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Abstract The aims of the present study were to deter-
mine the levels of bioaerosols including airborne
culturable bacteria (total suspended bacteria, Gram-
positive bacteria, Staphylococcus, Staphylococcus aure-
us, methicillin-resistant S. aureus (MRSA), and Gram-
negative bacteria), fungi, endotoxin, and viruses (influ-
enza A, influenza B, respiratory syncytial virus types
A/B, parainfluenza virus types 1/2/3, metapnemovirus,
and adenovirus) and their seasonal variations in indoor
air of residential apartments. Of the total suspended
bacteria cultured in an indoor environment,
Staphylococcus was dominant and occupied 49.0 to
61.3 % of indoor air. Among Staphylococcus, S. aureus
were detected in 100 % of households' indoor air rang-
ing from 4 to 140 CFU/m3, and 66 % of households
were positive for MRSA ranging from 2 to 80 CFU/m3.
Staphylococcus and S. aureus concentrations correlated
with indoor temperature (adjusted β: 0.4440 and 0.403,
p<0.0001). Among respiratory viruses, adenovirus was
detected in 14 (14%) samples and influenza Avirus was
detected in 3 (3 %) samples regarding the indoor air of
apartments. Adenovirus concentrations were generally

higher in winter (mean concentration was 2,106
copies/m3) than in spring (mean concentration was 173
copies/m3), with concentrations ranging between 12 and
560 copies/m3. Also, a strong negative correlation be-
tween adenovirus concentrations and relative humidity
in indoor air was observed (r=−0.808, p<0.01).
Furthermore, temperature also negatively correlated
with adenovirus concentrations (r=−0.559, p<0.05).
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Introduction

Microorganisms are present everywhere in our environ-
ment: water, air, soil, plants, animals, and humans.
When associated with air, they are defined as “airborne
microorganisms” or “bioaerosols” (Di Giulio et al.
2010). Bioaerosols are generally complex mixtures that
may include living organisms (bacteria, viruses, and
fungi) as well as their fragments and toxins (Srikanth
et al. 2008). They are generally recognized to cause
various health effects such as infectious diseases, aller-
gic reactions, and toxic manifestations (Kim and Kim
2007). Most airborne infectious diseases are caused by
viruses (e.g., influenza, common colds, and measles). A
few result from bacterial and fungal infection (e.g.,
tuberculosis and aspergillosis) (Burge 2001).

Hypersensitivity pneumonitis or extrinsic allergic al-
veolitis is an inflammatory airway disease caused by an
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unusual immune response to antigens like the cell wall
components of some bacteria or fungi (Srikanth et al.
2008). Also, bacteria and fungi produce potent toxins
such as endotoxin and mycotoxin that can have serious
health effects including cancer, damage to the immune
systems, and central nervous system malfunctions.

Exposure to bioaerosols continues to be of increasing
interest to the community of those interested in indoor
air quality and human health. Bioaerosols are spread
easily through closed environments such as homes,
schools, workplaces, and transport systems. However,
most studies in the past on the monitoring of bioaerosols
mainly focused on tracking of nosocomial infections
(Elston and Barlow 2009; Kim et al. 2010;
Sudharsanam et al. 2012).

On average, we are in our homes about 60 % of the
time and are exposed to various bioaerosols.
Bioaerosols in residential spaces can originate from
outdoor air or from anthropogenic sources such as res-
idents and their activities (Aydogdu et al. 2010). The
most studied bioaerosols are airborne bacteria and fungi
in residential spaces, and most are harmless and reside
normally on the skin andmucousmembranes of humans
and other organisms.

Some reviewed studies have reported that the pre-
dominant bacteria species were Micrococcus spp.,
Staphylococcus spp., and Bacillus spp., and Penicillium
spp., Aspergillus spp., and Cladosporium spp. were the
most abundant mold genera in indoor air (Aydogdu et al.
2010; Gorny and Dutkiewicz 2002; Mentese et al.
2009). But recently, a study reported that Staphylococ-
cus aureus (S. aureus) were present in indoor bioaerosol
of general homes, which is considered to be one of the
most common pathogens for outbreaks of food poison-
ing and an important cause of skin infections and inva-
sive diseases (Lowy 1998). S. aureus is also the most
prevalent cause of hospital- and community-acquired
blood stream, skin and soft tissue, and lower respiratory
infections (Diekema et al. 2001). Moreover, identified
indoor S. aureus were particularly resistant to common
antibiotics such as ampicillin, penicillin, and cefaclor
(Gandara et al. 2006). Especially, methicillin-resistant S.
aureus (MRSA) has become a significant and increasing
cause of nosocomial infections and one of the most
prevalent pathogens worldwide, with a significant eco-
nomic impact on healthcare systems (Rhee and Woo
2010).

According to a report conducted by the National
Health and Nutrition Examination Survey (NHANES)

in 2001–2004, it is said that 28.6 to 32.4 % of healthy
people were colonized in the nose with S. aureus, and
0.8 to 1.5 % were colonized with MRSA (Gorwitz et al.
2008). Direct human-to-human transmission via skin
contact is one way for S. aureus and MRSA to spread,
and transmission via environmental contamination of
fomites or through air is another potential way that the
organism can be acquired (Smith and Moritz 2010).

Viruses are also probably the most common cause of
infectious disease acquired within indoor environments.
Viruses that cause colds, bronchiolitis, influenza, and
other respiratory tract infections can be spread through
aerolized droplets (Barker et al. 2001). Over 200 differ-
ent viruses can be the cause of respiratory infections.
Airborne viruses that are commonly associated with
these infections include respiratory syncytial virus, in-
fluenza, parainfluenza, coronavirus, and adenoviruses
(Ciencewicki and Jaspers 2007). However, there is only
a limited amount of information currently available on
the exposure to bioaerosols in apartments (Lee and Jo
2006). Especially, no studies have examined indoor
levels of S. aureus, MRSA, and viruses in residential
apartment buildings in Korea.

With regard to housing types in Korea, 45 % are
single-family homes, 42 % are apartments, and 13 per-
cent are categorized into other types. Most Koreans tend
to prefer apartments because of the convenience associ-
ated with apartment life. Approximately 20 million peo-
ple live in apartment buildings in Korea.

The aims of the present study were to determine the
levels of bioaerosols including respirable S. aureus,
MRSA, and viruses, and their seasonal variations re-
garding the indoor air of apartments. Moreover, the
correlation between bioaerosols and the other monitor-
ing items were evaluated using multiple linear regres-
sion analyses to verify the factors that affect the indoor
air quality in apartments.

Materials and methods

Study site

This study was carried out from April 2010 to February
2011. In total, 25 households in high-rise apartment
buildings were selected in the metropolitan area, Seoul
and Kyonggi Province. All heads of households were
requested to express agreement on the environmental
sampling program and signed an informed consent to
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participate in the study. Prior to sampling, each home
was inspected by a trained environmental health techni-
cian to document the type and condition of the house.
Home characteristics are shown in Table 1.

Air sampling and preparation

Bioaerosols investigated in this study were airborne
culturable bacteria (total suspended bacteria, Gram-
positive bacteria, and Gram-negative bacteria), fungi,
endotoxin, and viruses. Among Gram-positive bacteria,
Staphylococcus, S. aureus, and MRSA were measured
in all indoor and outdoor air samples. The viruses in-
vestigated included those that cause respiratory diseases
(influenza A/B, respiratory syncytial virus A/B,
parainfluenza virus types 1/2/3, metapnemovirus, and
adenovirus). On the other hand, volatile organic com-
pounds, such as benzene, toluene, xylene, stylene, and
formaldehyde, were measured in all apartments.

Air samplings were carried out every season: April to
June for spring, July to September for summer, October
to November for autumn, and January to February for
winter. Sampling took place between noon and 6 p.m.
and during normal human activities and habits. All
indoor air sampling for bioaerosols were conducted
simultaneously in a living room at a place well away

from known or suspect sources. Simultaneously, out-
door air samples were taken 5–10 m away from the
apartment complexes. All samples were collected in
duplicate. During air sampling, temperature (°C) and
the relative humidity (%) were measured with a portable
weather station (SATO SK-L200T, Japan).

Airborne culturable bacteria and fungi

Airborne culturable bacteria and fungi were collected
with an impactor sampler (MAS-100, Merck,
Darmstadt, Germany) consisting of a plate containing
400 holes with a cut diameter of 0.74 μm. Air samples
were nominally collected at a flow rate of 100 L/min for
2 min at a height of 1.5 m above ground level to coincide
with the residents' breathing zone.

As nutrient media in petri dishes located on the air
sampler, tryptic soy agar (Difco, USA), phenylethanol
agar (5 % sheep blood), Mannitol salt agar (Difco,
USA), MacConkey agar (Difco, USA), and Sabouraud
Dextrose Agar (Difco, USA) were used for sampling
total suspended bacteria, Gram-positive bacteria,
Staphylococcus species, Gram-negative bacteria, and
fungi, respectively. CHROMagar™Staph aureus,
CHROMagar™MRSA, and CHROMagar™ECC
(CHROMagar Paris, France) were applied for S. aureus,
MRSA and coliform. Total suspended bacteria, S. aure-
us, MRSA, coliform, and Gram-negative bacteria were
incubated at 37 °C for 48 h. Gram-positive bacteria were
incubated at 37 °C for 48 h on the condition of 5 %CO2,
and fungi were incubated at 25 °C for 72 h. Colony
forming units (CFU) on each plate were counted by
direct observation and recorded as total CFUs per plate
per cubic meter (CFU/m3).

Respiratory viruses

Airborne viruses were collected with an SKC
Biosampler (Eighty Four, PA, USA). The Biosampler
impinger was filled with 20 ml of phosphate-buffered
saline (PBS). The Biosampler was run at a sampling
airflow of 12.5 L/min. The PBS in the SKC Biosampler
was vortexed for 15 s, and 1.5 mL was transferred to a
1.7 mL Eppendorf tube.

Viral RNAwas isolated from collected aerosol sam-
ples using the MN (Macherey-Nagel, Germany) Viral
RNA Isolation Kit. RNA was immediately transcribed
into cDNA using RevertAid First Strand cDNA
Synthesis Kit (Fermentas, Lithuania). cDNA was

Table 1 Characteristics of the apartments involved in this study
(n=25)

Characteristics Division Households,
n (%)

Location Seoul 12 (48.0)

Gyeonggi Province 13 (52.0)

Number of family members 2 4 (16.0)

3–4 17 (68.0)

5–6 4 (16.0)

Apartment area (m2) 80–105 9 (36.0)

110–125 8 (28.0)

125–215 9 (36.0)

Period of residence Less than 1 year 6 (24.0)

1–3 years 8 (32.0)

More than 3 years 11 (44.0)

Ventilation type Natural 13 (52.0)

Air purifier 12 (48.0)

Pets Yes 10 (40.0)

No 14 (60.0)

Environ Monit Assess (2014) 186:2111–2120 2113



synthesized according to the kit manufacturer's instruc-
tion in a Thermal Cycler MJ Mini (Bio-Rad, USA). The
PCR was performed in multiplex formats for all targets
in a total reaction volume of 20 μL. To perform PCR
reaction, Seeplex RV6 detection kit (Seegene, Korea)
was used. Amplification was carried out under the fol-
lowing conditions using Thermal Cycler MJ Mini (Bio-
Rad, USA): 40 cycles of 30 s at 94 °C, 120 s at 60 °C,
and 120 s at 72 °C. The products were separated by
electrophoresis in a 2 % agarose gel.

Among the virus-positive samples, we performed
quantification by qPCR. The qPCR was performed with
CFX 96 Real-Time System (Bio-Rad, USA) as follows:
20 s at 95 °C (initial denaturation), 5 s at 95 °C
(amplification), and 20 s at 60 °C (extension). To deter-
mine the relative viral genome copy, a standard curve
was generated from 10-fold serial dilutions of the Adeno
standard template stock solution (5×108/ μL) and ana-
lyzed concurrently with all qPCR reactions. A negative
control without template was also included in all real-
time PCR reactions. All reactions were run in duplicate
and averaged.

Endotoxin

Dust samples for endotoxin were collected at a flow rate
of 20 L/min for 2 h by a cassette sampler mounted on a
glass fiber filter (37 mm, SKC). Collected glass fiber
filters were analyzed by the kinetic turbidimetric
method.

Statistical method

The statistical analyses were performed using the SPSS
program version 20 (SPSS Inc., Chicago, IL, USA). The
Kolmogorov–Smirnov and Shapiro–Wilk statistical tests
were employed to evaluate the normality of the data.
Analysis of variance (ANOVA) was used for the compar-
ison of seasonal concentrations of all culturable
bioaerosols and endotoxin. A paired t test was employed
for the comparison of the bioaerosol data sets of the indoor
and outdoor air.Meanwhile, nonparametric test (Wilcoxon
rank sum test) was performed to evaluate the differences
of bioaerosols of two seasons (summer and winter).

Pearson's correlation coefficient was used to study
the relationship among the microbial parameters ana-
lyzed. The correlation between bioaerosols and the other
monitoring items were evaluated using multiple linear
regression analyses to verify the factors that affect the

indoor air quality in apartments. The criterion for sig-
nificance in the procedures was p<0.05.

Results

Airborne culturable bioaerosol and endotoxin

Table 2 presents the seasonal concentrations for
culturable bioaerosol and endotoxin in indoor and out-
door air. The distribution of the airborne culturable
bacteria (total suspended bacteria, Gram-positive bacte-
ria, Staphylococcus, and S. aureus), fungi, and endotox-
in were skewed to the right; therefore, the natural loga-
rithm of the total concentration was used in all analyses.

Seasonal concentrations of all culturable bioaerosols
and endotoxin in indoor and outdoor air except
Staphylococcus and S. aureus in outdoor air showed
significant differences (p<0.05). Geometric mean
(GM) culturable bacterial concentrations (total
suspended bacteria, Gram-positive bacteria, and
Staphylococcus) observed in indoor air during summer
were significantly higher than GMs for spring and win-
ter (p<0.05). The indoor/outdoor concentration ratios
(I/O) for culturable bacteria, total suspended bacteria,
Gram-positive bacteria, and Staphylococcus in summer
were 4.84, 10.50, and 7.42, respectively. Whereas the
I/O ratio for fungi was 1.08 in summer and ranged from
0.86 to 1.31 during all seasons. Of the total suspended
bacteria cultured in the indoor environment, Gram-
positive bacteria were occupied with 37.9 to 65.5 %
through all seasons, but outdoor air showed the range
from 23.6 to 34.2 %. Among the Gram-positive bacte-
ria, Staphylococcus was dominant and occupied 49.0 to
61.3 % of indoor air and 74.0 to 86.1 % of outdoor air.
Among Staphylococcus, S. aureus were detected in
100 % of households' indoor air ranging from 4 to
140 CFU/m3, and 66 % of households were positive
for MRSA ranging from 2 to 80 CFU/m3. Gram-
positive bacteria were present in less than 4 % of indoor
and outdoor air. Among Gram-negative bacteria, coli-
form was cultured in neither indoor nor outdoor air
during all seasons.

The seasonal variations in the temperature and rela-
tive humidity for indoor and outdoor air during the
sampling period are shown in Table 3. The temperature
range for the year was 20.6–29.1 °C in indoor air. The
relative humidity for the year in both indoor and outdoor
air was 24.7–69.2 %.
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Table 4 presents the factors affecting the indoor
bioaerosol concentrations by multiple regression analy-
sis which was performed to ascertain the effect of tem-
perature and humidity. Increases in humidity as well as
temperature were both associated with significantly
higher culturable bacteria and fungi concentrations in
indoor air. Total suspended bacteria and Gram-positive
bacteria concentrations correlated with indoor humidity
(adjusted β: 0.416, p<0.0001), and Staphylococcus
and S. aureus concentrations correlated with indoor
temperature (adjusted β: 0.4440 and 0.403, p<0.0001).
Whereas fungi concentrations were associated with out-
door temperatures (adjusted β: 0.425, p<0.0001).

VOCs and formaldehyde concentrations showed in-
dependent associations with the bioaerosols (data not
shown). All home characteristics shown in Table 1 dem-
onstrated no significant association with the bioaerosols.

Virus

Table 5 presents the seasonal virus detection results in
indoor air. Among investigated respiratory viruses, both
adenovirus and influenza Avirus were detected in a total
of 100 aerosol samples in indoor air by multiplex poly-
merase chain reaction. Adenovirus was detected in 9
(36 %) of 25 aerosol samples in spring and in 4 (15 %)
during the winter. Influenza Avirus was only detected in
three samples in winter. Other viruses, influenza B virus,
parainfluenza virus, metapneumovirus, and respiratory
syncytial virus, were not detected in all collected aerosol
samples. Among the virus-positive samples, we per-
formed adenovirus quantification by real-time polymer-
ase chain reaction.

Figure 1 shows quantification result for adenovirus
during spring, autumn, and winter in indoor air.
Adenovirus concentrations were generally higher in
winter (mean concentration was 2,106 copies/m3) than
in spring (mean concentration was 173 copies/m3), with
concentrations ranging between 12 to 560 copies/m3.

Discussion

This study was carried out to determine the bioaerosols
and endotoxin concentrations of the indoor and outdoor
environment of residential apartments in Korea.
Figure 2 presents the distribution of seasonal total

Table 2 Seasonal distributions of culturable bioaerosols and endotoxin levels in indoor and outdoor air of apartments (n=25)

Bioaerosols Spring Summer Autumn Winter F value

I O I O I O I O I O

Total suspended bacteria (CFU/m3)a 383 174 673 139 547 195 280 76 10.134* 5.964*

Gram-positive bacteria (CFU/m3)a 251 50 378 36 335 46 106 26 12.528* 3.660*

Staphylococcus (CFU/m3)a 154 37 230 31 143 35 52 22 7.268* 1.169

S. aureus (CFU/m3)a 45 11 45 7 27 9 27 9 7.406* 1.739

Methicillin-resistant S. aureus (CFU/m3)b 2 1 11 3 9 2 6 2 – –

Gram-negative bacteria (CFU/m3)b 8 3 3 5 5 4 0 0 – –

Coliform (CFU/m3)b 0 0 0 0 0 0 0 0 – –

Fungi (CFU/m3)a 180 210 219 203 177 231 96 76 11.981* 17.194*

Endotoxin (EU/m3)a 0.260 0.235 0.214 0.127 0.470 0.419 0.209 0.149 6.106* 8.712*

CFU colony forming unit, EU endotoxin unit, I indoor air, O outdoor air

*p<0.05 by ANOVA test
a Geometric mean
bArithmetic mean

Table 3 Seasonal temperature and relative humidity for 25 apart-
ments according to seasons

Seasons Temperature (°C) Relative humidity (%)

Indoor Outdoor Indoor Outdoor

Spring 26.2±2.3a 25.9±3.0 46.9±8.6 42.1±14.1

Summer 29.1±1.8 29.0±3.3 68.5±7.6 69.2±12.0

Autumn 22.7±3.6 15.1±1.2 39.8±9.2 44.2±8.5

Winter 20.6±2.8 7.7±3.08 24.7±9.5 28.7±8.9

a Arithmetic mean ± standard deviation
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suspended bacteria compared with categories of con-
tamination indicated in the guidelines of Commission of
European Communities for non-industrial indoor envi-
ronments (CEC 1993). Nineteen (76 %) samples in sum-
mer and 14 (56 %) samples in autumn demonstrated
high-level bacterial contamination, respectively. At 20
(80%) sampling points in winter and 17 (68%) in spring,
however, the loads were intermediate level corresponding
to 100–500 CFU/m3. The present data on what we ob-
tained regarding the concentrations of culturable bacteria
are similar to those revealed by a number previous indoor
air studies in Korea and European countries (Gorny and
Dutkiewicz 2002; Lee and Jo 2006).

The Korean government had established that the
standard concentration of airborne bacteria in indoor
air quality for public use facilities must not exceed
800 CFU/m3. Although all seasonal average concentra-
tions of total suspended bacteria were below the stan-
dard concentration, 44 % samples in summer, 24 % in
autumn, 16 % in spring, and 8 % in winter exceeded the
standard approved by the Korean government.
However, all seasonal samples did not exceed the resi-
dential limit value (RLV; 5×103 CFU/m3) in residential
dwellings proposed by Dutkiewicz (Dutkiewicz and
Górny 2002).

Among culturable bacteria we determined in our
study, Gram-positive bacteria, mainly Staphylococcus,
were found to be the most frequent bacteria.
Staphylococcus is known to be the most common iso-
lated genus in indoor air (Okten and Asan 2012).
Among Staphylococcus, S. aureus has long been recog-
nized as one of the most common human bacterial
pathogens and causes of community-associated infec-
tions (Halablab et al. 2010; Philip et al. 2006). The
household environment has been a generally unrecog-
nized reservoir for S. aureus such as food items (shelves,
sinks, and kitchen surfaces) and bedroom surfaces (pil-
lows and bedding) (Davis et al. 2012). Recent Korean

studies showed that about 50 % of the total airborne
bacteria identified in general hospitals were S. aureus
and 58.5 % isolated from clinical samples were MRSA
(Kim et al. 2007, 2010).

In this study, the average concentrations of S. aureus
in indoor air during each season ranged from 27 to
45 CFU/m3. These results were higher compared with
the previously reported average concentration
15.4 CFU/m3 by Gandara et al., who investigated S.
aureus in El Paso, Texas, from 24 one-story houses
(Gandara et al. 2006). However, similar concentrations
of S. aureus were observed in outdoor samples. The
seasonal average concentrations of S. aureus in indoor
air were obviously higher than those of outdoor air,
which ranged from 3.0 to 4.1 times.

We found a significant difference between the total
number of culturable bacteria in apartments with respect
to season of the year (p<0.001). As expected, the num-
ber of culturable bacteria was significantly higher in
summer than in winter (p<0.001). Relative humidity
led to an increase in indoor airborne suspended bacteria
and Gram-positive bacteria concentrations. Correlation
coefficients were 0.395 (p<0.01) and 0.316 (p<0.01),
respectively. Staphylococcus and S. aureus concentra-
tions correlated with indoor temperature. Correlation
coefficients were 0.335 (p<0.01) and 0.294 (p<0.01),
respectively.

Several studies showed that the number of people
and pets within households were associated with prev-
alences of S. aureus (Bramble et al. 2011; Faires et al.
2009; Hanselman et al. 2009; Weese and van Duijkeren
2010). Yet, no significant differences could be shown
for the concentration of S. aureus in indoor air between
the number of people and pets residing with family
members in this study. However, the concentration of
S. aureus were significantly higher within households
having children (aged 0–17 years) than those not having
children (p<0.05).

Table 4 Variables affecting bioaerosol concentrations in indoor air by multiple linear regression analysis

Bioaerosol Variables Unstandardized
coefficient (β)

Standardized
coefficient (β)

Adjusted R2 p value

Total suspended bacteria Indoor humidity 0.018 0.416 0.164 <0.0001

Gram-positive bacteria Indoor humidity 0.021 0.416 0.165 <0.0001

Staphylococci Indoor temperature 0.126 0.440 0.185 <0.0001

S. aureus Indoor temperature 0.086 0.403 0.154 <0.0001

Fungi Outdoor temperature 0.028 0.425 0.172 <0.0001
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Households are a potential space not only for S.
aureus but also for MRSA. Scott et al. (2008) and
Gandara et al. (2006) reported that 97–100 % of house-
holds were positive for S. aureus, and 26–39 % of
homes were positive for MRSA. Lucet et al. (2009)
reported that an estimated 20 % of people were persis-
tent carriers who remain positive for MRSA for months
or years. MRSA is one of the most prevalent dermatol-
ogy pathogens in hospitals and is increasingly acquired
in the community (Huang and Chen 2011). MRSA is
usually considered a major nosocomial pathogen. In
Korea, Kwon et al. investigated 13 hospitals with more
than 400 beds and 160 community residences by
collecting samples including the hands and nasal cavi-
ties of doctors, nurses, guardians, patients, and residents.

Of the MRSA strain, 24.3 % was isolated from the
medical and community environment (Kwon et al.
2007). In this study, S. aureus were detected in 100 %
of households' indoor air, and 66 % of households were
positive for MRSA. S. aureus and MRSA are usually
transmitted by direct person to person contact; however,
routes of indirect transmission might include environ-
mental exposure through aerosols (Davis et al. 2012).
Several case reports have implicated positive home en-
vironment for MRSA as persistent sources of infection
(Uhlemann et al. 2011). There are many studies for
people with MRSA in hospitals and communities
(Davis et al. 2012). However, until now, insufficient
studies have been conducted on MRSA in residential
indoor air. In this study, although we did not isolate
MRSA from family members and environmental sur-
faces, we suggest that household indoor air contamina-
tion from MRSA might contribute to colonization of
healthy family members.

Also, the respiratory viruses, causes of common colds,
sore throats, bronchitis, and influenza, have been known
as major candidates for transmission by the airborne
route. Airborne respiratory viruses are easily spread by
droplets that can be inhaled directly or settle on surfaces.
However, respiratory viruses are difficult to characterize
in the airborne environment due to their small particle
size and low concentration and the presence of a wide
range of contaminants which can inhibit laboratory as-
says (Fabian et al. 2009). Some researchers have detected
airborne respiratory viruses in the field, such as office
environments, health centers, and hospital rooms

Table 5 Number of positive aerosol samples for each type of
respiratory viruses in indoor air (n=25) by multiplex PCR

Positive viruses No. (%) of samples

Spring Summer Autumn Winter

Positive for human
adenovirus

9 ND 1 4

Positive for influenza A ND ND ND 3

Positive for influenza B ND ND ND ND

Positive for respiratory
syncytial virus A/B

ND ND ND ND

Positive for parainfluenza
virus 1/2/3

ND ND ND ND

Positive for
metapnemovirus

ND ND ND ND

Detection rate (%) 36.0 0 4.0 28.0

ND not detected

0

500

1000

1500

2000

2500

3000

3500

4000

winterautumn

co
pi

es
/m

3

spring

Fig. 1 Aerosol concentrations of adenovirus detected in indoor air
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(Blachere et al. 2009;Myatt et al. 2004; Tseng et al. 2010;
Yang et al. 2011).

Wan et al. reported that approximately 18% of the air
samples from the pediatric emergency room of the
Children's Hospital in Taiwan were found to contain
adenovirus, and the detected concentrations of adenovi-
rus in the air ranged from 48.4 to 461 copies/m3 (Wan
et al. 2012). In another study, Yang et al. collected sam-
ples in the health center and the day care center, 33 % of
the health center samples and 75 % of the day care center
samples were confirmed to contain aerosolized influenza
Avirus (Yang et al. 2011). The average concentrations of
influenza A virus was 1.6×104 copies/m3.

In this study, adenovirus was detected in 14 (14 %)
samples and influenza A virus was detected in 3 (3 %)
samples among 100 indoor aerosol samples which were
seasonally collected from 25 households. Samples col-
lected in spring had the highest detection rate (0.36) of
adenovirus, and influenza virus A was detected only in
winter. According to Korea Centers for Disease Control
and Prevention (KCDC), outbreak of acute respiratory
illness was significantly increased in South Korea in
2010, especially the detection rate of adenovirus from
patients, which was more than eight times higher
(20.0 %) than those of the 2.3 % annual average during
the spring and fall of 2010 (KCDC 2011). In our study,
the detection rate for adenovirus being significantly high
compared with other viruses in spring was supported by
the above observation of KCDC.

Mean adenovirus concentration was 767 copies/m3

and ranged from 12 to 4,164 copies/m3 during all sea-
sons. This result was higher than the value byWan et al.
(2012) but somewhat lower than those measured in the
day care center by Yang et al. (2011).

Until now, very limited data existed regarding the
quantification of airborne viruses. However, it is known
that viral concentrations higher than 100 copies/m3

could pose a health risk to people because the high copy
number in the air does indeed suggest that transmission
could occur (Tseng et al. 2010).

Seasonal adenovirus concentrations were significant-
ly higher in winter than in spring (p<0.01). Several
publications describe the relation between survival of
viruses and relative humidity and temperature
(Casanova et al. 2010; Lowen et al. 2007). In general,
enveloped viruses such as the influenza virus, which
contains a lipid membrane, survive better at lower rela-
tive humidity and temperature, while nonenveloped
ones such as polio virus tend to be more stable at higher

relative humidity (Yang and Marr 2012). In this study,
indoor mean relative humidity levels in winter and in
spring were 24.9 % (ranging between 15.6 and 37.8 %)
and 43.3 % (ranging between 24.2 and 59.4 %), respec-
tively. Also, a strong negative correlation between ade-
novirus concentrations and relative humidity in indoor
air was observed (r=−0.808, p<0.01). Furthermore,
temperature also negatively correlated with adenovirus
concentrations (r=−0.559, p<0.05).

According to the results of the study conducted by
Myatt et al., aerosolized influenza virus survived best
when the relative humidity was below 36 %, with a
sudden decrease in survival of the virus when the rela-
tive humidity was raised above 49% (Myatt et al. 2010).

In Korea, most of the apartments have central heating
systems, which are regulated through central steam
pipes by the building authorities. Also, natural ventila-
tion is the most common mode for fresh air exchange in
Korean houses, and people usually close the windows
and doors of their homes for energy saving and security.
Therefore, indoor relative humidity levels during
heating seasons are very low in most of the Korean
apartments. These conditions might be the possible
cause for the greater detection of viruses in the indoor
environment.

This study demonstrates baseline bioaerosol levels
within apartments in the different seasons. These base-
lines will be useful in future studies as well as the
assessment of indoor biological contamination issues.

The limitation of this study is the relatively small
sample size. It is acknowledged that a small sample size
resulted in a study with a lower statistical power and
increased uncertainty. A larger sample size would likely
provide more information. Additionally, the period of
our sampling took place for only 1 year; a longer sam-
pling period may allow for a more in-depth evaluation
of trends within the bioaerosols.

Conclusion

The results obtained from this study showed that S.
aureus were detected in 100 % of households' indoor
air, and 66 % of households were positive for MRSA.
Also, among respiratory viruses, adenovirus was detect-
ed in 14 (14 %) samples and influenza A virus was
detected in 3 (3 %) samples.

S. aureus and MRSA have become a significant and
increasing cause of community-associated infections and
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one of themost prevalent pathogens worldwide. Also, the
respiratory viruses, causes of common colds, sore throats,
bronchitis, and influenza, have been known as major
candidates for transmission by the airborne route.

Although we did not investigate the people with
illness caused by the viruses, S. aureus and MRSA,
these results support the possibility that the risk of
airborne disease to family members living in homes
can exist, and airborne transmission may also occur
through the indoor air of homes. Therefore, additional
research is needed to understand the potential for the
transmission of pathogens by aerosol.
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