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ABSTRACT

Objective: The emergence of a novel coronavirus, SARS-CoV-2, and its subsequent spread outside of
Wuhan, China, led to the human society experiencing a pandemic of coronavirus disease 2019 (COVID-
19). While the development of vaccines and pharmaceutical treatments are ongoing, government
authorities in China have implemented unprecedented non-pharmaceutical interventions as primary
barriers to curb the spread of the deadly SARS-CoV-2 virus. Although the decline of COVID-19 cases
coincided with the implementation of such interventions, we searched for evidence to demonstrate the
efficacy of these interventions, since artifactual factors, such as the environment, the pathogen itself, and
the phases of epidemic, may also alter the patterns of case development.
Methods: We surveyed common viral respiratory infections that have a similar pattern of transmission,
tropism, and clinical manifestation, as COVID-19 under a series of non-pharmaceutical interventions
during the current pandemic season. We then compared this data with historical data from previous
seasons without such interventions.
Results: Our survey showed that the rates of common respiratory infections, such as influenza and
respiratory syncytial virus infections, decreased dramatically from 13.7% (95% CI, 10.82-16.58) and 4.64%
(95% (I, 2.88-7.64) in previous years to 0.73% (95% CI, 0.02-1.44) and 0.0%, respectively, in the current
season.
Conclusions: Our surveillance provides compelling evidence that non-pharmaceutical interventions are
cost-effective ways to curb the spread of contagious agents, and may represent the only practical
approach to limit the evolving epidemic until specific vaccines and pharmaceutical treatments are
available.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).

Introduction

disease, in certain segments of the unvaccinated population. This
is because variants of SARS-CoV-2 will continue to evolve, even as

The outbreak of novel severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2)-induced disease, COVID-19, spread
rapidly from Wuhan, China, in December 2019. This led to China
experiencing a major public health emergency with over 83,000
confirmed cases and 4634 deaths as of June 2020 (Rai et al., 2020).
Although there are a few newly developed vaccines and treat-
ments, it is conceivable that without some impact on transmis-
sion, the virus will continue to circulate, infect, and cause serious
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the majority of the population receive vaccinations. A variety of
non-pharmaceutical public health interventions have been
employed to stop the surge of COVID-19 cases. These inter-
ventions include personal and environmental hygiene, social
distancing, travel restrictions, quarantine, and case isolation. The
aim of these interventions is to reduce the reproduction number
(Rt) of the infection, a fundamental epidemiological quantity that
represents the average number of infections generated by each
infected case over the course of the infection (t). Approximately
one month after the implementation of these interventions, there
was a notable downward trend in the number of confirmed new
cases. Two months after the implementation of these
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interventions, there were zero new confirmed indigenous cases in
Wuhan (by March 19).

The decline in COVID-19 cases suggests that the implementation
of these interventions is potentially effective. European countries,
such as the UK have implemented measures that include national
lockdowns, border closures, school closures, and international travel
bans; these have reduced disease transmission and delayed the
epidemic (Flaxman et al., 2020; De Lusignan et al., 2020; Jarvis et al.,
2020). Although the spatial spread of infectious diseases has been
intensively studied, the efficacy of non-pharmaceutical interven-
tions in preventing the spread of infections remains uncertain.
Wuhan's travel ban was associated with the delayed arrival of COVID-
19 in other cities by an estimated 2.91 day; cities that implemented
preemptive control measures reported fewer cases (Tian etal.,2020)
Cities that suspended intra-city public transport, closed entertain-
ment venues, and banned public gatherings, recorded fewer cases
during the first week of the outbreak (Tian et al., 2020). These
observations suggested that the interventions were strongly
associated with, although not necessarily the cause of, a delay in
epidemic growth and a reduction in case numbers during the peak
COVID-19 epidemic in China. Artifactual factors, such as the
environment, the pathogen itself, and the phases of the epidemic,
might also alter the pattern of the epidemic (Pica and Bouvier, 2012;
Tang, 2009). At present, there is little evidence to describe the impact
of non-pharmaceutical interventions on SARS-CoV-2 transmission.
Influenza and respiratory syncytial virus (RSV) are common viral
pathogens that cause seasonal respiratory tract infections. Both of
these pathogens have transmission pathways, tropism, and clinical
manifestations, that are similar to COVID-19 (Chan et al., 2020a,b; Li
et al.,, 2020; Liu et al., 2020). The impact of these interventions on
influenza- and RSV-induced acute respiratory infections during the
COVID-19 pandemic can act as a surrogate to evaluate their efficacy
on SARS-CoV-2 transmission (Ferretti et al., 2020; Cowling et al.,
2020).

Population density has an impact on the transmission of
pathogens. A previous report described substantial geographical
variability in the prevalence of COVID-19, with a higher number of
reported cases around densely populated city centers, and lower
numbers in less populated coastal areas (Pollan et al., 2020). High
population density catalyzes the spread of COVID-19 and has a
significant impact on the RO, as this increases the rate of contact
(Rocklév and Sjodin, 2020). One of the key predictions is that the
size of the epidemic will increase strongly (and in a non-linear
way) with the initial density of a susceptible population (Li et al.,
2018). Chengdu is the capital city of Sichuan province located in
south-western China with a population of 87.25 million, and is
relatively distanced from the epicenter of COVID-19. The greater
Chengdu area (including Chengdu and its nearby cities) is one of
the most densely populated areas in China; some areas in this
region are even overcrowded. The local lifestyle involves social
gatherings and entertaining in closed-spaces in teahouses and
Mahjong-houses, can easily accelerate the transmission of the
pathogen. In addition, a typical subtropical climate provides
Chengdu with a unique pattern of transmission for respiratory
pathogens (Feng et al., 2012). During the early phase of the
pandemic, the number of COVID-19 cases rose quickly but
decreased dramatically when interventions were implemented.
Nevertheless, there were only 143 confirmed cases and 3 deaths in
this area prior to 29 February 2020 (Si et al., 2020). Geographical
and population characteristics render Chengdu as an ideal social
and environment model for the evaluation of non-pharmaceutical
interventions on pathogen transmission. We surveyed influenza
and RSV infections under the interventions imposed during the
COVID-19 pandemic and compared our data with published
surveillance data during the same season from previous years
without such interventions. Our study offers a straightforward and
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reliable evaluation of the overall efficacy of these non-pharma-
ceutical interventions.

Material and methods
Patient recruitment and sample collection

We recruited all patients who visited the West China Hospital
between December 2019 and March 2020 with a fever (>37.5 °C)
and respiratory symptoms. Participation was voluntary and all
patients provided written and informed consent. All subjects who
were mentally incompetent, or unable to read or write, were
assisted by witnesses, parents, or legal guardians. The Institutional
Review Board of the West China Hospital approved this study
(Clinical trial (device) 2020, No. 4). Oropharyngeal swab (Nanxin
Medical Instruments, Guangzhou, China) specimens were collect-
ed from each patient following a standard procedure during
consultation and were placed immediately into sterile tubes
(Nanxin Medical Instruments, Guangzhou) with 3 ml of preserva-
tion medium containing Hanks Balanced Salt Solution (HBSS),
heat-inactivated fetal bovine serum (FBS), Gentamicin sulfate, and
Amphotericin B; samples were then stored at 4 °C and tested
within 8 h from the time of collection.

Detection of viral pathogens

Specimens were inactivated in a water bath at 56 °C for 30 min
and nucleic acid was extracted from a 200 pl aliquot of sample
preparation using TRIZOL (Invitrogen, CA) following a procedure
that had been optimized for the in vitro detection of respiratory
pathogens. The extracted nucleic acid was quantified, mixed with
isothermal amplification buffer, loaded on a microfluidic chip
provided in a Respiratory Virus Nucleic Acid Detection Kit
(CapitalBio Technology, Chengdu), amplified and analyzed with
aRTisochip™ -W Isothermal Microfluidic Chip Analyzer according
to the manufacturer’s instructions. This high throughput parallel
amplification and detection method can identify the target genes
of SARS-CoV-2, influenza A (IVA, including its subtype HIN1 and
H3N2), influenza B (IVB), and respiratory syncytial virus (RSV) in
one step.

Statistical methods

SPSS 21.0 was used to analyze pathogen prevalence with 95%
confidence intervals. The Chi-squared test and Fisher’s exact test
were also used for comparisons between groups. The test level was
a=0.05, and P < 0.05 was considered to be statistically significant.

Results
The prevalence of viral respiratory infections

Of the 546 swab specimens collected between December 2019
and March 2020, 22 were positive for viral pathogens. The positive
rate was 4.03% (95% Cl: 2.38-5.68). Of these 22 positive specimens,
four were positive for IVA (0.73%; 95% CI: 0.02-1.44), eight were
positive for IVB (1.47%; 95% CI: 0.47-1.47), zero were positive for
RSV, and ten were positive for SARS-CoV-2 (1.83%; 95% CI: 0.71-
2.94). Of the IVA infections, three were positive for HIN1 (0.55%;
95% CI: —0.07-1.17) and one was positive for H3N2 (0.18%; 95% CI:
—0.18-0.54). When compared to the surveys conducted in 2006-
2016 (Zhou et al., 2019) and 2016-2018 (Xiang et al., 2019; Zhang
et al., 2017), the total infection rate, and the infection rates for IVA
and IVB, including subtypes, had decreased dramatically. When
compared to the survey in 2010-2011, the infection rate for RSV
infection had also decreased (Table 1). In our present survey, SARS-
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Table 1
Prevalence of viral respiratory pathogens.
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Surveillance period Specimen, (No.) Positive, (No.)

Frequency, (%) No. (%) Frequency of pathogens positives

IVA IVB RSV SARS-CoV-2
HIN1 H3N2

December 2019 to March 2020 546 22 4.03 3(0.55) 1(0.18) 8(1.47) 0 (0.0) 10 (1.83)
May 2006 to April 2016 (Zhou et al.,, 2019)* 10,981 2516 22.91 862 (7.85)" 803 (7.30) 736 (6.70) NA NA

January 2016 to December 2018 925 127 13.93 38 (4.11) 37 (4.22) 50 (5.41) NA NA

(Xiang et al., 2019)*
July 2010 to April 2011 (Pan et al., 2011)* 302 72 23.84 NA NA NA 14 (4.64) NA
P-value <0.001 <0.001 <0.001 <0.001 <0.001

" Surveillance data quoted from references.
2 H1N1 data were from survey of October 2009 to April 2016.

HIN1,
13.64%

H3N2,
4.55%

IVB, 36.36%

Figure 1. The proportions of pathogens in samples that were positive for
respiratory viruses. Pie chart showing the proportions of each pathogen in the
22 positive samples. The subtypes of influenza A (HIN1 and H3N2) are shown
individually.

CoV-2 was responsible for a larger proportion of infections than
influenza A and influenza B, although there was no statistically
significant difference when comparing the frequencies of the
pathogens detected (y? = 2.649, P > 0.05, Figure 1).

The prevalence of viral respiratory infections across different age
groups

We classified specimens into four groups based on age. Group
<18 represents a population of subjects who were pre-school and
school age; Group 18-45 represents a population of working adults
with the largest extent of work-load and family duties; Group
45-64 represents those with stable and secure work; and Group
>65 represents the most senior population of retirees. We did not
detect viral respiratory pathogens in group <18. Group 18-44 had
the highest rate of infections (5.19%) and accounted for 63.64% of
all viral-positive patients; this was followed by group 45—64 which
had a 3.92% infection rate and accounted for 27.27% of all viral-
positive patients. The >65 group had a 1.94% infection rate and
accounted for 9.09% of all viral-positive patients (Table 2 and
Figure 2). When considering the different pathogens, group 18—44
were positive for IVB (2.96%) and SARS-CoV-2 (2.22%); group

Table 2
Prevalence of viral respiratory pathogens in age groups.

45-64 were positive for IVA (2.96%, all HIN1) and SARS-CoV-2
(1.96%); and group >65 was positive for IVA (2.96%, including
H1N1 0.97% and H3N2 0.97%) and SARS-CoV-2 (0.97%). All groups
were positive for SARS-CoV-2, although the types of influenza were
slightly different, except for group <18. There was no statistical
difference in terms of the infection rates when comparing the age
groups above 18 years (x* = 1.994, P > 0.05).

The prevalence of viral respiratory infections by gender

Our specimen pool consisted of 297 samples from males and
249 samples from females. We found that both genders had similar
positive rates for viral pathogens (4.04% male, 95% CI: 1.81-6.27;
4.02% female, 95% CI: 1.59-6.45; »* = 0.000, P > 0.05). Of those
infected, males showed a greater diversity of pathogens than
females, including 33.33% IVA (25.00% H1N1 and 8.33% H3N2),
41.67% IVB, and 25.00% SARS-CoV-2; this compared to 30.00% IVB
and 70.00% SARS-CoV-2 in females (Table 3 and Figure 3).There
were no significant differences among the pathogens detected in
male and female patients (male, y? = 0.507, P > 0.05; female, ¥ =
1.633, P > 0.05).

Discussion

Our survey revealed a dramatic decline in the prevalence of
influenzas and RSV during the COVID-19 pandemic under the
implementation of interventions when compared with data
from previous seasons without these interventions (Pan et al.,
2011). Similar declines in viral respiratory infections were also
observed during the SARS epidemic in 2003 (Lo et al., 2005),
and in the prevalence of influenza during the 2019-2020
season in Hong Kong, as based on published surveillance data
(Chan et al., 2020a, b).

The decline in the number of cases of common viral
respiratory infections is a consequence of public health inter-
ventions implemented during the COVID-19 pandemic. Previous
surveillance of viral respiratory infections has shown that the rate
of influenza infections remained consistent during epidemic
seasons from 2010 to 2015 in the greater Chengdu area (Zhang

Age group Specimen, (No.) Positive, (No.) Frequency, (%) No. (%) Frequency of pathogens positives
IVA
HIN1 H3N2 IVB RSV SARS-CoV-2
<18 20 0.00 0 0 0 0 0
18-44 270 14 5.19 0 0 8 (2.96) 0 6(2.22)
45-64 153 3.92 3(1.96) 0 0 0 3(1.96)
>65 103 2 1.94 0 1(0.97) 0 0 1(0.97)

444



Q. Yang, X. Xiao, X. Gu et al.

<18years
, 0.00%

>65years

0,
45-64years, VRl

27.27%

Figure 2. The proportions of viral-positive patients in different age groups. Pie
chart showing the proportion of the 22 positive patients across each age group.

et al,, 2017; Yang et al., 2011; Cao et al., 2014). Other surveys
reported a similar epidemic of influenza in the Mianyang area
nearby Chengdu between 2010-2018 (Wen et al., 2020). The
implementation of quarantine and case isolation led to the
locking down of etiological sources. Restrictions on transporta-
tion, particularly long-distance travel, prevented the spread of the
pathogen from the epicenter to naive populations. This, in turn,
reduced the formation of new epicenters. Personal and environ-
mental hygiene, social distancing, and the closure of public
facilities reduced personal contact with potential pathogen-
carriers, limited virus transmission, constrained viral reproduc-
tion, and prevented the infection of new hosts. All of these
measures created different layers of a barrier to hamper the chain
of virus transmission, not only for SARS-CoV-2 but also for other
respiratory pathogens. Our survey provides, to the best of our
knowledge, direct evidence for the first time that these non-
pharmaceutical interventions are the most cost-effective way to
halt transmission, reduce the Rt value, and control the epidemic
of contagious diseases before or even after a vaccine and specific
treatments are available.

Our survey suggests that the contraction and transmission of
pathogens is highly associated with social activity. People who are

Table 3
Prevalence of viral respiratory pathogens in gender groups.
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18-44 years-of-age are the most active socially, and responsible for
the largest extent of workload and family duties; consequently,
these groups are associated with a higher infection rate than the
other groups. Subjects of pre- and school age experienced
restricted social activity because of school closures, stay-home
orders, and online learning. Senior subjects experienced reduced
levels of social activity due to limited public transportation, and
the stress of underlying health conditions. This is in line with other
reports stating that people with higher rates of social contact are
more likely to contract infections (Mossong et al., 2008 ). Males and
females showed no differences in the rates of viral infections in our
survey; this concurred with previous reports (Pollan et al., 2020;
Huang et al., 2020). However, males may experience more social
activity and personal contacts; consequently, males showed more
diversity in terms of pathogenic infection when compared to
females. Male patients had been equally positive for infections
arising from IVA (including both H1N1, N3N2), IVB, and SARS-CoV-
2.In contrast, female patients were only positive for IVB and SARS-
CoV-2. Thus, social distancing is one of the key measures with
which to reduce the transmission of pathogens.

Herd immunity is a strategy that is commonly used to halt the
transmission of pathogens during the early phase and to provide
protection to individuals, such as infants and seniors, who respond
poorly to immunization or cannot receive vaccine inoculation for
various reasons. Herd immunity can be reached when about 70-
90% of a population becomes immune to a pathogen either through
infection and recovery or by vaccination. When herd immunity is
reached, the pathogen is less likely to spread to naive people who
are not immune because there are simply not enough carriers or
hosts for replication. However, with such high levels of mortality,
herd immunity against the SARS-CoV-2 cannot be reasonably
anticipated without a significant number of deaths, even if herd
immunity can be established. In the case of influenza, we did not
observe significant levels of herd immunity. Our data show that
IVA and IVB had almost the same prevalence as SARS-CoV-2 under
the same non-pharmaceutical interventions, although both types
of influenza are seasonal and circulate annually, and there are
vaccines available. Prior to being proven effective, relying on the
establishment of herd immunity through an excessive number of
infections could be risky. It is still unclear whether COVID-19
survivors have immunity, and a third of infections determined by

Sex Specimen, (No.) Positive, (No.) Frequency, (%) No. (%) Frequency of pathogens positives
IVA
HIN1 H3N2 IVB RSV SARS-CoV-2
Male 297 12 4.04 (54.54) 3(1.01) 1(0.34) 5 (1.68) 0 3(1.01)
Female 249 10 4.02 (45.45) 0 0 3(1.20) 0 7 (2.81)
a b

HINI,
25.00%

Figure 3. The proportions of respiratory viral pathogens in positive samples. Pie chart a and b show the proportion of each pathogen in the 12 positive male samples and 10
positive female samples respectively. The subtypes of influenza A (HIN1 and H3N2) are shown individually.
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serology were reported to be asymptomatic (Pica and Bouvier,
2012). Data has shown that 40% of asymptomatic and 13% of
symptomatic patients had undetectable levels of antibodies just 8
weeks after recovery (Long et al., 2020). Therefore, keeping up with
non-pharmaceutical interventions is necessary until a vaccine and
specific treatments become available, or herd immunity is proven
to be effective.

Our study has several limitations that need to be considered.
Under the stress of the pandemic, patients might self-medicate at
home, thus reducing the overall number of outpatients and
emergency visits. However, those visiting the hospital were more
likely to be severely affected patients. In addition, we only
surveyed a small proportion of viral respiratory infections,
including IVA (including HIN1 and H3N2 subtype), IVB, RSV,
and SARS-CoV-2 infection. The prevalence of other common
respiratory infections, not only viral but also bacterial, also needs
to be estimated in order to acquire a full spectrum of common
respiratory infections under the implementation of non-pharma-
ceutical intervention. Furthermore, the assays used for historical
data and the current survey are slightly different, although the
procedure for sample collection was standardized. These factors
may exert some impact when comparing our data to previous
surveys, although we believe that our isothermal amplification
chip assay for viral pathogens is more sensitive than the assays
used in previous publications.

In conclusion, non-pharmaceutical interventions represent a
cost-effective approach to curb the spread of contagious agents
and may be the only practical approach to limit the evolving
epidemic of infections until vaccines and pharmaceutical treat-
ments become widely available.
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