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Summary

Are all organisms linked to similar risk profiles?

Are all built environments the same?

Determine what kind of options are open for:

Identifying the source Addressing the problem Continuous risk mitigation




What Is Meant
By the

Environment?

e Mechanical/naturally ventilated environments

e \Water sources

e Taps/Showers
e Sterile water
e Equipment

e Near patient
e Shared area



- Routes of
transmission

- Infectious dose

- Timing of infection
(community vs
hospital acquired)

- Patient loads

Colonised/infectious
state

- Endogenous vs
exogenous

- Environmental
persistence

- Patient
susceptibility

- Surveillance

e Clinical (active vs
symptom lead)
¢ Environmental

Risk
Assessment




Does the IPC Triumvirate Work?

Person
Place

Time
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Figure 1. Exposure to a Clostridioides difficile “contaminated” bed. Beds are considered contaminated (red) starting with the positive C. difficile test of an occupant (green
occupant). The bed remains contaminated for 90 days and “resets” every time a new patient with C. difficile is identified in that bed. Subsequent occupants (blue and orange) are
considered to have an associated hospital-onset C. difficile infection (HO-CDI) if they develop their infection >3 days after being admitted and while residing in the contaminated
bed or within 7 days of leaving the contaminated bed (orange occupant with star).

C. difficile Outbreak

Witt LS, Howard-Anderson J, Prakash-Asrani R, Overton E, Jacob JT. The role of the hospital bed in hospital-onset Clostridioides difficile: A
retrospective study with mediation analysis. Infection Control & Hospital Epidemiology. 2024;45(5):599-603




Not All
Patients are

the Same




Table Il

Range of survival by pathogen

Pathogen Range of survival in days Studies
(unless otherwise (references)
indicated)
Gram positive Staphylococcus aureus <1 min to 318 [7-32)
Clostridioides difficile 0.13—-140 [33-36]
Coagulase-negative Staphylococcus <1 min to 28 [12,23,24,37]
Micrococcus spp. 10-10 [12]
Streptococcus mutans 0.13-0.2 [21]
Bacillus spp. 1-28 [22,24]
Enterococcus spp. 0.02—-287 [10,12,14,15,19,22,24,39,43,45,47—49]
Gram negative Acinetobacter spp. 0.04-90 [12,14,15,22,24,29,38—-43]
Burkholderia cepacia 0.13-8 [12,44]
Citrobacter freundii 0.06—0.11 [45]
Escherichia coli <1 min to 56 [8,10,12—15,20—24,43,45,46]
Klebsiella pneumoniae 0.57—-600 [15,43,45,50,51]
Proteus mirabilis 0.16—0.16 [43]
Pseudomonas spp. 0.08—-7 [8,10,12,15,18,19,22,24,29,43,44,47,52,53]
Salmonella spp. 0.29-5 [12]
Serratia spp. 0.29-20 [12,14,15,22,43]
Stenotrophomonas maltophilia 0.29-1 [12]
Haemophilus influenzae 1 [19]
Fungi Candida auris 14-14 [54]
Candida spp. 0.13-28 [20-22,36,54,55]
Virus Animal virus 0.5-7 [56,57]
Coronavirus 0.04-20 [58—60]
Cytomegalovirus <1 min to 0.01 [61]
Human virus <1 min to 12 [57,62—66]
SARS-CoV 1-2 [67]

Human virus — hepatitis A virus, herpes simplex, human immunodenciency virus, infuenza, para ciency virus, influenza, parainfluenza, respiratory syncytial virus. Animal virus —
pseudorabies, bovine viral diarrhoea virus, feline calicivirus, canine parvovirus.

Not All
Organisms Are
Equal

L. Porter, O. Sultan, B.G. Mitchell, A. Jenney, M. Kiernan, D.J.
Brewster, P.L. Russo,

How long do nosocomial pathogens persist on inanimate surfaces?
A scoping review,

Journal of Hospital Infection, Volume 147, 2024, 25-31,




Built Environments Vary







How Do We:;

|dentify Identify a problem

Ulale 2lds=lals. | Understand the problem

Solve the problem




Context Matters

s

OUTBREAK VS SHORT TERM VS ACUTE VS HIGH RISK VS LOW
ROUTINE LONG TERM CARE COMMUNITY CARE RISK SETTINGS
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Source Controls




Source Control Toolkit

@0 00

IDENTIFICATION OF SOURCE UNDERSTANDING THE DYNAMIC DESIGNING YOUR SHORT-TERM CONSIDERATION OF LONG-TERM
NATURE OF THE ENVIRONMENT SOURCE REMOVAL APPROACHES - REMOVAL OF
HIGH-RISK SOURCES
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How to carry out microbiological sampling of
healthcare environment surfaces? A review of current
evidence
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ARTICLE

INFO SUMMARY

Article history: There is increasing evidence that the hospital surface environment contributes to the

Received 30 April 2019 spread of pathogens. However, evidence on how best to sample these surfaces is incon-

Accepted 24 July 2019 sistent and there is no guidance or legislation in place on how to do this. The aim of this

Available online 29 July 2019 review was to assess current literature on surface sampling methodologies, including the
devices used, processing methods, and the environmental and biological factors that

Keywords: might influence results. Studies published prior to March 2019 were selected using relevant

Healthcare keywords from ScienceDirect, Web of Science, and PubMed. Abstracts were reviewed and

Environment all data-based studies in peer-reviewed journals in the English language were included.

Surfaces Microbiological air and water sampling in the hospital environment were not included.

Sampling Although the numbers of cells or virions recovered from hospital surface environments

Healthcare-associated were generally low, the majority of surfaces led were microbiologically con-

infections taminated. Of the organisms detected, multidrug-resistant organisms and clinically sig-

Infection prevention and nificant pathogens were frequently isolated and could, therefore, present a risk to

control vulnerable patients. Great variation was found between methods and the available data

L) ﬁi&"ﬁﬂ? Zﬂdﬁeﬂﬁfﬁ;ﬁﬁﬂe«;ﬁﬁﬁf &:ﬂ‘fhﬁ"@’e&"‘iﬂi"sﬂ;& Rawlinson S, Ciric L, Cloutman-Green E. How to carry out microbiological

e included in the review were laboratory-based and not undertaken in the real hospital sampling of healthcare environment surfaces? A review of current evidence. J
environment where sampling recoveries could be affected by the many variables present
in a clinical environment. It was therefore difficult to draw overall conclusions; however, Hosp Infect. 2019 Jul 29

some recommendations for the design of routine protocols for surface sampling of
healthcare environments can be made.

@® 2019 The Authors. Published by Elsevier Ltd

on behalf of The Healthcare Infection Society. This is an open access article

under the CC BY-NC-ND license (http:/ /creativecommons.org/licenses/by-nc-nd/4.0/).




Interpretation Criteria

= 4 &,

Organism specific:

Colony Forming Units: Pathogen detection:
<2.5 CFU/cm? present/absent Pseudomonas
aeruginosa/Legionella
2
<5 CFU/cm pneumophila
10 CFU/m?3
III-
R
Trend analysis Custom T ) - - _ )
Fig 1. Routine algorithm for and using chain reaction (PCR) results in relation to environmental screening. CT, cycle threshold;
NaDCC, 1000 ppm chlorine.

Cloutman-Green E, Canales M, Pankhurst L, et al. Development and
implementation of a cleaning standard algorithm to monitor the

efficiency of terminal cleaning in removing adenovirus within a
pediatric hematopoietic stem cell transplantation unit. American journal

of infection control. 2015 Sep 1;43(9):997-9.
1




A One Size Fits All May Not Work
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Outpatient haematology/oncology unit
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N.J. Rowan et al Science of the Total Environment 878 (2023) 162976
Sterilization
High temperature:Steam

[40 min), dry heat [1 -6 hrs], L
Low temperature: VH202 (~ 35 min), 3
Ethylene oxide gas (15 h),
Chemical sterilants — 2% GTA (10

hrs , 209C - 259C),

High Level Disinfection[HLD]

[
Reduced concentrations and
exposure times [For example
Chemical disinfectants:
>2% GTA , 0.55% OPA,peracetic acid,

hydrogen peroxide; - [}
Heat pasteurization; Ao=600] ] -O r t e I g t

Low level Disinfection [LDL]
Liquid disinfectants with no

mycobacterial claim — chlorine- L
based products, 70%-90%
alcohol, phenolics, H202

Short treatments (21 min]. Heat

pasteurization [Ao=60]

Fig. 1. Pyramid of increasing microbial resistance to disinfectants and sterilants [Noting, this is a guide as the actual levels of resistance depend on the type of disinfection/
sterilization process].




(IT) Surface risk profile

Low-/moderate-/high-risk areas Visible contamination Clinically relevant pathogen|

Low-touch/high-touch surfaces / f \ Outbreak situations
i Terminal disinfection

Non-critical/critical surfaces

v v
‘ Targeted cleaning/disinfection Targeted disinfection

v
Routine cleaning/disinfection

| (I) Patient risk profile | | (IIT) Pathogen risk profile |

Figure 1. Comprehensive overview of the fundamental principles of a risk analysis.

Factors to
Consider
When
Designing
Your Cleaning
Approach

Journal of Hospital Infection
113 (2021) 104 to 114




Considerations for Surface
Decontamination

Know what organisms are your challenge, and which are your high-risk areas

Choose decontamination agents that address your risks, think not just agent but:
Application technique Frequency Multi-stage requirements

A 4

Know how your surfaces will respond to your cleaning agent

Be aware of texture, not just materials

Know it’s not just cleaners who clean, what do others clean with and how are they trained?




Exposure Controls




Infection, Disease & Health 28 (2023) 290297

Experimental (+ room)  Coetrol {-ve room) 0Odds Ratio
Study of Subgeoup Events Total __ Events Total Weight M-H, Random, 95% C|
111 MRSA
Ancerson 102 11005 725 9308 7.1% 301210, 4.69|
Fuang 57 1454 248 697 70% 139(1.04,1.86
Mitched 74 984 163 534 7.0% 200(218,3.06|
Suttotal (95% C1) 13343 07427 21.9% 2.50 (138, 4.54)
Total events 2% 1136
Heterogenedty: Tau®=0.26; Ch*= 31,61, df= 2 (% « 0,00001); 1= 94%
Testfor overall effact Z= 3.01 (P = 0.003)
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Total events 282 891
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Testfor overal effact 2= 124 P=0.22)
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Test for overal effect Z=1.08 (P = 0.28)
1.14 Klebsiella sp, or Escherichia coli
Aao k] 548 236 9723 69% 18811 39,274
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Total events 2 235

Heterogeneity: Not apphcable
Test for overal effect 2= 326 (P = 0.001)
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Figure 2 Forest plot for rsk of acquisition from prior room occupants by organism, Note: M—H, Mantele Haenszel; VRE,
vancomycin-resistant enterococci; MRSA, meticillin-resistant Staphylococcus aureus; Ajao et al."s study involved extended spec-
trum b-lactamase producing Klebsiella or Escherichia coli organisms. Acinetobacter: Acinetobacter baumannii; Pseudomonas:
Pseudomonas aeruginosa. It was not possible to separate Klebsiella spedies and Escherichia coli datain the Ajao et al. study. ESBL
includes the i Pseudt @eruginosa or Adi) ter i

Prior Room Occupation Data

Brett G. Mitchell, Julee McDonagh, Stephanie J. Dancer, Sindi Ford, Jenny Sim, Bismi Thottiyil Sultanmuhammed Abdul Khadar, Philip L. Russo, Jean-Yves Maillard, Helen Rawson, Katrina Browne,
Martin Kiernan, Risk of organism acquisition from prior room occupants: An updated systematic review, Infection, Disease & Health, Volume 28, Issue 4, 2023, 290-297
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Figure 2. Estimation of the counts of micro-organisms. Results were adjusted on bedside, bed occupancy, height level (for
surface analysis), Ward and location. Total Viable Count (TVC) estimations for the three cross-sectional surveys at the different
height levels including air sampling are presented at each location. The coloured scale showed the values of TVC.

doi: 10.1371/joumal.pone.0076249.g002

Placement
Matters

Gaudart J, Cloutman-Green E, Guillas S, D'Arcy N, Hartley
JC, Gant V, Klein N. Healthcare environments and spatial
variability of healthcare associated infection risk: cross-
sectional surveys. PLoS One. 2013 Sep 19;8(9):e76249
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Amplification Plot

Surface Loading
Impacts
Exposure and
Removal
Efficiency



Reservolr

Awareness




The Right Space to Control the Right Risk

Fit for purpose spaces




Engineering Controls




. Nothing

1 s Works in

Isolation
>




( Scenario 1: Fomite-to-hand-to-mouth contact, then ingestion. ]
C. diffcile transfer efficiency i
concentration mouth

Hand surface

i_':. 0 on surfaces TR transfer efficiency oa
'li‘-' bists ‘..;s Sow— - No. of hand-to- tj
— R} - (_Exposure time ] mouth contacts
- per hour
C. difficile C. difficile Contaminated
bioaerosols deposited unto hand
released after surfaces in from touching C difficile
toilet flushing. toilet environment. C. difficile ingested.
EE = contaminated ————
surfaces.
( Scenario 2: Inhalation of bioaerosols followed by ingestion. ]

C. difficile
concentration

Deposited fraction
in upper
respiratory by
airways

C. difficile
bioaerosols
released after

toilet flushing. )

Exposure
: time >

Suspended C. difficile
airborne v e ingested.
C. dificile C. difficile ) &

: bioaerosols.
bioaerosols.

Created in BioRender.com bio

Figure 1. Exposure scenarios for Clostridioides difficile transmission via toilet plume bioaerosols.

Design
Basics
Matter

E.N. Paddy et al. Journal of Hospital Infection 159 (2025)




Seeing is Believing




222 M.1. Garvey et al. / Journal of Hospital Infection 173 (2026) 220—224

Contamination
Events are
Often Invisible

Figure 1. Left: air sampler setup and use with the tap running. Right: examples of the tryptic soy agar plates and micro-c
obtained.




Room Type: Positive pressure ventilated lobby (PPVL)

Full protection if both doors are closed. The air is replaced at a faster rate of 10 air changes per. These rooms
are used for patients that are both infectious and also susceptible to infection. These rooms are also used for
high-risk infections such as measles and TB.

Corridor Lobby / anti- Cubicle Outside
chamber

LR = &

Design Interventions




En suite

. J
> Q Extract
D Negative —10 pa

- R Inlet
Patient room — L Positive +10 pa

Neutral pressure

A bed access only B

Ante-room
Corridor

l Air flow direction Doors; A-D
W

Figure 1. Layout and airflow direction of a positive-pressure ventilation lobby and neutral pressure isolation room.

Increasing
Complexity
ncreases
Monitoring
Requirements

T.T. Poovelikunnel et al. Journal of Hospital Infection 106
(2020) 53-56




Commissioning/validation

Audi Stages of

y— Engineering
Control

(Escalation) Monito ring

e Verification




Behavioural Controls




Cruz-Ldpez F, Martinez-Meléndez A, Garza-Gonzalez E. How Does Hospital Microbiota
Contribute to Healthcare-Associated Infections? Microorganisms. 2023 Jan 12;11(1):192

H.G. Healy et al. / Journal of Hospital Infection 162 (2025) 95—105 97
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Figure 1. Schematic of sink components and bacterial colonization pathways of drain covers from various sources. Blue labels indicate midity relative, and occupancy support persistence, diversity, and abundance of microorganisms on

sample types collected in this study. environmental surfaces.

Humans Influence their Surroundings




Health Environments Research and Design Journal (2025) V18(2) 174 - 192
Belief in Benefits Attitude
Belief in protocol benefits Toward infection
boosts intention to comply prevention protocols
Peer Influence Subjective
: ; l_nter!tlon . Infection prevention
Coworker actions influence Norms within the To follow infection prevention f— bekavior
protocol adherence healthcare environment protocols R
|
Capability & Access Perceived Behavioral e e
Availability and accessibility Control = W--eee---- es==""
to hygienic products and
supplies Infection Prevention Protooolsl

Figure |. Relational diagram of behavioral coding syntax and TPB semantics.

Behaviour Change is Complex




Importance of
Consideration
of Movement




When the Best Intensions Lead to Unexpected Results




Projected Cost of Modeled Interventions to Avert HO-CDI Cases’ N Ot Al | | nte rve r]t | ons
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Fig. 8 Evaluation of the modeled cost (cost-avoidance) associated
with interventions to mitigate HO-CDI




Exposure
Controls

Know Your
Toolkit
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http://www.girlymicrobiologist.com/

JOIN IFIC NOW'!

Joining IFIC means being part of a global network working
to advance infection prevention and control standards
across the world.
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