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Objectives: Outbreaks of scarlet fever in Mexico in 1999, Hong Kong and mainland China in 2011, and England in 2014-2016 have received global attention, and the number of notified cases in Korean children, including in Jeju Province, has also increased since 2010.
To identify relevant hypotheses regarding this emerging outbreak, an age-period-cohort (APC) analysis of scarlet fever incidence was
conducted among children in Jeju Province, Korea.
Methods: This study analyzed data from the nationwide insurance claims database administered by the Korean National Health Insurance Service. The inclusion criteria were children aged ≤14 years residing in Jeju Province, Korea who received any form of healthcare
for scarlet fever from 2002 to 2016. The age and year variables were categorized into 5 groups, respectively. After calculating the crude
incidence rate (CIR) for age and calendar year groups, the intrinsic estimator (IE) method was applied to conduct the APC analysis.
Results: In total, 2345 cases were identified from 2002 to 2016. Scarlet fever was most common in the 0-2 age group, and boys presented more cases than girls. Since the CIR decreased with age between 2002 and 2016, the age and period effect decreased in all observed years. The IE coefficients suggesting a cohort effect shifted from negative to positive in 2009.
Conclusions: The results suggest that the recent outbreak of scarlet fever among children in Jeju Province might be explained through
the cohort effect. As children born after 2009 showed a higher risk of scarlet fever, further descriptive epidemiological studies are needed.
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INTRODUCTION
Scarlet fever is a pediatric infectious disease caused by group
A streptococcus (GAS) bacteria that produce pyrogenic exotoxins, and affected patients commonly present with severe fever,
sore throat, strawberry tongue, and skin rash [1]. Although the
fatality rate of this disease has decreased to less than 1% after
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the advent of antibiotics [2], GAS infections kill over 500 000
patients annually [3], and repeated infections can lead to autoimmune complications such as rheumatic disease and glomerulonephritis [1]. Thus, the Korean Centers for Disease Control and Prevention (KCDC) designated this infection as a group
3 national notifiable infectious disease (NNID), and urges immediate notification of confirmed or suspected cases [4,5].
Since the early 1980s, the number of reported GAS infections has been increasing globally [6,7]. Scarlet fever resurged
in Mexico in 1999 [8], in Hong Kong and mainland China in
2011 [9-12], and in England in 2014-2016 [13,14]. Such paroxysmal occurrences of epidemics have been explained by the
diversity of emm genotypes, which determine M-protein expression, a pathological determinant of GAS toxicity [15,16].
While emm12 was the predominant genotype during the 2011
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outbreak in Hong Kong and China [11,17,18], emm3 was most
prevalent in England in 2014 [14]. However, multiple factors
(including GAS characteristics, climactic conditions, and herd
immunity) contribute to the resurgence of GAS [17,19,20], so
that no definitive causal explanation has been established for
recent outbreaks [1,10,20].
The occurrence of scarlet fever in South Korea (hereafter Korea) has also spiked since 2011 [5,7,21,22]. The KCDC interpreted this increase as a phenomenon secondary to the expansion
of scarlet fever notification criteria from confirmed patients to
confirmed or suspected patients in September 2012 [23]. In
addition, the KCDC simultaneously published a contradictory
report stating that the number of insurance claims for scarlet
fever received by the National Health Insurance Service (NHIS)
actually decreased by 35.2% from 2011 to 2015 [24]. This suggests that a discrepancy exists between data on the reported
cases of scarlet fever and data on filed insurance claims. Because Jeju Province reported an increase of over 50% in notifications [25], there is a need to identify whether the heightened number of notifications is due to the increase in the total
number of reports, resembling the national trend. In other
words, it is necessary to determine the extent of the scarlet fever outbreak among children in Jeju Province based on the insurance claims filed with the NHIS and to suggest a hypothesis
on this issue. Therefore, the aim of this study was to conduct a
descriptive age-period-cohort (APC) epidemiological analysis
of the scarlet fever outbreak in the pediatric population of Jeju
Province based on NHIS insurance claim data.

METHODS
To conduct a descriptive analysis of scarlet fever patients in
Jeju Province, the raw data were obtained from the customized health insurance database provided by the NHIS. This database represents an exhaustive survey created through the
insurance claims filed with the NHIS by medical facilities when
treatment is rendered to any Korean citizen [5,26].
The inclusion criteria of this study were: (1) registered cases
filed with the Korean Standard Classification of Diseases code
A38 as the chief diagnosis code or any of the 9 co-diagnosis
codes between 2002 and 2006, (2) patients with an administrative address in Jeju Province, and (3) patients aged 14 or
younger at the time of filing. Multiple claims filed with the
same code for a single patient within 1 year were assumed to
reflect follow-up treatments after the diagnosis and were ex-

cluded from the study.
The selected subjects were categorized into 5 age groups in
3-year units: 0-2 years, 3-5 years, 6-8 years, 9-11 years, and 1214 years. This categorization was developed to take into account the fact that scarlet fever is transmitted in the classroom
environment [2,20,22], meaning that appropriate school ages
should be used in the classification [10]. The observations
were also divided by calendar year into five 3-year chronological periods: 2002-2004, 2005-2007, 2008-2010, 2011-2013,
and 2014-2016.
The crude incidence rate (CIR; per 1000 persons) of scarlet
fever by sex, age, and chronological period was defined as a
fraction in which the numerator was the number of scarlet fever patients, from the constructed database, within a given
age group in a certain chronological period, and the denominator contained the sum of the mid-year population, from the
information provided by the Statistics Korea, throughout that
3-year period.
The intrinsic estimator (IE) approach was applied for the APC
analysis [26,27] because it can resolve the issue of a linear dependency between age, period, and cohort, in which cohorts
depend on age and period [28]. The apc_ie package, provided
by Stata version 14 (StataCorp., College Station, TX, USA), was
used to apply the IE approach. A normal distribution was used
to calculate 95% confidence intervals (CIs) of prevalences, and
the threshold for statistical significance was set at 0.05. This
study was deemed exempt from review by Jeju National University’s Research Ethics Committee as it utilized secondary
data that did not contain any personal information.

RESULTS
There was a total of 2345 cases of scarlet fever in Jeju Province between 2002 and 2016 in patients 0-14 years of age. The
most commonly affected age group was 0-2 years, with 1857
patients (79.2%), and the incidence of scarlet fever decreased
with age; there were 330 patients in the 3-5 age group
(14.1%), 117 patients in the 6-8 age group (5.0%), 30 patients
in the 9-11 age group (1.3%), and 11 patients in the 12-14 age
group (0.5%). The highest CIR was observed in the 0-2 age
group between 2014 and 2016 (Table 1).
An analysis of the effects of age, period, and cohort on the
CIR of scarlet fever during the study period showed that the
CIR decreased as age increased when the effects of chronological period and cohort were corrected, and it also decreased
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Table 1. Crude incidence rates (CIR, per 1000 persons) by age group (0-14 years old) and calendar year (2002-2016) in children in
Jeju Province, Korea
Year

Age (y)

(Total, n)

2002-2004

2005-2007

2008-2010

2011-2013

2014-2016

0-2

3.21 (204)

3.61 (193)

4.82 (247)

11.42 (584)

12.08 (629)

3-5

3.36 (252)

0.61 (40)

0.24 (13)

0.30 (16)

0.16 (9)

(33)

6-8

1.07 (86)

0.27 (20)

0.08 (5)

0.09 (5)

0.02 (1)

(117)

9-11

0.29 (23)

0.04 (3)

0.04 (3)

0.02 (1)

0 (0)

(30)

12-14

0.15 (10)

0.01 (1)

0 (0)

0 (0)

0 (0)

(11)

(257)

(268)

(606)

(639)

2345

(Total, n)

(575)

(1857)

Table 2. Crude incidence rates (CIR, per 1000 persons) by age group (0-14 years old) and calendar year (2002-2016) in boys and
girls in Jeju Province, Korea
Age (y)

Boys (n=1324)

Girls (n=1021)

2002-2004

2005-2007

2008-2010

2011-2013

2014-2016

2002-2004

2005-2007

2008-2010

2011-2013

2014-2016

0-2

3.74 (125)

3.61 (102)

5.92 (157)

12.97 (341)

12.70 (339)

2.63 (79)

3.60 (91)

3.63 (90)

9.78 (243)

11.43 (290)

3-5

3.54 (139)

0.61 (21)

0.31 (9)

0.36 (10)

0.14 (4)

3.16 (113)

0.61 (19)

0.15 (4)

0.23 (6)

0.18 (5)

6-8

0.95 (40)

0.20 (8)

0.09 (3)

0.10 (3)

0.03 (1)

1.20 (46)

0.33 (12)

0.06 (2)

0.08 (2)

0 (0)

9-11

0.29 (12)

0.07 (3)

0.03 (1)

0.03 (1)

0.00 (0)

0.30 (11)

0.00 (0)

0.06 (2)

0.00 (0)

0 (0)

12-14

0.12 (4)

0.02 (1)

0.00 (0)

0.00 (0)

0.00 (0)

0.19 (6)

0.00 (0)

0.00 (0)

0.00 (0)

0 (0)

throughout the observational period when correcting for the
age and cohort effects (Figure 1). However, a cohort effect appeared to be present, as shown by the finding that the CIR increased in children born after 2009 when the age and period
effects were corrected.
The male-to-female ratio was 1.3:1 (p<0.001), with 1324
boys (56.5%; 95% CI, 54.6 to 58.6) and 1021 girls (43.5%; 95%
CI, 41.5 to 45.5). By age group and chronological period, the
highest CIR for boys was observed in the 0-2 age group in
2011-2013 and for girls in the 0-2 age group in 2014-2016 (Table 2). However, an analysis of the effects of age, period, and
cohort on the CIR of scarlet fever during the observed period
yielded equivalent results between the sexes (Figures 2 and 3).
Thus, when the age and period effect were corrected, the cohort effect increased following its transition from negative to
positive in 2009, but the age and period effects declined.

DISCUSSION
In summary, the incidence of scarlet fever in children in Jeju
Province was higher in boys, while the incidence increased in
both sexes for cohorts born after 2009 when the age and period effects were corrected. In other words, the elevated number of scarlet fever cases in children in Jeju Province was caused
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by a birth cohort effect, especially due to a higher CIR in children born after 2009.
Some interpret the recent increase in the incidence of scarlet fever in Korea as stemming from the KCDC’s expansion of
the notification criteria in September 2012 to include suspected cases as well as confirmed cases [7,22,23]. Such a change in
the notification criteria may have induced an increase in the
number of reports, but the following considerations weaken
this explanation. First, according to the Health Insurance Review and Assessment Service, which is interconnected to the
NHIS database, the reported incidence already reached 14 550
patients by 2011, before the abovementioned modification,
which was made in September 2012 [5]. Second, the results of
this study, derived from the NHIS database, suggest that the
incidence was already spiking in the 2009-2011 birth cohort.
Therefore, it may be concluded that an epidemic started in
Korea around 2010, similar to the epidemic in Hong Kong and
mainland China in 2011, and has been progressing ever since.
Furthermore, the improved availability of rapid detection
kits and expanded insurance coverage could have influenced
the increase in incidence. However, the effects of these factors
may be less significant than previously estimated because, according to a press release from the KCDC [24], there has been
a 35.2% reduction in overall medical treatment claims from
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Figure 1. Intrinsic estimator analysis of age (A), period (B), and cohort (C) effects for scarlet fever based on crude incidence rates
(per 1000 persons) by age (0-14 years old) and calendar year (2002-2016) in children in Jeju Province, Korea.
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Figure 2. Intrinsic estimator analysis of age (A), period (B), and cohort (C) effects for scarlet fever based on crude incidence rates
(per 1000 persons) by age (0-14 years old) and calendar year (2002-2016) in boys in Jeju Province, Korea.
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Figure 3. Intrinsic estimator analysis of age (A), period (B), and cohort (C) effects for scarlet fever based on crude incidence rates
(per 1000 persons) by age (0-14 years old) and calendar year (2002-2016) in girls in Jeju Province, Korea.
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2011 to 2015, and the results of this study also suggest a consistent decrease in the period effect.
Interestingly, this study found the highest incidence of scarlet fever in the age group of 0-2, whereas the most prevalent
ages of scarlet fever patients in Hong Kong, Beijing, and England were 3-5, 3-9, and 3-7, respectively [10,14,29]. This observation supports the theory that the risk of infection is influenced by the age at which children start school, which varies
across cities and countries [22,29]. Recent changes in childrearing practices in Korea could be considered a cause for the
highest incidence occurring in children between 0 year and 2
years of age. But it needs a further study for this hypothesis
because scarlet fever is relatively rare in children under the
age of 2 due to maternal antibodies [30].
Zhang et al. [31] reported a lower risk of scarlet fever in children between 3 years and 14 years of age when the average
monthly temperature was above 20°C, but they found no difference in risk in children under the age of 2. Based on their
findings, the climactic conditions of Jeju Province, the southernmost island of the Korean peninsula, may contribute to the
incidence of scarlet fever. Further studies on the correlation
between average monthly temperatures and the incidence of
scarlet fever, along with a comparative study on the age of onset in areas of different latitudes, are needed.
The incidence was higher in boys, with a male-to-female ratio of 1.3:1. This observation resembles the findings from the
outbreaks in Hong Kong [10], mainland China [12,29,32], and
England [13]. Zhang et al. [29] explained this observation by
pointing out the more active, but less hygienic practices, of
boys. Unlike a study in Poland that found a steadily increasing
male-to-female ratio from 1992 to 2001 [33], the male-to-female ratios in the 5 calendar-year groups in this study (1.25,
1.11, 1.73, 1.41, and 1.17) showed no statistically significant
trends (Table 2).
The main limitations of this study are as follows. First, the
raw data were obtained through the NHIS database, which is
constructed from filed insurance claims, and not the NNID database, which contains the actual reported cases of scarlet fever. However, the authors decided that the NHIS database was
more suitable for the purpose of the study because APC analysis requires a database that is comprehensive and has longterm stability [24]. Furthermore, the NNID database has inherent limitations stemming from the relatively small number of
reports [5,24,34] and delays in registration [35]. Second, the
incidence of scarlet fever was based on rendered medical
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treatments following physicians’ clinical and epidemiological
diagnoses, indicating a susceptibility to possible overdiagnosis
and misdiagnosis. However, the diagnosis of scarlet fever is
based on clinical findings [36], and it can further be supported
by the Centor score and clinical signs of febrile rash [37,38].
Further follow-up studies analyzing the clinical and epidemiological differences between confirmed cases and suspected
cases are needed. Despite a report that 10% of scarlet fever
cases are misdiagnosed as rubella [39], we believe that the effect of misdiagnosis on our results was minimal because the
main subjects of the study were between the ages of 0 and 2,
an age group that receives mandatory vaccinations.
In conclusion, the increased incidence of scarlet fever in pediatric patients in Jeju Province was found to be due to the
birth-cohort effect, and driven in particular by an increase in
the cohorts born after 2009. Further descriptive epidemiological research, including a time-series analysis, is required to
synthesize different hypotheses for the increased incidence in
this birth cohort.
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