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Background: The use of nonpharmaceutical interventions (NPIs) during severe
acute respiratory syndrome 2019 (COVID-19) outbreaks may influence the
spread of influenza viruses. This study aimed to evaluate the impact of NPIs
against SARS-CoV-2 on the epidemiological features of the influenza season in
China.

Methods: We conducted a retrospective observational study analyzing influenza
monitoring data obtained from the China National Influenza Center between
2011 and 2023. We compared the changes in influenza-positive patients in the
pre-COVID-19 epidemic, during the COVID-19 epidemic, and post-COVID-19
epidemic phases to evaluate the effect of NPIs on influenza virus transmission.

Results: NPIs targeting COVID-19 significantly suppressed influenza activity in
China from 2019 to 2022. In the seventh week after the implementation of the
NPIs, the number of influenza-positive patients decreased by 97.46% in southern
regions of China and 90.31% in northern regions of China. However, the lifting
of these policies in December 2022 led to an unprecedented surge in influenza-
positive cases in autumn and winter from 2022 to 2023. The percentage of
positive influenza cases increased by 206.41% (p<0.001), with high positivity
rates reported in both the northern and southern regions of China.

Conclusion: Our findings suggest that NPIs against SARS-CoV-2 are effective at
controlling influenza epidemics but may compromise individuals’ immunity to
the virus.

KEYWORDS
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1 Introduction

The influenza virus is a widely spread respiratory pathogen (1). It is prevalent in all
countries and poses a significant public health concern globally (2). The World Health
Organization estimated that influenza infection affects approximately 1 billion people annually,
causing 300,000 to 500,000 fatalities (3). The influenza virus is highly infectious, and all
populations are susceptible (4), especially children and the older adult (5). Infection can lead
to acute respiratory disease, and severe cases can lead to pneumonia, multiple-organ
complications and even death (6, 7). Influenza viruses can be divided into four different types
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according to their core proteins: A, B, C, and D. The spread of
influenza is usually the result of the combined effect of climate factors
and population mobility patterns. Low humidity and low temperature
are conducive to further spread of influenza (8-10). China is a country
with a high incidence of influenza. Every year, there are flu seasons of
different severities.

The COVID-19 outbreak in early 2020 presented major obstacles
to worldwide public health (11). To mitigate and decelerate the spread
of COVID-19, numerous countries have implemented intervention
measures. Since January 2020, China has enforced nonpharmaceutical
interventions (NPIs), which include quarantining patients, contact
tracing, isolating contacts, limiting travel, canceling large gatherings,
observing hand hygiene and wearing masks. Like those of COVID-19,
influenza viruses are mainly transmitted through the respiratory tract
(12, 13). Moreover, NPIs may affect the spread of the influenza virus
(14-16). Several studies have shown that just 2weeks after the
United States issued the COVID-19 emergency statement and
introduced public health measures, the spread of influenza viruses in
the United States dropped sharply. After the implementation of NPIs
in Singapore, the percentage of influenza-positive individuals
decreased by 64%, the number of daily influenza-positive individuals
decreased by 76%, and epidemic activities in Europe, South Korea and
other places also decreased (13). However, there has been limited
analysis of the epidemiological profile of influenza viruses during the
preepidemic, epidemic, and postepidemic phases. Consequently,
previous studies have not been able to comprehensively and
systematically evaluate the effectiveness of NPIs against SARS-
CoV-2 in preventing influenza. We performed a retrospective analysis
by aggregating weekly influenza surveillance reports issued by the
Chinese Influenza Center over the period from 2011 to 2023. This
comprehensive dataset encompasses incidence rates and counts of
confirmed influenza cases, in addition to the laboratory-identified
subtypes of influenza viruses, spanning three discrete periods:
pre-COVID-19 epidemic, during the COVID-19 epidemic, and post-
COVID-19 epidemic phases. Our objective was to provide a
comprehensive and objective analysis of the impact that the
aforementioned epidemic has had on the incidence of influenza in
China. This article presents an overview of the epidemiological
characteristics of seasonal influenza in the pre-COVID-19 epidemic,
during the COVID-19 epidemic, and post-COVID-19 epidemic
phases. Specifically, we focused on the alterations that occurred in the
epidemiological patterns of influenza during the post-COVID-19
outbreak period to identify more effective strategies for managing and
mitigating seasonal influenza transmission.

2 Methods
2.1 Data and sample sources

Influenza cases reported by the influenza surveillance network of
the China National Influenza Center' from 17 October 2011 to 23

April 2023 were used as the research objects. The data included the
total number of weekly tests in China, the northern and southern

1 https://ivdc.chinacdc.cn/cnic/zyzx/lgzb/
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regions of China provided by 554 designated hospitals nationwide, the
number of laboratory-confirmed influenza-positive patients, the
number of influenza-positive patients, the number of influenza-like
illness cases, the proportion of influenza-positive patients, and the
number of laboratory subtypes of influenza viruses. Data from Hong
Kong, Macau and Taiwan were not included in the study because of
significant differences in the data collection methods used in these
regions. Chinas 31 provinces, autonomous regions and municipalities
are divided into southern regions and northern regions (17).

2.2 Definition of the influenza cycle and
season and the division between north and
south China

Temperatures in the northern and southern regions of China
begin to drop in mid to late October, and influenza viruses gradually
spread through the population, peaking in January or February of the
following year (18). In addition, southern regions of China will
experience a new peak of outbreaks in the summer (18). To detect a
complete influenza peak in an influenza cycle year. Therefore, in this
paper, the annual epidemiological cycle was defined as the period
from week 42 of the current year to week 41 of the next year. The
influenza season and noninfluenza season were defined as follows: the
start of the influenza season indicated when the test positivity rate was
>10% for two consecutive weeks. If the positivity rate remained <10%
for at least three consecutive weeks, the first week with a positivity rate
less than 10% was defined as the end week of the influenza season,
which is consistent with the findings of the study by Feng L (19).

2.3 Statistical analyses

Microsoft Excel software was used to sort and analyze the count
data (ratio/composition ratio). The y* test was performed using SPSS
24.0 to compare the differences in detection rates and correlations.
GraphPad Prism 9.5 was used to compute the 95% CI median. p <0.05
was considered to indicate statistical significance.

3 Results

3.1 Epidemiological characteristics of
influenza of the pre-COVID-19 epidemic
phase in China during 2011-2019, when no
NPIs were adopted

From 2011 to 2019, the incidence of influenza-positive patients
in China increased steadily. The percentage of influenza-positive
individuals in 2012-2013 was 6.54% (8,868/135,545), and the
percentage of influenza-positive individuals in 2018-2019 was
18.41% (58,656/318,543). A significant seasonal trend was observed,
with eight winter and spring influenza epidemics and five summer
influenza epidemics occurring in China (Figures 1A-H; Table 1).
Eight winter and spring influenza epidemics and four summer
influenza epidemics occurred in the southern regions of China, and
eight winter and spring influenza epidemics occurred in the
northern regions of China (Table 1; Figures 2A,B). In the northern
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FIGURE 1

Changes in the total number of tests, the number of influenza-positive patients, and the number of influenza-positive patients in China, 2011-2023.
(A—L) 2021-2022 Missing data for the 50th week. The horizontal coordinates indicate the beginning of the 42nd week of the previous year and the
end of the 41st week of the following year.
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regions of China, seasonal influenza epidemics occur in winter and
spring, and influenza activity remains low during the remainder of
the year. Influenza activity in the southern regions of China was
greater than that in the northern regions (Figures 3A-H).
Combined with the heatmap, these findings show that many A/
HINI, B/Victoria and B/Yamagata strains are prevalent in the
southern regions of China in winter, and A/H3N2 is prevalent in
summer. The subtypes of the annual epidemic strains in the
northern regions of China are different, and a small epidemic of A/
H3N2 occasionally occurs in summer. According to the analysis of
the distribution of influenza virus subtypes from 2011 to 2019,
influenza A accounted for 60.06% (174,788/264,573) of the viruses,
and influenza A was more prevalent and infected more people
(Supplementary Figures 1A-H).

3.2 Epidemiological characteristics of
influenza in China during the COVID-19
epidemic, 2019-2022, when NPIs were
adopted

After the COVID-19 outbreak, China implemented NPIs between
2020 and 2022, and the number of influenza-positive cases decreased
and then increased during these 3 years. We analyzed the pattern of
the influenza season and found that the 2019-2020 influenza season
started in the 48th week of 2019 (25 November to 1 December), with
an influenza-positive rate of 12.50%. It peaked in the first week of 2020
(30 December 2019 to 5 January 2020), with an influenza-positive rate
of 47.7% (Figure 1I; Supplementary Figure 2). Following the
COVID-19 outbreak, NPIs were fully implemented in week 2 (January
7,2020) in most areas of the country. According to the data from the
southern regions of China, the percentage of influenza-positive
individuals decreased by 50.90% in the third week and 97.46% in the
seventh week of NPI implementation. A similar situation was
observed in the northern regions of China, where the percentage of
influenza-positive individuals decreased significantly, by 90.31%, in
week 7 (Figure 2; Table 1). The 2019-2020 influenza season ended in
the 7th week of the 2020 season (10-16 February), with an influenza-
positive rate of 6.20%. Its duration was only 15weeks. At the beginning
of the 2020-2021 influenza cycle, influenza positivity rates were very
low in both the northern and southern regions of China
(Figures 1]-K). However, between weeks 10 and 26 of 2021, the
number of influenza-positive individuals started to increase slightly.
From week 42 of 2021, the influenza positivity rate began to rise
continuously, and the autumn-winter influenza season of 2021-2022
began, with a peak positivity rate of 28.10% in the southern regions of
China and 35.10% in the northern regions of China. In the 21st week
of 2021, the southern regions of China entered the summer influenza
season, with a peak positivity rate of 37.3%, while the northern region
of China experienced a minor peak, with an influenza-positive rate of
27.1%. The percentage of influenza-positive individuals in the
southern region of China remained above 20% for 12 weeks, while in
the northern regions of China, it remained above 20% for only 8 weeks
(Table 1). Although the influenza peak in the northern regions of
China was greater than that in the southern regions, the overall
intensity of influenza was lower in the northern regions. Overall, both
the northern and southern regions of China experienced two influenza
peaks (Figure 2C).
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During the 2019-2020 epidemic cycle, the A/H3N2 and B/
Victoria strains were predominant in the southern regions of China,
and the percentages of these two subtypes were 52.31% (10,326/19,740)
and 41.18% (8,128/19,740), respectively (p<0.001). In the northern
regions of China, the predominant influenza subtypes were A/H3N2,
followed by A/HIN1 and B/Victoria, accounting for 78.64%
(13,353/16,980), 11.87% (2,015/16,980) and 9.17% (1,557/16,980),
respectively (p<0.001). In addition, beginning in the 35th week, the
national influenza virus detection rate was mainly B/Victoria, and the
detection rates of A and B/Yamagata began to decline. A total of 56
patients with B/Yamagata were detected in the 2019-2020cycle, a
decrease of 75.44% compared with that in the previous cycle
(p<0.001). Influenza A accounted for 63.04%, p <0.001 (Figure 31). In
the 2020-2021 cycle, B/Victoria strains predominated in both the
northern and southern regions of China, accounting for 97.20%
(10,063/10,353) of the detected cases. B/Yamagata was detected in 32
patients, a decrease of 42.86% compared to that in the previous cycle
and 85.96% compared to that in the pre-COVID-19 epidemic
(p<0.001; Figure 3]). During the 2021-2022 cycle, the main influenza

Frontiers in Public Health

virus subtypes circulating in China were A/H3N2 and B/Victoria.
Growth of the A/H3N2 and B/Victoria subtypes has been detected in
both southern and northern regions of China. According to the
heatmap (Figure 3K), the B/Victoria strain was endemic in autumn
and winter, while the A/H3N2 strain was endemic in summer. In
addition, no cases of B/Yamagata were detected during the 2021-
2022 cycle (Supplementary Figure 1K).

3.3 Epidemiological characteristics of
influenza in the post-COVID-19 epidemic
phases in China, 2022-2023, when NPIs
were eliminated

In week 49 of 2022 (December 7), following the cancelation of
NPIs, the number of confirmed cases of COVID-19 increased sharply.
According to the Chinese Centre for Disease Control and Prevention,
SARS-CoV-2 positivity peaks at 29.2% in week 52 of 2023 (26
December 2022 to 1 January 2023). Thereafter, the SARS-CoV-2
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FIGURE 3 (Continued)

46 of 2020, week 50 of 2021 and 39 weeks of 2022.

Thermodynamic diagram (A-L) of the activity of influenza subtypes in southern regions and northern regions of China during 2022-2023. The dark
color in the picture indicates a high proportion and high activity of the influenza subtype. A light color indicates a low proportion and low activity of the
influenza subtype. Data were missing for the southern regions and northern regions of the China influenza subtype at week 27 of 2013, week 46 of
2016, week 33 of 2017, week 45 of 2017, week 2 of 2018, week 24 of 2018, week 7 of 2019, week 31 of 2019, week 36 of 2019, week 8 of 2020, week

positivity rate began to fluctuate. In week 5 (30 January to 5 February),
the percentage of patients positive for SARS-CoV-2 decreased to a low
value of 1.2%. During this period, SARS-CoV-2 spread widely in
China, while influenza activity was suppressed. The percentage of
influenza-positive patients in China declined rapidly beginning at
week 49 (December 5-11), from 7.5 to 0.1% (95% CI median, 0.20%
to 4.40). However, the rate of influenza-like cases in outpatients at
sentinel hospitals in southern and northern China has increased
rapidly and is well above the level for the same period in the previous
cycle (Figure 4). This may be related to SARS-CoV-2 infection, when
people took protective measures, such as reducing outdoor activities
and wearing masks, which affected the spread of the influenza virus.
As shown in Figure 5, after the SARS-CoV-2 positivity rate decreased
to a low level, the incidence of influenza virus infections began to
increase rapidly. According to the latest data from the Chinese Centre
for Disease Control and Prevention, China entered the influenza
season on week 7 (13-20 February), during which the percentage of
positive influenza cases increased by 206.41% in just 1 week (p<0.001).
The percentage of influenza-positive patients in sentinel hospitals
worldwide has continued to increase, reaching 53.2% at week 10 (6-12
March). In week 12 (20-26 March), the influenza case positivity rate
peaked at 55.5% and then began to decline (Figure 11). The correlation
coeflicient between the incidence of influenza and the incidence of
COVID-19 was —0.531 (p=0.028). This indicates that there is a
significant negative correlation between these two variables (p <0.05).
By week 15, 2023, a total of 48,527 influenza-positive patients had
been detected in China, with influenza A accounting for 99.84% of the
patients. According to the heatmap (Figure 3), before the NPIs were
lifted, the subtype of the main influenza virus was A/H3N2,
accounting for 99.15% of the cases. After the NPIs were lifted, both A/
HIN1 and A/H3N2 circulated simultaneously, and the intensity of
influenza A HINI1 was greater than that of influenza A H3N2
(Figure 3L; Supplementary Figure 1). In addition, the B/Yamagata
subtype was not detected in the 2022-2023 cycle.

4 Discussion

A/HINI and influenza B were the predominant endemic subtypes
during the fall and winter seasons in China. A/H3N2 is endemic in
the fall and winter seasons and summer seasons in the southern
regions of China, usually during a half-yearly cycle. In northern
regions of China, A/H3N2 is predominantly endemic in the fall and
winter seasons, generally on a one-year cycle. However, there is no
obvious regularity in the subtype prevalence of influenza B, and
studies have shown that influenza B usually occurs annually in
alternation, with a single influenza B predominating without any
obvious regularity, which is in agreement with our conclusions (20).
By comparing the annual infection rates of influenza A and influenza
B in China, we found that the severity of influenza A is greater than
that of influenza B (21). The reason may be that influenza A spreads
not only among humans but also infects animals. The influenza A
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virus can undergo horizontal gene transfer, which can cause repeated
infection of the host (22, 23). Influenza B can infect humans and seals,
and it has been shown to infect pigs (24, 25). However, meaningful
transmission of influenza B viruses from these nonhuman species
does not occur very often (25). It can be assumed that these viruses
circulate mainly in humans and lack genetic recombination between
human influenza viruses and animal influenza viruses; therefore, they
do not easily cause a pandemic in humans (26, 27). We also analyzed
influenza activity in the northern and southern regions of China and
found that influenza activity in the southern region was more active
throughout the year. Seasonal influenza in the northern regions of
China occurs mainly in the fall and winter seasons and is more stable
at other times, showing a trend toward high incidence in the southern
regions of China and low incidence in northern China (28).

The COVID-19 pandemic that broke out in early 2020 posed an
enormous challenge to global public health. As of March 31, 2020,
more than 750,890 cases had been confirmed, resulting in 36,405
deaths (29). In our previous study, we found that the implementation
of NPIs in China significantly reduced the transmission of common
respiratory viruses among children (15, 30). In this study, we found
that the 2019-2020 influenza season ended 8-12 weeks earlier than
did the previous cycles, and the number of infections decreased (31,
32). From 2019 to 2021, influenza activity decreased, and influenza
transmission was completely suppressed without significant pandemic
peaks. From 2022 onwards, influenza activity increased, but the
intensity of activity was still lower than that pre-COVID-19 epidemic.
These findings suggested that China’s NPT has been effective at limiting
the spread of influenza. Studies in other countries have reached the
same conclusion. A US study showed that in the first 10 weeks after
the implementation of NPIs, the incidence of influenza A (HIN1) and
influenza B (HIN1) epidemics in the U.S. at the beginning of 2020
decreased by more than 60% (33-35). In the first wave of the outbreak
in 2019, NPIs was used in New Zealand to control the spread of SARS-
CoV-2. Using multiple monitoring systems, it was observed that the
number of influenza and other respiratory virus infections in 2020
decreased unprecedentedly (36, 37). The COVID-19 pandemic in
Europe led to the early end of the influenza season and reduced the
spread of influenza viruses (38).

Notably, widely implemented NPIs may lead to a decrease in the
epidemic diversity of influenza viruses. Research shows that the
detection rate of B/Yamagata has decreased significantly since April
2020 and is approximately 99% lower than that in previous cycles.
Since 2019, our B/Victoria detection rate has been increasing, with a
high B/Victoria detection rate of 97.20% in 2020-2021 (p<0.001;
Supplementary Figure 1). A study in the United States also revealed
an abnormal early surge of influenza B cases in 2019-2020,
accompanied by an evolutionary shift within the dominant B/Victoria
(39). Combined with the monoepidemic pattern of influenza B,
we speculate that B/Yamagata may have a period of low prevalence in
the pre-COVID-19 epidemic. Widespread implementation of NPIs
has reduced the number of international tourists, leading to a decrease
in the number of people infected with B/Yamagata (40, 41).
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In the past 3 years, the widespread implementation of NPIs has
greatly reduced the intensity of influenza virus infections. This may
be beneficial in the short term, but research shows that immunization
debt may have a greater negative impact (42). From 2019 to 2022, the
activity of the influenza virus will be unprecedentedly suppressed.
There is insufficient immune stimulation for people infected with
influenza virus. When the susceptibility of the population increases,
group immunity decreases, increasing the proportion of the
population vulnerable to virus infection (43). As of April 25, 2023, the
national influenza detection rate was 20.92% (48,527/231918), and the
highest positive rate was 55.10%. The peak stage influenza positivity
rate was higher than that prior to contracting COVID-19, and the
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highest level of influenza positivity has occurred since 2011. The 2023
influenza season is more severe than it was in previous years, with
high influenza positivity rates that will lead to mass population
infections in the near term. Schools were closed in many places, and
hospitals saw a multifold increase in flu patients.

In conclusion, this study revealed that the low level of influenza
activity in China from 2019 to 2021 was unprecedented, possibly due
to the implementation of NPIs. This discovery has been confirmed in
the United States and other studies. The high level of influenza activity
in China in the fall and winter of 2022-2023 is likely a result of
immune debt. We summarized our experience with the COVID-19
outbreak. We found that we should spontaneously adopt

09 frontiersin.org


https://doi.org/10.3389/fpubh.2024.1336077
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Chen et al.

nonpharmacological interventions, such as washing hands frequently,
wearing masks and reducing people’s movement. Moreover, we can
increase the influenza vaccination rate to minimize the negative
impact of the outbreak. The weakness of this study is that the
association between age and influenza was not analyzed. Future
studies could focus on analyzing the disease burden of influenza in
different age groups.

Data availability statement

Publicly available datasets were analyzed in this study. This data
can be found at: https://ivdc.chinacdc.cn/cnic/.

Author contributions

DLC: Writing - original draft, Writing - review & editing. TZ:
Writing - original draft, Writing - review & editing. SC: Writing -
original draft, Writing - review & editing. XR: Writing - original draft,
Writing - review & editing. QS: Writing — original draft, Writing -
review & editing. QY: Writing - review & editing. DQC: Writing -
review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

References

1. Peteranderl C, Herold S, Schmoldt C. Human influenza virus infections. Semin
Respir Crit Care Med. (2016) 37:487-500. doi: 10.1055/s-0036-1584801

2. Javanian M, Barary M, Ghebrehewet S, Koppolu V, Vasigala VKR, Ebrahimpour S.
A brief review of influenza virus infection. ] Med Virol. (2021) 93:4638-46. doi: 10.1002/
mv.26990

3. Krammer E, Smith GJD, Fouchier RAM, Peiris M, Kedzierska K, Doherty PC, et al.
Influenza. Nat Rev Dis Primers. (2018) 4:20180628. doi: 10.1038/s41572-018-0002-y

4. Ryu S, Cowling BJ. Human Influenza Epidemiology. Cold Spring Harb Perspect Med.
(2021) 11:20211201. doi: 10.1101/cshperspect.a038356

5.Jin S, LiJ, Cai R, Wang X, Gu Z, Yu H, et al. Age- and sex-specific excess mortality
associated with influenza in Shanghai, China, 2010-2015. Int ] Infect Dis. (2020)
98:382-9. doi: 10.1016/}.ijid.2020.07.012

6. LiJ, Zhang Y, Zhang X, Liu L. Influenza and universal vaccine research in China.
Viruses. (2022) 15:20221230. doi: 10.3390/v15010116

7. Gaitonde DY, Moore FC, Morgan MK. Influenza: diagnosis and treatment. Am Fam
Physician. (2019) 100:751-8.

8. Ali ST, Cowling BJ, Wong JY, Chen D, Shan S, Lau EHY, et al. Influenza seasonality
and its environmental driving factors in mainland China and Hong Kong. Sci Total
Environ. (2022) 818:151724. doi: 10.1016/j.scitotenv.2021.151724

9. Metz JA, Finn A. Influenza and humidity--why a bit more damp may be good for
you! J Infect. (2015) 71:20150425. doi: 10.1016/j.inf.2015.04.013

10. Lowen AC, Steel J. Roles of humidity and temperature in shaping influenza
seasonality. J Virol. (2014) 88:7692-5. doi: 10.1128/JV1.03544-13

11. To KK-W, Sridhar S, Chiu KH, Hung DLL, Li X, Hung IFN, et al. Lessons learned
1 year after SARS-CoV-2 emergence leading to COVID-19 pandemic. Emerg Microbes
Infect. (2021) 10:507-35. doi: 10.1080/22221751.2021.1898291

12. Paules C, Subbarao K. Influenza. Lancet. (2017) 390:20170313. doi: 10.1016/
S0140-6736(17)30129-0

13. Ru X, Chen S, Zhang T, Ding Z, Cheng D, Ye Q. Nonpharmaceutical intervention
is an effective measure to block respiratory virus coinfections with SARS-CoV-2. ] Infect.
(2023) 86:256-308. doi: 10.1016/.jinf.2023.01.013

Frontiers in Public Health

10.3389/fpubh.2024.1336077

Acknowledgments

The data used in this study are publicly available and can
be accessed from the China National Influenza Center (https://ivdc.
chinacdc.cn/cnic/zyzx/1gzb/).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1336077/
full#supplementary-material

14. Ye Q, Liu H, Mao J, Shu Q. Nonpharmaceutical interventions for COVID-19
disrupt the dynamic balance between influenza a virus and human immunity. ] Med
Virol. (2023) 95:€28292. doi: 10.1002/jmv.28292

15. Ye Q, Wang D. Epidemiological changes of common respiratory viruses in children
during the COVID-19 pandemic. ] Med Virol. (2022) 94:1990-7. doi: 10.1002/jmv.27570

16.Han X, Xu P, Wang H, Mao J, Ye Q. Incident changes in the prevalence of
respiratory virus among children during COVID-19 pandemic in Hangzhou, China. J
Infect. (2022) 84:579-613. doi: 10.1016/j.jinf.2022.01.007

17. Lu H. Joinpoint regression analysis of pertussis incidence trend in China from
2005 to 2019. Public Health Manag China. (2022) 38:229-31. doi: 10.19568/j.
cnki.23-1318.2022.02.0022

18. Dai Q, Ma W, Huang H, Xu K, Qi X, Yu H, et al. The effect of ambient temperature
on the activity of influenza and influenza like illness in Jiangsu Province, China. Sci Total
Environ. (2018) 645:684-91. doi: 10.1016/j.scitotenv.2018.07.065

19. Feng L, Zhang T, Wang Q, Xie Y, Peng Z, Zheng J, et al. Impact of COVID-19
outbreaks and interventions on influenza in China and the United States. Nat Commun.
(2021) 12:3249. doi: 10.1038/s41467-021-23440-1

20. Paget ], Caini S, del Riccio M, van Waarden W, Meijer A. Has influenza B/Yamagata
become extinct and what implications might this have for quadrivalent influenza vaccines?
Euro Surveill. (2022) 27:27. doi: 10.2807/1560-7917.ES.2022.27.39.2200753

21. Chen L, Han XD, Li YL, Zhang CX, Xing XQ. Severity and outcomes of influenza-
related pneumonia in type a and B strains in China, 2013-2019. Infect Dis Poverty. (2020)
9:42. doi: 10.1186/540249-020-00655-w

22. Petrova VN, Russell CA. The evolution of seasonal influenza viruses. Nat Rev
Microbiol. (2018) 16:47-60. doi: 10.1038/nrmicro.2017.118

23. Uyeki TM. Influenza. Ann Intern Med. (2017) 167:ITC33-48. doi: 10.7326/
AITC201709050

24. Osterhaus AD, Rimmelzwaan GE Martina BE, Bestebroer TM, Fouchier RAM.
Influenza B virus in seals. Science. (2000) 288:1051-3. doi: 10.1126/science.288.5468.1051

25. Lee ], Wang L, Palinski R, Walsh T, He D, Li Y, et al. Comparison of pathogenicity
and transmissibility of influenza B and D viruses in pigs. Viruses. (2019) 11:20190927.
doi: 10.3390/v11100905

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1336077
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://ivdc.chinacdc.cn/cnic/
https://ivdc.chinacdc.cn/cnic/zyzx/lgzb/
https://ivdc.chinacdc.cn/cnic/zyzx/lgzb/
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1336077/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1336077/full#supplementary-material
https://doi.org/10.1055/s-0036-1584801
https://doi.org/10.1002/jmv.26990
https://doi.org/10.1002/jmv.26990
https://doi.org/10.1038/s41572-018-0002-y
https://doi.org/10.1101/cshperspect.a038356
https://doi.org/10.1016/j.ijid.2020.07.012
https://doi.org/10.3390/v15010116
https://doi.org/10.1016/j.scitotenv.2021.151724
https://doi.org/10.1016/j.jinf.2015.04.013
https://doi.org/10.1128/JVI.03544-13
https://doi.org/10.1080/22221751.2021.1898291
https://doi.org/10.1016/S0140-6736(17)30129-0
https://doi.org/10.1016/S0140-6736(17)30129-0
https://doi.org/10.1016/j.jinf.2023.01.013
https://doi.org/10.1002/jmv.28292
https://doi.org/10.1002/jmv.27570
https://doi.org/10.1016/j.jinf.2022.01.007
https://doi.org/10.19568/j.cnki.23-1318.2022.02.0022
https://doi.org/10.19568/j.cnki.23-1318.2022.02.0022
https://doi.org/10.1016/j.scitotenv.2018.07.065
https://doi.org/10.1038/s41467-021-23440-1
https://doi.org/10.2807/1560-7917.ES.2022.27.39.2200753
https://doi.org/10.1186/s40249-020-00655-w
https://doi.org/10.1038/nrmicro.2017.118
https://doi.org/10.7326/AITC201709050
https://doi.org/10.7326/AITC201709050
https://doi.org/10.1126/science.288.5468.1051
https://doi.org/10.3390/v11100905

Chen et al.

26. Tsybalova LM, Stepanova LA, Ramsay ES, Vasin AV. Influenza B: prospects for the
development of cross-protective vaccines. Viruses. (2022) 14:14 20220617. doi: 10.3390/
v14061323

27.Virk RK, Jayakumar ], Mendenhall TH, Moorthy M, Lam P, Linster M, et al.
Divergent evolutionary trajectories of influenza B viruses underlie their
contemporaneous epidemic activity. Proc Natl Acad Sci U S A. (2020) 117:619-28. doi:
10.1073/pnas.1916585116

28.Liao Y, Xue S, Xie Y, Zhang Y, Wang D, Zhao T, et al. Characterization of influenza
seasonality in China, 2010-2018: implications for seasonal influenza vaccination timing.
Influenza Other Respi Viruses. (2022) 16:1161-71. doi: 10.1111/irv.13047

29. Safiabadi Tali SH, LeBlanc JJ, Sadiq Z, Oyewunmi OD, Camargo C, Nikpour B,
et al. Tools and techniques for severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2)/COVID-19 detection. Clin Microbiol Rev. (2021) 34:34 20210512. doi: 10.1128/
CMR.00228-20

30. Ye Q, Liu H. Impact of nonpharmaceutical interventions during the COVID-19
pandemic on common childhood respiratory viruses - an epidemiological study based
on hospital data. Microbes Infect. (2022) 24:20211203. doi: 10.1016/j.micinf.2021.104911

31. Caini S, Kusznierz G, Garate VV, Wangchuk S, Thapa B, de Paula Jinior FJ, et al.
The epidemiological signature of influenza B virus and its B/Victoria and B/Yamagata
lineages in the 21st century. PloS One. (2019) 14:20190912. doi: 10.1371/journal.
pone.0222381

32. Koutsakos M, Wheatley AK, Laurie K, Kent SJ, Rockman S. Influenza lineage
extinction during the COVID-19 pandemic? Nat Rev Microbiol. (2021) 19:741-2. doi:
10.1038/541579-021-00642-4

33.Qi Y, Shaman J, Pei S. Quantifying the impact of COVID-19 nonpharmaceutical
interventions on influenza transmission in the United States. J Infect Dis. (2021)
224:1500-8. doi: 10.1093/infdis/jiab485

34. Olsen SJ, Winn AK, Budd AP, Prill MM, Steel ], Midgley CM, et al. Changes in
influenza and other respiratory virus activity during the COVID-19 pandemic -

Frontiers in Public Health

11

10.3389/fpubh.2024.1336077

United States, 2020-2021. MMWR Morb Mortal Wkly Rep. (2021) 70:1013-9. doi:
10.15585/mmwr.mm?7029al

35. Uyeki TM, Santoli J, Jernigan DB. Preparing for the 2020-2021 influenza season.
JAMA. (2020) 324:2318-9. doi: 10.1001/jama.2020.21849

36. Binns E, Koenraads M, Hristeva L, Flamant A, Baier-Grabner S, Loi M, et al.
Influenza and respiratory syncytial virus during the COVID-19 pandemic: time for a
new paradigm? Pediatr Pulmonol. (2022) 57:38-42. doi: 10.1002/ppul.25719

37. Trenholme A, Webb R, Lawrence S, Arrol S, Taylor S, Ameratunga S, et al.
COVID-19 and infant hospitalizations for seasonal respiratory virus infections,
New Zealand, 2020. Emerg Infect Dis. (2021) 27:641-3. doi: 10.3201/eid2702.204041

38. Adlhoch C, Sneiderman M, Martinuka O, Melidou A, Bundle N, Fielding J, et al.
Spotlight influenza: the 2019/20 influenza season and the impact of COVID-19 on
influenza surveillance in the WHO European region. Euro Surveill. (2021) 26:26. doi:
10.2807/1560-7917.ES.2021.26.40.2100077

39. Borchering RK, Gunning CE, Gokhale DV, Weedop KB, Saeidpour A, Brett TS,
et al. Anomalous influenza seasonality in the United States and the emergence of novel
influenza B viruses. Proc Natl Acad Sci U S A. (2021) 118:118. doi: 10.1073/
pnas.2012327118

40. Bielecki M, Patel D, Hinkelbein ], Komorowski M, Kester J, Ebrahim S, et al. Air
travel and COVID-19 prevention in the pandemic and peri-pandemic period: a
narrative review. Travel Med Infect Dis. (2021) 39:101915. doi: 10.1016/j.
tmaid.2020.101915

41. Cox N. Influenza seasonality: timing and formulation of vaccines. Bull World
Health Organ. (2014) 92:311. doi: 10.2471/BLT.14.139428

42. Billard MN, Bont LJ. Quantifying the RSV immunity debt following COVID-19:
a public health matter. Lancet Infect Dis. (2023) 23:3-5. doi: 10.1016/
S1473-3099(22)00544-8

43.Smith DR. Herd immunity. Vet Clin North Am Food Anim Pract. (2019)
35:593-604. doi: 1041016/j.cvfa42019.07.001

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1336077
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.3390/v14061323
https://doi.org/10.3390/v14061323
https://doi.org/10.1073/pnas.1916585116
https://doi.org/10.1111/irv.13047
https://doi.org/10.1128/CMR.00228-20
https://doi.org/10.1128/CMR.00228-20
https://doi.org/10.1016/j.micinf.2021.104911
https://doi.org/10.1371/journal.pone.0222381
https://doi.org/10.1371/journal.pone.0222381
https://doi.org/10.1038/s41579-021-00642-4
https://doi.org/10.1093/infdis/jiab485
https://doi.org/10.15585/mmwr.mm7029a1
https://doi.org/10.1001/jama.2020.21849
https://doi.org/10.1002/ppul.25719
https://doi.org/10.3201/eid2702.204041
https://doi.org/10.2807/1560-7917.ES.2021.26.40.2100077
https://doi.org/10.1073/pnas.2012327118
https://doi.org/10.1073/pnas.2012327118
https://doi.org/10.1016/j.tmaid.2020.101915
https://doi.org/10.1016/j.tmaid.2020.101915
https://doi.org/10.2471/BLT.14.139428
https://doi.org/10.1016/S1473-3099(22)00544-8
https://doi.org/10.1016/S1473-3099(22)00544-8
https://doi.org/10.1016/j.cvfa.2019.07.001

	The effect of nonpharmaceutical interventions on influenza virus transmission
	1 Introduction
	2 Methods
	2.1 Data and sample sources
	2.2 Definition of the influenza cycle and season and the division between north and south China
	2.3 Statistical analyses

	3 Results
	3.1 Epidemiological characteristics of influenza of the pre-COVID-19 epidemic phase in China during 2011–2019, when no NPIs were adopted
	3.2 Epidemiological characteristics of influenza in China during the COVID-19 epidemic, 2019–2022, when NPIs were adopted
	3.3 Epidemiological characteristics of influenza in the post-COVID-19 epidemic phases in China, 2022–2023, when NPIs were eliminated

	4 Discussion
	Data availability statement
	Author contributions

	References

