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Adenoviruses are an important cause of respiratory tract infections, particulady in infants, young children, and
immuno-compromised patients. In this study, we investigated the characteristics of adenoviruses isolated from
outpatients with acute respiratory illness in Gyeonggi province of South Korea during 2009-2011. Adenoviruses
were detected in 102 of 1,622 (6.3%) specimens by using PCR or real-time PCR with viral specific primers. 76
isolates were obtained from 102 specimens using the A549 cells. Serotypic distributions of isolated adenovirus were
analyzed by sequencing of hexon gene. Six different serotypes were identified, which included adenovirus serotypes
1-6. Adenovirus 3 (n=40, 52.6%) was the predominant serotype. The predominant types of adenovirus every year
were serotypes 1 and 3 in 2009, serotype 3 in 2010, and serotype S in 2011, respectively. Adenoviruses 1, 2, 4, 5, and
6 were isolated sporadically throughout the study period. Adenovirus 3 was present both during outbreaks and in
sporadic cases. These results indicate that adenovirus 3 played major causative agent of adenovirus outbreaks in
Gyeonggi province of South Korea during 2009-2011. Continuous surveillance for specific serotypes of adenovirus
that can cause outbreaks is important.
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o}g| :zH}o| &) A (Adenovirus)= Adenoviridae I}of &3}=
DNA Hlo]g| A2 4 DNAY] 5ol et A-G71A] 7L 2
EHEH(De Jong et al., 1999; Jones er al., 2007), AB3}sH2 AY
B33 7|2 o8 @A 5570 olde] E Yol A=A Sk
(Walsh et al., 2009, 2010). o}d|ieBlo|H A= A FH o wat F
HEE71AY, AR, $BEL, Wk, 2B P
= thofel S Yoy Aoz U A QIch(Flomenberg,
2009). oft|=rfo]2of sl op7|H= FAEEY] Aol
A 4058, 84EE7IAE 2 HE Fo] jlow,
subgenus Bol| &31= @43 3,7, 14, 16, 21, 34, 3587} Co] &
SR AW 1,2,5,6%, 12)3 Eoll 451 938 438 S0 2
oht} gfot T2 7 AHEY SATEIHETS TAV =
2 Ao 2 d&A Qltt. Subgenus Do &35H= A 8, 19, 37
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P2 FAYEALHE op7|shH, Foll &3k B3 40, 413
AEBE T TRl Y= AR IBA AUk

ofe|ieBfolB| A o oft AP -2 EEA T BT EF
Foll oF Aoy "g7]sol Asta SxpoA = AR 2
P S+ Y= Ao Z A& 9JrhiWadell, 1984; Ross, 1989).
APl w2 R FAolv A 223 EAf Y o
Zofl Zfol7k glo] BAHY BAo] Fa% FECZE djA ot
BAFE A7) fJ9f Hiolzia o o3t SEFA| A
U G714 E £42 B8 XF 40 YRtHe R o] g1
A=, B71AE B4 Ho]H 298 B4 Ho|E woldd 4=
Acks FolA 2 Bol ARSE L = B olth(Kang et al.,
2005).
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1996; Hong et al., 2001). 71 & ofjd|zulo|gAA S 57|43
of thigt A7t i A &H 22 9% e (Hong and Lee, 2000;
Shin et al., 2002; Park et al., 2005), Lee 5(2010)2 1991 1Y
FE 2007 1297HA] 179 B9t A&} 3712 G4 34 8t
71= ZrA(acute lower respiratory tract infection) SA1S UEr
W of o] BApR R Hejet ofuujolziag] BHE BAL
343t A} 13709 @A T, o] F 331} 78 0] 7}
7 WIS LA E ok BRastginh o] 2|3 B oA
ofsliutolaizol Olgt 3|70l A& Ao e o
At 2= E4tal A7I1=W TE7]ofdiHlo] 2 A9
SR WP Bl o A7} 7o) mnE w9,
ottl|ietto] | 2o o3k F4d 471 %= ZH(acute upper respiratory
tract infection)of] th&+ A= w|F3t AAolct.
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TAES g R AFE AXSITE EEERE AFHE F
EZEL vlo|Y 2 2484 X|(Becton, Dickinson and Company,
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A =& U FTIX; FIC
AA oA QlAamp DNA Mini kit (QIAGEN, Germany)S A}
#3}o] A|ZARe] Wlol w2t 4 B alsic, ofdcntol
2 BEE 98 oftlieHtolziA HE PCR @7 E(Solgent,
Korea) T+ real-time PCR Zt+7] E(Kogenebiotech, Korea) S
Aol AzALe] o] vet 22 SRS A 7, 9
A} ZZ7](Verti 96 well Thermal Cycler, Applied Biosystems,
USA) = AAI7F §4%}F ZZ7](7500 Fast Real-Time PCR
System, Applied Biosystems)E AME-5}o] H415}%ct PCR |t
2L 95C oA 1587 AL 3, 95 C oA 20%, 54C
ol Al 40z, 72°CollA] 184 353] whEstaL, upx|dtell= 72°C o
A SEZ Azd F S FVART: PCR AHELS 15%
agarose gel (0.5x TBE buffer)ol| 4] 7| g53te] Eelstach
Real-time PCR ¥Fg-Z A& 95 C oAl 1557t Taq. InhibitorE
HAGAZ] &, 95 CollA 15%, 60C oA 124 403] HEs}e vE
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real-time PCROJ|A] o}t :=rfo]g| AR S1E 102710] thsfe]
AazujFi e g vto|g|AE Eelstqltt. HAY AAE st
o] A A penicillin (1,000 units/ml)/streptomycin (1,000 pg/ml)
(Gibco, USA) Y nystatin (1,000 units/ml) (Sigma, USA)& &
713t 3 4T oA 15& THE 082 E5o]FHA 1A &3 HA
st o5 YAHE(1,000<g, 202, 4C)ste] FojZl 45
S HpolE A HE-8 FA R ARSI o rto] A 0] He
£ 98] AT ER 357 Hto| g A0t 2 R E £k B2 A549
N|EZE A3 A549 A= 10% FBS (Fetal bovine serum,
Gibco)7} #7}El DMEM (Dulbecco’s modified eagle’s
medium, Welgen, Korea) WA & AME-31o] v Fst oo, A
£ 24 well vjokg71o] T Wleket 3, AES) WES} oF 0%
AT =L uf ANzujefNdS AAStaL, phosphate buffered
saline bufferg ©]&3sto] 23] A3 ohF MA2E 2 HAAE
200 WA HE3kaL, 2% FBS7F 23 vjoFal-S & 71she] 37T,
5% CO, ZZo|A 747t wiekstm A ¥ E TH(cytopathic
effect; CPE)E TSI} 70-80% H =9 Al o] 3ztE
s o, FE7] W Al E vjgFde =A% & diEe
(10,620xg, 104, 4°C)stA A5A-& 2|5ttt

oitlcHiO|2{A HEA 24

A)ZHj kAol 4 QIAamp DNA Mini kit (QIAGEN)S AR&
sel AzALS) Wpdel weh WAL 2Eehn, WP Sol
AR Bl G A7 DS BA] 919, Bl g
o] £0]Z2] primerel ADV-5L (5'-CGG TGG TGI TTI AAI
GGI TTI ACI TTG TCC AT-3")3} ADV-3R(5’-ATG TGG AAI
CAG GCI GTI GAC AG-3’) primer3-& AE51o] PCRE A A
3+ tHSeo, 2008). PCR ¥FE-Z AL 95C of|A] 1587 BIAIA|
71 F, 95C oA 20%, 54 C oA 40%, 72°CollA 1824 353 gt
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S3to] 15149 l, QIAquick PCR purification kit ¥ Gel
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Terminator Cycle Sequencing Ready Reaction Kit2} ABI
Prism 3100 Genetic Analyzer (Perkin-Elmer Cetus, USA)E ©]
$olo] 971499 BAL ANSTE B4 A7 BelF
SlEH Ol H7)| A E2 BLAST (Basic Local Alignment Search
Tool, http://blast.ncbi.nlm.nih.gov/Blast.cgi)2 ]85} GenBank
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Table 1. The incidence of adenovirus infections in Gyeonggi province
during 2009-2011

Period (year) Total specimens No. positive (%)
2009 411 6 (1.5)
2010 666 53 (8.0)
2011 545 43 (7.9)
Total 1,622 102 (6.3)

Table 2. Serotype distribution of adenovirus isolated in Gyeonggi
province during 2009-2011

No. of isolated adenovirus (%)

Serotype

2009 2010 2011 Total
adenovirus 1 2 (33.3) 1(2.0) 3(15.8) 6(7.9)
adenovirus 2 1(16.7) 9(17.6) 5(26.3) 15 (19.7)
adenovirus 3 2(333) 36(70.6) 2(10.5)  40(52.6)
adenovirus 4 1(16.7) 2(3.9) 0(0.0) 3(3.9)
adenovirus 5 0(0.0) 2(3.9) 8(42.1) 10 (13.2)
adenovirus 6 0(0.0) 1(2.0) 1(5.3) 2 (2.6)

Table 3. Serotype distribution of adenovirus isolated in Gyeonggi
province by season, January 2009 through October 2011

No. of isolated adenovirus (%)

Serotype Spring Summer  Autumn Winter
(Mar-May) (Jun—-Aug) (Sep—Nov) (Dec—Feb)

adenovirus 1 1(11.1) 2(12.5) 12.7) 2(14.3)
adenovirus 2 5(55.6) 3(18.8) 2(5.4) 5(35.7)
adenovirus 3 0(0.0) 8 (50.0) 28 (75.7) 4 (28.6)
adenovirus 4 0(0.0) 1(6.3) 2(5.4) 0(0.0)
adenovirus 5 2(22.2) 2 (12.5) 4(10.8) 2(14.3)
adenovirus 6 1(11.1) 0(0.0) 0(0.0) 1(7.1)

< FEY T, ofd|iutol 2o fiste] PCR HARES 3T 2
T} 10271(6.3%) 0Nl Al oflierto] 2| A S HE3HATH Table 1).

A=ERE 2009900= & 4110 AAFSH 67(1.5%)°]
AEEPoH, 201040 & 66672 AASH 5371(8.0%),
2011d0= F 54575 ARSI 437(7.9%)°] ofd|=H}ol
2 opgo g vehytth 2009d e B3 2010 o i=nto]
20] &80 5ul| ol SR A& el & 4= e, 20109
201199} HE&2 Zpol7h A9 itk sHARL 201130
HAELo] B4 dehd A2 20119 787H o lento] 229
HEdol 71& W (PCR)9 8] B% 77 real-time PCR
Aoz HAESY] fRoE 201040 ofdutol# A7}

£ dx=of vis} 2A FsIArE Ae & d7E 5 &
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Fig. 1. Temporal distribution of adenovirus infection in Gyeonggi
province during 2009-2011.
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o2} 4674(5.7%), 4ES & 4 T A 122 FA} o
AHE T} oflenpolZ o) o7t TFT|E] | FHopRt o=
UERH T BFA GolM = HA] F{H]7} 4.2:12 tjFEo] |
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& 19, 29, 5%, 63| ERIEFL, 23 0] 557(55.6%)2 &
o] £ = thTable 3). AF(6€-8H)oll= ofdlliHio| A 13
FE S7HA] chFSHA UeaL, 330l 85:(50%)=2 7 wol
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