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-Abstract-

Assessment of airborne bioaerosols among different areas in the hospitals
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- KyungSim Hong”

'+ JiHoon Kim®” + HyunWook Kim'''

College Medicine, The Catholic University Graduate School of Occupational Health, The Catholic University'’
Ui jong bu St. Mary’s Hospital ! Kyung-Hee Lf'niversity'g’

Three major hospitals with over 500 beds located
in and near Seoul were surveyed for airbone
microorganisms from February 1, 1998 to February
18, 1998, The purpose of the study was to identify
and quantify microbiological organisms circulating
in the air of three different areas in the hospitals. For
the study, a RCS air sampler was utilized equipped
with two different collection media, the agar strip
GK-A for bacteria and the agar strip HS for fungi.
The areas investigated were the intensive care unit
(ICU) in the Department of internal medicine, the
Newborns room in the Department of Obstetrics,
and the microbiology laboratory. The results were
as follows;

1 The average numbers of general microbiological
particles collected on the agar strip GK-A media
were 206 CFU/m, 232 CFU/m, and 128 CFU/m'
in each hospitals. The highest concentration of 387
CFU/m was found in the ICU of A hospital at
1500 during the day. Further analysis of the
collected bicaerosols hy gram staining, revealed
that there were gram positive cocci (89.5%), gram
positive bacili (7.2%), gram negative bacilli
(2.8%), and fungi (0.5%), in descending order of
frequency.

2. Ten different genes were identified from the agar
strip GK-A. The most frequently identified
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orgamsms were: the Coagulase negative
staphylococcus  (56.0%), Micrococcus  (21.4%),
Enterococcus  species(104%), and  Bacillus
species (7.2%). A series of antibiotics suscepti~
hility test were conducted against the afore-
mentioned four(4) organisms. Ninety percent of
coagulase negative stapylococcus were sensitive
to Penicillins. Pathogenic microbes isolated
include:  Staphylococcus  aureus, Acinetobacter
species, Klebsiella pneumonia, Klebsiella oxytoca,
and Pseudomonas aeroginosa.

3 Although 56.8% of the microorganisms grown on
the stnp HS media for fungi could not be
identified, some of them were successfully
identified.

The most frequently found fungi were Aspergillus
(35.3%), Yeast or Molds (6.2%), and Penicillium
(0.7%)

Based on the results obtained from the study, it
was concluded that some areas in the hospitals had
abnormally high bioaerosol concentrations which
could be attributed to human activity. Therefore, it
1s recommended that periodic assessments of indoor
bivaerosols aiming to identify the possible sources
should be conducted n order to maintain clean
indoor environment in the hospitals.
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1) B %]

715 AHAE7] HE WA %Y Biotest
Bycon Abe] Wt Alit-& Agar Strip GK-A Media
9 714 w22 Agar Strip HS Media® & %2
atef F7) AHA ALl o 24 vpg ) )
{gram per liter).

LBt T & i x|
24, pancreatic digest of casein 15g, soy bean
peptone 5g, NaCl 5g, KH, PO, 3.7g, K, HPO,
9.3g, agar 16g ; water 1000ml.

MAE v

Z45 special peptone 6.0g. D(+)-glucose 10.0g,
KH, PO, 3.7g, K, HPO, 93g , MgSO, TH, O
0.5g, Rose Bengal 30mg, streptomycinsulfate 40mg,
agar 16g ; water 1000ml.



2) M= =& 2
A7 /st RCS E47] (Reuter
Centrifugal Air Sampler, Hycon Biotest Diagnostics
Co.. Germany) 2 o] &3 thFig. 1). RCS E£¥7]
of Fx3= Al mpeller) 9+ agar strip(Fig. 2)
& 7% 4 9 drum & Wil Al 7
wHA F7E A dd o] 7ivle el d
Ao ofs F7] &9 JAEES FUAA wiAe H
ZA7]Y onf gAY Bt B IHFE 409
mpmlE B9 40 liter & 715 AHE - Aok
2 Aol M RCS 7] oA & 92 v A
Hel Q0-110cm FZFell A 287 5718 AL
F %2 80 liter2. 7ZF WA it} o IV XHH
st tHNess, 191). Al& #F 7k ¢HgE w2l RCS
EZ7INA Ao} ite] Futa} oAl A g WAl
7] 98 parafilm e 2 U8}, A& w2 3BT
’ﬂ 48AIZE Fot wokE & B U Bof Sl WAl o
TE Akela, AT wjA = A-2oA 12043t Ft
sigsle] SAAAE AAEG 371 F o &4
g g FE g o] Atstith
CFU (Colonies Forming Unit) /m’

3le

o
=3

colonies on agar strip X 1000/m’

sampling time (minutes) X 40 ({/min)

Tig 1. The Biotest RCS air sampler
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Fig. 2 Removing the agar strip from the Biotest
RCS air sampler
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Table 1-1. General characteristics in each hospitals

Hospital | Location | Size(m’) Meeting time Cleaner lei:ijlg
A MICU 37 6:40-7:00, 12:40-1:00, 1840-19:00 vaifon ot
LAB 27 -
ifi
NR 108 13:00-14:00, 18:00-19:00 specified
B MICU 45 6:20-6:40, 12:20-12:40, 18:40-19:00 vaifon not
LAB 25 - specified
NR 11 12:00-14:00, 18:00-20:00
C MICU 25 6:20-6:40, 12:40-1:00, 19:20-19:40 vaifon not
LAB 20 - specified
.NR 156 10:30-11:00, 15:30-16:00, 20:30-21:00
MICU; Internal Medical Intensive Care Unit
LAB ; Microbiology Laboratory
NR ; Newborn Room
M 3ot AR AlAle] B30l T Table 1-214 ] wA7]o] st Aotk
=7 wde e 37 4, $71e88He $7
Table 1-2. General characteristics in each hospitals
Hospital |Building vear Site QOut pt's number Air circulating filter

general room: exhaust- circulating
. after medipm filter
special*. exhaust-circulating after

A 1986 Seoul 3,000 person hepa filter
filter hepa : 2times/yr
exchange| medium @ 2 times/yr
rate free: not specified

general room: exhaust- circulating
after medium filter
special*: exhaust- circulating after

B 1980 Seoul 3,500 person hepa filter
filter hepa © 2 times/yr
exchange| medium : 2 times/yr
rate free: not specified

general room: exhaust- circulating
after medium filter
special*. exhaust- circulating after

C 1993 Seoul near 1,700 person hepa filter
filter hepa 1 times/yr
exchange | medium @ 2 times/vr
rate free: not specified

special*; MICU, NR, OR(operating room)
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Table 2. Concenirations

& wi$- FrelstAl Eed (p< 00D, AT Aole
UAE HARE o] AAetdolu Wt S8 b
8l frolatA Wt

> #glof vl

of airborne microbes according to sampling time and locations

Location Time Concentration( CFU/m’)
hr A B C Control
LAB » 09 149 . 158 112 64
12 1% 212 120 7
15 178 146 180 102
18 112 14 69 98
Submean * SD 158 £ 365 | 155 &£ 44 | 120 £ 456 84 + 182
MICU 09 283 187 141 76
12 150 283 208 125
15 387 216 112 100
18 201 112 124 74
Submean £ SD | 255 * 1035 | 199 = 708 146T 428 93 * 239
NR 9 200 383 B8 62
12 299 341 101 87
15 166 383 182 5
18 145 262 % 45
Submean £ SD 202 = 682 | 342 £ 570 | 119 £ 418 62 * 179
Mean * SD ] 206 = 791 232 = 92 128 + 484 80 + 229

Table 3. Result of the ANOVA test according to the hospital, location in the hospital and sampling time

Source DF Mean square F Value P
Location 2 18379.2 439 0.0220
Hospital 2 34740.3 808 0.0017

Time 3 12293.3 2.86 0.0548
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1A ) 1%}%@# o opye} HERE

gk ool WX B BE JE4E CFU/m o A
e, Sekder 2 %}%—% HobA A
ol g Mulstel Akt A} 1049 qro] F4H
1o(Table 4) ©] & lﬂ%*éi}o} 9%6.7%, 1354
Ftol 2.8%, w3l 05% HAtHTable 5). 4% 10&

9 3 F coagulase negative staphylococcus, Mic~
rococeus, Enterococcus species, Bacillus species
o] A 9% ol AA|stA. ol st e 7}
Helol Aojdlz|o A AQF s dzrAM T vl ek
tHTable 4).

47bA dFol sl FAA WAAAE AA E
1} coagulase negative staphylococcus ¥ 90% ©]
‘ol Penicillin®ll ti3] 74 B3 Micrococcus

HE ARFAA EFAM ZEde Bien,

Bacillus species 77 Vancomvcin, Telicoplanin,
Sulperazon o W45 Hich (Table 6, B 45
9 Algte] whi= A 1A 7lALe] i N2 Y
2 8k2] eFotTt (p> 0.05). 7 WLl WaAAre v&

< 3E 73 #rh

T2 i 442715 Rose-Bengal WA 2
g9 FEE CFU/m o2 AXElda 3y
Lactophenol Cotton Blue & @ M3ate] #3438 Au}=
i 8 3} 2t Fungus 59 thbAat SARA 9
A EFo2 568% v ¢ AAE F 44 %Pk &
e 0% MU FENEE F9T 27t YA
(p< 0.01), Aspergillus 7} 35.3%35: #9 23t}

Table 4.Average concentrations and detection rate of microorganisms

Concentrations(percentage) of microbes

Concentrations of identified microbes CEU/m?
In hospital Control{out door)
Coagulase negative staphylococcus 311 (55.0) 103 '254.2I)
Micrococcus 121 (21.4) 58 (30.5)
Enterococcus species 59 (104) 21 (11.1)
Bacillus species 41 (72 8 (42)
Staphylococcus aureus 14 ( 25)
Acinetobacter spceies 9(16)
Fungus 3 (05
Klebsiella pneumonia 2 (04)
NFB(non fermentaion bacteria) 2 (04
Pseudomonas aeroginosa 1002)
Streptococcus species 02
Klebsiella oxytoca ( 0.2)
7 Total 565 (100) 190 (100)
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Table 5. Concentrations

of airborne microbes in accordance with the gram stain pattern

Concentrations{percentage) of microbes
(hram stain CFU/m’
In hospital Control(out door)
Gram(+) cocci 306 (89.5) 182 (95.8)
Gram(+) bacilli 4072 8 (42
Gram(-) bacilli 15 (28
Fungus 3005
Total oo (1000 190(100)
Table 6. Comparison of frlicroorganjsim and antibiotic susceptibility test
CNS'(%) MIC™ (%) ENT™ (%) BAC™ (%)
N=311 N=121 N=59 N=41
*Antibiotics S R™ S R S R S R
Oxacillin 59.8 40.2 100.0 0.0% 100.0 0.0
Penicillin %9 41 1000 00 100.0 0.0
Cephalothin 59.8 402 100.0 0.0 . . 100.0 00
Vancornycin 00 100.0 100.0 0.0 0.0 100.0 20 9RO
Telicoplanin 82 91.8 1000 0.0 79 2.1 0.0 1000
Imipemin 59.8 40.2 100.0 0.0 100.0 0.0
Erythromycin 5T 43 100.0 00 93.8 6.2
Sulperazon 34 916 100.0 00 ) . 0.0 100.0
Ampicillin 00 1000
CNS" Coagulase negative staphylococcus
MIC™; Micrococcus
ENT™; Enterococcus species
BAC™"; Bacillus species
ST sensitive
R™ | resistant
Table 7. Percent of pathogenic microoganisms in hospitals
A B C Sum
Staphylococcus 986 128 986 100.0
aureus - ’ o '
Klebsiella pneumontia 100.0 0.0 0.0 100.0
Pseadomonas 100.0 0.0 0.0 100.0
aeroginosa
Klebsiella oxytoca 0.0 0.0 100.0 100.0
Acinetobacter spceies 55.6 22.2 22.2 100.0




Table 8. Average concentrations and percentage of fungus (unit: CFU/m’)

Hospital Site Total Penicillium Aspergillus Others* Unkown
A LAB 412 12 175 24 201
MICU 236 0 I 12 149
NR 62 0 0 12 0
Total (%) 710 (100%) 2 (1.7%) 250 (35.2%) 48 (6.7%) 400(56.3%)
B LAB 213 12 125 12 124
MICU 18 0 24 24 137
NR 172 0 123 0 49
Total (%) 630 (100%) 12 (1.9%) 272 (43.1%) 36 (5.7%) 310(49.2%)
C LAB 86 0 25 0 61
MICU 61 0 0 0 61
NR 61 0 0 12 49
Total (%) 208(100%) 0 25(12.02%) 12 (5.8%) 171(60.7%)
Sum (%) 1548(100%)  24(0.7%) M7(36.3 %) % 6.2%) 831(56.8%)
Others*; yeast, mold
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1. Agar Strip GK-A Mediadl 9 7] & A4 o
g AT FEE A B CHY £oz 7 oAb
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Wk F3xba 9] 15417} 387 CFU/m & 7V &
< AT FRE BAT, 2¥YA Ft 895%, 1
%°&*é /\lﬁf 72%, 1%’8“ D 2.8%, B%o

2 Agar Smp GK-A Media o4 54 € 371 F A
A e 104502 coagulase negative staphy-
lococcus 55%, Micrococcus 21.4%, Enterococcus
species 104%, Bacillus species 7.2% %= o] L,
99 47HA ol tha A WAHALE AATs
Atk L A3 coagulase negative staphylococcus
i 90%°14 Penicillin o) 2448 Haith #9Ad
o2 Saureus, Acinetobacter species, K.
pneumonia, K. oxytoca, P.aeroginosa 7} 71£ 5
At

3. Agar Strip HS Media 9|42} 7] & #3old e
Aspergillus 35.3%, Penicillium 0.7%, 7€ 6.2%
ToZ AEHAI 68% oAM= AdAAE F
dahA] skl
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