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Introduction: Since November 2023, influenza has ranked first in reported cases of in-
fectious diseases in China, with the outbreak in both northern and southern provinces
exceeding the levels observed during the same period in 2022. This poses a serious health
risk to the population. Therefore, short to medium-term influenza predictions are bene-
ficial for epidemic assessment and can reduce the disease burden.
Methods: A transmission dynamics model considering population migration, encom-
passing susceptible-exposed-infectious-asymptomatic-recovered (SEIAR) was used to
predict the dynamics of influenza before the Spring Festival travel rush.
Results: The overall epidemic shows a declining trend, with the peak expected to occur
from week 47 in 2023 to week 1 in 2024. The number of cases of A (H3N2) is greater than
that of influenza B, and the influenza situation is more severe in the southern provinces
compared to the northern ones.
Conclusion: Our method is applicable for short-term and medium-term influenza pre-
dictions. As the spring festival travel rush approaches. Therefore, it is advisable to advocate
for nonpharmaceutical interventions (NPIs), influenza vaccination, and other measures to
reduce healthcare and public health burden.

© 2024 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi
Communications Co. Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Influenza, an acute respiratory infectious disease, is caused by influenza viruses classified into four types: A, B, C, and D
based on differences in surface antigenicity. Among these, the influenza A and B viruses are known to stir severe
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Abbreviations

influenza-like illness rate (ILI%)
Baidu Influenza Search Index (BISI)
Sceptible-exposed-infectious-asymptomatic-recovered (SEIAR)
Infection attack rate (IAR)
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manifestations and contribute to seasonal outbreaks (World Health Organization, 2023). The epidemiological patterns of
influenza are driven by climatic conditions, with temperate regions experiencing seasonal outbreaks predominantly during
the winter and spring seasons. In contrast, tropical regions exhibit diverse patterns of influenza prevalence, including year-
round or semiannual cyclic patterns of prevalence, as well as perennial circulation (Newman et al., 2018). In China, seasonal
influenza commonly peaks in the winter and spring seasons, but southern regions may experience potential peaks during the
summer seasons. Meanwhile, the number of infections is generally higher in the South than in the North. (China NICC, 2024)
The subtype distribution of influenza reveals that the epidemic intensity of influenza A typically exceeds that of influenza B,
yet a contrasting trend is noted in specific regions and years (Yang et al., 2018). Therefore, the prediction of influenza based on
the characteristics of virus epidemic subtypes, and regional and temporal changes is very meaningful for prevention and
control.

In the realm of public health, the transmission and impact of influenza remain a focal point of concern. It is estimated that
globally, approximately one billion individuals contract influenza annually, of which roughly 3 to 5 million cases are classified
as severe, culminating in approximately 500,000 fatalities due to influenza infection (Iuliano et al., 2018; World Health
Organization, 2023). Influenza has imposed a significant disease burden in China which ranks third in both reported inci-
dence and reported mortality among Class C infectious diseases in China (China NICC, 2024). Mainland China has an influenza
hospitalization rate of 73.0 per 100,000 individuals, while in Hong Kong, this rate is 35.7 per 100,000 individuals (Paget et al.,
2023). Moreover, China has a relatively low influenza vaccine coverage rate compared to the global ave (Palache et al.; Yang
et al.) which may be due to exacerbate the challenges faced by China in addressing the increasing number of influenza cases
during the flu season.

Influenza prevalence patterns have been influenced during the COVID-19 pandemic, with a reduction in the intensity of
the influenza epidemic and a delayed peak observed in most countries (Achangwa et al., 2022; Cowling et al., 2020; Lampejo,
2022). After discontinuing nonpharmaceutical interventions associated with COVID-19, influenza incidence increased rapidly
in China in February 2023, predominantly characterized by influenza A (H1N1), exceeding the levels observed in natural
epidemic years (Zeng et al., 2023). Since November, a co-circulation pattern of A (H3N2) and influenza B, which are the main
contributors to the number of cases reported in infectious disease surveillance in China. (China NICC, 2024,) From April 2023
to December, a total of 3058 outbreaks of influenza-like disease (ILI) cases were reported, with case numbers in both northern
and southern provinces exceeding the levels reported during the same period in 2022, indicative of increased severity in the
influenza situation in China. (China NICC, 2024,) In summary, the disease burden of influenza cannot be overlooked. As China
is currently in the midst of the influenza season, the surveillance, forecasting, and development of effective control and
prevention strategies for seasonal influenza are of paramount importance in safeguarding public health and mitigating the
socioeconomic impact.

Accurate prediction of influenza outbreaks is pivotal for the effective prevention and control of the virus, holding sig-
nificant importance for governmental entities in implementing proactive measures, allocating pharmaceuticals and medical
resources, and alleviating the disease burden on the populace, as well as curbing the dissemination of the infection. Currently,
the prevalent models for influenza prediction encompass mathematical models such as compartmental models, time-series
analyses, and statistical approaches including machine learning algorithms and neural network models, as well as epidemic
propagation dynamics models. It has been observed that simpler mathematical constructs are insufficient to precisely
forecast the epidemiological dynamics and incidence rates of influenza (Chretien et al., 2014). A study utilized a compartment
model combined with the Kalman filter algorithm to forecast influenza activity in the southern and northern regions of China
fromMarch to September 2023, the COVID-19 epidemic. However, the predictive accuracy has not been refined to individual
provinces, and no predictions were made for the winter influenza season of 2023. Given the significant differences in pop-
ulation size and mobility among provinces, which influence the spread of influenza and the evolution of outbreaks, it is
imperative to conduct predictive analyses for influenza epidemics across individual provinces in mainland China. Therefore,
our study adopts a compartmental epidemiological model that incorporates population mobility to provide a more detailed
description of disease transmission within populations, which is then applied to predict influenza incidence rates, peak
periods, and developmental trends in various provinces in southern and northern China from October 1, 2023, to February 5,
2024.
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2. Methods

2.1. Data collection

Data on influenza positivity rate and influenza-like illness rate (ILI%) were obtained from the National Influenza Center of
China (https://ivdc.chinacdc.cn/cnic/), which covers the first week of 2014 to the first week of 2024. The ILI þ index was
calculated to represent the influenza infection situation, which is defined as multiplying the ILI% by the influenza test pos-
itivity rate (Yang et al., 2015). Furthermore, data from the Baidu Influenza Search Index (BISI) were collected from January 1,
2014, to January 14, 2024, from (https://index.baidu.com/v2/index.html#/). And the search keywords included influenza,
influenza A, influenza B, nasal congestion, and fever. The Baidu Migration Index data were obtained from (https://qianxi.
baidu.com#/), with the total population for each province obtained from respective statistical yearbooks. We grouped the
provinces according to the standards of the Chinese Center for Disease Control and Prevention (CDC) for the northern and
southern provinces.

We partitioned the human population by regions and disease stages of susceptible-exposed-infectious-asymptomatic-
recovered (SEIAR) and modeled the migration and transmission dynamics in ordinary differential equations. After the
model is calibrated with observed surveillance data, each influenza subtype is provincially predicted from October 1, 2023 to
February 5, 2024. We performed correlation analyses using contemporaneous ILI þ data with the predicted data to verify the
accuracy of the predicted results.
2.2. Disease transmission model

Let S;E; I;A;R2Rn�1 be the region-wise population size of susceptible, exposed, symptomatic infectious, asymptomatic
infectious and removed, respectively. The specific details are as follows. The detailed collection of model parameters’ specific
meaning and value is provided in Supplementary 1. The transmission occurring within regions is formularized by the
following ordinary differential disease transmission model:

d
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where the 1 denotes the entry-wise multiplication.
To introduce human migration, let M2Rn�n be the migration data matrix whose ij-th entry denotes the migration rate

from the i-th region to the j-th region and further assumes that individual migration behavior is not impacted by disease
stages. The derivative according to migration is obtained by:
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where the right-hand-side is an adjustment for dS
dt, and it will be similar for E; I;A;R; 1 is the vector of ones with compatible

size; 1 and / represent entry-wise multiplication and division respectively.
2.3. Observation model

The observation model assumes that the browser search index is corrupted by a measurement with constant delay and
misreports:

yt ¼ aðð1� pÞuEðt � tÞÞ þ C (3)

where yt is the searching rate for specific region at time t; the amplifier a is constants for each region; t is the delay effect of
observation, which is a simplification of observation blur

R
gðsÞEðt� sÞds; constant term C represent the minimum searching

rate, represent the circumstances that constant searching without disease prevalence.
The initial value estimates for each compartment in Beijing will be used as an example.

(1) A recent study estimated that the infection attack rate (IAR) of the influenza wave between October 9, 2022, and
October 1, 2023, as 18.51% (95% CI: 0.00%, 37.78%) in northern China and 28.30% (95% CI: 14.77%, 41.82%) in southern
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China (Du et al., 2023). Thenwe collected the population of Beijing N, and multiplied by the IAR in northern China. The
enlargement factor a of Beijing is calculated as:

a ¼
P

yt
N � IAR

(4)

where
P

yt is the sum of BISI between October 9, 2022, and October 1, 2023.
(2) We assume that the BISI lagged ILI þ by 2e3 weeks, and ILI þ lagged daily new infections by 1e2 weeks, therefore, t
was set to 4e5 weeks. The initial value of the exposed population E can be derived from the observation model above:

E0 ¼ ytþt

að1� pÞu (5)
(3) Accordingly, the initial value of symptomatic infections I0 is set to
ytþt

a � ytþt

að1�pÞug, which is the same order of magnitude
as E0. A0 is set to p

ð1�pÞI0. And we assume that 30% of total population had the pre-existing immunity, initial value of
compartment R (R0) is set to 0:3� N. Finally, S0 ¼ N� E0 � I0 � A0 � R0.
2.4. Computation of effective reproduction number (Reff)

The effective reproduction number (Reff) is defined as the expectation of secondary cases produced by one infected in-
dividual in a population exposed to public health and social measures, during its lifespan as infectious. Guo et al. (2022) For
each infected individual x, we start from the initial compartment of x and compute the probability PðxÞ that x attains each
infectious compartment. For the SEIAR model, we have:

Pðx2AÞ ¼ Pðx2Ajx2EÞPðx2EÞ ¼ pu0

pu0 þ ð1� pÞu (6)

Pðx2IÞ ¼ Pðx2Ijx2EÞPðx2EÞ ¼ ð1� pÞu
pu0 þ ð1� pÞu (7)

where Pðx2Ijx2EÞ denote the conditional probability of x2I when x2E is known.
For all infectious compartments ½U1;U2;…;Ur] that xmight attain, compute the newly infection rate for the case that x in Ui;

i ¼ 1;2;…;r, by letting Ui equals 1, and other Uj; jsi equals zero in the term of newly infection (e:g:;bSf ðU1;U2;…;UrÞ, where f
is a multi-variable function). For the SEIAR model, letting (I, A) ¼ (1, 0) and (0, 1) respectively, one obtains the secondary
infection produced by x per unit time, for two bracnch when x becomes asymptomatic infectious (A) or symptomatic in-
fectious (I):

QðxÞ ¼
8<
:

kbS; if x2A

bS; if x2I
(8)
Compute the time duration TðxÞ that x will stay in each infectious compartment using compartment removing rate (fa-
tality of the disease, recovery rate, and natural death rate, usually set to be constants). For the SEIAR model:

TðxÞ ¼

8>>>><
>>>>:

1
g0; if x2A

1
g
; if x2I

(9)
Assuming that the disease is currently at an initial stage of development, the number of infected takes only a small portion
of the total population. This assumption implies QðxÞ remains constant during the time interval TðxÞ.
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Taking expectations to eliminate the stochasticity of different infectious compartments that x might develop into, the
effective reproduction number is obtained by:

Reff ¼
X

all infectious Statei

Pðx2StateiÞQðx2StateiÞTðx2StateiÞ (10)
For the SEIAR model:

Reff ¼ Pðx2AÞ Qðx2AÞ Tðx2AÞ þ Pðx2IÞ Qðx2IÞ Tðx2IÞ

¼ bS
pu0 þ ð1� pÞu,

�
kpu0

g0
þ ð1� pÞu

g

�
(11)
3. Results

Comparing the period from January 29, 2024, to February 5, 2024 (past seven days) with the upcoming period from
February 6, 2024, to January 12, 2024 (next seven days), new cases in China for the next seven days are anticipated to reach
8,804,450 which have decreased by 13.08%. In particular, new cases in all provinces exhibit a declining trend in the future.
Among them, the Guangdong, Shandong, Sichuan and Henan provinces are expected to rank among the top four in the
country for the number of new cases in the following week. There were generally fewer new cases in the northern provinces
compared to the southern provinces. The provinces of Tibet, Hainan, Ningxia Hui Autonomous Region and Zhejiang exhibited
themost significant decrease in the incidence of new cases when compared to the preceding seven-day period (Table 1). All of
which, the number of cases of influenza A in the forthcoming seven-day period is 5,906,375, representing a 27.00% decline in
newcases compared to the preceding seven-day period. The provinces of Guangdong, Jiangsu, and Shandong have the highest
incidence of influenza A cases in the country, with all other provinces exhibiting a downward trend. It is anticipated that the
prevalence of Influenza B will surpass that of Influenza A over the course of the next seven days, establishing itself as the
dominant subtype (Supplementary 2).
Table 1
Short-term forecast results for new influenza cases.

Province Number of Cases in last seven days Number of Cases in following-Seven days Change Rate (%)

Shanghai 194,119 167,022 �13.96 (�15.44, �12.55)
Yunnan 401,583 351,483 �12.48 (�13.91, �11.09)
Sichuan 704,244 612,279 �13.06 (�14.58, �11.56)
Anhui 486,214 421,791 �13.25 (�14.69, �11.89)

Guangdong 1,027,818 887,047 �13.7 (�15.2, �12.27)
Guangxi 254,604 217,860 �14.43 (�15.57, �13.2)
Jiangsu 649,138 558,125 �14.02 (�15.52, �12.61)
Jiangxi 369,470 318,497 �13.8 (�15.31, �12.37)
Zhejiang 501,948 429,363 �14.46 (�15.98, �13.05)
Hainan 68,887 58,172 �15.55 (�17.14, �14.08)
Hubei 484,099 420,289 �13.18 (�14.67, �11.76)
Hunan 509,247 437,811 �14.03 (�15.57, �12.58)
Fujian 336,926 291,408 �13.51 (�14.98, �12.1)

Guizhou 335,834 295,605 �11.98 (�13.4, �10.55)
Chongqing 241,371 207,392 �14.08 (�15.58, �12.67)

Inner Mongolia 132,165 114,721 �13.2 (�14.46, �12.32)
Beijing 142,358 124,598 �12.48 (�14.06, �11.3)
Tianjin 78,310 67,114 �14.3 (�15.93, �13)

Ningxia Hui Autonomous Region 14,454 11,673 �19.24 (�19.32, �19.24)
Shandong 708,054 629,898 �11.04 (�11.99, �10.51)
Shanxi 252,561 224,278 �11.2 (�12.47, �10.41)

the Xinjiang Uygur Autonomous Region 135,889 116,573 �14.21 (�15.71, �13.06)
Hebei 446,960 392,235 �12.24 (�13.31, �11.58)
Henan 634,943 558,719 �12 (�13.25, �11.2)
Gansu 175,810 156,251 �11.13 (�12.3, �10.41)
Tibet 2894 2180 �24.69 (�24.83, �24.63)

Liaoning 261,337 228,582 �12.53 (�13.88, �11.61)
Shaanxi 260,592 230,552 �11.53 (�12.55, �10.93)
Qinghai 33,516 28,985 �13.52 (�14.97, �12.44)

Heilongjiang 159,460 137,513 �13.76 (�15.27, �12.59)
Jilin 124,400 106,439 �14.44 (�16.05, �13.12)
All 10,129,200 8,804,450 �13.08 (�14.45, �11.89)

Note: the predicted regions do not include Taiwan province, Hong Kong, and Macau.
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Fig. 1. Influenza predicted results from October 1, 2023, to February 5, 2024. A shows the predicted results of influenza in the southern provinces, and B shows
the predicted results in the northern provinces.
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In the fifth week of 2024 before the spring festival travel rush, the midterm forecast results (Fig. 1) indicate that the peak
weeks for influenza are expected to fall betweenweek 47 in 2023 and week 1 in 2024. The Ningxia Hui autonomous region is
expected to peak earliest in the 47th week, with most southern provinces peaking later than northern provinces (weeks
50e52 vs. weeks 48e50). All regions have peaked by January 1, 2024 (Table 1). In most provinces, influenza B shows a plateau
trend during its peak, with fewer new cases compared to influenza A. Severe influenza outbreaks persist in the provinces of
Sichuan, Hunan, Guangdong, Shandong, and Hubei. The peak week of influenza A is consistent with, or one week earlier than
the overall peak of influenza in that city. In 2023, influenza A peaked betweenweeks 47 and 52, with the Jilin and Ningxia Hui
Autonomous Region peaking earlier, at week 47. The overall peak of influenza B occurs later than that of influenza A, with
most cities peaking in the first to fourth week of 2024. The number of cases caused by influenza B at the peak of the pandemic
was lower than the number of cases of influenza A, which was about 1/2 of the number of people infected with influenza A
(Supplementary 3).

Considering that the COVID-19 pandemic disrupted the seasonality of influenza, a delay analysis between BISI and ILIþ
was performed. Our analysis result revealed that before the COVID-19 pandemic, BISI lagged ILI þ by 2e3 weeks. During the
pandemic, BISI exhibited a 5 to 6-week delay behind ILIþ. Post-pandemic, BISI consistently alignedwith ILIþ trendswithout a
delay effect. Consequently, we used the ILIþ index as validation data for the predicted results (Fig. 2-A, 2-B). ILIþ validation in
the southern and northern provinces (Fig. 3) shows a significant alignment with the predicted cases (P＜0.05). (Table. 2)
4. Discussion

Our research findings reveal that in the early stages of the epidemic, historical Baidu search indices lagged behind ILI by
2e3 weeks. However, previous studies have indicated that Baidu search indices lead surveillance data reported by the Centers
for Disease Control and Prevention (CDC) at 1e2 weeks (Dai & Han, 2023). This discrepancy may stem from the different
indicators we employed ILIþ, which compared to ILI% and positivity rate, demonstrates greater real-time accuracy and
representativeness (Shaman et al., 2013; Yang et al., 2014). Additionally, existing literature suggests that the surge in public
sentiment data begins after a substantial accumulation of cases, lending further validation to our results. BISI for 2023 exhibits
no delay compared to ILIþ, possibly attributed, whichmay be due to the COVID-19 pandemic creating a short-lived increase in
awareness of disease prevention in the population (He et al., 2022). There is increasing attention to respiratory diseases such
144



Fig. 2. Lag analysis of influenza surveillance data ILIþ and Baidu influenza search index.
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as COVID-19 and influenza, with some demographics engaging in early searches for medications and stockpiling behaviors.
However, adhering to historical patterns, ILIþ is more sensitive and accurate than BISI in terms of setting alert thresholds and
warning cycles.

Our study predicts that the influenza outbreak will persist for more than four months, a period that coincides with
previous influenza pandemic cycles (Diamond et al., 2022), with the peak occurring fromweek 47 in 2023 to week 1 in 2024,
preceding the peak observed during the COVID-19 pandemic (China NICC, 2024). The overall forecast indicates a declining
trend, potentially attributed to the decline of children and adolescents which are the main contributors to influenza. In many
provinces of China, kindergartens and primary schools have started their winter vacation period, during which, compared to
regular daily contact, there is a 50% reduction in interactions (Litvinova et al., 2019). This disruption in routine contact breaks
the influenza transmission chain, decreasing influenza spread (Qiao et al., 2024).

The predictions for A (H3N2) and Influenza B are not entirely identical, with Influenza A having a higher number of cases
and epidemiological cycles than those for Influenza B, and peaking earlier than Influenza B, which is consistent with historical
trends (Yang et al., 2018). This discrepancy in transmission dynamics could be attributed to the extended incubation period of
influenza A (H3N2), which is approximately 0.8 days longer than that of influenza B. This prolonged period potentially offers a
broader temporal window for viral dissemination. What's more the basic reproduction number for A (H3N2) ranges from 1.3
to 1.8 (Park & Ryu, 2018), signifying a superior transmissibility compared to influenza B. Therefore, A (H3N2) has a greater
potential for transmissionwithin the population and poses a more significant public health threat to individuals. Our findings
highlight that the current influenza epidemic is predominantly characterized by influenza A, with a subsequent shift towards
influenza B subtypes in the later phase of the epidemic. This suggests that public health authorities should place a greater
emphasis on the surveillance and preventive measures for influenza A during the flu season while remaining vigilant to the
potential emergence of influenza B outbreaks.

The incidence of the northern province of Henan, as well as the southern cities of Guangdong, Shandong, Sichuan, and
Jiangsu, have a relatively higher incidence of influenza. This phenomenon may be attributed to two factors. First, these
provinces have large population bases and frequent interpersonal interactions, which provide more opportunities for virus
transmission, resulting in a higher number of primary infections. Second, population migration significantly influences the
spread of influenza (Bedford et al., 2010). Some of these provinces are tourist destinations, where the influx of people far
exceeds the outflow, leading to intense population mobility. This not only facilitates the exchange of viral strains between
different regions but also accelerates the rapid spread of the virus. Tourist cities typically have a higher proportion of external
visitors, who may originate from various areas and carry different viral strains, thereby increasing the diversity and trans-
mission risk of local influenza viruses so that enhances the opportunities for exposure and infection. Therefore, public health
departments should implement more stringent surveillance and control measures in these areas to effectively reduce the risk
of influenza virus transmission.

As the spring festival travel rush approaches, the increase in interpersonal contact during this period increases the
probability of influenza transmission. Therefore, during the Spring Festival travel rush period, especially in provinces with
significant population mobility, the implementation of NPIs is still advisable. Among these measures, wearing masks on
public transport is sanded out as an effective protective measure, capable of reducing infection risk by 45% (Liang et al., 2020).
Despite the downward trend of influenza A, its mainstream status cannot be ignored and influenza vaccination remains the
cornerstone of influenza prevention. However, China's influenza vaccination coverage is currently low with a rate of only
2.47% in 2022 (Zhao, Peng, Ni et al., 2022). Intensifying efforts to promote influenza vaccination for influenza A and influenza B
is crucial to reducing the number of infections during the influenza season, consequently alleviating the burden on healthcare
systems and mitigating economic implications. Influenza B epidemics have not yet peaked in many provinces, making close
monitoring of the epidemic and the establishment of an early warning system particularly important. Prevention and control
145



Fig. 3. ILI þ data validates trends in predicted outcomes. A indicates validated trends in the southern provinces, and B indicates validated trends in the northern
provinces.

H. Qu, Y. Guo, X. Guo et al. Infectious Disease Modelling 10 (2025) 139e149

146



Table 2
Influenza peak forecast results.

Province Peak date Peak week Total cases in peak

Shanghai 2023-12-22 (2023-12-19, 2023-12-26) 51 (51, 52) 333460 (288935, 381245.5)
Yunnan 2023-12-26 (2023-12-22, 2023-12-30) 52 (51, 52) 615448.5 (530156, 700422.5)
Sichuan 2023-12-26 (2023-12-22, 2023-12-30) 52 (51, 52) 1102986.5 (950188.5, 1258233)
Anhui 2023-12-23 (2023-12-19, 2023-12-27) 51 (51, 52) 803065.5 (696546, 919976)

Guangdong 2023-12-23 (2023-12-19, 2023-12-27) 51 (51, 52) 1706515 (1485689, 1954301)
Guangxi 2023-12-20 (2023-12-18, 2023-12-22) 51 (51, 51) 441139.5 (367346.5, 518498.5)
Jiangsu 2023-12-21 (2023-12-17, 2023-12-24) 51 (51, 52) 1139061.5 (983643, 1295397.5)
Jiangxi 2023-12-23 (2023-12-20, 2023-12-27) 51 (51, 52) 619164 (539322, 707382.5)
Zhejiang 2023-12-20 (2023-12-17, 2023-12-24) 51 (51, 52) 908695 (785356, 1027856)
Hainan 2023-12-13 (2023-12-11, 2023-12-17) 50 (50, 51) 146220 (126978, 165229)
Hubei 2023-12-24 (2023-12-21, 2023-12-28) 52 (51, 52) 779181 (676573.5, 891453)
Hunan 2023-12-21 (2023-12-17, 2023-12-24) 51 (51, 52) 899651 (777756, 1020821)
Fujian 2023-12-10 (2023-12-08, 2023-12-13) 50 (49, 50) 543191 (476014, 616488.5)

Guizhou 2023-12-28 (2023-12-24, 2024-01-01) 52 (52, 1*) 494096 (425335.5, 563031.5)
Chongqing 2023-12-20 (2023-12-17, 2023-12-24) 51 (51, 52) 431096 (371597, 489233)

Inner Mongolia 2023-12-04 (2023-12-03, 2023-12-06) 49 (49, 49) 311579.5 (272529, 350909.5)
Beijing 2023-12-08 (2023-12-04, 2023-12-10) 49 (49, 50) 306769.5 (268794.5, 345061.5)
Tianjin 2023-12-02 (2023-11-30, 2023-12-04) 48 (48, 49) 197968.5 (175413, 223236.5)

Ningxia Hui Autonomous Region 2023-11-22 (2023-11-22, 2023-11-21) 47 (47, 47) 60660.5 (52281, 69828)
Shandong 2023-12-15 (2023-12-12, 2023-12-18) 50 (50, 51) 1267036.5 (1102349, 1442335)
Shanxi 2023-12-13 (2023-12-11, 2023-12-16) 50 (50, 50) 465929.5 (405755, 525128.5)

the Xinjiang Uygur Autonomous Region 2023-11-30 (2023-11-28, 2023-12-02) 48 (48, 48) 361760 (317328.5, 407395.5)
Hebei 2023-12-09 (2023-12-07, 2023-12-13) 49 (49, 50) 914704.5 (799262, 1044600.5)
Henan 2023-12-10 (2023-12-07, 2023-12-12) 50 (49, 50) 1276401 (1119209, 1451242)
Gansu 2023-12-26 (2023-12-22, 2023-12-30) 52 (51, 52) 331749.5 (286552, 377780)
Tibet 2023-11-29 (2023-12-01, 2023-11-26) 48 (48, 48) 11180.5 (9181, 13526.5)

Liaoning 2023-12-08 (2023-12-05, 2023-12-10) 49 (49, 50) 558104.5 (487127.5, 631811)
Shaanxi 2023-12-12 (2023-12-11, 2023-12-16) 50 (50, 50) 493051 (427483.5, 558246)
Qinghai 2023-12-03 (2023-12-01, 2023-12-05) 49 (48, 49) 81529 (71804, 91946)

Heilongjiang 2023-11-29 (2023-11-27, 2023-11-30) 48 (48, 48) 435656.5 (382963.5, 489556.5)
Jilin 2023-11-29 (2023-11-27, 2023-11-30) 48 (48, 48) 344264.5 (303580.5, 385629)

Note: 1. the predicted regions don't include Taiwan province, Hong Kong, and Macau.
2.* denotes weeks in 2024.
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efforts should be strengthened in crowded places such as schools, and high-risk groups should be encouraged to get
vaccinated to reduce the risk of influenza B transmission.

Although we predict influenza trends before the Spring Festival travel rush, this model can be applied to the short-term
prediction of influenza and other respiratory infectious diseases, facilitating enhanced preparedness and previous in-
terventions in public health scenarios. Some limitations remain and first, Large fluctuations in population flow and the
complexity of the epidemic trend make it challenging for the model to predict the influenza trends during the Spring Festival
travel rush, so we did not forecast influenza during this period. Furthermore, due to the mechanism of the current influenza
surveillance system, the ILI þ used for validation does not represent the real incidence of influenza, merely validating the
modeled trend of influenza. Third, there are differences in influenza transmissibility among provinces. Our study did not
collect provincial-level analyses of influenza natural history parameters, whichmay affect the regional specificity of influenza
forecasts.

5. Conclusion

Following the advent of the global pandemic caused by the SARS-CoV-2 virus, the prevalence of influenza has exceeded
that observed in the contemporaneous period. It was predicted that influenza would persist for a period exceeding four
months during the current winter epidemic, with the peak expected to occur betweenweeks 47 of 2023 and week 1 of 2024.
The prevalence intensity of A (H3N2) is greater than that of Influenza B, and the prevalence in the southern regions is greater
than that in the northern regions. It is anticipated that within the next seven days, the number of cases of influenza B will
exceed those of influenza A. Therefore, it is imperative to call on the public to adopt NPIs and receive influenza vaccination
and it is essential to establish an early warning system for influenza B to reduce the healthcare burden. Furthermore. While
our method demonstrates efficacy for short to medium-term influenza predictions, further in-depth research is warranted,
incorporating multiple data sources for the validation and calibration of influenza models.
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