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Corresponding Respiratory infections, which are caused by airborne pathogens, are the most
Su-Jeong Hwang common disease of all ages worldwide. This study was conducted to characterize
Busan Metropolitan City Institute of the airborne respiratory pathogens in the public facilities in Busan, South Korea. A
Health & Environment, 120, total of 260 public facilities were investigated in 2017, 52 seasonal indoor air from
Hambakbong-ro 140 beon—gil, 2 hospitals and 208 indoor air samples from 208 randomly selected daycare centers.
Buk-gu, Busan 46616, Korea. Among respiratory pathogen, 8 viral pathogens including human adenovirus (HAdV),
Phone : +82-51-309-2815 human bocavirus (HBoV), human rhinovirus (HRV), human parainfluenza virus (HPIV),
Fax  : +82-51-309-2819 human respiratory syncytial virus (HRSV), human metapneumovirus (HMPV), human
E-mail : kies98@korea.kr coronavirus (HCoV) and influenza virus (IFV), and 3 bacterial pathogens including

Mycoplasma pneumoniae, Bordetella pertussis, and Chlamydophila pneumoniae,

were investigated by multiplex real-time reverse transcription polymerase chain
Received : October 05, 2018 reaction. Pathogens were detected in 9 cases (3.4%). Among 9 positive samples,
6 (2.3%) cases were positive for HBoV and 3 (1.2 %) cases were positive for IFV. All
the positive cases were detected in daycare centers. Additionally, the concentration
of HBoV was determined. In HBoV-positive samples, the cycle threshold (Ct) values
of HBoV were 29.73~36.84, which are corresponding to the viral concentration
of4.91 x 10°~9.57 x 10% copies/ml. Serotype distribution of isolated HBoV was
analyzed by sequencing of VP1/VP2 gene. All of the HBoV isolates were identified
as HBoV type 1 with a high similarity among the isolates (>97%). No bacterial
pathogen was identified in indoor air samples. Although virus concentration was
not high in public facilities (daycare center), the presence of respiratory viral pathogens
has been identified. Effective ventilation and air purification strategies are needed to
reduce the indoor concentration of respiratory pathogens. A long-term and ongoing
surveillance plan for respiratory pathogen management should be established.
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JLELEN. /]

JeiM Re|Lte AUZ7] 22 =22 QIS HYISHE QAst 2004 52 'THS0IBAIY S9 AUig7daelY's AEs
UCH Olof w2t YY T2 Oyl ¥R, ROIAIE SO CHSH0] efety 2PN YISty @Y= =S 21Ysto] Helsta Ut
CHSOIEAIE & Hyt Of2I0|3e B2 HaAoll o800l =2 AT2=2 O|R0fH QUCH Y2 SAo| Hst JEIS 2I510] 37
o] =9t 255 RASIL U=t 028 SE2 DIYS0 YT + Us AlE FEAPPV|= st dIE flst 22 LAt &=
SZ0l2t g 4 UCh J2(1, Of2I0|YS 0|85t 02052 ZolM Wtz OfI0l20t ZYE 2 2IF0] 2~481 O 31 of2
0|3 40| S57|detn AP LYo 2 9ld 20122 YA UCt E5H O{2I0|YS CiLE oo ZHFY Ld2 REL B
AOlA7HR| Fets 0|x ofd B 13 Y= HAIoke A22 ZAEJUN (3)

Zggo| 2 28 S HLENGEOIL 57| & YF22 Lsts =S7AE2 W MAXHCE 2E AY3M 71y &gt ZEtolTt. Of
A2 AHYEO| ZAl= AT HHHO| O =OF THAIZH| 232 ALS0| 280 O|8=22 1 73l 4 Ot & ZA = o1 2
ot A2Z A Tt (4~6). 2HM, THE HURF0IM S57|2% SRPF SYSIAUS 3, 257I1YGS0l gHe= Lag +
on, 37| & S22 Ql5to] YT YT LA A ST 2 TS 012 & ULh Z7|2E0| Yol HiolL, Md 52
2 Cefoitt. F28Q10] £l Ho[2A HaAl= TS 2T AFFOH|.=8t0[2{A(human adenovirus, HAAV), AF{E71H0|212A (human

bocavirus, HBoV), AFZTIZIQIZ2ZH}0|2{A (human parainfluenza virus, HPIV), AF22|.H}0|21A (human rhinovirus, HRV), AF2
57| EEEHI0I212 (human respiratory syncytial virus, HRSV), AR{DHERFE2H0|2{2(human metapnumovirus, HMPV), 2125
AtHto|{ A (Influenza virus, IFV). HIO[ZAZ QI5H 2 57|2Sh2 &AL HastA| §foLt, L&t 2Ittoz BMAXE Eolste 20| A
ol x|20| 2 FFES FA| %1 HIZCHH| 0|2 Of7| IR0l SEAVE MY = FRe Yot ECt ZuHoZ FEA| At

O QI5to] Ydiste F28 U A WY SOl 2EStH o=H| 459 FAMY fES OF7Ista Ut (6).
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AUBoIUTRIY U 425 2RSY ¥SS A0 BASDE YA D, VIR0 SFH ¥S2 FLRMY 3T0| S o/,
L0| Tf2} AMHEOR J|EPNRO|L BOl2 A0 ChSI0] HRSTls BIHOLE B ARE T3] £E3 MO S5, $E712HS
UO3|S HUHO Tt MEfZARS FHol OROfRI HD} gict,

2 ATOIAE AUBT| W HUS 913t 712 AR HBS SO THFOIBAIY F OIAOIY WU UUYST| B0 ZASE BE
J1uE S HUAS HOSCL 12D WUAY FBUE U 10 SHS BAHDA HUCL

MATERIALS AND METHODS
NELTH

AlLE7 |20zl = HADF 0210|E TAC 2 MAISHAELCE A|Z22H%|= MDS airscan sampling device (Sartorius Stedim Biotech GmbH,
Goettingen, Germany)E 02510 ZLASIRCE AIRE S2I5t7] 25t 3 um pore sizeQ| 20| 80 mm?Q! gelatin filter (17528-80-
=]
.I

J

ACD, Sartorius)E 0|25t 27| Z7| EQULKQI 50 I/min2E 2027t A|SH5IAC. Filter= 3 ml QIAFFER0H(phosphate-buffered
saline, PBS)Ofl EOf 3{AI1Z] & &M H7tA| -70Co| 22SHFC

HoIX|9| sHAL2 QlAamp viral RNA Mini Kit (QIAGEN, Hilden, Germany)2 AF23t0] A ZALQ| Of=-Zoi| M2t filter 312 140 pl=2
HE 2&3519Ct. 357[HI0|2{A= 72379 Multiplex real-time PCR/RT-PCR kit (KogeneBiotech, Seoul, Korea)Z 0|&310f HAdV,
HBoV, HPIV-1, 2, 3, HCoV-229E, CC43, NL63, HRSV-A, B, HMPV, HRV, IFV-A/H1N1pdm09, A/H3N2, A/H5N1, BS| 8% 160tdS
CHato 2 AALSIYLt. SE7|IMT2 Mycoplasma pneumoniae, Bordetella pertussis, Chlamydophila pneumoniaedl SA|0| A& 7ts
St Respiratory Bacteria Il real-time PCR kit (KogeneBiotech)E O|25t¥Ct. I |E0| 22& sHAZ 22 ZIIGH &, AAIZE R4t
Z£7| ABI 7500 Fast System (Applied Biosystems, Foster City, CA, USA)S O|235t0] SA} RICHS 2ISH5IYCtH 822 aiE Do
et 2lalistict.
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Table 1. List of primers used for amplification and sequencing of VP1/VP2 gene

Size of product

Primer Sequence (5'-3") Primer purpose Target genes (bp)
VP-F1 CGC CGT GGCTCCTGCTCT
First amplification
VP-R1 TGT TCG CCA TCA AAA GAT GTG
VP1/2 576
VP-F2 GGCTCCTGCTCT AGG AAA TAA AGA G
Nested PCR
VP-R2 CCT GCT GTT AGG TCG TTG TTG TAT GT

BEZH ME U HBoV FY

HE

ujo
. o
@

r
ol

HBoV OWHOI L2 AAol EE2M 2 Foll= Y kit LHe| Bocavirus standard template stock solution (10° copies/
m)E 10'~10°7t2| 21422 5|Ast 5 real time RT-PCRE AlA|5t2 ABI 7500 Fast System (Applied Biosystems)Z 0|&35t0] E=
e &% tSCt O] EE234E8 242 HBoV sk(copies/m)E 22t AA5H0] A2 & &2 St

Ol

JH

ove| VP1/2 R4t F7IME &4

HBoVC| ¢7|M% 248 2510 AccuPower® PCR kit (Bioneer Inc., Daejeon, Korea)Z Nested PCRE A|&l5tH 20, ALESH primer
= Table 12 ZTt R AIMES 1% agarose gel (Invitrogen, Waltham, MA, USA)O!| 5 ul¥ loadingatd] 100 VOi| 2582t 27|
AT ofct. &elEl SFMZ2 HIIMY EM(Macrogen, Seoul, Korea)2 2|2|5t%iCt

MEl H7|ME2 NCBI (National Center for Biotechnology Information, NIH, USA)2| BLAST (Basic Local Alignment Search Tool)&
0|235t0] GenBank databased| S2&|0] Q= 7|20 BE0E EE F FI|ME MESMH8 8015t 20, ClustalX (Toby Gibson EMBL,
Heidelberg, Germany)E 0|25t RXAt H2| 241 multiple alignmentE £35St AE2A42 Molecular Evolutionary Genetic
Analysis (MEGA) 45 ArE3I0 Maximum composite likelihood?| 221 ZE=M (neighbor-joining: NJ)ZHO 2 A|SHSIFCY

FIE

@elE HBoVe| 7MY EE = HBoV-1 (DQ000495, DQO00496, KX373884, EF450720, AB481080, KP710213, EU984233),
HBoV-2 (EU082213, EU082214, JQ964116, JX257046, FI375129, FI973560), HBoV-3 JN086998, NC_012564, HM132056,
GU048665), HBoV-4 (KC461233, NC_012729)2} H|wStRACY,

RESULTS AND DISCUSSION

A=29| &4

LAl Afet HR 2X(EEEY, dEEYE 2 1202 HYSt0] 20173 1ERE 12874 & 5222 HUS7IE HFSIUCE AIE
g S(3~52/10%), 015(6~8E/142), 7t=2(9~112/142), H2(12~2E/14%) 4=27|=2 I—|'-r0'| 22{SIUCH O2I0[Y 2 SFEUY Al
3('09.3.22) O|H0fl M| Of20|FSSZ & HH 22|7|F DIHE ChAQl AT 430 m” D|2te] AL AR 02103 20874
£ RARI= Y50l £ 208UE AIGHAL AYYE FF= Fig. 11+ 2T HAOM e HUisS7le AZERZ 12A A2(5IR2
LE, 020|142 ASH AIRE HMFoHA X510 AEE 22 St 22 H0|El= THfsty| Of{RiC

sl 22 Y

CHEO|ZA|MO| 37| 260HM SE7IEHAHE &It 21} & 97(3.4%)0(A HAHE &0IS 4 ULt B&F SE7|H02AZ
HBoVZ} 6(2.3%), IFV-B7} 3740|UCHTable 2).
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Figure 1. Seasonal virus detection results by sampling facilities

Table 2. Detection status of respiratory pathogens

No. of detection Total HAdV HBoV  HPIV  HRSV IFV HCoV HRV HMPV Mp Cp Bp

Daycare centers 9 0 6 0 0 3 0 0 0 0 0 0
Hospitals 0 0 0 0 0 0 0 0 0 0 0 0
KINRESS (Busan) 229 9 1 27 13 79 19 54 27 - - -
KINRESS 6,753 446 232 576 543 1,626 442 2,312 576 - - -

HAdV: human adenovirus, HBoV: human bocavirus, HPIV: human parainfluenza virus, HRSV: human respiratory syncytial virus,
IFV: influenza virus, HCoV: human coronavirus, HRV: human rhinovirus, HMPV: human metapneumovirus, Mp: Mycoplasma
pneumoniae, Cp: Chlamydophila pneumoniae, Bp: Bordetella pertussis

6210] Z=E HBoVE 2005 257|A4FS0| U L0M0M 25 &QlE o2 M MAXHSRZ FHRASH A5t U220 Lo
MeE 2006'd 25 2N UCH (8). F= RO AH, HY L o 7421|01|H HEE0, HBoV HES REE0| 20101M= 8.0~12.2%

(9), d AISOME 2.1%= 2511 UL (10). HBoVE FSE0L EE, 713 & 22 22 S0l 0127|712] FRote| =&
J|12Y S T2 AR oA QUCt. YUMo 42TH YY0| 371510 9FF0| Zacte S E0B 5, 0I5 Al7|of T
€ HIO[Z20] Hsh YTiH2= HI=7F =2 LELED (6, 10), 2 A7 ZAUOME S0M 20450 AYUE AIZ0A 210 £|2{CH.

IFV= 3210 HELUH 2F IFV-B2 ZRIZ[Q{Ct ASRAUA} RA2 28 9HRE el HHUS 2olct & B 24 2 RS
Sl3 0|55l 50| Yol Els A= SRIEN, 13t G Alol= IFV-AZt 221 R¥ Alofl= IFV-B7t 20| == 288 22T} (6).
= GTF0IA ZRlE IFVE 2016-2017 27| 23t G AZ[off AHYE FAM FSEUCE ASFARE BIZo)| ofet HFo| T &

WIS 7120, 37| S0IM H20| Blud Z == HO|MAZ 2HY ATt (5). SLSA 1FS 5K 7589 242 B2 HY
7101A 3A12F 3022] 2AAIZE SOt 20| SUBAE LEAIZ L7t AAR (1), & AF0ME= IFVe| S718Y 7tsdE HMAlst

0] 2 SRl W2t 2H0[7h ATk EASHACH (12).

$*J01|H %LH 54 25714932 °J°_|HPOIE1A01| EH°F e %*é,*g ofotstn T.;FEI%*OJ% SMSI2t ISFAR A S F7|HIO0[2Y
A
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Table 3. Sampling facilities for this study

Facilities No. of samples No. of detection Remarks
Daycare center Non-legal 208 9 Less than 430 m? of gross area
Hospital Common 52 0 -
Total 260 9 -

35 AFR D H|DEH 23 HBoVE 121(0.2%) HEE|YD MZHO2 = 5434(1.9%)0| HEE|QCtH 2 H0|AS HBoV HEES
QlA| HAIZ Aoz §F MM ZIAEC} HluWd =2 L= Ol Chy &9l 102 QIsh Zat2 HOICt HBoveE YROt ftt
oA =2 2Hst= ™olct defut MM ZAls d d¥EE Aoz 5t 7| 20| R0t YCHdES st= 0f2I0|39| ALy
3718 Haez o 2 Aot 20|17} /s AR AIREC

F7M72 o A A2 Ated, MUy BHME 257|2ee 27|10 SEEAHMELS (polymerase chain reaction)2
2 SO HAYZ A[SHstA7| W20l HiHo = & Z2t= HIAI=Of Tt YetHo=z, AUjolM 71
= MReze mBEzao|L HIS S0l MAISk= Micrococcus, Staphylococcus?t 2481 T Qe QIZI2 A2l &
= & UCH (13). S22 CHREEL| 37| R2f M2 AtH 22 S2H43stEl AEjo|0f 0] 3 0.02~10.6%

e AT (14).
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Table 4. The CT value and DNA copy numbers of HBoV positive samples

aPCR
Sample No.
CT value DNA copies/ml

C16 35.61 1.23 x 10
C63 36.18 8.04 x 10°
C72 36.85 491 x 10°
82 35.51 1.32 x 10
C99 29.73 9.57 x 10°
C126 35.82 1.05 x 10’

7t -3.10722 LIEFCE EZMO real-time RT-PCR Z1tO| Ct valueE TSI HBoV ==& 5RO, M= Aol 2|2

HBoVZt ZE%E ZAQ| Ct values 29.73~36.8429 = LIEIGCH, 0|5 HEZ22M0| CHRISIY AAHEl HBoVel sk 2 Tt =2 sE2
A2 A= 9,57 x 107 copies/mIS2 LIEFHT 712 LS 52 A2 HA= 4.91 x 10° copies/mI22 EQIZ|ACHTable 4)

HBoVZt 2QIE FAH[2| BIO|2{A copy = HAZH22 Y| Lot 8 JH(C99)2] HAMME E0|H22 =2 L2 XS &RISHAU
Ct. Ol B Azl AlZ[0l 2471 HBoV HES &0t 0210|130 SRS A2 200, 01F0| BiEet =57| 5|20l oI5t &
O|Ho2 2 2| UEUAS A2 AREL]. HBoV ZFS BAte| H|QAT FA[0|A Bio[2{A =5 &Qlet 7|Z9| e 210
M29, 1 527t 23 x 10° ~ 5.5 x 10°2 HQIL|YCE (15). £ AF0ML HUS 2F 7|2ATQ 2|4 £3|H0t Yl 5L, of
2lo[go| Saet oto[7h HAHHO0| oA AL BVt S SESICH 257 S5t0 HBoV 40| Lo & AS A= EHLIt}. 5t

=
A2, gEet 2UE =E25P| flsiMe gt dA Sdue| AE FEcte A+ S0l ML= LRSI

HBoV+= Parvoviridae20l| £33 bovine parvovirusflr Canine minute viruse A& L2 ! of0|At MBSl QA0 2|5ty
HBoVZ FHEIAC (16). O|F EAVEZSHH HFE S510] U7t ¢lal, &F 52 kb 3719 & 208A #+2E 711 MY single
strand DNA Bto|2{A2 HSHZFCH (17). HBoVe OZ*ZIOH'— 3719| open-reading frame (ORF)O| Y20 229 ORFE H|FLREHEHZ
Q1 nonstructural protein 1 (NS1), nucleoprotein 1 (NP1), TR EHH2101 viral capsid protein 1/2 (VP1/2)2 F8%|0 It (16). NS12
HBoV2| & Oy0| 38H2= ZA5IH RUA Cido] H2 EF £2[2 HBov A=0| 0| 0|8&2 AW (17), VPINP2E &
HH CYY S 20l B B2 2 AH0|ME VP1/VP2 SUAE 0I5t HEEME SHRACEH (7).

o

HBoV E0IEl 60| L3I0l QMY 2M5H 23t 64 25 HBoV-12 LIEINCHFig. 2). AEEA! A 7MY 2% 7|12

(HIEY, O|YE, 42, = SHAM 22))2 97~99%2| ASsHE HICt HBoVE 1~4Y9| RAAIN0| Eng|
nonstructural gene2| nucleotide T:R0i| 2|50 A2t B2 CA| LEFOJRICt (9, 16~18). HBoV-12 2005

AHoM XS EISHFD (16), TF|AELS| HIE2|2 S40[H] OHHIE 71721 A0t 2RO HBoV-2E LI (19), hB
9| ZHE 71l A010lM, HBoV-4= 0|, |LIZ|, LtO]Z|2|0te| HAtetZHZQ| CHHOA 22t SQISHRICH (20). Of

HH HBoV-12 57| 440, HBoV-2, HBoV-3 & HBoV-4= CHEH ZAAO|M BIHSHA| &I=ICt T2 587 ?:.i|01|}\‘| HBoV~”
golgl Bzt W, 713, U RE 50| 57| ZY S4ES E0|H (9, 15, 17, 20) T ZHA0|A HBoV7Zt &=l &izte e A
Al RE A HHES SHiSH: HHO[2AY A SAS E0l= Aoz dH QUTt (14,16, 19).

]

lor 10 Hr
— 0
2 for oY Ho 4N

n <

o

|0

- N

C<) | ogh
w [
ﬂJ* ro N

F_Q
rlJII‘I
L o

I
f

= A7 8ol ZT|(gel filter)S OIE3H0] 240N AAEH Fl 2322 02I0] 20822| 57|18 ESIAL. HE A=OIM
= o | 3]
|

S7128s do7|s FYUAE &It} 5L, HUST] SO|M SF7(HI0[2{A7F ZASIL ASS HLISIAUCE O)2fet Zts &
J1E SoiM =E7(BI0[2A0t MIHE 4~ AZE FFY 4+ UCL 028 =S7[EYUAE HZO|L Of0I2E HEZ 37| S0l 2AE
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DQ000496 ST2 Sweden 7
{0 c126
® C63
® Cc9
- DQO00495 ST1 Sweden
KX373884 P214 Mexica
|—E|=450720 HK4 Hong Kong HBoV-1

® C16
| I: ®C72
99 ® Cs2

AB481080 JPOC Japan
100 { KP710213 HZ1403 China
EU984233 TW2717 Taiwan
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Figure 2. Phylogenetic analysis of human bocavirus based on the VP1/VP2 gene. Phylogenetic tree was constructed by the
neighbor-joining method, Maximum likelihood model with 1,000 bootstrap replicates, by MEGA 4. Only bootstrap values
with >70% significance are shown. Black dots were sequences generated from the present study.
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