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ABSTRACT

This study aimed to assess the level of airborne bacterial contamination in intensive care units (ICUs) of a
tertiary-care hospital using a descriptive study design. A total of 120 air samples were collected from 10 ICU
units at two sampling locations (patient bedside and nursing station) during three time periods (before, during,
and after patient care activities). Bacterial concentrations were reported as colony-forming units per cubic meter
(CFU/m3) and presented as median values with interquartile ranges (IQR). The results demonstrated variability
in airborne microbial load across ICU units. The Intermediate Medicine Female (IMF) unit exhibited the highest
median concentration (104.17 CFU/m?; IQR 54.17-233.34), followed by the Stroke Unit (95.83 CFU/m3; IQR
41.67-141.67), whereas the Cardiovascular and Thoracic Intensive Care Unit (CVT ICU) had the lowest median
level (25.00 CFU/m3; IQR 8.33-66.67). No statistically significant difference was observed between sampling
locations (p = .300). However, significant differences were identified across sampling periods (p = .006), with
the highest median concentration recorded during patient care activities (66.67 CFU/m?3). Gram-positive bacteria
predominated, particularly coagulase-negative Staphylococci, Micrococcus spp., and Bacillus spp., whereas
Acinetobacter baumannii complex was detected at low levels. The number of individuals present in the area
was positively correlated with airborne bacterial concentration (P = 0.403, p < .001). These findings indicate
that airborne microbial load in ICUs varies according to unit characteristics, clinical activity intensity, and
occupancy density.
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(IMF) e T3 1Ug98a (104.17 CFU/m®; IQR 54.17-233.34) 389890178 Stroke Unit (95.83 CFU/m?; IQR
41.67-141.67) 3m4z7) Cardiovascular and Thoracic Intensive Care Unit (CVT ICU) fensiugiudnfiga (25.00
CFU/m?; IQR 8.33-66.67) lainuanuuandiaenafiiadanysznineduniinmsiiualadig (p = .300) agingls
Aoy WuaNULANEa NIk S AINTINA AL (p = .006) I@U‘*ﬁaaizﬁ'jwaﬂWigLLaQﬂ'sﬂﬁﬁw pifd]
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Micrococcus spp. Wae Bacillus spp. mm:‘ﬁ Acinetobacter baumannii complex m’sawulmz@ﬁﬁ’] i‘i'lu’m‘qﬂﬂa
Tuiuidanuaunsiidouaniusaugeluenme (P = 0.403, p < .001) WaMIANHFZHaUAMNULTLTINVDI
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ssdnewdplanszyhithedanaiess: 7 ludsainanelags uazianaz 15 Tudszmaneldduazim
na9 Slamafia HAI athatiaswnitsnsisznitemssnunlulsmening wazaanaInaenagaiisfasaz 30 lu
wathoinga S‘EaLﬂumjuﬁﬁmmL?mgaﬁq@ (WHO, 2024) #anani miﬁm%as'wn”m%aéamﬁmqa%waTa
L‘ﬁ'&I5@3’]11’]%?18’33@]LL&:ﬂ'J’]N?%LLiG%ﬂGIEﬂaﬂﬂdﬁﬁﬁﬁﬁﬂvmv
‘magij”ﬂ’sy‘?m‘mLﬂuv{uﬁﬁﬁmﬂ%ﬁmmigﬂgﬂfﬁmmmﬂ wu Mslavedionisla msltauaiunaeniien uay
nsldugFuslmantis dszneurumsdigihoniduiudg mlsidanudssdonisdadelulsimsnnags
ﬂima;‘ifﬂwﬁ'a"l.ﬂ%mmvh muﬂummismmmlugﬁmﬂLaL%UmfuaanLﬁﬂﬂﬁswmuiﬂa"'mwmsﬁm%a‘l,u
IcU agjluszaugs Iﬂmaww:miﬁ@L%amal,ﬁumﬂaLLa:m‘iﬁ@L%aﬁé'uw”ufﬁ'uqﬂmtﬁmaﬂ’mmmf LRZNN
\Aendaany L%ﬂLL‘UﬂﬁL%ULLﬂiNaUﬁﬁﬂ’NNéﬁ]U’]q& LU Acinetobacter baumannii L& Pseudomonas aeruginosa
(Ling et al., 2015)
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WU uls @Taﬂﬁ%’umﬁ'ﬂmﬁamﬁ'@]nmﬁéﬂa&'} wazlFendfEauzlurentne danaliionuifuadensaaida
ganimaria on'lUnansLra (WHO, 2024; Raoofi et al., 2023) nuwitslundnaiedoazineaniioald
Penwisanmsaaidel ICU atluszauge Taglamzmidaidamadunsla midadanszumion uaz
miﬁ@Lgaﬁé'mﬁ'uﬁn”uqﬂnsrﬁmammwnﬁ (Ling et al., 2015)
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L%‘ma@iamsﬁméaimjﬂaUmjmﬂsw:maashaﬁﬁfﬂﬁﬁﬂ"zy (WHO, 2022)
mu"i%ﬁ”ﬂlu%mmﬂs:mﬂﬁmmdwﬂ%mm%aLmﬂﬁﬁ'ﬂummﬂmuluiiawmmau‘"ngaﬂdwmmﬁmmgmﬁ
e Taawnzluiuifidanuuasauaznisszunsanmelsiioane nmadnludszimanizwuinegias
Snpadnisasanuifeunafiseluoiniaognsdotiios LAz WULTaA0I1RANBVWIN LT Acinetobacter
baumannii W§e Staphylococcus spp. %aﬁm’mﬁm”mummﬁﬁﬂ (Tselebonis et al., 2020) mm:ﬁmsﬁﬂmlu
ﬂs:mﬂﬁvﬁmua:mﬁaLflsmm’m’jﬂﬂ%mm%@LLuﬂﬁSﬁlummﬂmamaQﬂ'swmmm\‘iguﬁummsﬁ WHO
wazlanuduWuiiuanuuedauazianssumelunagilie (Montazer et al., 2021; Kayta et al., 2022)
[Wauuaiisoae p16119aTW lauianiznga ESKAPE pathogens L34 Acinetobacter baumannii, Klebsiella
pneumoniae U8z Pseudomonas aeruginosa Sununddglunisnaldifia HAIs lunadasinga \FoLnanit
mmmayj”sa@luﬁluLnﬂﬁau"l,ﬁmmmmwim:mUmummma:ﬁuﬁﬂﬁ (Stanley et al., 2023; Ababneh et al.,
2023) 1wispdudawaadanlu ICU nasusnuanusuwuiniemdwianvesBafesnunindiuazlu
aﬁﬂﬁﬂﬁUﬂWiLﬁﬂﬂﬁiaﬂL%ﬂluﬁgﬂ’lEJ ufiimyznadunguiaunolunagilie (Schiosser et al., 2024; Wong
et al., 2021)
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a A Qs ]
wuANSslwaNAIa bing
colony-forming units per cubic

meter (CFU/m?3)
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mMsanE i dum IS USunmuunssam (quantitative descriptive study) @‘hLﬁumﬂum;&“ﬂa BN AVD
Isowmmmm”mﬁﬂqﬁ U 10 ¥UIBUSANT HLAIBENIBIMIATIN 120 A8E1d lauMAUARILANINNTLAL
g8 2 v laun u’%nméﬁ'mﬁﬂ’m LAZENAWEIUNR UWAziNAUATIIALALA8E1d 3 129 lauA Aaw
WD UaEnaINIUAR e

MItNUAl8E90INARILEWNNIAI83T active air sampling T@ﬂam&am%"auﬁuﬁaaﬂ'wﬁixﬁummgwizmm 1
LATINAS IndiAssszaunmaniolavasuysd mmﬁgﬂ@@mummiﬁmL“‘fi?amm‘l,ﬁama:muqm niu
i lUdwnzuaziudnuiulalail ﬁﬂmmﬂ%mmvﬁalu%mUIﬂIﬂﬁWﬂ%’mﬁqgﬁ@@ia;ﬂﬂmﬂﬁmm (CFU/mM?) Uas
fﬁﬂLmﬂ‘*ﬁﬁ@L%aﬁaﬁﬁmmgmmqga%ﬁﬂm

nmyianzdtoyaldafidiFinrnm laun dralsegiuuazidoszniienialng (QR) Lﬁaamﬂ"ﬁagaﬁmi
nazanelidulnd (naseusan Shapiro-Wilk test) naiIouiinuszwinssasnguldaiia Mann-Whitney U test
nmaSsuifisuninninaeanguls Kruskal-Wallis H test wazn1331031z% AU dNRRE1T Spearman’s rank

correlation lasinpdAmnaianszay .05

NAN13298

watﬂ’ﬂw%nqm‘hmu 10 mhofdhumsansinuiltzosaind 242-1,462 AN3I19LUAT LLa:a‘hmuLﬁmayj
32W3149 7-30 19 Taw Surgical Intensive Care Unit (SICU) fiftufisnnfign (1,462 1) 307l Neonatal Intensive
Care Unit (NICU) ﬁﬁuﬁ'ﬁamﬁq@ (242 3%) Uaz Intermediate Medicine Male (IMM) H31111A89898@ (30 LAL3)
389898188 Intermediate Medicine Female (IMF) (24 1§i84) T8azt88ai34lA398379 S2UUTZLN801MA WaZAN
Usmnamueiiseluaimeasudasriouaasluansed 1

JTULTELNENALANANINKHIZAINIRIIBLSANT lae SICU, Pediatric Intensive Care Unit (PICU) W&z IMM 19
T2uUdIUaINIARIBNANITINNUULKHWNIBY HEPA (High-Efficiency Particulate Air filter) Wzl Medicine
Intensive Care Unit 1 (MICU 1), Medicine Intensive Care Unit 2 (MICU 2), NICU, Coronary Care Unit (CCU)

waz Stroke Unit bBA309UTUa I NIALLLLENEIRIINAUNAANITZUI8D1MA &% Cardiovascular and Thoracic
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Intensive Care Unit (CVT ICU) 185zuudsuanmeasinnaiarialy waz IMF 18ia3astsuenniauuuuengn
(@971 1)

ArdsagiuvesTumuuafiseluainiauandrenusznivimegiie las IMF fd10503 148980 (104.17
CFU/m?3; IQR 54.17-233.34) 5238341 @8 Stroke Unit (95.83 CFU/m3; IQR 41.67-141.67) LLas IMM (66.67
CFU/m3; IQR 41.67-91.67) °1IITLI>$“7]I CVT ICU (25.00 CFU/m3; IQR 8.33-66.67) Lkaz MICU 2 (29.17 CFU/m?; IQR
16.67-81.25) ﬁ@im‘”ﬁsgm@‘ﬁﬂ’h (miﬂaﬁ 1)
msm%‘s‘uLﬁsumm‘i'ﬂ,mmﬂmﬁuﬁaazinvl,sjwucs]mm,mn@maﬂ'wﬁﬁfﬂﬁﬁﬂ”mﬁzwmﬁuﬁgLLapjﬂwLLa:ﬁ?uﬁ
UFRUNLIIA (Mann-Whitney U = 1179.50, p = .300) (4191991 2)
MIUIBUABLMNTINIANALAIDENNUANNUANA BT R E A Y N9ED& (Kruskal-Wallis H = 10.099, df
= 2, p = .006) (13747 3) lapdnaisogiulugassznininisquagile v 66.67 CFU/m® (IQR 33.33-97.92)
fiaunIguartae 1Al 62.50 CFU/m® (IQR 25.00-106.25) LacwaIn1Iquarilag 1inAy 33.33 CFU/m® (IQR
8.33-58.33)

ANTILATIERAMNFUN BT UL Spearman’s rank correlation W31 ﬁiwmuyﬂﬂaiuﬁuﬁmmuﬁumﬁa:mﬁ
AnuFunusnulsuauuaiiseluennie (P = 0.403, p < .001) mm:ﬁqm%nﬂﬁ (P =0.172, p = .061) LA
ANMUTUENWNS (P = 0.161, p = 0.079) Linuanudunutetnsiiiosmdnadia (@5 4)
mﬁm%aﬁmmwumﬂﬁq@ laun coagulase-negative Staphylococci (median 408.34 CFU/m3; IQR 215.63-
601.04) J898981A8 Micrococcus spp. (254.17 CFU/m?; IQR 195.83-312.50) \Las Bacillus spp. (87.50 CFU/m3;
IQR 61.46-113.55) uaﬂmnﬁymiwwu Acinetobacter baumannii complex (16.67 CFU/m3; IQR 0.00-33.33) uae
Staphylococcus aureus (16.67 CFU/m?; IQR 0.00-33.33) (@ﬂi’lx‘lﬁl 5)

A13199 1 u,amﬂ’%mmumﬁﬁﬂlummﬂfﬁwLmﬂmwag‘{ﬂaﬂ"‘mqm (n = 120)

vkt i JMMIBLAYS  FTULITUIBDINE HoHzTH .

v (ANT19LNAT; §?) (a1alnan ), CFUIm?
SICU 1,462 20 Central HVAC + HEPA 54.17 (27.08-152.08)
MICU1 518 16 Split AC + Exhaust 41.67 (18.75-131.25)
MICU2 621 18 Split AC + Exhaust 29.17 (16.67-81.25)
PICU 586 8 Central HVAC + HEPA 33.33 (16.67-64.58)
NICU 242 16 Split AC + Exhaust 54.17 (33.33-72.92)
CCuU 603 7 Split AC + Exhaust 58.33 (50.00-70.83)
CVvT 508 8 Central HVAC 25.00 (8.33-66.67)
Stroke 1,455 18 Split AC + Exhaust 95.83 (41.67-141.67)
IMM 792 30 Central HVAC + HEPA 66.67 (41.67-91.67)
IMF 846 24 Split AC 104.17 (54.17-233.34)

#NYLKRG: SICU = Surgical Intensive Care Unit, MICU1 = Medicine Intensive Care Unit 1, MICUZ = Medicine

Intensive Care Unit 2, PICU = Pediatric Intensive Care Unit, NICU = Neonatal Intensive Care Unit, CVT

Cardiovascular and Thoracic Intensive Care Unit, CCU = Coronary Care Unit, Stroke = Stroke Unit, IMM
Intermediate Medicine Male, IMF = Intermediate Medicine Female; Split AC = m%iaaﬂ%'ua'mml,mmmndm

(split-type air conditioning), Exhaust = 32 ULNARNTZU188IN1¢, Central HVAC = 32 uUUIUaINARIBNAN



(7]

(Heating, Ventilation, and Air Conditioning), HEPA = udunsayanmayszaniniwgs (High-Efficiency Particulate

Air filter), CFU/m?® = colony-forming units per cubic meter, IQR = interquartile range.

Aﬂ. = I a a A ' 3 1 =3 ot [
M1379N 2 LLE’(@]Gﬂ’]iLﬁiUUmEI‘]J?.]‘S%J’]RLLLUFMLiﬂl%ﬂﬁﬂ’]ﬂiz‘ﬂ’l’]\‘iWWLLW%Gﬂ’]iLﬂ‘LIWJ?JF;I’N (n =120)

AuARINISILA28819 n i5837% (A28 1NA), CFUIM?
Aufiguarie 90 58.33 (25.00-83.33)
NufilfiRnunea 30 58.33 (33.33-125.00)
Mann-Whitney U = 1179.50, Z = -1.04, p = .300

*p<.05

dl a a A o ) =3 gt [
M1379N 3 LLﬁ@]\‘JﬂSNWMLLUﬂ‘ﬂL’iEJl%E]']ﬂ']ﬁﬁ]']LLuﬂ@]']&l"H’NL’)ﬂﬂLﬂ‘U(ﬂ’JE]U'N (n =120)

IR UNUAIDENY n {58374 (A28 INna), CFU/m?
ﬁaumﬁ@uagﬂm 40 62.50 (25.00-106.25)
izmnmsgua;ﬁﬂm 40 66.67 (33.33-97.92)
waINIQUAR e 40 33.33 (8.33-58.33)
Kruskal-Wallis H = 10.099, df = 2, p = .006*

*p<.05

A o o ¢ & ' o A o o 1a A A
M139N 4 ﬂqquauwuﬁLLuuaLﬂﬂiLLNuix%qq\jﬂ"DﬂUﬁGLLQWQQNﬂ‘UﬂiwquL‘Uﬂ'ﬂLiﬂluajﬂjﬂ (n = 120)

auds Ardnlsransanaanus (p) A1 p

amnndl 0.172 .061

ANNTUTNRNE 0.161 079

wnAUTILAUaI8814 0.403 < .001*
*p < .05

P a & A o a &
M1918N 5 LLH@N‘U?M’]ML‘MLL‘.IJﬂY]Liﬂlumﬂ’lﬂmLL%ﬂ@l’lN’ﬂ%@lL”ﬁE} (n = 120)

raBauuaii3y {58g1% (A281Na), CFUM?
Coagulase-negative Staphylococci 408.34 (215.63-601.04)
Micrococcus spp. 254.17 (195.83-312.50)
Bacillus spp. 87.50 (61.46-113.55)
Acinetobacter Iwoffii 37.50 (0.00-75.00)*
Acinetobacter spp. 20.84 (3.13-38.55)
Acinetobacter baumannii complex 16.67 (0.00-33.33)*
Moraxella spp. 16.67 (0.00-33.33)*
Staphylococcus aureus 16.67 (0.00-33.33)*

#N8LH6: CFU/m? = colony-forming units per cubic meter
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