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ABSTRACT

Objectives: Respiratory virus infections are the most common disease among all ages in all parts of the world
and occur through airborne transmission. The purpose of this study was to detect and quantitate human
respiratory viruses in residential environments.

Methods: Air samples were collected from the residential space of apartments in the Seoul/Gyeonggi-do area.
The samples were collected from indoor and outdoor air. Among respiratory viruses, influenza A virus, influenza
B virus, parainfluenza virus, metapneumovirus, respiratory syncytial virus, and adenovirus were investigated by
multiplex polymerase chain reaction. Among the virus-positive samples, we performed adenovirus quantification
by real-time polymerase chain reaction.

Results: Virus detection rates were 44.0%, 3.8%, 3.4%, and 17.3% in spring, summer, autumn, and winter,
respectively. The virus detection rate was higher in winter and spring than in summer and autumn. Adenovirus
was most commonly detected, followed by influenza A virus and parainfluenza virus. Virus distribution was not
significantly different between indoor and outdoor environments.

Conclusions: Although virus concentrations were not high in residential environments, residents in houses with
detected viruses may have an increased risk of exposure to airborne respiratory viruses, especially in winter and
spring.
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Table 1. Target genes of multiplex PCR primers of respiratory viruses tested in this study

Product size

Pathogen (bp) Target gene Target protein
Internal control 719 rbcL Large subunit of ribulose-bisphosphate carboxylase
Human adenovirus 534 Pol gene DNA polymerase
Influenza B virus 455 Segment 1 Polymerase PB1
Human respiratory syncytial 401 A - F gene F protein
virus A/B B - F gene F protein
Influenza A virus 351 Segment 7 Matrix protein
] PIV1 - Pol gene DNA polymerase
Humﬁs:r?;;guenza 263 PIV2 - HN gene  Hemagglutinin-neuraminidase
PIV3 - Pol gene DNA polymerase
Human metapnemovirus 214 F gene F protein
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Table 2. Seasonal environmental conditions of places for
sample collection

Temperature

Season ~ Measurement ) Humidity (%)
(2010~2011)  place MESD' M=*SD
Spring Indoor 262%21  46.9+8.6
(5.14~6.10)  OQutdoor  259%39  42.1%14.1
Summer Indoor 29.1£18  68.5+7.6
(7.25~9.08)  Outdoor  29.0£33  69.2%12.0
Autumn Indoor 227+36  39.8+9.2
(10.20~11.24)  Outdoor 151£12 442485
Winter Indoor 206128 247495
(1.10~2.22)  Outdoor 77430  28.7+89
*Meantstandard deviation.
2. HO[2{A HE
F57] A3 npo]g 29l RSV AEF4A} Hlo]
g2o] HE2 WAL ELISA 2 A9 FH 5
< Sl AAPE o]FolA AL Qlovt, e Al
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AR HFF 37 Fo F-f B2l IEF
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2, ofdientole]s, HERTREbtol X, oelEF
Az} HFo|#| 2, Respiratory syncytial virus 5 652
HlolH A AES 98] PCRS E38] 243 ©719
& ZAI= influenza A virus®] 739 351 bpellAl
adenovirus®] 7ol 534 bp Z7]2] FEAES L}
ERAATHFig. 1). AES 6 272 ulolg]xe] PCR
FTERES] A7 O HE olgste] BF A
marker®} H|W3t] HEH FEAES EXEE &
Qlete] npolg o] FHE RIS
ZT HA FoA A o vlelg s 65/ Foll
A oldmulol# 27t 317 (14.6%)0. % 7 Eo)
AE FJom, AZEFAA}F vlo]# 2 type A 34
(1.4%), A ZFA=} 17(0.5%)°] HEHSAT 3
A XA E2E 22(2010. 5. 14~6. 10 Alo])
AA A o} mntol# 27t 217 (AW 97, A9] 12
7), FERIFFAA} vfole] 2z 1710] AEEHIUAL, o
E2(7. 25~9.8 APo))yllE ofdmnlo]gnt 29
o|A] 2710] HEHAL, 7FEH(10. 20~11. 24 A}
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Fig. 1. Agarose gel electrophoresis of RT-PCR products
for Pol region of adenovirus (A) and RNA
segment 7 region of influenza virus type A (B).
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Fig. 2. Quantification for adenovirus. The results were
determined from three independent experiments
and are expressed as mean valueststandard
deviation.
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Table 3. Seasonal virus detection results in indoor and outdoor

Sample collection

Detection number

time Number of sample Adenovirus Influenza virus type A Parainfluenza virus Detection
(Indoor/Outdoor) rate (%)
(2010~2011) Indoor Outdoor Indoor Outdoor  Indoor  Outdoor
Spring
(5.14~6.10) 50(25/25) 9 12 ND ND ND | 44.0
Summer N
(7.25-9.08) 52(26/26) ND 2 ND ND ND ND 3.8
Autumn
(10.20~11.24) 58(29/29) 1 1 ND ND ND ND 34
Winter
(110~2.22) 52(26/26) 4 2 3 ND ND ND 173
Detection rate (%) 13.2 16.0 2.8 - - 0.9
Total detection rate (%) 14.6 1.4 0.5
*Not detected.
J Environ Health Sci 2011: 37(4): 306-314 http://www.kseh.org/



FiEr 87| 5 28| HoRIAS] HE 311

RFU

7% 80
Temperature (C)

-d(RFU)/dt
8

o5

8-k

o5 70 75 80 85
Temperature (C)

Fig. 3. High resolution melting analysis of real-time PCR
products of adenovirus positive samples.
(A) Melting curves and (B) corresponding Tm
curves.
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Fig. 4. Comparison of nucleotide sequences of influenza virus type A amplicon and segment 7 regions of selected
influenza virus type A. The accession numbers of aligned influenza virus type A DNAs are as follows: Netherlands
(HINT), CY077781.1; Japan (H2N2), CY04582.1; Singapore (H2N2), CY034053.1; Korea (H2N2), CY031596.1;

Rockefeller (HIN2), CY045845.1.
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