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ABSTRACT

Practical Surveillance for Respiratory Viruses Prevalent in
Children in Gwangju between 2005 and 2007 and Molecular

characterization of human Bocavirus Isolated

Seo, Jin—jong
Advisor : Prof. Yun, Suk-jin, Ph.D.
Department of Science Education

Graduate School of Chosun University

This investigation was conducted as part of an epidemiological
surveillance program designed to provide a genetic analysis of respiratory
viral agents in samples obtained from children with acute respiratory
infections in Gwangju, as well as to reveal the prevalence and genetic
identities of acute viral respiratory infections currently circulating in
Gwangju.

For this study, 3,695 specimens obtained from patients with acute
respiratory infections were collected by collaboration with pediatric
hospitals in Gwangju between 2005 and 2007. Specimens were screened
for8 respiratory viruses including influenza viruses (IFV), human
rhinoviruses (HRV), human coronaviruses (HCoV), adenoviruses (ADV),
parainfluenza viruses (PIV), human enteroviruses (HEV), respiratory

synthitial viruses (RSV) and human bocaviruses (HBoV). Respiratory

_iX_



viruses were detecting using multiplex (RT) PCR with viral specific
primers.

Out of 3,695 specimens, the ratio of virus detection was 24.9% (919).
Overall, HRV (35.5%) and IFV (34.9%) were the most common viruses
found, followed by HBoV (14.8%), HCoV (10.6%), RSV (3.7%), ADV
(3.4%), PIV (3.2%) and HEV (3.0%). In addition, multiple infections were
detected in 80 patients (8.7%).

When the prevalence was analyzed according to season, HBoV, IFV and
HCoV showed two epidemic points, late spring and early winter. ADYV,
HRV, RSV PIV and HEV, however, were all found to have only one
epidemic point, with RSV being most common during winter and the
others being most prominent during spring.

When epidemiological analysis was conducted, 59.6% of the patients was
found to have been infected for less than 36 months. However, when IFV
was considered, 52.9% of patients carrying the virus was between the ages
of 3 and 7, with the highest occurrence being observed in children with
limited past exposure and during the time period in which preschools and
kindergartens were in session. Additionally, 59.196 of the patients who
were found to have a viral infection were boys and 40.9% were girls (1.4:1
boys:girls).

When the subtypes of the viruses were evaluated, different subtypes of
IFV, HCoV, ADV and PIV were observed. Three subtypes of IFV were
observed in infected patients, and these subtypes appeared to differ with
the epidemic seasons, with type A viruses being predominant (A/HINI1

43.3%, A/H3N2 41.4%, Type B 15.3%). When HCoV was considered, the



incidence of HCoV 229E like strain (68%) was higher than that of HCoV
OC43 like strain (32%). When ADV was considered, Type 3 was
predominant (76.5%) and types 1, 2, 4, and 6 occurred only occasionally.
When PIV was considered, type 3 PIV was predominant (75.9%) followed
by type 2 (13.8%) and type 1 (10.3%). When sequence analysis of HBoV
detected in Gwangju was conducted, the strains formed a unique genetic
cluster that was 99.5-100% homologous with other HBoV strains reported
in Korea, regardless of their genetic components.

Through this epidemiological surveillance, the respiratory viruses
prevalent in children in Gwangju area were investigated, but it will be
strongly recommended that nationwide policy including long term collection
of data and samples, vaccine development and prevention education of the
misuse of antibiotics regarding prevalent respiratory virus. It i1s believed
that the results of this study will be of value for domestic introduction of
disease prevention education programs for parents of young children and

adolescents in advanced countries.
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A24. 5 7)|utol g 29 3ol

1. AA 9 A

Slolo] olFZ R nH 7} 5& wWiH wWEog TEdlo] wloly s F£H5E wiA
(virus transport medium; VTM, BD Cellmatics, USA)o] ¥ & 3 4Co] H 3
stATh Al Wk ofolxMlAE o]fsle] HFAHARE TPAH LG FA] Ee

-70C olskel mEATL HEE AN

2. AA 9 AA

Ao AA = vholel s FE5E WXk WS wiA Srel A AskA A"

% AlASFA penicillin (5 units/mL)/streptomycin (5 gg/mL) 2 nystatin

At

1,000 units/mL (Sigma, USA)<& 7t 100 w# H7tste & =3 o5 15

Aoz T5o] FHA 4ToA 1A &k WAs k. o] & 3,000 rpm o=

e



4CAA 2083 AARAT T 4Z AL AAEZ Agee

3 wpoleglx o

[
e
i

ZFdEA violy s A FEE AAYET HFHS QlAamp Viral RNA
Mini kit (QIAGEN, Germany)2} QIAamp Viral DNA Mini kit (QIAGEN,
Germany)E Ab&sto] A ZARS] wFo| we} AAS FESAY. S dA- g

7}

i
i

140 ool &35 9 (Buffer) 560 S wo] oF 15%3F ZAsiA g F

10+ 7F WA 8kar, o gh2 (Sigma, USA) 560 plS #H7bst & g3 &3 &S
AHo] Yol F t}g, vacuum manifold (QIAGEN, Germany)Z o] -&3lo] 7}
AES ddd 534 A AH%F A (Buffer AWL) 750 (& Aol o
E9qA7) a2, AHLAEFA (Buffer AW2) 750 wES thA] AHo Holx T

vacuum manifoldE o] &3ty 71HES Ao FHAZY. mxjeto =z A

o

flo

4Tl A 14,000 rpm, 3&3F YA st oA ES A AT & DEPC A g
St TFS 50 wWE P 183 Ao WA thS 14,000 rpmol A 1% &

G alste] HAS FEedr FEE AL 70T RypSHA Ao

4. Multiplex RT-PCR3 PCR A3
b mbubold 2t obd kol & 54l

FZ49 5 w0 DNAE Y FHF 50 w7} %X = Taq polymerase (Bioneer,
Daejeon, Korea)®} H.7lupole] 2~ ¢} ofdmnlo] e A~ FH Aol Eo]# o2 A=

H AlEA (Table 1)& ¥ o] PCRWFS 8 4 (COSMOGenetech, Korea)s Y&
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ATt FFE A A4S A4S 9B5TolA 38 WMAAZ F 95T/1%, 54T/1
i, 712C/139 cycleg 353] AAlstar mhA| 9 cycle & 72T /5% v A7

i
01)1
e

%] PCR 45L& 15% agarose gel (Gibco, USA)o]l #A7]d &3 %
EtBr (Gibco, USA)ell ¥ 3sto] UV (Vilber Lourmat, France)slol A 323}

AR

G 557 ALY vheldzo A EF AR vold 2 ol

FZ% 5 w0 DNA &9 HF 50 w7} ¥ == Taq polymerase (Bioneer,
Daejeon, Korea)9} 571 MXE G vlo]#] =9} ulgld ZFqlz}F nfo] =
kel HolAowm  A#E  AA (Table 1DE %ol PCR w389
(COSMOGenetech, Korea)= W=t 884 AddEY =& 427

2
WS AA cDNA® Hdg 5 95C/3% WA v 94T/1%, 54T

Al
L

N
0o
@)

T/129] cycles 353 AAsta wpA " cycle & 72C/5E3F HE-S A AT

01)1
A

L¥l PCR AFE& 15% agarose gel (Gibco, USA)el 7|43 ¥ EtBr
(Gibco, USA)°l| 9 M 3sle] UV (Vilber Lourmat, France)sltoll A 323131 t}.

o Z2ulo] Yy~ 9l

FZ9 5 w0 DNA £ HF 50 w7} ¥ == Taq polymerase (Bioneer,

Daejeon, Korea)9t I Zupnlo]lzi~ 229E, OC43 A At Eojx o2 A zH
AlEHA] (Table 2)& 9o PCRHES £ 9 (COSMOGenetech, Korea)= ®H& %)

<

U sgaA ANk 212 42T/60% HES-AlAH ¢cDNAZ A3 & 95T/3%
H C/30%, 54°C/30%, 72C/30%9] cycles 353] A Alsta whx]|

95C
2 ocycle & 72C/HE w$AZHY. FZH PCR AHELS 15% agarose gel
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(Gibco, USA)elA #H7]d&5 s ¥ EtBr (Gibco, USA)el @Aste] UV
(Vilber Lourmat, France)dloll A %3}

gt AESFAA vtolH 2 4

FZ% 5 w0 DNA &9 HF 50 w7} ¥ == Taq polymerase (Bioneer,
Daejeon, Korea)9t AZF <z vlolgix~ A ¥ B3 2] Hemagglutinin -+ 2 A}
of EHolxo=x A"  AEA  (Table 2)& Yo PCRuS &9
(COSMOGenetech, Korea)= THEY. T a4 AHS =712 42TC/60%
1 REEAA cDNAZE 3 5 94Tl A 331 WA o3 94T/1E, 61T
/1%, 72C/1% 9 cycle2 353] A A|5Fal wpA]Y cycle & 72C/5% FoF Hk&
NAT. $Z ¥ PCR AHEL 15% agarose gel (Gibco, USA)ol A A7 % 3t
% EtBr (Gibco, USA)el A 3ste] UV (Vilber Lourmat, France)dloll A ¥%+
&k sl

ul. 2to|xmlol gl 29t g Zulole 2~ &

FZ9 5 w0 DNA £d0] HZF 50 w7} ¥ %=F Taq polymerase (Bioneer,
Daejeon, Korea)$t #toliemfole] 2= 9l dle]Zutolel 2~ FdAte] Holx o
A2t A]EA] (Table 2)2 %ol PCRWFS €9 (COSMOGenetech, Korea)<

£ 42T/ 607 WEAA cDNAZ

ofs

F, 95C/3% WAAIZ & 95C/1, 54C/1+, 72C/1 9 cycles 353] A A

skal whAl T cycle ¥ 72C/5%FF WHEAIHY. FFE PCR AMELS 15%

|

agarose gel (Gibco, USA)oll Al A 7] & 3 ¥ EtBr (Gibco, USA)el| & A3}
o] UV (Vilber Lourmat, France)stoll A 323}
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Table 1. Sequences of primers used for RT-PCR or PCR

Virus Primer Sequence (5'—3") Region Product size  Reference
HBoV F3 TGGCTACACGTCCTTTTGAACC ) ]

HBoV NS 347 bp in this study
HBoV R2 GACTTCGTTATCTAGGGTTGCG
AV3R ATGTGGAAICAGGCIGTIGACAG ) )

ADV Hexon 458 bp in this study
AV5L CGGTGGTGITTIAAIGGITTIACITTGTCCAT
PIV1F ATACCTATGACATCAACGACAA

HN 399 bp Chung 2003 (125)

PIVIR CAACTTGTCTTTTCTTTAG
PIV2F ATGGAATCAATCGCAAAAG

PIV HN 196 bp Chung 2003 (125)
PIV2R GCCCATTGCCCTGTTGTATT
PIV3F TGGGGGTCAGAAGGAAG

HN 273 bp Chung 2003 (125)

PIV3R TAATATGACAGATGACACAATG
RSV B2F AGAAGTGGCTCCAGAATATAGG
RSV BZ2R CTCCCATTATGCCTAGACCTGC ) )

RSV HN 577 bp in this study
RSV AF AGAAGTGGCTCCAGAATACAGG
RSV AR CTCCCATTATGCCTAGACCAGC
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Table 2. Sequences of primers used for RT-PCR

Virus Primer Sequence (5'—3") Region Product size  Reference
0C43 MD1 TGGCCCCATTAAAAATGTGT ) ) )
Matrix 574 bp in this study
HCoV 0C43 MD3 CCTGAACACCTGAAGCCAAT
0
229E MF1 GGCTTATGTGGCCCCTTACT ) ) )
Matrix 334 bp in this study
229E MF3 GGCAAATCTGCCCAAGAATA
AHI1-F ACAGTGACACACTCTGTCAA ) )
H1 HA 837 bp in this study
AHI1-R ACACTCTCCTATTGTGACTGGG
AH3-F TGGGAGACCCTCATTGTGATG ] )
IFV H3 HA 658 bp in this study
AH3-R TTGGGAATGCTTCCATTTGG
BNP-F CACAACAAAACAGGAGGC ) )
PB 1,017 bp in this study
BNP-R CAGCATTCTTCTTACAGCTTG
OL27 CGGACACCCAAAGTAG ) )
HRV 5'NTR 380 bp in this study
OL26 GCACTTCTGTTTCCCC
ENT-TF AAGCACTTCTGTTTCCCCGG ] )
ENT 5'NTR 436 bp in this study
ENT-TR ATTGTCACCATAAGCAGCCA
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A3, ofdulola] 22 HFHF 7ol

1. A4

20051 1€ 58 2006 9€7HA AAbE H A 5 PCRolA obdlenfolej sz

Folg 17700) Wste] AEMFYO R wpole 28 Relsn FAAE BAH

2. AZulF R ol mntolg & £

1,
b

bo] ol %oz th. ol

upolel s FA S AR AEFEE AARAVTFESEH EUWTS ABA E

Ll
ol

ot :mnlol 9 HEv= TFAAS v HMEFE F
= AFEE Y. 4 AXELS 10% FBS (Fetal bovine serum; Gibco, USA)7}
A7tel DMEM  (Dulbecco’s modified eagle medium; Gibco, USA)e]
!

1 CO; incubator (Thermo Form, USA)ol A 37C ZA o2 ujkal ). nlo]

ol

penicillin-streptomycin (Invitrogen, USA)S #7}3dto] 5% COs ¥ 22 4

A2 29E #lste] 10% FBSE #7e DMEM2 ©]-83to] 24well Wi 487

(Nunc, Denmark)ell ©@F wjefst & Axeo Ux7l oF 70% AXE HAS u

HMHEs AFsta, 3088 % AE7E vt=2A 3S AEE ] dste] wpollx
ol 2%° FBS7F =&d widdS H7Fsk Atk 5% CO201A 3
2 797 m kel =€ dn 4 (DMIRB, LEICA, Germany)< ©]
3} (cytopathic effect; CPE)S ##3sto]l 70~80% #A

-
Eo Alxydo]l BEEHNS W, 2AYELAAN WAL gA] St
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old| :=ulo] 2~ FHA EAL Hexon FHAAES FZ317] Yo Aeko] o] &
3 Al S ALRSEU Y. =2 F PCR AHE S Qiagen PCR purification kit
(Qiagen, Germany)Z o] &34 PCRAES AAst zhzte] =Zglolw 2 ABI

Big dye terminator 3.1 kit (Applied Biosystems, USA)®Z WF3-A]71 3 ABI

2

3730 sequencer (Applied Biosystems, USA)ES o] £3lo] A7 de s

e

oh o SlE dVIAMEe BLAST Zz=zado2 71 &2 AsAdS Yed
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A4A. BFtupola 2o SAAY BA

1 +4 9%

2005 1€HE 2006 9€7kA HAbE A T EubRbol#s YA F
GJ75050l ekl AA FAAE TRt AAAVIAES £ AH.
g GJ440, GJ470, GJ472, GJ489, GJ607, GJ619, GJ626 7=l thg VP1/VP2

FARE BAS,

=

2 AAFAR) FF L 22y

A

GJ750 A A ZHE Qiamp DNA purification kit (Qiagen, Germany)E ©| &
st FHAE FESIGY. 5% DNA S5 e AAFAA T3S A3 =
°]
H2 AR 5w, 10% buffer 5 0, 25 mM dNTP 4 g0, 10 pmole 1F 1 b,

o
-

o] IF, IR ol 3te] A4 FAAE FEsgrh PCR £ 17}

10 pmole 1R 1 u, Taq polymerase (COSMOGene-tech, Korea) & %7}t
T HET e EFELS AESHT 50 wE AY AFES AT SFEA A
WS 2 94T oA 3 13] WMAAZ F 94TC/30%, 52TC/30%, 712TC/1+<
303 wkEsle] FH8FS AL, whAI P cycle & 72°C/7%3 WA H T PCR A
52 1% agarose gel (Gibco, USA)ol A A7) &3 T EtBr 9235t ##
stttk =ZF % AE L TA cloning kit (Invitrogen, USA)E ©]&3lo] PCR

2.1 vectorol] & =4 3}%}.
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3 AAFAA] AL A

_]
S|
S29YE Zgavnss FAstr] st do o] x3E P ¥

Brotholl Xl Zlco/i (Top 10) A AZE HAAjste] S22 E #ZsAT. =24
+ Lactose Broth 2 mLol ®j%3lo] Qiagen plasmid mini prep kit (Qiagen,
Germany)E ©°|&3dlo] Zgt~u= DNAE F=31% . 5% DNA += Table
3o YEld Zefo]lmE o] §5te] AW S HAEH o SeqMan? Megalign
(DNASTAR, USA) T2 1388 o] g3lo] HA35F3t}.
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Table 3. The primer list for the HBoV full sequencing

Primer Sequence (5'-3") Region
HBoV-1F gccggceagacatattggatte 1-21
HBoV-1R cggatgaggagcgcagtttctta 398-420
HBoV full 2F tccgtgatgacttgcttatttett 434-457
HBoV full 2R tcceectgaggegtt 3497-3511
HBoV-IIF cattttggggctgttctetge 469-489
HBoV-IIR gcgtgecectectggttg 1282-1299
HBoV-DIF tgggggagaaggactaagcaagag 612-635
HBoV-DIR gcagcccgttaataagagtgtgag 980-1003
HBoV-FrF cgagaggcatggggtggagtta 772-793
HBoV-FrR ccgcgtagatatcgtggttagtgg 1775-1798
HBoV-2F tgcegcettccagaacattaca 1001-1021
HBoV-2R gtgaccaacggctagaggatta 1440-1461
HBoV-D3F acgccctgtgetgtgtect 1460-1478
HBoV-D3R ccgcgtagatatcgtggttagtgg 1775-1798
HBoV-1II3F acgccctgtgetgtgtect 1460-1478
HBoV-III3R ccgtcecgaateccccaagte 2238-2257
HBoV full 1F ttectettggggtectttgtecta 2009-2032
HBoV full 1R catcgggctgtggtcttgaac 5162-5182
HBoV-FMF tcttggggtectttgtectacteca 2013-2036
HBoV-FMR ggcagcacccaccctcta 3079-3096
HBoV-188F gagctctgtaagtactattac 2351-2371
HBoV-542R ctctgtgttgactgaatacag 2684-2704
HBoV-stF acagccacgtgacgaagatgag 2393-2414
HBoV-stR tgcgagtagagtgccagtagaacc 2735-2758
HBoV-MF gcagcccgatccgacacagt 2522-2541
HBoV-MR acctccgacccaccctecagt 3560-3580
HBoV-VPI1F agggtggtgtgggttctactg 2724-2744
HBoV-VPR cactttccgcttgteccattgagg 5111-5133
HBoV-VP2F aatatgttctggcactttag 2899-2918
HBoV-LR acacattaaaagatatagagtttc 5264-5287
HBoV-D2F gggccatttaatccacttga 3113-3132
HBoV-DZ2R tcceectgaggegtt 3497-3511
HBoV-IV4F cgccgtggctectgetet 3322-3339
HBoV-1IV4R tgctgtgcetteegttttgtettat 4265-4288
HBoV-PoF gacctcacagctggcegttca 3890-3909
HBoV-PoR tcccgagtgcagtatgtettettt 4923-4946
HBoV-VF gatcatcctccaggcactattt 4766-4787
HBoV-VR gaacccatgagctcaggactac 5144-5165
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4. VPI/VP2 §AR9 =X

GJ440, GJ470, GJ472, GJ489, GJ607, GJ619, GJ626 75 HAZFH
Qiamp DNA purification kit (Qiagen, Germany)S o] &3dlo] FAAES F3=3}
Aot FE% DNA 5 st VPI/VP2 12 3435 $8 Zhol™ 4F, PoR<&
ol g3te] FHAE FFHsrk. PCR &2 Hubntolel = FH2 5 u,
10x buffer 5 wl, 25 mM dANTP 4 w¢, 10 pmole 4F 1 £, 10 pmole PoR 1

0
w0, Taq polymerase (COSMOGenetech, Korea)S H7}3t & 4

&Y
ol\
i
¥
<

WE AU, TFELANNS 2AL 94T/ABEZ 13 WA T 94T
%, 52C/30%, 72TC/1+7F 303 wbEslo] T3t Har, 72°C/7w3F vb& Al )
PCR A& 1% agarose gel (Gibco, USA)ol A #7199 %53 % EtBr 923

of #& sl
5 VPL/VP2 $AA 947149 B4

Hepolr & o] §5}o]

(Qiagen, Germany)E ©|&£3to] PCR A= AAstn ZZe Zglojn=

ofN
1

3 PCR 2F&E 2 Qiagen PCR purification kit

ABI Big dye terminator 3.1 kit (Applied Biosystems, USA)Z A4 w33}

3 ABI 3730 NUAE ol g3kl 47149S Hasan. Haw G149

i)

W ol gyl KNIH-2K6-2710, KNIH-2K6-27133 R 7}ulo] & X~
stl, minute virus of canine (MVC), parvovirus B19¥ H]u 3}$ v}, zhzb w}
o] 2] 22l VP1/VP2 f A= Megalign (DNASTAR, USA) T2 135 o] &3}

o] #4359t
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EHEES AFHSY AN FEF F, ofvlwmntely s T 8F 9 TF7|vte]
2o tdl FFEAAMNTS HALE FAST A3 9197 (24.9%)1 A T 7] u)
ol s A=A AEH zZhzbe] nloly o] Ho]%e wi== ADVE] 4
% 458 bp, HBoV 347 bp, PIV (1:399 bp, 2:196 bp, 3:273 bp), RSV 577 bp,
HCoV (0C43:574 bp, 229E:334 bp), IFV (A/H1:837 bp, A/H3:658 bp, B
#:1,017 bp), HRV 380 bp, HEV 436 bpe] DNAWM=Z 3ald £ gt}
(Fig. 1-6).

T 3691 TF7] AAdFeol AgAEE Fol F 9197(24.9%)ol A wEl ¥
virust &3 2ok & IFVZE 3037 (329%), HRV 2667 (28.9%), HBoV
1087 (11.8%), HCoV 707 (7.6%), RSV 287 (3.0%), ADV 267 (2.8%),
PIV 237 (25%), HEV 157 (1.6%)9] virus7} ¥ 5 9tk (Table 4). °]% 2
Mol virusel E3}HAY A7t 771 (84%)° 2 HRV, HBoV, HCoV, IFV
b ES AP FE o] FAu. T3 AZAY uwlolgl vt EF AW dE

37102 =2 HRVS 874 A=At (Table. 5).
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Fig. 1. Results of multiplex PCR analysis for ADV and HBoV using
clinical specimen from respiratory patients in Gwangju.

lane 1, 9 : 100bp ladder, lane 2, 3 : ADV isolates, lane 4, 5 : HBoV
isolates, lane 6 : negative control, lane 7 : ADV isolates (ATCC VR-7),
lane 8 : HBoV isolates
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Fig. 2. Results of multiplex RT-PCR analysis for RSV and PIV using
clinical specimen from respiratory patients in Gwangju.

lane 1 : 100bp ladder, lane 2 : PIV 1, lane 3 : PIV 2, lane 4 : PIV 3,
lane 5, 6 : RSV, lane 7 : negative control, lane 8 : PIV 1 isolates (ATCC
VR-94), lane 9 : PIV 2 isolates (ATCC VR-1381), lane 10 : PIV 3 isolates
(ATCC VR-93), lane 11 : RSV isolates (ATCC VR-1404)
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600bp

Fig. 3. Results of multiplex RT-PCR analysis for HCoV using clinical
specimen from respiratory patients in Gwangju.

lane 1, 9 : 100bp ladder, lane 2, 3 : HCoV OC43, lane 4, 5 : HCoV 229E,
lane 6 : negative control, lane 7 : HCoV OC43 isolates (ATCC VR-1558),
lane 8 : HCoV 229E isolates (ATCC VR-740)
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Fig. 4. Results of multiplex RT-PCR analysis for IFV wusing clinical
specimen from respiratory patients in Gwangju.

lane 1, 12 : 100bp ladder, lane 2 to 4 : Influenza reference virus

(A/HIN1, B), lane 5 : negative control (DDW), lane 6, 7 : Influenza virus
A/HINI, lane 8, 9 : Influenza virus A/H3N2, lane 10, 11 : Influenza virus
B
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Fig. 5. Results of multiplex RT-PCR analysis for HRV clinical specimen

from respiratory patients in Gwangju.

lane 1, 6 : 100bp ladder, lane 2, 3 : HRV, lane 4 : negative control, lane
5. HRV isolates (ATCC VR-1140)
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Fig. 6. Results of multiplex RT-PCR analysis for HEV virus using clinical
specimen from respiratory patients in Gwangju.

lane 1, 6 : 100bp ladder, lane 2, 3 : HEV virus, lane 4 : negative control,
lane 5 : HEV virus isolates (ATCC VR-1037)
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Table 4. The result of viruses detected in children with respiratory disease

symptom in Gwangju

Virus No. of detection (%)

ADV 26 (2.8)

HBoV 108 (11.8)

IFV 303 (33.0)
A/HIN1 132 (14.3)
A/H3N2 128 (13.9)
B 43 (4.7)

PIV 23 (2.5)

1 3 (0.3)
A 2 2 (0.2)
3 18 (2.0)

RSV 28 (3.0)

HEV 15 (1.6)

HCoV 70 (7.6)
229E 46 (5.0)
0C43 24 (2.65)

HRV 266 (28.9)

HBoV & HEV 2 (0.2)

IFV (H1:2, A/H3:1) & HBoV 3 (0.3)

PIV (P2:1, P3:1) & HBoV 2 (0.2)

RSV & HBoV 1 (0.1)

HBoV & HCoV (229E:4) 4 (0.4)

IFV (A/H3:3) & HCoV (229E:2, OC43:1) 3 (0.3)

RSV & HCoV (229E:3, OC43:1) 4 (0.4)

B HEV & HCoV (229E:1) 1 (0.1)

ADV & HRV 5 (0.5)

HBoV & HRV 15 (1.6)

IFV (A/H1:3, A/H3:3, B:6) & HRV 12 (1.3)

PIV (P2:1, P3:1) & HRV 2 (0.2)

RSV & HRV 1 (1.0)

HEV & HRV 9 (1.0)

HCoV (229E:9, 0C43:4) & HRV 13 (1.4)

PIV (P3) & HEV & HRV 1 (0.1)

C PIV (P3) & HCoV (229E) & HRV 1 (0.1)

HBoV & HCoV (0C43) & HRV 1 (0.1)

Total 919 (100)

A; single infection, B; double infection, C; triple infection
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Table 5. Pattern of mixed infection by respiratory viruses

PIV & PIV & HBoV &

Virus ADV HBoV IFV PIV RSV HEV HCoV HRV HEV HCoV HCoV
Total 5 27 18 4 6 12 25 57 1 1 1
ADV s - - - - - - 5) - - -
HBoV - * 3 2 1 2 4 15 - - *
IFV - 3 * - - - 3 12 - - -
PIV - 2 - * - - - 2 & & -
RSV - 1 - - * - 4 1 - - -
HEV - 2 - - - o 1 9 i - -
HCoV - 4 3 - 4 1 * 13 - * ”
HRV 5 15 12 2 1 9 13 o 1 1 1
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Hd B A T EEUISde ddte @ A9 £¥X = Figo 7 9

2o S5 % 36950 AAEA T 14 mirbe] 12667 (34.3%), 1-2A41 71231
(19.3%), 2-341 40671 (10.9%), 4-541 20671 (5.6%) 5-641 19871 (5.6%), 6-7
Al 1397 (3.7%), 7-841 1037 (2.8%), 8-941 927 (2.5%), 9-104 721
(1.9%), 10-11A41 5571 (1.5%), 11-12A41 4471 (1.2%), 12-13A~1 3871 (1.0%),
13-1441 2770 (0.7%), 14-154]1 ©]% 237 (0.6%)= o2 it ol 24 7
Rbo] Zrofell A 535%¢0] e &A7E dAs o dAFo] FEFE TF7I

FApe] WA Falo] frFE A BAT £ AU

—
o

TEF7 ATl dAdEHE HA T Fote] ARl wE TF7Ivoly A A
=& 1A mkel A 2737 (29.7%), 1-2A41 17770 (19.2%), 2-3A41 9841 (10.7%),
3441 6971 (75%), 4-5A 5971 (6.4%), 5-641 6571 (7.1%), 6-74 457
(4.9%), 7-841 3271 (35%), st A@l SAIFH 134 mwk 8631 (9.4%), 13
Al o] 1571 (1.6%)= o2 et (Table 9). = & 7182 2 A3} ] & &}
of HAlA o= 34 mIRkQl Jofol A 54871 (59.6%)°o. 2 AH o] FEFH HE
Fo| =kt

AEd 357 vtole 25 FEEE AyRY IFVeY 4¢ F 3214 5 56
Aol A 4571 (14.0%), 4-5A41¢F 6-7A1<l A 742} 3471 (10.6%)5 HE3sHA o,
Al o] e diE AFTAAE S HEES B WA IFVY A= 5

2
r>~l
Jo
o
)
L
rO
¢
]
=
=,

< g Lope] A AFFTolM AEEHJ o F
A 529%= 7hE =A AEH A
HRV= 3 326710 & 14 wvkol] 1327 (40.5%), 1-3A41 1111 (34.0%), 3-5
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Al 447 (13.5%), 5-84 3071 (9.2%) =l & -2 IFVe o] d A3
Ao AsERey 1A viRE (405%)0 A=A AEEE Aol SA A A
HBoV ¥4 A 13670 5 14 wwko] 527 (38.2%) 0. & 34 wwke] of ofof A
90%°]d =A HAEHATW. HCoV FAAA 971+ 14 mirte] 434
(44.3%), 1-2A4 237 (237%)°2 2 HRVY HCoVAH ¥ 24| wwke] of ofof A
68.0% HE=E<S Xt RSV, ADV, PIV, HEV &< 2d 67149 &< A=E
o] 4.0%°lsl= YA HEFHANoM ADVE 7H0ls BE AF T A nlwH
1=2A HE=9 vy RSV, PIV 3 HEVY A% v"& S F7|vpo]e =9 3o
24 mRke] of ool Al 57.1-794% HEES YEFU AT

2. 4 vtolg 2~ X

8F o] ol A TF7] Aol Wi A X+ Table 63 24 5
2ol dAghoA - oo Aol i vrt ADVeE A% & 25 o 6
(4.2:1), PIV & 20, o] 9 (2.2:1), HEV & 22, o 6 (3.7:1)el A & o] ool
Hls] dotel A=A dREHAoH HEEC W Yol AdExe] I dix

4e vezlel $Eg,
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Fig. 7. Age and gender distribution in children with acute viral lower respiratory tract infections.
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Table 6. Distribution of viruses detected in children with respiratory disease by age

Age

No. of virus identified (%)

PIV  PIV  HBoV

ADV.HBOV IV PIV.ORSVHEV HOV HRV Gy TV BV & V& QEDV & IV & IBV GV GADV QHW & IV &PV GRSV & HY &y $HEV SIOV 8QV T
Total (3% (18 (B0 GH G (8 (6 (88 02 03 02 0D 0H 03 0H oD 05 1d d» 02 ©on o) ah 0D oD O 10
<1 4 42 25 9 17 4 31 113 1 1 1 1 1 1 2 1 2 5 13 7 a3
1-2 6 41 23 7 5 4 17 57 1 11 1 1 5 1 2 3 1 e
2-3 2 15 27 2 2 2 4 36 1 1 1 2 2 1 o
34 5 1 28 2 1 1 4 19 1 4 1 2 @3
45 4 2 31 3 1 13 1 3 1 @&
56 4 2 4 1 39 11 @
67 1 31 2 5 1 2 1 11
7-8 24 2 2 1 1 1 1 33
8-9 19 1 2 3 1 3%
9-10 2 16 13 1 )
10-11 112 1 2 2 30
11-12 1 7 11 a9
12-13 1 7 1 a0
13-14 3 1 1 ©5)
14-15 5 11 2 )
15-16 1 o
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Table 7. Number of respiratory viruses detected by sex

Virus Male Female Total (%)
Total 543 (59.1) 376 (40.9) 919 (100)
ADV 22 (2.4) 4 (0.4) 26 (2.8)
HBoV 65 (7.1) 43 (4.7) 108 (11.8)
IFV 161 (17.5) 142 (15.5) 303 (33.0)
PIV 16 (1.7) 7 (0.8) 23 (2.5)
RSV 15 (1.6) 13 (1.4) 28 (3.1)
HEV 12 (1.3) 3 (0.3) 15 (1.6)
HCoV 39 (4.2) 31 (3.4) 70 (7.6)
HRV 157 (17.1) 109 (11.9) 266 (28.9)
HBoV & HEV 1 (0.1 1 (0.1) 2 (0.2)
HBoV & IFV 2 (0.2) 1 (0.1) 3 (0.3)
HBoV & PIV 1 (0.1) 1 (0.1) 2 (0.2)
HBoV & RSV 1 (0.1 1 (0.1)
HBoV & HCoV 3 (0.3) 1 (0.1) 4 (0.4)
HCoV & IFV 1 (0.1 2 3 (0.3)
HCoV & RSV 3 (0.3) 1 (0.1 4 (0.4)
HCoV & HEV 1 (0.1) 1 (0.1)
HRV & ADV 3 (0.3) 2 5 (0.5)
HRV & HBoV 12 (1.3) 3 15 (1.6)
HRV & IFV 11 (1.2) 1 (0.1) 12 (1.3)
HRV & PIV 1 (0.1 1 (0.1 2 (0.2)
HRV & RSV 1 (0.1) 1 (0.1)
HRV& HEV 7 (0.8) 2 9 (1.0)
HRV & HCoV 7 (0.8) 6 13 (1.4)
PIV & HEV & HRV 1 (0.1 : 1 (0.1)
PIV & HCoV & HRV 1 (0.1 . 1 (0.1)

HBoV & HCoV & HRV

[u—

(0.1) 1 (0.1
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Fig. 8. Occurence of viruses detected in children with respiratory symtoms in Gwangju.
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Fig. 10. Monthly incidence pattern of HRV detected from the children with acute respiratory tract infections.
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A48, obdrtold s Fel R WY B4

2005 1€ 5¥ 200612 9€7H#4] &olZHE AHH AFE=ZES Multiplex
PCRE S AH4 A & PCRYA o= e AAd vlolel =7t EAgrha
destal wloly 2 ZElE Al LSkt vlolel s #ele ofdmutol g 2o o
ato] A e Zte AMM9AI LA HFste] AEZWH AN YEhE AE vt
olelz=7F el vk et lvt. Multiplex PCROIA ofdl ol o] 2= A
A HAES AMIMIE HF 1759 wolH2E T2 sho™ AL49AH E o
gt AlEWH 3 Fig. 173 2t

ot =ntolel = P ow FHd dol 17H T YAVISAE FFHow A
E S A A3 249 167 (94.1%), 713- 127 (70.6%), &= 1078
(58.8%), 7tell 8% (47.1%), Q1 F&F 478 (235%) 0.2 ety Sholo] ARG EE
= 1-6A01lem, Hdolrt 16 o2 dolo] Hl&o] ofole] Hsto] e %

hAth A E wlolel 29 EAHEF L 20059 g 5ol EF 3ol

20061 #HQle 1232 19o] 14, 28 0] 14, 3% 0] 87, 4% 0] 11 12aL 6
gol 1702 A7/ Fol BFAY ZoplAe fPe ReFe AYou
39el fgol we Aoz #uHy dAxe @ fdd Folg nmgrl

(Table 8).
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Fig. 17. Typical cytopathic effects by the propagation of the ADV in the
AB49 cell lines.
A; normal A549 cells, B; A549 cells infected by ADV
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Table 8. Profile of ADV 1isolated from the respiratory patients in this study

No. of specimens Se Age specimen type collection day clinical sign type cross infection
GJ-RV-05- 304 M 1 Throat swab 05-04-27 fever, rhinorrhea Adv 3 rhinovirus
GJ-RV-05- 321 M 4 Throat swab 05-05-02 fever, cough, sputum Adv 3 Neg
GJ-RV-05- 673 M 4 Throat swab 05-07-06 fever, rhinorrhea Adv 3 Neg
GJ-RV-05- 901 M 4 Throat swab 05-09-07 fever, cough, sore throat Adv 3 Neg
GJ-RV-05-1478 M 4 Throat swab 05-12-24 fever, cough, sputum Adv 3 Neg
GJ-RV-06- 398 M 2 Throat swab 06-02-20 fever Adv 4 Neg
GJ-RV-06- 450 M 3 Throat swab 06-03-06 fever, rhinorrhea Adv 3 Neg
GJ-RV-06- 478 M 6 Throat swab 06-03-13 fever, cough, sputum Adv 3 Neg
GJ-RV-06- 647 M 2 Throat swab 06-04-12 fever, rhinorrhea, cough, sputum Adv 2 rhinovirus
GJ-RV-06- 670 M 1 Throat swab 06-04-17 fever, rhinorrhea, cough, sputum Adv 1 Neg
GJ-RV-06- 720 M 0 Throat swab 06-04-24 rhinorrhea, cough, sputum Adv 6 rhinovirus
GJ-RV-06- 747 M 5  Throat swab  06-04-26 fever, rinorrhea, cough, sputum, Adv 3 Neg
GJ-RV-06- 778 M 4 Throat swab 06-05-01 fever, rhinorrhea, cough, sore throat Adv 3 Neg
GJ-RV-06- 786 M 5 Throat swab 06-05-01 fever, rhinorrhea, cough Adv 3 Neg
GJ-RV-06- 859 M 3 Throat swab 06-05-10 fever, rhinorrhea Adv 3 Neg
GJ-RV-06-1118 M 0 Throat swab 06-07-27 cough, sputum Adv 3 Neg
GJ-RV-06-1149 F 3 Throat swab 06-08-07 fever, cough, sore throat Adv 3 Neg
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FFA oA glE ®Hatutolel A~ (GJ750)8] HA FHd A= 5131 bp=E &

—

gt (Fig. 18). A4l +dx& PCR 2.1 WlE o] 249 star 247 Al
AE olfste] Al AVIMES AT &AW FF BIbnlole e v
w2 oy yele BIpmbolelx Al AVIMEE vwal E4Edith
EF203922 (CU74) Thailand, DQO000495 (stl) Sweden, DQ340570 (CRD2)
USA, DQ457413 (CZ643) China, DQ778300 (WLL-1) China, DQ988933
(BJ3064) China, DQ988934 (BJ3722) China, EF203920 (CE6) Thailand,
EF203921 (CU49) Thailand, NC 007455 (st2) Sweden® 7}7}¢] ORF& 4]
&tk (Table 9, 10, 11, 12, 13). A FAAe] 4% 99.3 - 100%°] "% =
< A S vEa glew Az fAdAE 24T 23, NS1 fdzs
99.5 - 100%, NP A+ 995 - 100%, VPl A= 995 - 100%, VP2
TAAE 995 - 100% = FFA o] Btutolel ~x o]=olA &ele Bl
ozt Wi =2 AeAde AAT F AU BT 44 dUIMES H
Fom AFEATLH BEFE xoA & B
Al d7I Dol A= NC 007455(st2) o 74 w4 dA7F oxd Aoz &l
H i, NSI1& DQ988933 (BJ3064) China, NP+ DQ457413 (CZ643) China,
VP13 VP2& NC007455 (st2) Sweden¥ +2 #AZ S Ao=w 2
v (Fig. 19). B7bupole}=ol @7 d £4 43 thEviete] wrhukole
2ok vus] By dAA] 44 e g wou VPL/VP2 F el A

Eoop7te] AolE HAsy
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Table 9. Homology and diversity of the complete genome sequence comparison with HBoV isolated in Gwangju and other

HBov
00741>I§ » IDQ000495(st1)DQ340570(CRD|DQ457413(CZ6|DQ778300(WL | DQ988933(BJ3 | DQI88I34(BJ3 [EF203920(CE6)|EF203921(CU4|EF203922(CU7 P
55(st2) 5 . - . . L HBoV-GJ750
Sweden Sweden 2) USA 43) China L-1) China 064) China 722) China Thailand 9) Thailand 4) Thailand
INC 007455(st2)
AN - 995 99.9 99.8 99.7 99.8 99.8 99.8 995 99.2 100
DQ000495(st1) Sweden| 0.5 . 995 99.4 99.3 995 99.4 99.4 99.8 99.1 995
DQ340570(CRD2) USA 0.1 0.5 HoHok 99.8 99.7 99.8 99.8 99.8 99.5 99.2 99.9
PasTaICz61Y) 0.2 0.6 0.2 o 99.6 99.7 99.7 99.7 99.4 99.2 99.8
PTTES00WLL ) 0.3 0.7 0.3 0.4 —_ 99.6 99.6 99.6 99.3 99 99.7
P 988933(BJ3064 0.2 05 0.2 0.3 0.4 —_— 99.9 99.7 99.4 99.1 99.8
P 988934(BJ3722) 0.2 06 0.2 0.3 0.4 0.1 —_— 99.7 99.4 99.1 99.8
FF203920(CES) 0.2 06 0.2 0.3 0.4 03 03 —_— 99.4 99.1 99.8
ailand
pF203921(C049) 05 0.2 05 0.6 0.7 0.6 0.6 0.6 . 99.2 995
ailand
pra03922(C070) 0.8 0.9 0.8 0.8 1 0.9 0.9 0.9 0.8 . 99.2
ailand
HBoV-GJ750 0 05 0.1 0.2 03 0.2 02 0.2 05 0.8 -
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Table 10. Homology and diversity of the NS1 region sequence comparison with HBoV isolated in Gwangju and other

HBoV
P PO T PO P PR BRSSP | mpBee | o o

DQOODA95(stl) Sweden | 99.7 99.7 99.6 99.7 99.6 99.6 99.9 99.5 99.7 99.7
DQ340570(CRD2) USA | 0.3 Kons 99.8 99.8 99.9 99.8 99.8 99.7 99.6 99.9 99.9
DQI57413(CZ643) China| 0.3 0.2 o 99.8 99.9 99.7 99.8 99.8 99.6 99.9 99.9
OITEI00WLL D) 0.4 0.2 0.2 ok 99.9 99.7 99.8 99.7 99.5 99.9 99.9
DROBEIIBII06N 0.3 0 0.1 0.1 woxk 99.8 99.9 99.8 99.6 100 100
CROBEI3ABIST22) 0.4 0.2 0.3 0.3 0.2 o 99.7 99.6 99.5 99.8 99.8
RIA0B020(CES) 0.4 0.2 0.2 0.2 0.1 0.3 wkx 99.7 99.5 99.9 99.9
RE203921(CUA9) 0 0.3 0.2 0.3 0.2 0.4 0.3 woxe 99.5 99.8 99.8
e 0.5 0.4 0.4 0.5 0.4 0.5 0.5 0.5 xowk 99.6 99.6
NC 007455(st2) Sweden| 0.3 0 0.1 0.1 0 0.2 0.1 0.2 0.4 o 100
HBoV -GJ750 0.3 0 0.1 0.1 0 0.2 0.1 0.2 0.4 0 o
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Table 11. Homology and diversity of the NP region sequence comparison with HBoV isolated in Gwangju and other

HBoV
IO DU | DGUTICR PRSTULCE DT DGRBS DU TR0 CE SEIBCY | cp i | mov-cor

Erags9aa(cuTa) ok 99.4 995 99.5 99.2 99.4 995 99.4 99.5 99.7 99.7
DQ000195(stl) 0.6 Kok 99.8 99.5 99.5 99.7 99.8 99.7 99.8 99.7 99.7
DQB40570(CRD2) 05 0.2 o 99.7 99.7 99.8 100 99.8 100 99.8 99.8
DRASTALS(CZ643) 05 05 0.3 o 99.4 99.5 99.7 9.5 99.7 9.8 99.8
DRTTES00(WLL-1) 0.8 05 0.3 0.6 o 99.5 99.7 99.5 99.7 99.5 99.5
DRIBSIIIBI064) 0.6 0.3 0.2 05 05 s 99.8 99.7 99.8 99.7 99.7
DU988534(BJ3722) 05 02 0 03 03 0.2 woxk 99.8 100 99.8 99.8
EF203920(CE) 0.6 0.3 0.2 05 05 0.3 0.2 s 99.8 99.7 99.7
Ela08921(CU49) 05 02 0 0.3 03 0.2 0 02 woxk 99.8 99.8
NC 0755(st2) 0.3 0.3 0.2 0.2 05 0.3 0.2 0.3 0.2 ok 100
HBoV-GJ750 0.3 0.3 0.2 0.2 05 0.3 0.2 0.3 0.2 0 wr
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Table 12. Homology and diversity of the VP1 region sequence comparison with HBoV isolated in Gwangju and other

HBoV
PR PSR PR PTLS| PETI| PSEERAP | SE FRe | PR o v

Bragsozacury s 98.7 98.3 98.7 98.6 985 985 98.7 98.7 98.7 98.7
DQ000195(st1) 13 *x 99.2 99 99 99 99 99.1 99.6 99.1 99.1
DQ3A0STO(CRD2) 1.2 0.8 sk 9.8 99.8 99.7 99.7 99.9 99.1 99.9 99.9
DRASTAISCZ643) 14 1 0.2 s 99.6 9.5 995 99.7 98.9 99.7 99.7
ORTTBI00WLL-1) 15 11 0.2 0.4 sk 99.5 99.5 99.6 98.8 99.7 99.7
DRIBBIIIBI064) 15 1 0.3 05 05 sk 100 99.6 98.8 99.6 99.6
ORIBBIIABIST22) 15 1 0.3 05 05 0 sk 99.6 98.8 99.6 99.6
EI203920(CES) 14 0.9 0.1 0.3 0.4 0.4 0.4 ok 98.9 99.8 99.8
ERaBoz1(Cu49) 14 0.4 0.9 12 12 13 13 11 xs 99 99
NC Jorass(stz) 13 09 0.1 03 03 0.4 0.4 0.2 11 o 100
HBoV -GJ750 13 09 0.1 03 03 0.4 04 0.2 11 0 o
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Table 13. Homology and diversity of the VP2 region sequence comparison with HBoV isolated in

Gwangju and other

HBoV
EECUT DGO | DIYTICR | TG OO DO DO SO EERIACY | i | smov-cr

Elags9aa(CuTa) o 985 98.6 98.5 98.3 98.3 98.3 98.5 98.6 98.5 985
DQ000195(stl) 16 o 99 98.8 98.8 98.9 98.9 98.9 99.6 98.9 98.9
DR3A0STO(CRD2) 14 1 - 99.8 99.8 99.8 99.8 99.9 9 99.9 999
DRASTALS(CZ643) 16 12 0.2 woxk 99.6 99.6 99.6 99.7 98.8 99.7 99.7
DRTTES00(WLL-1) 1.7 12 0.2 0.4 o 99.5 99.5 99.6 98.8 99.6 99.6
DU9B8533(B]3064) 1.7 1.1 0.2 04 05 o 100 99.6 98.8 99.6 99.6
DQ988934(B]8722) 17 1.1 0.2 04 05 0 s 99.6 98.8 99.6 99.6
BI08920(CES) 16 1.1 0.1 03 0.4 0.4 0.4 wox 98.9 9.8 99.8
EFa05921(CU49) 1.4 0.4 1 1.2 12 1.2 1.2 11 Kok 98.9 98.9
NC 007453(st2) 16 11 0.1 0.3 0.4 0.4 0.4 0.2 11 woxx 100
HBoV-GJ750 16 11 0.1 0.3 0.4 0.4 0.4 0.2 1.1 0 wox
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Il Q7 TE3000WLL-11 Chir Fu" EFZ03921(CU42) Thailand
[09E8234(E) T EF203820(CES) Thailand
NC D07 455(st2) Sweden DRO00E505t1) Sweden
| EF202020(CEG) Thaila L0o22022(BJ2064) China
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‘ [ QOSE0F3(BI2064) China HBo KorSprithe
[~ DO0004as(stt DL457413(C2543) China
EF203821(CU48) Thail
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Fig. 19. Phylogenetic analysis of the HBoV (G]750).
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A6HE. Bjuolgd 2~ VPILVP2 A d71d 24

GJ440, GJ470, GJ472, GJ489, GJ607, GJ619, GJ626 755 WA o= H7but
olg = VP1/VP2 #F4AE AU AA A71A4<LY 3,664-4553 bpi-i
o] 71 4d=A PCR 900 bp ¢ PCRAE %

d
filo
g
r o
ﬂ
12
i)
g
s
)
(o))
N
o
o
N

g

gFsh AWy RNl e fAA 27, Honpelels §HA STI

ST2E Hlas] ¥ 23 989-99.8%° vi

o
flo

‘19'_
AR FAH FHAE o st Ad2 FA48 & A3 GJ607
ofu]i=Abo] B F e} @ oA VE o]zt dojut

At (Fig. 20).
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Majority QAR LTHNEYEPRFRPEAMHQVEIVHNLOQIKQILSNGADTTYNNDILTAGVHIFCD GEHAY  PNASHPUWDEDVYHNPDLPYETWEKLFQYG
T T T T T T v T T s T T T T T T r T T

130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 260 290 300 3l 320 330 340 350 F60
2713 358
440 358
470 A58
arz 358
485 358
607 A58
618 358
626 358
z710 A58
§T2 VPL asg
STLVPL ORLTHEYEKERFRPEANOVEIYNLOIKOQILSNGAD TTYH WD LTAGYHIFCDGEHAYPNASHPWDEDVEPDLEPYKTWEHKILIFOY G 956
Majority ¥ 1 P TENELADLD GHNAARGCGHATEXARLLY QNP FFLLENSDHOVLRTGE STE FTFNFDCEUVNNERANIPPGLNFHPRYITRE

arn 380 asn 400 410 420 430 440 450 450 470 <60 490 500 510 520 530 540 550 | 540 570 580 590 00
713
a4n
470
4z
a8s
507
619
626
z710
5Tz Vel 3
STL VPl Y I PIENELADLDGINAAGGEHNATEKRALLYONP FFLLENSDHOVYLRETGESTEFTFNFDCENVNNERAYIPPGLHYNPHEY P TRR L1593

Majority Y QO Y IR OQOHNGSTAASTGEIOQPYSKPTS UHTGPGLLSAQRYG? 0SS5DTAPFNYLECTHP?PEGTHINTGAAGFGEG FD?PEGELAPT
T T T T T T T T T T T T T T T T T v

610 620 G30 620 650 G600 670 680 690 TOD FiG a0 730 740 750 TE0TTO 780 750 800 810 820 B30 s40
2713 838
aap L. oa3m
470 .. @38
a7z . 828
aas .. 838
607 . a3s
619 a3g
626 . . 838
710 - 83
5T2 VEL 1438

STLVPL VOYIRONGSTAASTERIOQOPY  SEPTSUNTCPGLLSAOQOQRVG?POSSDTAPFAVCTHNP?PEGTHINTGAAGFGSGFEFDY? PSCGCCLAPT 1438

Fig. 20. Sequence analysis of the partial 900bp VP1/VP2 gene of 7 Gwangju isolates, 2 Seoul isolates, 2 the other country
isolates. Single base pair nucleotide substitution (1158A to G) in the VP1/VP2 gene changed theamino acid sequence at
position 386 (Ile to Val) in the VP1/VP2 region between the Korean isolate and ST1/ST2 strains. The number of above
sequences indicates the VP1/VP2 nucleotides sequence
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Tek Fdd" dAVIAEe AW EEFolA gelel  KNIH-2K6-2710,
KNIH-2K6-2713% H. 7}ufol 22 stl, minute virus of canine (MVC),
parvovirus B19¢} Bl ativ). Fig. 2104 Ho]= ulel 7ol H Fpnlo] g ~ 9}
3t cluster® YElW® MVC, Parvovirus B19¢F & zpol7F 925 9l

PN
T AT

ek

619
626
489
472
470
440
2710
2713
=]
g0Y
- il
MG
B19

B2.4

] 50 40 3a 20 10 1]
Hucleotide Substitutions (x100)

Fig. 21. Phylogenetic analysis of the Korean strain VP1/VP2 gene
sequences, detected during April 2005 to May 2006. Nucleotide alignment
of a 900bp portion of VP1/VP2 gene and a phylogenetic tree were prepared
using Megalign. (DNASTAR, Madison, WI, USA). The nucleotide distance
matrix was generated by a Clustal W parameter. MVC, minute virus of

canine ; B19, parvovirus B19
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A14d. Zolol A FPF T F7ivfe]y 2o dig

2, obdmuteld s, SebABF AL wpole s, BEY) MEFT whold

AEF At whole &, Azupnbole s gholmutol e QlH Zupo]e 2ol T

o,
8

ultiplex RT-PCR % PCR& 383 A3 9197 (24.9%)°ll 4 & & 7]n}o]

Hlole] ~W HE &L 249%= gholwenbole] 2z 3267 (355%), 1ZFlx

-

Hpol2l 2 3217 (34.9%), H7butold] = 13671 (14.8%), s =Zupulolefz 97

)

(10.6%), =571 AMEZFE vkold 2= 3430 (3.7%), oful=nvtol e 2= 317 (3.4%),

e EF AR vpolel 2 297 (3.2%), dH Znlolel 2~ 287 (3.0%) ° HE
]
AR

T (76) MEAHel A wiolgl 24 TF7] el e dAEEFA

Fodd 257 "olelae 148% % 7 Beol &ele Hiolgl~= RSV 21.8%
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dolel 2y 5§71 4 W@ PEFLEAAL SAdE £F7) woleat

26.4%= RSV7F 61.78%, HetdEFlxp npoly 2= 14.6%, ofvl=nfo]e] X

137%, AEFAA AF 93%, AFFAL BY 0.1% w02 dEHUdn 1

makgith o)sh e ATE B AR AE& AolE ey o
u

A gA S A HH wpolY s LI,

WA BAAA AH E T3 violelx AME S weh o) s
Wolt Aow FAAY
557 495 e Qost G 4 velPad @ AALn EBA

H7kutol g ~&= 2005 =959 Allander & (3)°] 2003 11€5¥ 2004

d 1087h4 257 Adem 4T ghol 540 o] HIdF Fd= T 174

(3.1%)oN A A =& F7] wtoly =& HE3HI o]E human bocavirus

<

(HBoV)&} WHsHTt ol T2 AololA HAEHY Agol st AlF
BEF4 02 Pavoviridae 2l Parvovirinaeot 32 Bocaviruss ol 4319 o}
st

gt 2% e Porvovirinaect 3o vlol#l 2~ = Parvovirus B19%F A} o]

=2

v =2 vl €& bovine parvovirus, canine minute virus®} AFSFTha 2

A BYAR 2ZEote] LofelA TEF7] AE, dAA FRHASH), aplastic

crisis & UL LdHA ko, 200590 HBoVel Bl 5 ZdAA 4o

§i-2

2 owAss gon, £F7 499 F4F vele2e sz Hh v 9

o ANEE B 20050 249 Allander 5 (3)2 &7 PR

A==

oot
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H

3

do
ol

rlet

b ghol 5409 F 17 (3.1%), 2005 99 EF°] Stools TP & (91)& +H

¢

(

A EE7] FEeE e ol 324 F 189 (5.6%), 20061 3¥ U9
Takashi Ebihara 5(106)2 3sl7| =@ o2 43 SolsoA & 57| vlol
7F HAEEHA F2 318W F 18W (5.7%), 20061 49 v =re] Arnold JC &
B)E A4 ZTF7] 74 ol 14749 T 827 (5.6%), °o] F 46W> Y, 36
M2 oA, 20060 6€ =YL Benedikt 5 (9 #4 TF7] #Ho=
dHds 8359 F 879 (10.3%), 20060 8¢ =uUle] 4 T (22)> ¥4 3=
Aoz JHdg ol 336W T 2794 (8.0%)°] HEEHoOl o Folse o)+
AATE 31%° A 103% =2 RaH Q) o]y FAg&o Aole AT Fuhe
S HA AF 73] vt GepA = AoZ AzEa (87), E AToAE
F71 ATl g Fole 3.7%0 A HBoVZF AZ% 3tk HBoVZE F
TE7] AYEEs doveE H A#HS HW Takashi Ebihara & (106)2 1
970 €9, Benedikt 5 (9)& 24], Arnold JC 5 (5)& 149}, =3 HBoV 7}
7hd el AW dE FXE XYW Arnold JC & (5)2 1A m vkl A 63%,
A % (22)2 14 olstell A 55%, Stools TP & (91)2 671 €247} UjF =<
kA gkekal WSk A, Benedikt 5 (9)2 1-34] Alele] 60%, Takashi
Ebihara % (87)2 1-24] Apolell 55% 02 714 wWo] HAEHAvtal Biusfod
HBoVE 241 o]sl Zolelld F=2 HEHo 34 57 S4S dov= A
o2 eyt 2 A9 A3E 14 mRkel Al 38.2%, 1-241 35.3%, 2-3A4
14.0% = 1-241 Atololl A 735%5 =kxete] 9]¢ Ao} nlzatdtt. Ad A
&2 141, 2812 ololA & ¢ adstes Aoz BuFdoewn (7, 22
106), ¥ Al M E FUn & 1612 2 2ol oy dolol A Ao @
dth AEE HELoA AUt Bastien 5 (D3 xule] 4 5§ (22)& o
FTUW nF BEdoy Hasd oy, Allander 5 (3), Benedikt 5 (9),
Stools TP % (91)& A gol, Takashi Ebihara % (87)& 1-5%, Arnold JC
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s 0L F@G-5¢)e T I A E ATFAME F (4-6¥)% A

AAAY, 2 A9, 71§ i Aol e A7t Y Z8F Ao

47t

obelcvtolel s grelel el AlRe mEAT sue AR gddA FE
A, 74 NRAG, ANBAA, Aol o2 AKX TGFd FH et
Melslsol AatE BAAE FEABAGe APE Aosm LololA

A718A Al S doA APEA 2T = e Ao LA v (84,
108). ofdl=nmpol2f i~z 1953 9]pHow HEE F Aofe] W9 ofH:

ol= Aol M e E AL, A 67HL A SAHl Aolel Tdekw Wi TR
A TS Hole Aoz d¥x glon (8 82 108). & ATA= 307

(96.8%)°] Sko}7} 54 o]stoll A LAt Olli R 5 (74), Cherry JD (19),
T 5 (1299 AFelAME Uzt Al A s 2ot gle Aoz o4y
A doev, 4 5 (126), 4 T (1149 AT diFEo] ol A LA}
Rt Byt on Ao E Fdn] 42:12 o o] dolo A A}

gk ol F 9 FUYAGS TéGE FUAR A7 BT Ao 4%
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RSVE &0 sH71% gaze 744 £@ A9 delgrz AdAdoz ¥
ok gom nFAGAE ALl B fAsn AL $7)

of faTva LA Avk (32, 51, 87). FRAME AT 3 A7) olx
AARE 2dmbeh qFHR A o v WAL, FTelAE wid 1293 1€ {3
ol B HAdrk (13, 94). FWHY HuEE 1990dFH 2004374 = F&
Agel fFrastdttE Rzt ddem (57), o] & (61)¢] AFelAE 842
Alzbske] 12490 AL ol Rt A, v F (76)9] AFoNAE =dE H
27 AE& =gt A 2elm 3 F (13009 AT HE A9
T m7|dY AuAT HT 109 Eehe] RSV ARE ATstd =, 999
A 2974 =L o]l BEAEJTL BT FFA oA KPS
2005 & 5o, 20060l = 7hSHE frAS Al Aske] 20079 w7bA A&

9 B Ao e RSV AEHEE 37%E U9
21.8%-66.4%t= & Ao]E Holi Yt} (21, 57, 60, 61, 76). °]= A A A}

of, AF7IZF, v, ZAF vpoly o] F AP FoA Z AolE Hole
Ao ArHw 53 F7|vtolel 2~ HES $1% multiplex RT-PCR A A}
WY A EFFAY ] Ao v ATV HeF o= A7y
t}.

o
ol
ol
&
o
o
s

|t
L
—
I§]
X
N
N
:.N:
oy
O
A
32
o
2
1
fr
2L
N
N
2
)

o dHA du (26). T dh
T (716)2] dFoAM = 18 389 A T2 Fol FAATE 2, 1998
WEEH 2003d7HA = wid 4-6€ FAASS o 5 (123)°0] H st}
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O
o
ri

2 AFAAE 2005 3-4¢Y, 2006 4-69, 2007 5-6¥e] F=E 3Fo

Ho} 339 fAe 36U FARAAW, 193} 289 Fa® F7b Aol 1
FH FE TR £ AU U Qe 2212 FE dobd A B4
shgon] 24 olstel A F= WA oA mush METL & & A
NEFAR wpole 2 AAHo] HE F@ whelH 2z A% FAHol Mol

duAq A AAAeR Ao vd A3 4L FAL o Ado] v

l:l:l
*
fol
o
N
o
I
o,
AL
[>
o,
o
2
t
e
At
R
r o
e

23 whol e 2oltt (50, 104).

A vhole st 15104 AE WA o] F2 3139 fao] UL, 19184
<

o HE

r2

Faold =2 FHENL AT AA £, A4 E2SE g
SEATE (24, 99). x4 <9 5AE A7 o] 80-120 nmeolH @<L RNA H}o]
HA2 RNAE 8709 242 vroAde A 1-324d2 RNA T3aLE,
A 4FH & hemagglutinin (HA), Al 5% 42 nucleoprotein (NP), A 6% 42
neuraminidase (NA), A 7242 splicing= 3}% matrix protein (M1)3} M2
proteing, "FAE Al 8R AL Al splicingg 39 nonstructural protein
(NS1 3 NS2)& @A gtk o] 5 4UAe} 64 Fdol ofa] A+ HAS
NAcel ¢zl ot o] AZAHTY. HAE vlolg 27t FA £o] F2h=d ¥ho
st 157FA] oFd (H1-H15)¢] i, NA¥E ufolel 27t Alx 2 3 Fate
o #oelsts 97kA obg (NI-N9)o] 3t o523 2dA 7= RNA &429 =
AWol7E & Aol Hiete] wi¢ AeA dojdtd (49, 97, 103). °] T F=
Abgholl A @A st= AEFAA F3 2 dads ZHcte vold &+ HAY
¥o= Hl, H2 % H3, NAZHUOoZ NI 9 N2& 7kAaL & who]g zolth

(101). =F A& wpolej Lol o8 AL Asdo] HFyHdez TS W

T 5 EFVNE BT A HA AEe] & AQEH Rl AEd 2-3
Follel AL ol Fa 5673 A&HE Ao HuHdth (103). YFFE
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St A AT WAALY

AAE AAskel 20009 99 RE 7

m it
HU
Jot
=
%
)
X
a
r o
i1
i)
>
=]
re
o

AE AASEL ok (B3). ATV T JAEFFAA wpoly A7 FlH 3219

13949 o] subtype A/HIN1 (43.3%)°] 1L, 1334 o] subtype A/H3N2 (41.4%),
497 o] type B (15.3%)3 o2 = A ). Subtype A/H3N2E 20054 4¢3}
59, 20061 1293 2007 1€ thar= o] AN, subtype A/HIN1=
20059 12497 2006 1€el Wit RE #F3-S, type B¥ 20059 49, 20061 5
o, 20079 49l fraetdk olde] =l B QAEFlar npo]w 29
EYAI7I= 11458 vFa 587bA =2 Basgla (20, 57, 115, 116, 122,
124), & AFodA = & olet dAst= AAE BT L2y ofgd
o Ayt= v 5 (70)2 1990t 8 z7Fe] ZAFol A type A9l 3 1992
skla, o] & (123) ¢
1998-2003 o] At A = type A9 #32 wid 11-129d 58 vl 147

d 54 Fde A9sta Agel FdsATL B

=

A FR A AT SR Bastlon, & Aol A¥S 2005
Woll 3¥-5¥dAtolo] subtype A/H3N27F F+2 3 5 11495FH 2006 397t

i

Ol

A F¥ o}g o] ul¥ o]  subtype A/HIN1Z}F 3 sttt 200610 129 FF

20073 3¥7hA = subtype A/H3N27F ThAl @) % 49 &= subtype
A/HIN17}  type B9} o] faste ¢S HAo odsd A3+ 7 &
(109)¢] 2004-20061 ¢ A=, k4k A F o A2}
A3 20069 FE FBA7 7 dA G B

of gt Bazk dar (37), el A= 19906 H-E 8t 2\ &
=AEHEH Fol AAA F2E EASoE B (7009 1997d 7 20004 of =

3-4dol st 3dS FUIR Zwol FAe= Fdeldtr wBusiloen
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(76), < 2004:d ol F A T (1099 AFolAM= 3974l fFrafol A =H AT
= Bavk o B dFedAM e FE 49 fFlo] o] HZY Haus dFA
sl 2004-20061 A2 HAbAS QAAEZF AR 3 BaolA (109) dEHE

2 wd d@8s Aurd 24 ojst o - FolellA EElEol M =ha

2

1999-2003% A& 7} 2004-20051 QA ol Ao edZEalA Fao] o
B Aol e (42, 58), 7-1941 sHelvlol A FhA Bl fo] wThn shd =,
B oATE 174744 2okt oz 3 AztolAw 14 mwdlA 87%,
124 vkl A 7.8%, 2-34 ulwkol Al 84%, 3-44 wl Rk A 10.0%, 4-54 v
whol A 10.6%, 5-641 vl R A 14.0%, 6-7A4] 1l kel A 10.6%, 7-84] 1] kol A
7.8%, 8-94 ml¥ro] A 59% o2 3MelA TAZA ] zolrt HA WA E e
529%% AA S & & glol old mumstE UE FFe mol FUth oA
Avte QBFAA vrolH s 3 FAWolt Aol o] wF Aol A
o rolelA ZAMET} ¥/ UEE Aow AnEid, so F AHABR

= ot "FEY #AY 73 3-TAZEA 2 BAES Hole Aoew A

AstA Aol 7k =3 v
sto] Aol mE AEFAA whol# 29 FHEo Aol= A fle Ao
g A=

ArzyrtelY e FE AMGS FEolA AW 3EFVIE Fotol ddd
i, FASS 4o 5 oodvk (90, 98). FE U wpely e v Aoy by
°f RNA wHpo]ejx== 7ol 80-160 nmeol™ wHio]elx~ oI 2 HE &5 o
U= TEEYY 2 e A o] B FBE Y (Corona)dt B =26t

tar sfo] 2 o] Fo] fFfEden, 32 F2 AT del olFojA= AL

Olr
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2 9484 dory, kol ME =7HE, 2AE, 295 fFdsE ez &
HA4 vk (43). H< RT-PCRE AHE &ots9 A71%= 299 wtoly=4 o
IS Eelstr] 918kl HCoV 229E¥ ¥ HCoV OC43¥ el A2 77134
I RIHAG (81). E AFdAE T2 pvulo] g

°of fFae] dF #EHAoH, FH FF-S 20059 3-449, 10¥, 20061 2€, 6
, 2007 1ol dAHERE FE @3S BEas W 1A W Rkel A 44.3%
1-24 mkoll A 23.7%, 2-3A41 wRtell A 6.2%5 AFAdte] 1-24] wrbe] Ao}
oM 7t w2 TAES Uellow, dAFor 2A4m b Aotol A 68%E

AA Ak e Aule 13118 @A) vl &o] g =Skt

glo]=mlo] g A= B {824 0 2 Picornavirus familyoll £38}& Hlo]z] 2 2 A
4 AVE ABE dosle 99 WAAZ volead o 1§y DT

2 HEE Hooy Buskdh (29, 30,
Helon, 20054
thrh 1295 H 20069
FE "z F7hE ] 4
ol /el Fae 717k

2 Stk U E = 1611
HE 2 43S AHEY 1A vl A

3-54el F7hatAaL, o Felle w2 RS HES B
SE7HA 6/hdE s A7t ShE A, 2007d o= 1
ol Z fFAS Bl 5 A Aom Hop FFAY
Atol= AARE F= 3
2w H&ol Egon, o
40.5%, 1-24 wRkell A 21.4%, 2-34 vwkel A 12.6%5 AFA ko] 1A wnke]
Zoboll M = WAES HoH, Yo7t S5 A gadte FEE B
ct.

AelZrtole} 2 F5F7F wi§ vety EelLwpole s, FARI|nbol Y A
A, Bi % olantolgjxgt Zg dE|Zutol s 5 AAZFA F 700 Fol
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dH A Qdow, EF
24-30 nm Z71 2 w§ 23 A 208 A 9 Futo] gl wolyARA (+) T
7Fek RNAE 7FA 3L 9lth (108). =rul 9] 1999-2003 % <lel Zufo]e]29 4
TR oad 5-79 F uvloly A EEfo] g1, AHFWEE 154 o]
7} 887%E AA @i Hastdom (128), Hl = B A= 24914 94
Zofol A He WAL Helt BHusrl (52). B AFNME HE
FaAF7Io o] oy =EH s FE HAEHUY. A=
L 24 wwkel A 57.1%7F W E A U A
of ojatwl dole] u7} 1.29F 2511 Alolo] WalH oAE WUl
o] MAZT T BHuE=d (34, 63), ¥ AT A 3612 FA A9
HZEol ool vste] A43d =A e

ol 2~ FHIAAE F 7FA wloly 2o FH ZAd At zE 77#E, Al

e

HNO R Plcornaviridae 3 Enterovirus 0| 238

go] o}
EERE

X

oX
o, o
Hi
lo,

T zrelE Abdls) 3U= F 80W (87%)°] Bolol A FH
FAL BAAAT. £F/) 49T Bobd 5-21%= ATH vpole) 2ol o

W 3t e E3o] I F QAo HERHI
Atk (28, 40, 54, 71, 75). ¥y wpole AW FHZAPC tiF A= AT

o vhe ulole)zste) FRAPA F4 AF Aol o
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ol
X
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ATE BT Ao YzEd
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