of this study indicate that the
manifestations of influenza were evenly distributed and more
manifested as non-R&C causes of death during the summer and
autumn. Therefore, influenza surveillance during the summer is more
complicated, and the scope of surveillance should be larger. The
distribution of excess deaths attributed to influenza-related diseases
under different conditions will be analyzed in subsequent research.

The trend of influenza-associated excess deaths related to R&C
was consistent with the pattern of virus activity, thereby validating the
findings of this research. However, it is critical to acknowledge that the
actual surveillance value was significantly lower than the estimated
value. Consequently, accurately capturing the mortality burden caused
by seasonal influenza through epidemiological surveillance based
solely on case notification proves challenging. These deficiencies result
in a significant underestimate of the actual impact of the disease.
Therefore, it becomes imperative to employ appropriate methodologies
for predicting epidemic indicators of infectious diseases.

6 Limitations

This study only included cause of death and death data within
the scope of China’s disease surveillance system. Diseases related to
influenza, such as hematopoietic immune diseases, were not
included in this study because the mortality rate collected was too
low and statistical data were not available every year. Relevant
epidemiological data will be collected separately for analysis in the
next phase of the study. Although the data is nationally
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representative and the current disease surveillance system in China
adopts the sentinel surveillance mode, it does not encompass the
entire population and cannot be correspond to virus strain
surveillance sentinels. Therefore, its sole purpose is to estimate the
overall disease burden in China. Differences in demographic
characteristics were analyzed based on hospital case samples in
another study.

7 Conclusion

We conducted an analysis of the excess mortality resulting from
the influenza virus in China over the past decade. Our investigation
identified and categorized the different types of excess mortality
caused by influenza, with a particular focus on estimating the
proportion of excess mortality attributable to causes other than
respiratory and circulatory death. These indicators served as a
scientific foundation for the current optimization of influenza
surveillance and early warning systems in China.
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