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Infection Frequency and Mixed infection on Eight Viruses from
Patients with Acute Respiratory Syndromes in Seoul

Heejin Ham"", Jungim Jang', Sukju Jo', Younghee Oh' and Sonil Pak’

'Microbiology Department, Seoul Metropolitan Government Research Institute of Public Health and Environment,

Gwacheon; *College of Veterinary Medicine, Kangwon National University, Chuncheon, Korea

For our survey of the infection frequency and mixed infection of the viruses causing acute respiratory syndromes, we

analyzed those viruses from acute respiratory patients in Seoul. Total 1,038 specimens of oropharyngeal swab were tested

by the real-time polymerase chain reaction (PCR) kit (Kogenebiotech, Korea) from Jan. to Dec. in 2013. Virus detection

rate causing acute respiratory infection was 46% (476/1,038). The most frequently isolated virus was only hRV (21.6%,
103/476), followed by only ADV (8.96%, 93/476), only IFV A (H3N2) (18.1%, 86/476), and only hCoV (7.8%, 37/
476) etc. Most of acute respiratory viruses had severe fever. Infection frequency information and mixed infection status

on respiratory viruses circulating in Seoul will be helpful for the management of acute respiratory infection and for

epidemiological continuous studies.
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MATERIALS AND METHODS
4 &1t 7HdE XEl

MEA 117 Hg 94% O RNE 1,038 FAHEEY]
2 7171 E(oropharyngeal swabs) 7

t,rj o= FYadaan e 32274,

GHY 1277, K<Y 1227, SH9 1057, 7]E} HYE
36271 ), %*éigﬂ AaZol sk S o=

Hs}oﬂ‘ﬂr @JPJ NS 7MHES AMES 2 AR
A H A AL 1 3] (Institutional Review Board)2] 4
AFIL, AA A= HPAES] FF ol 119 0}93\9—
), 3kxpe] QA AHE VEAE Fd 7 HdEelA
THPAoZ ARt A HEe} S digk V1S4 E
2grete] 117 B9l BolA sdd T2 EFZS AMES)
Atk Aol QIFEw 7HES vlolel s £EE wiA|

(viral transport medium, Becton Dickinson, Ireland)ol] 22

W, kel S4] Ei 70T olstl waail B
¥ 0.1 M phosphate buffered saline (PBS, pH 7.4, Sigma,
USA) 9 mLel| ¥o] 4C, 3,000 rpmell A 3087+ 914142
sglom 4Eole A8l

Hlo|2 A M £ U RER Bl

THE THES A7ete] AR § TS vial
RNA mini kit (QIAgen, Hilden, Germany)E A}-8-3}<]
RNAE FE313t) 744 140 ploll AVL buffer (guanidine
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Real—time PCR test

Real-time PCRS- 913l 5=53F RNA 5 pl< real-time PCR
ZIek kit (Kogenebiotech Seoul, Korea)ol] 717} @& & Wk
olo] ghd8] 4o = soith. lahulolel
PCR ZI& kitE-2 PowerChek parainfluenza virus 1/2/3 real
time kit (Kogenebiotech, Seoul, Korea), PowerChek influenza

9 real-time

virus A/B real time kit (Kogenebiotech), PowerChek pandemic
HIN1/H3N2/H5NT1 real time kit (Kogenebiotech), PowerChek
adenovirus/bocavirus real time kit (Kogenebiotech), PowerChek
rhinovirus real time kit (Kogenebiotech), PowerChek influenza
RT-premix with BNA, BHA, Uni-R real time kit (Kogenebiotech),
PowerChek RSV/A&B/HMYV real time kit (Kogenebiotech),
PowerChek coronavirus 229E/OC43/NL63 real time kit
(Kogenebiotech) 1At} -4} 5%-& $13) real-time PCR
717121 7500 fast thermal cycler (Applied Bio-systems, Foster
city, CA, USA)E ©]-&-3}] RNA virus (IFV, hRY, PIV, RSV,
hCoV, hMPV)2] 7% 50°CollA] 30, 95CllA 1558 =g
T RNAES tﬂH/\]ﬂ"’ DNA virus (ADV, hBoV)2] 79~ -
AR FEE 918 50CellA 232, 95CollA 151 DNAE
%ﬁé/\lfﬂt}. 1 5 ZF7F 95T 15%, 60C 13S 13]2 &}
o] 403] WHSAIZ & Ctat curveS QIS

RESULTS AND DISCUSSION
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Table 1. Distributions of viruses detected from patients with acute respiratory infection in 2013 in Seoul by periodic surveillance

Months
Viral agents Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Human rhinovirus 6 5 7 24 7 4 8 5 8 14 14 1 103
Adenovirus 3 3 2 6 8 3 12 12 8 13 11 12 93
Adenovirus+human bocavirus 1 2 1 4
Adenovirus+human coronavirus 1 1 2
Adenovirus+human rhinovirus 1 1 1 2 1 1 2 1 4 14
Adenovirustparainfluenza virus 1 1 1 2 1 6
Adenovirustrespiratory syncytial virus 1 1
Human influenza virus A(HIN1)pdm09 3 6 4 1 14
Human influenza virus A(H3N2) 31 29 15 9 1 1 86
Human influenza virus A(H3N2)+ 1 1
adenovirus
Human influenza virus A(H3N2)+ 1 1 ’
human coronavirus
Human influenza virus A(H3N2)+
L 1 1 1 3

human rhinovirus
Human influenza virus B 3 1 2 3 9
Human influenza virus B+ 1 1
respiratory syncytial virus
Human bocavirus 1 1 2 4
Human bocavirusthuman rhinovirus 1 1 2 4
Human bocavirus+parainfluenza virus 1 1
Human bocavirus+

. L 1 1
respiratory syncytial virus
Human coronavirus 6 2 2 2 1 2 3 19 37
Human coronavirus+human rhinovirus 3 1 4
Human coronavirus+parainfluenza virus 1 1
Human coronavirus+

. o 1 1
respiratory syncytial virus
Human metapneumovirus 1 1 1 1 2 6
Human metapneumovirus+ 1 1
human rhinovirus
Parainfluenza virus 2 3 6 8 11 2 2 1 1 36
Parainfluenza virusthuman rhinovirus 1 1 1 3
Respiratory syncytial virus 7 3 2 1 1 1 2 6 6 7 36
Respiratory syncytial virus+ 1 | 2

human rhinovirus

67 55 38 50 35 19 37 21 24 44 41 45 476

Total detected numbers (%) (53.6) (56.1) (38.8) (53.8) (40.2) (31.7) (50.7) (51.2) (47.1) (49.4) (39.4) (37.8) (45.9)

Sample numbers 125 98 98 93 87 60 73 41 51 89 104 119 1,038
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A5 24, 3¢, 1198 AL BE G 44 yehsa,
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== adenovirus+thuman coronavirus
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Figure 1. Distributions of viruses detected from patients with acute respiratory infection in 2013 in Seoul by periodic surveillance
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Table 2. Each age viral detection distribution from patients with acute respiratory infection in 2013 in Seoul by periodic surveillance

Ages' interval Detected 0~13 years 14~83 years
Viral agents numbers Total  Male Female Total Male Female
Human rhinovirus 103 69 34 35 34 9 25
Adenovirus 93 83 44 39 10 7 3
Adenovirusthuman bocavirus 4 4 1 3
Adenovirus+thuman coronavirus 2 2 1 1
Adenovirusthuman rhinovirus 14 13 5 8 1 1
Adenovirust+parainfluenza virus 6 6 3 3
Adenovirus+respiratory syncytial virus 1 1 1
Human influenza virus A(HIN1)pdm09 14 5 4 1 9 4 5
Human influenza virus A(H3N2) 86 27 12 15 59 35 24
Human influenza virus A(H3N2)+adenovirus 1 1 1
Human influenza virus A(H3N2)+human coronavirus 2 1 1 1 1
Human influenza virus A(H3N2)+human rhinovirus 3 3 1 2
Human influenza virus B 9 6 4 2 3 3
Human influenza virus B+respiratory syncytial virus 1 1 1
Human bocavirus 4 4 3 1
Human bocavirus+human rhinovirus 4 4 4
Human bocavirus+parainfluenza virus 1 1 1
Human bocavirus-+respiratory syncytial virus 1 1 1
Human coronavirus 37 28 12 16 9 4 5
Human coronavirus+human rhinovirus 4 4 2 2
Human coronavirus+parainfluenza virus 1 1 1
Human coronavirus+respiratory syncytial virus 1 1 1
Human metapneumovirus 6 5 1 4 1 1
Human metapneumovirus+human rhinovirus 1 1 1
Parainfluenza virus 36 24 12 12 12 3 9
Parainfluenza virus+human rhinovirus 3 3 1 2
Respiratory syncytial virus 36 26 14 12 10 4 6
Respiratory syncytial virusthuman rhinovirus 2 2 1 1
Total detected numbers (%) (257.69) (532.46) (5126.35) (5166.12) (312.27) (373(.)9) (385?3)
Sample numbers 1,038 600 314 286 438 206 232

vkol 2 2 47671 7Hetl ADVE] 7-F-, ADV TH5714 o

937, ADV+hBoV 471, ADV+hCoV 27, ADV+hRV 1471,

Ar A 557 ADV+PIV 671, ADV+RSV 17 5-°]%1al, hBoVel 7%

153 }911, AZE TF7]  hBoV @57 0] 474 hBoV+hRV 47, hBoV+PIV 17,

SE7| HORA TSN SEUN X

20133 AFH S F 1,038712
Hlo] 22 45.9% (476/1038)=
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Table 3. Clinical symptoms from patients with acute respiratory infection in 2013 in Seoul by periodic surveillance
Symptoms or Clinical symptoms
diseases Detected Loss
mumbers Fever Cough Phaf Chill Head- Mugcle Snot Smff- Hoarse Fineness Sputum Ygln- of Asthma
. yngitis ache pain iness sound itting .

Viral agents appetite
Human rhinovirus 103 69 46 31 15 20 20 50 22 7 30 3 8 2
Adenovirus 93 81 29 38 11 25 17 42 25 2 22 11 9 2

irus+
Adenovirust 4 4 3 1 3 1 1 1 1 1 1
human bocavirus

irus+
Adenovirus: . 2 2 2 1 5 1 5
human coronavirus
Adenovirust 14 10 6 3 1 2 5 4 4 1
human rhinovirus

irus+
Adenovirust 6 6 5 4 1 4 2 1 2
parainfluenza virus
Adenovirus-+respiratory 1 1 1 1
syncytial virus
Human influenza virus
AHINDpdm09 14 14 8 6 6 6 6 5 1 1 2 1 1
Human influenza virus 86 75 6 S1 41 39 48 50 20 5 1 34 4 4 2
A(H3N2)
Human influenza virus 1 1
A(H3N2)+adenovirus
Human influenza virus
A(H3N2)+human 2 2 1 1 1 1
coronavirus
Human influenza virus
A(H3N2)+human 3 3 3 1 1 2
rhinovirus
Human influenza 9 8 5 6 7 4 7 6 2 3
virus B
Human influenza
virus B-respiratory 1 1 1 1 1
syncytial virus
Human bocavirus 4 4 2 2 1 3 2 1
Human bf)cavmﬁ 4 3 9 I 1
human rhinovirus
Human bocavirus+

. X 1 1 1 1
parainfluenza virus
Human bocavirus+
respiratory syncytial 1 1 1 1 1 1
virus
Human coronavirus 37 33 23 10 3 6 4 19 11 9 1 1
irus+

Human coronavirus 4 3 1 ! !
human rhinovirus

Human coronavirus+
parainfluenza virus

Human coronavirus+
respiratory syncytial 1
virus
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Table 3. Clinical symptoms from patients with acute respiratory infection in 2013 in Seoul by periodic surveillance (Continued)

Symptoms or Clinical symptoms
diseases Detected Loss
mumbers Fever Cough Phaf Chill Head- Muscle Snot Smff- Hoarse Fineness Sputum Yan- of Asthma
yngitis ache iness sound itting .
Viral agents appetite
Human 6 4 3 2 1 1 3 1
metapneumovirus
Human
metapneumovirus+ 1 1 1 1 1 1
human rhinovirus
Parainfluenza virus 36 22 15 16 10 12 15 8 4 12 1 1
Parainfluenza virus+
L 3 2 1 1
human rhinovirus
Respiratory syncytial 36 19 20 8 5 s 7 100 3 16 1 2
virus
Respiratory syncytial
virus+human 2 1 1
rhinovirus
Total detected 476 372 240 180 101 121 235 112 24 3 144 22 27 9
numbers (%) (459)  (467) (492) (414) (375 (387) (383) (502) (48.1) (533) (375 (L) (449 (458)  (60.0)
Sample numbers 1,038 797 488 435 269 313 468 233 45 8 282 49 59 15
hBoVHRSV 171 o121, hCove] 7-¢- hCoV+hRV7E 2 gliTh
471, hCoVAPIV 171, hCoV+RSV 171 5019131, hMPV )] FE7) wpolel #9S A 2 AgEe zAapeko]
4%, hMPV ©57k910] 671 hMPV+hRV 17d0]91om,  Zopel ARlelAfe] Aol & Aufid A}, dubsom Ao}
hRV ©571e12 10371¢] yreRsTh (0~134h2] Aol TH7FA] NIskiaL, A4~
IFVe] 293 IFV A (HINI) pdm099] 74-9- 14710]1  844)9] A9 Aolol njg] Aixom FEIA0] =
3L, IFV A (H3N2) @571 9] 79 g6l e IFVA 2/ vehgon, Ao w2 AJolx= gls 2oz ve

(H3N2) SEAE S 2= [FV A (H3N2H+ADV 17, IFV A
(H3N2)+hCoV 271, IFV A (H3N2)+hRV 371 5°|1aL, IFV
A (HSND®] 79~ YepA] ekekem, IFV Bo] 49 IFV
B ©57dS 97, TEAYL IFV B+RSV 17122 1}
ERStTE PIVE] 74, PIV @572 3671, 55092
PIV+hRVs 3710]lt). 12]a RSVE] ¢ vh=ztad e 36
7 FE7191S RSV+hRY 27102 ZH2F LEFTH Table 2).
Seo & (5)° 23k 20051 5-E] 2007 A7HA] o &kl
e 5 FFAY HAdEedA Y B udd 537
HATo] dilElE FAE] IR, v FollA AF S
AAE AARE A3t 2709 vpole| o] 7RI A4
7428l hRV, hBoV, hCoV, IFV &3+ 9] 5 o]t}
AL ®Warste] BoAdsel fAbstlar Al 7R 9] wlole]
7} £3redE 3710 A F= hRvel I A E R

Rov} B Axfe| = 3714 o]ake] 3t

AT Table 2).

<
UERd 95 AT R oftmrlo]e] o] g 87.1%
(81/93)l4 HE FAE HERIA AL, ZZ vlo]g 29
735 89.2% (33/37)llA TE FAE, 62.2% (23/37)°1A]
713, 28] 514% (1937)004 325 A4S YeEhlgle
o, glo]mrlo]el At 67.0% (69/103)014 TE FAE U
ERA A, QIEF<A} vlo] 2] 2~(HIN1pdm09)<] 749 H<d
A= 100% (14/14)141, 7132 57.1% (8/14)°1 4] e}
Wion C1ZZxKH3N2) Hiolg] 2o 9wk FA)

= 87.2% (75/86)9114, 713& 72.1% (62/86), 13-4 59.3%
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(51/86), % 55.8% (48/86), = 58.1% (50/86)°1 A
Z42E VER AL, RIS} vhe]#]2=o] A9 61.1%
236yl A W o], TE7IAMEGRFe] H 2~RSV)
= 52.8% (1936)014 D3} 55.6% (2036)9014 713 A
= H@D}(Table 3). Park 5 (3)2 2008 58] 2011'd7}14]
kel B oo A FAEEY] 1dE s v

A elst Q15 wRBAA PAe Az BE/ TG
uho] 2] 2RSV)E A9 @ 652 vhole] 2 Hed} 50% o]
)\1—01]}\1 W] Z=AS JER YU 191, oldnrlo)

229] 79 83.9%004 Hd TS UrEhH ATHAL &kof
Avtel FAEAh T3 park T ()0l 2lshd FAkA|
B o9 A #AT B 713 Bante)
2 AR 743%7F S/ vEho] 759 vlole] =
wAA T 7P RIS Ao R Yelgon Itk &
F7IMEGFuol 2] ~RSV) 714% ollaL, &2 o
mupole s A} 55.1%004 L vhe ZE2ualel
7+ gx} 524% =o& Fo] YERgThaL Balsigl o
| kel ZFellx= B E(75.0%) % 713 (60.0%)0] ol
EpsraL Emkﬂ Aot FAFsEITE Kim & (1)
«lo} 2010304 2011 A7HA] FAeh e 2t 4t

sl ool QoA F4 sl ow g
} SRS QT FRIES AFHste] Axe A
HHL RSVZF 67.7%2 T8 Acle|qlar, A7|HAA%
RSV7} 49.8%% 714 Bttt B sl =5 (croup,
S92 54, acute obstructive laryngitis)= PIV7}
40.7% S0 B3kl

T

ﬁL l>£
r

7+l 374 78 14,
hMPV w5714 641 = 174 hRV DPiﬂoﬂ 10371 7h-
o] 271, Z18]aL IFV A (HIN1) pdm09 H}o]g] s vHE71<d
147 714l 17, IFV A (H3N2) Blo]e]s 5749 867l
7hed 273004 242 YERs & B a9
Tt Yehes 534S B TtHTable 3). Lee 5 (2)< 2010
HEE 201137H4] Gddigtay] Y Lol FAd el
Az Aol AR A A4 A7 EAES RSV7}
7H WRkAL, A5 (croup)i= PIVZF 71 Botow, &
7] 9] Agto g AAAL A BE TF7] vy~
oA HlszsiAl AL, HE S ADVZF Bakom,
2 RSVZF 71 @dthal sho] ztol& RG] q

T aY
SE7) vholelze) e PUg Yot
S

mlob

= = =1
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T 23 719G, 99, 719 JA 59 s
T e r FEF=Y, A7 A3} thinovirus®}t corona-
W FA7F A7) 67.0%8F 89.2%Cl A UERE A
& QoM E S| AATMAE T &
S5 Y23, influenza virust HIN1pdm09<] 7-$- it
A S 100%, 713 57.1%°1A4, H3N29| 7-9- 2 A1
87.2%, 713 72.1%, AFA 59.3%, <HE 558%, F&
58.1%00A 247 YEhg 72 7% S vUERSle
™ parainfluenza virus 61.1%014 #<E SA|E, adenovirus
= 87.1%0A od SHE 47 BY SR rhinovirus 2
coronavirus®} A Y22 58 YEMN AL, respiratory
syncytial virus (RSV)E 52.8%°14] A3} 556%004 7]
A FAE BYLR % A A7IE 3ol FA
of JebgS &+ UM
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