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Objectives

• Objective 1: Understand the role of sinks in the transmission of HCAI

• Objective 2: An introduction to Pseudomonas species and their virulence 

factors

• Objective 3: Investigate the impact that patients have on the bacteria found 

within hospital sinks

• Objective 4: Recognise the importance of an inter-disciplinary approach in 

infection prevention



An introduction to healthcare associated 
infections (HCAI)
• “Infections which have developed as a direct result of a healthcare 

intervention, such as a medical or surgical treatment, or from being in 

contact with a healthcare setting.”1

• Each day, approximately one in 31 patients and 1 in 43 nursing home 

residents contracts at least one infection in association with their healthcare 

(USA) 2

• Financial cost of $7.2-14.9 billion a year in USA 3 

References
1) https://www.england.nhs.uk/patient-safety/healthcare-associated-infections/
2) https://www.cdc.gov/healthcare-associated-infections/php/data/progress-report.html
3) Forrester et al. 2022. Cost of Health Care–Associated Infections in the United States. Journal of Patient Safety 18(2):p e477-e479.

https://www.england.nhs.uk/patient-safety/healthcare-associated-infections/
https://www.cdc.gov/healthcare-associated-infections/php/data/progress-report.html


An introduction to healthcare associated 
infections (HCAI)
• HCAI are often associated with invasive treatments and devices. Other 

patient factors can increase susceptibility to HCAI including immune status 

which may be affected by underlying conditions, medication, or age. 4

• Endogenous vs exogenous organisms.

• Hospital environment is a significant reservoir of HCAI causing organisms 

References
4) Monegro et al. Hospital-Acquired Infections. In: StatPearls [Internet]. StatPearls Publishing; 2023



The role of sinks in the transmission of HCAI

• Handwashing is a key intervention in the prevention of HCAI 5

• Sink location impacts both handwashing rates and level of microbial 

contamination 6

• Sinks are at the interface between plumbing and patients

• Hard to clean, allow formation of biofilm, running water allows dispersal

• Sinks have only recently been included in infection prevention strategy 7

References
5) Gupta et al. 2023. Hand-hygiene compliance: The importance of WHO's “moment 1” in prevention of healthcare-associated infections, Indian Journal of Medical Microbiology.
6) Cloutman-Green, et al. The important role of sink location in handwashing compliance and microbial sink contamination. American journal of infection control vol. 42,5 (2014): 554-5.
7) Walker et al. 2023. Aspects and problems associated with the water services to be considered in intensive care units. Journal of infection prevention vol. 24,2: 60-64

















Themes in sink caused HCAI
• Organisms

• Opportunistic premise plumbing pathogens (OPPPs) 8

• Human contaminants

• Patient factors

• Resolution

• Cleaning and disinfection

• Physical changes

• Education and behavior

References
8) Falkinham III. 2015. Common Features of Opportunistic Premise Plumbing Pathogens, International Journal of Environmental Research and Public Health 12, no. 5: 4533-4545.



Objective 1: Understand the role of sinks in the transmission of HCAI

 Hand hygiene essential HCAI preventative measure

 Sinks allow biofilms to form

 Running water able to disperse organisms

 Causative organisms can come from water and human activity

Objective summary



Who/what are Pseudomonas?

• Pseudomonads are a group of Gram-negative aerobic bacteria of which P. 

aeruginosa is the most clinically significant

• The genus Pseudomonas includes over 140 species 9 

• The Pseudomonas species most commonly associated with human infection 

are P. aeruginosa, P. putida, and P. stutzeri 10

References
9) Iglewski. 1996,  Pseudomonas. Medical Microbiology, edited by Samuel Baron, 4th ed., University of Texas Medical Branch.
10) Bush et al. 2018, Pseudomonas and Related Infections - Infectious Diseases, Merck Manuals Professional Edition. 



Pseudomonas aeruginosa
• P. aeruginosa is a leading cause of HCAI globally 11

• Able to cause a range of disease types including UTIs, wound infections, pneumonia, 
and blood stream infections.

• Can be extremely drug resistant

• ESKAPE pathogen and WHO High Priority Pathogen 12

• MDR P. aeruginosa caused an estimated 32,600 infections among hospitalized 
patients and 2,700 estimated deaths in the United States 13

• Strong biofilm producer – aids environmental survival

• One of most common causes of HCAI transmitted through hospital water 14

References
11) Elfadadny et al. 2024, Antimicrobial resistance of Pseudomonas aeruginosa: navigating clinical impacts, current resistance trends, and innovations in breaking therapies. Frontiers in microbiology vol. 15
12) https://www.who.int/news/item/17-05-2024-who-updates-list-of-drug-resistant-bacteria-most-threatening-to-human-health
13) https://www.cdc.gov/pseudomonas-aeruginosa/about/index.html
14) Volling et al. 2024, Epidemiology of healthcare-associated Pseudomonas aeruginosa in intensive care units: are sink drains to blame?. The Journal of hospital infection vol. 148: 77-86.

https://www.who.int/news/item/17-05-2024-who-updates-list-of-drug-resistant-bacteria-most-threatening-to-human-health
https://www.cdc.gov/pseudomonas-aeruginosa/about/index.html


Non-aeruginosa Pseudomonas

• Many strains able to cause human disease – often associated with 

healthcare settings 15, 16

• Infections caused by non-aeruginosa Pseudomonas increasing 17 

• Less is known about the antibiotic susceptibility and virulence of non-

aeruginosa Pseudomonas isolates than P. aeruginosa 

References
15) Aumeran et al. 2007, Pseudomonas aeruginosa and Pseudomonas putida outbreak associated with contaminated water outlets in an oncohaematology paediatric unit, Journal of Hospital Infection 65(1) 47-65
16) Toledo  et al. 2020, Pseudomonas monteilii nosocomial meningitis in a patient with an intraventricular catheter. Enfermedades infecciosas y microbiologia clinica (English ed.) vol. 40,2
17)  Chamon et al. 2020, KPC-2 producing Pseudomonas putida as an unexpected pathogen of catheter-associated bloodstream infection. Journal of Infection in Developing Countries 14(4):411-414.



Virulence Traits of Pseudomonas Species

• Virulence factors - the components that allow an organism to infect and 

persist within a host as well as often being responsible for symptoms 18

• Toxins

• Secretion systems

• Motility and adhesion determinants

• Biofilm production

• P. aeruginosa known to produce a huge range of virulence factors

References
18) Liao et al. 2022.  Virulence Factors of Pseudomonas Aeruginosa and Antivirulence Strategies to Combat Its Drug Resistance. Front Cell Infect Microbiology. 6;12:926758.



Virulence Traits of Pseudomonas Species

• Toxins

• Pigment

• Enzymes

• Biofilms

• Motility determinants 

References
19) Jurado-Martín et al. 2021. Pseudomonas aeruginosa: An Audacious Pathogen with an Adaptable Arsenal of Virulence Factors. Int J Mol Sci. 18;22(6):3128
20) Veetilvalappil et al. 2022. Pathogenic Arsenal of Pseudomonas Aeruginosa: An Update on Virulence Factors. Future Microbiology, 17(6), 465–481.



Objective summary
Objective 2: An introduction to Pseudomonas species and their virulence factors

 Pseudomonas species are common in the built environment

 P. aeruginosa is a leading cause of HCAI 

Able to survive in the environment

Resist antimicrobials

Produce a range of virulence factors

 Much less is known about non-aeruginosa Pseudomonas species but several have 

also been implicated in HCAI



Movement of microorganisms between 
patients and environment

• Prior room occupation 21

• Movement of organisms between 

humans and environment

• Important IPC implications

References
21) Mitchell et al. 2023. Risk of organism acquisition from prior room occupants: An updated systematic review, Infection, Disease & Health, 28(4) 290-297.
22) Cruz-López et al. 2023. How Does Hospital Microbiota Contribute to Healthcare-Associated Infections?” Microorganisms vol. 11(1) 192. 

22



Impact of patients and care on sink microbes

Aim: To determine the effect patients have on the sink microbiome, and to 

characterise the sink Pseudomonas population in terms of drug resistance and 

presence of virulence factors.

Sample collection Identification Antimicrobial 
Susceptibility

Virulence factor 
production

References
23) Rickard et al. 2024. A microbiological survey approach to understanding the virulence factors of Pseudomonas species in healthcare sinks, Journal of Hospital Infection, 151 84-91,



Impact of patients and care on sink microbes

• 106 isolates recovered and 

identified

• Changes after wards open to 

patients

• Differences between wards 
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Impact of patients and care on sink microbes

25% produced 
pigment

58% were 
haemolytic

88% swam83% twitched

33% produced 
alkaline proteases

71% produced 
biofilm

8% produced gelatinase



Objective summary

Objective 3: Investigate the impact that patients have on the bacteria found 

within hospital sinks

 Our results suggest that patients deposit organisms into the environment 

and that these can persist within sinks

 Ward occupation and patient demographics influenced bacteria within 

hospital sinks 



The importance of an interdisciplinary 
approach in infection prevention and control
• Understanding how people use sinks

• Not all patient populations are at equal risk from sink organisms 



The importance of an interdisciplinary 
approach in infection prevention and control
• Preventing and controlling outbreaks from sinks

• Microbial surveillance

• Disinfection

• Physical changes

• Sink placement and numbers

• Use and maintenance 

• Education and intervention



Objective summary

Objective 4: Recognise the importance of an inter-disciplinary approach in 

infection prevention

 Dedicated IPC team with clinical microbiology expertise hugely beneficial

 Multiple approaches needed to control risk from sink bacteria
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2025 Teleclass Educa.on Topics  
(most of them at least) 

 
January 
23  ...  Make It Ma+er: How Stories Can Change Behaviour 
 With Chris<ne Hennebury, Canada 
30  ...  Tales of the Toilet 
 With Prof. Charles Gerba, US 
 

February 
6  ...    Policy and Prac<ce for Environmentally Sustainable Products in Healthcare: Joining the Dots 
 With Prof. Mahmood Bhu+a, UK 
13  ...  Food Safety of Fresh Produce: An Old Food Safety Problem Nut With New Solu<ons  
 With Prof. Keith Warriner, Canada 
20  ...  To aeruginosa or Not to aeruginosa: How Significant are Pseudomonads in Waterborne Healthcare Infec<ons 
 With Prof. Helen Rickard and Prof. Elaine Cloutman-Green, UK 
26  ...  WHO Teleclass  ...  The Global Situa<on of Infec<on Preven<on and Control and the Case for Ac<on and  
           Investment in Improving It 

With Prof. Benede+a Allegranzi, Switzerland, and Dr. Michele Cecchini, France 
 
March 
4  ...    Preven<ng MRSA Bacteraemia: An Achievable Outcome Even in High Endemic Hospitals 
 With Prof. Michael Borg, Malta 
13  ...  The Next Pandemic - Are We Prepared? 
 With Prof. Michael Klompas, US 
20  ...  Frugal Innova<on for Low-Resource Se]ngs 
 With Prof. Davide Piaggio, UK 
 

April  
3  ...    Assessment of Mould Remedia<on in a Healthcare Se]ng Following Extensive Flooding 
 With Manjula Meda, UK 
10  ...  Use of Ar<ficial Intelligence for Healthcare-Associated Infec<on Surveillance 
 With Prof. Ruth Carrico, US 
22  ...  Cost Analysis of a Hand Hygiene Improvement Strategy in Long-Term Care Facili<es 
 With Dr. Anja Haenen, Netherlands 
24  ...  What’s Lurking in Your Sinks? Past Problems, Present Challenges, and Future Technologies 
 With Dr. Mark Garvey, UK 
30  ...  The Impact of Sink Removal and Other Water-Free Interven<ons in Intensive Care Units on Water-Borne  
            Healthcare-Associated Infec<ons 
 With Jia Ming Low, Singapore 
 

May 
5  ...    Special Lecture for World Hand Hygiene Day 
 With Prof. Didier Pi+et (and friends), Switzerland 
15  ...  Non-Ven<lator Hospital Acquired Pneumonia 
 With Prof. Michael Klompas, US 
22  ...  COVID-19 Preparedness – What Went Wrong? What Are the Next Steps? The Point of View of a Biomedical  
            Engineer 
 With Prof. Davide Piaggio, UK 
 

 
June 
18  ...  Oral Care Prac<ces and Healthcare-Acquired Pneumonia 
 With Prof. Bre+ Mitchell, Australia 

Afro-European 
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