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Background: The aim of this study was to analyse changes in influenza detection rates of the influenza seasons 2017/2018, 2018/
2019, 2019/2020, and 2020/2021 and the changes in personal awareness of protection during the COVID-19 pandemic.
Methods: This retrospective study included patients tested for influenza virus A and B from November 2017 to March 2021 at the
Affiliated People’s Hospital of Ningbo University (Ningbo, China). Influenza virus A and B tested by direct RT-PCR. A small group of
100 regular participants in influenza virus detection were surveyed on the use of protective measures in four different influenza
seasons.
Results: There were 14,902, 14,762, 25,070, and 1107 tests of influenza virus A and B in the four influenza periods, for total positive
rates of 32.45%, 35.77%, 29.40%, and 0.54%, respectively. In the two periods of four influenza seasons, from November to January,
the total number of influenza samples was 8530, 4980, 22,925, 868; from February to March, the number of tests was 6372, 9782,
2145, 239. Total number of tests and positive rate decreased significantly from February/March onwards of the 2019/2020 season,
coinciding with the beginning of COVID-19. The proportion of people taking protective measures also increased during the 2019/20
and 2020/21 flu seasons.
Conclusion: The influenza virus has a high incidence in this area. The diagnosis rate of influenza decreased after the start of the
COVID-19 pandemic. The COVID-19 pandemic had an important impact on the detection rates for influenza virus.
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Introduction
Influenza continues to affect millions of individuals of all age groups, with enormous public health and socioeconomic
burdens.1,2 Influenza is considered a self-limiting disease, and most adults present with uncomplicated influenza, a mild-
to-moderate, self-limited illness with symptoms including high fever, chills, myalgias, and malaise.3 Still, it can cause
serious complications (3–5 million people each year) like pneumonia, myositis, myocarditis, and central nervous system
diseases. About 500,000 individuals die from influenza each year worldwide.3 Influenza viruses can cause serious health
issues in certain populations, such as pregnant women, the elderly, and infants.4 Influenza infection is seasonal in
temperate countries, with peaks during the winter months, but has sustained activity throughout the year in tropical
climates.5

Supportive care is the mainstay of treatment for most patients. Antiviral treatment is recommended for patients with
confirmed or suspected influenza who have severe, complicated, or progressive illness, require hospitalization.6,7 Still,
antivirals are expensive, have significant side effects, and are not widely available.6 Vaccination represents the
cornerstone public health intervention, most able to reduce the burden of seasonal influenza disease.2,5

In terms of the overall public awareness of COVID-19, the public has paid close attention to the spread of the disease
and has a high awareness of it.8 So a lot of behavior has changed significantly during the COVID-19 pandemic.9 The
higher the public’s awareness is of infectious diseases, the higher the correctness and timeliness of adopting healthy
behaviors.10 Influenza virus epidemics are also a major public event worldwide.
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Since the transmission modes of COVID-19 and influenza are similar (physical contact, fomites, droplets, and
aerosols), it is unclear that the prevention methods for COVID-19 also impacted the incidence of influenza.11,12

The interesting phenomenon was observed that during the flu season in the past 2 years, the number of influenza cases
displayed a significant decline, coinciding with the COVID-19 pandemic. Through extensive publicity by experts and the
media, during the COVID-19 pandemic period, ordinary people actively stepped up their personal protection and
maintained social distance.

Therefore, this study aimed to analyze the epidemiologic data of the influenza seasons 2017/2018, 2018/2019, 2019/
2020, and 2020/2021 and the changes in personal awareness of protection during the COVID-19 pandemic.

Materials and Methods
Study Design and Data
This retrospective study used the patients’ data tested for influenza from November 2017 to March 2021 at the Affiliated
People’s Hospital of Ningbo University (Ningbo, China), Grade III, Class A general hospital with more 1054 beds. The
inclusion criterion was being tested for influenza virus in the flu season. Patients with repeated tests within two weeks
after the diagnosis of influenza were excluded. These patients tested for influenza viruses generally have associated
respiratory and febrile symptoms. This study was approved by the Ethics Committee of the Affiliated People’s Hospital
of Ningbo University (Scientific Research No. 2021-025).

Data Collection
The data of the patients with influenza (including influenza A and B) for the 2017/2018, 2018/2019, 2019/2020, and
2020/2021 influenza seasons were obtained, from our hospital’s electronic medical history system database. Influenza
virus detection was performed using a commercial influenza detection test kit (Daan gene, China) based on the real-time
PCR method.

As per routine practice, 100 of the same people were randomly selected and asked to answer a short questionnaire
about their attitudes towards influenza viruses and influenza vaccination, as well as information on changes in influenza
prevention behaviors were collected, such as wearing face masks, keeping a social distance, and avoiding crowded places
in four flu seasons. These 100 people are fixed, that is, the 100 people inquired in the four flu seasons are the same from
patients tested for influenza. The aim is to understand how these aspects of protection awareness change in the population
during the COVID-19 pandemic.

Definition
The influenza season was from November to March. COVID-19 was taken seriously and became popular in late January
and early February 2020. Therefore, the non-epidemic period of COVID-19 was defined as before February 2020. The
prevalence period of COVID-19 was defined as after February 2020 based on the epidemic time of COVID-19 in the
region. In order to investigate the possible impact of the changes in individual awareness on the outcomes during the
epidemics and non-epidemics periods of COVID-19, the influenza season was divided into two periods: the first was
November to January, and the second was February to March.

Statistical Analysis
Statistical analyses were done using SPSS 17.0 (IBM, Armonk, NY, USA). Continuous variables with a normal
distribution were presented as means ± standard (SD) and analyzed by the t-test between groups. For not normally
distributed variables, the data were expressed as median (interquartile range, IQR), and non-parametric tests were used.
Categorical variables were expressed as number (%) and compared between groups by the Chi-square test of indepen-
dence. P-values <0.05 were recognized as statistically significant.
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Results
Characteristics of the Patients
As showed as Table 1, in four different influenza seasons, 14,902, 14,762, 25,070, and 1107 individuals were tested,
respectively. The influenza-positive rates were 32.45% in 2017/2018, 35.77% in 2018/2019, 29.40% in 2019/2020, and
0.54% in 2020/2021 (P<0.01). There was no significant difference between the total age group and the number of men
and women tested for influenza in each influenza season. More people were tested in 2019/2020 compared with the three
other periods, while the smallest number was in 2020/2021 (P<0.01). But from February 2020, there was a sharp drop in
the number of tests, from 25,070 in 2019/20 to 1107 in 2020/21 (Figure 1).

Influenza According to the Two Periods of the Influenza Seasons
In order to better understand the difference in influenza sample data between the epidemic and non-epidemic periods of
COVID-19, each influenza season was divided into two periods: November to January and February to March (COVID-19
became widespread at the end of January 2020). Coincident with the beginning of the COVID-19 epidemic, the total number

Table 1 Trends in Influenza Virus Testing Across Different Influenza Seasons

Characteristics 2017/2018 (n=14,902) 2018/2019 (n=14,762) 2019/2020 (n=25,070) 2020/2021 (n=1107) P

Age (years) 27.1±26.9 30.0±25.8 22.0±21.3 40.0±27.2 0.889
≤16 year 8038 (53.94%) 7913 (53.60%) 15,569 (62.10%) 325 (29.36%) <0.01

>16 year 6864 (46.06%) 6849 (46.40%) 9501 (37.90%) 782 (70.64%)

Sex 0.991
Male 7087 (47.56%) 6942 (47.03%) 12,312 (49.11%) 549 (49.59%)

Female 7815 (52.44%) 7820 (52.97%) 12,758 (50.89%) 558 (50.41%)

Total positive rate <0.01

Positive 4836 (32.45%) 5290 (35.84%) 7515 (29.98%) 6 (0.54%)
Negative 10,066 (67.55%) 9472 (64.16%) 17,555 (70.02%) 1101 (99.46%)

Type of influenza virus <0.01

A 7484 9977 12,729 650
Positive rate 2630 (35.14%) 5006 (50.18%) 4159 (32.67%) 3 (0.46%)

B 7418 4785 12,341 457

Positive rate 2206 (29.74%) 274 (5.73%) 3212 (26.03%) 3 (0.66%)

Figure 1 Influenza virus A and B detected in different influenza seasons.
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of samples tested of influenza A and B decreased significantly during the same period. The proportion of influenza A samples
submitted for testing in the different periods of the 2017/2018 and 2018/2019 seasons was 42.97% (3216/7484) and 66.69%
(6654/9977), respectively. Meanwhile, the number of influenza B samples submitted for examination in different periods of
the two influenza seasons in 2017/2018 and 2018/2019 accounted for 42.55% (3156/7418) and 65.37% (3128/4785),
respectively. However, by the second half of the 2019/2020 flu season, only 8.56% and 8.56% (1089/12,729 and 1056/
12,341) of the samples were sent for influenza A and B (Table 2). The number of samples tested increased by nearly 30%
during the 2017/2018 and 2018/2019 seasons and the first half of the 2019/2020 season, but the number of samples tested
dropped sharply in February-March 2019/2020 (P<0.01), coinciding with the start of COVID-19 (Figure 2).

Changes in Influenza-Related Behavior
As shown in Table 3, the proportions of individuals washing hands, wearing masks, willing to be vaccinated, and keeping
social distance increased in 2019/2020 and 2020/2021 compared with 2017/2018 and 2018/2019 (all P<0.01).

Discussion
This study analyzed the epidemiologic data of the influenza seasons 2017/2018, 2018/2019, 2019/2020, and 2020/2021
and the changes in personal awareness of protection during the COVID-19 pandemic. The results suggest that the
diagnosis rate of influenza decreased after the start of the COVID-19 pandemic.

In the present study, a sharp decrease in influenza tests and positivity was observed starting in February 2020,
coinciding with the enforcement of sanitary measures in China. Only a small number of individuals were tested in 2020/

Table 2 Numbers of Samples Tested During Different Periods of the Influenza Seasons

Influenza
Type

2017/2018 2018/2019 2019/2020 2020/2021

2017.11–
2018.1

2018.2–
2018.3

2018.11–
2019.1

2019.2–
2019.3

2019.11–
2020.1

2020.2–
2020.3

2020.11–
2021.1

2021.2–
2021.3

A 4268 3216(42.97%) 3323 6654(66.69%) 11,640 1089(8.56%) 526 124(19.07%)
B 4262 3156(42.55%) 1657 3128(65.37%) 11,285 1056(8.56%) 342 115(25.16%)

Figure 2 Influenza virus A and B detected in different periods of the influenza seasons.
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2021, the specific reason for this may that people’s awareness of dense gatherings has increased due to the COVID-19
pandemic, reducing the spread of influenza to each other. But further research is needed.

Other papers also have showed similar results: Stamm et al showed that not only reduced respiratory syncytial virus
cases, but also decreased influenza samples.13 The rate of influenza-positive tests also sharply decreased. Such a decrease
was observed in other countries.14–16 Of course, there is a similar reduction trends founded in China.17

Before the COVID-19 epidemic, like everywhere else in the world, Chinese individuals did not take or strengthen
certain protective measures during the influenza season. On the other hand, because of COVID-19ʹs highly infectious
nature and high fatality rate,18 the government and medical experts urged the populations to take strict precautions, such
as wearing a mask, maintaining a social distance, and avoiding crowded places.15,19 Many people were concerned about
flu during the COVID-19 epidemic because of the greater difficulty in seeing a physician, the fear of going to the
hospital, and the fear of displaying symptoms that might be misconstrued for COVID-19 symptoms.

An international public health crisis such as the COVID-19 pandemic tests a nation’s governance ability to deal with
such crises. Public health governance involves many individuals and institutions that sometimes overlap and are
redundant, sometimes leaving some governance areas less well covered. The effectiveness of public health governance
is determined by its response to a stimulus. A study in China suggested that government should disclose and share
information to the public timely and pay more attention to the core value of order in crisis management.20 Such measures
should improve public adherence to the safety and protection measures and ensure reduced pressure on the healthcare
system. Still, the COVID-19 pandemic highlighted the gaps and deficiencies of the emergency healthcare system in
China10 and elsewhere in the world,21–23 and governments should improve their capacity to face emergency situations.
Encouraging preventive and protection measures is a first step in protecting public health.

This study had several limitations. First, it was a retrospective study and limited to the available data. Only one
screening center covering a single city in China was included, limiting the generalizability of the results. Larger-scale
studies are necessary. Secondly, the sample size of the questionnaire was only 100, which limited its representativeness to
some extent. Of course, in the 2020/21 influenza season, which is different from the past, the majority of adults will be
tested, which warrants further discussion.

Conclusions
During the COVID-19 pandemic, the detection rate of influenza virus in my region, as in most parts of the world,
declined significantly. The COVID-19 pandemic is affecting all aspects of society, as well as the way some respiratory
epidemics spread.

Ethics and Consent
Institutional review board approval was obtained for this study. Patient informed consent was not required by the
institutional review board. The medical records of these patients were screened retrospectively. Because this study is only
a retrospective analysis of electronic data, the patient’s personal information will not be included in the article. The
guidelines according to the Declaration of Helsinki were followed.

Table 3 Questionnaire on Protective Measures Taken During the Flu Season

Question 2017/2018 2018/2019 2019/2020 2020/2021 P

n=100 (%)

Do you wash your hands regularly? 75 80 91 100 <0.01

Whether to wear a mask during flu season? 21 25 85 98 <0.01
Willingness to get flu vaccine? 3 5 10 20 <0.01

Maintain social distancing during flu season? 65 68 80 100 <0.01

Note: Data is displayed as count (percentage).
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