
Size-based Characteristics of Airborne Bacteria and Fungi Distributed in the 

General Hospital

The objective of this study is to provide fundamental data for
pertinent management of indoor air quality through
investigating the size-based characteristics of bioaerosol
distributed in the general hospital. Measurement sites are main
lobby, ICU, ward and laboratory and total five times were
sampled with six-stage cascade impactor. Based on the result of
this study, concentrations of airborne bacteria and fungi were the
highest in main lobby as followed by an order of ward, ICU and
laboratory. Concentrations of airborne bacteria was generally
higher than those of airborne fungi and the ratio of indoor and
outdoor concentration of both exceeded 1.0 in all the
measurement sites of the general hospital. The predominant
genera of airborne bacteria identified in the general hospital
were Staphylococcus spp.(50%), Micrococcus spp.(15 20%),

Corynebacterium spp.(5 20%), and Bacillus spp.(5 15%). On
the other hand, the predominant genera of airborne fungi
identified in the general hospital were Cladosporium spp.(30%),
Penicillium spp.(20 25%), Aspergillus spp.(15 20%), and
Alternaria spp.(10 20%). In regard to size distribution of
bioaerosol, the detection rate was generally highest on 5
stage(1.1 2.1 ) for airborne bacteria and on 1 stage( 7.0 )
for airborne fungi. Cleanliness of facilities in the general hospital
and condition of HVAC system should be monitored regularly
to prevent indoor air contamination by airborne
microorganisms.

general hospital, airborne bacteria, airborne
fungi, size distribution, bioaerosol
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Yu, 1979;
Gaynes 1996; Jarvis 1996; Berthelot 1999

Gram
negative bacilli, Neisseria meningitidis, Staphylococcus aureus,
Streptococcus pyogenes, Streptococcus pneumoniae, Tubercle
bacilli

Ayliffe Lowbury, 1982 Aspergillus Serratia
marcescens

Aspergillus
90% Wald 997;

Denning, 1996 Serratia marcescens

Smith 1984; Manning 2001;
Prasad 2001

Schaal 1991

Bordetella pertussis, Corynebacterium diphtheriae,
Neisseria meningitidis, Mycobacterium tuberculosis, Streptococcus
pneumoniae, Streptococcus pyogenes

Enterobacteriaceae, Legionellae, Mycobacterium tuberculosis,
Nocardia spp., Pseudomonas, Staphylococcus aureus

Rhame 1984;
Anderson 1996

Schwab 1982; Staib, 1984
Arnow 1991

1986; 1990; 1990;
1991; 1993; 1998;

2000; 2001; 2004;
2005

2004 4 6 5 15
450

4
1

10:00 12:00 2:00 4:00
1m 1

1

28.3 min six stage viable particulate
cascade impactor Model 10 800, Andersen Inc, USA

10 2
1stage 7.0 2stage 4.7 7.0

3stage 3.3 4.7 4stage 2.1 3.3 5stage 1.1 2.1
6stage 0.65 1.1 Andersen, 1958 70%
alcohol

Trypticase soy agar Lot 2087730,
Becton Dickinson and Company, USA 37

1 2 Malt extract agar Lot 3111376,
Becton Dickinson and Company, USA 20 25

3 5

CFU(Colony Forming Unit)/m = Colony counted on agar plate / Air volume(m ) 1
Air volume(m ) = 28.3 /min x sampling time(min)/10 2

3
2 6, 5 1 5 2 120
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colony m
CFU m 1 2

120 3
4.7 

6 3 6 stage
Li Kuo, 1993; Pastuszka 2000

2
Bergey s manual

1 Gram 
VITEK Model VITEK 32 system, bioMerieux Inc., France

biochemical test 2

Ainsworth, Baron

3
SAS package 1999

ANOVA Duncan

1

p 0.05
p 0.05

Staphylococcus spp.
50%

Micrococcus spp. 15 20% Corynebacterium spp 5 20%
Bacillus spp. 5 15%

90%
Jaffal

1997

staphylococci, Bacillus, Micrococcus

bacteria
1% 

2

p 0.05
p 0.05

Cladosporium spp.
30%

Penicillium spp. 20 25% Aspergillus spp. 15 20% Alternaria
spp. 10 20%

4
85 90%

Wu 2000
Aspergillus, Penicillium, Fusarium

Jaffal 1997
Aspegrillus niger, Chaetomium spp., Alternaria spp.

Li Hou 2003 Penicillium

Aspergillus
Xerophilic

Van Bronswijk 1986
Aspergillus 2 5

Bennett, 1995

Denning,
1998

Li Hou 2003
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Main lobby

Staphylococcus
spp.
Micrococcus
spp.
Corynebacterium
spp.
Bacillus
spp.
Enterococcus
spp.
Streptococcus
spp.
Enterobacteriaceae
spp.
E-Coli
spp.
Klebsiella
spp.

Unidentified

Total

Total
*Resp.
Total
Resp.
Total
Resp.
Total
Resp.
Total
Resp.
Total
Resp.
Total
Resp.
Total
Resp.
Total
Resp.
Total
Resp.
Total
Resp.

216a

132a

62a

41a

26a

15a

32a

17a

5
4
2
2
3
3
2
2
0
0

24
10

372a

226a

58.1 
58.4 
16.7 
18.1 
7.0 
6.6 
8.6 
7.5 
1.3 
1.8 
0.5 
0.9 
0.8 
1.3 
0.5 
0.9 
0.0 
0.0 
6.5 
4.4 

100.0 
100.0 

2.9 
3.4 
2.1 
3.2 
1.2 
1.0 
1.8
1.4 

2.0 
2.0 

3.0 
3.3 
2.4 
2.7 

116b

81b

27b

20b

15b

11a

18b

13a

3
3
3
3
2
2
2
2
1
1
15
6

202b

142b

57.4 
57.0 
13.4 
14.1 
7.4 
7.7 
8.9 
9.2 
1.5 
2.1 
1.5 
2.1 
1.0 
1.4 
1.0 
1.4 
0.5
0.7 
7.4 
4.2 

100.0 
100.0 

1.5 
2.1 
0.9 
1.5 
7.0 
0.7 
1.0 
1.1 

3.0 
3.0 

1.9 
2.0 
1.3 
1.7 

131b

93b

50a

29b

34a

23a

44a

26a

7
6
5
5
2
2
1
1
1
1

18
11

293b

197a

44.7 
47.2  
1.7 
14.7 
11.6 
11.7 
15.0 
13.2 
2.4 
3.0 
1.7 
2.5 
0.7 
1.0 
0.3 
0.5 
0.3 
0.5 
6.1 
5.6 

100.0 
100.0 

1.7 
2.4 
1.7 
2.2 
1.6 
1.5 
2.4 
2.2 

5.0 
5.0 

2.3 
3.7 
1.9 
2.4 

95b

53b

46a

23b

50a

25a

18b

10a

3
3
1
1
1
1
0
0
0
0
4
3

218b

119b

43.6 
44.5 
21.1 
19.3 
22.9 
21.0 
8.3 
8.4 
1.4 
2.5 
0.5 
0.8 
0.5 
0.8 
0.0 
0.0 
0.0 
0.0 
18
2.5 

100.0 
100.0 

1.3 
1.4 
1.5 
1.8 
2.4 
1.7 
1.0 
0.8 

1.0 
1.0 

0.5  
1.0  
1.4 
1.4 

Conc.
(cfu/m3)

I/O
ratio(%)

ICU Ward Laboratory

Conc.
(cfu/m3)

I/O
ratio(%)

Conc.
(cfu/m3)

I/O
ratio(%)

Conc.
(cfu/m3)

I/O
ratio

(%)

Jaffal 1997

clean room

Jaffal 1997
Li Hou, 2003

1
1

Gallup 1987

Pastuszka 2000; Wu 2000
Reponen, 1989

Jaffal 1997

Arlet 1989; Streifel 1989; Li Hou, 2003

Streifel 1989

Gammage Kaye, 1985
5 10 Sewell 1995;

Virtanen 1988

Crook Sherwood Higham,
1997 DNA
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Main lobby

Conc.
(cfu/m3)

I/O
ratio(%)

ICU Ward Laboratory

Conc.
(cfu/m3)

I/O
ratio(%)

Conc.
(cfu/m3)

I/O
ratio(%)

Conc.
(cfu/m3)

I/O
ratio

(%)

2.1 
2.3 
2.6 
2.8 
1.7 
3.5 
2.0 
9.0 
2.0 
1.3 
2.1
2.8 

28a

17b

25ab

12b

18ab

9ab

11b

6a

14
7

96ab

51a

29.2 
33.3 
2.6 
23.5 
18.8 
17.6 
11.5 
11.8
14.6
13.7

100.0 
100.0 

2.5 
2.4
3.6
3.0
3.0 
4.5 
2.8 
6.0 
4.7 
2.3 
3.1 
3.0

Cladosporium spp.

Penicillium spp.

Aspergillus spp.

Alternaria spp.

Unidentified

Total

Total
*Resp.
Total
Resp.
Total
Resp.
Total
Resp.
Total
Resp.
Total
Resp.

48a

29a

37a

22a

27a

16a

21a

12a

23
10

156a

89a

30.8 
32.6
23.7 
24.7 
17.3 
18.0 
13.5
13.5 
14.7 
11.2 

100.0 
100.0 

30.8 
32.6
23.7 
24.7 
17.3 
18.0 
13.5
13.5 
14.7 
11.2 

100.0 
100.0 

23a

16b

18b

11b

10b

7b

8b

9a

6
4

65b

47a

35.4 
34.0 
27.7 
23.4 
15.4 
14.9 
12.3 
19.1
9.2
8.5 

100.0 
100.0

44a

24a

31a

15ab

18ab

13a

15ab

10a

18
12

126a

74a

34.9 
32.4 
24.6 
20.3 
14.3 
17.6 
11.9 
13.5 
14.3 
16.2
100.0 
100.0 

4.0  
3.4 
4.4 
3.8 
3.0 
6.5 
3.8 

10.0 
6.0   
4.0 
4.1
4.4

1 2

Andersen cascade air sampler 6 stage

5
stage 1.1 2.1
Bacillus 1 stage 7.0

1
stage 7.0

Pastuszka 2000; Wu 2000

3 stage
6 stage

5

McCluskey 1996

3 stage 6 stage
50%

6
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6 stage
5 stage
4 stage
3 stage
2 stage
1 stage

Main lobby               I C U                      Ward               Laboratory              Outdoor

100.0

80.0

60.0

40.0

20.0

0.0

Staphylococcus spp.

6 stage
5 stage
4 stage
3 stage
2 stage
1 stage

Main lobby               I C U                      Ward               Laboratory              Outdoor

100.0

80.0

60.0

40.0

20.0

0.0

Micrococcus spp.

6 stage

5 stage

4 stage

3 stage

2 stage

1 stage

Main lobby               I C U                      Ward                 Laboratory                Outdoor

100.0

80.0

60.0

40.0

20.0

0.0

Corynebacterium  spp.

6 stage

5 stage

4 stage

3 stage

2 stage

1 stage

Main lobby               I C U                       Ward                  Laboratory                 Outdoor

100.0

80.0

60.0

40.0

20.0

0.0

Bacillus  spp.
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6 stage
5 stage
4 stage
3 stage
2 stage
1 stage

Main lobby               I C U                       Ward                  Laboratory              Outdoor

100.0

80.0

60.0

40.0

20.0

0.0

Cladosporium  spp.

6 stage
5 stage
4 stage
3 stage
2 stage
1 stage

Main lobby                 I C U                       Ward                Laboratory             Outdoor

100.0

80.0

60.0

40.0

20.0

0.0

Penicillium  spp.

6 stage
5 stage
4 stage
3 stage
2 stage
1 stage

Main lobby                 I C U                       Ward                Laboratory              Outdoor

100.0

80.0

60.0

40.0

20.0

0.0

Aspergillus  spp.

6 stage
5 stage
4 stage
3 stage
2 stage
1 stage

Main lobby                 I C U                       Ward                    Laboratory              Outdoor

100.0

80.0

60.0

40.0

20.0

0.0

Alternaria  spp.
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1

Staphylococcus spp. 50% Micrococcus spp. 15 20%
Corynebacterium spp. 5 20% Bacillus spp. 5 15%

3
Cladosporium spp. 30% Penicillium spp. 20 25%
Aspergillus spp. 15 20% Alternaria spp. 10 20%

4

1
5

5 stage 1.1 2.1 1 stage 7.0
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