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Abstract

The public health interventions to mitigate coronavirus disease 2019 (COVID-19)
could also potentially reduce the global activity of influenza. However, this strategy's
impact on other common infectious diseases is unknown. We collected data of 10
respiratory infectious (RI) diseases, influenza-like illnesses (ILIs), and seven gastro-
intestinal infectious (GI) diseases during 2015-2020 in China and applied two pro-
portional tests to check the differences in the yearly incidence and mortality, and
case-fatality rates (CFRs) over the years 2015-2020. The results showed that the
overall Rl activity decreased by 7.47%, from 181.64 in 2015-2019 to 168.08 per
100 000 in 2020 (p < 0.001); however, the incidence of influenza was seen to have a
16.08% escalation (p < 0.001). In contrast, the average weekly ILI percentage and
positive influenza virus rate decreased by 6.25% and 61.94%, respectively, in 2020
compared to the previous 5 years (all p <0.001). The overall incidence of Gl de-
creased by 45.28%, from 253.73 in 2015-2019 to 138.84 in 2020 per 100 000
(p <0.001), and with the greatest decline seen in hand, foot, and mouth disease
(HFMD) (64.66%; p < 0.001). The mortality and CFRs from Rl increased by 128.49%
and 146.95%, respectively, in 2020, compared to 2015-2019 (p < 0.001). However,
the mortality rates and CFRs of seven Gl decreased by 70.56% and 46.12%, re-
spectively (p <0.001). In conclusion, China's COVID-19 elimination/containment
strategy is very effective in reducing the incidence rates of Rl and Gl, and ILI activity,

as well as the mortality and CFRs of Gl diseases.
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1 | INTRODUCTION

On March 11, 2020, the World Health Organization announced
that coronavirus disease 2019 (COVID-19) qualified as a pan-
demic.>? Currently, the world is still in the middle to the high of
this COVID-19 pandemic.® In the absence of effective pharma-
ceutical interventions against the SARS-CoV-2 in the early stages,
most countries used non-pharmaceutical interventions (NPIs) to
prevent the spread of COVID-19, including suppression/mitigation
strategies.‘l’é China, especially, used an elimination/containment
strategy, successfully controlling its initial COVID-19 epidemic by
March 2020.” These NPIs and human behavioral changes used to
mitigate COVID-19 could also have acted in decreasing the
circulation of other respiratory diseases, such as the activity of
influenza in the USA, New Zealand, and Japan.”® *® However, the
impact of NPIs on other common infectious diseases in China is not
clear.?** Here, by comparing the incidence, mortality, and case-
fatality rates (CFRs) of respiratory and gastrointestinal infectious
diseases (Rl and Gl diseases, respectively) in 2020 with those re-
corded for the previous 5 years in China, this study aimed to assess
the efficacy of enhanced NPIs public health intervention during
the COVID-19 epidemic on Rl and Gl diseases in China. This large
sample size study provides the scientific evidence to guide control

strategies for Rl and Gl diseases in China in the future.

2 | MATERIALS AND METHODS

2.1 | Data source and data collection
To date, a total of 40 notifiable infectious diseases are monitored
by the internet-based China Information System for Disease
Control and Prevention.'* These diseases are divided into three
categories—classes A (2 diseases), B (27 diseases), and C (11
diseases)—all of which must be reported within a specified time-
frame, in 2, 24, and 24 h, respectively.14 In this study, we col-
lected 10 RI diseases, namely COVID-19, diphtheria, influenza,
measles, scarlet fever, rubella, pertussis, meningitis, mumps, and
TB (Tubercle Bacillus); seven Gl diseases, namely HFMD (hand-
foot-and-mouth disease), dysentery, cholera, typhoid, hepatitis E,
hepatitis A, and infectious diarrhea other than cholera, dysentery,
typhoid and paratyphoid (hereinafter referred to as other in-
fectious diarrheal diseases).

Annual and monthly numbers of cases and deaths, the incidence

and mortality data of 10 Rl and seven Gl diseases recorded from

case fatality rates, COVID-19, gastrointestinal diseases, influenza-like illnesses, mortality,

January 2015 to December 2020 were extracted from the National
Health Statistical Yearbooks published by the National Health Com-
mission of China. Population data are from the National Bureau of
Statistics of the People's Republic of China and are updated at the
end of every year.

Influenza-like illness (ILI) and virological testing results of re-
spiratory specimens across the 31 provinces of mainland China were
downloaded from the Chinese National Influenza Center's surveil-
lance website from 2015 to 2020, by week.

2.2 | Case definition

The criteria for confirmed, diagnosed, suspected cases of the 10 RI
and 7 Gl were defined according to the national diagnosis and
treatment issued by the National Health Commission of the People's
Republic of China. Noticeably, the diagnosis standard of confirmed
influenza cases was changed since 2019, which influenza antigen
rapid test is now included in the diagnosis guidelines of influenza-
confirmed cases according to the national diagnostic and treatment
protocol for seasonal influenza (2019 edition). Confirmed influenza
case is defined as clinical symptoms consistent with acute influenza
(fever, cough, coryza, difficulty breathing) or with a history of contact
with a confirmed or suspected case and a laboratory test positive for
influenza virus; influenza antigen rapid test, PCR, viral isolation or a
fourfold or greater increase in serum antibodies specific for this virus
isolated in paired sera.

According to the national influenza surveillance guideline, ILI
was defined as any individual who had a body temperature of
>38.0°C and either a cough or sore throat. The weekly influenza-
positive rate was calculated as the number of influenza-positive
samples divided by the total respiratory samples tested in any
1-week period.*

2.3 | Emergency response stage and routine
response stage

We investigated 10 RI, ILI, and 7 infections based on key dates for
NPIs in China, which we substratified into two timeframes,
emergency response stage (January 1 to April 30 of 2020, strict
and combined NPIs were performed in China) and the routine re-
sponse stage (May 1 to December 31 of 2020), to assess the
epidemiological features of the diseases, compared to the same
period of 2015-2019.
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2.4 | Data analysis and statistical analyses

We defined incidence (per 100 000) as the number of annual in-
cident cases divided by the population size; overall mortality (per
100 000) as the number of deaths per year divided by the total
population size; and CFRs (per 1000) as the number of annual
deaths divided by the number of annual incident cases.'*
Descriptive statistics were conducted using R software (R is a pro-
gramming language and free software environment for statistical
computing and graphics. It is designed by Ross lhaka and Robert
Gentleman, supported by the R Core Team and the R Foundation for
Statistical Computing). Two proportional tests, two-ratio Z tests,
and a Mann-Whitney test were applied to test the differences of
NPIs’ effectiveness (corresponding incidence or mortality rates or
CFRs) between 2020 and the previous 5 years, between the state of
emergency and nonemergency period. We also used R ggplot2

package to make the plot figures.

3 | RESULTS

3.1 | Overall trend of Rl incidence

Between 2015 and 2020, a total of 14 878 299 cases of the 10 RI
diseases investigated were reported in China. The overall Rl disease
activity decreased by 7.47%, from 181.64 per 100 000 in 2015-2019
to 168.08 per 100 000 in 2020 (p < 0.001; Figure 1A and Table S1).
However, the overall incidence of the 10 Rl in 2020 was seen to have
a 37% rise, compared to the lowest annual incidence in 2015
(p < 0.001; Figure 1B; Table S2).

A dramatic decrease in activity was seen in seven of the RI dis-
eases in 2020 (all p < 0.001, Table S1). By contrast, an increase was
seen in influenza, with a 16.08% escalation in influenza (p < 0.001;
Figure 1C, Table S1). The yearly incidence of influenza in 2020 in-
creased by 502%, compared to the lowest incidence in 2015
(p < 0.001; Figure 1D; Table S2). Differently, the incidence of TB and
mumps decreased significantly in 2020 compared to the previous
5 years and the lowest level in 2019 and 2016. respectively
(p < 0.001; Figure 1E-H; Tables S1 and S2).

Exploring this in greater detail, it became evident that the ac-
tivities of the nonvaccine preventable and nonviral Rl decreased to a
much greater extent than the vaccine-preventable and viral RI (all
p <0.001; Table S3).

3.2 | Overall trend of ILI activity

The average weekly ILI percentage and average weekly positive in-
fluenza virus rate in all China decreased by 6.25% and 61.94% during
2020, compared to 2015-2019.
Figure 2A-D; Table S4). The same results were seen in the south of
China and north of China (Table S4). The ILI percentage in 2020 did
not change when compared to the lowest level of activity in 2015

respectively (all p<0.001;
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(p > 0.05, Figure 2B). However, the influenza-positive rate decreased
significantly compared to the lowest rate in 2018 (p <0.001,
Figure 2D).

3.3 | Overall trend of Gl incidence

Between 2015 and 2020, a total of 19 442 945 cases of the seven Gl
diseases investigated were reported in China. The overall incidence
of the seven Gl diseases decreased significantly by 45.28%, from
253.73 per 100000 in 2015-2019 to 138.84 per 100000 in 2020
(p < 0.001; Figure 3A; Table S1). Similarly, the overall incidence of the
seven Gl in 2020 decreased by 40%, compared to the lowest annual
incidence in 2015 (p < 0.001, Figure 3B; Table S5).

The incidence of all Gl diseases was found to have significantly
decreased, with the greatest decline seen in HFMD (64.66%;
p <0.001; Figure 3C; Table S1). The yearly incidence of HFMD in
2020 has a decline of 60%, compared to the lowest incidence in 2019
(p < 0.001; Figure 3D; Table S5).

The incidence of other diarrhea in 2020 decreased by 10.45%
than the previous 5 years while increased by 10% compared to the
lowest incidence in 2015 (p < 0.001; Figure 3E,F; Tables S1 and S5).
The incidence of dysentery decreased significantly in 2020 compared
to the previous 5 years and the lowest level in 2019 (p <0.001;
Figure 3G,H; Tables S1 and S5).

The incidence of each vaccine-preventable and viral Gl disease in
2020 decreased by 63.87%, compared to the previous 5 years
(p <0.001, Table S3).

3.4 | Overall trend of Rl mortality and CFRs

The overall mortality of Rl increased by 128.49% (from 0.15829 to
0.36168 per 100000) in 2020, compared to the previous 5 years
(p <0.001; Table 1). The yearly mortality rates in 10 respiratory in-
fectious diseases in 2020 increased by 177.31% compared to the
lowest mortality rates in 2015 (see Table Sé).

There were a total of 5051 deaths caused by Rl in 2020, of which
COVID-19 accounted for 66.20% (3344/5051), see Table S7. The
CFRs from the 10 RI diseases increased by 146.95% (from 0.8714 to
2.1518 per 1000) in 2020, compared to the previous five years
(p <0.001; Table S7). The CFR of influenza in 2020 has an 8.5%
escalation compared to the previous years (p < 0.001), see Figure 4
and Table S7.

3.5 | Overall trend of Gl mortality and CFRs

The mortality rates of the seven Gl diseases decreased by 70.56%
(from 0.01094 to 0.00322 per 100000) in 2020 compared to the
previous 5 years (p <0.001) (Table 1). The overall mortality of the
seven Gl in 2020 increased by 11.50%, compared to the lowest an-
nual mortality in 2017 (p = 0.28), see Table S8.
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FIGURE 1 Monthly incidence rates and trends of 10 respiratory infectious diseases in 2020 (during the COVID-19 pandemic) compared
with the five preceding years (2015-2019) in China. (A) Monthly incidence of overall RI; (B) the monthly incidence of overall Rl in 2020 was
compared to distributions in 2015-2019; (C) monthly incidence of influenza; (D) the monthly incidence of influenza in 2020 was compared to
distributions in 2015-2019; (E) monthly incidence of TB (tuberculosis). (F) The monthly incidence of TB in 2020 was compared to distributions in
2015-2019. (G) Monthly incidence of mumps. (H) The monthly incidence of mumps in 2020 was compared to distributions in 2015-2019.
(B), (D), (F), (H) are generated by using a Mann-Whitney test (***p < 0.001; **0.001 < p < 0.01; *0.01 < p < 0.05; no * p < 0.1); black lines indicate
P25, P50, and P75, respectively, from the upper and lower quartiles; the dots indicate the monthly incidence in different years
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FIGURE 2 Comparison of weekly influenza-like iliness percent and weekly influenza virus-positive rate between 2015, 2016, 2017, 2018,
2019, and 2020 in China. (A) Weekly influenza-like illness percent from 2015 to 2020; (B) weekly influenza-like illness percent in 2020 was
compared to distributions in 2015-2019; (C) weekly influenza virus-positive rate from 2015 to 2020; (D) weekly influenza virus-positive rate in
2020 was compared to distributions in 2015-2019. (A,C) Black dashes note the average weekly influenza-like iliness percent or weekly influenza
virus-positive rate during 2015-2019; the gray rectangle represents the emergency response period in China in 2020 (January 1-April 30, 2020,
Weeks 1-17, 2020); the white rectangle represents the routine stage (May 1-December 31, 2020, Weeks 18-52, 2020). (B,D) The weekly
influenza-like illness percent and weekly influenza virus-positive rate in 2020 was compared to distributions in 2015-2019 using a
Mann-Whitney test (***p < 0.001; **0.001 < p < 0.01; *0.01 < p < 0.05; no *p < 0.1); black lines indicate P25, P50, and P75, respectively, from the
upper and lower quartiles; the dots indicate the weekly influenza-like iliness percent and weekly influenza virus-positive rate from Week 1 to

Week 52 or 53 in different years

In 2020, a total of 45 fatal cases of the seven Gl diseases in-
vestigated were reported from China, while 754 deaths were re-
ported during 2015-2019, see Table S7. The CFRs of the seven Gl
diseases in 2020 decreased by 46.12% (from 0.0431 to 0.0232 per
1000; p <0.001) compared to those of 2015-2019 , see Figure 4
and Table S8.

3.6 | Rl ILIL, and Gl in emergency and routine
response stage

The overall incidence and mortality rates for all Rl diseases increased
significantly by 51.57% and 400.51% (all p <0.001), respectively,
during the period of a state of emergency (January-April 2020), as
compared to the same period in the previous 5 years; however, both
suddenly decreased, by 44.73% and 20.58%, with the return to
nonemergency conditions in May-December 2020 (all p<0.05;
Table 2).

The weekly percent of ILI increased by 5.71% during the state of
emergency in 2020 and decreased by 9.68% during the none-
mergency stage (all p <0.05; Table 3). Similarly, the weekly positive

influenza virus rate decreased by 28.06% and further decreased by
99.01% during the emergency and nonemergency periods in 2020 (all
p <0.001; Table 4). The same results were seen in the south and
north of China.

For the Gl diseases, the incidence and mortality both
decreased substantially during both the emergency and the
nonemergency periods in 2020, compared to the previous five

years (Table 2).

4 | DISCUSSION

We found a marked decline in the overall yearly incidence rates of
the ten RI, ILI activity, and the seven GI diseases, as well as Gl
mortality in 2020, compared to the previous 5 years in China. These
indicated that the implementation and timing of COVID-19-related
NPIs in China were very effective in mitigating the transmission of RI
and Gl infections. By contrast, the overall mortality rate and CFRs for
the Rl diseases increased in 2020, which might be contributed to by
COVID-19 deaths, accounted for 66% (3344 deaths) in 5051 total
deaths in China.
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TABLE 1 Changes in the average yearly mortality rates for 10 respiratory and seven gastrointestinal infectious diseases in 2020, compared
to the previous five years in China

Average yearly mortality rate (per 100 000) Average yearly deaths
Disease classification 2020 2015-2019 2020 2015-2019 Changes (%) (95% Cl) p value

Respiratory infectious diseases

Overall 0.36168 0.15829 5051 2184 128.49 (120.92-136.06) <0.001
COVID-19 0.23945 0.00000 3344 0 NA NA
Diphtheria 0.00000 0.00000 0 0 NA NA
Influenza 0.01010 0.00804 141 111 25.50 (-2.34 to 53.34) 0.07
Measles 0.00000 0.00087 0 12 -100.00 (-156.58 to -43.42)  <0.001
Scarlet fever 0.00014 0.00000 2 0 NA NA
Rubella 0.00000 0.00000 0 0 NA NA
Pertussis 0.00007 0.00014 1 2 -50.60 (-219.66 to 118.46) 0.56
Meningitis 0.00021 0.00087 3 12 -75.30 (-138.40 to -12.19) 0.01
Mumps 0.00036 0.00007 5 1 393.99 (-81.30 to 869.28) 0.10
B 0.11135 0.14829 1555 2046 -24.91 (-30.63 to -19.19) <0.001

Gastrointestinal infectious diseases

Overall 0.00322 0.01094 45 151 -70.56 (-88.68 to -52.43) <0.001
HFMD 0.00029 0.00696 4 96 -95.88 (-116.29 to -75.48) <0.001
Dysentery 0.00021 0.00036 3 5 -40.72 (-151.10 to 69.66) 0.47
Cholera 0.00000 0.00000 0 0 NA NA
Typhoid 0.00043 0.00014 6 2 196.39 (-78.29 to 471.08) 0.16
Hepatitis E 0.00086 0.00130 12 18 -34.13 (-93.49 to 25.22) 0.26
Hepatitis A 0.00021 0.00043 ) 6 -50.60 (-148.21 to 47.01) 0.31
Other diarrhea 0.00122 0.00174 17 24 -30.02 (-82.05 to 22.01) 0.26

Note: Changes = (x1-x2)/x2 x 100%; x1: average yearly mortality rate in 2020; x2: average yearly mortality rate in the previous 5 years (2015-2019).
The p value was computed through two proportional tests.

Abbreviations: 95% Cl, 95% confidence interval; COVID-19, coronavirus disease 2019; HFMD, hand, foot, and mouth disease; NA, not available; TB,
tuberculosis; “+” = increased trend; “-” = decreased trend.

FIGURE 4 Yearly case fatality rates for I ] I B el
notifiable Rl and Gl infectious diseases by year for covip-19
2015-2020 in China. CFR, case fatality rate; Tuberculosis i
HFMD, hand, foot, and mouth disease; Gl, e

Scarlet fever

gastrointestinal infectious diseases; RI, respiratory
infectious diseases
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As has been experienced globally, the implementation of
public health control measures for COVID-19 has necessarily led
to a considerable decline in such RI, ILI activity, and Gl diseases
and related effects, including nosocomial microorganism trans-
mission [such as Clostridium difficile infection and multidrug-
resistant (MDR)].*>~*? Several hypotheses have been proposed to
explain the substantial decline in Rl and GI. First and foremost,
because Rl diseases have similar modes of transmission as
COVID-19 (i.e., through respiratory or contact routes), en-
teropathogenic agents are excreted in the respiratory and diges-
tive tracts and can be transmitted from person to person by direct
or indirect contact.'”?° The general precautions used for
COVID-19 prevention (e.g., lockdown, closure of schools, sus-
pension of large events) have clearly reduced the frequency of
other concurrent and seasonal viral respiratory infections and Gl
diseases.*101%21-2¢ gacond, fewer visits to clinics for Rl and Gl
diseases were possible due to the strict quarantine measures.
People consequently altered their health-seeking behavior and
there was reduced accessibility for patients to hospitals during the
COVID-19 pandemic.**%® Third, people's hygiene habits have
been greatly improved, including the wearing of masks, hand
washing, and the implementation of proper ventilation.?>?’ Finally,
viral interference, whereby innate immune responses to a viral
infection can affect infection by a second virus, has been discussed
as one reason for the low influenza virus circulation in human
populations during the SARS-CoV-2 pandemic.?®

In contrast to this, the incidence of influenza was much higher in
China in 2020, in comparison to the previous 5 years. This escalation
was driven by two major factors. First of all, the diagnosis standard of
the confirmed influenza case was changed since 2019. According to
the guidelines on the diagnosis and treatment of influenza (2019
edition) issued by the National Health Commission of the People's
Republic of China, released at the end of 2019, the influenza antigen
rapid test is included in the diagnosis standard of influenza confirmed
cases since 2019. The second reason for this escalation was the
higher testing rate due to the COVID alert, leading to improved na-
tional and local surveillance, testing, and diagnosis systems in 2020,
especially in the state of emergency (January 1-April 30, 2020),
compared to the previous five years.

Different from results in other research, respiratory deaths in
China increased in 2020, particularly in the early state of emer-
gency.’® The increased mortality rate of Rl was rooted in
several reasons. One was that 66% of fatal cases were induced by
COVID-19. Second, the COVID-19 pandemic's breach of China's
healthcare capacity increased the RI deaths; the third reason was
delays in patients visiting hospitals and delayed treatment due to
their concerns about nosocomial infection. Additionally, the early
Chinese studies showed that nearly one-half of COVID-19 patients
having influenza co-infection, especially for influenza A variants,
which are considered to be a multiorgan disease.’’ Meanwhile, there
are many technical difficulties that may arise in defining diagnoses for
co-infections of influenza, all these factors contributed to the in-

crease in fatal outcomes.>>*”??

Our findings suggest that China's COVID-19 elimination/con-
tainment strategy has also been very effective in reducing the in-
cidence rates of Rl and Gl diseases. However, we needed greater
medical accessibility, capacity, and improvements in surveillance to
decrease Rl deaths during the COVID-19 epidemic. Although this
study was limited in that it did not include province-specific data on
Rl and Gl diseases, it can be of great benefit to the Chinese gov-
ernment as it can help them allocate resources to control common
infectious diseases following the COVID-19 pandemic.

As COVID-19 vaccines are implemented and NPIs strategies
become relatively relaxed, the general prevalence of seasonal re-
spiratory and gastrointestinal pathogens will return. At which time, it
may be anticipated that a co-epidemic with SARS-CoV-2 will in-
crease, which will make the situation more complicated in future
seasons.*>%° It is very important to develop rapid dual or multiplex
diagnostic tests to distinguish between these more common patho-
gens in the future. New surveillance technologies, pharmaceutical
measures (vaccines and antivirus treatment), and NPIs must be de-
veloped to help preserve and boost the capacity and function of
health systems, comprehensive strategies will be critical in controlling

other classic, and emerging, infectious diseases.®

5 | CONCLUSION

China's COVID-19 elimination/containment strategy has been very
effective in reducing the incidence rates of RI, ILI activity, and Gl
diseases, and mitigated the impact of the COVID-19 pandemic.
However, the overall mortality rate and CFRs for the Rl diseases
increased significantly in 2020. Greater medical accessibility, capa-
city, and more rapid testing and diagnosis are needed to decrease Rl
deaths (especially COVID-19) during the COVID-19 epidemic in the
future.
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