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Measles virus is a highly contagious, exanthematic virus,
preventable by the use of an effective live-attenuated vaccine.

However, measles virus remains endemic in many area of
the world causing nearly 200,000 deaths per year and still a
major cause of child mortality, mostly in developing countries.
In March 2014, Republic of Korea was certified as a ‘national
measles elimination” by the WHO as a result of a high-quality
case-based surveillance system and population immunity, which
was achieved by a high vaccination rate (>95.0% since 1996).
But, since the beginning of 2014, the Gyeonggi province has
experienced a resurgence of measles cases.

In this study, we investigated the characteristics of measles
viruses isolated from confirmed measles in Gyeonggi province
during January 1, 2014 ~ July 31,2014, 60 isolates were obtained
from 72 confirmed measles specimens.

Genotypic distributions and genetic diversities of isolated
measles virus were analyzed by sequencing of nucleoprotein
(N) gene. 58 (96.7%) imported cases were identified. The
predominant genotype was B3, which reflects the circulating
measles virus in adjacent countries. The sequences of nucleo-
protein (N) gene of isolated MeV were showed that the strains
characterized showed the highest degree of identity (99%) with
the Philippine related strains in 2013-2014. Therefore, infected
traveler returning from the Philippines transmitted secondary

infection in Korea.

*For correspondence. E-mail: hjyun712@gg.go.kr;
Tel.: +82-31-250-2554; Fax: +82-31-250-2559
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ulc} 209Hg o] APYsl= FE W o|thde Quadros ef al., 1996;
Wolfson et al., 2009). Z-H}o]& A~(MeV)+= Paramixoviridae
I} Morbillivirus£:0]] £3= RNA v}o|#{ AR A 17]2] &3
202 237]9] A4S 71X 3L Qlti(Bellini and Rota, 1998).
237H_4 SA3(A, B1-B3, C1-C2, D1-D10, E, F, G1-G3,
HI1-H2)2 A A &) 217 & R Hof| A {-3ch= A o2 &
HA glon, 125719 4% (BI1, DI, E, F,Gl)2 7}A 15
WI7E 8l A) o Ao Wol nlesh Aol Ao 2
A=t World Health Organization, 2005). Z<jdjo]g|A
(MeV) 9] -5-A A thoFAd-2 hemagglutinin(H) 2} nucleoprotein
(N)2] 450-nucleotide carboxyl region F-$]9] geneol| A 717
ol M5, o] FejoflA 247} 8%2} 12%9] nucleotide TF
OFAE 7T A tHXu et al., 1998; Sondes et al., 2010).
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+2] A g o] Bl of] wheh20063 of Al E G~
22 ZTAEE A3k ut Qi) 2006 o] 32l 3
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3191112014 39 WHORRLE| F A E| X5 7) 2 5
tKorea Centers for Disease Control and Prevention, 2013b;
World Health Organization Western Pacific Region, 2014b).
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201413 195E] 2014 79747 A7 E o)A 2adet
32} 1772 YAt 2 7242 Q1T AEL Ao g o
T-E AASHIH SRS 2R E Y == HPO]H
2 42458 vl| X|(viral transport medium; VIM; BD)of| &
SEHE FASHEA AP R Hlsto] vlol 2] E]E H
AA 2 AL8F AL, B -70°C 24 W5 ae] shglck

< ol |

M=Hi 2 SHH0[2A 22

AAL] M A 2] & f8ke] A ofl penicillin (1,000 units/m1)/
streptomycin (1,000 pg/ml) (Gibco, USA) X nystatin (1,000

Table 1. Primer list for amplification and sequencing of N gene

units/ml) (Sigma)S- H7}3F T 4°Co| A 155 712 0 2 S50
ZHA] 1A)ZF 501 v 5t o] 2 AR
&, 4°0)5to] FojRl A5 Hho & HE-8 HA= AR
shote

S oujo|H AL BHelE 98 TAdE 2= A 32321 vero/
hSLAM A| 25 AW e| 2 S5 7|dfol g A2 RE &
OF Wro} AL8-3}9 Tk A& 10% FBS (fetal bovine serum;
Welgene), 1% geneticin, 1% glucose, 1% penicillin/ streptomycin
o] 271l MEM (minimum essential medium; Welgene) Bl %]
= ARgsto] afjstgl e, AlEZE 24 well vjF-87] o &3
Hj R 5, A|222] =7} 0F 70% 74 &= B e wf All 2l gl
2 A A3}aL, phosphate-buffered saline (PBS)-2 ©]-8-3}¢4 23]
|27 T A 2] 7 712200 Wl %51, 2% FBS
7} R Rl H7keted 35°C, 5% CO, 2 Aol A] 727E
wjoFsl A 3Z ¥ & I(cytopathic effect; CPE)E #2515
T} 70~80% A 0] A Erg o] TAE| QS uf, v FE7] i<

A3 2wl oFoll-S =78 5 214 E-2)(12,000 rpm, 104, 4°C)
stof Az ole elstelch
a5 AF=o8 QlAamp Viral RNA Mini kit (QIAGEN)

2 Apgato] A 2Abe] Wl uhel RNAS 2&atsic.

Rota 5(2011)°] 1%t Fufol 2| HE-§ Zefo|H S
SAAAES Y5 AFE3}%3(Table 1), OneStep RT-PCR
smart mix kit (Solgent) & ARg-5o] H2]El RNAS A7I8H 3, &
HR} FZ7|(Verti 96 well Thermal Cycler; Applied Biosystems)
£ Apgsto] B2t

RT-PCR HE3-27-& 50°Coj| 4] 307} reverse transcription
£ 43851 a1, 95°Co| A 1587 HA A7 &, 95°Cof|A] 30
Z,60°Cof| A 30, 72°C°1]A1 3024 403] W31 3 72°C0]
A 10571 extensiondt 3= S ZohA|FTh

PCR AHZ-2 QlAxel (QIAGEN) A7 G =2 2 BHols)
k.

FUX H7IME 2

RT-PCR-& 53l 5% PCR A2, Marcrogen AHS 3]
MR} A RAE #i‘;‘;}%‘iﬁk = 225 QAR %0}
7.2 (Gibeo) 2 4174 5510] 2eleh 7], DNAL TS
o8k 5, AccuPrep Gel Purification kit (Bioneer)& A}-8-51

Primer Sequence (5'-3")
MeV 216 TGG AGC TAT GCC ATG GGA GT
MeV 214 TAA CAA TGA TGG AGG GTA GG

N

Target gene

Location Product size (bp)* Reference
1104-1123

634 Rota et al. (2011)
1718-1737
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ol(Buffer GBYS 715k 50°ColA A& oAzl =
Bioneer spin column ©. 2 4 4°Cof| 4] 14,000 rpm &2 15
7H QA 5, AR 95800 750 ul-S B 71511 14,000 rpm
ol A 127t AR T, A5 NS Floto] ko] A 2§ 258
2 A A3 30~50 pl 2] DW= DNAE 3|45} t}-&- A g o]

Z2Z ¥ Sojulo| ¥4 PCR productE |
& 90] o122 2efolol AL o1o] o
2 1l8k o 2 dideoxynucleotide chain termination 7] %2 A&
Sl+= Bigdye sequencing kit (ABI prism Applied Biosystems,
Perkin Elmer)2- A-8-3}¢] sequencing reaction-< S}t A o]
A PCR AHE-2: 0]-8-3}o] ABI PrismBigDye Terminator Cycle
Sequencing Ready Reaction Kit2} ABI Prism 3100 Genetic

Table 2. Measle virus reference strains used for sequence analysis

Analyzer (Perkin-Elmer Cetus) & ©]-8-3}0] 7|4 ¥ 42

2% A7 = E2]3E2] nucleoprotein (N) F-9] G714

&2 BLAST (Basic Local Alignment Search Tool, http://
blast.ncbl.nlm.nlh.gov/Blast.cgl)g 0]-8-5}44 GenBank (http://
www.ncbi.nlm.nih.gov/) database®] 5E5 o] 3= 7|£9]
S oduto]B A FEF(Table 2) F7| A L3} v w242 £
e ABAS e § 3L Slskech HAES
ClustalW Z &2 13L& 0]-835}o] A5} 2, MEGA v 5.05
(Molecular Evolutionary Genetics Analysis version 5.05)
software (Rota et al., 2011)&

likelihood model®} neighbor-joining methodof] 2J3f & 7] A

0]-8-3}¢] maximum composite

Genotype Referencestrains
A Edmonston-wt.USA/54
Bl Yaounde.CAE/12.83“Y-14”
B2 Libreville. GAB/84“R-96”
New York.USA/94
B3 Ibadan.NIE/97/1
C1 Tokyo.JPN/84/K
o Maryland.USA/77“IM”
Erlangen.DEU/90“WTE”
D1 Bristol. UNK/74 (MVP)
D2 Johannesburg.SOA/88/1
D3 Illinois.USA/89/1“Chicago-1”
D4 Montreal. CAN/89
DS Palau.BLA/93
Bangkok. THA/93/1
D6 New Jersey.USA/94/1
o7 Victoria.AUS/16.85
I1linois.USA/50.99
D8 Manchester.UNK/30.94
D9 Victoria.AUS/12.99
D10 Kampala.UGA/51.00/1
E Goettingen.DEU/71“Braxator”
F MVs/Madrid.SPA/94 SSPE
Gl Berkeley.USA/83
G2 Amsterdam.NET/49.97
G3 Gresik.INO/17.02
HI1 Hunan.CHN/93/7
H2 Beijing.CHN/94/1

GenBank

: Reference
N gene accession

uo01987
U01998
U01994
L46753
AJ232203
AY043459
M89921
X84872
D01005
U64582
uo01977
U01976
L46758
AF079555
L46750
AF243450
AY037020
AF280803
AF481485
AY923185
X84879
X84865
u01974
AF171232
AY184217
AF045212
AF045217

GenBank
(http://www. ncbi.nlm.nih.gov/)
database
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Fig. 1. Number of measles patents in Gyeonggi-Do via Republic of Korea during January 1, 2014. ~July 31, 2014.
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Fig. 2. Distribution of measles patents in Gyeonggi-Do during January 1, 2014.~July 31, 2014.

BS (Bucheon-si, Wonmi-gu), BS (Bucheon-si, Sosa-gu), BO (Bucheon-si, Ojeong-gu) , GIS (Goyang-si, llsanseo-gu), SB (Seongnam-si, Bundang-gu), GID
(Goyang-si, Ilsandong-gu), AS (Ansan-si, Sangrok-gu), AD (Anyang-si, Dongan-gu), GD (Goyang-si, Deogyang-gu), SY (Suwon-si, Yeongtong-gu), AM
(Anyang-si, Manan-gu), SG (Suwon-si, Gwonseon-gu), SP (Suwon-si, Paldal-gu), YS (Yongin-si, Suji-gu), SJ (Suwon-si, Jangan-gu), YG (Yongin-si,
Giheung-gu), YC (Yongin-si, Cheoin-gu)

Table 3. Month distribution of measles patents in Bucheon-city during January 1, 2014.~July 31, 2014

Month region Sum JAN FEB MAR APR MAY JUN JUL
Sum 69 0 2 2 8 26 15 16
Sosa-gu 20 0 2 0 2 3 6
Ojeong-gu 14 0 0 1 0 8 3 2
Wonmi-gu 35 0 0 1 6 11 9 8
W Essx Asd Als
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B1%) 0.2 714 we B2 1k %3 1996 | HE 2001
A7FA] S48 15~20A]| 0| 4 9] T Y2 1996d o] % 2%}
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Table 4. Hospital distribution related to confirmed measles

SHH0[2AL| FriY RE U ASEFSH 24
20143 1956 20143 79744 AR A 2 RT-PCRY|
Al Z-ojutoly AR SQIE 72710 thsto] Al|aLufeFi o &2 uf
olfAE st AP A4 Wolrt 7P @2
nucleoprotein (N) -84} 915 &4 6ko] §-43 S 2elst
o}, A|szufefr o2 Foquto|e| A Felgh At 72719
Autol | A R A F 60715to] F-uto] e A 0] AL
= YUEt SlaL, S-ofufo 2] A9 f- 4%} S0 7Tk Al 22
Hjefo] E7Hs R H 12712 th 72 2|2 HAM] A& 29 vio|
A7 HEE T By oA A E QLS A o2 A HTh
60F2] 47| = Futol g A Ha| 25 E Al
&9}l nucleoprotein (N) F-4AE 55, G7|4E 24 4
BLAST §-4% <& ghlstqit. L A1}, S9ufol3 A B3
A7 0] 58596.7%) & 71 ol ERIE| o™, A f-H3 o
Z(1.6%), D8 G- A& 0] 155(1.6%) 2] =] tHTable 5).
Nucleoprotein (N) 5-312-2] Al'S272e+4 4 23}, B3 &
Aol &dh= 585= 47119] LF o= Lr|ojF om Lol x|
ool A 19978 H2]E WHO B3 #3521 MVi.Ibadan.NIE.97.1
T2+98% UX|BFATE E3H20131d~2014'd Z 2] of A 5-3Y

3 1

ol

r
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Medical institution Frequency Percent 3} MVs/California.USA/13.14/3 B33 9] 11558}2] &7]
A hospital 30 40.00% AE FQ9=99% U5} 11 MVs/Washington.USA/14.14/3
B hospital 22 29.30% B3 9] 357:21=62% LX|SIAT o] 2M F-¥A Ao H 2
C hospital 16 21.30%

D hospital 2 2.70%
E hospital 1 1.30% Table 5. Genotype distribution of measles virus isolated in Gyeonggi-Do
F hospital 1 1.30% during January 1, 2014.~July 31, 2014
G hospital 1 1.30% Genotype No. of isolated measles virus (%)
H hospital 1 1.30% A 1(1.6)
I hospital 1 1.30% B3 58 (96.8)
Total 75 100.00% D8 1(1.6)
40+
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Fig. 3. Age distribution of Measles patents in Bucheon-city during January 1, 2014.~July 31, 2014.

Korean Journal of Microbiology, Vol. 53, No. 1



6 - Yunetal

Vs/Washington.USA/14.143 B3
@ MVs/Washington.USA/14.14/4' B3
@ MVs/Washington.USA/14.14/ B3
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A\ MVs.Gyenggi.KOR.14.1 €] 1434
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— @ MVs/HongKong.CHN/10.14/3 B3
99 | A MVs.Gyenggi KOR.14.5 2] 137
@ MVs/HongKong.CHN/35.13/1 B3
@ MVs/California.USA/13.14/2 B3
— /A MVs.Gyenggi.KOR.14.18
@ MVs/Alabama.USA/13.14/ B3
A MVs.Gyenggi. KOR.14.3 9] 277
98 @ MVs/HongKong. CHN/43.13/2 B3
@ MVs/Califonia.USA/13.14/ B3
@ MVs/Califonia.USA/11.14/ B3
@ MVs/Victoria.AUS/13.14/ B3
MVs/Victoria.AUS/24.14/3 B3
Vs/Victoria. AUS/11.13/ B3
86 MVs/Victoria. AUS/20.13/ B3
“—— MYVi.Ibadan.NIE.
New York.USA/94 B3
Yaounde.CAE/12.83Y-14 B1
Libreville. GAB/84 R-96 B2
MVi.Goettingen.DEU.0.71 Braxator E

MVi.Tokyo.JPN.0.84 C1
61 | —— MVi.Maryland.USA.0.77 ]M C2

100 L———— MVi.Erlangen. DEU.0.90 WTF C2

Madrid.SPA.0.94 SSPE F

A MVs.Gyenggi.KOR.14.12 (B)

Edmonston-wt.USA/54 A
ohannesburg.SOA

(A)

54

68

MVi.Kampala.UGA.51.00.1 D10

Bristol. UNK/74 (MVP) D1

MVi.New Jersey.USA.0.94.1 D6
——A MVs.Gyenggi.KOR.14.1

100 - MVi.Mancherster.UNK.30.94 DS

_[—MVi.Victorla. .16.85 D7
82 MVi.Illinois.USA.50.99 D7

MVi.Illinois.USA.0.89.1 Chicago-1 D3
Bangkok.THA/93/1 D5

MVi.Montreal. CAN.0.89 D4
MVi.Palau.BLA.0.93 D5

MVi.Victoria. AUS.12.99 D9
MVi.Human.CHN.0.93.7 H1

96' MVi.Beijing. CHN.0.94.1 H2

83 MVi.Berkeley.USA.0.83 G1
Sﬂ—f MVi.Amsterdam.NET.49.97 G2
93 MVi.Gresik.INO.17.02 G3

0.005

©

Fig. 4. Phylogenetic tree based on the partial sequences of the nucleoprotein (N) gene. (A) B3 genotype virus, (B) A genotype virus, (C) D8 genotype virus.
The tree was constructed from partial nucleotide sequences of the nucleoprotein (N) gene of measles virus isolated in Gyeonggi-Do. Reference strains of
measles virus were selected from GenBank under the accession number indicated in the text. Closed circles (@) represent Philippine related strains, and open
triangles (2 ) represent Gyeonggi strains, respectively. Branch lengths are proportional to the number of nucleotide substitutes and bootstrap probabilities <
50 are shown at each adjacent node.
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