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Comprehensive characterization of indoor airborne bacterial profile
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Abstract
This is the first detailed characterization of the airborne bacterial profiles in indoor environments. Two restaurants were selected

for this study. Fifteen genera of bacteria were isolated from each restaurant and identified by three different bacterial identification
systems including MIDI, Biolog and Riboprinterr. The dominant bacteria of both restaurants were Gram-positive bacteria in which
Micrococcus and Bacillus species were the most abundant. Most bacteria identified were representative species of skin and respiratory
tract of human, and soil. Although the bacterial levels in these two restaurants were below the limit of the Hong Kong Indoor Air
Quality Objective (HKIAQO) Level 1 standard (i.e., < 500 cfu/m3), the majority of these bacteria were opportunistic pathogens. These
results suggested that the identity of airborne bacteria should also be included in the IAQ to ensure there is a safety guideline for the
public.

Key words: airborne bacterial profile; bacterial identification; indoor air quality

DOI: 10.1016/S1001-0742(08)62395-5

Introduction

Indoor air quality (IAQ) has become a matter of growing
concern over the past two decades (Etkin, 1994). In the
past, most people just paid attention to the significant
health effects caused by the outdoor air pollution; however,
the exposure to the indoor pollutants by human has been
increasing. According to the United States Environmental
Protection Agency (USEPA), the levels of pollutants in the
indoor environment may be 2–5 times, and occasionally
more than 100 times, higher than the outdoor levels
(USEPA, 1995). In addition, most people spend about 90%
of their time indoors daily (USEPA, 1995). These findings
have raised public awareness to the indoor air quality, and
most people are trying to improve their IAQ to preserve
their living standards and a better indoor environment.

There are three major types of indoor air contaminants;
i.e., chemical, physical and biological (HKEPD, 1997,
1999; Lam, 2001). In the past, many studies only focused
on the chemical pollutants in the indoor environments
(Lam, 2001). Recently, biological pollutants including bac-
teria, fungi and viruses play an important role on defining
the IAQ (Verdenelli et al., 2003) in which fungi are usually
considered to be the major sources of microbial contami-
nation in the indoor environments nowadays, but bacteria
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are usually ignored (Chao et al., 2002). There are only
few detailed studies on indoor airborne microbes (Jaffal
et al., 1997; Andersson et al., 1999; Camuffo et al., 1999;
Pastuszka et al., 2000; Obbard and Fang, 2003). Moreover,
many studies focused on the concentration of bacteria in
the indoor environments and they just made use of those
data as the indoor air quality indicator (HKEPD, 1997).
Besides, global indoor air quality objectives including
the Hong Kong Indoor Air Quality for IAQ management
established in 1999 (HKEPD, 1999) also only focused on
the concentration of bacteria in indoor air sample but not
on the bacterial profile. Actually, it is important to know
the types of bacteria presented in the indoor environments
since airborne bacteria can cause disease transmission and
allergic reaction to human (Cowan, 1974). Therefore, poor
IAQ caused by the presence of some airborne bacteria is
of increasing concern with respect to occupants’ health
(Obbard and Fang, 2003).

Nowadays, food premises are indispensable in our daily
lives and people have to spend a significant portion of their
time in the restaurants daily. Therefore, a good IAQ in
restaurants does not only safeguard customers’ health, but
also provides a comfortable environment for the enjoyment
of food. Therefore, two restaurants were chosen as models
in this study to isolate and identify the bacteria in indoor
air samples and to characterize the bacterial profiles.
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1 Materials and methods

1.1 Site selection

Two restaurants were selected to carry out the study.
Restaurants are chosen because restaurants are public area
in which different background of people (e.g., different
age, sex, job nature, etc.) will be presented. Both restau-
rants are fast food restaurants and located on the hillside
at The Chinese University of Hong Kong, Hong Kong
SAR, China. Because the restaurants were air-conditioned
during the working hours, the air temperature and humidity
remained quite constant ((22 ± 2)°C; (60 ± 10)%). The
canteens can accommodate 500 seats. There were usually
around 20–30 people in the canteen after lunch time during
sampling. No smoking activities were observed during the
air sampling period.

1.2 Air sampling plan

A one-year study was conducted from March 2002 to
January 2003 to collect 4 seasonal (March 2002, August
2002, November 2002, and January 2003) air samples. In
each sampling, 1-h air sampling after lunch hours (around
2 p.m.) was carried out. All air samplers were put near
to the center of the restaurant and at 1.5 m above the
ground which are near the respiratory level of human. A
SKC BioSamplerr (SKC, Inc., USA) was used in this
study (Lin et al., 1999). Twenty milliliter samples of
sterilized ViaTrapr mineral oil (SKC, Inc., USA) were
used for sampling and the flow rate of air was 12.5 L/min.
After sampling, the SKC BioSamplers were sealed with
aluminum foil and sent back to the laboratory for further
investigation. Sample loss was not found by using the SKC
BioSamplerr (Lin et al., 1999).

1.3 Recovery of the air-borne bacteria

A rich medium, DifcoTM Trytic Soy Agar (TSA) (Bec-
ton, Dickinson and Company, Sparks, USA) was used
as the cultural medium (Parat et al., 1997; Pastusz-
ka et al., 2000). The airborne bacteria were recovered
by filtering the mineral oil through Millipore 0.45 µm
sterile disposable filters (Millipore Corporation, Bedford,
USA) and then parallel cultured on the TSA at 25 and
30°C (ACGIH, 1999; AIHA, 1996) and 37°C (for culturing
human related bacteria), respectively, (20 mL mineral oil
was averaged for 3 different temperatures) for 120 h. After
5 d of incubation, the number of colonies formed and
their morphologies were recorded. Colonies with different
morphologies (i.e., color, shape and texture, etc.) were
picked and streaked on individual TSA plates. Three times
of sub-culture were performed to obtain a pure culture and
stabilize the characteristics of different bacterial strains.

1.4 Identification of bacterial strains

The enriched and purified bacterial strains were first
subjected to microscopic examination and biochemical
tests including Gram staining and oxidase test. Then three
microbial identification methods were employed. If all the
three methods identified a bacterium with the same genus

and species name, the confirmed genus and species were
used for the bacterium. If only two methods obtained the
same genus and species name for a bacterium, only the
genus name will be used. In this study, all bacteria were
identified with the same genus and species name at least
by two of the methods used.

1.4.1 MIDI identification
MIDI (MIDI Sherlockr Microbial Identification Sys-

tem, Newark, New Jersey, USA) identifies bacteria by
their whole cell fatty acid profile. Methyl esters of fatty
acids (FAMEs) were prepared and subjected to Hewlett-
Packard 6890 gas chromatography analysis and compared
with their HP A.06.X ChemStation software which has an
extensive databases over 2000 species, including aerobic
bacteria, anaerobic bacteria and yeasts.

1.4.2 Biolog MicroLogTM System
Biolog identifies bacteria by their substrate utilization

pattern using the Biolog MicroStation reader (Biolog, Inc.,
Hayward, CA, USA) that was installed with a MicroLogTM

software which consists of a database containing substrate
utilization patterns of 1400 species of aerobic bacteria,
anaerobic bacteria, and yeast.

1.4.3 Qualicon RiboPrinterr Microbial Characteriza-
tion System

RiboPrinter identifies bacteria by analysis their 16S
rRNA gene restriction digestion pattern. A 16–24 h culture
was prepared by streaking the bacterial strain on TSA.
Then, the colony was picked and suspended into the buffer
solution and then subjected to the QualiconTM heat treat-
ment station (Qualicon, Inc., Wilmington, USA) which
inactivates bacterial samples and renders them harmless.
Next, 5 µL of lysing agent was added to each sample to lyse
the cell. Finally, the heat treated samples was subjected
to the characterization unit in which the sample would
be undergone DNA restriction digestion, electrophoretic
separation and membrane transfer. The 16S rRNA re-
striction digestion pattern generated was compared to the
RiboPrinterr Microbial Characterization System (Qual-
icon, Inc., Wilmington, USA) analysis software which
consists of a database containing Ribopattern for 120
genera and 1100 species.

2 Results

The bacterial profile and abundance of the samples are
listed in Tables 1 and 2 for Restaurants 1 and 2, respective-
ly. The bacterial strains were shown in an order according
to their occurrences in the four seasonal samples.

There were totally 15 genera, 19 identified and 7 uniden-
tified species of bacteria identified in the Restaurant 1 in
which 8 genera were Gram-positive and 7 genera were
Gram-negative. The frequently occurring genera present-
ed in the Restaurant 1 including Micrococcus, Bacillus
and Pseudomonas spp. Micrococcus species and Bacillus
species appeared in all the samples.

For Restaurant 2, 15 genera, 16 identified and 7 uniden-
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Table 1 Bacterial profile and their abundance of four seasonal samples in Restaurant 1

Genus Occurrence (%) Species Number of bacteria (cfu/m3 air sample)
Spring Summer Autumn Winter

1. Micrococcus (+) 100 luteus 22 82 49 20
lylae 5 13 1

2. Bacillus (+) 100 pumilus 1 1 3
cereus 2
megaterium 2 2
sp. 1

3. Pseudomonas (–) 75 stutzeri 12
sp. 1 10

4. Moraxella (–) 75 osloensis 2 4 3
catarrhalis 4

5. Brevundimonas (–) 75 diminuta 7 4 2
vesicularis 2 1

6. Microbacterium (+) 75 Imperiale 4 13
sp. 5

7. Kocuria (+) 75 rosea 1 2
kristinae 1

8. Staphylococcus (+) 50 haemolyticus 5
cohnii 9
epidermidis 4

9. Acinetobacter (–) 50 lwoffii 7 2
10. Sphingomonas (–) 25 sp. 1
11. Brevibacterium (+) 25 casei 4
12. Deinococcus (+) 25 sp. 1
13. Kytococcus (+) 25 sedentarius 4
14. Rhodobacter (–) 25 sp. 2
15. Paracoccus (–) 25 sp. 2
Total number of species identified 11 11 10 11
Total number of bacteria identified (cfu/m3 air) 54 137 95 37

The percentage occurrence of the bacterial genus in the four seasonal samples.
+ and – represent Gram-positive and Gram-negative, respectively.

Table 2 Bacterial profile and their abundance of four seasonal samples in Restaurant 2

Genus Occurrence (%) Species Number of bacteria (cfu/m3 air sample)
Spring Summer Autumn Winter

1. Micrococcus (+) 100 luteus 15 76 27 19
lylae 1 4

2. Bacillus (+) 100 pumilus 5 1 1
thuringiensis 1
sp. 1

3. Brevundimonas (–) 100 diminuta 1 5 15
vesicularis 5

4. Staphylococcus (+) 75 hominis 3 9
epidermidis 1
warneri 1
sp. 4

5. Pseudomonas (–) 50 stutzeri 1
sp. 3

6. Arthrobacter (–) 50 sp. 1 1
7. Acinetobacter (–) 50 lwoffii 7 9
9. Curtobacterium (+) 50 sp. 1 1
8. Stenotrophomonas (–) 25 maltophilia 41
10. Moraxella (–) 25 osloensis 4
11. Kocuria (+) 25 kristinae 9
12. Microbacterium (+) 25 lmperiale 1
13. Chryseobacterium (–) 25 sp. 1
14. Sphingomonas (–) 25 capsulata 3
15. Rhodococcus (+) 25 sp. 1
Total number of species identified 9 9 8 9
Total number of bacteria identified (cfu/m3 air) 25 103 105 46

The percentage occurrence of the bacterial genus in the four seasonal samples.
+ and – represent Gram-positive and Gram-negative, respectively.

tified species of bacteria identified in Restaurant 2 in which
7 genera were Gram-positive and 8 genera were Gram-
negative (Table 2). Similar to Restaurant 1, Micrococcus
species and Bacillus species appeared in all the samples.

The bacterial concentrations were all below 500 cfu/m3

of air, i.e., below the limit of the Hong Kong Indoor Air
Quality Objective (HKIAQO) Level 1 standard (i.e., < 500
cfu/m3).
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3 Discussion

It is the first study, in which a comprehensive identifica-
tion of the airborne bacteria in an indoor environment was
performed. Therefore, the results of this study can serve as
a model for air sampling and detail bacterial profile analy-
sis in other indoor environments. There are several unique
characteristics of both bacterial profiles of Restaurants 1
and 2 (Tables 1 and 2). Gram-positive bacteria, especially
Micrococcus and Bacillus species, were dominant in the
sampling sites. In the air-conditioned indoor environment,
the major problem the bacteria encountered will be the
limitation of water content (Etkin, 1994). Since Gram-
positive bacteria have thick peptidoglycan layers on their
cell wall, it can protect them against desiccation and they
can survive the dry condition (Etkin, 1994). Moreover,
Micrococcus species contain carotenoid pigments which
can protect them from damages by the ultraviolet (UV)
radiation from sunlight (Etkin, 1994); and the Bacillus
species can form endospores, allowing them to tolerate
harsh (e.g., dry) environment and easily disperse in air.
In addition, the bacteria isolated were usually of human
and soil origins. The bacteria that come from human
are mainly from the skin and respiratory tract, and were
released by occupants into the sites through shedding off

from skin, sneezing or talking; whereas the soil bacteria
were usually dispersed in the air by dust. Therefore, the
bacteria isolated from the sampling sites were contributed
by human and the outdoor environment. Finally, the ma-
jority of the bacteria was either opportunistic pathogens
or non-pathogenic, and they would cause diseases only
in sensitized or grossly immuno-compromised individuals,
with the exception of Moraxella catarrhalis which is
usually considered pathogenic (Cowan, 1974; Krieg et al.,
1984; Sneath et al., 1986; Williams et al., 1989; Holt et
al., 1994; Segers et al., 1994; Bascomb and Manafi, 1998;
Govan et al., 1999; Chung et al., 2000; Tan and Grewal,
2001; Becker et al., 2002; Basaglia et al., 2002; Verduin
et al., 2002; Laffineur et al., 2003; Riffel et al., 2003;
Tekerekoglu et al., 2003; Wolf et al., 2003).

From Tables 1 and 2, the results showed that similar
bacterial species appeared with different sampling seasons
and different sampling sites. It can be explained by that
the types (mainly students) and activities (eating) of the
occupants were similar in both restaurants which may
contribute similar bacteria to the environments. Therefore,
the air sampling season would not affect the bacterial
diversity in the environment in a great extent. However, the
results showed that the bacterial concentration fluctuated
with different sampling seasons. Obviously, the bacterial
concentration was affected by the seasonal differences as
the four samples represent four seasons (i.e., spring, sum-
mer, autumn and winter). Tables 1 and 2 showed that the
bacterial concentration greatly increased during summer
and autumn, this indicates the air quality in hotter seasons
will become poorer and this may enhance the sick building
syndromes of the customers. Therefore, the selection of
sampling season is an important factor affecting the air
quality in the restaurant environment.

As mentioned in the introduction, although the world-
wide indoor air quality guidelines concerned only about
the bacterial concentration and cannot safeguard wellbeing
as the bacterial type presented in the indoor environment,
it also plays an important role on the determination of
indoor air quality. By using the results of this study as
a model, the bacterial concentrations were all below the
HKIAQO Level 1 standard (i.e., < 500 cfu/m3). Accord-
ing to the HKIAQO, Level 1 standard represents a very
good indoor air quality which high-class and comfortable
buildings should have. However, some bacterial species
presented in these restaurant environments were pathogens
and some were opportunistic pathogens such as Moraxella
catarrhalis which is associated with upper respiratory
tract infections in healthy children and elderly people;
lower respiratory tract infections in adults with chronic
obstructive pulmonary disease; pneumonia, endocarditis,
septicemia and meningitis in immunocompromized hosts.
Therefore, besides the bacterial concentration, the type of
bacteria presented in the indoor environments should also
be provided in the indoor air quality guidelines.

4 Conclusions

After the comprehensive identification of the airborne
bacteria in the two restaurants, the results indicated that
Gram-positive bacteria were dominant in the indoor air of
the restaurants in which Micrococcus and Bacillus species
were the most frequently found bacterial species. The
sources of the isolated bacteria were usually from human
and soil, and the major groups of the bacteria were op-
portunistic pathogens. Although the bacterial levels were
below the limit of the HKIAQO Level 1 standard (i.e.,
< 500 cfu/m3), but there is certain hazard for people to
visit these restaurants since some pathogens and/or oppor-
tunistic pathogens were identified in the air samples. The
results of this study strongly suggested that the bacterial
identification should also be included in the preparation of
the revised IAQ.

Acknowledgments

The study is partially supported by a research grant
from the Research Grant Council of the Hong Kong SAR
Government, China.

References

ACGIH, 1999. Sample analysis. In: Bioaerosols: Assessment
and Control (Macher J, ed.). American Conference of
Governmental Industrial Hygienists, Cincinnati, OH. 6-1–
6-13.

AIHA, 1996. Field guide for the determination of biological con-
taminants in environmental samples. American Industrial
Hygiene Association, Fairfax, VA.

Andersson A M, Weiss N, Rainey F, Salonen M S S, 1999. Dust-
borne bacteria in animal sheds, schools and children’s day
care centers. Journal of Applied Microbiology, 86: 622–
634.

Basaglia G, Carretto E, Barbarini D, Moras L, Scalone S,

http://www.jesc.ac.cn


jes
c.a

c.c
n

1152 P. L. Chan et al. Vol. 21

Marone P et al., 2002. Catheter-related bacteremia due to
Kocuria kristinae in a patient with ovarian cancer. Journal
of Clinical Microbiology, 40: 311–313.

Bascomb S, Manafi M, 1998. Use of enzyme tests in characteriza-
tion and identification of aerobic and facultatively anaerobic
Gram-positive cocci. Clinical Microbiology Reviews, 11:
318–340.

Becker K, Schumann P, Wullenweber J, Schulte M, Weil H
P, Stackebrandt E et al., 2002. Kytococcus schroeteri sp.
nov., a novel Gram-positive Actinobacterium isolated from
a human clinical source. International Journal of Systemic
and Evolutionary Microbiology, 52: 1609–1614.

Camuffo D, Brimblecombe P, Grieken R V, Busse H J, Sturaro
G, Valentino A et al., 1999. Indoor air quality at the Correr
Museum, Venice, Italy. Science of the Total Environment,
236: 135–152.

Chao J, Schwartz J, Milton D K, Burge H A, 2002. Populations
and determinants of airborne fungi in large office buildings.
Environmental Health Perspectives, 110: 777–782.

Chung Y R, Kim C H, Hwang I, Chun J, 2000. Paenibacillus
koreensis sp. nov., a new species that produces an iturin-like
antifungal compound. International Journal of Systematic
and Evolutionary Microbiology, 50: 1495–1500.

Cowan S T, 1974. Manual for the Identification of Medical
Bacterial. London: Cambridge University Press. 238.

Etkin D S, 1994. IEQ Strategies: Biocontaminants in Indoor
Environments. Arlington: Cutter Information Corp. 153.

Govan V A, Allsopp M H, Davison S, 1999. A PCR detection
method for rapid identification of Paenibacillus larvae.
Applied and Environment Microbiology, 65: 2243–2245.

Holt J G, Krieg N R, Sneath P H A, Staley J T, Williams S T,
1994. Bergey’s Manual of Determinative Bacteriology (9th
ed.). Baltimore: Williams & Wilkins. 787.

HKEPD (Hong Kong Environmental Protection Department),
1997. Consultancy Study for Indoor Air Pollution in Offices
and Public Places in Hong Kong. Agreement No. CE 14/95.
EHS Consultants Limited, Hong Kong SAR Government,
Hong Kong SAR.

HKEPD, 1999. Guidance Notes for the Management of Indoor
Air Quality in Offices and Public places (Draft). Indoor
Air Quality Management Group, Hong Kong SAR Govern-
ment, Hong Kong SAR.

Jaffal A A, Banat I M, Mogheth A A E, Nsanze H, Bener A,
Ameen A S, 1997. Residential indoor airborne microbial
populations in the United Arba Emirates. Environment
International, 23: 529–533.

Krieg N R, Holt J G, Murray R G E, Brenner D J, Bryant M P,
Moulder J W et al., 1984. Bergey’s Manual of Systematic
Bacteriology Volume 1. Williams & Wilkins, Baltimore.
964.

Lam A K L, 2001. Improving indoor air quality – a shared
responsibility. In: The Air We Breath: Air Pollution in Hong
Kong (Chan A T, Hedley A J, Hills P R, Zhong J H, eds.).
The University of Hong Kong, Hong Kong SAR, China. 89–
99.

Laffineur K, Avesani V, Cornu G, Charlier J, Janssens M, Wauters

G, Delmee M, 2003. Bacteremia due to a novel Microbac-
terium species in a patient with leukemia and description of
Microbacterium paraoxydans sp. nov. Journal of Clinical
Microbiology, 41: 2242–2246.

Lin X, Reponen T A, Willeke K, Grinshpun S A, Foarde K K,
Ensor D S, 1999. Long-term sampling of airborne bacteria
and fungi into a non-evaporating liquid. Atmospheric Envi-
ronment, 33: 4291–4298.

Obbard J P, Fang L S, 2003. Airborne concentrations of bacteria
in a hospital environment in Singapore. Water, Air and Soil
Pollution, 144: 333–341.

Pastuszka J S, Pwa U K T, Lis D O, Wlazlo A, Ulfig K, 2000.
Bacterial and fungal aerosol in indoor environment in Upper
Silesia, Poland. Atmospheric Environment, 34: 3833–3842.

Parat S, Perdrix A, Fricker H H, Saude I, Grillot R, Baconnier P,
1997. Multivariate analysis comparing microbial air content
of an air-conditioned building and a naturally ventilated
building over one year. Amtospheric Environment, 31: 441–
449.

Riffel A, Lucas F, Heeb P, Brandelli A, 2003. Characterization
of a new keratinolytic bacterium that completely degrades
native feather keratin. Archives of Microbiology, 9: 258–
265.

Segers P, Vancanneyt M, Pot B, Torck U, Hoste B, Dewettinck D
et al., 1994. Classification of Pseudomonas diminuta and
Pseudomonas vesicularis in Brevundimonas gen. nov. as
Brevundimonas diminuta comb. nov. and Brevundimonas
vesicularis comb. nov., respectively. International Journal
of Systematic and Evolutionary Microbiology, 44: 499–510.

Sneath P H A, Mair N S, Sharpe M E, Holt J G, Murrany R G
E, Brenner D J et al., 1986. Bergey’s Manual of Systematic
Bacteriology Volume 2. Williams & Wilkins, Baltimore.

Tan L, Grewal P S, 2001. Pathogenicity of Moraxella osloensis,
a bacterium associated with the nematode Phasmarhabditis
hermaphrodita, to the slug Deroceras reticulatum. Applied
and Environmental Microbiology, 67: 5010–5016.

Tekerekoglu M S, Durmaz R, Ayan M, Cizmeci Z, Akinci A,
2003. Analysis of an outbreak due to Chryseobacterium
meningosepticum in a neonatal intensive care unit. New
Microbiology, 26: 57–63.

USEPA, 1995. The Inside Story: A Guide to Indoor Air Quality.
402-K-93-007, Washington DC.

Verdenelli M C, Cecchini C, Orpianesi C, Dadea G M, Cresci
A, 2003. Efficacy of antimicrobial filter treatments on mi-
crobial colonization of air panel filters. Journal of Applied
Microbiology, 94: 9–15.

Verduin C M, Hol C, Fleer A, Dijk H V, Belkum A V,
2002. Moraxella catarrhalis: from emerging to established
pathogen. Clinical Microbiology Reviews, 15: 125–144.

Williams S T, Sharpe M E, Holt J G, Murray R G E, Brenner D
J, Krieg N R et al., 1989. Bergey’s Manual of Systematic
Bacteriology Volume 4. Williams & Wilkins, Baltimore.

Wolf A, Wiese J, Jost G, Witzel K P, 2003. Wide geographic
distribution of bacteriophages that lyse the same indigenous
freshwater isolate (Sphingomonas sp. strain B18). Applied
and Environmental Microbiology, 69: 2395–2398.

http://www.jesc.ac.cn

