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Abstract

Background: Beyond the direct effect of COVID-19 infection on young people, the wider impact of the pandemic on other
infectious diseases remains unknown.

Objective: This study aims to assess changes in the incidence and mortality of 42 notifiable infectious diseases during the
pandemic among children and adolescents in China, compared with prepandemic levels.

Methods: The Notifiable Infectious Disease Surveillance System of China was used to detect new cases and fatalities among
individuals aged 5-22 years across 42 notifiable infectious diseases spanning from 2018 to 2021. These infectious diseases were
categorized into 5 groups: respiratory, gastrointestinal and enterovirus, sexually transmitted and blood-borne, zoonotic, and
vector-borne diseases. Each year (2018-2021) was segmented into 4 phases: phase 1 (January 1-22), phase 2 (January 23-April
7), phase 3 (April 8-August 31), and phase 4 (September 1-December 31) according to the varying intensities of pandemic
restrictive measures in 2020. Generalized linear models were applied to assess the change in the incidence and mortality within
each disease category, using 2018 and 2019 as the reference.

Results: A total of 4,898,260 incident cases and 3701 deaths were included. The overall incidence of notifiable infectious
diseases decreased sharply during the first year of the COVID-19 pandemic (2020) compared with prepandemic levels (2018 and
2019), and then rebounded in 2021, particularly in South China. Across the past 4 years, the number of deaths steadily decreased.
The incidence of diseases rebounded differentially by the pandemic phase. For instance, although seasonal influenza dominated
respiratory diseases in 2019, it showed a substantial decline during the pandemic (percent change in phase 2 2020: 0.21, 95% CI
0.09-0.50), which persisted until 2021 (percent change in phase 4 2021: 1.02, 95% CI 0.74-1.41). The incidence of gastrointestinal
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and enterovirus diseases decreased by 33.6% during 2020 but rebounded by 56.9% in 2021, mainly driven by hand, foot, and
mouth disease (percent change in phase 3 2021: 1.28, 95% CI 1.17-1.41) and infectious diarrhea (percent change in phase 3 2020:
1.22, 95% CI 1.17-1.28). Sexually transmitted and blood-borne diseases were restrained during the first year of 2021 but rebounded
quickly in 2021, mainly driven by syphilis (percent change in phase 3 2020: 1.31, 95% CI 1.23-1.40) and gonorrhea (percent
change in phase 3 2020: 1.10, 95% CI 1.05-1.16). Zoonotic diseases were not dampened by the pandemic but continued to increase
across the study period, mainly due to brucellosis (percent change in phase 2 2020: 0.94, 95% CI 0.75-1.16). Vector-borne diseases
showed a continuous decline during 2020, dominated by hemorrhagic fever (percent change in phase 2 2020: 0.68, 95% CI
0.53-0.87), but rebounded in 2021.

Conclusions: The COVID-19 pandemic was associated with a marked decline in notifiable infectious diseases in Chinese
children and adolescents. These effects were not sustained, with evidence of a rebound to prepandemic levels by late 2021. To
effectively address the postpandemic resurgence of infectious diseases in children and adolescents, it will be essential to maintain
disease surveillance and strengthen the implementation of various initiatives. These include extending immunization programs,
prioritizing the management of sexually transmitted infections, continuing feasible nonpharmaceutical intervention projects, and
effectively managing imported infections.

(JMIR Public Health Surveill 2024;10:e47626) doi: 10.2196/47626
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Introduction

Globally, the nearly 1.9 billion children and adolescents younger
than 20 years, who account for approximately 26% of the
world’s population, are particularly vulnerable to infectious
diseases [1,2]. Yet, previous research has suggested that
compared with adults, children and adolescents are more likely
to be asymptomatic or have milder symptoms of COVID-19,
experience a shorter course of illness, and have a lower risk of
developing severe disease [3,4]. They are also less likely to
experience multisystem inflammatory syndrome [5]. In China,
there has been relatively limited epidemiological research on
COVID-19 infections among children and adolescents and the
bulk of studies have focused on the original virus strains from
the early stages of the outbreak. For instance, the largest
published Chinese population study included only 2135 children
and adolescents infected with COVID-19 from January to
February 2020 [6]. With the easing of COVID-19–related
restrictions worldwide, there has been a sharp increase in the
number of children and adolescents infected with the virus [3,4].

In the early response to the COVID-19 pandemic, countries
variably introduced a series of social and behavioral measures
(eg, border closures, quarantine, lockdowns, school closures,
travel restrictions, and face masks) to reduce viral transmission.
These approaches are relatively effective [5,7-11]. For example,
short-term prospective observational research has indicated that
school closures and restricted social distancing were associated
with a 38% reduction in the incidence of COVID-19 [12].
Another study conducted in 11 countries demonstrated a 15%
reduction in the incidence of COVID-19 associated with
multiple social restrictions; additionally, it found that earlier
implementation of lockdown measures was associated with a
larger reduction in the incidence of COVID-19 [13]. Social
restrictions aimed at limiting the transmission of COVID-19
have also had an indirect effect on the incidence of a wide range
of other infectious diseases, likely reflecting the interruption of
the transmission chain [14]. Respiratory diseases have been
particularly affected [14-17]. Chinese surveillance indicates

that during the early stages of the COVID-19 pandemic in 2020,
the rates of positive tests for all respiratory viruses declined.
Reductions varied from 17.2% for respiratory syncytial virus
to 87.6% for influenza virus [16]. These patterns were also
evident in countries with a low prevalence of COVID-19, such
as Australia, which experienced a 36% reduction in antibiotic
dispensing for respiratory tract infections in the first year of the
pandemic [18]. In England, in the first 12 months after the onset
of the COVID-19 pandemic, large and sustained reductions
were found in the rates of hospital admissions for respiratory
infections as well as for a spectrum of other severe and
vaccine-preventable childhood infections, such as meningitis
[16].

In any country, it is apparent that a balance of factors has
affected the transmission and severity of COVID-19, including
the timing and intensity of lockdowns and their subsequent
lightening, evolving virus strains, and access to vaccines. What
is less clear is how these dynamic changes have impacted other
infectious diseases. For instance, in China, hand, foot, and mouth
disease (HFMD) surged following the gradual lightening of
COVID-19 restrictions, distinct from scarlet fever or seasonal
influenza, both of which remained at lower levels [19]. Although
several studies have investigated the impacts of
COVID-19–related restrictions early in the pandemic, there has
been less attention to children and adolescents. To date, there
has been a lack of systematic exploration in children and
adolescents regarding the impacts of the COVID-19 pandemic
and the associated social restrictions on the spectrum of
infectious diseases. In addition, little attention has been paid to
the effects following the lifting of these restrictions [15-17,19].
This study analyzed data for 42 notifiable infectious diseases
in children and adolescents in mainland China from 2018 to
2021 to investigate the indirect effect of COVID-19 restrictions
on a wide spectrum of infectious diseases. Specifically, we
aimed to determine the variability and persistence of this indirect
effect across age, sex, time, region, and disease category, with
the expectation that this information can inform the nature of
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protective strategies for children and adolescents within
subsequent pandemics.

Methods

Data Collection
Using the China Information System for Disease Control and
Prevention (CISDCP), we identified data on daily new cases
and deaths for 42 notifiable infectious diseases reported in
children and adolescents aged 5-22 years between 2018 and
2021. For each case, we recorded the date and location of disease
onset and death, diagnosed disease, age, and sex. The CISDCP
covers 55,077 national health facilities in 397 cities across all
31 provinces of mainland China and maintains a detailed
surveillance protocol [20]. The CISDCP had a national average
coverage rate that remained stable and exceeded 95% for all
health facilities at or above the county level during the study
period, and in 2017, web-based reporting was available for
87.2% of national health facilities [20]. In this analysis, we only
included children and adolescents with a confirmed diagnosis
of any of the 42 notifiable infectious diseases. Cases from Hong
Kong and Macao were excluded. Demographic information at
the city level was provided by the National Bureau of Statistics
of China [21].

Ethical Considerations
Ethical approval was not required for this study because it
exclusively used data that were deidentified and publicly
available, making it exempt from review by an institutional
review board or ethics committee.

Classification
In this study, we focused on 42 notifiable infectious diseases
that are captured within the CISDCP. To classify these diseases,
we revised our previous approach to categorization [20],
classifying vaccine-preventable infectious diseases and bacterial
infections based on their respective modes of transmission.
These 42 infectious diseases were grouped into 5 categories:
(1) respiratory diseases, (2) gastrointestinal and enterovirus
diseases, (3) sexually transmitted and blood-borne diseases, (4)
zoonotic diseases, and (5) vector-borne diseases. Respiratory
diseases included 10 diseases: seasonal influenza, mumps,
tuberculosis, scarlet fever, rubella, pertussis, measles,
meningococcal meningitis, leprosy, and diphtheria.
Gastrointestinal and enterovirus diseases included 8 diseases:
HFMD, infectious diarrhea, dysentery (amoebic dysentery and
bacterial dysentery), acute hemorrhagic conjunctivitis, typhoid

and paratyphoid, hepatitis A, cholera, and poliomyelitis.
Sexually transmitted and blood-borne diseases included 6
diseases: syphilis, gonorrhea, HIV/AIDS, hepatitis B, hepatitis
C, and hepatitis D. Vector-borne diseases include 9 diseases:
hemorrhagic fever, dengue, Japanese encephalitis, typhus,
malaria, kala-azar, schistosomiasis, filariasis, and plague.
Zoonotic diseases included 9 diseases: brucellosis, hepatitis E,
hydatid disease, rabies, anthrax, leptospirosis, H5N1, H7N9,
and severe acute respiratory syndrome.

Epidemic Stages and Phases
As shown in Figure 1, we divided the 4-year study period into
3 stages of the COVID-19 pandemic based on the timing of the
major restrictions that were implemented in response to the
pandemic [19]: 2018 and 2019 were considered pre–COVID-19
pandemic years, 2020 was categorized as COVID-19 year 1,
and 2021 as COVID-19 year 2.

Because of the different intensities of COVID-19–related
restrictive measures taken to prevent and control COVID-19,
we further divided 2020 into 4 phases: phase 1 (January 1-22),
phase 2 (January 23-April 7), phase 3 (April 8-August 31), and
phase 4 (September 1-December 31). In phase 1, COVID-19
had just broken out and no specific interventions or
COVID-19–related restrictions were implemented in mainland
China. In phase 2, the most intense COVID-19 restrictions were
implemented, including school closures and travel restrictions,
routine temperature monitoring, mask wearing and social
distancing, and isolation of high-risk groups and those with
COVID-19. In phase 3, marked by the lifting of the lockdown
in Wuhan (April 8, 2020), all provinces of mainland China
downgraded their response to the public health emergency, and
there was a return to regular education, work, and public transit
in cities without major COVID-19 outbreaks. During this phase,
a variety of COVID-19–related restrictions remained in practice,
including social distancing, mask wearing, routine temperature
monitoring, school closures, and capping the number of
meetings. Phase 4 began on September 1, signaling the return
of businesses, recreational activities, and school reopenings
across the nation. However, routine temperature monitoring
and mask wearing were still widely practiced. To mitigate the
influence of seasonal characteristics on infectious diseases, we
applied these same 4 phases, identified in 2020, to each of the
study years, which resulted in each year, from 2018 to 2021,
being divided into 4 phases. During all epidemic phases in 2021,
routine temperature monitoring and mask wearing were still
practiced, as described in Figure 1. In China, widespread
vaccination against COVID-19 began in 2021.
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Figure 1. Categorization of the 3 stages (pre–COVID-19 (2018 and 2019), year 1 (2020), and year 2 (2021) of the pandemic and 4 phases of the first
year of the pandemic in China (2020) by intensity of COVID-19 restrictions.

Statistical Analysis
Incidence and mortality were used to present trends by year
from 2018 to 2021. Incidence (per 100,000) was calculated by
the number of incident cases divided by the number of the
population aged 5-22 years. Mortality (per 100,000) was
calculated by the number of deaths divided by the number of
the population aged 5-22 years (per 100,000). To assess changes
in the 4 epidemic phases, the percent change (PC) for “during
versus pre” was calculated using the following formula:
{[incidence (2020) – incidence (2018-2019)]/incidence
(2018-2019)}×100% and the PC for “COVID-19 year 2 versus
COVID-19 year 1” was assessed using the following formula:
{[incidence (2021) – incidence (2020)]/incidence
(2020)}×100%. Heat maps were used to show the characteristics
of each disease for incidence, number of cases, and number of
deaths. Stacked plots were used to visualize the proportion of
each infectious disease. To illustrate the trends in infectious
diseases from 2018 to 2021, the spiral visualization was used
to represent the daily number of incident cases.

To assess the changes in the epidemic phases, the PC in the
incidence of each category was calculated at the city level as
follows: {[incidence (phase x in 2020-2021) – incidence (phase
x in 2018-2019)]/incidence (phase x in 2018-2019)}×100%,
where incidence (phase x in 2020-2021) indicated the average
incidence in the corresponding phase in 2021 or 2020 and
incidence (phase x in 2018-2019) indicated the average
incidence in the specific phase during 2018-2019. The PC in
specific phases was calculated by disease, disease category,
year, and prefecture-level city. To eliminate the impact of season
and quantify the impact of different COVID-19–related
restrictions in the epidemic phases on the incidence of infectious
diseases, multivariable generalized linear models were applied
and used to compare changes in regional variation and specific
categories of infectious disease changes by epidemic phases in
pandemic years compared with the pre–COVID-19 years of the
pandemic in 2018 and 2019. A quasi-Poisson model was fitted
for prediction using the indicators as follows: phase category
for 2020 and 2021, with number of person-days (population

size times the number of days in the month) as an offset. All
models were fitted for the daily number of cases. Incidence rate
ratios (IRRs) associated with the phase indicators estimated
reflect the effects of COVID-19 restrictions on the incidence
of each notifiable disease in the pandemic years. IRRs associated
with the disease categories were also estimated to assess the
impact of COVID-19–related restrictions on various disease
categories. All statistical analyses were performed using the R
program (version 4.1.1; R Foundation).

Role of the Funding Source
The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of the
report. The authors from Peking University had full access to
the data in the study.

Results

Changes in the Incidence and Mortality of Notifiable
Infectious Diseases, 2018-2021
Between 2018 and 2021, nearly 5 million Chinese children and
adolescents between the ages of 5 and 22 years (2,818,718 males
and 2,079,542 females) were diagnosed with 1 of 42 notifiable
infectious diseases. A total of 3701 deaths were reported during
this period (2530 in males and 1171 in females). As depicted
in Figure 2, the number of reported cases of notifiable infectious
diseases fluctuated throughout the study period. In 2018,
911,522 cases were reported, which rose to 2,268,809 in 2019
and declined to 813,635 in 2020, before increasing again to
904,294 in 2021. From 2018 to 2021, the overall incidence of
notifiable infectious diseases was 248.848, 738.338, 266.051,
and 281.664 per 100,000, respectively, by year. During the first
year of the COVID-19 pandemic in 2020, the incidence of
notifiable infectious diseases dropped by 46.1% but then
rebounded by 5.9% in 2021. Nevertheless, the total mortality
and number of deaths decreased steadily over the 4-year period,
with rates of 0.304 (n=1112 cases), 0.340 (n=1045 cases), 0.286
(n=869 cases), and 0.210 (n=675 cases) per 100,000 over each
year, respectively (Multimedia Appendices 1 and 2).
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Figure 2. Trends in (A) incidence (number of cases and rate) and (B) mortality (number of cases and rate) of notifiable infectious diseases in 5-22-year-old
Chinese children and adolescents, by year and quarter.

Trends of Notifiable Infectious Diseases, by Category,
2018-2021
Table 1 and Figure 3 present the overall and temporal trends
across the 5 categories of infectious diseases, before and during
the COVID-19 pandemic. Among the 5 categories, respiratory,
sexually transmitted and blood-borne, and gastrointestinal and
enterovirus diseases were the most commonly reported notifiable
infectious diseases in those aged 5-22 years (Multimedia
Appendix 3). Although the overall incidence of notifiable
infectious diseases in children and adolescents declined during
the first year of the COVID-19 pandemic and then increased
during COVID-19 year 2, the different categories of infectious
diseases exhibited diverse temporal changes. Generally, the
peak of infectious diseases was reached from December 2019
to January 2020, attributed to a seasonal influenza outbreak.
The incidence of notifiable infectious diseases in the first year
of the COVID-19 pandemic (2020) was higher than that in the
prepandemic years, but then dropped dramatically from February
2020 to March 2021, before rising at the end of the reporting
period in the last quarter of 2021 (Figure 4).

The seasonality of respiratory diseases is generally pronounced
in winter in China. This was not experienced in the first year
of the COVID-19 pandemic, with the fourth quarter of 2020

and the first quarter of 2021 presenting a low incidence of
respiratory diseases. This appeared to rebound the following
year, with much higher levels in the fourth quarter of 2021.
Seasonal influenza dominated these trends; before the pandemic,
the incidence of influenza in 2019 was 8 times more common
than in 2018 (incidence rate of 480.541 vs 52.858, respectively),
and remained elevated compared with 2018 throughout 2020
and 2021. Excluding seasonal influenza, the incidence of all
other respiratory diseases continued to decline during the
COVID-19 pandemic (50.768 and 43.241 per 100,000 in 2020
and 2021, respectively), compared with pre–COVID-19 levels
(average 106.735 per 100,000), especially for mumps,
tuberculosis, scarlet fever, and rubella. The 1 exception was
pertussis. The leading causes of respiratory deaths were
tuberculosis and seasonal influenza. The number of deaths
decreased steadily during these 4 years (Multimedia Appendix
4).

Generally in China, gastrointestinal and enterovirus diseases
peak in incidence from April to July. However, this peak was
not experienced during the COVID-19 pandemic in 2020.
Compared with the 2 pre–COVID-19 years, the incidence of
gastrointestinal and enterovirus diseases decreased by 33.6%
in 2020, but rebounded by 56.9% in 2021. HFMD and infectious
diarrhea were the main contributors to this rebound of
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gastrointestinal and enterovirus diseases. Infectious diarrhea
surpassed HFMD as the most common notifiable infectious
disease among the gastrointestinal and enterovirus diseases
category in 2020.

Different trends were apparent in the sexually transmitted and
blood-borne diseases category. In the initial year of the
COVID-19 pandemic, the previous upward trend in incidence
observed in the prepandemic years was halted (32.133 and
39.336 per 100,000 in 2018 and 2019, respectively, vs 35.562
per 100,000 in 2020). However, this was succeeded by a
noticeable rebound in the second year of the pandemic (38.753
per 100,000 in 2021), representing a 9.0% increase from 2020.
The incidence of hepatitis B, C, and D and HIV/AIDS remained
stable or declined slightly during the COVID-19 pandemic;
however, the incidence of syphilis and gonorrhea increased in
both years of the pandemic. In 2018, the disease with the highest
incidence within the sexually transmitted and blood-borne
diseases category was hepatitis B. Hepatitis B was overtaken
by syphilis from 2019 to 2021, particularly in adolescents aged
15-19 years (Figure 5). Across the 4 years, HIV/AIDS remained
the major cause of death from any infectious disease in children
and adolescents, although the mortality rate decreased by 26.6%
over this period, from 0.267 per 100,000 in 2018 to 0.196 per
100,000 in 2021.

In China, zoonotic diseases typically show a seasonal pattern
with the highest incidence in summer. Zoonotic diseases seemed
less affected by COVID-19, with the incidence continuing to
increase from 0.660 per 100,000 in 2018 to 0.982 per 100,000
in 2021, an increase of 18.2%. While this was mainly attributed
to brucellosis, which has the highest incidence among zoonotic
diseases, the previous growth trends of other zoonotic diseases
such as hepatitis E and hydatid disease were also constrained.
The incidence and mortality of rabies continued to decline
during the study period, although it remained the third leading
cause of death from any notifiable infectious disease in children
and adolescents in China (followed by HIV/AIDS and
tuberculosis).

There was a substantial prepandemic increase in the incidence
of vector-borne disease from 2018 to 2019 (from 0.542 to 1.175
per 100,000 in 2018 and 2019, respectively), which remained
low during 2020 and 2021. The observed trend was attributed
to dengue, Japanese encephalitis, typhus, malaria, and kala-azar,
which exhibited significant declines in 2020 (0.335 per 100,000)
and remained at low levels in 2021 (0.344 per 100,000).
Conversely, hemorrhagic fever seemed to experience a
resurgence during the COVID-19 pandemic, increasing by
26.8%.
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Table 1. Incidence (per 100,000) and mortality (per 100,000) for 42 notifiable infectious diseases among 5-22-year olds, by year.

Percent change2021202020192018Disease classification

COVID-19 year
2 versus COVID-
19 year 1

During
versus
before

MortalityIncidenceMortalityIncidenceMortalityIncidenceMortalityIncidence

5.9–46.10.210281.6640.286266.0510.340738.3380.304248.847Total

–12.2–53.60.008150.0560.017170.9130.026600.9100.019135.956Respiratory diseases
(seasonal influenza
included)

–14.8–50.10.00743.2410.01150.7680.019120.3690.01683.100Respiratory diseases
(seasonal influenza
excluded)

–11.1–55.00.001106.8150.006120.1450.007480.5410.00352.858Seasonal influenza

–17.7–62.2—18.071<0.00121.947—68.429—a47.578Mumps

–22.0–3.10.00719.9690.01025.5970.01829.0850.01623.769Tuberculosis

65.9–78.7—4.266—2.572—13.606—10.586Scarlet fever

–79.7–89.7—0.093—0.458—8.296—0.633Rubella

486.9–74.3—0.804—0.137—0.697—0.371Pertussis

–53.8–78.9—0.018—0.039—0.227—0.142Measles

57.1–50.0<0.0010.0110.0010.0070.0010.017<0.0010.011Meningococcal
meningitis

–18.20.0—0.009—0.011—0.012—0.010Leprosy

——————————Diphtheria

56.9–33.6—91.5290.00158.3410.00196.056<0.00179.556Gastrointestinal and
enterovirus

182.8–70.9—36.875—13.0380.00147.122—42.638Hand, foot, and mouth
disease

23.913.0—50.615<0.00140.858<0.00141.484—30.801Infectious diarrhea

–6.7–25.6—2.438—2.613—3.806<0.0013.217Dysentery

–9.7–47.7—1.110—1.229—2.694—2.010Acute hemorrhagic
conjunctivitis

–11.6–28.2—0.367<0.0010.415—0.605—0.551Typhoid and paraty-
phoid

–33.7–45.2—0.124—0.187—0.344—0.338Hepatitis A

———<0.001—0.001—<0.001—0.001Cholera

——————————Poliomyelitis

9.0–0.50.19738.7530.25935.5620.30439.3360.26832.133Sexually transmitted
and blood-borne

–6.1–20.10.0019.2000.0039.8000.00112.6260.00111.900Hepatitis B

19.422.40.00115.916—13.335—12.659—9.133Syphilis

14.53.7—10.233—8.935—9.877—7.351Gonorrhea

–0.7–10.10.1962.9420.2562.9640.3033.4920.2673.099HIV/AIDS

–12.6–20.8—0.459<0.0010.525—0.678<0.0010.647Hepatitis C

100.0–66.7—0.002—0.001—0.004—0.002Hepatitis D

9.218.20.0040.9820.0060.8990.0070.8610.0110.660Zoonotic

14.446.3<0.0010.721—0.63—0.497—0.364Brucellosis

12.0–29.1—0.131—0.117—0.186—0.144Hepatitis E

–15.2–4.8—0.117—0.138—0.158—0.132Hydatid disease
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Percent change2021202020192018Disease classification

COVID-19 year
2 versus COVID-
19 year 1

During
versus
before

MortalityIncidenceMortalityIncidenceMortalityIncidenceMortalityIncidence

–62.5–15.80.0030.0030.0060.0080.0070.0080.0110.011Rabies

133.3–60.0<0.0010.007—0.003—0.008<0.0010.007Anthrax

–50.060.0—0.002—0.004—0.003—0.002Leptospirosis

——————————H5N1

——————————H7N9

——————————Severe acute respirato-
ry syndrome

2.7–61.00.0010.3440.0020.3350.0011.1750.0050.542Vector-borne

26.8–4.30.0010.2270.0010.179—0.1690.0010.205Hemorrhagic fever

–97.4–92.4—0.001—0.039—0.854—0.167Dengue

–11.4–55.1<0.0010.0310.0010.0350.0010.0520.0040.104Japanese encephalitis

6.021.8—0.071—0.067—0.071—0.039Typhus

0.0–55.6—0.0100<0.0010.0100—0.023—0.022Malaria

–60.00.0—0.002—0.005—0.005—0.005Kala-azar

—————0.001—0.001—<0.001Schistosomiasis

——————————Filariasis

——————————Plague

aNo cases.

Figure 3. The trends in (A) incidence, (B) number of cases, and (C) number of deaths for 42 notifiable infectious diseases by disease category, from
2018 to 2021. AHC: acute hemorrhagic conjunctivitis; HD: hydatid disease; HF: hemorrhagic fever; HFMD: hand, foot, and mouth disease; ID: infectious
diarrhea; JE: Japanese encephalitis; MM: meningococcal meningitis; SF: scarlet fever; SI: seasonal influenza; SM: schistosomiasis; T/P: typhoid and
paratyphoid; TB: tuberculosis.
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Figure 4. Temporal changes in the incidence of infectious diseases by disease category and day, from 2018 and 2019 (pre–COVID-19), year 1 (2020),
and year 2 (2021) of the COVID-19 pandemic. (A) Overall infectious diseases; (B) Gastrointestinal and enterovirus; (C) Respiratory diseases; (D)
Sexually transmitted and bloodborne; (E) Vector borne; (F) Zoonotic.

Figure 5. The leading infectious diseases by incidence by disease category and across age, from 2018 to 2021. HF: hemorrhagic fever; HFMD: hand,
foot, and mouth disease; ID: infectious diarrhea; JE: Japanese encephalitis; NA: not applicable; SI: seasonal influenza; TB: tuberculosis.

Regional Variations in Infectious Disease Changes by
Epidemic Phase
In the prepandemic years, there was evidence of a geographic
North-South demarcation (the “Qinling-Huaihe River”), which
separates China into 2 regions with varying incidences of
notifiable infectious diseases. Compared with North China,

South China has a more serious burden of infectious diseases,
a pattern that remained evident in 2020 and 2021 (Figure 6 and
Multimedia Appendix 5).

We then proceeded to compare changes in regional variation
using the categories from 2018, 2019, and 2021, which were
delineated based on the 4 phases of the pandemic in 2020. In
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comparison with the corresponding time phases in 2018 and
2019, the overall incidence of infectious diseases among children
and adolescents was greater in each region during phase 1 of
2020. In phase 2, the overall incidence of infectious diseases
among children and adolescents markedly declined across the
country, and the incidence of notifiable infectious diseases was
also lower in almost all regions of China than in the same phase
in 2018 and 2019 (Multimedia Appendix 6). This pattern

continued to be evident in phase 3 and phase 4 in 2020.
However, in 2021, the incidence of infectious diseases among
children and adolescents began to markedly recover, with even
higher levels than in the prepandemic years in some regions.
Considering the magnitude of the seasonal influenza outbreak
from 2019 to 2021, we conducted sensitivity analyses by
excluding seasonal influenza, and the results remained consistent
(Multimedia Appendix 7).

Figure 6. (A) Regional variation in infectious diseases incidence by year and (B) percent change of incidence in each epidemic phase during COVID-year
1 in 2020 and COVID-year 2 in 2021 compared with the average pre–COVID-19 levels for 2018-2019 at the city level.

Persistence and Variability of the COVID-19 Pandemic
by Notifiable Disease Category

Overview
As shown in Figure 7 and Multimedia Appendix 8, an indirect
effect of the COVID-19 pandemic was evident on infectious

diseases, characterized by a significant decrease in overall
incidence during the initial year of the pandemic (2020),
succeeded by a resurgence toward pre–COVID-19 pandemic
levels for certain diseases. However, the degree of this
phenomenon varied across the phases depending on the disease
category.
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Figure 7. IRR in each epidemic phase in 2020 and 2021 for five categories of 42 notifiable infectious diseases. AHC: acute hemorrhagic conjunctivitis;
HD: hydatid disease; HF: hemorrhagic fever; HFMD: hand, foot, and mouth disease; ID: infectious diarrhea; IRR: incidence rate ratio; JE: Japanese
encephalitis; MM: meningococcal meningitis; SF: scarlet fever; SI: seasonal influenza; SM: schistosomiasis; T/P: typhoid and paratyphoid; TB:
tuberculosis. Panel A: IRR in each epidemic phase in 2020 and 2021 for five categories infectious diseases; Panel B: IRR in each epidemic phase in
2020 and 2021 for 42 infectious diseases.

Respiratory Diseases
The indirect impact of COVID-19 on respiratory diseases among
Chinese children and adolescents appeared to be relatively
consistent, as evidenced by a reduced incidence of each
respiratory disease during the 2 pandemic years compared with
the 2 prepandemic years. A rebound in the incidence rate of
respiratory diseases was observed only during phase 4 in 2021,
coinciding with a return to prepandemic rates.
COVID-19–related restrictions appeared to impact the incidence
of seasonal influenza, mumps, tuberculosis, scarlet fever,
rubella, pertussis, and measles, as their incident IRRs were
always lower during the 2 pandemic years than in the
corresponding phases before the COVID-19 pandemic. The
overall rebound in phase 4 of 2021 was driven mainly by
seasonal influenza, pertussis, and meningococcal meningitis
with larger IRRs of 1.02 (95% CI 0.74-1.41), 2.83 (95% CI
2.51-3.18), and 1.21 (95% CI 1.02-1.43) in phase 4 of 2021,
respectively.

Gastrointestinal and Enterovirus Diseases
The incidence rebound started from phase 3 of 2020 and reached
a similar level to prepandemic years in phase 4 of 2020, which
was maintained during 2021. The rebound of gastrointestinal
and enterovirus diseases was primarily led by infectious
diarrhea, with incident IRRs in phases 2, 3, and 4 of 2020 being
0.45 (95% CI 0.41-0.50), 1.22 (95% CI 1.17-1.28), and 1.48
(95% CI 1.41-1.55), respectively. A similar pattern was observed
in other gastrointestinal and enterovirus diseases, which
exhibited varying degrees of rebound from phase 3 of 2020
onward, although they did not fully return to the levels seen
before the COVID-19 pandemic in 2018 and 2019.

Sexually Transmitted and Blood-Borne Diseases
The indirect impact of COVID-19 on reducing sexually
transmitted and blood-borne diseases was not sustained, as there
was a rapid rebound starting from phase 3 of 2020 when China
relaxed its most stringent prevention measures. Subsequently,
the incidence of these diseases returned to pre–COVID-19
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levels. This rapid rebound, particularly notable in South China,
was largely driven by increases in the incident IRRs for syphilis
and gonorrhea during phase 3 of 2020, reaching 1.31 (95% CI
1.23-1.40) for syphilis and 1.10 (95% CI 1.05-1.16) for
gonorrhea (see Multimedia Appendices 9 and 10).

Zoonotic Diseases
The indirect impact of COVID-19 on zoonotic diseases appeared
to be weak, as there was a rapid rebound observed after phase
3 of 2020, with the incidence levels remaining similar to each
phase of the pre–COVID-19 years. Brucellosis stood out as the
most pronounced rebound point, showing an incident IRR of
2.08 (95% CI 1.86-2.33) in phase 3 of 2020, especially notable
in North China.

Vector-Borne Diseases
The indirect impact of COVID-19 on vector-borne diseases
appeared to be relatively enduring, as the incidence during the
COVID-19 pandemic years consistently remained lower than
the levels observed before the pandemic. Despite rebounds in
incidence for diseases such as hemorrhagic fever and typhus,
these were insufficient to alter the overall trend for this group
of diseases.

Discussion

Principal Findings
This examination of the incidence and mortality of 42 notifiable
infectious diseases among Chinese children and adolescents
aged 5-22 years in the period immediately preceding and the 2
years following the COVID-19 pandemic reveals that initially,
the pandemic had a significant indirect effect, leading to notable
decreases in all infectious diseases. However, this effect was
not sustained, and the incidence of infectious diseases rebounded
to previous levels during the second year of the pandemic,
especially in southern China, where COVID-19 restrictions
were largely lifted by 2021. The indirect effect of the pandemic
varied by disease category, region, and time, with sexually
transmitted and blood-borne diseases rebounding first, followed
by gastrointestinal and enterovirus, and zoonotic diseases. By
contrast, the indirect effect of the COVID-19 pandemic seemed
to have a more continuous impact on vector-borne and
respiratory diseases. Vector-borne diseases remained below
prepandemic levels throughout the study period, while
respiratory diseases only rebounded toward the end of the study
period.

Comparison With Other Studies
Numerous studies have demonstrated a decrease in the incidence
of infectious diseases during the initial phases of the COVID-19
pandemic, coinciding with the implementation of strict
COVID-19–related restrictions [16,22-27]. For instance, hospital
admission data from England revealed reductions in various
infectious diseases during the pandemic, with the most
significant decline observed in the incidence of seasonal
influenza [16]. Other data from China indicated reductions in
all infectious diseases, with respiratory diseases experiencing
the most substantial declines [19,22,24]. However, a research
study in Australia suggested that while various

vaccine-preventable infectious diseases declined, the incidence
of sexually transmitted and blood-borne diseases increased
during the pandemic [26]. We demonstrated that while the
incidence of hepatitis B, C, and D, as well as HIV/AIDS,
remained stable or experienced slight declines during the
COVID-19 pandemic, cases of syphilis and gonorrhea increased.
Our study provides new evidence indicating that the
implementation of national restrictions in response to the
COVID-19 pandemic did not consistently or uniformly reduce
the incidence of infectious diseases. This emphasizes the
significance of public health professionals collaborating with
governments to formulate comprehensive prevention and control
policies addressing a broader spectrum of infectious diseases,
beyond solely focusing on pandemic measures. This effort needs
to encompass various aspects, ranging from health education
to immunization, and from individuals to institutions, with a
focus on both children and adolescents as well as their parents.
A key finding from this study was the significant geographic
disparities in infectious disease distribution observed both before
and during the COVID-19 pandemic years. For instance,
zoonotic diseases primarily affected western regions, whereas
vector-borne diseases were mostly concentrated in coastal zones.
While reflecting prepandemic patterns, these disparities stem
from various factors including economic, geographic, climatic,
and social differences. Urbanization, for example, aggregates
populations and potentially increases the risk of disease
transmission [28-35]. The complexity of these regional
distribution patterns highlights the importance of conducting
in-depth research and disease surveillance to unravel the
nuanced relationships between environmental factors and
socioeconomic determinants of health.

The resurgence in respiratory diseases observed in the last
quarter of 2021 was primarily fueled by upticks in seasonal
influenza, pertussis, and meningococcal meningitis.
Interestingly, these conditions also demonstrated the most
pronounced sustained decline in incidence. This indicates that
the most significant indirect effect of COVID-19 restrictions
was observed in other respiratory infections, likely reflecting
the impact of sociobehavioral restrictions on the transmission
of respiratory diseases [36,37]. The persistent behavioral
restrictions aimed at reducing COVID-19 transmission, which
remained in place even after school reopenings, might have
contributed to the relative delay observed in returning to
pre–COVID-19 levels of seasonal influenza, mumps, scarlet
fever, rubella, and measles. The rebound in the incidence of
seasonal influenza, pertussis, and meningococcal meningitis
coincided with the peak season for these infectious diseases,
which also aligned with the lifting of restrictions. During the
pandemic, the decreased incidence of respiratory infectious
diseases resulted in lower viral exposure and reduced
immunization rates, leading to an “immunity debt.” This
phenomenon increases the proportion of individuals susceptible
to infection while gradually reducing herd immunity in the
population [38]. In addition to immunization against influenza,
pertussis, meningococcal meningitis, and COVID-19, wearing
masks during the peak season for infectious respiratory diseases
may represent an effective response to mitigate the scale of
rebound in respiratory infections, as evidenced by ongoing
efforts in Europe [38].
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During the COVID-19 pandemic, there was a notable decrease
in the incidence of gastrointestinal and enterovirus diseases
among Chinese children and adolescents, which gradually
increased as COVID-19 restrictions loosened, eventually
returning to average levels. This pattern aligns with the impact
of COVID-19 restrictions on social contact. In line with previous
research, the most significant decline in gastrointestinal and
enterovirus diseases was observed for HFMD, a seasonal virus
that frequently affects children in school settings [19,22,25].
We demonstrated that infectious diarrhea and dysentery
rebounded initially, followed by HFMD. However, acute
hemorrhagic conjunctivitis, typhoid and paratyphoid, and
hepatitis A exhibited persistently lower levels during the
monitoring period. Understanding these nuances is crucial. For
instance, 2 rounds of rebound have been described for HFMD:
the first coinciding with the reopening of schools and the second
corresponding to the seasonal increases experienced in spring
and early summer [39].

During the initial phase of the COVID-19 pandemic, the
incidence of sexually transmitted and blood-borne diseases
decreased but rebounded to prerestriction levels when
COVID-19–related restrictions were partially lifted. Gonorrhea
and HIV/AIDS rebounded to average levels observed across
2018 and 2019, while syphilis rebounded to a higher incidence
during the second year of the pandemic. Research conducted
in the United States [40] and Germany [41] has indicated a
positive correlation between sexually transmitted diseases and
population mobility, implying that the COVID-19 restrictions
effectively curbed population movement. While restrictions on
population mobility might have reduced access to sexual
partners and decreased high-risk sexual behavior and injecting
drug use, the inability to attend hospitals for screening might
have also contributed to the reduction of these infections during
the pandemic [42]. As restrictions on population mobility were
lifted before the reopening of schools, the rise in the incidence
of gonorrhea and HIV/AIDS to levels exceeding historical norms
is potentially driven by out-of-school adolescents. Previous
research has also indicated that restrictions implemented to
reduce COVID-19 transmission were ineffective in stemming
the spread of syphilis [43]. In the United States, syphilis is more
prevalent among individuals engaging in unprotected sex or
having multiple partners, those who are HIV positive, and those
who engage in sexual activity with peers, with recent significant
increases observed among women [44]. One possible factor
during the pandemic was the reduced access to condoms, which
may have led to an increase in unprotected intercourse [45].
These findings underscore the importance that, during any
pandemic, efforts to ensure the preservation of programs and
interventions aimed at identifying and treating sexually
transmitted infections are critical, alongside specific responsive
measures.

Vector-borne diseases, along with respiratory infectious
diseases, were the conditions that experienced the most
pronounced benefits from COVID-19 pandemic measures, with
incidence levels remaining lower for an extended period, despite
some rebound observed in hemorrhagic fever and typhus. The
restrictions on population mobility and the stringent control of
students’ mobility during the pandemic seem to have

substantially reduced opportunities for children and adolescents
to come into contact with vectors and animal reservoirs of
vector-borne and zoonotic diseases. This has led to a decreased
incidence of both types of infectious diseases, consistent with
evidence observed in adults [19]. While the highly cautious
approach by the Chinese government to international travel may
have contributed to this phenomenon, a resurgence of
vector-borne diseases is anticipated once international travel
resumes [46], as evidenced in Italy [47]. International travel has
minimal impact on zoonoses, diseases that appear to be more
prevalent in rural areas where children and adolescents have
increased interaction with animals. School closures in these
areas may elevate the risk of exposure to diseases such as
brucellosis for students residing in rural areas [48].

Implications
Human civilization has encountered numerous pandemics
throughout history. Interventions implemented during the
COVID-19 pandemic have proven effective in “buying time”
for vaccine development and reducing human mortality.
However, there has been considerably less focus on measures
to control the rebound in the incidence of common infectious
diseases that often resurge during the later phases of any
epidemic. In formulating strategies to address future pandemics,
public health policy makers and governments are urged to
consider approaches aimed at limiting the anticipated rebound
in the incidence of other infectious diseases, particularly for
disease categories where the rebound is projected to surpass
prepandemic levels. Priority infectious diseases should be
selected based on regional monitoring data, and comprehensive
strategies should be developed for all categories of infectious
diseases. Implementing interventions in schools may prove
effective in preventing the rebound of gastrointestinal and
enterovirus diseases while expanding vaccination programs can
help address the immunization deficit resulting from limited
exposure to respiratory infectious viruses or vaccine shortages
during the pandemic. Maintaining testing and treatment services
for sexually transmitted diseases is crucial across any pandemic
while developing response strategies for imported vector-borne
illnesses is imperative in any postpandemic phase.

Strengths and Limitations
This study possesses several notable strengths. First, we used
data from the CISDCP, a long-term, systematic surveillance
system covering over 85% of health facilities in China [20,49].
In China, health monitoring is largely conducted within schools.
However, the utilization of the CISDCP allowed us to access
data for out-of-school children and adolescents as well, thereby
further increasing the representativeness of our study. While
the CISDCP encompasses suspected cases, carriers of pathogens,
and confirmed cases, we specifically included only patients
with diagnoses supported by both uniform clinical standards
and laboratory tests. This approach undoubtedly enhanced the
accuracy of our results. Several potential limitations should be
noted as well. The incidence of infectious diseases is influenced
by multiple factors during the COVID-19 pandemic, and this
study solely analyzed the impact of COVID-19–related
restrictions, without considering specific meteorological, travel,
and human mobility factors. Furthermore, the collective nature
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of COVID-19–related restrictions poses challenges in assessing
the effects of individual restrictions. In addition, the variability
in COVID-19 policy responses across Chinese provinces in
2021, such as fluctuating lockdowns and reopening, as well as
variations in policy enforcement, complicates the distinction
between affected and unaffected areas within these analyses.
Indeed, the variability in policy implementation could potentially
result in an underestimation of the impact of 2021 policies on
the incidence rates of infectious diseases.

Conclusions
This study has unveiled the indirect impact of
COVID-19–related restrictions on the incidence of infectious
diseases among 5-22-year-old children and adolescents in China.
Throughout the COVID-19 pandemic, there was a notable
reduction in the incidence of the majority of infectious diseases,
particularly respiratory and vector-borne diseases. However,
the lifting of national COVID-19–related restrictions led to a
rapid rebound in gastrointestinal and enterovirus diseases,

sexually transmitted and blood-borne diseases, and zoonotic
diseases, particularly in southern China. The overall resurgence
of infectious diseases was primarily driven by respiratory
diseases such as seasonal influenza, pertussis, and
meningococcal meningitis, as well as gastrointestinal and
enterovirus diseases such as HFMD and infectious diarrhea.
Some sexually transmitted and blood-borne diseases, such as
syphilis and gonorrhea, did not exhibit any reductions and
instead showed persistently rising levels over the pandemic
years. Planning for future pandemics must acknowledge that
while mitigating strategies for the specific infectious agent are
crucial, investment in broader efforts must also continue to
protect children and adolescents. Beyond health education and
access to routine immunizations, strategies should encompass
precise approaches for different infectious diseases;
strengthening disease surveillance; and ensuring access to
prevention, diagnosis, and treatment services for sexually
transmitted infections.

Acknowledgments
This study was supported by the National Natural Science Foundation (grant 82103865 to YD and grant 82273654 to YS) and
Beijing Natural Science Foundation (grant 7222244 to YD and grant 7222247 to YS). We acknowledge Professor David Burgner
(Murdoch Children’s Research Institute, Royal Children’s Hospital) for helpful preliminary discussions and suggestions.

Data Availability
All of the data (deidentified) collected in the surveillance system can be shared with investigators whose proposed use of the data
has been approved by an independent review committee identified for this purpose by contacting the corresponding author. The
study protocol and statistical analysis plan must be approved by the committee. Proposals should be directed to
dongyanhui@bjmu.edu.cn, songyi@bjmu.edu.cn, or majunt@bjmu.edu.cn.

Authors' Contributions
YD and YS have equal contributions to this study. LC, LW, and YX conceptualized and designed the study, completed the
statistical analyses, drafted the initial manuscript, and reviewed and revised the manuscript. YD, JEM, and YS contributed to the
conceptualization and design of the study; supervised the data collection, statistical analyses, and initial drafting of the manuscript;
and reviewed and revised the manuscript. SS and JM contributed to the interpretation of the data, and critically reviewed and
revised the manuscript from preliminary draft to submission. JX, BS, MG, XR, YZ, JL, TM, and MC assisted with the data
interpretation and also reviewed and revised the manuscript. All authors approved the final manuscript as submitted and agreed
to be accountable for all aspects of the work.

Conflicts of Interest
None declared.

Multimedia Appendix 1
The trends in number of cases, incidence, number of deaths, and mortality rate for 42 notifiable infectious diseases by year and
quarter.
[DOCX File , 18 KB-Multimedia Appendix 1]

Multimedia Appendix 2
The changes in incidence (per100,000) and mortality (per 100,000) for 42 notifiable infectious diseases in China, from 2018 to
2021.
[DOCX File , 33 KB-Multimedia Appendix 2]

Multimedia Appendix 3
The trends in incidence and proportion for 42 notifiable infectious diseases by disease category, from 2018 to 2021.

JMIR Public Health Surveill 2024 | vol. 10 | e47626 | p. 14https://publichealth.jmir.org/2024/1/e47626
(page number not for citation purposes)

Chen et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=publichealth_v10i1e47626_app1.docx&filename=704fb57c64a3c231b51ae0ad920d6926.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e47626_app1.docx&filename=704fb57c64a3c231b51ae0ad920d6926.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e47626_app2.docx&filename=8de127c01fe38de32213d9130acf8d94.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e47626_app2.docx&filename=8de127c01fe38de32213d9130acf8d94.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/


[DOCX File , 163 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Ranking of incidence of each of the 42 notifiable infectious disease by year, from 2018 to 2021.
[DOCX File , 277 KB-Multimedia Appendix 4]

Multimedia Appendix 5
The incidence of 5 categories for 42 notifiable infectious diseases at the city level, from 2018 to 2020.
[DOCX File , 1156 KB-Multimedia Appendix 5]

Multimedia Appendix 6
The percent changes of cumulative incidence of 5 categories for 42 notifiable infectious diseases by epidemic phase at the city
level.
[DOCX File , 2506 KB-Multimedia Appendix 6]

Multimedia Appendix 7
Incidence of overall infectious diseases and percent changes of cumulative incidence in each epidemic phase between 2020 and
2021 and the average of 2018-2019 at the city level (excluding seasonal influenza).
[DOCX File , 1649 KB-Multimedia Appendix 7]

Multimedia Appendix 8
IRRs for incidence for 42 notifiable infectious diseases in China, from 2018 to 2021. IRR: incidence rate ratio.
[DOCX File , 25 KB-Multimedia Appendix 8]

Multimedia Appendix 9
IRRs for incidence for 42 notifiable infectious diseases in North China, from 2018 to 2021. IRR: incidence rate ratio.
[DOCX File , 23 KB-Multimedia Appendix 9]

Multimedia Appendix 10
IRRs for incidence for 42 notifiable infectious diseases in South China, from 2018 to 2021. IRR: incidence rate ratio.
[DOCX File , 24 KB-Multimedia Appendix 10]

References

1. Age Structure - UNCTAD Handbook of Statistics 2021. UNCTAD. 2021. URL: https://hbs.unctad.org/age-structure/
[accessed 2024-04-10]

2. Yang S, Wu J, Ding C, Cui Y, Zhou Y, Li Y, et al. Epidemiological features of and changes in incidence of infectious
diseases in China in the first decade after the SARS outbreak: an observational trend study. Lancet Infect Dis. Jul
2017;17(7):716-725. [FREE Full text] [doi: 10.1016/S1473-3099(17)30227-X] [Medline: 28412150]

3. Liu Y, Morgenstern C, Kelly J, Lowe R, CMMID COVID-19 Working Group, Jit M. The impact of non-pharmaceutical
interventions on SARS-CoV-2 transmission across 130 countries and territories. BMC Med. Feb 05, 2021;19(1):40. [FREE
Full text] [doi: 10.1186/s12916-020-01872-8] [Medline: 33541353]

4. Li Y, Campbell H, Kulkarni D, Harpur A, Nundy M, Wang X, et al. The temporal association of introducing and lifting
non-pharmaceutical interventions with the time-varying reproduction number (R) of SARS-CoV-2: a modelling study
across 131 countries. The Lancet Infectious Diseases. Feb 2021;21(2):193-202. [doi: 10.1016/s1473-3099(20)30785-4]

5. Odusanya OO, Odugbemi BA, Odugbemi TO, Ajisegiri WS. COVID-19: a review of the effectiveness of non-pharmacological
interventions. Niger Postgrad Med J. 2020;27(4):261-267. [doi: 10.4103/npmj.npmj_208_20] [Medline: 33154276]

6. Dong Y, Mo X, Hu Y, Qi X, Jiang F, Jiang Z, et al. Epidemiology of COVID-19 among children in China. Pediatrics. Jun
2020;145(6):e20200702. [doi: 10.1542/peds.2020-0702] [Medline: 32179660]

7. Bo Y, Guo C, Lin C, Zeng Y, Li HB, Zhang Y, et al. Effectiveness of non-pharmaceutical interventions on COVID-19
transmission in 190 countries from 23 January to 13 April 2020. Int J Infect Dis. Jan 2021;102:247-253. [FREE Full text]
[doi: 10.1016/j.ijid.2020.10.066] [Medline: 33129965]

8. Mendez-Brito A, El Bcheraoui C, Pozo-Martin F. Systematic review of empirical studies comparing the effectiveness of
non-pharmaceutical interventions against COVID-19. J Infect. Sep 2021;83(3):281-293. [FREE Full text] [doi:
10.1016/j.jinf.2021.06.018] [Medline: 34161818]

JMIR Public Health Surveill 2024 | vol. 10 | e47626 | p. 15https://publichealth.jmir.org/2024/1/e47626
(page number not for citation purposes)

Chen et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=publichealth_v10i1e47626_app3.docx&filename=0c5e1696b2e98f9b43832b68c3703489.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e47626_app3.docx&filename=0c5e1696b2e98f9b43832b68c3703489.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e47626_app4.docx&filename=39bf6f1b773abd9e71f74570e42490cc.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e47626_app4.docx&filename=39bf6f1b773abd9e71f74570e42490cc.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e47626_app5.docx&filename=998f096d2584ed8d1d6918ebbe899c8c.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e47626_app5.docx&filename=998f096d2584ed8d1d6918ebbe899c8c.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e47626_app6.docx&filename=8d44f92a175de4a5ace1e2853259bb31.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e47626_app6.docx&filename=8d44f92a175de4a5ace1e2853259bb31.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e47626_app7.docx&filename=1a8fc30197d5553e825c79e03d221961.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e47626_app7.docx&filename=1a8fc30197d5553e825c79e03d221961.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e47626_app8.docx&filename=ee8d32f7ce7491dc5954d1c439b30b8e.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e47626_app8.docx&filename=ee8d32f7ce7491dc5954d1c439b30b8e.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e47626_app9.docx&filename=7ca8b840c6ba4a907964b452900147d2.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e47626_app9.docx&filename=7ca8b840c6ba4a907964b452900147d2.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e47626_app10.docx&filename=6620a06b00c1aca2cbe4b1c9416aa2c5.docx
https://jmir.org/api/download?alt_name=publichealth_v10i1e47626_app10.docx&filename=6620a06b00c1aca2cbe4b1c9416aa2c5.docx
https://hbs.unctad.org/age-structure/
https://europepmc.org/abstract/MED/28412150
http://dx.doi.org/10.1016/S1473-3099(17)30227-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28412150&dopt=Abstract
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-020-01872-8
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-020-01872-8
http://dx.doi.org/10.1186/s12916-020-01872-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33541353&dopt=Abstract
http://dx.doi.org/10.1016/s1473-3099(20)30785-4
http://dx.doi.org/10.4103/npmj.npmj_208_20
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33154276&dopt=Abstract
http://dx.doi.org/10.1542/peds.2020-0702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32179660&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1201-9712(20)32270-0
http://dx.doi.org/10.1016/j.ijid.2020.10.066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33129965&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0163-4453(21)00316-9
http://dx.doi.org/10.1016/j.jinf.2021.06.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34161818&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


9. Hsiang S, Allen D, Annan-Phan S, Bell K, Bolliger I, Chong T, et al. The effect of large-scale anti-contagion policies on
the COVID-19 pandemic. Nature. Aug 2020;584(7820):262-267. [doi: 10.1038/s41586-020-2404-8] [Medline: 32512578]

10. Utamura M, Koizumi M, Kirikami S. An epidemiological model considering isolation to predict COVID-19 trends in
Tokyo, Japan: numerical analysis. JMIR Public Health Surveill. Dec 16, 2020;6(4):e23624. [FREE Full text] [doi:
10.2196/23624] [Medline: 33259325]

11. Sahoo DP, Singh AK, Sahu DP, Pradhan SK, Patro BK, Batmanabane G, et al. Hospital-based contact tracing of patients
with COVID-19 and health care workers during the COVID-19 pandemic in eastern India: cross-sectional study. JMIR
Form Res. Oct 21, 2021;5(10):e28519. [FREE Full text] [doi: 10.2196/28519] [Medline: 34596569]

12. Jüni P, Rothenbühler M, Bobos P, Thorpe KE, da Costa BR, Fisman DN, et al. Impact of climate and public health
interventions on the COVID-19 pandemic: a prospective cohort study. CMAJ. May 25, 2020;192(21):E566-E573. [FREE
Full text] [doi: 10.1503/cmaj.200920] [Medline: 32385067]

13. Islam N, Sharp SJ, Chowell G, Shabnam S, Kawachi I, Lacey B, et al. Physical distancing interventions and incidence of
coronavirus disease 2019: natural experiment in 149 countries. BMJ. Jul 15, 2020;370:m2743. [FREE Full text] [doi:
10.1136/bmj.m2743] [Medline: 32669358]

14. Todd IMF, Miller JE, Rowe SL, Burgner DP, Sullivan SG. Changes in infection-related hospitalizations in children following
pandemic restrictions: an interrupted time-series analysis of total population data. Int J Epidemiol. Nov 10,
2021;50(5):1435-1443. [FREE Full text] [doi: 10.1093/ije/dyab101] [Medline: 34056664]

15. Li ZJ, Yu LJ, Zhang HY, Shan CX, Lu QB, Zhang XA, et al. Chinese Centers for Disease ControlPrevention (CDC) Etiology
Surveillance Study Team of Acute Respiratory Infections. Broad impacts of coronavirus disease 2019 (COVID-19) pandemic
on acute respiratory infections in China: an observational study. Clin Infect Dis. Aug 24, 2022;75(1):e1054-e1062. [FREE
Full text] [doi: 10.1093/cid/ciab942] [Medline: 34788811]

16. Kadambari S, Goldacre R, Morris E, Goldacre MJ, Pollard AJ. Indirect effects of the covid-19 pandemic on childhood
infection in England: population based observational study. BMJ. Jan 12, 2022;376:e067519. [FREE Full text] [doi:
10.1136/bmj-2021-067519] [Medline: 35022215]

17. Sakamoto H, Ishikane M, Ueda P. Seasonal influenza activity during the SARS-CoV-2 outbreak in Japan. JAMA. May 19,
2020;323(19):1969-1971. [FREE Full text] [doi: 10.1001/jama.2020.6173] [Medline: 32275293]

18. Gillies MB, Burgner DP, Ivancic L, Nassar N, Miller JE, Sullivan SG, et al. Changes in antibiotic prescribing following
COVID-19 restrictions: lessons for post-pandemic antibiotic stewardship. Br J Clin Pharmacol. Mar 2022;88(3):1143-1151.
[FREE Full text] [doi: 10.1111/bcp.15000] [Medline: 34405427]

19. Geng M, Zhang H, Yu L, Lv C, Wang T, Che T, et al. Changes in notifiable infectious disease incidence in China during
the COVID-19 pandemic. Nat Commun. Nov 26, 2021;12(1):6923. [FREE Full text] [doi: 10.1038/s41467-021-27292-7]
[Medline: 34836947]

20. Dong Y, Wang L, Burgner DP, Miller JE, Song Y, Ren X, et al. Infectious diseases in children and adolescents in China:
analysis of national surveillance data from 2008 to 2017. BMJ. Apr 02, 2020;369:m1043. [FREE Full text] [doi:
10.1136/bmj.m1043] [Medline: 32241761]

21. National Bureau of Statistics of China. 2023. URL: https://www.stats.gov.cn [accessed 2024-04-10]
22. Chen B, Wang M, Huang X, Xie M, Pan L, Liu H, et al. Changes in incidence of notifiable infectious diseases in China

under the prevention and control measures of COVID-19. Front Public Health. Oct 15, 2021;9:728768. [FREE Full text]
[doi: 10.3389/fpubh.2021.728768] [Medline: 34722440]

23. Chen J, Chen Y, Sun Y. Control of COVID-19 in China likely reduced the burden of multiple other infectious diseases. J
Infect. Apr 2022;84(4):579-613. [FREE Full text] [doi: 10.1016/j.jinf.2022.01.001] [Medline: 35016903]

24. Bai B, Jiang Q, Hou J. The COVID-19 epidemic and other notifiable infectious diseases in China. Microbes Infect. Feb
2022;24(1):104881. [FREE Full text] [doi: 10.1016/j.micinf.2021.104881] [Medline: 34419605]

25. Chen S, Zhang X, Zhou Y, Yang K, Lu X. COVID-19 protective measures prevent the spread of respiratory and intestinal
infectious diseases but not sexually transmitted and bloodborne diseases. J Infect. Jul 2021;83(1):e37-e39. [FREE Full text]
[doi: 10.1016/j.jinf.2021.04.018] [Medline: 33895225]

26. Adegbija O, Walker J, Smoll N, Khan A, Graham J, Khandaker G. Notifiable diseases after implementation of COVID-19
public health prevention measures in Central Queensland, Australia. Commun Dis Intell (2018). Feb 26, 2021.:45. [FREE
Full text] [doi: 10.33321/cdi.2021.45.11] [Medline: 33632091]

27. Amar S, Avni YS, O'Rourke N, Michael T. Prevalence of common infectious diseases after COVID-19 vaccination and
easing of pandemic restrictions in Israel. JAMA Netw Open. Feb 01, 2022;5(2):e2146175. [FREE Full text] [doi:
10.1001/jamanetworkopen.2021.46175] [Medline: 35103792]

28. Li Z, Wang P, Gao G, Xu C, Chen X. Age-period-cohort analysis of infectious disease mortality in urban-rural China,
1990-2010. Int J Equity Health. Mar 31, 2016;15(1):55. [FREE Full text] [doi: 10.1186/s12939-016-0343-7] [Medline:
27036223]

29. de Lusignan S, McGee C, Webb R, Joy M, Byford R, Yonova I, et al. Conurbation, urban, and rural living as determinants
of allergies and infectious diseases: Royal College of General Practitioners Research and Surveillance Centre annual report
2016-2017. JMIR Public Health Surveill. Nov 26, 2018;4(4):e11354. [FREE Full text] [doi: 10.2196/11354] [Medline:
30478022]

JMIR Public Health Surveill 2024 | vol. 10 | e47626 | p. 16https://publichealth.jmir.org/2024/1/e47626
(page number not for citation purposes)

Chen et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

http://dx.doi.org/10.1038/s41586-020-2404-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32512578&dopt=Abstract
https://publichealth.jmir.org/2020/4/e23624/
http://dx.doi.org/10.2196/23624
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33259325&dopt=Abstract
https://formative.jmir.org/2021/10/e28519/
http://dx.doi.org/10.2196/28519
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34596569&dopt=Abstract
http://www.cmaj.ca/cgi/pmidlookup?view=long&pmid=32385067
http://www.cmaj.ca/cgi/pmidlookup?view=long&pmid=32385067
http://dx.doi.org/10.1503/cmaj.200920
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32385067&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=32669358
http://dx.doi.org/10.1136/bmj.m2743
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32669358&dopt=Abstract
https://europepmc.org/abstract/MED/34056664
http://dx.doi.org/10.1093/ije/dyab101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34056664&dopt=Abstract
https://europepmc.org/abstract/MED/34788811
https://europepmc.org/abstract/MED/34788811
http://dx.doi.org/10.1093/cid/ciab942
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34788811&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=35022215
http://dx.doi.org/10.1136/bmj-2021-067519
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35022215&dopt=Abstract
https://europepmc.org/abstract/MED/32275293
http://dx.doi.org/10.1001/jama.2020.6173
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32275293&dopt=Abstract
https://europepmc.org/abstract/MED/34405427
http://dx.doi.org/10.1111/bcp.15000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34405427&dopt=Abstract
https://doi.org/10.1038/s41467-021-27292-7
http://dx.doi.org/10.1038/s41467-021-27292-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34836947&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=32241761
http://dx.doi.org/10.1136/bmj.m1043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32241761&dopt=Abstract
https://www.stats.gov.cn
https://europepmc.org/abstract/MED/34722440
http://dx.doi.org/10.3389/fpubh.2021.728768
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34722440&dopt=Abstract
https://europepmc.org/abstract/MED/35016903
http://dx.doi.org/10.1016/j.jinf.2022.01.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35016903&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1286-4579(21)00103-9
http://dx.doi.org/10.1016/j.micinf.2021.104881
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34419605&dopt=Abstract
https://europepmc.org/abstract/MED/33895225
http://dx.doi.org/10.1016/j.jinf.2021.04.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33895225&dopt=Abstract
https://doi.org/10.33321/cdi.2021.45.11
https://doi.org/10.33321/cdi.2021.45.11
http://dx.doi.org/10.33321/cdi.2021.45.11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33632091&dopt=Abstract
https://europepmc.org/abstract/MED/35103792
http://dx.doi.org/10.1001/jamanetworkopen.2021.46175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35103792&dopt=Abstract
https://equityhealthj.biomedcentral.com/articles/10.1186/s12939-016-0343-7
http://dx.doi.org/10.1186/s12939-016-0343-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27036223&dopt=Abstract
https://publichealth.jmir.org/2018/4/e11354/
http://dx.doi.org/10.2196/11354
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30478022&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


30. Jones KE, Patel NG, Levy MA, Storeygard A, Balk D, Gittleman JL, et al. Global trends in emerging infectious diseases.
Nature. Feb 21, 2008;451(7181):990-993. [FREE Full text] [doi: 10.1038/nature06536] [Medline: 18288193]

31. Timpka T, Spreco A, Dahlström Ö, Eriksson O, Gursky E, Ekberg J, et al. Performance of eHealth data sources in local
influenza surveillance: a 5-year open cohort study. J Med Internet Res. Apr 28, 2014;16(4):e116. [FREE Full text] [doi:
10.2196/jmir.3099] [Medline: 24776527]

32. Sylvestre E, Cécilia-Joseph E, Bouzillé G, Najioullah F, Etienne M, Malouines F, et al. The role of heterogenous real-world
data for dengue surveillance in Martinique: observational retrospective study. JMIR Public Health Surveill. Dec 22,
2022;8(12):e37122. [FREE Full text] [doi: 10.2196/37122] [Medline: 36548023]

33. Pesälä S, Virtanen MJ, Sane J, Jousimaa J, Lyytikäinen O, Murtopuro S, et al. Health care professionals' evidence-based
medicine internet searches closely mimic the known seasonal variation of Lyme borreliosis: a register-based study. JMIR
Public Health Surveill. Apr 11, 2017;3(2):e19. [FREE Full text] [doi: 10.2196/publichealth.6764] [Medline: 28400357]

34. Koch M, Matzke I, Huhn S, Sié A, Boudo V, Compaoré G, et al. Assessing the effect of extreme weather on population
health using consumer-grade wearables in rural Burkina Faso: observational panel study. JMIR Mhealth Uhealth. Nov 08,
2023;11:e46980. [FREE Full text] [doi: 10.2196/46980] [Medline: 37938879]

35. Ab Kadir MA, Abdul Manaf R, Mokhtar SA, Ismail LI. Spatio-temporal analysis of leptospirosis hotspot areas and its
association with hydroclimatic factors in Selangor, Malaysia: protocol for an ecological cross-sectional study. JMIR Res
Protoc. May 15, 2023;12:e43712. [FREE Full text] [doi: 10.2196/43712] [Medline: 37184897]

36. Jackson C, Mangtani P, Hawker J, Olowokure B, Vynnycky E. The effects of school closures on influenza outbreaks and
pandemics: systematic review of simulation studies. PLoS One. 2014;9(5):e97297. [FREE Full text] [doi:
10.1371/journal.pone.0097297] [Medline: 24830407]

37. Flaxman S, Mishra S, Gandy A, Unwin HJT, Mellan TA, Coupland H, Imperial College COVID-19 Response Team, et al.
Estimating the effects of non-pharmaceutical interventions on COVID-19 in Europe. Nature. Aug 2020;584(7820):257-261.
[doi: 10.1038/s41586-020-2405-7] [Medline: 32512579]

38. Cohen R, Ashman M, Taha M, Varon E, Angoulvant F, Levy C, et al. Pediatric Infectious Disease Group (GPIP) position
paper on the immune debt of the COVID-19 pandemic in childhood, how can we fill the immunity gap? Infect Dis Now.
Aug 2021;51(5):418-423. [FREE Full text] [doi: 10.1016/j.idnow.2021.05.004] [Medline: 33991720]

39. Xing W, Liao Q, Viboud C, Zhang J, Sun J, Wu JT, et al. Hand, foot, and mouth disease in China, 2008-12: an epidemiological
study. Lancet Infect Dis. Apr 2014;14(4):308-318. [FREE Full text] [doi: 10.1016/S1473-3099(13)70342-6] [Medline:
24485991]

40. Braunstein SL, Slutsker JS, Lazar R, Shah D, Hennessy RR, Chen SX, et al. Epidemiology of reported HIV and other
sexually transmitted infections during the COVID-19 pandemic, New York City. J Infect Dis. Sep 01, 2021;224(5):798-803.
[FREE Full text] [doi: 10.1093/infdis/jiab319] [Medline: 34134130]

41. Ullrich A, Schranz M, Rexroth U, Hamouda O, Schaade L, Diercke M, et al. Robert Koch's Infectious Disease Surveillance
Group. Impact of the COVID-19 pandemic and associated non-pharmaceutical interventions on other notifiable infectious
diseases in Germany: An analysis of national surveillance data during week 1-2016 - week 32-2020. Lancet Reg Health
Eur. Jul 2021;6:100103. [FREE Full text] [doi: 10.1016/j.lanepe.2021.100103] [Medline: 34557831]

42. van Bilsen WPH, Zimmermann HML, Boyd A, Coyer L, van der Hoek L, Kootstra NA, et al. Sexual behavior and its
determinants during COVID-19 restrictions among men who have sex with men in Amsterdam. J Acquir Immune Defic
Syndr. Mar 01, 2021;86(3):288-296. [FREE Full text] [doi: 10.1097/QAI.0000000000002581] [Medline: 33230027]

43. Li W, Li G, Xin C, Wang Y, Yang S. Challenges in the practice of sexual medicine in the time of COVID-19 in China. J
Sex Med. Jul 2020;17(7):1225-1228. [FREE Full text] [doi: 10.1016/j.jsxm.2020.04.380] [Medline: 32418751]

44. Stanford KA, Almirol E, Schneider J, Hazra A. Rising syphilis rates during the COVID-19 pandemic. Sex Transm Dis.
Jun 01, 2021;48(6):e81-e83. [doi: 10.1097/OLQ.0000000000001431] [Medline: 33783406]

45. Tudor ME, Al Aboud AM, Leslie SW, Gossman W. Syphilis. In: StatPearls [Internet]. Treasure Island, FL. StatPearls
Publishing; Jan 2024.

46. Wilder-Smith A. Dengue during the COVID-19 pandemic. J Travel Med. Dec 29, 2021;28(8):taab183. [FREE Full text]
[doi: 10.1093/jtm/taab183] [Medline: 34850050]

47. Barzon L, Gobbi F, Capelli G, Montarsi F, Martini S, Riccetti S, et al. Autochthonous dengue outbreak in Italy 2020:
clinical, virological and entomological findings. J Travel Med. Dec 29, 2021;28(8):taab130. [FREE Full text] [doi:
10.1093/jtm/taab130] [Medline: 34409443]

48. Petrovan SO, Aldridge DC, Bartlett H, Bladon AJ, Booth H, Broad S, et al. Post COVID-19: a solution scan of options for
preventing future zoonotic epidemics. Biol Rev Camb Philos Soc. Dec 2021;96(6):2694-2715. [FREE Full text] [doi:
10.1111/brv.12774] [Medline: 34231315]

49. Zhang H, Wang L, Lai S, Li Z, Sun Q, Zhang P. Surveillance and early warning systems of infectious disease in China:
From 2012 to 2014. Int J Health Plann Manage. Jul 2017;32(3):329-338. [doi: 10.1002/hpm.2434] [Medline: 28632912]

Abbreviations
CISDCP: China Information System for Disease Control and Prevention

JMIR Public Health Surveill 2024 | vol. 10 | e47626 | p. 17https://publichealth.jmir.org/2024/1/e47626
(page number not for citation purposes)

Chen et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

https://europepmc.org/abstract/MED/18288193
http://dx.doi.org/10.1038/nature06536
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18288193&dopt=Abstract
https://www.jmir.org/2014/4/e116/
http://dx.doi.org/10.2196/jmir.3099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24776527&dopt=Abstract
https://publichealth.jmir.org/2022/12/e37122/
http://dx.doi.org/10.2196/37122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36548023&dopt=Abstract
https://publichealth.jmir.org/2017/2/e19/
http://dx.doi.org/10.2196/publichealth.6764
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28400357&dopt=Abstract
https://air.unimi.it/handle/2434/1019310
http://dx.doi.org/10.2196/46980
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37938879&dopt=Abstract
https://www.researchprotocols.org/2023//e43712/
http://dx.doi.org/10.2196/43712
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37184897&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0097297
http://dx.doi.org/10.1371/journal.pone.0097297
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24830407&dopt=Abstract
http://dx.doi.org/10.1038/s41586-020-2405-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32512579&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2666-9919(21)00112-3
http://dx.doi.org/10.1016/j.idnow.2021.05.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33991720&dopt=Abstract
https://europepmc.org/abstract/MED/24485991
http://dx.doi.org/10.1016/S1473-3099(13)70342-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24485991&dopt=Abstract
https://europepmc.org/abstract/MED/34134130
http://dx.doi.org/10.1093/infdis/jiab319
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34134130&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2666-7762(21)00080-6
http://dx.doi.org/10.1016/j.lanepe.2021.100103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34557831&dopt=Abstract
https://europepmc.org/abstract/MED/33230027
http://dx.doi.org/10.1097/QAI.0000000000002581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33230027&dopt=Abstract
https://europepmc.org/abstract/MED/32418751
http://dx.doi.org/10.1016/j.jsxm.2020.04.380
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32418751&dopt=Abstract
http://dx.doi.org/10.1097/OLQ.0000000000001431
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33783406&dopt=Abstract
https://europepmc.org/abstract/MED/34850050
http://dx.doi.org/10.1093/jtm/taab183
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34850050&dopt=Abstract
https://europepmc.org/abstract/MED/34409443
http://dx.doi.org/10.1093/jtm/taab130
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34409443&dopt=Abstract
https://europepmc.org/abstract/MED/34231315
http://dx.doi.org/10.1111/brv.12774
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34231315&dopt=Abstract
http://dx.doi.org/10.1002/hpm.2434
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28632912&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


HFMD: hand, foot, and mouth disease
IRR: incidence rate ratio
PC: percent change
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