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LEARNING OBJECTIVES: 
 1. Describe the role of the healthcare environment in 

its contribution to acquisition and transfer of 
microorganisms.  

 2. Discuss the role the environment has related to the 
risk of infection and illness in both patient and 
healthcare worker populations. 

 3. Summarize recently published scientific evidence 
related to transmission of microbes from 
environmental surfaces including textiles. 

 4. Explore laundering practices and procedures of 
healthcare textiles and uniforms. 

 5. Discuss new technologies and programs that can 
address reducing risk associated with contaminated 
environmental surfaces. 

 
ABBREVIATIONS: ACHA – American College of 
Healthcare Architects, AHE - Association for the 
Healthcare Environment, CRE - carbapenem-resistant 
Enterobacteriaceae, CDC – Centers for Disease Control 
and Prevention, CDI – Clostridium difficile Infection, 
CFU – Colony Forming Units, EVS – Environmental 
Services , FDA - Food and Drug Administration, HCW 
– Healthcare Worker, HICPAC – Healthcare Infection 
Control Practices Advisory Committee, MDRO – 
Multiple Drug Resistant Organisms, MRSA – 
Methicillin Resistant Staphylococcus aureus, OR – 
Operating Room, OSHA - Occupational Safety and 
Health Administration, PPE – Personal Protective 
Equipment, VRE - Vancomycin-resistant Enterococci 
 
INDEX TERMS: Antibiotic resistance, C. difficile, 
CDI, Healthcare-associated Infections (HAI), 
Healthcare worker safety, Multiple drug resistant 
organisms, MDROs, MRSA, Occupationally Acquired 
Infections (OAIs), Patient safety, Personal Protective 
Equipment (PPE), Engineering Controls 
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INTRODUCTION  
The role of the healthcare environment and its 
contribution to acquisition and transfer of 
microorganisms that cause infection and illness in both 
patients and healthcare workers is not by any means 
straightforward. Considerations include potential 
contamination of hard surfaces like desks, sinks, beds, 
light switches, carts, walls, and floors, as well as porous 
surfaces like wheelchairs, bedding, linen, curtains, and 
upholstery. Historically the focus on managing the role 
of environmental variables was considered less critical 
because we knew less about the impact those surfaces 
had in infection prevention. 
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Several factors are now monitored within healthcare 
settings that are considered environmental controls. 
One of the primary areas includes environmental 
surfaces. These have been categorized by the Spaulding 
Classification as “noncritical items” or those that do not 
come into contact with a patient’s vascular system or 
body cavities, but rather simply by a brief or 
momentary touch from a patient or healthcare worker.1  
 
Critical or semi-critical items, in contrast to 
environmental or touch surfaces, are medical devices 
that are either implanted into a patient like joints, stints 
or other devices used during medical or surgical 
procedures like scalpels, endoscopes or probes that are 
in contact with a patient for minutes, hours, weeks, or 
years. These items pose a higher risk than noncritical 
items because they come into direct contact with a 
patient’s blood or body fluids. This year, the U.S. 
witnessed how improper cleaning and disinfection or 
sterilization or medical devices like endoscopes can 
result in serious patient illness and infection, even 
death. U.S. health officials issued a safety warning 
describing specialty endoscopes that were linked to the 
transmission of a drug-resistant superbug known as 
carbapenem-resistant Enterobacteriaceae (CRE) because 
they were improperly processed between patients. This 
resulted in stricter safety parameters established by the 
U.S. Food and Drug Administration.2 
 
Due to the focus on these traditionally high risk items, 
noncritical items were often not considered as a 
paramount focus for cleaning and disinfection, other 
than for creating a general sense of cleanliness or 
sanitization. A long held perception was that if a 
healthcare facility (or environmental surface) smelled 
like bleach, then it must be clean. Now, the perception 
of cleanliness goes far beyond the residual scent of 
bleach. Clean does not always mean microbially clean or 
sterile.3,4 
 
The environmental surfaces in healthcare are complex. 
As more focus is placed on the overall experience a 
patient and his or her family, friends, and caregivers 
have during the continuum of care, the greater the 
concern becomes on the transformation of healthcare 
facilities into warm, inviting, and calming 
environments.5,6 This complexity means that there has 
been a progression over time from hard non-porous 
surfaces that are easy to clean and disinfect like 

linoleum, stainless steel, tile, and stone to porous 
surfaces like carpets, textiles, and elaborate finishes. 
These porous surfaces are more difficult to clean, 
sanitize or disinfect because they provide crevices and 
nooks and crannies where microorganisms can live and 
propagate.  
 
This complexity also means a growing and changing 
role for the teams that are responsible for protecting 
patients, providers, and visitors from contamination of 
surfaces – the environmental services (EVS) 
professionals. EVS professionals are a vital part of the 
healthcare team. Their work impacts many components 
of the daily operations of a facility including infection 
prevention and improved outcomes. Due to the fact 
that healthcare facilities are now recognizing the 
important role these functions play in the overall safety 
of the healthcare system, increased (and overdue) 
attention is being focused here and organizations like 
the Association for the Healthcare Environment (AHE) 
have competency-based models in place so that EVS can 
continue to be an essential aspect of the facility’s 
operations.3,4 
 
Surface Contamination 
Microbes thrive on porous surfaces.7-9 Their vitality is 
due in part to their ability to live in and on high levels 
of bioburden or microbial load if there is a splash or 
splatter of blood or body fluid.1 Outbreaks have been 
identified from porous surfaces like textiles in a variety 
of patient and worker populations in healthcare facilities 
around the world.10-12 
 
As mentioned earlier, this becomes especially 
problematic when we consider that porous surfaces also 
include privacy curtains, linen, bedding, uniforms, and 
lab coats. Contaminated soft surfaces make an 
important contribution to the epidemic and endemic 
transmission of Clostridium difficile, Vancomycin-
resistant Enterococci (VRE), MRSA, Acineotbacter 
baumannii, Pseudomonas aeruginosa, and norovirus.7,8,13-

19 These surfaces are often difficult to clean and nearly 
impossible to disinfect. 
 
Ohl et al reported that 92% of hospital privacy curtains 
are rapidly contaminated within a week with potentially 
pathogenic bacteria, such as MRSA and VRE.20 
Microorganisms shed by patients can contaminate 
hospital surfaces at concentrations sufficient for 
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transmission.19 These pathogens survive and persist for 
extended periods despite attempts to disinfect or 
remove them, and can be transferred to healthcare 
workers’ (HCWs’) hands. In his paper, Otter states that 
the fact that contaminated surfaces contribute, 
“negligibly to nosocomial transmission is no longer 
valid given the new line of scientific evidence.”19 
 
Uniform Policies and Laundry Practices 
Healthcare uniforms are a potential vehicle for 
transmission of microbes that cause infection and 
illness. Unfortunately, the U.S. lags behind many other 
countries, especially those in Europe, related to uniform 
policies and the acceptability of wear outside of the 
healthcare facility. In European countries, scrubs and 
lab coats are not permitted to be worn outside of the 
healthcare facility.21 This policy is in place to prevent 
transmission of healthcare-associated pathogens into the 
community. Due to the fact that HCWs often travel to 
and from facilities by way of public transportation, it 
can create a broader spectrum of exposure to possible 
environmental contaminants.19,22 
 
For some reason, the U.S. does not adhere to that logic. 
As such, in contrast to Europe, in the U.S., only scrub 
suits worn in the operating room (OR) by surgical staff 
and isolation gowns worn as personal protective 
equipment (PPE) are laundered by the healthcare 
facility. This strategy improves infection prevention and 
control and decreases the likelihood of organism 
transmission outside of healthcare facilities.  
 
Healthcare facilities have the ability to follow the 
Centers for Disease Control and Prevention (CDC) 
recommendations for laundry and they are required to 
follow standards established by the Occupational Safety 
and Health Administration (OSHA) to protect workers 
from occupational exposure to soiled linen. CDC 
guidance for laundry includes the parameters that can 
be reached by industrial machines including the use of 
water temperatures of at least 160°F (70°C).23 CDC 
recommends the use of 50-150 ppm of chlorine bleach 
to remove significant quantities of microorganisms from 
grossly contaminated linen. This is often not followed 
for uniforms being laundered at home because many 
scrub manufacturers actually discourage the use of 
bleach for fear of compromising the life of the dye or 
color. Most scrub suits, lab coats, and scrub jackets 
washed at home do not reach temperatures beyond 

110°F (45°C) due to child scalding laws. High dryer 
temperatures as well as the physical agitation in both the 
wash and dry cycles may reduce pathogens to a low 
enough threshold to reduce infectivity, however this 
becomes problematic as many choose to either hand 
wash or hang dry items for various reasons.  
 
Laundering contaminated uniforms at home may be 
problematic. In October 2009, there were three cases of 
Gordonia bronchialis sternal infections where a nurse 
anesthetist was identified as the source of the 
outbreak.24 Four separate strains of G. bronchialis were 
isolated from her scrubs, axilla, hands, and purse. The 
strains were also identified in her home washing 
machine. 
 
Nurses’ uniforms laundered at home can result in the 
potential for transmission of microbes. In fact, several 
studies identify that those uniforms are contaminated 
with pathogenic bacteria including MRSA at the 
beginning of the work shift.9,25,26 In a study measuring 
nurses’ uniform contamination, it showed an increase in 
contamination from 39% at the beginning of the work 
shift to 54% by the end of the day. Another analysis 
documented that 100% of nurses’ gowns were 
contaminated within the first day of use, and 33% of 
those were contaminated with S. aureus. Pockets and 
cuffs may be the areas of highest microbial 
contamination.27 

 
Burden et al found that uniforms that were almost 
sterile prior to donning accumulated nearly 50% of 
their eight-hour measured colony forming units (CFU) 
after only three hours of wear.26 Those researchers also 
found no significant difference in CFU cultured from 
previously-worn white coats versus newly laundered 
uniforms, sleeve cuffs of either type of garment, or the 
pockets of white coats versus uniforms. Results of the 
cultures showed 16% from the white coats and 20% 
from the short-sleeved uniforms were positive for 
MRSA. Burden concluded that reducing bacterial 
contamination of HCWs’ clothing would require 
changing work clothes every few hours.  
 
Focused Solutions 
Due to the potential of contaminated textiles to provide 
a vector for transmission of organisms that cause 
infection or illness in patients or healthcare workers, 
more focus needs to be placed on the changing role of 
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the healthcare environment. This is true in hospitals, as 
well as ambulatory care, office-based clinics, surgical 
centers, rehabilitation facilities, long term care, dialysis 
centers, and even home care. This must include focus 
not just on high-touch, non-porous surfaces, but also 
on porous textured or textile surfaces. 
 
The removal of bioburden or soil through the process of 
cleaning is critical for effective sanitization or 
disinfection. This means that careful attention is needed 
for cleaning or bioburden reduction - to significantly 
reduce blood and body fluid contamination – and 
sanitization or disinfection – to significantly reduce 
microorganisms and their ability to be infectious.1,23 We 
now know that the sense of a “clean” scent or smell 
historically used in healthcare settings is not good 
enough today, as it does not mean that the surface or 
garment is “microbially clean.”3,4  
 
In addition to facility-based focus on environmental 
cleaning and disinfection, laundering practices, and 
uniform/apparel policies, there are advances in 
technologies and engineering controls used in 
healthcare surfaces that can reduce bioburden and 
therefore reduce the likelihood of viable 
microorganisms. These advances include engineering 
the surfaces to create active barriers that are fluid 
repellent or resistant, as well as antimicrobial. When 
exploring these options, facilities must be sure to weigh 
the cost – benefit, as well as the scientific evidence for 
the effectiveness of the technology in a clinical setting. 
 
Over time, we are getting smarter about the role of the 
environment in infection prevention. What we know 
now can prepare us for building smarter and better 
healthcare environments that do not pose an undue risk 
to the patients and providers that come into contact 
with them. Relying on the expertise of the 
environmental services professionals allows us to work 
together to provide safer, quality care. 
 
Recommendations 
§ Consider the role that non-critical devices 

(environmental surface) play related to the 
transmission of microorganisms that cause 
infection and illness in both patient and 
healthcare worker (provider) populations. Pay 
close attention to procedures that address 
changing privacy curtains and uniforms.  

§ Identify if new construction or facility design has 
the potential to impact the ability of EVS to clean 
and/or disinfect environmental surfaces.  

§ Identify if old construction or facility design 
needs to be replaced so that surfaces are easier to 
clean and disinfect (e.g. carpeting, 
cracked/damages surfaces). Monitor how the 
facility addresses flooring, countertop, or 
furniture replacement. 

§ Identify if EVS leaders play an active role in a 
facility’s infection prevention, materials 
management, staffing, and patient safety 
committees.  

§ Review laundry practices and procedures to 
determine adherence to CDC Guidelines and 
OSHA Standards.  

§ Review uniform and PPE policies to minimize 
patient and worker exposures to contaminated 
garments. Just because garments appear clean 
does not mean that they are not capable of 
acquiring and transmitting infectious pathogens. 

§ Consider the evaluation and adoption of new 
technologies and engineering controls that may 
minimize patient and worker exposures to 
healthcare-associated pathogens.  

 
REFERENCES 
 1. Rutala WR, Weber DJ and the Healthcare Infection Control 

Practices Advisory Committee (HICPAC). Guideline for 
Disinfection and Sterilization in Healthcare Facilities, 2008. 
Available from http://www.cdc.gov/hicpac/pdf/guidelines/ 
Disinfection_Nov_2008.pdf. Accessed 4/28/2015. 

 2. Maisel W. Bacterial infections associated with duodenoscopes: 
FDA’s Actions to Better Understand the Problem and What 
Can be Done to Mitigate It. FDA Voice. Feb 2015. Available 
from http://blogs.fda.gov/fdavoice/index.php/2015/02/bacter 
ial-infections-associated-with-duodenoscopes-fdas-actions-to-
better-understand-the-problem-and-what-can-be-done-to-
mitigate-it/. Accessed 4/28/2015. 

 3. Rohde RE. A secret weapon for preventing HAIs: A scientist’s 
message to hospitals trying to rid themselves of healthcare-
associated infections. July 15, 2014. Available from 
http://www.elsevier.com/connect/a-secret-weapon-for-
preventing-hai. Accessed 6/4/2015. 

 4. Rohde RE. Healthcare Facilities Today – published written 
interview, Scholar bringing ES role in infection prevention to 
the forefront. Q2, April 2015: pp. 11-13. Available from 
http://www.healthcarefacilitiestoday.com/posts/Scholar-
bringing-ES-role-in-infection-prevention-to-the-forefront--
9115. Accessed 6/4/2015. 

 5. Facility Guidelines Institute (FGI) Guidelines. Available from 
http://www.fgiguidelines.org/guidelines2014_HOP.php. 
Accessed 4/28/ 2015. 

 6. American College of Healthcare Architects (ACHA) 

 on June 9 2026 
http://hw

m
aint.clsjournal.ascls.org/

D
ow

nloaded from
 

http://hwmaint.clsjournal.ascls.org/


 
FOCUS: HEALTHCARE-ASSOCIATED INFECTIONS 

 
 

 
48 VOL 29, NO 1 WINTER 2016 CLINICAL LABORATORY SCIENCE 
 

http://www.healtharchitects.org/About_ACHA/documents/AC
HA_ValueProp-Final.pdf Accessed 4/28/ 2015. 

 7. Otter J, Saber Y, French G. The role played by contaminated 
surfaces in the transmission of nosocomial pathogens. Infect 
Contr Hosp Epidemiol July 2011;32(7):687-9.  

 8. Scott E, Bloomfield SF. The survival and transfer of microbial 
contamination via cloths, hands and utensils. J of Appl 
Bacteriology 1990;68:271-8. 

 9. Wiener-Well Y, Galuty M, Rudensky B, et al. Jerusalem, Israel; 
Nursing and physician attire as possible source of nosocomial 
infections. Am J Infect Contr. 2011;39:555-9. 

10. Fijan S, Poljsak-Prijatelj M, Steyer A, et. al. Rotaviral RNA 
found in wastewaters from hospital laundry. Int J Hyg 
Environ-Health 2006;209:97-102. 

11. Fijan S, Sostar-Turk S. Hygiene monitoring systems for 
hospital textile laundering. Hospital Healthcare Europe 
2007/8; Textile Research J. 2007;77:613. 

12.  Fijan S, Gunnarsen JTH, Weinreich J, et. al. Determining the 
hygiene of laundering industrial textiles in Slovenia, Norway 
and Denmark. Tekstil 2008;57(3):73-83. 

13. Hill J, Howell A, Blowers R. Effect of clothing on dispersal of 
Staphylococcus aureus by males and females. Lancet 
1974;2:1131–3.  

14. Gaspard P, Eschbach E, Gunther D, et. al. Methicillin resistant 
Staphylococcus aureus contamination of HCWs’ uniforms in 
long-term care facilities. J Hosp Infect 2009;71:170–5.  

15. Casanova L, Rutala W, Weber J, et. al. Virus transfer from 
personal protective equipment to healthcare employees’ skin 
and clothing. Emerging Infect Dis. August 2008;14(8):1291-3. 
Available from www.cdc.gov/eid. Accessed 4/28/2015. 

16. Standaert SM, Hutcheson RH, Schaeffner W. Nosocomial 
transmission of Salmonella gastroenteritis to laundry workers in 
a nursing home. Infect Contr Hosp Epidemiol 2004;15:22-6.  

17. Weernink A, Severin WPJ, Tjernbergv I, et.al. Pillows, an 
unexpected source of Acinetobacter. J Hosp Infect 
1995;29:189-99.  

18. Das I, Lambert P, Hill D, Noy M, Bion J, Elliott T. 

Carbapenem-resistant Acinetobacter and role of curtains in an 
outbreak in intensive care units. J Hosp Infect. 2002;50:110-4.  

19. Otter J, French GL. Bacterial contamination on touch surfaces 
in the public transport system and in public areas of a hospital 
in London. Lett Appl Microbiol 2009;49(6):803-5.  

20. Ohl M, Schweizer M, Graham M et.al. Hospital privacy 
curtains are frequently and rapidly contaminated with 
potentially pathogenic bacteria. Am J Infect Contr. 2012; 
40(10):904-6. 

21. Royal College of Nursing. Guidance on uniforms and work 
wear. Available from http://www.rcn.org.uk/__data/assets/pdf 
_file/0010/78652/002724.pdf. 2013. Accessed 4/28/15. 

22. Stepanović S, Cirković I, Djukić S, et.al. . Public transport as a 
reservoir of methicillin-resistant staphylococci. Lett Appl 
Microbiol 2008;47(4):339-41.  

23. CDC Laundry: Washing infected material. Available from 
http://www.cdc.gov/HAI/prevent/laundry.html 2011. Accessed 
4/28/15. 

24. Wright SN, Gerry JS, Busowski MT, et al. Gordonia bronchialis 
Sternal Wound Infection in 3 Patients following Open Heart 
Surgery: Intraoperative Transmission from a Healthcare 
Worker. Infect Contr Hosp Epidemiol 2012;33(12):1238-41. 

25. Callaghan I. Bacterial contamination of nurses’ uniforms: A 
Study. Nurs Stand 1998;13(1):37-42.  

26. Burden M, Cervantes L, Weed D, et.al. Newly cleaned 
physician uniforms and infrequently washed white coats have 
similar rates of bacterial contamination after an 8-hour 
workday: A randomized controlled trial. J Hosp Medicine 
2011;6(4):177–82. 

27. Manian FA, Ponzillo JJ. Compliance with routine use of gowns 
by HCWs (HCWs) and non-HCW visitors on entry into the 
rooms of patients under contact precautions. Infect Contr 
Hosp Epidemiol 2007;28(3):337-40. 

28. Neely A, Maley MP. Survival of enterococci and staphylococci 
on hospital fabrics and plastic. J Clin Microbiol 
2000;38(2):724-6. 

 
 
 

ASCLS MEMBER RENEWAL 
THANK YOU 

 
 
 

ASCLS would l ike to thank you  for  renewing your 2015-16 membership!  
 

Professional 1 & 2 and First Year Professional members* are eligible to receive  
6 online quizzes at no charge to help with your continuing education needs! 

 
Visi t  http:/ /ascls.org/cont inu ing-education/member-thank-you  

for  more detai l s. 
We know you have choices as to which organizations you belong, and we are thrilled  

you chose ASCLS! 
 

*PF1, PF2 & FYP members who renewed by 9/1/15 

 

 on June 9 2026 
http://hw

m
aint.clsjournal.ascls.org/

D
ow

nloaded from
 

http://hwmaint.clsjournal.ascls.org/



