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SUMMARY: Measles was declared eliminated from the Republic of Korea in 2006; however, recently
the number of reported cases has been gradually increasing. To address this issue, we summarized the
measles surveillance data collected during 2002–2011, and aimed to evaluate the performance of the cur-
rent surveillance system in Korea. We analyzed data from the national surveillance system to describe
the occurrence of measles. Surveillance indicators proposed by the World Health Organization were
used to evaluate the performance of the current measles surveillance system. Between 2002 and 2005, a
gradual decrease in confirmed cases of measles was noted, whereas cyclical increases were noted from
2006 to 2011. Since 2006, confirmed cases of measles were more likely to be identified by laboratory
methods. In general, the incidence of confirmed case was less than one per million in Korea; however,
this figure increased in 2002 (1.3/million), 2007 (4.0), and 2010 (2.3). Most cases were occurred in the
age groups 0–23 months and 12–17 years. Laboratory testing was performed in most suspected cases;
however, the proportion of discarded cases was low. Overall, more than half of the reported cases ex-
perienced an onset of symptoms from April to June. The incidence of measles is relatively low in Korea,
and the laboratory surveillance may have helped in identifying under-diagnosed cases within the coun-
try. It remains important to continuously assess the surveillance data to improve the surveillance perfor-
mance.

INTRODUCTION

Surveillance is one of the most important public
health measures for the control and elimination of
measles, and it provides information that allows iden-
tification of trends in the incidence of measles and
facilitates rapid detection of outbreaks. Therefore, rou-
tine monitoring of measles is critical to the control or
elimination of measles and for guiding decisions regard-
ing appropriate public health policies.

Till date, countries and regions that have attempted
to eliminate measles are facing unexpected outbreaks
and importation-related cases of the infection (1,2). The
change in epidemiological features following a reduc-
tion in the incidence of measles should be considered
when operating a traditional surveillance system (3).
However, little is known regarding the basic epidemio-
logical characteristics in countries that have successfully
eliminated measles outbreaks. Therefore, comprehen-
sive descriptions of epidemiological features and evalua-
tion of surveillance outcomes would aid in the improve-

ment of measles surveillance systems.
In the Republic of Korea, following the implementa-

tion of the 5 Year National Measles Elimination Pro-
gram, which included supplementary immunization
programs, measles was declared eliminated from the
country in 2006 (4). Since then, immunization against
measles has been strengthened by the administration of
two vaccine-doses at 12–15 months and 4–6 years of age
by both private and public health sectors. However, the
disease is still common throughout the world, including
neighboring countries in the Western Pacific Region of
the World Health Organization (WHO) (5). Therefore,
comprehensive surveillance data, including epidemio-
logical features, can provide guidance to public health
policies at the national level to promote preventative
measures designed to control and eliminate the occur-
rence of measles. In this study, we used the 2002–2011
measles surveillance data to identify and describe basic
epidemiological features of measles and to evaluate the
performance of the current surveillance system in
Korea.

MATERIALS AND METHODS

Background: In Korea, a routine measles surveillance
program was established in 1995 and involved passive
reporting of clinically diagnosed cases. Following a
nationwide measles outbreak, case-based surveillance
with laboratory confirmation was introduced in 2001, in
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which patients with fever, measles-like rash, and either
cough, coryza, or conjunctivitis was reported as a sus-
pected case of measles. Since then, the collection of
serum and throat swab specimens from suspected cases
was emphasized. Subsequently, in 2006, an active
laboratory-based surveillance program was established,
which involved sentinel laboratories that received and
tested serum samples for measles-specific IgM to di-
rectly notify the Korea Centers for Disease Control and
Prevention (KCDC).

Laboratory methods: Measles-specific antibodies
were evaluated at two different levels, i.e., local public
health laboratories and Environment and Division of
Respiratory Viruses of the KCDC using an identical
method with an enzyme-linked immunosorbent assay
for IgM and IgG (EIA; Siemens Healthcare Diagnostics
Inc., Erlangen, Germany). Blood specimens were ob-
tained Ã72 h after the onset of rash from suspected
cases, and for those who were negative for IgM, a sec-
ond blood specimen was collected for confirmation.
Throat swab samples were frozen at －709C until
shipment for testing using reverse transcription poly-
merase chain reaction (RT-PCR) and virus isolation.
RT-PCR was used to amplify 450 base pairs coding for
the -COOH terminus of the N gene, and all sequences
that were amplified were analyzed to prevent laboratory
cross-contamination.

Data collection and analysis: We analyzed data col-
lected by the KCDC from 2002 to 2011 to evaluate the
performance of measles surveillance in Korea. Suspect-
ed measles cases were stratified using WHO criteria
which included the following: (i) clinically-compatible,
defined as a case that meets the clinical case definition
(fever, rash, and either cough, coryza, or conjunctivitis)
and for which no adequate blood specimen was ob-
tained; (ii) epidemiologically-linked, defined as a case
that meets the clinical case definition and was linked to
a laboratory-confirmed case; and (iii) laboratory-con-
firmed, defined as a case that meets the clinical case
definition and was laboratory-confirmed (serum meas-
les-specific IgM or virological confirmation) (6). The in-
cidence of cases of measles was calculated on the basis
of the 2005 population statistics obtained from Statistics
Korea (7).

Subsequently, we analyzed the surveillance data and
case reports to evaluate the performance of the surveil-
lance system. The transmission source was identified
using in-depth epidemiological investigation data. A
cluster-related case was defined as a patient with
measles who had contact with another patient with
measles during 7–18 days before the onset of the rash
(i.e., epidemiological-linkage, according to the WHO
definition). An importation-related case was defined as
a patient with measles who was outside of Korea for
7–18 days before the onset of rash, cases with virologi-
cal evidence of importation, or cases that had contact
with another importation-related case. The cases that
were not cluster-related or importation-related were
classified as cases with an ``unknown-source of trans-
mission''.

To determine the performance of measles surveillance
in South Korea, we selected the following five perfor-
mance indicators proposed by the WHO (6): (i) the
proportion of discarded cases per 100,000 people; (ii)

the proportion of cases adequately investigated within
48 h of the report; (iii) the proportion of laboratory test
performed in reported cases, (iv) the proportion of cases
with an adequate blood specimen (collected within 28
days onset of rash), and (v) the proportion of specimens
with results given within 7 days of receipt. Data from
virological surveillance conducted by the KCDC during
the surveillance period were used. To evaluate perfor-
mance indicators, the analysis only considered data
from 2007 onward because data for previous surveil-
lance years were not collected. We defined a timely
reporting of measles as an interval within 7 days from
diagnosis to reporting the case to the KCDC. To reduce
the risk of bias, cluster-related cases, which may have
had a greater opportunity for early identification be-
cause of active surveillance measures, were excluded
from this subgroup analysis.

Ethical approval: Ethical approval is not required by
our institution for investigations of surveillance data.

RESULTS

During the surveillance period, 1,506 suspected case
of measles were reported to the KCDC, of which 510
were assessed as clinically-compatible, epidemiologi-
cally-linked, or laboratory-confirmed cases. There were
no significant differences in demographics among those
with clinically-compatible, epidemiologically-linked, or
laboratory-confirmed measles, and all were treated as a
single group of confirmed case of measles.

Between 2002 and 2005, a gradual decrease in con-
firmed cases of measles was observed, whereas cyclical
increases were noted from 2006 to 2011 (Fig. 1). Since
2006, confirmed cases of measles were more likely to be
identified by laboratory methods. Only a minority of
epidemiologically-linked cases were identified in 2006
and 2010. During the surveillance period, the incidence
of confirmed cases were generally less than one per mil-
lion; however, this incidence rate exceeded in 2002
(1.3/million), 2007 (4.0), and 2010 (2.3) (line-graph in
Fig. 1).

The 2006 outbreak occurred in a preschool in In-
cheon, in which 15 cases were confirmed out of 152 ex-
posed children. The second outbreak occurred during
2007, when multiple transmission chains of measles
were mainly identified in hospital settings. Among 180
cases confirmed as measles, 81 (45z) were acquired via
nosocomial transmission in 6 hospitals, mainly located
in Seoul and the surrounding metropolitan area. A
school outbreak in Incheon that occurred in 2010, in-
volved 127 suspected cases out of 878 exposed students,
which mostly affected inadequately vaccinated students.
In 2011, Gyeongnam province reported multiple trans-
missions of measles in hospitals and preschools, result-
ing in 32 confirmed cases of measles.

Approximately two-thirds of the confirmed measles
cases occurred in children º59 months old, 37z were
female, and half were cluster-related (Table 1). In 2010,
an outbreak occurred in an all-male junior high school,
which affected 108 students; however, these students
contributed to the disproportion in sex and age groups.
More than 90z of cases during 2002–2004 had an
unknown source of transmission; however, the source
of transmission is identified in recent cases.
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Fig. 1. Summary of measles surveillance results, Republic of Korea, 2002–2011.
*Crude incidence per 1,000,000 inhabitants.

Table 1. Demographic and epidemiologic characteristics of confirmed measles cases, by surveillance year, Republic of Korea, 2002–2011

Characteristic

Year of surveillance
Total

No. (z)2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
No. (z) No. (z) No. (z) No. (z) No. (z) No. (z) No. (z) No. (z) No. (z) No. (z)

Confirmed measles 62 33 11 7 28 194 2 17 114 42 510
Sex

M 42 (68) 17 (52) 4 (36) 5 (71) 10 (36) 101 (52) 1 (50) 10 (59) 104 (91) 26 (62) 320 (63)
F 20 (32) 16 (48) 7 (64) 2 (29) 18 (64) 93 (48) 1 (50) 7 (41) 10 (9) 16 (38) 190 (37)

Age group
º12 mo 16 (26) 4 (12) 5 (45) 0 (0) 3 (11) 77 (40) 0 (0) 2 (12) 2 (2) 11 (26) 120 (24)
12–23 mo 20 (32) 9 (27) 3 (27) 2 (29) 5 (18) 68 (35) 0 (0) 5 (29) 10 (9) 10 (24) 132 (26)
24–59 mo 8 (13) 6 (18) 2 (18) 1 (14) 15 (54) 26 (13) 0 (0) 2 (12) 5 (4) 6 (14) 71 (14)
6–11 yr 7 (11) 9 (27) 1 (9) 2 (29) 2 (7) 5 (3) 1 (50) 3 (18) 0 (0) 4 (10) 34 (7)
12–17 yr 5 (8) 2 (6) 0 (0) 1 (14) 2 (7) 2 (1) 1 (50) 1 (6) 94 (82) 1 (2) 109 (21)
18–49 yr 6 (10) 3 (9) 0 (0) 1 (14) 1 (4) 16 (8) 0 (0) 4 (24) 3 (3) 10 (24) 44 (9)

Source of transmission
Cluster-related 0 (0) 0 (0) 0 (0) 0 (0) 22 (79) 92 (47) 0 (0) 0 (0) 108 (95) 24 (57) 246 (48)
Importation-related 1 (2) 2 (6) 1 (9) 1 (14) 4 (14) 2 (1) 1 (50) 1 (6) 1 (1) 10 (24) 24 (5)
Unknown-source 61 (98) 31 (94) 10 (91) 6 (86) 2 (7) 100 (52) 1 (50) 16 (94) 5 (4) 8 (19) 240 (47)
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Confirmed cases were noted in both children and
adolescents with the highest incidences in the age groups
0–23 months and 12–17 years. Those aged between 6
and 11 years had the lowest proportion of laboratory
confirmed cases (44z), followed by those aged 24–59
months (63z) and 12–23 months (76z). Overall, more
than half of the cases (66z) were reported to experience
an onset of symptoms from April to June (Fig. 2).

Table 2 shows the analytical results of selected sur-
veillance performance indicators from 2007 to 2011.
During the surveillance period, less than one case per
100,000 people was discarded. The proportion of ade-
quately investigated cases increased from 29z in 2007
to 73z in 2011. Across all surveillance years, laboratory
tests were performed in most suspected cases and more
than 80z had their blood specimens tested, the results
of which were given in a timely manner (Table 2).
Among the isolated viruses, D5 was identified in 2003,
2004, and 2007; H1 was identified in 2006, 2007, 2009,

and 2010; and D9 was identified in 2011. After exclud-
ing cluster-related cases, which may have been more
likely to be identified earlier because of active surveil-
lance measures, recently identified cases were more like-
ly to be notified faster compared with cases of early
2000's.

DISCUSSION

In Korea, from 2002 to 2011, the national estimated
incidence of measles was low (0–4.0 per 1,000,000 peo-
ple). These data suggested that although the incidence
was low, measles remained a potential threat to public
health in Korea and that the occurrence of outbreaks
may pose reintroduction of endemic transmission of the
virus. There was no significant change in the overall
age-specific annual incidence, although there were
spikes in 2006, 2007, 2010, and 2011, due to cluster-
related cases. The increase in incidence was mainly a
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Fig. 2. Reported measles cases by month of disease onset and transmission status, Republic of Korea, 2002–2011.

Table 2. Selected performance indicators of measles surveillance in the Republic of Korea, 2007–2011

Parameter, no. (z)

Year of surveillance
Total

No. (z)2007 2008 2009 2010 2011
No. (z) No. (z) No. (z) No. (z) No. (z)

Suspected case 451 96 74 248 174 1,043
Discarded case/100,000 population 0.5 0.2 0.1 0.3 0.3 0.2
Case with adequate investigation 131 (29) 48 (50) 36 (49) 154 (62) 127 (73) 496 (48)
Laboratory test performed in reported case 421 (93) 83 (86) 65 (88) 211 (85) 163 (94) 943 (90)
Case with adequate blood specimen 382 (85) 81 (84) 63 (85) 210 (85) 147 (84) 883 (85)
Specimen with result within 7 days of receipt 421 (93) 82 (85) 63 (85) 207 (83) 160 (92) 933 (89)
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result of the occurrence of measles outbreaks.
Among 15 preschoolers who were affected in the 2006

outbreak, 14 had an inadequate vaccination status, and
measles affected 100z of children with no vaccination
history (8). Among 180 confirmed cases of measles in
the 2007 outbreak, 81 (45z) had originated from
nosocomial transmissions in 6 hospitals, mainly located
in Seoul and the surrounding metropolitan area (9).
More importantly, 124 (69z) cases had no history of
measles, mumps, and rubella vaccination. Molecular
analysis of measles viruses from 11 cases diagnosed dur-
ing the 2011 outbreak in Gyeongnam Province revealed
the same D9 genotype, which was the first to be disco-
vered in the country and was prevalent in neighboring
Asian countries (10,11).

In addition, we determined that although the perfor-
mance indicators for laboratory surveillance were ac-
ceptable in Korea, less than one cases per 100,000 peo-
ple was recorded, which was lower than expected. This
finding may implicate inadequate sensitivity of the cur-
rent surveillance system. Indeed, these results were simi-
lar to those of other low-incidence countries (12,13). In
countries with a low incidence of measles, diagnosis and
reporting of suspected cases remains a challenge (14,15).
Therefore, laboratory confirmation has been empha-
sized to improve the measles surveillance system.
However, our findings suggested that even with sig-
nificant attempts to confirm samples by laboratory

measures in Korea, the overall sensitivity was lower than
expected.

A proper diagnosis of suspected cases tends to be
more difficult because recently trained physicians are
less likely to encounter patients with measles during
their training periods. However, measles should be con-
sidered when encountering a patient with fever and
rash. The current Korean measles surveillance system
defines a suspected case as an illness characterized by
the presence of morbilliform rash, fever À38.09C, and
either cough, coryza, or conjunctivitis. However, we
suspect that this original case definition is less sensitive
to identify all cases of measles present in the country.
Therefore, a more sensitive measles definition is re-
quired to better identify suspected cases within the
country.

There were 3 measles virus genotypes introduced in
Korea throughout the surveillance period. The change
in the predominant genotype from D5 to H1 during the
mid-2000s resulted in an increased incidence of mesles
cases. In China, genotype H1 was predominant during
1991–2008 (16) and was also in the early 2000s in Japan
(17). Further investigations comparing full genome se-
quences will be required to explore the association be-
tween viruses circulating between neighboring coun-
tries.

Our findings had several potential limitations. First,
because surveillance data are subject to under-reporting
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and misdiagnosis, not every case of measles was report-
ed to the KCDC, and some that were reported were
reclassified. Second, because we did not obtain the im-
munization status for the majority of suspected cases,
our data should be carefully interpreted. Third, small
number of suspected measles cases in our surveillance
data made it difficult to readily extrapolate our findings
to other countries.

Despite these limitations, we believe that the present
surveillance data may aid in elucidating the epidemiolo-
gy of measles in a low-incidence setting. Moreover, our
findings will add to the baseline data for future strate-
gies to contain measles outbreaks in Korea. By making
our surveillance data publicly available, we aimed to
compare our surveillance data with those of other coun-
tries in the hope that this may lead to better under-
standing of the trend of measles spread in countries with
a low-incidence of the virus. Recently, some countries
have provided their national surveillance data; however,
most were from countries with mid- or high-incidence
rates of measles. In addition, differences in obtaining
data from other countries should be taken into account.

In the present study, we aimed to identify and
describe basic epidemiological features of measles cases
and to evaluate the performance of the current surveil-
lance system in Korea. Our review of measles epidemiol-
ogy in Korea indicated that the incidence was low and
that laboratory surveillance may have helped in iden-
tifying under-diagnosed cases from the country.
However, it remains important to continuously asses the
performance of a surveillance system to identify more
cases in a timely manner. The epidemiological features
of measles described in this study may provide guidance
for the future public health measures in Korea and its
neighboring countries.
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