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Environment of Care: Air, Water
Learning Objectives

 Identify the infection risks associated with construction and 
renovation

 Explain what infection prevention measures should be 
implemented to prevent patient exposure to fungal pathogens 

 Discuss the HVAC system and how to control airborne 
contaminants

 Review the healthcare outbreaks associated with water 
reservoirs and discuss control strategies
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AIRBORNE FUNGAL OUTBREAKS

Requirements
 Susceptible host
 Reservoir 
 Source
 Infecting dose inhaled (most dependent on 

concentration of fungi in the air)



MOST COMMON PATHOGENS ASSOCIATED WITH 
CONSTRUCTION OR RENOVATION OUTBREAKS

 Aspergillus spp. (by far most important)
 Zygomycetes
 Other fungi
 Miscellaneous





Review of Fungal Outbreaks
Kanamori, Rutala, Sickbert-Bennett, Weber.  CID. 2015;61:433



Review of Fungal Outbreaks
Kanamori, Rutala, Sickbert-Bennett, Weber.  CID. 2015;61:433



Review of Fungal Outbreaks
Kanamori, Rutala, Sickbert-Bennett, Weber.  CID. 2015;61:433



NOSOCOMIAL ASPERGILLOSIS IN 
OUTBREAK SETTINIGS

Vonberg, Gastmeier. JHI 2006. 63:245

 53 studies with 458 patients
 356 patients (78%) were lower respiratory tract
 Aspergillus fumigatus (154) and A. flavus (101)
 Underlying disease-hemotologic malignancies 299 (65%)
 Overall fatality rate in these 299 patients (57.6%)
 Construction or demolition probable/possible source-49%; 

virtually all outbreaks attributable to airborne source, usually 
construction

 Patients at risk should not be exposed to Aspergillus



Medically-Important Mycotic Agents
Aspergillus fumigatus





8 cases of invasive fungal sinusitis (6 A. flavus, 1 A. fumigatus, 1 Rhizopus) 
and 5 deaths; release of fungal spores from soil reservoirs during 

construction; cultures of air and dust during the construction period grew 
Aspergillus . Lueg et al.1996





Aspergillus
 Aspergillus spores are ubiquitous (soil, fruits, vegetables, dust, 

decaying organic matter) in the environment
 Conidia may travel long distances as airborne particles and are 

inhaled by humans (several hundred spores each day)
 In most healthy persons, spores are removed  by innate defense 

mechanisms (macrophages)
 Severely immunocompromised (IC) hosts (hematologic, solid organ 

transplant) a serious complication
 Air is normally the route of fungal spore transmission



AIRBORNE FUNGAL OUTBREAKS

Portal of Entry Number of Outbreaks 
Respiratory tract                   27 
Skin                     7 
Operative site                     3 
Peritoneal dialysis catheter                     1 
Mixed                     1 
Not stated                     2 
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AIRBORNE FUNGAL OUTBREAKS
 Activities shown to increase the amount of airborne fungal 

spores dramatically (and in consequence increases the risk of 
Aspergillus infection in susceptible patients)
 Internal/External renovation/construction/excavation-

construction is a never-ending phenomenon
 Ceiling access
 Contaminated or defective air supply

 Minimal airborne concentration of Aspergillus necessary to 
cause infection in IC patients remains unknown
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CONSTRUCTION OR RENOVATION1

 When planning construction, demolition, and renovation activities 
in and around the facility, assess whether patients at high-risk for 
aspergillosis are likely to be exposed to high ambient-air spore 
counts of Aspergillus spp., and if so develop a plan to prevent 
such exposure (lA)

 During construction, demolition, or renovation activities construct 
impermeable barriers between patient-care and construction 
areas to prevent dust from entering the patient-care areas (lB)

 Direct pedestrian traffic that come from construction areas away 
from patient-care areas to limit the opening and closing of doors 
or other barriers that might cause dust dispersion (lB)

 Infection prevention staff must participate at all levels of a 
construction project 

1Guideline for environmental infection control in health-care facilities, 2003
Tablan OC, et al.  Guidelines for preventing health-care-associated pneumonia, 2003



CONSTRUCTION OR RENOVATION1

 Establish a multidisciplinary team that includes infection-control 
staff to coordinate demolition, construction and renovation (lB, lC)

 Educate construction and healthcare staff in immunocompromised 
patient-care areas regarding airborne infection risks associated with 
construction and preventive measures (lB)

 Incorporate mandatory adherence agreements for infection control 
into construction contracts (lC)

 Establish and maintain surveillance for airborne environmental 
disease (e.g., aspergillosis) as appropriate during construction (lB)

1Guideline for environmental infection control in health-care facilities, 2003



CONSTRUCTION OR RENOVATION1

 Implement infection-control measures during construction, 
renovation, maintenance, demolition, and repair (lB, lC)
 Before the project gets underway, perform an ICRA to define 

the scope of the project and need for barrier measures (lB, lC)
 Determine if immunocompromised patients may be at risk for 

exposure and develop a contingency plan to prevent exposures
 Implement infection-control measures for external demolition 

and construction (lB)
Determine if facility can operate on recirculated air; if feasible, 

seal off adjacent air intakes
 If not feasible, check and replace low-efficiency filters as needed
Seal windows and reduce outside air intrusion

1Guideline for environmental infection control in health-care facilities, 2003



CONSTRUCTION OR RENOVATION1

 Implement infection-control measures during construction, renovation, 
maintenance, demolition, and repair (lB, lC)
 Implement infection-control measure for internal construction (lB, IC)

Construct barriers to prevent dust from entering patient-care areas
Block and seal off return air vents (if needed)
Implement dust control measures; divert pedestrian traffic
Relocate patients adjacent to work zone (depending on their immune 

status)

1 CDC Guideline for environmental infection control in health-care facilities, 2003



CONSTRUCTION OR RENOVATION1

 Implement infection-control measures during construction, 
renovation, maintenance, demolition, and repair (lB, lC)
 Perform engineering and work-site related infection control 

measures as needed for internal construction and renovations
Ensure proper operation of the air-handling system
Create and maintain negative pressure in work zones
Monitor negative air flow inside of rigid barriers
Monitor barriers; repair gaps and breaks in barriers
Direct pedestrian traffic away from work zones
Provide designated travel routes for construction crew
Clean work zones daily
Clean and replace air filters

1Guideline for environmental infection control in health-care facilities, 2003





CONSTRUCTION OR RENOVATION1

 No recommendation is offered on routine microbiologic air 
sampling, before, during, or after construction (unresolved)

 If a case of healthcare-acquired aspergillus airborne fungal 
infection occurs during construction, implement appropriate 
measures (lB)

 If there is epidemiologic evidence of ongoing transmission of 
fungal disease, conduct an environmental assessment to 
determine and eliminate the source (lB)

 If air-supply systems to high-risk areas are not optimal use 
portable, industrial-grade HEPA filters on temporary basis (ll)



INFECTION CONTROL RISK ASSESSMENT (ICRA)

 ICRA is an multidisciplinary, organizational, documented process 
that after considering the facility’s patient population and type of 
construction project (non-invasive to major demolition):
 Focuses on reduction of risk from infection
 Acts through phases of facility planning, design, construction, renovation, 

facility maintenance and
 Coordinates and weights knowledge about infection, infectious agents, 

type of construction project and care environment permitting the 
organization to anticipate potential impact



STEP 1:
IDENTIFY TYPE OF CONSTRUCTION PROJECT

http://www.premierinc.com/quality-safety/tools-services/safety/topics/construction/downloads/ICRA-
MatrixColorRevised-091109.pdf

http://www.premierinc.com/quality-safety/tools-services/safety/topics/construction/downloads/ICRA-


STEP 1:
IDENTIFY TYPE OF CONSTRUCTION PROJECT



STEP 2:
IDENTIFY PATIENT RISK



STEP 3:
MATCH RISK GROUP WITH CONSTRUCTION TYPE



INFECTION CONTROL BY CLASS
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PREVENTION

 Procedures during construction and renovations
 Seal hospital construction areas behind impervious barriers
 Clean construction area daily (i.e., remove dust)
 Assure that ventilation system does not transport dust from 

inside construction area to other locations
 Move immunocompromised patients from adjacent areas
 Thoroughly clean construction area prior to patient use
 Conduct surveillance for airborne fungal infections
 Avoid transporting construction material through patient areas



SUMMARY

 Outbreaks of  aspergillosis and other fungi continue to occur 
in US healthcare facilities

 Highly immunocompromised patients are at highest risk
 Most outbreaks are related to construction and renovation
 Appropriate implementation of CDC/HICPAC guidelines can 

prevent healthcare-associated infection
 Use of ICRA is a logical method to plan for construction and 

renovation projects



SUMMARY

 Airborne fungal infections cause significant morbidity 
and mortality for immunocompromised patients

 Despite understanding of the usual sources and 
reservoirs of these pathogens outbreaks continue to 
occur

Well-designed and maintained ventilation systems 
and use of proper infection control techniques during 
construction will prevent most fungal outbreaks



SUMMARY

 Surveillance is key to early detection of outbreaks
 Maintain a high index of suspicion for healthcare-associated 

pulmonary aspergillosis in severely immunocompromised 
patients (ANC <500/mm3 for 2 weeks or <100/mm3 for 1 
week)(lA)

 In the event of an outbreak careful evaluation of cases and 
an environmental evaluation will usually uncover a 
correctable cause

 New tools of molecular epidemiology may prove useful to 
link specific reservoirs with outbreaks
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Environmental Infection Control for 
Special Health Care Settings



SPECIAL HEALTHCARE SETTINGS
(Airborne Infection Isolation-AII, CDC Guideline 2003)

 Planning new or renovating AII units 
 Directed airflow: exhaust air to the outside, away from air-

intake and populated areas (IC)
 Well-sealed room (IB)
 Room-air pressure:  Maintain continuous negative room with 

respect to corridor; monitor air pressure periodically (IB).; 
install self-closing doors (IC)

 Room-air changes:  Maintain at >12 per hour (IB)





Environmental Infection Control for 
Special Health Care Settings



SPECIAL HEALTHCARE SETTINGS
High Risk Patients (PE, Solid Organ Transplants, Neutropenic)

 Planning new units for high-risk patients 
 Air-filtration:  Install HEPA filters (99.97% efficient in filtering 

0.3µ-sized particles) either centrally or point of use (IB)
 Directed airflow: Place air-intake and exhaust ports so that 

room air flows across patient’s bed and exits on opposite side 
of the room (IC)

 Well-sealed room (IB)
 Room-air pressure:  Maintain room at positive pressure with 

respect to corridor (IB)
 Room-air changes:  Maintain at >12 per hour (IC)



SPECIAL HEALTHCARE SETTINGS
(Operating Rooms)

 Infection control measures for operating rooms
 Room-air pressure: Maintain positive-pressure ventilation 

with respect to corridors and adjacent areas (IC)
 Room-air changes:  Maintain at >15 per hour (IC) with at 

least  3 ACH of fresh air (20 AC/hr per FGI)
 Directed Airflow: Introduce air at the ceiling and exhaust air 

near the floor (IC)
 Doors: Keep room doors closed except for essential 

personnel, patients, equipment; limit entry to essential 
personnel (IB)





AIR-HANDLING SYSTEMS IN HCF

 Ensure HVAC filters are properly installed and 
maintained (IB)

 Monitor areas with special ventilation (AII, PE) for 
ACH and pressure differentials (IB)

 Inspect filters periodically (IC)
 Ensure intakes (>6 ft above ground) and exhaust 

outlets (>25 ft from intake) are located properly 
(IC)



AIR-HANDLING SYSTEMS IN HCF

 Do not use through-the-wall ventilation units (air 
induction ventilation) for PE (IC)

 Seal windows with centralized HVAC, especially  
PE areas (IB, IC)

 Do not shut down HVAC for other than required 
maintenance, filter changes, and construction (IB, 
IC); coordinate to allow relocation of IC (IC)

 Keep emergency doors and exits in PE 
(protective environments) closed (II)



Windows Closed



Heating, Ventilation and Air Conditioning
Filter Bank of MERV 8
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Water As A Source of Nosocomial Outbreaks

CDC

CDC

http://en.wikipedia.org/wiki/File:Hemodialysismachine.jpg
http://en.wikipedia.org/wiki/File:Hemodialysismachine.jpg


WATER RESERVOIRS

 Potable water
 Sinks
 Faucet aerators
 Showers
 Tub immersion
 Toilets
 Decorative fountains

 Dialysis water
 Ice and ice machines
 Water baths
 Flowers
 Eye wash stations
 Water walls



Healthcare Outbreaks Associated with Water Reservoir
Kanamori, Weber, Rutala. Clin Infect Dis 2016;62:1423



CLASSIFICATION OF HEALTHCARE-ASSOCIATED 
INFECTIONS LINKED TO WATER

 Key pathogens
 Bacteria:  Legionella spp., non-tuberculous mycobacteria (NTM), Pseudomonas 

spp. (especially, P. aeruginosa), S. maltophilia, Burkholderia cepacia, Ralstonia 
pickettii, Serratia marcescens, Acinetobacter spp., Enterobacter spp.

 Other:  Fungi (Aspergillus, Fusarium, Rhizomucor), norovirus, Cryptosporidium
 Key water sources

 Potable water (contamination may occur anywhere along the distribution track): 
Sinks, showers, faucets, tubs, ice, eyewash stations, flower vases

 Other:  Fish tanks, water walls, dialysis water, internal fluid channels of medical 
equipment

 Transmission mechanisms
 Inhalation of aerosols, direct or indirect contact with contamination source, 

ingestion, aspiration of contaminated water

Kanamori H, Weber DJ, Rutala WA.  Clin Infect Dis 2016;62:1423-35
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Water Wall Fountains



Water Walls Linked to Legionnaires’ 

 Palmore et al. ICHE 2009;30:764
 2 immunocompromised patients exposed to decorative fountain in 

radiation oncology; isolates from patients and fountain identical; 
disinfection with ozone, filter and weekly cleaning

 Houpt et al. ICHE 2012;33:185
 Lab-confirmed Legionnaires disease was dx in 8 patients; 6 had 

exposure to decorative fountain (near main entrance to hospital); 
high counts of Legionella pneumophila 1 despite disinfection and 
maintenance



Water Walls and Decorative 
Water Fountains

Present unacceptable risk in hospitals serving 
immunocompromised patients (even with 

standard maintenance and sanitizing methods).



WORLDWIDE OUTBREAK OF
M. chimaera DUE TO CONTAMINATED HCUs

 Since 2003, >200 cases of M. chimaera prosthetic 
valve endocarditis and disseminated disease 
reported

 Outbreak linked to intrinsically contaminated heater-
cooler unit (HCU) – Stockert 3T HCU (Sorin)

 Internal water channels/tanks  intrinsically 
contaminated; transmission from device to patients 
via aerosols

 Error = Failure to use disposable channels/tanks 
and/or inability to disinfect/sterilize internal water 
tanks

 Problem = Presence of biofilm
 Risk = 0.4-16 per 10,000 Pt-years

Sommerstein R, et al.  ICHE 2017;38:103;
Schreiber PW, Sax H.  Curr Opin ID 2017;30:388 



LEGIONELLA INCIDENCE OVER TIME, US, CDC

Potential reasons (per CDC) for 4.5-
fold increase in Legionnaires’ disease 
since 2000
 Artifact (increased awareness 

and testing)
 Increased susceptibility of 

population
 Increased Legionella in 

environment
 Combination of factors

400 cases of legionellosis in 
Australia each yearhttps://www.cdc.gov/legionella/surv-

reporting.html



LEGIONELLA:  EPIDEMIOLOGY

 10,000 - 40,000 cases/yr (1-5% of adult pneumonia)
 Reservoir: Ubiquitous in aquatic environments
 Associated with devices that produce potable or non-

potable water aerosols (e.g., cooling towers, evaporative 
condensers, showers, faucets, decorative water 
fountains, whirlpool baths, ice machines, medication 
nebulizers, nasogastric feedings diluted in tap water)

 Transmission: Inhalation of aerosols (no person-to-
person transmission)



CONTROLLING WATERBORNE MICROORGANISMS

 Water Systems in HCF
 Hot water temp at the outlet at the highest temp allowable, 

preferable >124oF (IC)
When state regulations do not allow hot water temp

>120oF, chlorinate the water or periodically increase 
>150oF (II)

Water disruptions: post signs and do not drink tap water 
(IB, IC)



LEGIONELLA: CONTROL MEASURES

 Establish surveillance system to detect Legionnaires 
disease (IB); provide clinicians with lab tests (e.g., urine 
antigen, DFA, culture)

 No recommendation on culturing water in HCF that do 
not have patients at high-risk for Legionella
(transplant)(unresolved issue)

 One laboratory-confirmed case of Legionella, or two 
cases suspected in 6 mo in facility that does not treat IC 
patients, conduct epidemiological investigation (IB). 



LEGIONELLA: CONTROL MEASURES
 One case in IC patient, conduct a combined epidemiological 

and environmental investigation (IB)
 If evidence of HA transmission, conduct environmental 

investigation to determine source: collect water samples from 
potential source of aerosolized water and subtype isolates of 
Legionella from patients and environment (IB)

 If source identified, institute water system decontamination 
(IB) and assess the efficacy of implementing control 
measures (IB)

 Culturing for Legionella in water from transplant units can be 
performed as part of comprehensive strategy (II)



LEGIONELLA: CONTROL MEASURES

 If Legionella spp are detected in water of a 
transplant unit, do the following:
 Decontaminate  the water supply (IB)
 Restrict immunocompromised patients from showers 

(IB)
 Use non-contaminated water for sponge baths (IB)
 Provide sterile water for drinking, tooth brushing (IB)
 Do not use water from faucets in patient rooms (IB)
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