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Abstract

To suppress the ongoing COVID-19 pandemic, the Chinese government has implemented a
set of non-pharmaceutical interventions (NPIs). Because COVID-19 and influenza have
similar means of transmission, it is hypothesized that NPIs targeting COVID-19 may also
affect influenza transmission. In this study, the extent to which NPIs targeting COVID-19
have affected seasonal influenza transmission was explored. Indicators of seasonal influenza
activity in the epidemiological year 2019/20 were compared with those in 2017/18 and
2018/19. Results show that the incidence rate of seasonal influenza reduced by 64% in
2019/20 (p<0.001). These findings suggest that NPIs aimed at controlling COVID-19

significantly reduced the seasonal influenza transmission in China. (105 words)
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Background

In December 2019, a novel coronavirus named severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2), led to a pandemic of coronavirus disease 2019 (COVID-19)
[0]. To suppress the COVID-19 pandemic, from January 23-25, 2020, 30 provinces began a
1-level response and implemented a set of non-pharmaceutical interventions (NPIs),
including not only the classical isolation of the confirmed/suspected cases and quarantine of
their close contacts in special facilities, but also unprecedented measures like strict
community containments with social distancing, such as the Wuhan city travel ban to prevent
the exportation of cases from Wuhan and other priority areas of Hubei Province, extension of
the Spring Festival holiday, suspension of traffic and transportation, closure of school and
entertainment venues, banning of mass gathering activities, compulsory community use of
facemasks in public areas, and information about the epidemic and prevention measures
widely disseminated, public risk communications and health education strengthened, new

hospital built to ensure that all cases could be treated [2].

Both COVID-19 and seasonal influenza are respiratory infections and mainly transmitted via
respiratory droplets and contact routes [3-5] . In addition, Northern China experiences
influenza epidemics concentrated in winter-spring months, while Southern China experiences
a semi-annual cyclic pattern with clear peaks in both summer and winter. In both Southern
and Northern China in the winter-spring months, the seasonal influenza epidemics always
peak in January—February [6], so months in which in 2020, the COVID-19 pandemic
overlapped with the flu season in the winter-spring months in China. It is postulated that the
population-wide NPIs implemented to contain COVID-19 would also have effects on
seasonal influenza. Two studies conducted in Singapore and Taiwan, China have reported a

reduction in influenza activity during the COVID-19 pandemic period [7, 8]. Compared with



these two regions, Mainland China has significantly more COVID-19 cases and has
implemented stricter NPIs, including massive mobility restrictions, universal fever screen,
use of big data and artificial intelligence to strengthen contact tracing and the management of
priority populations [2]. This study is significant because it showcases a country that has
experienced a relatively high COVID-19 caseload and has implemented an intensive package
of NPIs. By examining how NPIs targeting COVID-19 affect the transmission of seasonal
influenza epidemics in China, the study may help other countries to plan for the dual burden

of COVID-19 and influenza in the future.

Methods

In this study, weekly reports of influenza cases from years 2017 to 2020 from the Chinese
National Influenza Center were used. The dataset provided the number of visits, the number
of influenza like illness (ILI) cases, and the number of specimens tested, the number of
laboratory-confirmed influenza cases, in 554 sentinel hospital. The standard case definition of
ILI, is a body temperature >38°C with either cough or sore throat, in the absence of an
alternative diagnosis [6]. Please refer to Shu et al. [9] for additional details about the Chinese
influenza surveillance system. Since China is located in the Northern Hemisphere, an
epidemiological annual cycle was defined as the period from October 1st (calendar week 40,
epidemiological week 1 as noted in this study) to September 31st in the next year [6], i.e.
epidemiological year 2018/19 refers to the period from October 1, 2018 to September 30,
2019, while the epidemiological year 2019/20 only went until epidemiological week 34, i.e.

May 24, 2020, when this study stared.

Several indicators were defined to characterize influenza activity in China. First, the ILI rate
was defined as the number of ILI cases divided by the number of visits. Second, the influenza

viral positive rate was defined as the number of laboratory-confirmed influenza cases divided



by the number of specimens tested. Third, the incidence rate was defined as the ILI rate
among the visiting patients in sentinel hospitals multiplied by the influenza viral positive rate,
a count more precisely representing the influenza infections [10,]. The weekly incidence rate
was then interpolated to daily incidence rate using splines [11]. Changes in transmissibility
were estimated over time using the effective reproductive number, Rt. Time-varying
estimates of the daily effective reproductive number were made using the R package
EpiEstim, assuming a mean serial interval of 2.85 days and a standard deviation of 0.93 days
[12]. Estimates of Rt were conducted with R version 3.6.3 (R Foundation for Statistical

Computing).

Indictors of influenza activity in the year 2019/20 were compared with the average from the
corresponding period in the two preceding epidemiological years. Paired difference T-tests

were performed using Excel.

Results

Compared with the epidemiological years 2017/18 and 2018/19, the number of outpatient
visits was a lightly higher in the epidemiological year 2019/20 before NPIs implementations
(p<0.001). From January 23, 2020, it would be reasonable to expect a rapid decrease of the
outpatient visits due to the COVID-19 pandemic Indeed, results show that when compared
with the same period during epidemiological year 2017/18-2018/19, the number of outpatient
visits decreased by 56% in the 4 weeks following NPIs implementations (p<0.001) (Figure
1A). However, because of the similarities in symptoms between COVID-19 and influenza,
the number of samples tested per week only decreased by 28% (p<0.001) (Figure 1B), and
there were no significant changes in ILI rate (p=0.117) (Figure 1C). In contrast, the influenza
positive rate in samples in the epidemiological year 2019/20 decreased by 79% (p<0.001)

(Figure 1D).



In the epidemiological year 2019/20, influenza incidence rates peaked on epidemiological
week 13, and there was no significant difference with the mean influenza incidence rates in
epidemiological year 2017/18 and 2018/19 (p=0.496) before NPIs implementation (Figure
2A). When the NPIs were implemented to contain COVID-19, the influenza incidence rates
declined rapidly to below the average of the preceding two years, and it reached almost 0
within 7 weeks after the NPIs implementation (Figure 2A). The mean incidence rate reduced
by 64% compared with the preceding two years (p<0.001). There was also a significant
decrease in the daily effective reproductive number in epidemiological year 2019/20 in the 3-
4 weeks after the NPIs were implemented to control the COVID-19 pandemic compared with
the preceding two years (p<0.001) (Figure 2B). Five or more weeks after the NPIs

implementation, influenza activity reached a very low level (Figure 2A).

Discussion

Some of the NPIs used to control COVID-19,such as school closure [13], community use of
facemasks and hand hygiene [14], have been shown to be effective against influenza
epidemics. Therefore, it’s not surprising that these NPIs, when used to control COVID-19,
would also reduce the seasonal influenza transmission in China. However, what was
unexpected from this study was the extent to which the NPIs reduced influenza transmission.
The study showed that the mean incidence rate of influenza reduced by 64% in the
epidemiological year 2019/20 after implementing after the implementation of NPIs to prevent
COVID-19. The reduction of 64% is significantly higher than the reported efficiency of
single interventions used against influenza epidemics in the past, such as school closure (16—
18% reduction of seasonal influenza cases) [13] and community use of facemasks (35%
reduction of ILI cases at most) [14]. This suggests that there may be a synergistic effect of

deploying multiple NPIs at the same time. It also suggests that certain NPIs which have been



uniquely utilized during the COVID-19 pandemic, such as suspending public transport by bus

and subway rail, might also be effective against seasonal influenza epidemics.

Healthcare avoidance during the COVID-19 pandemic may be an important confounder for
the results presented. However, it is unlikely that this confounding effect is significant for a
number of reasons. First, in order to contain the COVID-19 pandemic, the government
encouraged people with ILI to seek medical care in order to obtain a diagnosis., In addition,
the influenza laboratories based on different levels of CDC ensured the appropriate influenza
testing capacity for differential diagnosis with SARS-Cov-2. Lastly, and the most important,
healthcare avoidance did not explain the lower influenza positive rate in the tested samples
(Figure 1D). Therefore, the evidence strongly suggests that the decreasing incidence rate of
seasonal influenza in China was the result of the strict NPIs implemented in response to

COVID-19.

There are two main limitations of this study. The first limitation is that there was an expected
decrease in influenza transmission in February-March [6], however, the decrease in 2019/20
is statistically significantly faster than previous years. The second limitation is the
interpolation of daily incidence rates of influenza from the weekly data. The daily variation in
influenza transmissibility might have been reduced because of this interpolation. The use of

daily data of influenza, if available, would address this limitation.

In conclusions, this study found a marked decline in seasonal influenza activity in China
during the COVID-19 pandemic. The results suggest that NPIs used against COVID-19 can

have collateral benefit on seasonal influenza activity. (1322 words)



Potential conflicts of interest

The authors declare no conflict of interest.

Funding

This work was supported by Natural Science Foundation of Zhejiang Province (Grant No.
LQ20H260009), the National Science Fund for Distinguished Young Scholars (81525017)

and the Shenzhen Science and Technology Program (KQTD20180411143323605).

Author for correspondence:

Prof. Yuelong Shu, School of Public Health(Shenzhen), Sun Yat-sen University, Guangzhou,

P.R. China.

Telephone: +86 020-83226383

Email: shuylong@mail.sysu.edu.cn



References

1. The Novel Coronavirus Pneumonia Emergency Response Epidemiology Team. The
Epidemiological Characteristics of an Outbreak of 2019 Novel Coronavirus Diseases
(COVID-19) — China, 2020. China CDC Weekly 2020; 2:113-122.

2. World Health Organization. Report of the WHO-China Joint Mission on Coronavirus
Disease 2019 (COVID-19). 24 February 2020. Available at:

https://www.who.int/docs/default-source/coronaviruse/who-china-joint-mission-on-

covid-19-final-report.pdf. Accessed 12 August 2020.

3. World Health Organization. Modes of transmission of virus causing COVID-19:
implications for IPC precaution recommendations [Internet]. Geneva: World Health

Organization; 2020. https:/www.who.int/news-room/commentaries/detail/modes-of-

transmission-of-virus-causing-covid-19-implications-for-ipc-precaution-

recommendations. Accessed 25 May 2020.

4. Lei H, LiY, Xiao S, et al. Routes of transmission of influenza A HIN1, SARS CoV, and
norovirus in air cabin: Comparative analyses. Indoor Air 2018; 28: 394-403.

5. Brankston G, Gitterman L, Hirji Z, et al. Transmission of influenza A in human
beings. Lancet Infect Dis 2007; 7:257-265.

6. Yu H, Alonso WJ, Feng L, et al. Characterization of regional influenza seasonality
patterns in China and implications for vaccination strategies: spatio-temporal modeling
of surveillance data. PLoS Med 2013; 10:e1001552.

7. Soo RJJ, Chiew CJ, Ma S, et al. Decreased influenza incidence under COVID-19 control
measures, Singapore. Emerg Infect Dis 2020;

Aug. https://doi.org/10.3201/eid2608.201229. Accessed 2 June 2020.

8. Kuo SC, Shih SM, Chien LH, et al. Collateral benefit of COVID-19 control measures on

influenza activity, Taiwan. Emerg Infect Dis 2020;


https://www.who.int/docs/default-source/coronaviruse/who-china-joint-mission-on-covid-19-final-report.pdf
https://www.who.int/docs/default-source/coronaviruse/who-china-joint-mission-on-covid-19-final-report.pdf
https://www.who.int/news-room/commentaries/detail/modes-of-transmission-of-virus-causing-covid-19-implications-for-ipc-precaution-recommendations
https://www.who.int/news-room/commentaries/detail/modes-of-transmission-of-virus-causing-covid-19-implications-for-ipc-precaution-recommendations
https://www.who.int/news-room/commentaries/detail/modes-of-transmission-of-virus-causing-covid-19-implications-for-ipc-precaution-recommendations
https://doi.org/10.3201/eid2608.201229

10.

11.

12.

13.

14.

Aug. https://doi.org/10.3201/eid2608.201192 Accessed 2 June 2020.

Shu'Y, Song Y, Wang D, et al. A ten-year China-US laboratory collaboration: improving
response to influenza threats in China and the world, 2004—2014. BMC

Public Health 2019; 19:520.

Shaman J, Karspeck A, Yang W, et al. Real-time influenza forecasts during the 2012—
2013 season. Nature Commun 2013; 4:e2837.

Ali ST, Cowling BJ, Lau EHY, et al. Mitigation of Influenza B Epidemic with School
Closures, Hong Kong, 2018. Emerg Infect Dis 2018; 24:2071-3.

Wallinga J, Lipsitch M. How generation intervals shape the relationship between growth
rates and reproductive numbers. Proc Biol Sci 2007; 274:599-604.

Cauchemez S, Valleron AJ, Boelle PY, et al. Estimating the impact of school closure on
influenza transmission from Sentinel data. Nature 2008; 452(7188): 750-754.

Aiello AE, Murray GF, Perez V, et al. Mask use, hand hygiene, and seasonal influenza-
like illness among young adults: a randomized intervention trial. J Infect Dis 2010;

201(4): 491-498.


https://doi.org/10.3201/eid2608.201192

Figure Legend

Figure 1. Seasonal influenza activity during the epidemiological year 2019/20 (red)
compared with the epidemiological year 2017/18 (black) and 2018/19 (blue). (A) Average
number of visits per week to sentinel hospitals. (B) Number of samples tested from patients

with ILI per week. (C) ILI rate among the visiting patients (D) Influenza positivity.

Figure 2. (A) Incidence rate and (B) Daily effective reproductive number of seasonal
influenza in the epidemiological year 2019/20 (red) compared with that in 2017/18 (black)

and 2018/19 (blue).
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