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ABSTRACT
The changing incidence of varicella, mumps, and scarlet
fever during the COVID-19 pandemic in Korea, 2020

We used reported varicella, mumps, and scarlet fever cases designated as a
National Notifiable Infectious Disease and collected by the Korea Disease Control
and Prevention Agency (KDCA) surveillance system between January 2001 and
December 2020. The observed incidence rate between 2001 and 2020 was
calculated with the number of cases over the number of Korean populations each
year. The predicted incidence rate in 2020 was estimated using the seasonal
autoregressive integrated moving average model. Observed incidence rates in 2020
were compared with the predicted incidence in 2020 and average incidence in
2015-2019.
The observed incidence rates of all three infectious diseases decreased in 2020,
resulting in the lowest incidence rates during the study period with 60.65 per
100,000 for varicella, 19.16 per 100,000 for mumps, and 4.32 per 100,000 for
scarlet fever. The observed monthly incidence rates of scarlet fever and varicella
in 2020 were significantly lower than the predicted incidence in 2020 and average
monthly incidence in 2015-2019.
Our study showed that during the COVID-19 pandemic in 2020, there was a
significant reduction in varicella, mumps, and scarlet fever incidence rates in

Korea. We suggested that non-pharmaceutical interventions implemented during
the COVID-19 pandemic should be used as a prevention for other respiratory
infectious diseases in the future.
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1. Introduction
1.1. The burden of infectious diseases in Korea
In many developed countries, infectious disease-related deaths have declined due
to public health efforts such as improved sanitation, immunization, and antibiotic
medication. On the other hand, infectious illnesses have complicated epidemiology,
and they cause a critical number of deaths around the world. Infectious sickness
flare-ups and reemergence have a significant effect on the well-being of numerous
communities.

Furthermore,

infectious

disease-related

mortality

has

disproportionately impacted countries and populations of lower socioeconomic
positions.
South Korea (hereafter Korea) has experienced rapid economic growth in recent
decades and the development of a sustainable healthcare system that is widely
available. The overall mortality rate in this country decreased significantly, from
1,203–1,665 deaths/100,000 population in 1983 to 587–638 deaths/100,000 in
2012; the decrease was associated with rising average life expectancy, which
increased from 67 years in 1983 to 81 years in 2012 [1]. Despite these changes,
people in South Korea continue to be vulnerable to infectious diseases, which
typically place a significant burden on healthcare systems. The 2009 H1N1
pandemic and the 2015 MERS (Middle East Respiratory Syndrome) had a
remarkable effect on not as it was generally well-being but societal soundness.
Even in developed countries like Korea, infectious diseases are a significant

1

healthcare burden, especially respiratory infectious diseases. These illnesses'
epidemiologic trends shifted over time and needed to be studied continuously.
According to The Korea Disease Control and Prevention Agency (KDCA)
surveillance system, among reported infectious disease cases, varicella ranked first
among respiratory infectious diseases in 2019. Varicella, a common notifiable
respiratory infectious disease in Korea, is caused by the varicella-zoster virus
(VZV) and its secondary attack rates that may reach up to 90% for susceptible
household contacts. Although varicella is regarded as a benign pediatric disease, it
can be extreme and cause critical well-being issues and health burdens. Since 2005,
the National Immunization Program (NIP) included a one-dose varicella vaccine
(for all children aged 12–15 months) in the list of national essential vaccine
requirements with more than 97% vaccination rate reported in 2016 by the Korean
Statistical Information Service. Even though the vaccination does have protection
from varicella, an increase in the varicella incidence has been observed during the
2006-2017 period. An age–period–cohort analysis from 2006 to 2017 showed that
between 2006 and 2017, the incidence of varicella and age-standardized incidence
rates both increased significantly. Almost all age groups (0–12 years old) saw an
increase in the incidence rate stratified by period. The rates peaked between the
ages of 4 and 6, and then began to decline as the children became older. [2-9].
Following varicella, mumps reported cases ranked second among respiratory
infectious diseases in 2019 by The Korea Disease Control and Prevention Agency
surveillance system. Mumps is also an important vaccine-preventable respiratory
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infectious disease in Korea. In 1985, the mumps vaccine was included in the NIP
as the combined measles-mumps-rubella (MMR) and became mandatory for
school entrance in 2001. However, despite the effectiveness of vaccination,
mumps incidence increased more than ten times from 2001 to 2015. Between 2001
and 2015, the mumps incidence increased from less than 10 cases per 100,000 to
more than one hundred cases per 100,000. During 2013–2015, the incidence rate
was highest among males aged 15–17 years (508.7 per 100,000 population). In the
1998–2000 cohort, there was a higher prevalence in late adolescence. [2, 10-13].
Came in third place of reported cases among respiratory infectious diseases in 2019
by The Korea Disease Control and Prevention Agency surveillance system is
scarlet fever. Since 2011, the increase of scarlet fever incidence in Korea has also
been observed. According to HIRA statistics, scarlet fever was diagnosed in
14,550 people in 2011 and 15,533 people in 2013. Scarlet fever infections
decreased for the next two years before increasing to 13,261 cases in 2016. Till
2015, the scarlet fever incidence rate increased more than forty-five times
compared to 2008 [2, 14, 15].
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1.2. Rational of research and study objective
Since the end of 2019, the novel coronavirus disease 2019 (COVID-19) has been
a global health concern. Starting with the first confirmed case on January 20, 2020,
thirty cases were confirmed in South Korea over a period of about 30 days [16].
As of May 19, 2021, a total of 133,471 confirmed cases with COVID-19 have been
reported in South Korea, including 1,912 deaths, 123,237 recovered individuals
released from isolation, and 8,322 patients staying in hospitals or non-hospital
facilities for isolation [17].
In 2020, the Korean government delayed the start of elementary, middle, and high
schools for four weeks from March 2 until April 6, and university classes until
March 16, before transitioning to online classes until April 16. Some schools have
elected to hold all their first-semester classes online. Collaboration efforts such as
public institutions, private businesses, and other companies implementing workfrom-home systems to reduce travel, preventive education for citizens via social
distancing campaigns, disinfectant availability in every building and street, and
availability of information regarding the activities and locations of confirmed
patients have all resulted in a decreasing trend [18, 19].
Along with social distancing, the public has been encouraged to wear face masks
in public, keep hygiene, handwashing, and travel report to reduce the expansion of
COVID-19. These encouragements and social distancing have been well-known
as non-pharmaceutical interventions in lowering the viral inoculum to reduce
susceptibility to infection by COVID-19 and potentially disease severity, including
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the acute respiratory infectious diseases. Since COVID-19 is a respiratory
infectious disease, we theorized that the non-pharmaceutical interventions for
COVID-19 in 2020 mentioned above might have protection effect from the top
three reported respiratory infectious diseases in 2019 in Korea, including varicella,
mumps, and scarlet fever. Therefore, we conducted this study to:
1)

Determine the potential changes in Korea incidence rates among varicella,
mumps, and scarlet fever in 2020 from the previous period

and to
2) Compare these potential changes of incidence rates in Korea with several
countries' reported and public data.
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2. Methodology
2.1. Data characteristics
This ecological study examined the trends of six countries, including Korea, USA,
UK, Japan, Singapore, and China, which reported cases and incidence among three
notifiable infectious diseases including varicella, mumps, and scarlet fever from
2001 to 2020 in Korea and from 2015 to 2020 in other countries. Data were
collected from several reports and open-access databases, including:
-

The Disease Surveillance Statistics: The Korea Disease Control and
Prevention Agency (KDCA) surveillance system - Disease Surveillance
Statistics database provides the data from 2001 about the occurrence of
notifiable infectious diseases in Korea. KDCA classifies infectious
diseases into four categories numbered from 1 to 4. Infections are reported
to the surveillance system immediately, within 24 hours, or seven days
based on its classes. Notifiable infectious diseases data are reported by
medical providers (Western and Oriental medical doctors) to health
institutions in accordance with the Infectious Disease Control and
Prevention Act [20]. The KDCA surveillance system data is open access
for public use at the KDCA homepage. These data are informative for
analyzing infectious disease or condition numbers and trends. However,
some factors such as date of symptom or disease onset, diagnosis,
laboratory result, reporting of a case to a jurisdiction, or notification to
KDCA may influence data's completeness [21]. The Disease Surveillance
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Statistics database provided data of all three infectious diseases included
in this study. Varicella, mumps, and scarlet fever had been categorized as
level 2 infectious diseases in Korea, and thus, it is mandatory to report all
the cases of these diseases nationwide.
-

The Morbidity and Mortality Weekly Report (MMWR): published by the
Centers for Disease Control and Prevention (CDC) to report the morbidity
and mortality of disease in the United States, MMWR series is the agency's
primary vehicle for scientific publication of timely, reliable, authoritative,
accurate, objective, and valuable public health information and
recommendations. The data in the weekly MMWR are provisional, based
on weekly reports of records for all case reports of notifiable diseases to
The National Notifiable Disease Surveillance System (NNDSS) by state
health departments in the fifty states, the District of Columbia, New York
City, and five territories (American Samoa, Guam, Northern Mariana
Islands, Puerto Rico, U.S. Virgin Islands). The reporting week concludes
at the close of business on Friday; compiled data on a national basis are
officially released to the public on the succeeding Friday [22, 23]. The
MMWR provides data of two out of three infectious diseases included in
this study, except for scarlet fever.

-

The Notifications of Infectious Diseases Weekly Report: Public Health
England - an executive agency of the Department of Health and Social
Care [24], collects notifications and publishes analyses of local and
national infectious disease trends in England and Wales every week.
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Registered medical practitioners in these areas have a statutory duty to
notify their local authority or local Health Protection Team of suspected
cases of certain infectious diseases. And all laboratories in England
performing a primary diagnostic role must notify Public Health England
(PHE) when they confirm a notifiable organism [25]. The Notifications of
Infectious Diseases Weekly Report provides data of two out of three
infectious diseases included in this study, except for varicella.
-

The National Epidemiological Surveillance of Infectious Diseases
(NESID) Program: In the NESID Program, information concerning
infectious diseases in Japan is collected and published, and occurrence and
trends are assessed based on reporting from physicians and veterinarians.
To provide information acquired through the NESID Program, the
National Institute of Infectious Diseases (NIID) publishes a preliminary
report in the form of a spreadsheet every Tuesday containing the weekly
aggregated data and the Infectious Diseases Weekly Report (IDWR) every
Friday on the NIID website [26]. The NESID Program database provides
varicella data from 2015 to 2020 in Japan.

-

The Weekly Infectious Diseases Bulletin: published by the Communicable
Diseases Division of the Ministry of Health, the Weekly Infectious
Diseases Bulletin reports up to date on the incidences and polyclinic
attendances for various infectious diseases in Singapore [27]. In Singapore,
the incidence of infectious diseases is monitored systematically through a
comprehensive and well-established system of surveillance, epidemiology,
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and response that is resident in the Ministry of Health [28]. The Weekly
Infectious Diseases Bulletin provides data on mumps in Singapore.
-

The Nation Notifiable Infectious Diseases Reports: using data from
various health administrative departments reporting at the township,
district, prefectural, provincial, and national levels reported to the National
Notifiable Infectious Diseases Reporting Information System (NIDRIS)
[29], the China CDC published monthly and annual Nation Notifiable
Infectious Diseases Reports including information about morbidity and
mortality notifiable infectious diseases among three categories in China.
The Nation Notifiable Infectious Diseases Reports provide data of two out
of three infectious diseases included in this study, except for varicella.

-

The Health Nutrition and Population Statistics: Population estimates and
projections: published by The World Bank, this database provided data of
reported population among six countries included in this study from 20012020.
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Country

Korea

USA

UK

Japan

No.

1

2

3

4

The
National
Epidemiological
Surveillance
of
Infectious
Diseases
(NESID) Program

The Notifications of
Diseases
Infectious
Weekly Report

The Morbidity and
Mortality
Weekly
Report (MMWR)

The
Disease
Surveillance Statistics

Report/Database
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Total of reported cases by
weeks in Japan from 2015
to 2020

Total of reported cases by
weeks in England and
Wales from 2015 to 2020

Total of reported cases by
weeks in the USA from
2015 to 2020

Total of reported cases by
years, months, and age
groups in Korea from
2001 to 2020

Data collected

Yes

No

Yes

Yes

Varicella

No

Yes

Yes

Yes

Mumps

Diseases included

No

Yes

No

Yes

Scarlet fever

Table 1. List of reports and open-access databases used to collect data

The National
Institute
of
Infectious
Diseases

The
Public
Health
England

The Centers
for Disease
Control and
Prevention
(CDC)

The
Korea
Disease
Control and
Prevention
Agency

Published by

Country

Singapore

China

-

No.

5

6

7

Countries
population
from 2001 to 2020,
including the population
of by age groups

Health Nutrition and
Population Statistics:
Population estimates
and projections
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Total of reported cases by
moths in China from 2015
to 2020

Total of reported cases by
weeks in Singapore from
2015 to 2020

Data collected

The
National
Notifiable Infectious
Diseases Reports

The Weekly Infectious
Diseases Bulletin

Report/Database

-

No

No

Varicella

-

Yes

Yes

Mumps

Diseases included

-

Yes

No

Scarlet fever

The
Bank

World

The Centers
for Disease
Control and
Prevention
(CDC)

The Ministry
of Health

Published by

2.2. Measurements and statistical analysis
The monthly and annual reported cases: As mentioned in table 1 above, this study
collected the reported cases of diseases included in this study from several openaccess databases and published reports:
-

The number of Korea-reported varicella, mumps and scarlet fever cases
were collected by years and months from the Disease Surveillance
Statistics database.

-

The USA, UK, Japan, and Singapore weekly reported cases of the
infectious diseases included in this study were collected from each
country’s weekly notifiable infectious diseases reports (listed in table 1).
The weekly reported number of cases was added to be the monthly and
annual number of reported cases.

-

The China monthly and annual reported mumps and scarlet fevers cases
were collected from the National Notifiable Infectious Diseases Reports.

The monthly five-year (2015-2019) average number of reported cases was the
monthly average number of report cases from 2015 to 2019.
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The disease incidence is defined as the number of newly reported cases diagnosed
during a specific period in a specified population at risk for developing a disease,
usually expressed as the number of cases per 100,00 population. The annual crude
incidence rate of the notifiable infectious diseases included in this study was
calculated using the following formula:
Total number of reported cases
The total population reported in the same year

Incidence, all ages=

Incidence, 0-19 years old =

Total number of 0-19 years old reported cases
0-19 years old population reported in the same year

Table 2. Korean population, 2001-2020
Year

0-19 years old

All ages

Year

0-19 years old

All ages

2001

13,216,140

47,370,267

2011

11,476,750

49,936,626

2002

12,927,473

47,644,825

2012

11,310,923

50,199,852

2003

12,657,453

47,892,344

2013

11,063,509

50,428,900

2004

12,396,814

48,082,496

2014

10,782,203

50,746,672

2005

12,143,762

48,184,565

2015

10,251,760

51,014,947

2006

11,958,099

48,438,100

2016

10,006,454

51,217,803

2007

11,832,317

48,683,382

2017

9,728,974

51,361,911

2008

11,761,272

49,054,497

2018

9,470,395

51,606,633

2009

11,641,961

49,307,714

2019

9,213,708

51,709,098

2010

11,573,085

49,554,109

2020*

8,987,000

51,727,000

*Estimation, last updated on December 18th, 2020
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1,371,220,000

5,535,002

127,141,000

65,116,219

*Estimation, last updated on December 18th, 2020

All ages

China

All ages

Singapore

All ages

Japan

All ages

UK

All ages

320,635,163

10,251,760

0-19 years old

USA

51,014,947

All ages

Korea

2015

1,378,665,000

5,607,283

126,994,511

65,611,593

322,941,311

10,006,454

51,217,803

2016
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1,386,395,000

5,612,253

126,785,797

66,058,859

324,985,539

9,728,974

51,361,911

2,017

1,392,730,000

5,638,676

126,529,100

66,460,344

326,687,501

9,470,395

51,606,633

2018

Table 3. Countries population, 2015-2020

1,397,715,000

5,703,569

126,264,931

66,834,405

328,239,523

9,213,708

51,709,098

2019

1,402,667,000

5,751,000

125,769,000

67,156,000

330,139,000

8,987,000

51,727,000

2020*

Age-standardized incidence rate (ASIR) is the summary rate that would have been
observed, given the schedule of age-specific rates, in a population with the age
composition of some reference population, often called the standard population.
The calculation of ASIR is a direct method of standardization, whereby the
observed age-specific rates are applied directly to a theoretical standard population.
The age-standardized incidence rate is a weighted average of the age-specific
incidence rate per 100,000 population. The weights are taken from the population
distribution of a standard population - WHO World Standard Population
Distribution (%), based on world average population between 2000-2025 – as
below:
Age
group

World Average 20002025

Age
group

World Average 20002025

0-4

8.86

55-59

4.55

5-9

8.69

60-64

3.72

10-14

8.60

65-69

2.96

15-19

8.47

70-74

2.21

20-24

8.22

75-79

1.52

25-29

7.93

80-84

0.91

30-34

7.61

85-89

0.44

35-39

7.15

90-94

0.15

40-44

6.59

95-99

0.04

45-49

6.04

100+

0.005

50-54

5.37

-

-
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ASIR was computed by the following formula:

ASIR =

σA
i=1 ai wi
σA
i=1 wi

A: Number of age group
i: Age class index
a: Age-specific incidence rates
w: Weight from the standard population
Annual Percent Change (APC) is utilized to demonstrate trends in the disease
incidence rates over time. When the Log Transformation option on the Input File
tab is ln(y)=xb, then the output calculates the estimated annual percentage rate
change (APC). With this approach, the incidence rates are assumed to change at a
constant percentage of the previous year's rate. Rates that change at a constant
percentage every year change linearly on a log scale. For this reason, to estimate
the APC for series of data, the following regression model is used as log(Ry) = b0
+ b1y where log(Ry) is the natural log of the rate in year y.
Ry+1 -Ry
 ×100
The APC from year y to year y+1 = ቈ
Ry

=

eb0 +b1 (y+1) -eb0 +bi y
×100
eb0 +bi y

= ൫eb1 -1൯×100
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Statistical analysis
-

Annual Percent Change (APC) of the ASIRs was calculated using
Joinpoint software to characterize incidence trends over time.

-

The seasonal Mann-Kendall trend test was used to examine if there was a
seasonal trend of reported crude incidence rates by month among three
diseases during the 2015-2019 period.

-

The Seasonal Autoregressive Integrated Moving Average (SARIMA)
models were used to predict the monthly incidence rates in 2020 using data
from 2001 to 2019 in Korea and data from 2015 to 2019 in other countries.
‘forecast’ package of RStudio software was used to select the parameters
for SARIMA models (using ‘auto.arima’ function).

-

The non-seasonal Autoregressive Integrated Moving Average (ARIMA)
models were used to predict the incidence rates among children in 2020
using data from 2001 to 2019 in Korea. ‘forecast’ package of RStudio
software was used to select the parameters for ARIMA models (using
‘auto.arima’ function).

-

Observed monthly incidence rates in 2020 were visually compared with
95% confidence interval (CI) of 2020 predicted incidence rates.

-

The mean of observed 2020 monthly incidence rates was compared with
predicted 2020 incidence and 2015-2019 average incidence using the
Mann-Whitney test.
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Statistical analyses were performed using RStudio 1.4.1106 and STATA 15.1.
Data collection, calculation, and visualization were conducted using Microsoft
Excel 365.

2.3. Ethical consideration
Because this study used the data from the open-access databases, it was exempt
from institutional review board review.
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3. Results
3.1. Korea reported incidence of varicella, mumps, and scarlet
fever from 2015 to 2020
In Korea, starting with 1934 cases in 2005, varicella reported cases increased and
reached 46,330 cases in 2015, doubled in all three years 2017-2019, then dropped
to 31,371 cases in 2020. Regarding age groups, 0-19 years old cases took more
than 90% of cases in all sixteen years. Similar to varicella, we observed an increase
of mumps reported cases since the early 2000s. A stable of mumps reported cases
in Korea had been observed during the 2016-2019 period with around 17,000 cases.
However, in 2020, like varicella, the number of mumps reported cases fell to only
9,912 cases, the lowest within six consecutive years. Most of mumps reported
cases are those under 20 years old. There was also an increase of scarlet fever
reported cases since 2001. From 2015 to 2019, the number of scarlet fever cases
in Korea was all more than 7000 cases per year and peaked in 2018 with 22,838
cases. In 2020, scarlet fever cases dramatically decreased to only more than 2,200
cases. With the same trend as varicella and mumps, more than 95% of scarlet fever
cases were from the age group 0-19 (table 4).
The varicella incidence rates in Korea had been increased since 2005, then reached
its peak in 2018 with 186.93 per 100,000 population (2005-2018 APC = 19.05,
p<0.05) then drop to 60.65 per 100,00 population in 2020 – lowest in six years
from 2015 to 2020 (2018-2020 APC = -30.24) (figure 1 and 3). The varicella
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incidence rates in 0-19 years old children have the same trend as the whole
population. During the study duration, among children, those aged 5-9 years was
the group has the highest incidence rates while the lowest incidence rates have
been observed in 15-19 years old children (figure 1 and 2).
The mumps reported incidence rates in Korea also experienced a steady increase
in 2001, before a dramatic rise in the 2013-2014 period, followed by a slight
decrease during the 2015-2017 period, then reached another top in 2018. In 2020,
mumps incidence rates dropped nearly a half, remaining only 19.16 per 100,000
population. Overall, mumps incidence experienced a decrease during the 20142020 period with APC = -7.06 and p<0.05 (figure 6 and 8). The mumps incidence
rates in 0-19 years old children have the same trend as the whole population.
During the study duration, among children, those aged 15-19 years was the group
has the highest incidence rates before 2015, while the 5-9 years old children have
taken the first place since 2015 (figure 6 and 7).
Similarly, scarlet fever reported crude incidence rates increased since the early
2010s, topped in 2017, then kept decreasing in the next period, resulting in the
lowest incidences in 2020 with 4.32 per 100,000 population and 2017-2020 APC
= -42.98 and p<0.05 (figure 11 and 13). The scarlet fever incidence rates in 0-19
years old children have the same trend as the whole population. Children under
nine years old have the highest incidence rates during the study duration while
staying approximately to zero among 15-19 years old children (figure 11 and 12).
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During the 2015-2019 period, the crude incidence rates among all three diseases
were high during the summer and winter. The seasonal trend of varicella and
mumps from 2015 to 2019 was statistically significant. Predicted incidence rates
of varicella and mumps also followed these seasonal trends (Figures 5 and 10).
However, since March 2020, the incidence of all three diseases decreased then the
trend of high incidence in summer and winter was disappeared (figure 5, 10, and
15).
The mumps and scarlet fever observed incidence rates in 2020 were lower than
expected point incidence rates but still stay mainly between the 95% CI of
predicted values. Varicella observed incidence rates in 2020 were lower than
forecasted point incidence rates and did not stay between the 95% CI of predicted
values. The mean of scarlet fever and varicella 2020 monthly incidence rates was
statistically different from predicted point incidence rates with p<0.05 (figure 4, 5,
9, 10, 14, 15 and table 5, 7, 9).
Among children, 2020 observed incidence rates among all three diseases in all four
age groups were all lower than predicted values. However, these trends were only
statistically significant in varicella (all four age groups) and mumps (only in the 04 years old group) (table 6, 8, and 10).
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Table 4. Varicella, mumps, and scarlet fever reported cases* in Korea, 20012020
Disease

Year

0-19 years old

All ages

Varicella

2001

-

-

2002

-

-

2003

-

-

2004

-

-

2005

1,887 (97.57%)

1,934 (100%)

2006

10,641 (96.50%)

11,027 (100%)

2007

19,572 (96.49%)

20,284 (100%)

2008

21,946 (96.05%)

22,849 (100%)

2009

24,214 (96.10%)

25,197 (100%)

2010

23,452 (96.11%)

24,400 (100%)

2011

34,728 (95.80%)

36,249 (100%)

2012

26,387 (95.04%)

27,763 (100%)

2013

35,641 (95.40%)

37,361 (100%)

2014

42,249 (95.05%)

44,450 (100%)

2015

43,950 (94.86%)

46,330 (100%)

2016

51,144 (94.61%)

54,060 (100%)

2017

76,358 (95.34%)

80,092 (100%)

2018

91,890 (95.26%)

96,467 (100%)

2019

78,337 (94.53%)

82,868 (100%)

2020

28,563 (91.05%)

31,371 (100%)
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Disease

Year

0-19 years old

All ages

Mumps

2001

1,613 (96.70%)

1,668 (100%)

2002

748 (97.91%)

764 (100%)

2003

1,480 (97.50%)

1,518 (100%)

2004

1,709 (97.99%)

1,744 (100%)

2005

1,791 (96.14%)

1,863 (100%)

2006

2,014 (96.41%)

2,089 (100%)

2007

4,405 (96.66%)

4,557 (100%)

2008

4,295 (94.56%)

4,542 (100%)

2009

5,862 (91.61%)

6,399 (100%)

2010

5,493 (90.14%)

6,094 (100%)

2011

5,507 (89.73%)

6,137 (100%)

2012

6,685 (89.23%)

7,492 (100%)

2013

15,182 (89.18%)

17,024 (100%)

2014

22,114 (87.46%)

25,286 (100%)

2015

20,082 (85.65%)

23,446 (100%)

2016

14,597 (85.60%)

17,053 (100%)

2017

14,649 (86.59%)

16,918 (100%)

2018

16,755 (87.11%)

19,234 (100%)

2019

13,682 (85.70%)

15,965 (100%)

2020

8,160 (82.33%)

9,911 (100%)
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Disease

Year

0-19 years old

All ages

Scarlet fever

2001

48 (97.96%)

49 (100%)

2002

54 (100.00%)

54 (100%)

2003

105 (98.13%)

107 (100%)

2004

80 (100.00%)

80 (100%)

2005

87 (100.00%)

87 (100%)

2006

108 (100.00%)

108 (100%)

2007

144 (98.63%)

146 (100%)

2008

150 (99.34%)

151 (100%)

2009

127 (100.00%)

127 (100%)

2010

106 (100.00%)

106 (100%)

2011

405 (99.75%)

406 (100%)

2012

964 (99.59%)

968 (100%)

2013

3,669 (99.76%)

3,678 (100%)

2014

5,798 (99.81%)

5,809 (100%)

2015

6,974 (99.60%)

7,002 (100%)

2016

11,768 (98.80%)

11,911 (100%)

2017

22,638 (99.12%)

22,838 (100%)

2018

15,586 (98.79%)

15,777 (100%)

2019

7,400 (97.86%)

7,562 (100%)

2020

2,141 (95.71%)

2,237 (100%)

*Data are presented as number of reported cases and proportion among total reported
cases.
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Figure 1. Korea varicella crude incidence rates, 2005-2020 (per 100,000 population)
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Figure 2. Korea varicella crude incidence rates among children by age groups, 2005-2020 (per 100,000 population)
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Figure 3. Korea varicella incidence rates annual percent change 2005-2020 (per 100,000 population)
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Figure 4. Korea predicted varicella crude incidence rates (all ages) in 2020 (per 100,000 population)

Solid black line denotes the observed incidence from 2005 to 2020.
Dashed black line denotes the predicted incidence in 2020, dark-gray and light-gray shades present 80% and 95% confidence interval of predicted incidence.
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Figure 5. Korea varicella crude incidence rates (all ages) from 2015 to 2020 and predicted incidence rates in 2020 by
SARIMA model (per 100,000 population)

Dashed black line denotes the predicted incidence in 2020, dark-gray and light-gray shades present 80% and 95% confidence interval of predicted incidence.
*: p<0.05 – seasonal Mann-Kendall trend test (2015-2019)
**: p<0.05 – Mann-Whitney test (2020 observed monthly incidence rates and 2020 predicted monthly incidence rates)
***: p<0.05 – Mann-Whitney test (2020 observed monthly incidence rates and 2015-2019 average monthly incidence rates)

Table 5. Korea varicella crude incidence rates (all ages) from 2015 to 2020
and predicted incidence rates in 2020 by SARIMA model (per 100,000
population)
Month

2015-2019 average 2020 predicted
Predicted

95% CI

2020 observed*

Jan

13.58

19.67

(17.05, 22.29) 15.23

Feb

7.69

13.48

(9.6, 17.36)

7.76

Mar

7.13

13.22

(8.91, 17.54)

4.11

Apr

10.96

18.07

(13.58, 22.56) 3.14

May

16.31

24.42

(19.86, 28.98) 4.44

Jun

13.63

21.68

(17.09, 26.28) 4.37

Jul

10.58

19.23

(14.63, 23.84) 4.04

Aug

6.88

14.19

(9.58, 18.81)

3.87

Sep

6.25

12.88

(8.27, 17.5)

2.59

Oct

9.38

16.01

(11.39, 20.63) 3.40

Nov

16.92

23.32

(18.7, 27.94)

Dec

20.83

28.21

(23.59, 32.83) 3.46

4.25

*p<0.05 – Mann-Whitney test (2020 observed monthly incidence rates and 20152019 average monthly incidence rates)
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Table 6. Korea varicella crude incidence rates among children from 2015 to
2020 and predicted incidence rates in 2020 by ARIMA model (per 100,000
population)
Month

2015-2019
average

2020
observed

2020 predicted
Predicted

95% CI

0-4 years
881.38
old

862.38

(573.06, 1151.7)

423.76

5-9 years
1610.67
old

2550.42

(2102.86,
2997.97)

615.98

10-14
years old

474.97

663.67

(502.4, 824.94)

232.09

15-19
years old

53.33

89.58

(77.78, 101.39)

43.78
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Figure 6. Korea mumps crude incidence rates, 2001-2020 (per 100,000 population)
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Figure 7. Korea mumps crude incidence rates among children by age groups, 2005-2020 (per 100,000 population)
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Figure 8. Korea varicella incidence rates annual percent change 2005-2020 (per 100,000 population)
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Figure 9. Korea predicted mumps crude incidence rates (all ages) in 2020 (per 100,000 population)

Solid black line denotes the observed incidence from 2005 to 2020.
Dashed black line denotes the predicted incidence in 2020, dark-gray and light-gray shades present 80% and 95% confidence interval of predicted incidence.
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Figure 10. Korea mumps crude incidence rates (all ages) from 2015 to 2020 and predicted incidence rates in 2020 by
SARIMA model (per 100,000 population)

Dashed black line denotes the predicted incidence in 2020, dark-gray and light-gray shades present 80% and 95% confidence interval of predicted incidence.
*: p<0.05 – seasonal Mann-Kendall trend test (2015-2019)
**: p<0.05 – Mann-Whitney test (2020 observed monthly incidence rates and 2020 predicted monthly incidence rates)
***: p<0.05 – Mann-Whitney test (2020 observed monthly incidence rates and 2015-2019 average monthly incidence rates)

Table 7. Korea mumps crude incidence rates (all ages) from 2015 to 2020
and predicted incidence rates in 2020 by SARIMA model (per 100,000
population)
Month

2015-2019 average 2020 predicted
Predicted

95% CI

2020 observed*

Jan

2.52

1.26

(0.61, 1.92)

1.67

Feb

1.91

1.03

(0.08, 1.99)

1.68

Mar

2.65

1.68

(0.59, 2.77)

1.37

Apr

3.66

2.49

(1.33, 3.64)

1.48

May

4.64

3.42

(2.22, 4.61)

2.00

Jun

4.32

3.26

(1.99, 4.53)

2.16

Jul

3.12

2.44

(1.10, 3.78)

1.90

Aug

2.33

1.64

(0.26, 3.03)

1.61

Sep

2.64

1.94

(0.51, 3.38)

1.35

Oct

2.83

1.99

(0.52, 3.47)

1.45

Nov

2.95

2.13

(0.62, 3.64)

1.34

Dec

2.57

1.91

(0.36, 3.45)

1.15

*p<0.05 – Mann-Whitney test (2020 observed monthly incidence rates and 20152019 average monthly incidence rates)
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Table 8. Korea mumps crude incidence rates among children from 2015 to
2020 and predicted incidence rates in 2020 by ARIMA model (per 100,000
population)
Month

2015-2019
average

2020
observed

2020 predicted
Predicted

95% CI

0-4 years
169.19
old

190.65

(156.69, 224.61)

90.40

5-9 years
305.23
old

254.42

(196.57, 312.28)

207.34

10-14
years old

122.09

98.74

(26.96, 170.52)

59.36

15-19
years old

78.90

36.03

(-50.35, 122.41)

13.79
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Figure 11. Korea scarlet fever crude incidence rates, 2001-2020 (per 100,000 population)
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Figure 12. Korea scarlet fever crude incidence rates among children by age groups, 2005-2020 (per 100,000 population)
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Figure 13. Korea scarlet fever incidence rates annual percent change 2005-2020 (per 100,000 population)
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Figure 14. Korea predicted scarlet fever crude incidence rates (all ages) in 2020 (per 100,000 population)

Solid black line denotes the observed incidence from 2005 to 2020.
Dashed black line denotes the predicted incidence in 2020, dark-gray and light-gray shades present 80% and 95% confidence interval of predicted incidence.
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Figure 15. Korea scarlet fever crude incidence rates (all ages) from 2015 to 2020 and predicted incidence rates in 2020 by
SARIMA model (per 100,000 population)

Dashed black line denotes the predicted incidence in 2020, dark-gray and light-gray shades present 80% and 95% confidence interval of predicted incidence.
*: p<0.05 – seasonal Mann-Kendall trend test (2015-2019)
**: p<0.05 – Mann-Whitney test (2020 observed monthly incidence rates and 2020 predicted monthly incidence rates)
***: p<0.05 – Mann-Whitney test (2020 observed monthly incidence rates and 2015-2019 average monthly incidence rates)

Table 9. Korea scarlet fever crude incidence rates (all ages) from 2015 to
2020 and predicted incidence rates in 2020 by SARIMA model (per 100,000
population)
Month

2015-2019 average 2020 predicted
Predicted

95% CI

2020 observed*

Jan

2.07

1.06

(0.53, 1.60)

1.04

Feb

1.99

1.02

(0.22, 1.83)

0.86

Mar

2.19

1.03

(0.06, 2.00)

0.43

Apr

2.86

1.03

(-0.02, 2.08)

0.30

May

2.93

1.06

(-0.03, 2.14)

0.32

Jun

2.60

1.01

(-0.11, 2.14)

0.26

Jul

1.99

1.06

(-0.12, 2.23)

0.25

Aug

1.16

0.88

(-0.36, 2.12)

0.26

Sep

1.44

0.90

(-0.42, 2.21)

0.18

Oct

1.64

0.89

(-0.48, 2.27)

0.17

Nov

2.05

0.91

(-0.52, 2.33)

0.13

Dec

2.46

0.94

(-0.53, 2.41)

0.13

*p<0.05 – Mann-Whitney test (2020 observed monthly incidence rates and 20152019 average monthly incidence rates)
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Table 10. Korea scarlet fevers crude incidence rates among children from
2015 to 2020 and predicted incidence rates in 2020 by ARIMA model (per
100,000 population)
Month

2015-2019
average

2020
observed

2020 predicted
Predicted

95% CI

0-4 years
271.26
old

168.96

(15.34, 322.57)

53.92

5-9 years
286.81
old

163.29

(-11.33, 337.91)

45.32

10-14
years old

19.57

11.17

(-1.96, 24.3)

4.83

15-19
years old

1.23

1.63

(1.28, 1.97)

0.80
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3.2. Comparison of reported incidence of varicella, mumps, and
scarlet fever from 2015 to 2020 between Korea and other
countries
Different from the changes of Korea varicella incidence rates among all ages
(increased from 2015 and reached its peak in 2018 then drop to in 2020 – lowest
in six years from 2015 to 2020), the USA varicella incidence rates was slightly
decreased every year from 3.05 per 100,000 in 2015 to 2.27 per 100,000 in 2019
before dramatically falling to 0.63 per 100,000. The Japan varicella incidence rates
were stable during the 2015-2017 period (0.24 per 100,000), then topped in 2019
with 0.39 per 100,000 population and like Korea and USA, also dropped in 2020
to 0.28 per 100,000 (table 8).
Table 8 also showed the mumps incidence rates during the 2015-2020 period
among Korea, the USA, UK. Singapore and China. While Korea and Singapore
showed a steady decrease from 2015 to 2020 and a dramatic drop in 2020, the other
three countries do not have significant trends of mumps incidence rates. The USA
has two peaks of mumps incidence rates in 2016 and 2019, while the UK has two
in 2017 and 2019. The mumps incidence rates in China increased from 2015 to
2019 then dropped nearly a half in 2020. Overall, Korea, the USA, Singapore, and
China experienced a significant drop in mumps incidence rates in 2020, compared
to the previous year. This is also the trend of Korea, the UK, and China scarlet
fever incidence rates in 2020, which are all less than a half of the previous period.
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Figures 13, 14, and 15 showed that, during the 2015-2019 period, the crude
incidence rates (all ages) among all three diseases were high during the summer
and winter among most of the countries included in our study. Since the beginning
of summer in 2020, most countries have experienced a decrease in the incidence
rates of the three diseases included in our study.
The seasonal trends of varicella from 2015 to 2019 among Korea, Japan, and the
USA were statistically significant. The reported varicella incidence rates among
all three countries in 2020 were statistically significantly lower (p<0.05) than the
2015-2019 average monthly incidence rates and predicted 2020 incidence rates
using the SARIMA model (figure 13).
The mumps reported incidence rates were quite different between countries. Korea,
China, and the UK are the only three countries have the data showed that the
seasonal trend of mumps incidence rates was statistically significant. On the other
hand, the 2020 mump incidence rates among all five countries in 2020 were
statistically lower (p<0.05) than the previous five years (figure 14).
Scarlet fever did show a significant seasonal trend during the 2015 – 2019 period
in China and UK, but not in Korea. However, the reported scarlet fever incidence
rates among all three countries in 2020 were statistically significantly lower
(p<0.05) than the 2015-2019 average monthly incidence rates and predicted 2020
incidence rates using the SARIMA model (figure 15).
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Table 11. Varicella, mumps, and scarlet fever reported crude incidence rates
in Korea and other countries, 2015-2020 (per 100,000 population)
2015

2016

2017

2018

2019

2020

Korea

90.82

105.55

155.94

186.93

160.26

60.65

USA

3.05

2.77

2.70

2.51

2.27

0.63

Japan

0.24

0.25

0.24

0.36

0.39

0.28

Korea

45.96

33.30

32.95

37.28

30.88

19.16

USA

0.41

1.97

1.88

0.77

1.06

0.19

UK

9.20

7.70

11.56

10.00

25.60

20.37

Singapore

8.56

9.63

9.34

8.41

7.40

4.96

China

13.44

12.77

18.38

18.78

21.69

9.33

Korea

13.73

23.26

44.46

30.57

14.62

4.32

UK

26.25

28.11

26.54

47.06

23.80

12.55

China

5.85

4.32

5.38

5.73

5.94

1.23

Varicella

Mumps

Scarlet fever
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Dashed black line denotes the predicted incidence in 2020, dark-gray and light-gray shades present
80% and 95% confidence interval of predicted incidence.
*: p<0.05 – seasonal Mann-Kendall trend test (2015-2019)
**: p<0.05 – Mann-Whitney test (2020 observed monthly incidence rates and 2020 predicted
monthly incidence rates)
***: p<0.05 – Mann-Whitney test (2020 observed monthly incidence rates and 2015-2019 average
monthly incidence rates)

Figure 16. Monthly varicella crude incidence rates (all ages) from 2015 to
2020 and predicted incidence rates in 2020 by SARIMA model in Korea,
USA, and Japan (per 100,000 population)
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Dashed black line denotes the predicted incidence in 2020, dark-gray and light-gray shades present
80% and 95% confidence interval of predicted incidence.
*: p<0.05 – seasonal Mann-Kendall trend test (2015-2019)
**: p<0.05 – Mann-Whitney test (2020 observed monthly incidence rates and 2020 predicted
monthly incidence rates)
***: p<0.05 – Mann-Whitney test (2020 observed monthly incidence rates and 2015-2019 average
monthly incidence rates)

Figure 17. Monthly mumps crude incidence rates (all ages) from 2015 to
2020 and predicted incidence rates in 2020 by SARIMA model in Korea,
USA, UK, Singapore, and China (per 100,000 population)
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Dashed black line denotes the predicted incidence in 2020, dark-gray and light-gray shades present
80% and 95% confidence interval of predicted incidence.
*: p<0.05 – seasonal Mann-Kendall trend test (2015-2019)
**: p<0.05 – Mann-Whitney test (2020 observed monthly incidence rates and 2020 predicted
monthly incidence rates)
***: p<0.05 – Mann-Whitney test (2020 observed monthly incidence rates and 2015-2019 average
monthly incidence rates)

Figure 18. Monthly scarlet fever crude incidence rates (all ages) from 2015
to 2020 and predicted incidence rates in 2020 by SARIMA model in Korea,
UK, and China (per 100,000 population)
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4. Discussion
This study used mandatory nationwide reported cases data of level 2 respiratory
infectious diseases from the KDCA surveillance system and indicated a reduction
in incidences among three common acute respiratory communicable diseases,
including varicella, mumps, and scarlet fever in Korea in 2020 compared to the
previous period. These incidence rates are also lower than predicted using the last
five years data.
Other studies on respiratory diseases during the COVID-19 pandemic (2020) in
Korea were also published with equivalent results. Huh et al. conducted a
nationwide claims study on the admissions for respiratory disease during the
COVID-19 pandemic. Their study showed a significant decrease in hospitalization
of four respiratory conditions, including pneumonia, influenza, chronic obstructive
pulmonary disease (COPD), and asthma during February-July 2020, compared to
January 2016-January 2020 period [30]. Another study implemented by Huh et al.
on the impact of NPIs on the incidence of respiratory infection during the COVID19 outbreak in Korea also showed a significant reduction in the incidences of
several respiratory infections in Korea [31]. Kim et al. also published a study
observed at the incidences of eight infectious respiratory disorders after COVID19 mitigation measures were implemented. Their findings revealed that mitigation
measures have a favorable effect on avoiding the development of respiratory
infectious diseases, regardless of age or gender [32].
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From the data has been shown in our study, all three diseases have experienced a
decreased trend of incidence since the 2017-2018 period. Due to the fact that there
were only two years since the 2017-2018 periods, and there were dramatic falls in
incidence rates among all three diseases in 2020, the observed decrease trend of
incidence needs further evidence to be concluded as an actual trend for 2018-2020
period.
In this study, we predicted the monthly incidence rates of all three diseases in 2020
using the data from 2001 to 2019. Since the data used for prediction had a seasonal
trend, the predicted incidence rates of all three diseases appeared to have similar
seasonal trends, which were different from observed incidence in 2020. In 2020,
the observed incidence among varicella, mumps, and scarlet fever not only did not
have the seasonal trends as previous periods and predicted but was also
significantly lower.
Since varicella, mumps, and scarlet fever are all respiratory infectious diseases, the
most common transmission of these diseases was direct contact – direct person-toperson transmission, possibly through infected respiratory secretions such as drops.
If the transmission pathway is inhibited, the chance of being infected will also be
decreased.
In 2020, after the first confirmed case on January 20, COVID-19 infection
awareness was raised among the Korean population. Since the Lunar New Year's
holiday (24-27 January 2020) might cause mass gatherings, KDCA promoted their
first recommendation to the community, including wearing masks (particularly
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when visiting health care facilities), practicing washing hands, and reporting travel
history abroad. Later, the government raised the national infectious disease alert
level [33, 34]. Besides screening, tracking exposed cases, and isolation of
confirmed cases to control the spread of COVID-19 in the community, several
non-pharmaceutical interventions (NPIs) have been implemented in Korea,
including hand hygiene, mask-wearing, and social distancing [31].
Social distancing and other NPIs have been considered as effective prevention of
community transmission, especially for respiratory infectious disease. During the
COVID-19 pandemic, these interventions showed their effectiveness not only for
preventing COVID-19 but also other respiratory infectious diseases [31, 35-39].
Avoiding mass gatherings and school postpones/closure are two social distancing
strategies had been implemented in Korea since March 2020 to prevent the spread
of COVID-19 in the community [40]. As mentioned, these interventions are not
only for the prevention of COVID-19 but also for other respiratory infectious
diseases, including varicella, mumps, and scarlet fever, which are all common
among children and adolescents – target subjects of school postpone/closure. All
these NPIs avoided direct contact between people to inhibit the transmission
pathway of the infectious vector. This might be the explanation for the
disappearance of seasonal trends in incidence in 2020, which has been observed
during the 2015-2019 period in our study results. Starting from March 2020, the
monthly incidences of all three diseases reduced much lower than the same period
in the previous five years, which led to the changes in incidence trends in 2020.
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Besides the NPIs, underdiagnosis should be considered as a factor that could affect
the incidence of three diseases included in our study. Since most varicella, mumps,
and scarlet fever cases in Korea are under 20 years old, there might be a fear of
going to a hospital or clinic from parents and family. Due to the social distancing
encouragement campaign from the government, taking children to the hospital or
clinic might increase the chances of contact with the COVID-19 infected subject.
Therefore, parents tend to keep their children safe at home and treat the disease by
themselves. This might reduce the number of hospitals visit, and children might
not be diagnosed and reported to the KDCA surveillance system. However, further
evidence is needed to demonstrate this view.
We also collected data on other infectious diseases from the KDCA database. Most
reported infectious diseases experienced a reduction of cases in 2020 compared to
the previous year or period. The other two common acute respiratory infectious
diseases – pertussis and streptococcus pneumonia – also showed that the incidence
rates in 2020 were significantly lower than the previous period and 2020 predicted
values (appendix 1-4).
As mentioned earlier, even though the National Immunization Program has been
implemented since the early 2000s, the incidence of varicella and mumps still
increases nowadays. There is still no vaccine to protect people from scarlet fever.
Furthermore, it should be noted that before the COVID-19 pandemic, no NPIs had
been implemented to prevent the infection of respiratory diseases, including three
diseases in our study. Therefore, the decrease of incidence rates among varicella,
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mumps, and scarlet fever observed from our study might propose potential
community prevention of acute respiratory infectious diseases in the future.
In comparison between incidence changes of Korea and other countries in 2020,
our study also collected open-access data/reports related to varicella, mumps, and
scarlet fever from the USA, UK (England and Wales), Japan, Singapore, and China,
the reported crude incidence rates of varicella in Korea and USA both dropped
dramatically in 2020, compared to the 2015-2019 period. Regarding mumps
reported crude incidence, Korea, the USA, Singapore, and China are all showed a
drop in incidence in 2020 compared to the last five consecutive years. Similarly,
there was a dramatic decrease in Korea, the UK, and China scarlet fever reported
crude incidence in 2020 compared to 2015-2019. Varicella reported crude
incidence by months in Korea, USA, and Japan showed the seasonal trend of
incidence in summer and winter during 2015-2019. However, this seasonal trend
did not occur in 2020. Mumps and scarlet fever reported crude incidences by
month in Korea, the UK, and China showed the seasonal trend every six months
from 2015 to 2019 before disappearing in 2020. Overall, the decrease of reported
crude incidences and the seasonal trend that disappeared in 2020 among three
diseases in Korea were also observed in other countries. These findings might
contribute to the demonstration of the positive impact of the COVID-19 pandemic
on other diseases, which has been observed in other studies [31, 35, 36, 39, 41].
Our study is the first study that provided an overview of the changing incidence of
varicella, mumps, and scarlet fever in Korea 2020, including the comparison with
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the previous five years' incidence and the predicted incidence in 2020 using 20152019 data. We also compare Korean data to other available countries' data to
strengthen our findings.
However, our study still has some limitations. This study only focuses on three
notifiable respiratory infectious diseases instead of all reported diseases from the
KDCA surveillance system. Therefore, our study findings will not be able to
represent the status of all notifiable infectious diseases in Korea. Since we only
used the KDCA surveillance system data, we are not able to assess further analysis
due to a lack of information. This study did not address the explanation related to
the decreasing trend of incidence among all three diseases since the 2017-2018
period. Since most of the Korean data were published only in Korean, it was also
a language barrier for the researcher to be able to access more data. We also did
not observe and identify the direct impact of the NPIs implemented during 2020 –
the COVID-19 pandemic years, so that we are not able to conclude the exact effect
of NPIs on each disease.
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5. Conclusion
There was a reduction of varicella, mumps, and scarlet fever reported incidence
and the disappear seasonal trend in 2020, compared to the previous five
consecutive years period in Korea.
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Appendix 1: Infectious reported cases by The Korea Disease Control and Prevention Agency (KDCA) surveillance system,
2015-2020

2015
0
121
44
88
71
1804
0

0
22
155

Disease

ԣӿ - Cholera

࢝ન ݘ- Typhoid fever

રӿન ݘ- Paratyphoid fever

ࢄۺ̋ۼऐ - Shigellosis, Bacillary dysentery

࢝ୁۺл࢝̋ʀࠊऋ - Enterohemorrhagic
Escherichia coli Infection

A ɻࠊ - Viral hepatitis A

ਊվࢄݣέۺۘૣѣ߇̋(VRSA) ʀࠊऋ Vancomycin-resistant Staphylococcus aureus, VRSA

ૐύέ࢝ۺέ(ࣔ̋ܓ̋ۼCRE) ʀࠊऋ Carbapenem-resistant Enterobacteriaceae, CRE

ર ૽ە- Tetanus

B ɻࠊ - Viral hepatitis B

359

24

0

0

4679

104

113

56

121

4

2016

391

34

5717

0

4419

138

112

73

128

5

2017

392

31

11954

0

2437

121

191

47

213

2

2018

389

31

15369

3

17598

146

151

55

94

1

2019

380

31

17909

9

3906

282

30

65

43

0

2020

2015
40
0
699
45
37
15
9513
104
5
384

Disease

ࢇؿϬࠊ - Japanese encephalitis

C ɻࠊ - Viral hepatitis C

փӿն߂ - Malaria

ԣऌࠚόӿऋ - Legionellosis

ٮٵնࠚ઼ୁऋ - Vibrio vulnificus sepsis

ऎࠇ - Murine typhus

फ़फ़ɹݡבऋ - Scrub typhus

Ԩੲݘӿऋ - Leptospirosis

ٮՑۿӿऋ - Brucellosis

ݣऋ୬˰ୁࠇ - Hemorrhagic Fever with Renal
Syndrome

575

4

117

11105

18

56

128

673

0

28

2016

531

6

103

10528

18

46

198

515

6396

9

2017

433

5

118

6668

16

47

305

576

10811

17

2018

399

1

138

4005

14

42

501

559

9810

34

2019

274

9

141

4444

4

72

340

389

11819

7

2020

255
27
9
2
79
0

ਲ਼ࠇ - Q fever

ӿࢋ ظ- Lyme Borreliosis

ਟˮПߛࠇ - Chikungunya fever

ࣵऋࠇܒୁۺળʀܒऋ୬˰(SFTS) - Severe Fever with
Thrombocytopenia Syndrome : SFTS

ऌࢄԙݘʀࠊऋ - Zika virus infection

33

2015

ћ̘ࠇ - Dengue fever

ߛਏ(ظvCJD) - Creutzfeldt Jakob disease, CJD

Ըࢄચ-ߛਏ(ظCJD) ࣔس Ըࢄચ-

Disease

16

165

10

27

81

313

43

2016

11

272

5

31

96

171

38

2017

3

259

3

23

163

159

54

2018

3

223

16

23

162

273

53

2019

0

242

1

7

73

42

81

2020

Appendix 2: Pertussis and streptococcus pneumonia reported crude incidence
in Korea and other countries, 2015-2020 (per 100,000 population)
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Dashed black line denotes the predicted incidence in 2020, dark-gray and light-gray shades present 80% and 95% confidence interval of predicted incidence.
*: p<0.05 – seasonal Mann-Kendall trend test (2015-2019)
**: p<0.05 – Mann-Whitney test (2020 observed monthly incidence rates and 2020 predicted monthly incidence rates)
***: p<0.05 – Mann-Whitney test (2020 observed monthly incidence rates and 2015-2019 average monthly incidence rates)

Appendix 3: Monthly pertussis crude incidence rates (all ages) from 2015 to 2020 and predicted incidence rates in 2020 by
SARIMA model in Korea, USA, UK, Singapore, and China (per 100,000 population)

Dashed black line denotes the predicted incidence in 2020, dark-gray and light-gray shades present 80% and 95% confidence interval of predicted incidence.
*: p<0.05 – seasonal Mann-Kendall trend test (2015-2019)
**: p<0.05 – Mann-Whitney test (2020 observed monthly incidence rates and 2020 predicted monthly incidence rates)
***: p<0.05 – Mann-Whitney test (2020 observed monthly incidence rates and 2015-2019 average monthly incidence rates)

Appendix 4: Monthly streptococcus pneumonia crude incidence rates (all ages) from 2015 to 2020 and predicted incidence
rates in 2020 by SARIMA model in Korea, USA, UK, Singapore, and China (per 100,000 population)
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