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Microbial Burden Present in ICU Room (CFU per 100cm2)

Environmental Contamination and HAI Risk

Salgado, ICHE 2013;34:479-486
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Odds of Pathogen Acquisition Based on 
Prior Room Occupant’s Colonization Status

MRSA C.difficile

Risk

1.4 to 2.9
Times
Higher

VRE

J Hospital Infection 2015;91:211-217

Risk

1.6 to 2.4
Times
Higher

Risk

2.6
Times
Higher

5

Risk of Pathogen Acquisition if Roommate Colonized

Cohen, Infect Control Hosp Epidemiol 2018;39:541–546
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heraldscotland.com/news/18328948.coronavirus-one-three-uk-patients-critical-care-60/
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vancouversun.com/Cardiac/2529346/story.htm l
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Benefits of Moving to a New ICU with Single Rooms

MRSA Acinetobacter

47%

C.difficile

43% 53%

Comparison of pathogen acquisition rates in Montreal General Hospital after moving from an old 
ICU with 2 rooms with 12 beds each to a new ICU with 24 private rooms, 2000-2005

Telsch, Ann Intern Med 2011;171:32-38
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www.mtlblog.com/news/montreals-old-royal-victoria-hospital-will-be-transformed-into-public-space
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groupeagf.com/en/steel/projects/mcgill-university-health-centre-glen-site-much
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Nosocomial VRE After Move to New Hospital with 100%  Private Rooms
Royal Victoria Hospital, Montreal

McDonald , JAMA Internal Medicine 2019;179:1501-1506

13

Nosocomial MRSA & C.diff After Move to New Hospital with 100%  Private Rooms
Royal Victoria Hospital, Montreal

McDonald , JAMA Internal Medicine 2019;179:1501-1506

MRSA C. difficile

14

15

Copper Impregnated Surfaces and Bacterial Contamination Rates

Hinsa-Leasure, Am J Infection Control 2016;44:e195-e203
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Impact of Copper Surfaces on HAIs
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phil.cdc.gov/phil/details.asp?pid=11162

Air
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Respiratory Viruses 
Recovered from Air Samples 

in Clinics and Hospitals

SARS-CoV-2
Influenza

RSV
Rhinovirus

MERS…Wong, Infection Control Hospital Epidemiol 2022; PMID 35811422
Birghand, JAMA Network Open 2020;3:e2033232
Phan, Infect Control Hospital Epidemiol 2020;41:259-266
Kim, Clin Infect Dis 2016;63:363-9

19
Verma, Phys. Fluids 2020;32:061708 doi: 10.1063/5.0016018
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Verma, Phys. Fluids 2020;32:061708 doi: 10.1063/5.0016018
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Verma, Phys. Fluids 2020;32:061708 doi: 10.1063/5.0016018
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Transmission Risk in Shared Hospital Rooms

o Brigham & Women’s Hospital, 
Sept 2020 - April 2021

o 25 patients diagnosed with SARS-
CoV-2 after admission to a shared 
room

o 31 potentially exposed roommates
o Roommates ~7 feet apart and 

separated by a curtain

o ≥6 air changes per hour
o Median duration of exposure: 

18 hours (IQR 12-47 hours)
o 12/31 (39%) roommates infected39% of exposed roommates 

were infected

Karan, Clinical Infectious Diseases 2021; doi: 10.1093/cid/ciab564

irishtimes.com/life-and-style/health-family/a-private-room-in-a-hospital-may-not-always-be-the-best-choice-1.4099197
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SARS-CoV-2 Clusters in Multibed Wards

Cheng, Clin Infect Dis 2021;73(6):e1356-e1364

United Christian Hospital, Hong Kong, Dec 2020, 6 Air Changes per Hour

24



9/28/22

5

AIIR
Airborne Infection Isolation Rooms

25

Aerosols Rapidly Dissipate in Well Ventilated Spaces
Aerosol quantification before, during, and after forced expiration, clinic with 5 air changes per hour

Li, Chest 2021;159:1570-1574
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High vs Low Negative Pressure Room Utilization & HCW Infections
Excess infections in patient-facing vs non-patient-facing employees in a hospital with high negative pressure room utilization 

(96% of Covid patient-days) vs a hospital with low negative pressure room utilization (22% of Covid patient-days)

Hospital 1:  High negative pressure room utilization (96%)
Hospital 2: Low negative pressure room utilization (22%)
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Klompas, Clin Infect Dis 2022;74:2230-2233
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Aerosol Clearance in Well Ventilated Hospital Rooms

Negative Pressure Room, 12 air changes/hour Operating Room, Pos Pressure, 27 air changes/hour

Aerosols At Patient Head Aerosols Outside Room

Tsui, Br J Anaesthesia 2020; doi: 10.1016/j.bja.2020.09.011
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HEPA Filters Can Effectively Reduce Aerosol Counts

Without HEPA

With HEPA

Garzona-Navas, Chest 2021;160:1388-1396

29
media.zenfs.com/en-US/digital_trends_973/646385a9f061d6bc3c3501626eec74c4
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Upper Room Germicidal UV using Far-UVC (222nm)

o Far UVC light may be a 
feasible option to 
decrease airborne virus 

o Active against airborne 
respiratory viruses 
including coronavirus

o Cannot penetrate the 
stratum corneum or the 
ocular tear layer so may 
be safe for prolonged 
human exposure

Buonanno, Scientific Reports 2020; doi: 10.1038/s41598-020-67211-2

31
www.cdc.gov/fungal/diseases/aspergillosis
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33
www.nbcnews.com/health/health-news/study-tracks-how-superbugs-splash-out-hospital-sink-drains-n725426

34

mould.net.au/blog/how-the-hidden-microbes-inside-your-drains-could-be-making-your
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Sink Drains

o Sink and drains in ICUs are frequently colonized with 
multidrug resistant bacteria
o Pseudomonas

o Acinetobacter
o Carbapenem resistant Enterobacteriaceae

o Serratia…
o Non-tuberculous mycobacteria
o Mold

Kizny Gordon, Clin Infect Dis 2017;64:1435–44
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Microbiological Survey of Sinks in 13 French ICUs
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Roux, J Hospital Infection 2013;85:106-111
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globalhealthnewswire.com/public-health/2019/06/27/a-hidden-truth-hospital-faucets-are-often-home-to-slime-and-biofilm
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biofilm.montana.edu
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University of Virginia

Initiative to combat nosocomial 

acquisition of Carbapanem-
resistant Enterobacteriaceae

Installed sink trap heating & 

vibration devices in their ICUs

Heats the sink trap to 75-85ºC

Added covers to disposal 

hoppers

Mathers, Clin Infect Dis 2018;67:171–8
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Mathers, Clin Infect Dis 2018;67:171–8
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Impact on CRE Acquisition

Mathers, Clin Infect Dis 2018;67:171–8

Post-intervention

Pre-intervention

50% Decrease 
CRE Colonization

OR 0.51 
(95% CI 0.31-0.81)

70% Decrease
CRE Infection

OR 0.29
(95% CI 0.17-0.48)
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hfmmagazine.com/articles/3857-plumbing-manufacturers-address-hospital-concerns
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Eliminating tap water associated with drop in NTM infections
Count of patients with new non-tuberculous mycobacteria cultures, 3 ICUs & 1 step-down, Duke University Hospital

Baker, Clin Infect Dis 2021;73:524-527

Sterile water for drinking, 
oral care, and enteral tube 
irrigation. No showering.  
Bathing with waterless bath 
products or sterile water only.
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Drop in MDR Gram Negatives After Sink Removal

Shaw, J Hosp Infection 2018;98:275-281
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Summary: Design Considerations Affect Infection Risk

o Surface contamination
o Single rooms strongly preferred
o Consider microbe-resistant surfaces

o Airborne contamination
o Single rooms +/- Airborne Infection Isolation Rooms
o Protected Environments
o Upper room germicidal UV?

o Water contamination
o Careful sink design
o Waterless ICU
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Thank You!

mklompas@bwh.harvard.edu
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