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Middle East respiratory syndrome coronavirus (MERS-CoV) causes severe cases of human respiratory disease. The
current outbreak of infection with this virus in South Korea, which began on May 20, 2015, has infected 186 patients

and caused 36 deaths within 2 months. In this study, to investigate the viral pathogen causing acute respiratory infections,
multiplex/RT-PCR was performed on were obtained from nucleic acid of the Middle East Respiratory Syndrome-negative
subjects. Viruses and atypical bacteria were detected in 39 of 337 (11.6%). Frequent viruses were human rhinovirus

(n=11, 3.3%), human metapneumovirus (n=9, 2.7%), parainfluenza (n=9, 2.7%) and adenovirus (n=4, 1.2%). Mycoplasma

pneumonia (M. pneumonia) was detected in 1.8 % (n=6). Out of 9 human metapneumovirus (hMPV) positive samples,

6 samples were successfully sequenced using F gene. And M. pneumoniae was sequencing of a repetitive region of the

P1 gene. Phylogenetic analysis revealed that hMPV clustered into A2b lineage (n=4), B2 lineage (n=2) and M. pneumoniae

clustered into two genotypes: Type 1 (n=4), Type 2a (n=2).

Key Words: Middle East respiratory syndrome coronavirus (MERS-CoV), Human Metapneumovirus (hMPV),
Mycoplasma pneumonia (M. pneumonia), Phylogenetic analysis
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+ HE B 385575 T(AA e BARIEH S

Zehye] oA Fide] yehr] A 149 ojdidl &

AHg e A B A9 HEE 149 o] T 525715 (MERS) HE|X|Fl o]Aste] 2015
of A FASFTITEe] vERE Aof WS H5 FAF el g8 FESETISS A
gk 2L 2. W SEVISNCIR, SEETE B0l oW E 3807127, o] F S0 FRIE HAE 377710tk
A, Fe] deRr] A 14 ojdlel] FEA w3777 T Wh 194 o el AdR1skAl A= 33771 ]9l
of A, g, AR UAG 2| 38 = S5V ©]59 MERS-CoV 81 AANE dhal W AR e
Aol A, FEEFVTTT FXEAAL T e T 2 IFVIHAAE AARIGITE 183 AAF 9fF Al &
St DA AEFS AL 4. HEY T F7F/d0] AoHA B A oF A3t g Az A, A=, 9
144 ojulel] FEEF7ITFaro]l FAS o 57| A 7 ol gk A=E FEITh

, B2, BEALR AW 2R] 7)Ao R HEd & solx| 245

7157%¢0] J& w MERS-CoV XT3 7} X8 s+ Flo]

ol ole} Fe xyo = Qlste] B ol 9% MERS Z & 7]8fko] 8] 2~ Multiplex real-time PCR/RT-PCR kit
oA Zx} hF-E wdy 55750 AL 194] o4 (Kogenebioteck, Korea)S ©]-83}] adenovirus, human boca-
o] Aelskxoict. x|k AxA o2 MERS 9AA = virus, parainfluenza virus 1,2,3, hunan coronavirus 229E, CC43,
377 Ao R FRIEUT 1 9] EF MERS 942 NL63, respiratory syncytial virus A, B, human metapneumo-

2 4ol FAt o|Fx tula=e] oA Ao A MERS- virus, human rhinovirus, influenza virus A/HIN1pdm09, A/
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AFgEC] TR FARE M o] mi9- ol ThATel| & Atk ko] WAS FH7|Eol| H7FgE $- 7500 Fast Real-
wHo g FafS sir) ik 7| AASS z2kal ALY ) Time PCR System (Applied Biosystems, Foster City, CA, USA)
Srobe] A9 AWAA S Q] o] AINAS] T ALEse] a1 whirdel met BAsn
o]

Human metapneumovirus (hMPV)2| E7|MYE 24

Zrofol|ut ghE]o] glom. HRlS o sto] S57] hMPVE] 714 #4]-S DiaStar 2X OneStep RT-PCR
A3S dod)= AU AA Y] A TS B4 A= Pre-Mix Kit (Solgent, Korea)E A3} semi-nested PCR
uln] gk Ao)u} WS =aEkith 12} PCR Primer® 3637F, 4192R1,

olof E A= FA4 U] WIS MERS 2413AF & & 4192R2E semi-nested PCR- 3637F, 4164RS ©]-8-3}
Jo R gl AW 194] oo ARjISolA &5 vheo ZHoE HASIITE (3). 12k PCR2 45T 303,
7148S doy)E AHAAS ERIsIITE aElal B 94T 5ES 18] a7, 94T 30%, 60T 30%, 72T 45%
A AENE 9D IS Tolste] 1 EAS B8 403, 72T 108 WA TE WS & PCR SE&AMES
1A} Shih wE=gk ERlE AjNEYA T v A A= 1% agarose gel (Invitrogen, USA)A] 7195 sl 1
% human metapneumovirus}

571 MRl Mycoplasma Z3}:= Image analyzer (Geldoc XR image system, BioRad,
preumonia® A= FAAEA S 23k Hercules, CA, USA)® 555 bp2] PCR bandS 2H¢13}31t}.
Semi-nested PCR> 71995 A3 540 = g<ld A
of tlslA AAESATE 14} PCR 2HES FH o2 5}
annealing =55+ 66 C= W733to] 1k PCR¥} 22 =71
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Table 1. Primers used in this study
. . . Target Size (b
Agent Primer purpose Primer Sequence (5'- 3") g:::;gees o fllz)i(f dﬁz ¢
3637F GTY AGC TTCAGT CAATTC AACAGAAG 555
4192R1 CAG TGA AAC CAT ACT GAT RGG ATG
hMPV Semi-Nested PCR F
4192R2 TAG TGC AAC CAT ACT GAT RGG GTG 57
4164R CCT GTG CTG ACT TTG CAT CAT GGG
Mp5f TTG ACAAGA CCG TCC AAT CC
First amplification 2,465
Mplér TTG GTT GGG TAT CTT GAT CAG G -
M
P Mpllf CCT CGT TGT CAG TGG CACC
Nested PCR 533
Mpldr GCT GGG TGG AAT GGT CTG TAC
o2 AAl ¥ 527bp2] PCR bandE Q13131 tH(Table 1).
PCR SEAE0 gk $4714<E #4249 (Macrogen, Korea) RESULTS AND DISCUSSION

< o=lste] Eld A71A4
software package (DNAStar, Madison, WI, USA) X2 135
o]-g-Fo] #4151t} NCBI GenBank database®l] 5-=% 7]
< ¥ 97IME Hlal - Z4E31AL Clustal X= ©]8
sto] multiple alignmentE a3}t Al'E$4]> MEGA
4Z A18-3F0] Maximum composite likelihood2] <+ A3
(neighbor-joining: NJyHH o2 A3 T) Al £
of thEk A A= 585 98t F-2E i (bootstrap) k<
1,0003] WHE-5}1 31 branch node= -2~E (bootstrap) 70%

ool e EAAT,

-2 Lasergene sequence analysis

Mycoplasma pneumonia (M. pneumonia) 2l S84
=4

M. pneumoma«] FAEs 3elslr] 98] Maxim PCR
PreMix (INtRON Biotechnology, Korea)E AF-8-5}4] nested
PCRE G335} t}. A1-8-3F Primer= Table 13} 2t} 12k
PCR 2270 94T 33 18] 18 ¥, 94T 60%, 58T 60,
72°C 3% 353], 72°C 102 WESAIZ 2™, nested PCROIIA]
+ 1%} PCR }\]’E Fo 7 dlo] vk cycle 9k 303

2 W73 & 533 bpsize®] PCRbandE 21517 (4).
A1 22| A9 (Ethical statement)

A= BAEXE AA 87| 8A8EEE 91 93] 9
S WRSITHE 9IS P01-201601-33-002).

o e

2=
o

Hpo.

Arol Aeolskal AAe] Ak 3371L
3975(11.6%)

o]
= iﬂﬂ §9A AholN-E BRlgh A3t F
[e]

<

= 337d ffﬂEM 9.8%°] &3 %g B, 557 At
< 1.8% (6/337)°]4 T} vlo]2{ 22| 79~ human thinovirus
(hRV)7} 1171(3.2%), human metapneumovirus (hMPV),
parainfluenzavirus (PIV) Z}Z} 971(2.7%) 12|31 adenovirus
(ADV)7} 473(1.2%) A== At Mt Mycoplasma pneu-
monia (M. pneumonia)Tr°] 671(1.8%) AE% Ao =2 YE}
sk dAHew A% ol Aol AWl thafel
g g B8 ARIE BRI S0kt Aot of
AITAE o sel 7)ol 1w ek o
T ek 2 A7 HE s AEE v v
3} ZTHTable 2).

bRVS) 74 - fol) wele Ast a4 9 weas)

o 2

do mu L Mo ¥

oA Azet S| =SS 4 A
e (5, 6) ol AAHE EE7AR S| =0
S AL FU8 71 Aol ik AW AA B4 2
Azt = hRVEZ 213+ 7HFo] #do] 7 wrhar B
kAl ek (7). 71 AL dakow g H A
AME 71 = AEES Btk 18a, §71HE
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Table 2. Detection status of respiratory pathogens

Total ADV  hBoV PIV RSV

IFV. hCoV  hRV hMPV Mp Cp Bp

No. of detection 39 4 0 9 0
% 11.6 1.2 0.0 2.7 0.0

0 0 11 9 6 0 0
0.0 0.0 32 2.7 1.8 0 0

ADV: adenovirus, hBoV: human bocavirus, PIV:parainfluenza virus, RSV: respiratory syncytial virus, IFV: influenza virus, hCoV: human
coronavirus, hRV: human rhinovirus, hMPV: human Metapneumovirus, Mp: Mycoplasma pneumonia, Cp: Chlamydophila pneumoniae,

Bp: Bordetella pertussis

System, KINRESS) A} ol A%

Zow gelEo] 8), - a7|kolM T IHETe o

715 T8 dle= UrEPXi":}
9710] =¥ hMPVE <4 -
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s Ao WA, R Al ) e S5Ase 9
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2 44 Qa1 dEgH=e] 49 1249, vt 49
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Byl 208 HAL o]F= Ao = e
Wk (12, 13). 28] el el AdQle] SAS S
7] vpolg]z ZFQdoll thk A5 AurW, dntHow

hMPV7} 3~5¢ *}0101] FE= vﬁ!ﬂElM_L} 201590 +=

Seslo] 17 R AT F 1 G AERIE 9

ok (14). MERS 2|4 7R 5 2]%)7]3b0] 6~792) 1 A

T ME hMPVE] PEF] HHOR e o 1}

Bt 71E el Ak Auke Bl
PIVi= hRVe] ©]of hMPV el ] 7 WA= RI=7) 55

A YeRt] dubg oz Aujst FogoEE 7], AE

NBARA TR BAE Do) vholelzeltt 1

B SOAAE 1, 230) o357 7hgol FaAs 33

e Ao fshs Aoz deiA etk 15). $e

P 49 Z WS Aol 986 Pk o]
fralahs vlolelzz SR1HH (8) HlZa Al7]o] Wahz

B AJGAME =& AZES Hrh

7] AT M. pneumoniaito] AEE L) o= QIgh

TH7IASS HE S Ete] Ee] WY £ Y

= 7”**]"3% Joy|a w3t QT AE, BA7|HA

5 1o % WE AL et (16). B3 3~41d

E“M Z7kskal, AgHe sakekt (17).

o

o [
T ]o
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>.\I

AZTE JE QA HE #E

AR WA HEFES gl A3 50~59A41 A
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3.5% (2/57) ol 1ol Aol wE WA HE
zFol= glATHFig. 1, Table 3).
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Figure 1. Age and sex distribution of respiratory pathogens. Percentage of positive samples for each age group: 19~29'y, 3.5%; 30~39y,
14.0%; 40~49 y, 14.3%, 50~59 y, 25.0%; >60 y, 9.2%.

Table 3. Respiratory pathogens finding according to patient's age groups

Age groups (n, %)

Respiratory pathogens I\CIIO’ (%) of 18~29 30~39 40~49 50~59 >60
etection 2
(n=57) (n=57) (n=42) (n=40) (n=141)
Bacteria
Mycoplasma pneumonia 6(1.8) 0 0 1(24) 2(5.0) 32.1)
Chlamydophila pneumoniae 0(0.0) 0 0 0 0 0
Bordetella pertussis 0(0.0) 0 0 0 0 0
Virus
Adenovirus 4(1.2) 0 1(1.8) 1(24) 1(2.5) 1(0.7)
Human bocavirus 0(0.0) 0 0 0 0 0
Parainfluenzavirus 9(2.7) 0 1(1.8) 2(4.8) 5(12.5) 1(0.7)
Human coronavirus 0(0.0) 0 0 0 0 0
Respiratory syncytial virus 0(0.0) 0 0 0 0 0
Metapneumovirus 9(2.7) 0 0 1(24) 1(2.5) 7(5.0)
Rhinovirus 11(3.2) 2(3.5) 6(10.5) 1(24) 1(2.8) 1(0.7)
Influenza virus 0(0.0) 0 0 0 0 0

7= dEthal <A A (10). ABEAEgow Zro] &34 2]3]7} 913 single negative stranded RNA B}

Paramyxoviridae™}2] Pneumovirinae® V22| Metapneumovirus ol#2ola 514 HAMS avian pneumovirus (APV)2} 7}
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& frAkstth h(MPVE] fd AR 3“N-P-M-F-M2-SH-G-L-5'
2 F45o] Stk o] F Protein (G)Z} fusion protein (F)<]
A71M D EAel 7]zste] 2709 =8 <] group A
o} B= uhyaL, Z47te] 332 Al 2709 subgroup o
2 ¥ o] Al A2, Bl ¥ B2o] &A%} HE3F subgroup
A2 F gene¥} nucleocapsid (N) gene2] 714 <E Ao
et A2a%t A2bO. 2 FFETH (3, 20, 21). ©]F A2be
A2b19} A2b2% B2+ B2a®t B2b®E v A7 B
2H7)% ST @),

sh7]1% Ao Ak

95

FWrtctol A E2]E H0910-161-A (GenBank accession no.-
KF192757)8 7} B2+= QIEelA] &2]¥ HMPV/PUNE/NIV-
11133/92/11 (GenBank accession no.KF731511)3} 98%2]
S BITHFig 2).
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Figure 2. Phylogenetic analysis for HMPV based on of the F protein. The nucleotide sequences were aligned using Clustal W. Trees
using the neighbor-joining method with Mega 4. The scale bars show the proportions of nucleotide substitutions, and the numbers at the
branches are bootstrap values determined for 1,000 iterations. Only bootstrap values with >70% significance are shown.
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UM AAE ATES Aund 57§49 T
oA A2a9} A2b7} T2 HEHE FoE IIEJL F
APNZE B9F A1 o g ziRke] HEH AT (13, 22, 23).
E AF M= group A T A2bTH| AEE A= A

AFTol th2al MERS7F 3 7170t shetsigl7]
wj ol o]e} e Ay Hol Aow AbgHr), H ol

Ae FAET folg T3] WAE tUFAE %9
Tk A2a7h o o}l vlE| A7) S freld A
= Hol= Aow Wuda gtk (22). WMPVE] HEA
F7F Aof ole} e A T Fetel ol ATt
AATE

M. pneumonia®l F8E 24

rlo

vlo] LEHZ K Mycoplasma)Sy 2 AXEHo] §
2717k w9~ 22 Altolrt 1898\ Aol A 9~ 7
(pleuropneum-onia-like organism, PPLO)S * 2213k
A 10001 F o] o T& TSI (24). 1937
At A4 mlo] Ee2mr A SR1E 00 1963
o ol tigt A=A 5ol WAHA M. pneumonia
2 WHystA AT (16). M. pneumonia= macrolide 7],
tertracycline ], fluoroquinolinel] A3 Aol thsl] 773 o]
A= Ao Al glovt FHto] YR Fol A mac-
rolide 3A3Aol thgh WA T2 =33 SHito] Halyal
Atk (25,26).
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$Aels 7152 744 Pl proein] #0415 o] §aj5irk

Pl gene> WHEQIAFOl RepMP2/3 S E315H=d] o] F-9]2]
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1, THA] type 23S 2a, 2bF L}HTh o]F DNA AHE
AT <1 multiple-locus variable-number tandem-repeat analysis
(MLVA)YS ©]-83e] 2670(A-2)9] type o= e 77}
B AT (27).
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471, Type 2a¥ 0] 271 2.2 YEISTE Type 182 27 7|
Foll B31% Mycoplasma pneumoniae strain S355 (GenBank
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= oIt} Type 2a82> &AM F-2l¥ Mycoplasma
pneumoniae 309 DNA (GenBank accession no. AP012303)¥}

99%2] EedS BRI A7 =G5 NA M. preumonia
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