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Very little is known about the environmental contamination, due to soiled clinical linens, of 

hospital laundry facilities.  To study this environment, an exposure assessment was performed at 

an industrial clinical laundry facility in Seattle, WA, USA.  Surface swab samples (n=240) from 

the environment were collected from the facility over four time periods in 2015.  These samples 

were cultured for three pathogens; Clostridium difficile, methicillin-resistant Staphylococcus 

aureus (MRSA) and vancomycin-resistant enterococci (VRE).  Isolates were characterized by 

various methods including antibiotic resistance, presence of toxin producing genes, Multilocus 

sequence typing, 16S sequencing and/or SCCmec typing.  Voluntary participation among the 

employees consisted of nasal swabs for detection of MRSA, observations during their work and 

questionnaires.  Odds of finding surface contamination with ≥ 1 pathogen were calculated.  



 

Contamination with all three pathogens was observed in the facility in both dirty and clean areas.  

The dirty area had a higher odds ratio than the clean area for overall contamination (≥1 

pathogen) (OR=18.0).  The odds ratios of individual pathogen presence varied for C. difficile 

(OR=15.5), MRSA (OR=14.8) and VRE (OR=12.6).  The highest odds of finding surface 

contamination occurred in the primary and secondary sort areas where dirty linens are manually 

sorted by employees (OR=63.0, p<0.001).  MRSA nasal contamination was identified in 5/23 

(22%) employees, with four out of five working in the dirty area.  Improved protocols for 

prevention and reduction of environmental contamination as well as occupational exposure were 

implemented as a result of this study. 
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Chapter 1. INTRODUCTION  

In the last 30 years it has become clear that the environment is an important reservoir and 

transmitter of pathogens ranging from viruses like influenza to antibiotic resistant bacteria like 

methicillin-resistant Staphylococcus aureus (MRSA) 1–10.  There is now evidence of a link 

between the natural and human built environments, including humans, animals, plants, microbes 

and their varying ecosystems, and that they should be considered together (One Health concept) 

11.  These environments range from the world, as a whole, and specific geographic regions 

ranging from countries down to city blocks to individual buildings or farms.  Both the natural 

environment, with little to no impact from human activity, and the human built environment 

impact the health of the eukaryotes (man, animals, plants, etc.), prokaryotes (bacteria and 

viruses) and archaea living there 12.  The human built environments are where humans and 

domesticated animals live, work and play 13.  These spaces are important to man because we 

spend so much of our time there 13.  We now know that the environment in general and changes 

to the environment specifically impact human, animal and plant health in both the short and long 

term 14.  In a recent report, The Centers for Disease Control and Prevention (CDC) defined 

indoor environmental quality as the “quality of a building’s environment in relation to the health 

and wellbeing of those who occupy space within it” 15.  Current studies have suggested that the 

environment plays a critical role as a source or reservoir of microbes including pathogens in a 

variety of ecosystems from Legionella in air conditioning cooling towers to finding human 

pathogens amongst soil bacteria to an increased risk of Zika virus in certain parts of the world 16–

18.  Even more critical to human health are the built environments associated with health care 

settings where nosocomial pathogens are common and able to spread among patients 19.  Many 

of the nosocomial pathogens are able to survive for extended time in the dust and on surfaces 4,20.  
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One good example is the outbreak of carbapenem-resistant Klebsiella pneumoniae (KPC) due to 

contamination in the air ducts of the National Institutes of Health (NIH) hospital 21.     

The health care environment consists of everything from the floors, the air, as well as, 

equipment used for patient care and electronics used for data storage and point of service 

medical care.  It also includes personnel and their clothes, personal electronics and even small 

items such as scissors 22.  Every person, whether they are sick or not, has a microbiome made up 

of commensal and opportunistic bacteria that surrounds them 23,24.  Therefore, it is not surprising 

that studies have shown that objects in the immediate vicinity of patients are most likely to be 

contaminated with patients’ microbes including microbial pathogens 25–28.  Objects potentially 

contaminated range from doorknobs, computer keyboards, furniture, medical equipment, pens, 

cell phones, ties, uniforms, all types of linens, reusable personal protective equipment (PPE) 

including lab coats, scrubs and masks 6,29,30.  Objects and materials, which are likely to be 

contaminated with potential pathogens, are called fomites.  Contact with these contaminated 

fomites may promote the transmission and spread of microbes and result in human disease 25,31–

35.    

Studies have documented that contaminated surfaces in healthcare environments are 

important source points for transmission of C. difficile 36–39, MRSA 4,40,41 and VRE 42,43.  It is 

also clear that transmission can occur when healthcare workers’ hands become contaminated 

with these pathogens after contact with contaminated surfaces 31,32,25,33–35.  In some cases, 

touching a contaminated surface has the same risk of hand contamination as touching a patient 

who is infected with C. difficile 44, MRSA 45 and/or VRE 25.  These pathogens have also been 

isolated from contaminated uniforms and medical devices leading to environmental 

contamination and infections 46–49.   
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The level of contamination of the health care environments depends on a number of factors; 

the severity of patient illness, level of shedding of pathogens, type of microbe, viability of the 

organism(s) over time in the environment, specific environmental conditions including moisture, 

temperature and type and level of organic contamination and the frequency of decontamination 

20,50.  To measure the contamination levels of specific fomites other factors must be considered 

including how one detects the microbes (viable vs nonviable methods), frequency of sample 

collection and the sampling method used to collect the data 50.  This may vary with the microbe 

of interest because infection dose needed to cause disease can vary from <10 to >108 CFU 33,51.  

Patients with active infections, as well as, asymptotic carriers can shed anywhere from 103-109 

CFUs/ grams of stool for Clostridium difficile and vancomycin-resistant Enterococcus spp. 

(VRE) while methicillin-resistant Staphylococcus aureus (MRSA) can be shed from the skin 

30,52,53.   

In 2013, in an effort to outline the threat of antibiotic resistant bacteria in the US, the Centers 

for Disease Control (CDC) developed three classifications of pathogens; urgent, serious and 

concerning 54.  Three major pathogens, responsible for human disease; C. difficile, MRSA and 

VRE were included along with 15 other pathogens.  C. difficile has been classified as an 

“immediate public health threat that requires urgent and aggressive action” even though it does 

not have clinically relevant antibiotic resistance 55.  MRSA and VRE have been classified as 

serious threats which “require prompt and sustained action to ensure that the problems do not 

grow” 54.  All three pathogens are common in hospital settings and have been increasingly 

recognized as important community acquired infections 54.  They have the ability to survive on 

fomites for extended periods of time and may be difficult to remove from the environment by 

standard cleaning and disinfection protocols 4,20.  To help address this issue healthcare and 
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veterinary services have begun to add ultraviolet light (UV) irradiation to their cleaning practices 

56,57.   

Healthcare workers including nurses, doctors, dentists, technicians and others which are in 

contact with patients, as well as, animal care workers including veterinarians, and other 

personnel including farm workers who handle sick animals are exposed to pathogens as part of 

their work 4.  This routine exposure can lead to potentially a higher risk of developing illness 

and/or colonization as compared to the general public 48,58.  For example, 20.9% of swine farm 

workers became colonized with livestock-associated MRSA after working with the pigs while 

primate center researchers have been shown to carry the same strain isolated from both the 

environment and primates 59,60.   

Studies have examined how PPE, standard blood-borne infection control, extensive cleaning 

procedures and yearly education have been important in reducing the risk of healthcare workers 

acquiring infections at work 19,61–64.  There are a number of studies that have studied fire fighters 

and paramedics, who are normally the first to treat patients that end up in the hospital.  Studies 

have found that fire station environments including the fire station surfaces, trucks, bunk gear, 

and ambulances, equipment, and living area are often contaminated with MRSA 35,65–67.  These 

studies have shown that environmental contamination in fire stations and ambulances range from 

2-10% 35,65–69.  These studies support the idea that environments that have contact with patients 

could be potential reservoirs for pathogens.    

In hospitals, patients colonized or infected with C. difficile, MRSA or VRE are identified as 

“high precaution” patients.  This means that barrier precautions including the use of gloves, 

gowns and additional hand-hygiene practices are required for everyone who enters the room and 

interacts with these patients 70.  Posted signs make visitors and hospital staff aware of the 
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additional health hazards associated with these patients.  In addition to these mandatory 

procedures, enhanced terminal room disinfection is now being performed in an increasing 

numbers of  hospitals 2,71.  This involves a thorough scrub down and disinfection of all surfaces 

with disinfectants and/or UV light in some facilities in the Seattle metropolitan area to reduce the 

risk of new patients acquiring these pathogens (Mr. J. Dale, Personal communication).  In 

contrast, the soiled linens from these high precautious patients’ rooms do not receive special 

treatment ((Mr. J. Dale, Personal communication, Ms. C. O’Hara, Personal communication).  

They are placed into dirty laundry bags with other soiled linens from the same ward and sent off 

to the laundry facility without any identification stating that they may be contaminated with high 

precaution pathogens.  Laundry facilities that process hospital and clinic linens should be 

considered an extension of the healthcare environment even when the facility is not physically 

located on site 58,72–75.  Limited studies have been done to assess the potential risk of laundry 

workers who handle dirty hospital linens.  There have been very few documented (12 cases of 

hepatitis and eight cases of Salmonella poisoning) cases of illness related to exposures to soiled 

linens 48,72,73.  Reports of infections among laundry workers included Staphylococcus aureus 

infections and viral gastroenteritis that was potentially Norovirus 75,76.  In Taiwan, a laundry 

worker was suspected to be the index case in a SARS viral epidemic within the community 77.  

Laundry workers are also at physical risk of cuts and abrasions due to sharps and medical 

devices left in and among the linens 78.  These medical devices may also be contaminated with 

infectious body fluids which can cause blood infections 78,79.   

1.1 CLOSTRIDIUM DIFFICILE   

C. difficile is a Gram-positive spore-forming anaerobic rod that was first identified in the 

feces of healthy infants in 1935 80.  C. difficile can exist in either the vegetative actively growing 
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state or as a spore which is not actively growing and is used to survive in unfavorable conditions.  

The spores of C. difficile have a tough outer cellular structure 81.  This allows the spores to 

maintain viability for months to years and to resist acidic conditions, high temperature 

environments (≥ 71°C), radiation, drying, chemicals and oxygen.  In the presence of oxygen the 

infectious, vegetative cells can remain viable for 24 hours 38,9,82,83.  C. difficile spores are far 

more resistant than vegetative bacteria to common disinfecting chemicals and treatments 84–86.  

This environmental hardiness increases the chance of environmental spread 87.  Once 

environmental conditions improve, the spore will grow back into a vegetative form. C. difficile 

spores are transmitted by fecal-oral route 88  C. difficile is an especially important pathogen for 

immunocompromised patients, the very young and the very old 81.  Changes in the 

gastrointestinal tract (GIT) flora due to recent use of antibiotics, proton pump inhibitors, antacid 

medications, hospitalizations and extremes of age all provide the opportunity for C. difficile to 

cause disease 3,89–94.   

In the US, C. difficile has been identified in 2-3% of healthy adult colons and in 10-25% of 

hospitalized adults 3,10.  C. difficile was originally thought to be a nosocomial pathogen and only 

in the last decade has it been identified as a contaminant in community settings accounting for 

25% of infections 95,96.  C. difficile has been identified in the community from fresh and marine 

water sources, soil, animals used for food and subsequent process meats bought at stores, pets as 

well as from vegetables 97,98.  C. difficile is the most common etiologic agent of hospital acquired 

diarrhea 99,100. Disease with C. difficile was estimated to cost an excess $1 billion in US health 

costs in 2011 54.  A 2012 report determined that the per patient cost of C. difficile infection was 

~$9,350 101.  Deaths attributed to C. difficile infection increased 400% between 2000 and 2008 

95,54.  Infections can range from asymptomatic carriage to life threatening septicemia 101.  C. 
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difficile can contaminate the patients’ skin and bedding and continue to be shed in feces after 

there are no longer symptoms 102.  Patients are 1.6 to 2.4 times more likely to acquire C. difficile 

if the previous room occupant had C. difficile 3,71.  Hence the need for extra cleaning between 

patients of these rooms. 

1.2 METHICILLIN-RESISTANT STAPHYLOCOCCUS AUREUS (MRSA) 

S. aureus is a Gram-positive catalase-positive cocci that does not form spores and is non-

motile 103.  S. aureus produces a variety of toxins including TSS toxin-1, and enterotoxins B and 

C 103,104.  S. aureus causes illnesses ranging from pneumonia, toxic shock syndrome (TSS), blood 

stream infections, skin and wound infections, septicemia and in some cases death 103,105.  S. 

aureus is associated with both clinical and community settings.  Over the past 20 years, S. aureus 

has been isolated from community environment including beaches, marine and fresh water as 

well as sewage treatment fluids, prepared foods, nursing homes, daycares and on money 106–111.  

Methicillin-resistant Staphylococcus aureus (MRSA) are S. aureus that have acquired the mecA 

gene.  This gene codes for an alternative penicillin binding protein (PBP2’) that confers 

resistance to all penicillins that are commonly used in S. aureus therapy 82.  The mecA gene is 

located on the Staphylococcal Cassette Chromosome mec (SCCmec) element 113.  Typing of 

MRSA strains relies on a variety of different traits including the type of SCCmec element carried 

as well as the Multilocus sequence type (MLST) which is a method that relies on partial 

sequencing of seven housekeeping genes using the Multilocus Sequence Typing databases 

(www.mlst.net), spa typing (http://spa.ridom.de/index.shtml) which is determined from the order 

of specific repeats, presence of various toxins, as well as, the characterization of the antibiotic 

susceptibility pattern and specific antibiotic resistance genes 60,108,114–116.  More recently, 

comparisons of whole genome sequences of different MRSA strains have been used effectively 
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to determine relatedness between strains of MRSA60,66,114–117.  Twenty years ago, specific MLST 

types were found either in the hospital or the community but rarely both.  However, over the last 

10 years, the community USA300 strain has replaced both methicillin-susceptible S. aureus 

(MSSA) and other MRSA strains to predominate North American hospital infections 118,119.  

USA300 is a common strain in North America that was traditionally associated with community 

disease that did not carry resistance to other antibiotics, had a different SCCmec type and was 

rare outside of hospital 119.  In Europe, the EMRSA-15 strain is most common in nosocomial 

infections and has been reported in community illness 120.  This makes it more difficult to 

determine the source of the MRSA infection.  In the US, MRSA infections are considered 

community acquired if the patient comes into the hospital with an infection or acquires it within 

48 h of admission 109.  If the infection develops > 48 h after admission it is considered hospital 

acquired 109. 

MRSA was first identified in the 1960s where initially it was not a significant issues outside 

of Australia 121.  However, by 2015, hospital MRSA infections were estimated to cost ~$60,000 

per patient in the US 122.  In 2013, there were 72,444 MRSA infections reported in the US 123.  

MRSA has overtaken MSSA as the major nosocomial pathogen around the world 120.  In some 

locations such as Australia, MRSA is also a major community pathogen 121.  This change has 

been illustrated by a report by the National Healthcare Safety Network in the US that found that 

MRSA accounted for 54.6% of hospital isolates between 2009 and 2010 124.    

Transfer from a contaminated fomite to and from people’s skin is possible in three seconds 

under laboratory conditions 34,35.  A 1997 study reported that 40% of gloves became 

contaminated even if there was no direct contact between the HCW and the patient leading 

investigators to suggest that contact with contaminated surfaces in the room were the source of 
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contamination 8.  Among patients with MRSA, 40% of bed linens, 22% of bedside tables, 21% of 

bed railings, 3% of inner door knob to hospital room, 4% of outer door knobs and 30% of hands 

were identified as contaminated 125.   

MRSA can survive in the environment for weeks to months on dry surfaces or in marine and 

fresh water 35,126.  The rate of survival depends on the bacterial load in the original sample and 

environmental conditions including temperature and sunlight, etc. 127,128.  In one laboratory 

study, MRSA was found to survive up to 41 days on glass, 45 days on tile and 60 days on a 

nonporous countertop 128.   

1.3 VANCOMYCIN-RESISTANT ENTEROCOCCUS SPP. (VRE)   

Enterococcus spp. are catalase negative Gram-positive cocci that are non-spore forming 129.  

They are able to live in the presence or absence of oxygen and are salt tolerant 129.  Enterococcus 

spp. are abundant in the gastrointestinal tract of most animals. Enterococcus spp. are ubiquitous 

in the environment and have caused both community and hospital acquired infections 124.  The 

majority (60%) of hospital associated Enterococcus spp. infections in the US are due to E. 

faecalis 124,130–132.  Transfer of contamination occurs via contact with contaminated fomites, 

environmental surfaces, linens and/or directly with the patient.  HCWs’ hands have been 

documented as contaminated even when using gloves while dealing with infected patients 133.  

The contamination was detected on fomites and surfaces that were not in direct contact with 

infected patients such as roommates’ bedding 32,129,133.  People who are asymptomatic or 

presymptomatic can shed VRE thus contaminating their environment 52.  In the US, by 2011, 

there were an estimated 66,000 infections due to Enterococcus spp. annually, with 22% of those 

infections being fatal 134,135 105.   
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The drugs used to treat enterococcal infections have included vancomycin, linezolid, 

daptomycin, tigecycline, teicoplanin, telavancin and quinupristin/dalfopristin 136–138.  The first 

vancomycin resistant strain of Enterococcus faecium was identified in France in 1986 followed 

by the first report of VRE infection two years later in US 139.  Isolates that express high level 

resistance to vancomycin (MIC 32 µg/ml) were considered VRE 141.  Between 2007 and 2010, 

60% of hospital acquired Enterococcus spp. infections were due to E. faecalis and 40% were due 

to E. faecium 132.  Of these E. faecalis infections, 14% were vancomycin resistant (VRE) and 

87% of the E. faecium infections were VRE 132.   

The genes that code for vancomycin resistance are the vanA, vanB, vanC, vanD, vanE, vanG 

vanL, vanM and vanN genes 142,143.  Both vanA and vanB genes are normally associated with 

mobile elements and have been reported in both community and hospital acquired E. faecalis and 

E. faecium strains 144.  The vanA and vanB genes are important in clinical disease with vanA 

responsible for the majority of human VRE disease worldwide 143.  However, there are some 

geographic locations such as Australia and Europe where vanB predominates 132,145–147.  The 

other van genes are not normally associated with mobile elements, but are found on the 

chromosome of specific enterococcal species 143.  Enterococcus spp. generally have 

chromosomal genes which confer innate, low level resistance to aminoglycosides (minimum 

inhibitory concentrations (MIC) ≤ 500 µg/ml), cephalosporins (MIC ≤ 32 µg/ml) and penicillins 

(MIC ≤ 16 µg/ml) 148–150.  These genes have rarely been isolated in infections and are more 

commonly identified in the environment 144.   

Treatment of VRE infections lead to higher costs (an additional $81,000) and mortality (17-

25% higher) than infections with vancomycin-susceptible Enterococcus (VSE) 151,152.  Patients 

infected with VRE had increased hospitals stays ranging from 17-25 days longer (median length 
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of stay) than VSE infected patients 151,152.  Risk factors for VRE infection include exposure to 

antibiotics including, cephalosporins, metronidazole and/or oral glycopeptides, history of 

HIV/AIDS, drug use, liver transplant and colonization with E. faecium 151.  VRE remains stable 

in the environment ≤ four months and is resistant to bleach cleaning solutions and high 

temperatures (up to 78°C) 4,153–155.  They are so environmentally stable that enterococci are used 

as indicators of fecal contamination in tropical marine to temperate fresh water 156,157.   

1.4 HYPOTHESIS FOR THE THESIS WORK 

The hypothesis of this dissertation was that laundry facility workers, who receive and sort 

soiled linens, are more likely to come into contact with pathogens due to contamination of the 

environment than laundry workers who do not work with soiled linens.  The pathogens included 

were C. difficile, MRSA and VRE.  The study measured surface contamination in both the dirty 

and clean areas of the laundry facility via surface swab samples, collecting personnel samples for 

nasal carriage of MRSA, observation of work practices and self-report questionnaires about work 

practices and demographics.  This hypothesis is supported by a few studies which have shown 

that exposure to soiled linens is associated with illness among laundry workers 48,72,73.   
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Chapter 2. CLOSTRIDIUM DIFFICILE ENVIRONMENTAL 

CONTAMINATION WITHIN A CLINICAL 

LAUNDRY FACILITY IN THE USA 

2.1 ABSTRACT   

Clostridium difficile is both a hospital and community acquired pathogen.  The current study 

determined if C. difficile could be cultured from clinical laundry facility surfaces.  A total of 240 

surface samples were collected from dirty areas (n=120), which handle soiled clinical linens, and 

from clean areas (n=120), which process and fold the clean linens, within the University of 

Washington Consolidated Laundry facility in 2015.  Sampling was done four times over the 

course of one year.  The dirty area was significantly more contaminated than the clean area (21% 

vs 2%, p<0.001).  C. difficile isolates were genetically characterized using multilocus sequence 

typing and PCR for the detection of genes encoding toxin A and toxin B.  The MLST types 1, 2, 

3, 15, 26, 34, 35, 39, 42, 43, 44, 53, 63 and 284 were identified and have previously been found 

in both clinical and community settings.  Toxin positive isolates were identified in both the dirty 

(n=16/25) and clean areas (n=2/2).  Seasonal variation was observed with 40% of the 27 isolates 

cultured in April 2015.  The study suggests that soiled clinical linens may be a source of C. 

difficile surface contamination. 

2.2 INTRODUCTION 

Clostridium difficile are spore forming anaerobic bacteria that have been identified in 2-3% 

of healthy, non-hospitalized adults and in 10-25% of hospitalized adults 3,158.  Toxin producing 

C. difficile is the most common etiologic agent of hospital acquired diarrhea 159.  The genes 

encoding toxins A (tcdA) and B (tbdB) are important for the pathogenicity of the bacteria.  
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Carrying either toxin allows the strain increased virulence and disease potential while C. difficile 

without these toxins are considered nonpathogenic 95,160.  Changes in the gastrointestinal tract 

flora, due to recent use of antibiotics, proton pump inhibitor, antacids or hospitalizations, may 

increase the risk of overgrowth and infection with C. difficile 92.  C. difficile disease has been 

classified as an “immediate public health threat that requires urgent and aggressive action” by the 

Centers for Disease Control and Prevention (CDC) 54.  Infections can range from asymptomatic 

carriage to life threatening septicemia 101.  C. difficile infections have been estimated to cost 

between $1-3 billion in US health care costs 54. 

C. difficile was originally thought to be a nosocomial pathogen, but more recently data 

indicate that it is a community contaminant and a cause of community-acquired disease 95.  It is 

now estimated that 25% of all C. difficile infections occur from exposures in the community with 

potential sources including water, soil, livestock, meats, vegetables and pets 96–98.  Common 

community strains in North America include Ribotype 002, 027, 078 and 106 161 which are 

associated with Multilocus Sequence Types (MLST) ST8, ST1, ST11 and ST42 respectively 

162,163.       

C. difficile contamination of linens and room surfaces are of concern since shedding 

continues even after symptoms of infection are gone 164.  The spores of C. difficile are far more 

resistant than vegetative C. difficile to common cleaning agents 84–86.  This makes disinfection 

more difficult in rooms that have C. difficile infected patients, or recently vacated rooms that 

housed infected patients.  Shaughnessy et al. (2011) reported that patients were 2.35 X more 

likely to acquire C. difficile if the previous room occupant had a C. difficile infection 3.   

Very limited information has been published on C. difficile contamination of environmental 

surfaces not directly related to hospitals and clinics.  The aim of the current study was to 
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determine if C. difficile could be cultured from surfaces within the University of Washington 

Consolidated Laundry Facility (UWCLF) and whether the environmental C. difficile MLST 

types were the same as those commonly found in humans.   

2.3 MATERIALS AND METHODS 

2.3.1 Laundry Facility Setting   

All samples were collected at the University of Washington Consolidated Laundry (UWCLF) 

in Seattle, WA.  This facility processes linens from six Seattle area hospitals, 30 local outpatient 

clinics and the Washington National Primate Research Center (WaNPRC).  Each week ~300,000 

lbs of laundry are processed.  The facility is separated into two floors with the majority of the 

soiled linen handled on the 2nd floor and the clean linen handled exclusively on the 1st floor.   

2.3.2 Surface Sample Collection 

Surface samples were collected from the same surfaces four times (January, April, July and 

October of 2015), over the course of 12 months.  Twenty-five of the 60 samples were composite 

surface samples which included 2-4 surfaces and 35 samples were collected from a single 

surface.  Samples were collected with Sanicult™ Sterile Neutralizing Buffer Swabs with 5mL of 

buffer solution (Starplex® Scientific, Etobicoke, Ontario, Canada) and 3M™ Sponge-Sticks with 

10mL of buffer solution (3M Co. St. Paul, MN) 35.  Areas sampled included ~10 cm2 areas for 

swabs, while the Sponge-Sticks covered an area of ~30 cm2.  The dirty area surface sample sites 

included; receiving area (n=8), primary sort area (n=8), secondary sort area (n=8) and customer 

owned goods (COG) area (n=6) for a total of 30 samples at each visit.  The clean area sampling 

sites included; COG washers (n=6), folding area (n=8), processing area (n=8) and break area 

(n=8).  Thirty samples per sampling time with 120 samples total were collected each from the 



22 

 

dirty and clean areas.  Table S2-1 illustrates the breakdown of locations in each area and where 

each sample was collected during each sampling period.   

2.3.3 Isolation of C. difficile 

All samples were transported at room temperature to the laboratory within 4h of collection.  

Swab samples were vortexed for 5 sec and Sponge-Sticks samples were massaged in their bags 

for 10 sec to ensure release of the bacteria into the liquid buffer as per manufacturer’s directions 

35,65.  One mL of liquid from each sample was transferred to anaerobic tubes containing 5ml of 

Cycloserine Cefoxitin Mannitol Broth with taurocholate and lysozyme (CCMBTAL) (Anaerobe 

Systems, Morgan Hill, CA USA) media and incubated for 48h at 36.5ºC under anaerobic 

conditions according to manufacturer’s instructions. The CCMBTAL media was chosen because 

it is formulated for environmental samples, which normally have fewer organisms than clinical 

samples, and contains cysteine which is an anaerobic culture enhancer 165.  Tubes with a color 

change from red to yellow/orange were vortexed and 0.1ml were inoculated onto a selective 

CHROMagar™ C. difficile media, (CHROMagar™, Sparks, Maryland, USA) and incubated for 

48h at 36.5°C under anaerobic conditions according to the manufacturer’s directions.  A UV 

light (360 nm) was used to determine the presence of fluorescence as described by manufacturer.  

White colonies that fluoresced were Gram stained to verify the typical Gram-positive rods.  One 

C. difficile isolate from each positive sample at each time point was stored at -80°C in sterile 

milk for future characterization.   

2.3.4 PCR for toxin A, toxin B and Multilocus sequence typing (MLST) 

 The presence of the genes tcdA and tbdB was determined by separate PCR assays as 

described elsewhere 166.  C. difficile ATCC 9689, which carries both toxin genes, was used as a 
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positive control with water as the negative control.  The MLST typing used PCR assays for the 

seven housekeeping genes: adk, atpA, dxr, glyA, recA, soda and tpi 166.  Amplicons were 

sequenced as previously described 35.  Alleles were assigned using the C. difficile MultiLocus 

Sequence Typing databases (www.mlst.net).    

2.3.5 Statistical Methods  

The Fisher exact test was used to test for significant differences (P < 0.05) between all four 

sampling times and between dirty vs clean areas sampled in the laundry facility. 

2.4 RESULTS AND DISCUSSION  

2.4.1 Isolation of C. difficile from environmental surfaces  

In the clean areas, two (2%) of the 120 samples were positive for C. difficile.  The two 

positive samples were isolated in January (n=1) and October (n=1) and both were from the COG 

washer area (Tables 1 and 2).  In the remaining samples from the clean areas, C. difficile was not 

detected and listed as negative.  Because of the low number of C. difficile positive samples 

obtained there was no statistical difference between levels of C. difficile contamination 

throughout the clean area of the laundry.   

In the dirty areas, 25 (21%) of the 120 samples were C. difficile positive.  Contaminated 

surfaces including: 1) receiving area; 2) COG area; 3) primary sort area and 4) secondary sort 

area.  The prevalence of C. difficile in these areas was 9% (n=3), 17% (n=4), 28% (n=9) and 

28% (n=9) respectively (Table 2-1).   There was no significant difference in isolation of C. 

difficile within the four locations within the dirty area (p=0.17).  The lack of statistical 

significance may be because the number of positive samples on the dirty side (n=25) did not 

have the resolution to capture potential statistical differences.  Prevalence of C. difficile over the 
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four time periods ranged from 10% (n=3) in January, 40% (n=12) in April, 13% (n=4) in July 

and 20% (n=6) in October (Table 2-2).  April was statistically more likely to have C. difficile 

positive surfaces than either January (p=0.01) or July (p=0.03).  There was no significant 

difference between April and October (p>0.05) levels of contamination.  The dirty area of the 

laundry facility was significantly more contaminated than the clean area (21% vs 2%, p<0.001) 

and April was the month with the highest C. difficile contamination levels (Table 2-2).   

There is some evidence that C. difficile infections are seasonal. They are correlated with 

respiratory illness in the winter, following the use of antibiotics 167.  This may explain in part 

why the levels of contamination were higher in April as compared to January or July.  It was also 

a possibility that the apparent seasonality was due to overall low numbers of C. difficile 

contaminated surfaces and that the increased prevalence of surface contamination in April was a 

chance occurrence.  The samples that consisted of composite surfaces were not statistically 

different than the samples that were from only 1 surface (p=0.61).   Data on C. difficile incidence 

at the hospitals whose linens were processed at UWCLF were not available.   However, the 

incidence of healthcare associated C difficile infection was reported to be between 50-160 cases 

per 100,000 people in 10 different areas within the US 168.   

2.4.2 Genetic Characterization of C. difficile  

Toxin A and/or B genes were present in 64% of isolates from the dirty area (n=16/25), of 

these 10 isolates carried both genes.  In the clean areas both isolates carried both toxin genes.  

Fourteen different MLST types were identified in the study: 1, 2, 3, 15, 26, 34, 35, 39, 42, 43, 44, 

53, 63 and 284 (Table 2-3).  The ST types have been associated with various ribotypes which can 

be found in Table S2-2.  However, these relationships are associations and some ribotypes are 

associated with multiple MLST types 162,169 and were used to help compare MLST types isolated 
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in this study (Figure S2-1).  The two isolates from the clean area were ST42 and ST43.  Among 

the 25 isolates from the dirty areas, ST1, ST2, ST3, ST15, ST26, ST34, ST35, ST39, ST42, 

ST44, ST53, ST63 and ST284 were identified.  The most common MLST types were ST26 

(24%, n=6), ST2 (16%, n=4) and ST15 (12%, n=3) (Table 2-3).  A clustering analysis was 

performed using eBURST, which uses a mathematical model to assess relatedness of sequence 

types submitted to the MLST database, of which the majority are human isolates 166,170 (Figure 

S2-1). All but ST284 are associated with ≥1 ribotype(s) (Table S2-2).     

The C. difficile ST26 (n=6) was the most common ST type identified with isolation in April, 

July and October and from different locations in the primary sort area (n=2), the secondary sort 

area (n=2) in the receiving area (n=1) and the COG area (n=1).  This ST type has been found to 

cause disease in clinical settings in Europe and the Middle East 171,172.  Three C. difficile ST2 

were isolated in April, July and October from the primary sort area and one ST2 was isolated in 

April from the COG area and all four carried both toxin genes.  The two isolates cultured in July 

from the primary sort may represent a single clone.  However further genetic characterization 

would be needed to verify that they represent a single clone.  ST2 is a common clinical strain 

found around the world and one of three ST types from the current study, previously identified in 

North America 162.   

The three ST15 isolates were isolated in January and April from three different areas and 

differed in carriage of toxin genes.  The two isolates in April, one each from the primary and 

secondary sort areas, carried neither toxin gene, and could be genetically related but more testing 

would be required and was beyond the scope of the study.  The ST15 isolates have been linked to 

infections in hospitalized adults and in diseased animals in Europe 162,172,173.  ST42 was isolated 

in July and October in different areas of the dirty laundry area with different toxin gene profiles 
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(Table 2-3).  ST42 is commonly found in clinical and community settings in the UK 162,174,175.  

ST44 was isolated in July and October from two different areas of the dirty area and both carried 

toxin A and B genes [A+, B+].  These ST types are commonly found in UK clinical settings 162 

(Table 2-3).    

One C. difficile ST1 A+B+ was identified in this study.  This ST type has been associated 

with ribotype 027, was described in the early 2000’s in Canada, but is now a common clinical 

strain in the US and Europe 159,162,172,174,176.  C. difficile ST3 B+ was isolated from the primary 

sort in April and has been associated with clinical settings and animals in Japan, Italy and France 

162,172.  The ST34 A+ was isolated from the secondary sort in April and has been isolated from 

human adults in clinical setting in France and the UK 172,175 (Table 2-3).  ST35 A+B+ was 

isolated from the COG area in April and has been reported in the US 174.  ST39 toxin negative 

was also isolated from the COG area in April and ST53 B+ was isolated from the secondary sort 

area in April and has been found in the UK 169.  Isolated from the primary sort area in January, 

ST63 A+ has been identified in the UK 162.  C. difficile ST284 B+ was isolated from the 

receiving are in April.  This ST type was originally isolated and typed in 2014 at the University 

of Oxford, Cambridge UK 177 (www.mlst.net).    

This study has a number of limitations including the inherently poor recovery of microbes 

from environmental surfaces, difficulty in culturing C. difficile spores, differences in incubation 

times and media used 178,179.  All of which could have led to underestimation of true prevalence.  

The characterization of a single colony from each sample most likely led to an underestimation 

of the diversity of C. difficile present since we most likely characterized the most abundant type 

from each sample. 
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It is unlikely that C. difficile could have come contaminated linens from the WaNPRC 

because there have been no outbreaks of C. difficile in the primate center (personal 

communication Dr. J Lane 2016).  As expected, the dirty area was much more likely to be 

contaminated than the clean areas due to the handling of soiled linens.  The COG washers are 

physically located on the clean floor but could actually be considered as part of the dirty area 

because they wash dirty linens.  Additional disinfection measures have now been implemented in 

the COG washers because of this work (personnel communication Mr. E Okoye, 2016).  We did 

not determine personnel contamination, if employees had diarrhea during the study period or 

collect fecal samples for culture.  However, in a pilot project we found C. difficile on the outside 

cabin door of a facility truck that transports both clean and dirty linens to and from the laundry.  

This suggests that a potential reservoir of C. difficile could include trucks that carry laundry (data 

not shown) and should be studied in the future.  All 14 ST types have been reported among 

human isolates, but only three of the ST types have previously been identified in the US.  Very 

little data on environmental contamination by C. difficile, outside of clinical settings, exists in the 

literature.  This is the first study to examine C. difficile environmental contamination in an 

industrial laundry facility.  The study suggests that soiled clinical linens are a potential source of 

C. difficile surface contamination and more studies need to be done to determine if this type of 

contamination is a risk to laundry workers.   
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2.5 TABLES 

2.5.1 Table 2-1 Prevalence of C. difficile by location 

Location 
Samples collected 

N 

C. difficile isolates  

n (%) 

Clean Area   

COG washers 24 2 (8) 

Folding 32 0 (0) 

Processing 32 0 (0) 

Break areas 32 0 (0) 

Total 120 2 (2) 

Dirty Area   

Receiving 32 3 (9) 

Primary sort 32 9 (28) 

Secondary sort 32 9 (28) 

COG 24 4 (17) 

Total 120 25 (21) 

 

Table 2-1. Shows the prevalence of C. difficile by location isolated from environmental surface 

samples within the laundry facility.   
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2.5.2 Table 2-2 Prevalence of C. difficile by date 

Date 
Samples collected 

N 

C. difficile isolates  

n (%) 

Clean Area   

January 30 1 (3) 

April 30 0 (0) 

July 30 0 (0) 

October 30 1 (3) 

Total 120 2 (2) 

Dirty Area   

January 30 3 (10) 

April 30 12 (40) 

July 30 4 (13) 

October 30 6 (20) 

Total 120 25 (21) 

 

Table 2-2. Shows the prevalence of C. difficile by date from environmental surface samples 

within the laundry facility.   
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2.5.3 Table 2-3 Molecular characterization of C. difficile isolates 

Sampling Date Location MLST Clade Toxin Profile 

Clean Area Surfaces 

January COG Washers 42 1 A+ B+ 

October COG Washers 43 1 A+ B+ 

Dirty Area Surfaces 

January Secondary Sort 1 2 A+ B+ 

April COG 2 1 A+ B+ 

July Primary Sort 2 1 A+ B+ 

July Primary Sort 2 1 A+ B+ 

October Primary Sort 2 1 A+ B+ 

April Primary Sort 3 1 B+ 

January Receiving 15 1 B+ 

April Primary Sort 15 1 neither 

April Secondary Sort 15 1 neither 

April Primary Sort 26 1 neither 

July Secondary Sort 26 1 neither 

October Receiving 26 1 A+ B+ 

October Primary Sort 26 1 neither 

October Secondary Sort 26 1 neither 

October COG 26 1 neither 

April Secondary Sort 34 1 A+ 

April COG 35 1 A+ B+ 

April COG 39 4 neither 

July Secondary Sort 42 1 A+ B+ 

October Primary Sort 42 1 neither 

April Secondary Sort 44 1 A+ B+ 

April Secondary Sort 44 1 A+ B+ 

April Secondary Sort 53 1 B+ 

January Primary Sort 63 1 A+ 

April Receiving 284 NA B+ 

Table 2-3 shows the characterization of the isolates from surface samples.  The isolates are 

broken down by when they were isolated, where they were isolated from, sequence type, clade 

and presence of toxins A and B. 



2.6 SUPPLEMENTARY FIGURE 

2.6.1 Figure S2-1 eBURST 
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Figure S2-1 An eBURST map illustrating the relationship between the isolates in the current study with previously identified C. 

difficile isolates by MLST type.  Isolated in the current study are red circles with the size of the circle correlating with the number of 

isolates identified.  These include: ST26 (n=6), ST2 (n=4), ST15 (n=3), ST42 (n=2), ST44 (n=2) and one each of ST1, ST3, ST34, 

ST35, ST39, ST43, ST53, ST63 and ST284.   
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2.7 SUPPLEMENTARY TABLES 

2.7.1 Table S2-1 Surface Sample Details 

Sample Location n Details ST isolated 

Receiving n=8 

Loading Dock 1-2 
Ladder handle, door handle of delivery truck, phone handle and face, light 

switch, and wall dust. 
--  

Weigh in area 3-4 
Phone, computer keyboard, mouse, glove boxes, and operational buttons on 

scale, 
26 

Incoming Carts 5-6 
Full plastic laundry bags in trash, cart on way to chutes, top, middle, outside 

and inside of bin. 
 -- 

Glove/gown area 7-8 Surface of table with gloves 15, 284 

Primary Sort n=8 

Conveyor Belt 9-16 
Safety pins to hold open bags, cart of soiled linens, conveyor belt, trash can at 

end of belt, and the handle to the stairs. 

2, 3, 15, 26, 42, 

63  

Secondary Sort n=8 

Sorted Dirty Cart 17-18 
Empty plastic laundry bags in trash, cart on way to chutes, top, middle, outside 

and inside of bin. 
26, 34, 44 

Wash Deck 19-20 
Chute of wash deck, soiled linens waiting to be placed in chute, empty used 

carts, and bags. 
42, 53 

Chute 1 21-22 Front, back, and line leading up to chute. 1, 44 

Chute 2 23-24 Front, back, and line leading up to chute. 15 

COG n=6 
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COG 25-30 Sorted and unsorted COG, lost and found items. 2, 26, 35, 39 

COG Washers n=6 

COG Washers 31-36 High touch areas (buttons), floor in front of washers, and surfaces of washers. 42, 43 

Folding n=8 

Small piece 

folders 
37-38 

Scrubs front, on and around folding areas, and carts holding clean unfolded 

linens. 
-- 

Hand folding 39-41 
Linens waiting to be folded, on and around folding areas, conveyor belt 

bringing clean linens to be folded. 
-- 

Machine Ironers 42-44 
On and around folding machine, operation buttons, conveyor belt bringing 

clean linens to be ironed. 
-- 

Processing n=8 

Sorted Clean 

Carts 
45 Clean lab coats. -- 

Clean cart ready 

to leave 
46-47 

Cart on way out, top, middle and outside of cart covered in plastic, just washed 

carts, and open cart with clean linens. 
-- 

Steam tunnel 48-49 High touch areas (buttons). -- 

Garment repair 50-52 
Sewing machine, surface of table, linens waiting to be repaired, inside, outside 

and middle of carts holding linens.  
-- 

Break Area n=8 

Locker Room 53-55 Locker handles front, middle and back, and ladies bathroom surfaces. -- 

Break Area 56-58 Tables, chairs, phone, water fountain, extinguisher, and kitchen surfaces.  -- 

Office 59-60 
Door handles, duplicating machine buttons, seats, phones, computer 

keyboards, mice, and waiting room chair. 
-- 

Table S2-1. Characterization of Surface Sample details.  Details about where each of the samples were collected in the areas discussed 

in the text including the receiving, primary sort, secondary sort, COG, COG washers, folding, processing and break areas. --: Denotes 

that no positive samples, and therefore no ST’s, were isolated in these locations. 



2.7.2 Table S2-2. MLST data with associated ribotypes and locations isolated 

Clean Areas 

ST  n (%) Associated Ribotype * Locations isolated 

42 1 (50) 106, 174 COG Washers 

43 1 (50) 54 COG Washers 

Dirty Areas 

ST  n (%) Associated Ribotype * Location isolated 

1 1 (4) 27 Secondary Sort 

2 4 (16) 020, 014, 076, 220 Primary Sort, COG 

3 1 (4) 001, 009, 072, 115, 262, 305 Primary Sort 

15 3 (12) 70 Receiving, Primary Sort, Secondary Sort 

26 6 (24) 140 Receiving, Primary Sort, Secondary Sort, COG 

34 1 (4) 56 Secondary Sort 

35 1 (4) 46 COG 

39 1 (4) 11 COG 

42 2 (8) 106, 174 Primary Sort, Secondary Sort 

44 2 (8) 15 Secondary Sort 

53 1 (4) 103 Secondary Sort 

63 1 (4) 53 Primary Sort 

284 1 (4) -- Receiving  
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Table S2-2 Displays the sequence types, associated ribotypes and locations isolated for all positive samples 

*: MLSTs were assigned an associated ribotype as described elsewhere162,163 

--: There is no known ribotype associated with ST284. 
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Chapter 3. METHICILLIN-RESISTANT STAPHYLOCOCCUS AUREUS 

(MRSA) ISOLATES FROM SURFACES AND 

PERSONNEL AT A HOSPITAL LAUNDRY 

FACILITY 

3.1 ABSTRACT 

Aim: Examine a clinical laundry facility for the presence of methicillin-resistant Staphylococcus 

aureus (MRSA) on environmental surfaces and among personnel. 

Methods: Nasal and face samples along with surface samples were collected four times in 2015.  

MRSA isolates were confirmed using standardized biochemical assays and molecular 

characterization. 

Results: MRSA was identified in 33/120 (28%) samples from the dirty and 3/120 (3%) samples 

from the clean environmental areas.  MRSA isolates included: (dirty) ST5 SCCmec type II, ST8 

SCCmec type IV, ST 231 SCCmec type II, ST239 SCCmec type III, ST239 SCCmec type IV, 

ST256 SCCmec type IV and (clean) ST5 SCCmec type II and ST8 SCCmec type IV.  Five different 

employees were MRSA positive, 4/9 (44%) from the dirty: and 1/14 (7%) from the clean but there 

was a ten-fold higher MRSA carriage 6/22 (27%) dirty vs 1/38 (2.6%) clean when all 50 human 

samples were combined.   

Conclusion: MRSA prevalence was significantly higher (28% vs 3%) in dirty vs clean areas 

within the laundry facility suggesting a greater risk for personnel on the dirty side.   

Significance & Impact of the Study: This is the first report of isolation and characterization of 

MRSA from surfaces and personnel from a clinical laundry facility.   
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3.2 INTRODUCTION 

Staphylococcus aureus is a common opportunistic bacteria found in people, the community and 

healthcare settings 106.  S. aureus can cause skin, internal infections and death 103,105.  Methicillin-

resistant S. aureus (MRSA) has acquired the mecA gene which confers resistance to all β-lactam 

antibiotics 113.  S. aureus is ubiquitous and can spread easily from person to person, or from the 

environment 6.  One study reported that 65% of uniforms and 58% of gloves were contaminated 

with MRSA after healthcare workers treated MRSA positive patients 31.   

In hospital rooms with MRSA infected or colonized patients, contamination of sheets, towels 

and drapes are common 180,181.  Sexton et al. (2006) determined that 54% of the surfaces in hospital 

rooms with MRSA positive patients were contaminated with MRSA and these included the bed 

linens 182,183.  There has also been evidence linking environmental MRSA contamination to re-

infections in community settings 31,184.  In the community, people who became re-infected with 

MRSA were more likely (56% vs 38%, p=0.02) to have contamination on surfaces in their home 

with the same strain as the one they are infected with than people who had no environmental 

contamination 184.   

The aim of the current study was to examine the environment and personnel in a laundry facility 

that processes linens from six hospitals, 30 clinics, and the WA National Primate Center for the 

presence of MRSA in both the dirty and clean areas of the facility.  A subset of laundry personnel 

were sampled using nasal and face swabs and the MRSA isolates were compared to those of the 

laundry environment to assess putative occupational microbial transmission exposure.  
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3.3 MATERIALS AND METHODS 

3.3.1 Laundry Facility Setting   

Samples were collected at the University of Washington Consolidated Laundry Facility in 

Seattle, WA.  The linens processed include: blankets, cleaning rags, lab coats, mops, patient slings, 

pillows, pillow cases, scrubs, sheets and wash cloths.  Linens came from six Seattle area hospitals, 

30 outpatient clinics and the Washington National Primate Research Center (WaNPRC).  

Approximately 300,000 lbs of laundry are processed each week.  Soiled linens are dropped off at a 

loading dock on the 2nd floor of the facility which is in the “dirty area” of the laundry (Appendix 1).  

Soiled linen bags are opened and dumped onto a conveyor belt where the linens are then sorted by 

hand.  There is one process line for the laundry owned linens and a 2nd line for customer owned 

linens (COG).  The laundry owns the majority of the textiles which once sorted from the carts are 

sent down chutes to the 1st floor to be laundered.  COG linens are sorted in a separate area and 

washed in smaller batches in an independent process in a separate area of the facility.  The COG 

linens are manually placed into washers on the 1st floor.  Clean linens are dried, sorted, folded, and 

packaged for delivery exclusively on the first floor “clean area” (Appendix 1).   

The laundry facility follows a voluntary mask program with mandatory glove and gown 

programs on the dirty side. In the dirty area, the floors are swept multiple times a day and mopped 

once a day.  The conveyor belt is also wiped down at least once a day.  There are two janitors 

working 10-12 h a day in the dirty area depending on the workload of the laundry facility.  The 

clean area is also swept and mopped at least once daily.  The break area and locker rooms are 

cleaned once a day after lunch (Ms. O’Hara personal communication).      
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3.3.2 Surface Sample Collection 

Composite surface samples from 1 to 4 surfaces were collected, depending on the size of the 

surface area, as previously described 35.  A total of 35 samples at each time point were collected 

from a single surface and 25 sample sites included > 2 surfaces 66.  All samples were collected over 

four times over the course of 12 months (January, April, July and October) of 2015.  Samples were 

collected with Sanicult™ Sterile Neutralizing Buffer Swabs with 5 mL of buffer solution (Starplex® 

Scientific, Etobicoke, Ontario, Canada) and 3M™ Sponge-Sticks with 10 mL of buffer solution 

(3M Co. St. Paul, MN) 35.  The dirty area surface sample sites included the receiving area (n=8; 

sample # 1-8), the primary sort area (n=8; sample # 9-16), the secondary sort area (n=8; sample 

#17-24) and the COG area (n=6; sample # 25-30). There were a total of 30 samples at each visit for 

a total of 120 samples.  The clean area sampling sites included the COG washers (n=6; sample # 31-

36), the folding area (n=8; sample # 37-44), the processing area (n=8; sample # 45-52) and the 

break area (n=8; sample # 53-60) for each time periods (n=30 per time) with 120 samples overall 

(Appendix 1).  One MRSA isolate per sample was characterized for each time point.  Table S 3-1 

illustrates the sampling locations within the laundry facility.   

3.3.3 Personnel Sample Collection 

All personnel from both sides of the laundry facility were asked to volunteer for the study.  

Workers from the dirty side do not work on the clean side and vice versa, but the workers do share 

the same break room and locker rooms. Each subject signed a consent form.  Face and nasal swabs 

were collected using Sanicult™ Sterile Neutralizing Buffer Swabs with 1 mL of buffer solution 

(Starplex® Scientific).  Both sides of the face, on the outer cheek, were sampled by gently applying 

swabs to the skin and rubbing in two different directions along the cheeks for no more than five 

seconds.  The rationale for the face samples was the potential of contamination of the face by 
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contaminated gloves of the workers touching their own face during the work day.  Nasal samples 

were collected as previously described 35.  One MRSA isolate per sample per time point per person 

was characterized.  This study was approved by the University of Washington Institutional Review 

Board as study #47732. 

3.3.4 Isolation of MRSA 

Samples were transported at room temperature to the laboratory within 4 h of collection.  Swab 

samples were vortexed in their tubes for 5 s, while the bags containing the environmental sponge 

samples were manually massaged in their bags for 10 s to ensure release of the bacteria into the 

liquid buffer as per manufacturer’s directions 65.  One mL of liquid from all the samples was placed 

into a new tube containing 1.5 mL of Bacto® m Staphylococcus Broth at 1.5 X concentration (Difco 

Laboratories, Division BD Sparks, MD), supplemented with 75 μg mL-1 polymyxin B and 0.01% 

potassium tellurite (Sigma-Aldrich, St. Louis, MO) and incubated at 36.5°C with 5% CO2 
35.  At 48 

h, all tubes with growth and black precipitate were streaked for isolation on oxacillin-resistant S. 

aureus Base® media (ORSAB; Oxoid Limited, Basingstoke, England) and incubated at 36.5°C for 

48 h 66.  Dark blue colonies were selected and transferred to Brucella agar supplemented with 5% 

sterile sheep blood (Difco Laboratories, Division BD Sparks, MD) and incubated at 36.5°C in 5% 

CO2 for 24 h to test for β- hemolysis 108.  Colonies with β- hemolysis were verified as S. aureus 

with the Staphaurex® test (Remel, Lenexa, Kansas) 35.  All presumptive isolates were verified as 

MRSA using the Thermo Scientific PBP2’ latex agglutination test kit® according to the 

manufacturer’s instructions (Thermo Fisher Scientific Remel Products, Lenexa, KS) 35.  MRSA 

isolates from each positive sample at each time point were stored in sterile milk at -80°C. 
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3.3.5 Genetic Characterization of MRSA Isolates 

3.3.5.1 SSCmec typing 

SSCmec types were determined for all MRSA isolates using SCCmec I-V multiplex PCR, as 

previously described 35.  The SSCmec types were confirmed with appropriate single DNA primer 

sets.  Positive and negative controls were used as described elsewhere 66.  

3.3.5.2 Multilocus sequence typing (MLST) 

MLST typing was performed on all isolates using PCR assays with amplicons sequenced bi-

directionally at the University of Washington’s Genome Sciences High-Throughput Sequencing 

facility as previously described 185.  Alleles were assigned by a comparison of their DNA sequences 

to the corresponding loci in the S. aureus Multi Locus Sequence Typing database (www.mlst.net) 

185.  A clinical USA300 isolate from Stanford University was used as the positive control, and 

sterile water was used as a negative control for the PCR assays.  

3.3.5.3 Antibiotic Susceptibility 

Antibiotic resistance profiles were tested using the Kirby–Bauer disk diffusion method on 

Mueller–Hinton agar (Difco Laboratories, Division BD Sparks, MD) according to Clinical and 

Laboratory Standards Institute (CLSI) guidelines 141.  Isolates were streaked onto the Mueller-

Hinton agar to form a lawn and antibiotic disks were aseptically placed on to the plate for each 

strain.  Plates were incubated for 24 hours at 36.5°C.  Isolates were streaked for isolation on 

Mannitol Salt Agar (EMD Chemical, Gibbstown, NJ, USA) to verify purity.  Methicillin-

susceptible S. aureus ATCC 25923 was used as a negative control.  The following antibiotics were 

examined: GEN: gentamicin, KAN: kanamycin, RIF: rifampin, CIP: ciprofloxacin, NIT: 

nitrofurantoin, CLI: clindamycin, ERY: erythromycin, CHL: chloramphenicol, Q-D: quinupristin-
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dalfopristin, SXT: trimethoprim-sulfamethoxazole, MINO: minocycline and TET: tetracycline.  

Antibiotic disks were supplied by Becton Dickinson Microbiology Systems (Franklin Lakes, N.J.).   

3.3.5.4 Statistical Methods 

The Fisher exact test was used to test for significant differences (P < 0.05) in environmental 

contamination between sampling times and between areas sampled within the laundry facility.  It 

was also used to determine differences between personnel colonization from each side of the 

laundry facility. 

3.4 RESULTS 

3.4.1 Isolation of MRSA from environmental surfaces of laundry facility  

In the dirty area, 33/120 (28%) of the environmental samples were MRSA positive.  Prevalence 

of environmental contamination for January, April, July and October were 20% (n=6), 20% (n=6), 

37% (n=11) and 30% (n=10) respectively (Table 3-1).  No significant difference in MRSA 

environmental contamination was observed between sampling times (p=0.16).  The receiving, COG, 

primary sort and secondary sort areas had a MRSA prevalence of 6% (n=2), 29% (n=7), 34% 

(n=11) and 41% (n=13) respectively (Table 3-1).  The receiving area was statistically less 

contaminated than the secondary sort area (p=0.004), the primary sort area (p=0.01) and the COG 

area (p=0.03).   

In the clean area, 3/120 environmental samples (3%) were MRSA positive. This included two 

samples from the COG washers and one sample from the break area.  The folding area and 

processing area were negative for MRSA.  No significant difference in the number of MRSA 

positive samples was observed in the clean area over the four time periods.  In the clean area, The 

MRSA prevalence for January, April, July and October was 0% (n=0), 3% (n=1), 3% (n=1) and 3% 
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(n=1) respectively (Table 3-1).  No significant difference in the level of MRSA detection was 

observed (p=1.00).  

3.4.2 Isolation of MRSA from personnel  

Twenty-three different personnel volunteered to participate including; nine people working in 

the dirty area and 14 people working in the clean area (Table 3-2).  Sixty nasal and sixty face 

samples were taken from subjects who were sampled between one to four times over the course of 

study at their request (Table S 3-2).  None of the face swabs were positive for MRSA.  For the nasal 

swabs, five different employees were MRSA positive; four of the nine (44%) dirty area workers and 

one of the 14 (7%) clean area workers for a total of seven MRSA isolates.  One employee was 

positive 3 times for nasal MRSA carriage, the others were positive only once or were only sampled 

once (Table 3-2).   

3.4.3 Characterization of MRSA  

3.4.3.1 MLST and SCCmec typing 

Environmental MRSA from the dirty area included fourteen ST5 SCCmec type II, fourteen ST8 

SCCmec type IV, two ST231 SCCmec type II, one each of ST239 SCCmec type III, ST239 

SCCmec type IV and ST256 SCCmec type IV isolates.  Environmental MRSA from the clean area 

included one ST5 SCCmec type II and two ST8 SCCmec type IV isolates.   

Among environmental MRSA isolated from the dirty area, 16 isolates (48.5%) were SCCmec 

type II, 16 isolates (48.4%) were SCCmec type IV and one (3%) isolate carried SCCmec type III.  In 

the dirty area, ST5 SCCmec type II was reported in January and July, ST8 SCCmec type IV was 

isolated in all four time periods, ST231 SCCmec type II was isolated in October, both ST239 

SCCmec type III and ST239 SCCmec type IV was isolated in April and ST256 SCCmec type IV 
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was cultured in October.  The MRSA isolated from the clean area included two isolates (67%) that 

were SCCmec type IV and one (33%) isolate that carried SCCmec type II.  ST5 SSCmec type II was 

isolated in July and ST8 SSCmec IV was isolated in April and October samples (Table 3-3).   

The isolates from personnel in the dirty area were ST5 SCCmec type II (n=4, 57%), ST8 

SCCmec type IV (n=2, 29%) and ST231 SCCmec type II (n=1, 14%).  ST5 was isolated in January, 

July and April.  The ST8 was isolated in October while the ST231 was isolated in January.  From 

the clean area, one employee carried ST188 SCCmec type II in October (Table 3-3).   

3.4.3.2 Antibiotic Susceptibility 

Antibiotic resistance profiles were determined for 12 antibiotics for all the MRSA isolates 

(Table 3-4). All MRSA isolates were resistant to at least one other antibiotic class besides 

penicillins (Table 3-3).  There was reduced variation between resistance of environmental (n=36) vs 

human (n=7) MRSA isolates (Figure 3-1).  There were four unique groups among ST5 isolates; A, 

B, C and D (Table 3-3).  Group C consisted of 11 isolates from the dirty area environment area, one 

environmental isolate from the clean area and one personnel isolate from the dirty area.  All ST5 

(n=18) isolates were resistant to ciprofloxacin and erythromycin with variable resistance to 89% 

(n=16) clindamycin, 83% (n=15) kanamycin, 6% (n=1) gentamicin, 6% (n=1) quinupristin-

dalfopristin.  None of the isolates were resistant to chloramphenicol, minocycline, nitrofurantoin, 

rifampin, tetracycline or trimethoprim-sulfamethoxazole.  Table S 3-3 shows the antibiograms of 

the surface and personnel samples along with those of two local hospitals that send their linens to 

the laundry facility.   

Among the ST8 isolates, there were 11 unique groups; E through O (Table 3-3).  All of the ST8 

isolates were from the dirty area environment with the exception of two personnel isolates from the 

dirty area.  There was not a core resistance pattern among the 18 ST8 isolates and resistance levels 
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varied from 89% (n=16) ciprofloxacin, 72% (n=13) erythromycin, 56% (n=10) clindamycin, 33% 

(n=6) kanamycin, 22% (n=4) tetracycline, 11% (n=2) gentamicin, 11% (n=2) trimethoprim-

sulfamethoxazole, 6% (n=1) nitrofurantoin, 6% (n=1).  There was no resistance to chloramphenicol, 

minocycline, rifampin or quinupristin-dalfopristin.  The ST188 isolate from an employee was 

resistant to ciprofloxacin, erythromycin, kanamycin and tetracycline.  There was a core resistance to 

ciprofloxacin, erythromycin and kanamycin among the three ST231 isolates, while two (67%) were 

also resistant to clindamycin.  No isolates were resistant to chloramphenicol, gentamicin, 

minocycline, nitrofurantoin, quinupristin-dalfopristin, rifampin, tetracycline and trimethoprim-

sulfamethoxazole.  There were two different ST239 isolates, one isolate was SCCmec III and 

resistant to ciprofloxacin, clindamycin, erythromycin, kanamycin, tetracycline and trimethoprim-

sulfamethoxazole.  The second was ST239 SCCmec IV and was resistant to erythromycin and 

kanamycin.  The ST256 isolate was resistant to ciprofloxacin, erythromycin, kanamycin and 

tetracycline (Table 3-4).   

3.5 DISCUSSION 

This is the first study to examine environmental contamination in an industrial laundry facility 

for the presence of MRSA or to assess occupational exposure of laundry personnel to MRSA.  

MRSA was isolated from the environment and personnel from both the dirty and the clean areas of 

the laundry facility.  Environmental MRSA contamination was significantly more likely to be found 

in the dirty area of the laundry (p<0.001) and personnel working on the dirty side were more likely 

to be colonized with MRSA (p=0.04). There was no seasonal difference in MRSA environmental or 

personnel contamination. The ST5 (n=18) and ST8 (n=18) isolates were the most common MRSA 

types identified in both environmental and human samples.  The ST8 isolates were isolated in all 

four time periods, however 56% (n=10) of them were isolated in October.  In contrast, the ST5 
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isolates were isolated in January and June (Table 3-3).  It is not clear if these results are due to the 

limited number of isolates or actually represents seasonal differences of particular ST types.    

The ST8 isolates had 11 unique resistance patterns compared to the four found among ST5 

isolates.  Antibiotic resistance genes are normally associated with mobile elements and the S. 

aureus genome can readily acquire and delete its resistance genes 186.  Therefore, there may be 

fewer than 11 different clones of ST8 and four of ST5 186.  Even isolates with the same SSCmec 

type and antibiotic susceptibility patterns may represent unique clones.   

The three ST231 isolates were cultured in January (n=1) from a personnel sample and in 

October (n=2) among environmental samples.  All isolates had the same core antibiotic resistant 

pattern and may represent the spread of a single clone.  The ST231 are not as common among 

humans as ST5 or ST8 but have been identified in 1-8% of strains typed in the US 187–189.  The two 

ST239 isolates were cultured in April, but had different SCCmec types and different resistance 

profiles.  Therefore, it is unlikely that they represent a clone.  The ST239 strain is pandemic outside 

of North America, especially in Asia 190.   

A single ST188 SSCmec type II was cultured from a person working in the clean area.  ST188 is 

almost exclusively found in Pan-Asia and very rarely in North America 191,192.  MRSA ST188 

SSCmec type IV isolates have been identified from WaNPRC 60.  As a result, there was a concern 

that this person had acquired the ST188 from working in the laundry, even though there was limited 

environmental contamination in the clean area and no ST188 in the environmental samples.  To 

determine if the laundry ST188 was closely related to the WaNPRC strains, the isolate was whole 

genome sequenced and compared to both WaNPRC strains (NCBI Sequence Read Archive, SRA; 

http://www.ncbi.nlm.nih.gov/sra under accession no. SRP067697) and a previously characterized 

ST188 SSCmec V from Hong Kong (GenBank#JFFV00000000).  The laundry personnel ST188 
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was more closely related to the Hong Kong strain than the WaNPRC strains (unpublished 

observations; 60).  Based on self-reported surveys (data not shown), the majority of the laundry 

personnel identify as Pan-Asian immigrants so this in addition to absence of ST188 in the 

environmental samples reduces the potential that the human ST188 isolate was acquired on the job.  

The ST256 isolate was cultured in October from an environmental sample.  Previously ST256 has 

been found in local dental settings and fire stations but is not commonly associated with hospital 

settings 35,68.   

The current study suggests that soiled clinical linens are an unrecognized source of hospital 

bacterial contamination in the laundry facility environment.  The dirty area of the facility was more 

likely to be contaminated (28% vs 3%, p<0.001) than the clean areas.  The dirty areas could be a 

potential reservoir for carriage in laundry workers from the dirty side of the facility.  Future studies 

comparing the genomes of the human and environmental MRSA isolates would help to elucidate 

the relationship between the MRSA from the contaminated laundry environment and those isolated 

from laundry personnel.   



 

 49 

3.6 FIGURES  

3.6.1 Figure 3-1 MRSA Antibiotic Resistance Profiles 

 

 

Figure 3-1. The proportion of resistant strains for environmental and nasal isolates.  Resistance 

profiles of environmental and personnel isolates.  GEN: gentamicin, KAN: kanamycin, RIF: 

rifampin, CIP: ciprofloxacin, NIT: nitrofurantoin, CLI: clindamycin, ERY: erythromycin, CHL: 

chloramphenicol, Q-D: quinupristin-dalfopristin, SXT: trimethoprim-sulfamethoxazole, MINO: 

minocycline, TET: tetracycline.  CHL and RIF were not included because there was no resistance to 

either antibiotic among any of the environmental or nasal MRSA isolates.    
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3.7 TABLES 

3.7.1 Table 3-1 Prevalence of MRSA by location (environmental) 

Location 
Samples collected 

N 

MRSA isolates  

n (%) 

Dirty Area   

Receiving 32 2 (6) 

Primary sort 32 11 (34) 

Secondary sort 32 13 (41) 

COG 24 7 (29) 

Total 120 33 (28) 

Clean Area   

COG washers 24 2 (8) 

Folding 32 0 (0) 

Processing 32 0 (0) 

Break areas 32 1 (3) 

Total 120 3 (3) 

 

 

 

Table 3-1 Prevalence of MRSA by location (environmental)Table 3-1. Shows the prevalence of 

MRSA by location isolated from the environmental samples within the laundry facility.    
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3.7.2 Table 3-2 Prevalence of MRSA Positive Nasal Isolates Among Laundry Personnel 

 Sampling Date  

 January April July October Total  

Dirty Area      

Total # of MRSA Isolates  2* 1* 1* 2 6 

Total # of Employees sampled 9 4 5 4 22 

Clean Area      

Total # of MRSA Isolates 0 0 0 1 1 

Total # of Employees sampled 12 11 9 6 38 

 

Table 3-2. Reports the prevalence of MRSA positive nasal isolates among laundry personnel who 

volunteered to participate in the study. Some of the employees were sampled more than once which 

is why the isolate numbers are higher than the number of employees sampled. 

* The same person was positive for MRSA in January, April and July. The other isolates came 

from separate individuals.  A total of 7 positive isolates from 5 people were collected.  
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3.7.3 Table 3-3 Molecular characterization of environmental and personnel isolates resistance 

profiles 

Isolate # 
Sampling 

Date 
Location MLST SCCmec Type Resistance Profile * 

Unique 

Group 

Dirty 

Area 

Surfaces 

      

721 January 
Secondary 

Sort 
5 II CIP, CLI, ERY A 

703 January Primary Sort 5 II GEN, CIP, CLI, ERY B 

708 January Primary Sort 5 II KAN, CIP, CLI, ERY C 

901 July Primary Sort 5 II KAN, CIP, CLI, ERY C 

902 July Primary Sort 5 II KAN, CIP, CLI, ERY C 

904 July Primary Sort 5 II KAN, CIP, CLI, ERY C 

905 July Primary Sort 5 II KAN, CIP, CLI, ERY C 

908 July Primary Sort 5 II KAN, CIP, CLI, ERY C 

909 July 
Secondary 

Sort 
5 II KAN, CIP, CLI, ERY C 

911 July 
Secondary 

Sort 
5 II KAN, CIP, CLI, ERY C 

915 July COG 5 II KAN, CIP, CLI, ERY C 

918 July COG 5 II KAN, CIP, CLI, ERY C 

929 July Receiving 5 II KAN, CIP, CLI, ERY C 

715 January COG 5 II CIP, CLI, ERY, Q-D D 

1022 October 
Secondary 

Sort 
8 IV No resistance E 

722 January 
Secondary 

Sort 
8 IV CIP F 

811 April 
Secondary 

Sort 
8 IV CIP F 

1018 October COG 8 IV ERY G 
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822 April 
Secondary 

Sort 
8 IV CIP, ERY H 

812 April 
Secondary 

Sort 
8 IV CIP, SXT I 

1004 October Primary Sort 8 IV GEN, KAN, CIP J 

921 July 
Secondary 

Sort 
8 IV KAN, CIP, CLI, ERY K 

1008 October Primary Sort 8 IV KAN, CIP, CLI, ERY K 

1029 October Receiving 8 IV KAN, CIP, CLI, ERY K 

709 January 
Secondary 

Sort 
8 IV CIP, CLI, ERY, SXT L 

1012 October 
Secondary 

Sort 
8 IV CIP, CLI, ERY, TET M 

920 July COG 8 IV GEN, KAN, CIP, CLI, ERY N 

1010 October 
Secondary 

Sort 
8 IV CIP, CLI, ERY, MINO, TET O 

1006 October Primary Sort 231 II KAN, CIP, CLI, ERY P 

1007 October Primary Sort 231 II KAN, CIP, CLI, ERY P 

813 April 
Secondary 

Sort 
239 III KAN, CIP, CLI, ERY, SXT, TET Q 

819 April COG 239 IV KAN, ERY R 

1020 October COG 256 IV KAN, CIP, CLI, ERY S 

Clean 

Area 

Surfaces 

      

957 July Break Area 5 II KAN, CIP, CLI, ERY C 

1033 October 
COG 

Washers 
8 IV CIP, CLI, ERY T 

832 April 
COG 

Washers 
8 IV KAN, CIP, NIT, ERY U 

Dirty 

Area 

Personnel 

      

1† April Primary Sort 5 II KAN, CIP, ERY V 
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2 January Primary Sort 5 II KAN, CIP, ERY V 

3† July Primary Sort 5 II KAN, CIP, CLI, ERY C 

4 October Primary Sort 8 IV CIP, CLI, ERY, TET M 

5 October Primary Sort 8 IV CIP, CLI, ERY, TET M 

6† January Primary Sort 231 II KAN, CIP, ERY W 

Clean 

Area 

Personnel 

      

7 October Clean Room 188 II KAN, CIP, ERY, TET X 

 

One MRSA isolate/sample listed in the table 

 

Table 3-3 shows the characterization of the isolates from both the environment and the 

personnel.  The isolates are broken down by when they were isolated, sequence type, SCCmec type 

and what antibiotics they are resistant to. 

* GEN: gentamicin, KAN: kanamycin, RIF: rifampin, CIP: ciprofloxacin, NIT: nitrofurantoin, 

CLI: clindamycin, ERY: erythromycin, CHL: chloramphenicol, Q-D: quinupristin-dalfopristin, 

SXT: trimethoprim-sulfamethoxazole, MINO: minocycline,  

TET: tetracycline 

† All from same person  
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3.7.4 Table 3-4 Antibiotic susceptibility for environmental isolates 

 Antibiotics* 

 GEN KAN RIF CIP NIT CLI ERY CHL Q-D SXT MINO TET 

 n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) 

Dirty Area Surfaces 

# Susceptible 30 (91) 8 (24) 32 (97) 1 (3) 30 (91) 6 (18) 1 (3) 22 (67) 28 (85) 24 (73) 30 (91) 30 (91) 

# Intermediate 0 (0) 4 (12) 1 (3) 2 (6) 3 (9) 2 (6) 4 (12) 11 (33) 4 (12) 6 (18) 2 (6) 0 (0) 

# Resistant  3 (9) 21 (64) 0 (0) 30 (91) 0 (0) 25 (76) 28 (85) 0 (0) 1 (3) 3 (9) 1 (3) 3 (9) 

Clean Area Surfaces 

# Susceptible 3 (100) 0 (0) 3 (100) 0 (0) 2 (67) 1 (33) 0 (0) 1 (33) 2 (67) 3 (100) 3 (100) 3 (100) 

# Intermediate 0 (0) 1 (33) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (67) 1 (33) 0 (0) 0 (0) 0 (0) 

# Resistant  0 (0) 2 (67) 0 (0) 3 (100) 1 (33) 2 (67) 3 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

Dirty Area Personnel (Nasal Isolates) 

# Susceptible 6 (100) 1 (17) 6 (100) 0 (0) 4 (67) 3 (50) 0 (0) 4 (67) 5 (83) 5 (83) 5 (83) 3 (50) 

# Intermediate 0 (0) 1 (17) 0 (0) 0 (0) 2 (33) 0 (0) 0 (0) 2 (33) 1 (17) 1 (17) 1 (17) 0 (0) 

# Resistant  0 (0) 4 (67) 0 (0) 6 (100) 0 (0) 3 (50) 6 (100) 0 (0) 0 (0) 0 (0) 0 (0) 3 (50) 

Clean Area Personnel (Nasal Isolates) 

# Susceptible 1 (100) 0 (0) 1 (100) 0 (0) 1 (100) 1 (100) 0 (0) 1 (100) 1 (100) 1 (100) 1 (100) 0 (0) 

# Intermediate 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

# Resistant  0 (0) 1 (100) 0 (0) 1 (100) 0 (0) 0 (0) 1 (100) 0 (0) 0 (0) 0 (0) 0 (0) 1 (100) 

 

 

Table 3-4 displays the number and percentage of the isolates from both the environment and the personnel that are susceptible, 

intermediate and resistant to the antibiotics tested in this study.   

* GEN: gentamicin, KAN: kanamycin, RIF: rifampin, CIP: ciprofloxacin, NIT: nitrofurantoin, CLI: clindamycin, ERY: 

erythromycin, CHL: chloramphenicol, Q-D: quinupristin-dalfopristin, SXT: trimethoprim-sulfamethoxazole, MINO: minocycline,  

TET: tetracycline.     
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3.8 SUPPLEMENTAL FIGURES 

3.8.1 Table S 3-1 Surface sample details 

Sample Location 
Sample 

ID 
Details 

Receiving n=8 

Loading Dock 1-2 
Ladder handle, door handle of delivery truck, phone handle and face, 

light switch, and wall dust. 

Weigh in area 3-4 
Phone, computer keyboard, mouse, glove boxes, and operational 

buttons on scale 

Incoming Carts 5-6 
Full plastic laundry bags in trash, cart on way to chutes, top, middle, 

outside and inside of bin. 

Glove/gown area 7-8 Surface of table with gloves 

Primary Sort n=8 

Conveyor Belt 9-16 
Safety pins to hold open bags, cart of soiled linens, conveyor belt, trash 

can at end of belt, and the handle to the stairs. 

Secondary Sort n=8 

Sorted Dirty Cart 17-18 
Empty plastic laundry bags in trash, cart on way to chutes, top, middle, 

outside and inside of bin. 

Wash Deck 19-20 
Chute of wash deck, soiled linens waiting to be placed in chute, empty 

used carts, and bags. 

Chute 1 21-22 Front, back, and line leading up to chute. 

Chute 2 23-24 Front, back, and line leading up to chute. 

COG n=6 

COG 25-30 Sorted and unsorted COG, lost and found items. 

COG Washers n=6 

COG Washers 31-36 
High touch areas (buttons), floor in front of washers, and surfaces of 

washers. 

Folding n=8 

Small piece folders 37-38 
Scrubs front, on and around folding areas, and carts holding clean 

unfolded linens. 

Hand folding 39-41 
Linens waiting to be folded, on and around folding areas, conveyor belt 

bringing clean linens to be folded. 

Machine Ironers 42-44 
On and around folding machine, operation buttons, conveyor belt 

bringing clean linens to be ironed. 

Processing n=8 

Sorted Clean Carts 45 Clean lab coats. 

Clean cart ready to 

leave 
46-47 

Cart on way out, top, middle and outside of cart covered in plastic, just 

washed carts, and open cart with clean linens. 

Steam tunnel 48-49 High touch areas (buttons). 

Garment repair 50-52 
Sewing machine, surface of table, linens waiting to be repaired, inside, 

outside and middle of carts holding linens.  

Break Area n=8 

Locker Room 53-55 Locker handles front, middle and back, and ladies bathroom surfaces. 
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Break Area 56-58 
Tables, chairs, phone, water fountain, extinguisher, and kitchen 

surfaces.  

Office 59-60 
Door handles, duplicating machine buttons, seats, phones, computer 

keyboards, mice, and waiting room chair. 

 

Table S 3-1. Characterization of Surface Sample details.  Details about where each of the 

composite samples were collected in the areas discussed in the text including the receiving, 

primary sort, secondary sort, COG, COG washers, folding, processing and break areas.   
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3.8.2 Table S 3-2 Nasal swab sample results 

EMPLOYEE WORK AREA JANUARY APRIL JULY OCTOBER 

1 Primary Sort Neg -- -- -- 

2 Primary Sort Neg -- -- -- 

3 Primary Sort MRSA -- -- Neg 

4 Primary Sort Neg Neg Neg MRSA 

5 Primary Sort Neg -- -- -- 

6 Primary Sort Neg Neg Neg MRSA 

7 Secondary Sort Neg Neg Neg -- 

8 Secondary Sort MRSA MRSA MRSA -- 

9 COG Neg -- Neg Neg 

10 COG Washers Neg Neg -- -- 

11 Folding Neg Neg Neg -- 

12 Folding Neg Neg Neg -- 

13 Processing Neg Neg -- -- 

14 Processing Neg Neg -- -- 

15 Clean Room -- -- Neg MRSA 

16 Clean Room Neg Neg Neg Neg 

17 Clean Room Neg Neg -- Neg 

18 Clean Room -- -- Neg -- 

19 Clean Room Neg Neg Neg Neg 

20 Clean Room Neg Neg -- Neg 

21 Management Neg Neg Neg Neg 

22 Management Neg -- Neg -- 

23 Maintenance Neg Neg Neg -- 

 

MRSA: Nasal swab was positive for MRSA, Neg: nasal swab was negative, --: employee 

declined sampling  
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Table S 3-2. Nasal swab sample results. Details about when the subjects volunteered to be 

sampled and the result of the sample.  MRSA: Nasal swab was positive for MRSA, Neg: nasal 

swab was negative, --: employee declined sampling  



3.8.3 Table S 3-3 Comparison of antibiotic resistance between Laundry and Hospital isolates 

 Antibiotics* 

Location 
NIT 

(%) 

CLI 

(%) 

ERY 

(%) 

SXT 

(%) 

TET 

(%) 

HMC† 4 37 90 14 10 

UWMCǂ 13 52 89 11 9 

UWCL§ 0 43 100 0 43 

Environmental Surfaces 3 75 86 8 8 

 

* NIT: nitrofurantoin, CLI: clindamycin, ERY: erythromycin, SXT: trimethoprim-sulfamethoxazole and TET: tetracycline.  

† HMC: Harborview Medical Center  

ǂ UWMC: University of Washington Medical Center  

§ UWCL: University of Washington Consolidated Laundry Personnel  

 

 

Table S 3-3. Comparison of antibiotic resistance between laundry and hospital isolates. Details about the resistance of five antibiotics 

tested among surface and personnel samples and two hospitals that send their linens to the laundry facility 193.   
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Chapter 4. VANA POSITIVE MULTIDRUG-RESISTANT 

ENTEROCOCCUS SPP. ISOLATED FROM 

SURFACES OF A US HOSPITAL LAUNDRY 

FACILITY 

4.1 ABSTRACT 

Background: Enterococcus spp. are a normal part of the gastrointestinal tract of humans and 

animals.  Enterococcus spp. are important pathogens and were responsible for 14% of US 

nosocomial infections between 2007-10.   

Aim: Examine a laundry facility that processes clinical linens for the presence and 

seasonality of vancomycin resistant Enterococcus spp.   

Methods: Surface samples were collected four times in 2015 from the dirty and clean areas 

of the laundry facility.  Isolates were confirmed using biochemical assays and molecular 

characterization including multilocus sequence typing (MLST), detection of acquired vanA and 

vanB, and/or intrinsic vanC1 genes by PCR, determination of antibiotic susceptibility and 

eBURST analysis.   

Findings: Seventy-four vanA positive multidrug-resistant Enterococcus spp. were identified 

including 64/120 (53%) in the dirty areas and 10/120 (8%) in the clean areas.  E. faecium isolates 

identified included 14 ST types (ST16, 17, 18, 117, 186, 280, 324, 412, 584, 664, 665, 736, 750 

and 1038).  Both E. faecalis isolates were ST109.   

Conclusion: Multidrug resistant VRE isolates was significantly higher (53% vs 8%) in dirty 

vs clean areas within the facility.   
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Significance & Impact of the Study: This is the first study to examine environmental 

contamination in an industrial laundry facility for the presence of VRE and may be an 

unrecognized reservoir.   

4.2 INTRODUCTION 

Enterococcus spp. are part of the normal flora of human, other mammals, birds, reptiles and 

insects’ gastrointestinal tracts 132,144.  They are ubiquitous in the environment with the ability to 

survive for weeks 42.  Enterococcus spp. accounted for 14% of hospital acquired infections (HAI) 

in 2009-10.  In 2011, the US had ~66,000 hospital Enterococcus spp. infections with 22% 

fatality rate 105,124.  Enterococcus spp. can be difficult to treat because they carry innate low to 

moderate level resistance to aminoglycosides (minimum inhibitory concentrations (MIC) ≤ 500 

µg/ml), cephalosporins (MIC ≤ 32 µg/ml) and penicillins (MIC ≤ 16 µg/ml) 148,150,149.   

In the US, between 2007-10, 60% of hospital acquired Enterococcus spp. infections were due 

to E. faecalis and 40% were due to E. faecium 132.  Of the E. faecalis infections 14% were 

vancomycin resistant (VRE) and 87% of the E. faecium infections were VRE with MIC levels of 

vancomycin ≥ 32 µg/ml 132,141.  Vancomycin resistant infections leads to higher costs and 

mortality than infections with vancomycin susceptible Enterococcus spp. (37-52% vs. 16-27%) 

151,152.  Patients infected with VRE have increased hospital stays ranging from 20-25 days longer 

151,152.  Treatment of VRE infections requires the use of newer antibiotics costing $2,500- 

$6,400/treatment vs vancomycin treatment of ~$115/treatment in the USA 136. The Centers for 

Disease Control and Prevention (CDC) has classified VRE as a serious threat which “requires 

prompt and sustained action to ensure that the problems do not grow” 54.  VRE positive patients 

shed VRE and contaminate their environment, and may lead to the transfer of VRE from 

contaminated surfaces to hands of workers or to the next patient to occupy the room 4,194.     
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The aim of this study was to determine if VRE could be isolated from surfaces within the 

laundry facility that processes clinical linens and if the level of VRE contamination varied over 

the year.   

4.3 METHODS 

4.3.1 Laundry Facility Setting   

Samples were collected in Seattle, WA at the University of Washington owned and operated 

Consolidated Laundry.  Laundry comes from six Seattle area hospitals, 30 outpatient clinics and 

the Washington National Primate Research Center (WaNPRC).  The dirty linens enter the 

loading dock on the 2nd floor of the building which is considered the dirty area of the laundry.  

There they are hand sorted before heading down to the clean 1st floor area.  The majority of the 

linens are sorted into a standard laundry-owned line, while other linens go into a second 

processing line for customer-owned goods and linens (COG).  The later are manually placed into 

washers on the 1st floor, while the standard linens are dropped into automated tunnel washers.  

All clean linens are dried, folded, and packaged for delivery in clean area (Appendix 1 Map of 

Consolidated Laundry).  The laundry facility uses universal contact precautions with all soiled 

linens regardless of their source or contamination level.     

4.3.2 Surface Sample Collection 

Twenty-five of the 60 samples were composite surface samples, which included 2-4 surfaces, 

and 35 single-surface samples were collected as previously described (Table S 4-1) 35,115.  

Samples of the same surfaces were collected in January, April, July and October of 2015 using 

either 5 ml Sanicult™ Sterile Neutralizing Buffer Swabs (Starplex® Scientific, Etobicoke, 

Ontario, Canada) or a 10 ml 3M™ Sponge-Sticks (3M Co. St. Paul, MN) 35.  There were 240 
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samples collected in the study, with 30 samples each collected in the dirty and clean areas each 

time.  Dirty area samples from the 2nd floor were collected from the receiving area, the primary 

sort area, the secondary sort area and the customer owned goods (COG) area (Appendix 1).  

Clean area samples, primarily from the 1st floor, included the COG washers, the folding area, the 

processing area and the break area as previously described 115.  

4.3.3 Isolation of VRE 

All samples were transported at room temperature to the laboratory ≤ 4 h after collection and 

processed as previously described 115.  An enrichment culture used one mL of liquid from the 

environmental sample into 1 mL of Difco™ Brain Heart Infusion broth (BHI) (Difco 

Laboratories, Sparks, MD) with 20 µg/mL of aztreonam and 6 µg/mL of vancomycin then 

incubated at 41°C with 5% CO2 until turbidity was visible (24-72 h).  Turbid samples were 

transferred onto m-Enterococcus™ agar (Difco Laboratories, Division BD Sparks, MD) 

supplemented with 6 µg/mL vancomycin, and incubated at 41°C for 24-48 h 195.  Pink or maroon 

colonies were counted, isolated and transferred to BHI plates supplemented with 18 µg/mL 

vancomycin and incubated at 41°C for 24-48 h 149.  White colonies were Gram stained for 

verification.  One VRE isolate from each positive sample at each time point was stored at -80°C 

in sterile milk.  In this study, vancomycin resistance was defined by growth on media 

supplemented with 18 µg/mL vancomycin (BHIvan18) as detailed elsewhere 144. 

4.3.4 Genetic Characterization of VRE Isolates 

4.3.4.1 PCR 

 All isolates that grew on the BHIvan18 plates were screened for vanA, vanB and vanC1 genes 

as previously described using characterized PCR primers and conditions 149.  16S ribosomal 
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sequencing species identification was performed on isolates that were positive for vanA, vanB 

and/or vanC1 genes as previously described 149.  The 16S sequence comparisons were performed 

using the National Center for Biotechnology (NCBI) Blast algorithm 

(http://blast.ncbi.nlm.nih.gov/Blast.cgi).  E. faecalis T32605, collected by the Roberts Lab 

previously, was used as a control for vanA, E. faecium ATCC 512699 was used as a control for 

vanB and an environmental E. gallinarum was used as a vanC1 controls for all assays as 

previously described149.  Sterile water was used as negative control. 

4.3.4.2 Antibiotic Susceptibility 

Antibiotic resistance profiles were determined using the Kirby–Bauer disk diffusion method 

on Mueller–Hinton agar (Difco Laboratories, Division BD Sparks, MD) as previously described 

by the Clinical and Laboratory Standards Institute 141.  S. aureus strain ATCC 25923 was used as 

a negative control.  The following antibiotics were tested: ciprofloxacin (CIP), chloramphenicol 

(CHL), clindamycin (CLI), erythromycin (ERY), linezolid (LIN), quinupristin-dalfopristin (Q-

D), minocycline (MINO), tetracycline (TET), and nitrofurantoin (NIT).   Antibiotic disks were 

supplied by Becton Dickinson Microbiology Systems (Franklin Lakes, N.J.).  Antibiotic 

susceptibility was compared to publicly available antibiograms from Harborview Medical Center 

(HMC) and the University of Washington Medical Center (UWMC) 

(https://depts.washington.edu/labweb/Divisions/Micro/antibiograms/2015_antibiogram.pdf).  

HMC is a level 1 trauma and burn center that services Washington, Alaska, Idaho and Montana 

with 413 beds and 17,000 admissions and 247,350 clinic visits in 2014 196.  UWMC is known for 

its teaching and surgery and had 450 beds, 17,915 admissions and 300,487 clinic visits in 2012 

197.   

https://depts.washington.edu/labweb/Divisions/Micro/antibiograms/2015_antibiogram.pdf
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4.3.4.3 Multilocus sequence typing (MLST) 

MLST typing was preformed using PCR assays with amplicons sequenced bi-directionally at 

the University of Washington’s Genome Sciences High-Throughput Sequencing facility and at 

Operon (Eurofins MWG Operon; Huntsville, Alabama) for E. faecium and E. faecalis as 

previously described 149.  Alleles were assigned as described by the Multilocus Sequence Typing 

databases (www.mlst.net).  E. faecalis T32605 and E. faecium ATCC 512699 were used as 

positive controls, and sterile water was used as a negative control for all PCR assays. An 

eBURST analysis was performed on all E. faecium isolates to compare them with previously 

characterized strains.  The eBURST analysis uses a mathematical model to assess relatedness of 

sequence types submitted to the MLST database and provide a clustering analysis using 

previously characterized isolates 170.   

4.3.5 Statistical Methods 

The Fisher exact test was used to test for significant differences (P < 0.05) between all four 

sampling times and between areas sampled in the laundry facility. 

4.4 RESULTS 

4.4.1 Isolation of VRE from environmental surfaces within the laundry facility  

VRE was isolated in 64 out of 120 (53%) samples from the dirty area, with isolation of 53% 

(n=16), 57% (n=17), 53% (n=16) and 50% (n=15) respectively for January, April, July and 

October (Table 4-1).  There was no seasonal difference in isolation (p=0.97).  The prevalence of 

VRE varied from the receiving area 19% (n=6), COG 50% (n=12), secondary sort 69% (n=22) 

and primary sort 75% (n=24) (Table 4-1).  The primary and secondary sort areas were more 

contaminated than the receiving area (p<0.001).  The COG area was more contaminated than the 
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receiving area (p=0.02).  No statistical difference was observed between the secondary and 

primary sort areas (p=0.58).   

In the clean area, 10/120 (8%) environmental samples were VRE positive.  All positive 

samples were from the COG washer area.  The VRE isolation rates ranged from 10% for 

January, April and October and 3% in July.  No significant difference in the VRE detection was 

observed (p=0.97).  This observation could be due to low numbers of VRE positive samples 

identified in the study. The dirty area was statistically more contaminated than the clean area 

(64/120 vs 10/120, p<0.001).   

4.4.2 Characterization of VRE  

4.4.2.1 Enterococcus Speciation 

Three species were identified in this study; 71 E. faecium, two E. faecalis and one E. hirae.  

Sixty-one (86%) E. faecium isolates were isolated from the dirty area and 10 isolates (14%) were 

from the clean area.  Both E. faecalis isolates were isolated from the dirty area as was the E. 

hirae isolate (Table 4-2).  All isolates carried only the vanA gene.  The locations of the vanA 

genes were not determined, however most are located on conjugative plasmids 198 

4.4.2.2 Antibiotic Susceptibility 

All E. faecium and E. faecalis isolates to the nine antibiotics were multi-drug resistant 

(Figure S 4-1). Of the 61 E. faecium isolates from the dirty area 89% (n=54) were resistant to 

CIP, 25% (n=15) to CHL, 90% (n=55) to CLI, 79% (n=48) to ERY, 26% (n=16) to LIN, 33% 

(n=20) to Q-D, 26% (n=16) to MINO, 77% (n=47) to TET and 13% (n=8) to NIT.  The ten E. 

faecium from the clean area were resistant to CIP (70%, n=7), CHL (30%, n=3), CLI (90%, 

n=9), ERY (60%, n=6), LIN (40%, n=4), Q-D (50%, n=5), MINO (50%, n=5), TET (80%, n=8) 
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and NIT (70%, n=7).  There were no significant differences in resistance levels between the 

clean and dirty areas (all p-values >0.05).   

The resistance levels for E. faecium isolates were compared to the 2015 antibiograms from 

two local hospitals that send their linens to the laundry facility: Harborview Medical Center 

(HMC) and UW Medical Center (UWMC). Resistance to ERY and TET was > 74% for all 

locations.  LIN was lower than 30% for all three locations, while NIT resistance was higher 

(73%) at HMC versus UWMC (51%) and the laundry facility (21%).   

One E. faecalis isolate was resistant to CIP, CLI, ERY, Q-D and TET.  The second isolate 

was resistant to CIP, LIN and TET.  The E. hirae isolate was resistant to CIP, CLI, ERY, LIN 

and Q-D.  It was difficult to compare the resistance patterns for the E. faecalis isolates found in 

the study and those from HMC and UWMV due to the low numbers (n=2) found in the current 

study. These data are presented as a reference and not as a side by side comparison.  The samples 

included in the antibiograms are clinical samples and the samples in the current study are surface 

swabs (Table S 4-2).  No hospital resistance data was available for E. hirae isolates.   

4.4.2.3 MLST 

VRE from the dirty area identified 15 different MLST types; ST18 (n=23), ST736 (n=13), 

ST664 (n=4), three each of ST17, ST117, ST186, ST280 and ST412, one each of ST16, ST324, 

ST584, ST665, ST750 and ST1038.  VRE from the clean area included five different MLST 

types; ST736 (n=5), ST18 (n=2), and one each of ST117, ST412 and ST664.  The two E. faecalis 

isolates were ST109.  Isolates with the same ST and antibiotic resistance profile were assigned a 

unique group letter (Table 4-2).  The three most common sequence types isolated were ST18, 

ST736 and ST664.  All three ST types were observed in both the clean and dirty areas of the 

laundry (Table 4-2).   
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There were 42 unique E. faecium strains (A-PP) based on MLST and antibiotic resistance 

profile (Table 4-2).  All of the ST18 isolates were resistant to CLI and isolated during all four 

sampling times but consisted of 10 different antibiotic susceptibility groups (E-N).  For ST736, 

there were eight groups (DD-II and OO-PP).  The majority (n=11, 61%) of the isolates were 

isolated in October (Table 4-2).  The ST736 isolates accounted for half (n=5) of the isolates from 

the clean area.  ST664 isolates contained four groups (Z, AA, BB and NN), were isolated in 

January and all were resistant to CIP, CLI, ERY and TET (Table 4-2).   

Four isolates each of ST117 and ST412 were isolated from both areas of the laundry.  ST117 

isolates were had different antibiotic susceptibility patterns but had a core resistance to CIP and 

were isolated exclusively in April.  The ST412 isolates shared a core resistance to CIP and CLI 

but differed in resistance to ERY, LIN, Q-D, MINO and TET (Table 4-2).  Three of the isolates 

were isolated in April and the other in October.  ST186 (n=3) was isolated in the dirty area in 

April and represented a single group (R).  ST280 was isolated from the dirty area in January.  

The three isolates shared a core resistance to CIP, CLI, ERY and TET with differences in 

resistance to LIN, MINO and NIT.  There were two ST17 isolates, both from January with a core 

resistance to CIP, CLI, ERY and TET.  The remaining ST types (ST16, ST324, ST584, ST665, 

ST750 and ST1038) were isolated once each (Table 4-2).     

The COG washers were the only area on the clean side with contamination.  This was not 

unexpected due to the process of manual loading of the soiled linens.  Of the ten isolates, two of 

them were in the same unique group (DD).  Five of the isolates from the clean area shared the 

same antibiotic resistance profile and were isolated in the same month as isolates from the dirty 

side and were assigned the same unique group letter (F, K, AA, DD and GG) (Table 4-2).  No 

analysis was performed on the ST109 E. faecalis strains. 
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4.5 DISCUSSION  

The current study suggests that soiled clinical linens could be a source of bacterial 

contamination in the laundry facility environment with the dirty areas much more likely to be 

contaminated than the clean areas.  Because no personnel contamination was identified, further 

study would need to be done in order to characterize the risk of infection due to potential 

occupational exposure in the laundry. 

ST18 (n=25) and ST736 (n=18) were the two most common VRE identified and found in 

both the clean and dirty areas.  These two ST types have previously been isolated from the 

environment in Seattle area and have been commonly found in humans 137,149,199.   We used ST 

type, antibiotic susceptibility which is easily changed due to the gain or loss of mobile genetic 

elements, date and location to identify the isolates.  Thus, two or more isolates that shared all of 

these properties in common were assigned a unique letter code.  However, if other molecular 

tests were done, such as whole genome sequencing, the various isolates may not be ancestrally 

related.  This additional characterization was beyond the scope of the current project. 

4.6 CONCLUSIONS 

This is the first study to examine environmental contamination in an industrial laundry 

facility for the presence of VRE.  VRE isolation was significantly higher (53% vs 8%, p<0.001) 

in dirty vs clean areas within the laundry facility.  Further studies are needed to determine if 

there is a potential risk to facility workers.  As a result of this study, particularly the 

contamination of the COG washer area, the laundry facility implemented new protocols in an 

effort to reduce the level of contamination and potential for occupational exposure.  These 

protocols include the use of EPA registered disinfectants on high touch surfaces, guard rails to 
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physically block clean carts from getting underneath soiled linen chutes, color coding of carts 

(red carts are used only for soiled linen), providing additional PPE, such as gloves and face 

shields, available at the point of use and clearly posted PPE donning and doffing guidelines (Mr. 

C. Curtis, personal communication, 2016).   
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4.7 TABLES  

4.7.1 Table 4-1 Isolation of VRE by location 

Location 
Samples collected 

N 

VRE isolates  

n (%) 

Dirty Area   

Receiving 32 6 (19) 

Primary sort 32 24 (75) 

Secondary sort 32 22 (69) 

COG 24 12 (50) 

Total 120 64 (53) 

Clean Area   

COG washers 24 10 (42) 

Folding 32 0 (0) 

Processing 32 0 (0) 

Break areas 32 0 (0) 

Total 120 10 (8) 
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4.7.2 Table 4-2 Molecular characterization of environmental isolates and their resistance 

profiles 

Isolate # 
Sampling 

Date 
Location+ MLST Resistance Profile * 

Unique 

Groupα 

E. faecium      

Dirty Area 

Surfaces 
     

708 January Receiving 16 CIP, CLI, ERY, TET A 

703 January Receiving 17 CIP, CLI, ERY, LIN, Q-D, TET B 

709 January Primary Sort 17 CIP, CLI, ERY, MINO, TET C 

721 January Secondary Sort 17 CIP, CLI, ERY, TET D 

1004 October Receiving 18 CHL, CLI, Q-D E 

1018 October Secondary Sort 18 CHL, CLI, Q-D E 

1028 October COG 18 CHL, CLI, Q-D E 

1022 October Secondary Sort 18 CHL, CLI, Q-D, TET F 

913 July Primary Sort 18 CIP, CLI, ERY G 

915 July Primary Sort 18 CIP, CLI, ERY G 

929 July COG 18 CIP, CLI, ERY G 

908 July Receiving 18 CIP, CLI, ERY, LIN H 

912 July Primary Sort 18 CIP, CLI, ERY, LIN H 

810 April Primary Sort 18 CIP, CLI, ERY, LIN, Q-D I 

909 July Primary Sort 18 CIP, CLI, ERY, LIN, Q-D I 

819 April Secondary Sort 18 CIP, CLI, ERY, LIN, TET J 

927 July COG 18 CIP, CLI, ERY, MINO, TET K 
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930 July COG 18 CIP, CLI, ERY, MINO, TET K 

914 July Primary Sort 18 CIP, CLI, ERY, MINO, TET, NIT L 

720 January Secondary Sort 18 CIP, CLI, ERY, TET M 

807 April Receiving 18 CIP, CLI, ERY, TET M 

821 April Secondary Sort 18 CIP, CLI, ERY, TET M 

902 July Receiving 18 CIP, CLI, ERY, TET M 

907 July Receiving 18 CIP, CLI, ERY, TET M 

918 July Secondary Sort 18 CIP, CLI, ERY, TET M 

922 July Secondary Sort 18 CIP, CLI, ERY, TET M 

827 April COG 18 CIP, CLI, ERY, TET, NIT N 

805 April Receiving 117 CIP, ERY, LIN, NIT O 

806 April Receiving 117 CIP, ERY P 

804 April Receiving 117 CIP, ERY, LIN Q 

801 April Receiving 186 CIP, ERY, MINO, TET R 

802 April Receiving 186 CIP, ERY, MINO, TET R 

822 April Secondary Sort 186 CIP, ERY, MINO, TET R 

702 January Receiving 280 CIP, CLI, NIT, ERY, TET, MINO, LIN S 

704 January Receiving 280 CIP, CLI, ERY, TET T 

710 January Primary Sort 280 CIP, CLI, ERY, LIN, TET U 

719 January Secondary Sort 324 CIP, CLI, ERY, LIN, Q-D, MINO, TET V 

811 April Primary Sort 412 CIP, CLI, ERY, TET W 

816 April Primary Sort 412 CIP, CLI, ERY X 
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1019 October Secondary Sort 412 CIP, CHL, CLI, Q-D, TET Y 

1007 October Receiving 584 CIP, CHL, CLI, Q-D, TET Z 

730 January COG 664 CIP, CLI, ERY, LIN, MINO, TET Z 

712 January Primary Sort 664 CIP, CLI, ERY, MINO, TET, NIT AA 

718 January Secondary Sort 664 CIP, CLI, ERY, MINO, TET, NIT AA 

722 January Secondary Sort 664 CIP, CLI, ERY, TET BB 

713 January Primary Sort 665 CIP, CLI, ERY, LIN, TET CC 

1015 October Primary Sort 736 CHL, CLI, Q-D, TET DD  

1016 October Primary Sort 736 CHL, CLI, Q-D, TET DD 

1009 October Primary Sort 736 CIP, CHL, CLI, ERY, Q-D, TET EE 

1008 October Receiving 736 CIP, CHL, CLI, ERY, Q-D, TET EE 

1001 October Receiving 736 CIP, CHL, CLI, Q-D, TET FF 

1002 October Receiving 736 CIP, CHL, CLI, Q-D, TET FF 

1005 October Receiving 736 CIP, CHL, CLI, Q-D, TET FF 

1010 October Primary Sort 736 CIP, CHL, CLI, Q-D, TET FF 

1021 October Secondary Sort 736 CIP, CHL, CLI, Q-D, TET FF 

812 April Primary Sort 736 CIP, CLI, ERY, LIN, Q-D, MINO, TET GG 

921 July Secondary Sort 736 CIP, CLI, ERY, MINO, TET HH 

803 April Receiving 736 CIP, CLI, ERY, MINO, TET, NIT II 

920 July Secondary Sort 736 CIP, CLI, ERY, MINO, TET, NIT II 

808 April Receiving 750 CIP, CLI, ERY, LIN, TET JJ 

707 January Receiving 1038 CIP, CLI, ERY, LIN, TET KK 
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Clean Area 

Surfaces 
     

Isolate # 
Sampling 

Date 
Location MLST Resistance Profile * 

Unique 

Groupα 

1032 October COG Washers 18 CHL, CLI, Q-D, TET F 

733 January COG Washers 18 CIP, CLI, ERY, MINO, TET K 

832 April COG Washers 117 CIP, LIN, Q-D LL 

834 April COG Washers 412 CIP, CLI, ERY, LIN, MINO, TET MM 

734 January COG Washers 664 CIP, CLI, ERY, MINO, TET NN 

1034 October COG Washers 736 CHL, CLI, Q-D, TET DD 

1033 October COG Washers 736 CHL, CLI, Q-D, TET DD 

735 January COG Washers 736 CIP, CLI, ERY, LIN OO 

835 April COG Washers 736 CIP, CLI, ERY, LIN, Q-D, MINO, TET GG 

931 July COG Washers 736 CIP, CLI, ERY, LIN, MINO, TET PP 

E. faecalis      

706 January Receiving 109 CIP, LIN, TET  

813 April Primary Sort 109 CIP, CLI, ERY, Q-D, TET  

E. hirae      

904 July Receiving - CIP, CLI, ERY, LIN, Q-D  

 

One VRE isolate/sample listed in the table 

+ Locations represent the areas inside the laundry facility where contamination was present.  The 

receiving, primary sort, secondary sort and customer owned goods (COG) areas were on the dirty 

side of the laundry facility.  The COG washers were the only area where contamination was 

observed on the clean side.  More information and a map of facility are published elsewhere and 

available in Appendix 8.1 115.   
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* ciprofloxacin (CIP), chloramphenicol (CHL), clindamycin (CLI), erythromycin (ERY), linezolid 

(LIN), quinupristin-dalfopristin (Q-D), minocycline (MINO), tetracycline (TET), and nitrofurantoin 

(NIT).    

α A unique group letter was assigned to isolates that shared ST and resistance profiles for E. 

faecium.  Codes underlined and in bold were found in both the dirty and clean areas 
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4.8 SUPPLEMENTARY TABLES 

4.8.1 Table S 4-1 Surface sample details  

Sample Location N Details 

Receiving n=8 

Loading Dock 1-2 
Ladder handle, door handle of delivery truck, phone handle and face, 

light switch, and wall dust. 

Weigh in area 3-4 
Phone, computer keyboard, mouse, glove boxes, and operational 

buttons on scale, 

Incoming Carts 5-6 
Full plastic laundry bags in trash, cart on way to chutes, top, middle, 

outside and inside of bin. 

Glove/gown area 7-8 Surface of table with gloves 

Primary Sort n=8 

Conveyor Belt 9-16 
Safety pins to hold open bags, cart of soiled linens, conveyor belt, trash 

can at end of belt, and the handle to the stairs. 

Secondary Sort n=8 

Sorted Dirty Cart 17-18 
Empty plastic laundry bags in trash, cart on way to chutes, top, middle, 

outside and inside of bin. 

Wash Deck 19-20 
Chute of wash deck, soiled linens waiting to be placed in chute, empty 

used carts, and bags. 

Chute 1 21-22 Front, back, and line leading up to chute. 

Chute 2 23-24 Front, back, and line leading up to chute. 

COG n=6 

COG 25-30 Sorted and unsorted COG, lost and found items. 

COG Washers n=6 

COG Washers 31-36 
High touch areas (buttons), floor in front of washers, and surfaces of 

washers. 

Folding n=8 

Small piece folders 37-38 
Scrubs front, on and around folding areas, and carts holding clean 

unfolded linens. 

Hand folding 39-41 
Linens waiting to be folded, on and around folding areas, conveyor belt 

bringing clean linens to be folded. 

Machine Ironers 42-44 
On and around folding machine, operation buttons, conveyor belt 

bringing clean linens to be ironed. 

Processing n=8 

Sorted Clean Carts 45 Clean lab coats. 

Clean cart ready to 

leave 
46-47 

Cart on way out, top, middle and outside of cart covered in plastic, just 

washed carts, and open cart with clean linens. 

Steam tunnel 48-49 High touch areas (buttons). 

Garment repair 50-52 
Sewing machine, surface of table, linens waiting to be repaired, inside, 

outside and middle of carts holding linens.  

Break Area n=8 
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Locker Room 53-55 Locker handles front, middle and back, and ladies bathroom surfaces. 

Break Area 56-58 
Tables, chairs, phone, water fountain, extinguisher, and kitchen 

surfaces.  

Office 59-60 
Door handles, duplicating machine buttons, seats, phones, computer 

keyboards, mice, and waiting room chair. 
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4.8.3 Table S 4-2 Antibiogram, percentage of resistant isolates collected at the Laundry 

Facility and UW Hospitals 

 ERY LIN TET NIT 

Location     

E. faecium     

HMC§ 92 4 74 73 

UWMC± 92 10 90 51 

UWCL€ 76 28 77 21 

E. faecalis     

HMC§ 83 - α 80 0 

UWMC± 92 - α 78 1 

UWCL€ 50 50 100 0 

 

 

Erythromycin: ERY, linezolid: LIN, tetracycline: TET and nitrofurantoin: NIT.    

α: No data for E. faecalis linezolid resistance  

§: Harborview Medical Center 

±: University of Washington Medical Center  

€: UWCL: University of Washington Consolidated Laundry (E. faecium=71 isolates, E. 

faecalis=2 isolates) 
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4.9 SUPPLEMENTARY FIGURES 

4.9.1 Figure S 4-1 Antibiotic resistance profiles for environmental surface samples 
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4.9.2 Figure S 4-2 eBURST of E. faecium isolates 
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Chapter 5. ASSESSMENT OF ENVIRONMENTAL 

CONTAMINATION WITH PATHOGENIC 

BACTERIA AT A UNIVERSITY LAUNDRY 

FACILITY 

 

5.1 ABSTRACT 

Laundry workers have similar exposure routes as many healthcare workers, but are not 

considered to be healthcare workers. Very little is known about exposure to pathogenic bacteria 

among industrial laundry workers who work with soiled clinical linen.  In order to study their 

exposures, an exposure assessment was performed at an industrial clinical laundry facility in 

Seattle, WA, USA.  Surface swab samples (n=240) from the environment were collected from 

the facility during four site visits at three-month intervals.  These samples were cultured for three 

pathogens; Clostridium difficile, methicillin-resistant Staphylococcus aureus (MRSA) and 

vancomycin-resistant enterococci (VRE).  Voluntary participation among 23 employees 

consisted of nasal swabs for detection of MRSA, observations during their work and 

questionnaires.  Contamination with all three pathogens was observed in the facility in both dirty 

and clean areas.  However, the dirty area had a higher probability of overall contamination (≥1 

pathogen) than the clean area (odds ratio, OR=18.0, 95% confidence interval 8.9-36.5, p<0.001).  

The probability of contamination was high for each individual pathogen: C. difficile, OR=15.5; 

MRSA, OR=14.8; and VRE, OR=12.6 (each, p<0.001).  The highest probability of finding 

surface contamination occurred in the primary and secondary sort areas where dirty linens are 

manually sorted by employees (OR=63.0, p<0.001).  MRSA nasal contamination was identified 

in 5/23 (22%) employees, with four out of five working in the dirty area.  Improved protocols for 
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prevention and reduction of environmental contamination were implemented as a result of this 

study.  The study suggests that the laundry facility environment can become contaminated by 

soiled linens and that workers who handle soiled linen may have a higher risk of exposure to C. 

difficile, MRSA and VRE than those who handle clean linens.   

5.2 INTRODUCTION 

In the last 30 years it has become clear that the environment is an important reservoir and 

transmitter of pathogens ranging from viruses such as influenza to antibiotic resistant bacteria 

such as methicillin-resistant Staphylococcus aureus (MRSA) 4–6.  Pathogens like Clostridium 

difficile, MRSA and vancomycin-resistant enterococci (VRE) that cause nosocomial infections 

are able to survive for extended time in dust and on surfaces 4,20.  The Centers for Disease 

Control and Prevention (CDC) defines healthcare-associated, or nosocomial, infections as 

“infections patients can get while receiving medical treatment” 200.  Studies have suggested that 

the clinical environment plays a role as a source or reservoir of these microbes 19.  An example 

of this was the extended outbreak of carbapenem-resistant Klebsiella pneumoniae (KPC) due to 

contamination in the air ducts of the National Institutes of Health (NIH) hospital 21.   

Studies have shown that surfaces and objects in the immediate vicinity of patients are most 

likely to be contaminated with patients’ microbes, including pathogens, in which case these 

surfaces and objects are called fomites 25–28.  Fomites are important reservoirs for C. difficile, 

MRSA 41and VRE 4,39,43 in healthcare environments.  Human contact with fomites promotes the 

spread of microbes and human disease especially in healthcare settings 5.  These organisms can 

survive on fomites from weeks to months and may be difficult to remove from the environment 

by standard cleaning and disinfection protocols 4,20.   
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In hospitals, patients colonized or infected with C. difficile, MRSA or VRE are identified as 

“high precaution” patients.  This means that barrier precautions including the use of gloves, 

gowns and additional hand-hygiene practices are required for everyone who enters the room and 

interacts with these patients 70.  Posted signs make visitors and hospital staff aware of the 

additional health hazards associated with these patients.  In addition to these mandatory 

procedures, enhanced terminal room disinfection is now being performed in an increasing 

numbers of hospitals 2.  Terminal room disinfection consists of a thorough cleaning of the whole 

room after a patient vacates the room 201.  In contrast, the soiled linens from these high 

precautious patients’ rooms do not routinely receive special treatment (Mr. J. Dale, personal 

communication, 2013, Ms. C. O’Hara, personal communication, 2013).     

For a 2013 report the CDC developed three “threat” classifications for 18 antibiotic resistant 

and related pathogens; urgent, serious and concerning, based on the severity of the disease, cost 

and difficulty of treatment 54.  That list includes three pathogens addressed in this study.  C. 

difficile was classified as an “immediate public health threat that requires urgent and aggressive 

action”.  MRSA and VRE were classified as serious threats which “require prompt and sustained 

action to ensure that the problems do not grow” 54.   

Healthcare workers including nurses, doctors, dentists, technicians and other personnel  who 

are in contact with patients are routinely exposed to pathogens during the course of their work 4.  

This routine exposure can lead to a higher risk of colonization and illness compared to the 

general public 48,58.  For example, between 1-15% of healthcare workers are colonized with 

MRSA compared to 0.2-7.4% of the general population with no known risk factors 202,203.  

Multiple studies have examined how personal protective equipment (PPE), standard blood-borne 
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infection controls, extensive cleaning procedures and yearly education have been important in 

reducing the risk of healthcare workers acquiring infections at work 19,61–64.   

Laundry facilities that process soiled clinical linens have been considered an extension of the 

healthcare environment even when the facility is not physically located on site 58,74.  Very few 

studies have assessed the potential risk of laundry workers who handle soiled hospital linens.  

There are documented case reports of illness (12 cases of hepatitis A and eight cases of 

Salmonella gastroenteritis) related to exposures to soiled linens 73,72,48.  Other reports of 

infections among laundry workers also included S. aureus skin infections and viral 

gastroenteritis that was potentially norovirus 75,76.  In Taiwan, a hospital laundry worker was 

suspected of being the index case in a SARS viral epidemic within the community 77.  Laundry 

workers are also at physical risk of cuts and abrasions due to sharps and medical devices left in 

and among the linens potentially increasing the infection risk 78,79.   

The aim of this study was to assess contamination with three clinical pathogens, C. difficile, 

MRSA and VRE, in an industrial laundry facility that handles soiled linens from hospitals and 

clinics.  

5.3 MATERIALS AND METHODS 

5.3.1 Surface Samples 

In order to determine the level of surface contamination, surface sampling sites were chosen 

by identifying high touch areas throughout the laundry facility. This was done by completing a 

walk-through of the facility with a Certified Industrial Hygienist. The definition used to 

determine high versus low touch areas came from a report used by the CDC which differentiates 

between surfaces with minimal hand-contact, such as floors and ceilings, and surfaces with 

frequent hand-contact such as door knobs, phones and tools used on the job 204.  We determined 
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areas within the laundry that were “worst case” scenarios which were areas with the highest 

exposure levels. By including the worst and best case locations we will be able to determine the 

range of exposures that the employees face. It has been shown that sampling for “worst case” 

scenarios increases the chances of correctly identifying overexposures when they are occurring 

in an occupational setting 205. 

Samples from the same surfaces were collected in January, April, July and October of 2015 

using either 5 ml Sanicult™ Sterile Neutralizing Buffer Swabs (Starplex® Scientific, Etobicoke, 

Ontario, Canada) or 10 ml 3M™ Sponge-Sticks (3M Co. St. Paul, MN) 16.  The swabs were used 

to sample smaller surfaces (~10cm2), and the Sponge-Sticks were used to sample larger surface 

areas (~30cm2).  There were a total of 240 samples collected over the course of the study, with 

30 samples each collected in the dirty and clean laundry areas at every sampling time as 

previously described 115.  Within 4 h of collection the samples were processed in three parallel 

enrichment processes that independently targeted one of the three pathogens (C. difficile, MRSA 

and VRE) from each surface sample.   

5.3.2 Subject recruitment 

All personnel (~110 employees), from both the clean and dirty areas of the laundry facility, 

were invited to volunteer for the study on each of the 4 visits.  Participants were asked to sign a 

consent form at each sampling.  The procedures and objectives of the research study were then 

outlined and explained.  Participation throughout the study was entirely voluntary.  Subject 

recruitment, study design, and data handling procedures were all approved by the Institutional 

Review Board of University of Washington (Human Subjects Application #47732). 
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5.3.3 Observation, Survey and Nasal Samples 

Employees who consented to inclusion into the study received a temporary identification 

number that was taped to their gown for the remainder of their shift.  If their gown was taken off 

or replaced, the number was applied to their new gown.  This number was used to identify and 

link their survey data and observations upon return to the laboratory for that particular 

observational and sampling date only.  Each subject was observed for 20 consecutive min during 

each site visit.  Observations were done one subject at a time.  Touches of the nose, eye and face 

were recorded.  The face was defined as everything except the nose and eye.  Subjects knew that 

observations occurred during the shift, but not necessarily when they were being observed 

individually.   

A survey was given to the subjects at the beginning of the first and third sampling visit.  

Names were needed to link each visit because subjects may have had different numbers for each 

observation time point.  The survey included age, smoking status, where they normally work in 

the laundry, job title, job task, length of employment, frequency and type of PPE used, six-month 

antibiotic history and rashes or other skin disorders.  Nasal samples were collected and 

characterized as described elsewhere 115.   

5.3.4 Laundry Facility  

All samples were collected at an industrial laundry facility as described elsewhere 115.  The 

facility processes ~300,000 pounds of linen per week from six Seattle area hospitals, 30 

outpatient clinics and a primate facility.  Soiled linens are kept on the 2nd floor, separate from the 

clean linens on the 1st floor of the facility.  There are two main processing lines. The first is the 

standard laundry owned linens which represents ~98% of all the linens.  These are sorted into 

carts and then sent down chutes to the 1st floor to be laundered.  Customer owned goods (COG), 
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which represent ~2% of the linens, are sorted in a separate area and washed in smaller batches in 

an independent process.  The COG are manually placed into washers on the 1st floor.  All clean 

linens are dried, sorted, folded and packaged for delivery exclusively in the 1st floor “clean area”.  

Gowns and gloves are mandatory in all locations within the dirty area but voluntary in the clean 

area with the exception of the clean room and the COG washer area.  

Surfaces in the same eight locations within the laundry facility were sampled at each 

sampling visit.  The receiving area included the loading dock, the weigh in area, incoming carts 

and the glove/gown area.  The primary sort area was the conveyor belt where linens are manually 

sorted.  The secondary sort area consisted of carts with sorted linens, the wash deck where linens 

were dropped down to the COG washer area and the two chutes where linens were dropped into 

tunnel washers.  The COG area consisted of surfaces where COG linens were sorted.  On the 

clean side of the laundry, the COG washer area was sampled.  The folding area consisted of 

areas where hand folding, machine-assisted folding and ironing occurred.  The processing area 

consisted of carts with clean linens, steam tunnels and the garment repair areas.  The break area 

consisted of the locker rooms, the eating area and the front office area (Appendix 1). 

5.3.5 Pathogen Isolation 

To determine if samples contained C. difficile, 1 mL aliquots were anaerobically incubated in 

5 ml of Cycloserine Cefoxitin Mannitol Broth with Taurocholate and Lysozyme (Anaerobe 

Systems, Morgan Hill, CA) media and incubated for 48 h at 36.5ºC.  Tubes with a color change 

from red to yellow/orange vortexed and 0.1 ml of the solution was inoculated onto a selective 

CHROMagar C. difficile media, (CHROMagar™, Paris, France) and incubated for 24 h at 

36.5°C under anaerobic conditions according to the manufacturer’s directions.  Colonies that 
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fluoresced under UV light (360 nm) were Gram stained and isolates that were Gram-positive 

rods were saved for further processing.  

Culturing of MRSA used 1 mL of the original sample which was aliquoted into 1.5 mL of 

Bacto® m Staphylococcus Broth at 1.5 X concentration (Difco Laboratories, Sparks, MD) with 

75 μg/mL polymyxin B and 0.01% potassium tellurite (Sigma-Aldrich, St. Louis, MO) and 

incubated at 36.5°C with 5% carbon dioxide.  Tubes were examined for growth at 48 h, and 

samples that were turbid with black precipitate were further processed.  These samples were 

plated onto oxacillin-resistant S. aureus base® media (ORSAB; Oxoid Limited, Basingstoke, 

England) and incubated at 35°C for 48 h.  Dark blue colonies that grew on ORSAB were 

streaked onto Brucella agar (Difco Laboratories, Sparks, MD) supplemented with 5% sterile 

sheep blood and incubated at 36.5°C in 5% CO2 for 24 h to determine if β- hemolysis was 

present.  S. aureus and presumptive MRSA isolates were verified using the Staphaurex® (Remel, 

Lenexa, Kansas) and Oxoid penicillin binding protein latex agglutination test® (Oxoid 

Microbiology P, Basingstoke, UK) according to manufacturer’s directions.   

Isolation of VRE consisted of transferring 1 mL of the original surface sample into 1 mL of 

Brain Heart Infusion broth (BHI; Difco™ Laboratories, Sparks, MD) supplemented with 20 

µg/mL of aztreonam and 6 µg/mL of vancomycin at 41°C for 24-72 h.  Turbid samples were 

transferred onto m-Enterococcus™ agar (mE; Difco Laboratories, Sparks, MD), containing 6 

µg/mL vancomycin (mEVan6), and incubated at 41°C for 24-48 h 195.  Pink or maroon colonies 

were isolated and transferred to BHIVan18 plates (Difco Laboratories, Sparks, MD) containing 18 

µg/mL vancomycin and incubated at 41°C for 24-48 h.  Vancomycin resistance was defined as 

growth on BHI Van18 media.  For all three pathogens, only a single colony was taken from each 

positive sample.   
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5.3.6 Statistical Methods 

Averages of prevalence of contamination and touching behavior were calculated.  STATA 

13.1 (StataCorp. College Station, TX) was used for all analyses.  Except for tests of possible 

seasonality, the surface swabs collected in each site visit were assumed to be independent 

measurements; even though measurements were repeated at the same approximate location, the 

three-month sampling interval difference was sufficient to justify this assumption.  Logistic 

regression was used to determine the crude odds ratios of detecting surface contamination.  

Tetrachoric correlation between the pathogens was also assessed.  Other between-variable 

comparisons used the Student t-test for continuous variables, chi-square test for categorical 

variables, pairwise comparisons to assess seasonal differences and a Wilcoxon rank-sum test to 

compare touching behaviors.  All four areas of the clean area were combined, because of the low 

number of the three bacteria isolated, into the reference area against which the dirty areas were 

compared.  Odds ratios were determined for finding each pathogen and for ≥1 pathogen in the 

dirty vs clean area.  The odds of finding contamination were also stratified by specific areas and 

sampling times within the dirty side compared to the reference clean area.  Sample size for 

environmental samples was calculated to have the power to detect the difference between surface 

contamination between the dirty and clean sides based on pilot data, but not necessarily for 

comparisons adjusting for other variables (Appendix 2 Surface Sample Size Calculation).   

5.4 RESULTS 

5.4.1 Participant Characteristics 

Of the ~110 employees in the facility, 23 volunteered to participate in the study; 14 

employees from the clean area and nine employees from the dirty area.  The remaining 
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employees declined to participate.  Employees from both the clean and dirty areas participated 

between one and four times with the employees from the clean area participating on average 2.7 

times while employees from the dirty side participated on average 2.4 times.    

The employees from the clean and dirty areas, were statistically different for three factors; 

time spent in US, gender and prevalence of MRSA nasal colonization.  The employees from the 

clean areas lived an average of 31.1 years in the US, while the employees from the dirty areas 

have lived in the US an average of 17.1 years (p=0.03, t-test).  The subjects from the clean area 

were 78.6% (11/14) female while the dirty area subjects consisted of 22.2% (2/9) females 

(p=0.006, t-test).  The prevalence of MRSA nasal colonization was significantly higher among 

study participants from the dirty area (44.4%, 4/9) than from the clean area (7.1%, 1/14; p=0.04, 

chi-square test) as described in detail elsewhere 115.  Employees who worked on the dirty side 

were more likely to have a positive nasal swab than employees who worked on the clean side, 

side, although this was only marginally significant (OR 10.4; CI 0.9-117.2, p=0.06).  The sample 

size was not sufficient to evaluate whether these differences were influenced by other variables 

known to differ between clean and dirty areas (gender and years in the US).  Age, household 

size, smoking behavior, antibiotic use and current work at a hospital were not significantly 

different between the two groups (p>0.05).  Self-reported hand washing behavior was the same 

between the employees on the clean and dirty areas with the exception of one employee from the 

dirty area who reported not washing their hands after removing their gloves (Table S 5-1).   

The total time spent observing the employees was 1,200 min (20 h) over the course of the 

entire study period.  There were 38 observations of employees from the clean area and 22 

observations from employees in the dirty area.  Each observation was 20 min long.  The average 

number of total touches, including touches of the nose, eye and face, observed among employees 
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from both areas was 1.7 (SD=2.4).  Employees from the clean area showed more total touching 

behavior on average with 2.1 touches (SD=2.7) than employees from the dirty area with 1.1 

touches (SD=1.7) but the difference was not statistically different (p=0.14, t-test).  The only 

measure that approached statistical significance (p=0.08, t-test) was touching of the face with an 

average of 0.9 touches (range 0-5) among the clean area employees and 0.3 touches (range 0-3) 

among the dirty area employees per 20-minute observation period (Table 5-1).  All other 

observed touching behaviors were not significantly different  using the Wilcoxon rank-sum test, 

between employees from the clean and dirty areas.  Similar results were observed with a chi-

square test after dichotomizing the number of touches (60th percentile as “high”) and with a 

non-parametric t-test. 

To determine if multiple covariates were associated with nasal colonization a mixed model 

was run, initially adjusting for area (dirty versus clean) and touch frequency.  The data for this 

model consisted of 60 observations clustered into 23 groups, or subjects.  Due to the small 

amount of data, inferences could not be made as the covariate-adjusted mixed model had trouble 

with convergence (as opposed to the unadjusted model which converged with issue).  Even when 

we altered the type of mixed model, to improve model convergence for small data samples, we 

still saw evidence of issues with estimation when covariates were included in the statistical 

model. Much of the issue likely stemmed from only one subject from the clean area having had a 

MRSA positive nasal sample.  While we could model only touch (and not area) or touch only in 

dirty area, these results were non-significant. This led us to conclude that, while we could do a 

valid unadjusted mixed model for clean versus non-clean area, adding covariates was 

incompatible with the available data.   



 

 94 

5.4.2 Pathogen Isolation from Surfaces 

Contamination with all three pathogens was observed in both the dirty and the clean areas of 

the laundry facility (Table 5-2).  The primary and secondary sort areas were the most 

contaminated areas within the dirty side for all three pathogens and for ≥1 pathogen.  The COG 

washers were the most contaminated area on the clean side.  The dirty area had statistically 

higher contamination than the clean area for contamination with ≥1 pathogen (67% dirty area vs 

10% clean area, p<0.001, chi-square test) and when stratified by specific pathogen.   

There were significant correlations among pathogens. The correlation between MRSA and 

VRE was 0.64 (p<0.001), between C. difficile and VRE it was 0.61 (p<0.001) and between C. 

difficile and MRSA it was 0.49 (p=<0.001).  Ten of the samples contained all three pathogens: 

four were in the primary sort area, four were in the secondary sort area and the COG and COG 

washers each had one sample.  One sample had MRSA and C. difficile in the primary sort area.  

Ten samples had VRE and C. difficile: four in the primary sort area, three in the secondary sort 

area, two in the COG area and one in the receiving area.  Seventeen samples contained both 

MRSA and VRE: seven in the secondary sort, four in the primary sort area, four in the COG 

area, one in the receiving area and one in the COG washer area.   

Prevalence of surface contamination from different locations within the facility is shown by 

Figure 5-1.  The primary and secondary sort areas had the highest levels of contamination for all 

measures, both overall (>1 pathogen) and for individual pathogens.  On the clean side the COG 

washer area had the highest contamination for all three pathogens (Figure 5-1).   

The four sampling times were distant enough in time that they were not considered to be 

repeated measures.  However, to determine if there was a difference in the prevalence of positive 

surface samples between sampling times a Cochran’s Q test was run.  Surface contamination 
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with ≥1 pathogen did not change over time.  When the data were examined for the individual 

pathogens, significant seasonal variation was observed in the dirty area for C. difficile only.  This 

was then followed by comparing the sampling times using the McNemar test to determine the 

difference.  Contamination with C. difficile in the dirty area was the highest in April with a 

prevalence of 40% (n=12) and was statistically higher than both January and July, but not 

October (Table 5-2).  MRSA contamination was highest in July (40%, n=12) and VRE had the 

highest levels of contamination in April (57%, n=17) but no statistical difference by sample date 

was observed for either pathogen.  In the clean areas, the number of positive samples were very 

low and had very little seasonal difference in prevalence (Table 5-2).   

The dirty area had a higher probability of contamination with ≥1 pathogen than the clean area 

(odds ratio, OR=18.0, 95% confidence interval 8.9-36.5, p<0.001; Table 5-3).  The probability of 

contamination was high for each individual pathogen: C. difficile, OR=15.5; MRSA, OR=14.8; 

and VRE, OR=12.6 (each, p<0.001; Table 5-3).  When stratified by specific location, the odds of 

finding ≥1 pathogen were higher in all locations within the dirty area compared with the clean 

area including the receiving area (OR=3.3, p=0.02), the primary sort area (OR=69.4, p<0.001), 

the secondary sort area (OR=53.0, p<0.001) and the COG area (16.5, p<0.001).  As with the 

prevalence, the highest odds ratios were observed in the primary and secondary sort areas (Table 

5-3). 

5.5 DISCUSSION 

This is the first study to assess contamination with C. difficile, MRSA and VRE in a 

dedicated clinical laundry facility servicing bulk hospital linen.  The study used self-report, 

observation and surface swab collection culture methods.  The dirty area of the laundry facility 

was significantly more contaminated than the clean area for ≥1 pathogen (67% dirty area vs 10% 
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clean area, p<0.001, t-test).  This remained the case when the pathogens were examined 

separately for dirty vs clean areas.  The results are not unexpected given that soiled hospital 

linens have previously been shown to be contaminated with a variety of pathogens 206,207.  The 

results correspond to our original hypothesis that the dirty area would have higher contamination 

levels than the clean area.  The results are also consistent with other studies that assessed 

peripherally-associated healthcare settings such as dental school clinics, fire stations housing first 

responders and veterinarian clinics 35,65,66,68,69.   

One unexpected finding in this study was the level of surface contamination in the COG 

washer area which is located within the clean, 1st floor area of the laundry facility.  This area had 

higher contamination levels than the receiving area (45.8% vs 28.3% for contamination with ≥1 

pathogen) (Figure 5-1).  As a result of this study, the laundry facility has implemented new 

protocols which aim to reduce the levels of surface contamination in the COG washer area.  

These protocols included the use of EPA registered disinfectant on the high touch surfaces of the 

COG washers, guard rails to physically block clean carts from getting underneath soiled linen 

chutes, color coding of carts (red carts are for soiled linen use only) and providing additional 

PPE, such as gloves and face shields, available at the point of use and posted PPE donning and 

doffing guidelines (Mr. C. Curtis, personal communication, 2016).   

Finding more than one pathogen in the same location is not unexpected.  It makes sense that 

the presence of one pathogen was correlated with presence of another pathogen for a number of 

reasons.  One reason is that dirty surfaces contain more total bacteria; thus it is more likely to 

have contamination with multiple pathogens.  The other potential reason is that VRE and C. 

difficile are both found in the gastrointestinal tract and if contamination with feces is present, 

there is a higher chance of finding one or both pathogens.  In addition, there is evidence of co-
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infections with C. difficile and VRE  208.  This is not surprising because colonization or infection 

with these pathogens have some of the same risk factors: antibiotic use, recent surgery, living in 

close quarters, etc. 54.  The reason that there were more samples that contained both VRE and 

MRSA, compared to both VRE and C. difficile, may be because so few isolates were positive 

with C. difficile.   

C. difficile and MRSA have been shown to be seasonal.  C. difficile rates in general increase 

in late winter/early spring and are thought to be due to an increase in antibiotic use for 

respiratory infections which are also seasonal 167.  MRSA rates also appear to change based on 

the season, with July-September being the months with the highest prevalence of skin and soft 

tissue infections 209.  On the dirty side of the laundry, C. difficile had a significantly higher 

prevalence in April while MRSA had a higher, although not significantly different, prevalence in 

July, which correlates with what has been previously reported in the literature.  In contrast, 

seasonality in VRE infections have not been as well established, and in this study VRE rates did 

not vary by season.  No seasonal differences were observed in the clean side, but due to the low 

number of positive samples from this area (10/120), we may not have had the resolution to detect 

seasonality.   

This study had several limitations.  The first was the low sample size of subjects (n=23).  

There were few differences between the two groups of subjects based on both observations and 

self-reported behaviors and demographics.  It is not clear if this was due to the small number of 

participants or if there is no difference.  More robust comparisons of behavior and demographics 

between the two groups of workers may have been possible with a larger sample size of subjects.  

The small number of positive surface swab samples from the clean areas reduced the resolution 

of some comparisons as mentioned above.  This study assessed exposure risk and not risk of 
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illness.  Determining the risk of illness based on exposure in the laundry was beyond the scope of 

the study.  A known methodological issue in environmental sampling for bacteria is low 

recovery rates.  When sampling environmental surfaces recovery can be less than 1%  and is 

dependent on a number of factors including sampling method, environmental surface, 

environmental conditions, the original concentration and the target bacteria sampled 210.  Thus it 

is likely that our recovery rates underestimated the actual level of contamination for each of the 

bacteria.  The lower prevalence of C. difficile in this study, compared to MRSA and VRE, may 

be due in part to the fact that it is difficult to regrow spores from the environment 179.  

Additionally, this study only assessed contamination based on presence or absence of each 

organism.  Determining the actual concentration of organisms may have provided additional 

insights.  The assumption that the same surfaces at different sampling times were independent 

allowed us to pool the data and have a larger sample size, but could have been wrong.  The lack 

of significant difference between the seasons, other than C. difficile contamination in April, 

supports this assumption.   

5.6 CONCLUSIONS  

This study suggests that laundry facility workers who handle soiled linen may have a higher 

risk of exposure to C. difficile, MRSA and VRE than those who handle the linens once they are 

clean.  Environmental microbiology collection standards, as well as, defined occupational 

exposure limits have not been developed and thus it is difficult to assess microbiological risk in 

this occupational setting.   
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5.7 TABLES 

5.7.1 Table 5-1 Observed self-touch data 

Mean ± SD, by area of laundry 

 Overall (n=23) Dirty (n=9) Clean (n=14) p-value 

Person hours 20.0 7.4 12.7  

Average Touch 0.4 ± 0.7 0.3 ± 0.1 0.5 ± 0.1 0.16 

Nose 0.5 ± 1.0 0.3 ± 0.8 0.6 ± 1.1 0.25 

Eye 0.1 ± 0.4 0.1 ± 0.2 0.1 ± 0.5 0.59 

Face 0.7 ± 1.1 0.3 ± 0.8 0.9 ± 1.0 0.04 

Hair 0.4 ± 0.8 0.4 ± 0.7 0.4 ± 0.9 0.74 

Total Touch 1.7 ± 2.4 1.1 ± 1.7 2.1 ± 2.7 0.16 
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5.7.2 Table 5-2 Prevalence of Surface Contamination by Laundry area and Date of Sample Collection 

 
C. difficile  MRSA  VRE  Any Pathogen 

 
n (%)  n (%)  n (%)  n (%) 

  Dirty Clean  Dirty Clean  Dirty Clean  Dirty Clean 

Jan 2015 3 (10) 1 (3)  6 (20) 0 (0)  16 (53) 3 (10)  20 (67) 4 (13) 

April 2015 12 (40) 0 (0)  5 (17) 1 (3)  17 (57) 3 (10)  20 (67) 3 (10) 

July 2015 4 (13) 0 (0)  12 (40) 1 (3)  11 (37) 1 (0)  20 (67) 2 (7) 

Oct 2015 6 (20) 1 (3)  10 (33) 1 (3)  15 (50) 3 (10)  20 (67) 3 (10) 

Total 25 (21) 2 (2)  33 (28) 3 (3)  64 (53) 10 (8)  80 (67) 12 (10) 
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5.7.3 Table 5-3 Probability (Odds Ratio) of Contamination in Dirty Area Compared to the Clean Area 

Location Any Pathogen  C. difficile  MRSA  VRE 

  OR CI  OR CI  OR CI  OR CI 

Clean Area 1 --  1 --  1 --  1 -- 

All Dirty Areas 18.0* 8.9-36.5  15.5* 3.6-67.2  14.8* 4.4-49.8  12.6* 6.0-26.3 

Receiving 3.3** 1.2-9.1  6.1 1.0-38.2  2.6 0.4-16.3  2.5 0.8-7.6 

Primary Sort 69.4* 20.5-234.3  23.1* 4.7-113.9  20.4* 5.3-79.5  33.0* 11.8-92.4 

Secondary Sort 53.0* 17.1-166.9  23.1* 4.7-113.9  26.7* 6.9-102.5  24.2* 9.0-65.1 

COG 16.5* 5.9-46.4  11.8** 2.0-68.7  16.1* 3.8-68.1  11.0* 3.9-30.8 

 

 

* p<0.001, ** p<0.05 

 

OR=crude odds ratio, calculated by logistic regression, using clean area as reference category, and with no adjustment for other 

variables. CI= 95% confidence interval.  COG = Customer owned goods area 



5.8 FIGURES 

5.8.1 Figure 5-1 Prevalence of surface contamination by location within the laundry facility 

 

COG=Customer owned goods, MRSA= Methicillin resistant S. aureus, VRE=Vancomycin 

resistant Entercocci 
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5.9 SUPPLEMENTARY TABLES 

5.9.1 Table S 5-2 Surface sample details 

Sample Location n Details 

Receiving n=8 

Loading Dock 2 
Ladder handle, door handle of delivery truck, phone handle and 

face, light switch, and wall dust. 

Weigh in area 2 
Phone, computer keyboard, mouse, glove boxes, and operational 

buttons on scale, 

Incoming Carts 2 
Full plastic laundry bags in trash, cart on way to chutes, top, 

middle, outside and inside of bin. 

Glove/gown area 2 Surface of table with gloves 

Primary Sort n=8 

Conveyor Belt 8 
Safety pins to hold open bags, cart of soiled linens, conveyor 

belt, trash can at end of belt, and the handle to the stairs. 

Secondary Sort n=8 

Sorted Dirty Cart 2 
Empty plastic laundry bags in trash, cart on way to chutes, top, 

middle, outside and inside of bin. 

Wash Deck 2 
Chute of wash deck, soiled linens waiting to be placed in chute, 

empty used carts, and bags. 

Chute 1 2 Front, back, and line leading up to chute. 

Chute 2 2 Front, back, and line leading up to chute. 

COG n=6 

COG 6 Sorted and unsorted COG, lost and found items. 

COG Washers n=6 

COG Washers 6 
High touch areas (buttons), floor in front of washers, and 

surfaces of washers. 

Folding n=8 

Small piece 

folders 
2 

Scrubs front, on and around folding areas, and carts holding 

clean unfolded linens. 

Hand folding 3 
Linens waiting to be folded, on and around folding areas, 

conveyor belt bringing clean linens to be folded. 

Machine Ironers 3 
On and around folding machine, operation buttons, conveyor 

belt bringing clean linens to be ironed. 

Processing n=8 

Sorted Clean 

Carts 
1 Clean lab coats. 
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Clean cart ready 

to leave 
2 

Cart on way out, top, middle and outside of cart covered in 

plastic, just washed carts, and open cart with clean linens. 

Steam tunnel 2 High touch areas (buttons). 

Garment repair 3 
Sewing machine, surface of table, linens waiting to be repaired, 

inside, outside and middle of carts holding linens.  

Break Area n=8 

Locker Room 3 
Locker handles front, middle and back, and ladies bathroom 

surfaces. 

Break Area 3 
Tables, chairs, phone, water fountain, extinguisher, and kitchen 

surfaces.  

Office 2 
Door handles, duplicating machine buttons, seats, phones, 

computer keyboards, mice, and waiting room chair. 
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5.9.2 Table S 5-3 Self-reported characteristics of laundry employees by dirty and clean area 

 

Category 
Dirty Area 

(n=9) 

Clean Area 

(n=14) 
p-value 

Age (y) 54.4 47.7 0.15 

Time in US (y) 17.1 31 0.02 

Female (%) 22.2 78.6 0.006 

Household size 
   

Adults (mean) 2.1 2 0.86 

Children (mean) 1 0.9 0.90 

Children in Daycare, n (%) 0 (0) 2 (14.3) 0.26 

Own pets, n (%) 1 (11.1) 6 (42.9) 0.12 

Smoking 
   

Current smoker, n (%) 0 (0) 1 (7.1) 0.44 

Recent Smoker (last 6 mo), n (%) 0 (0) 0 (0) -- 

  
 

    

Antibiotic Use  n (%) n (%) n (%) 

Self (Current)  1 (11.1) 0 (0) 0.22 

Self (Last 6 mo) 1 (11.1) 1 (7.1) 0.76 

Household contact (Current)*  1 (11.1) 1 (7.1) -- 

Household contact (Last 6 mo)*  1 (11.1) 1 (7.1) -- 

        

Hospital work 1 (11.1) 1 (7.1) 0.76 

Hospital work (family) 0 (0) 0 (0) -- 

        

MRSA in nose n (%) 4 (44.4) 1 (7.1) 0.04 

        

Hand washing behavior n (%)     
 

Before work 9 (100) 14 (100) -- 

After work 9 (100) 14 (100) -- 

After removing gloves 8 (88.8) 14 (100) 0.22 

Before break 9 (100) 14 (100) -- 

Before eating 9 (100) 14 (100) -- 

After using bathroom 9 (100) 14 (100) -- 

 

* 4 different respondents did not know 



Chapter 6. DISSERTATION DISCUSSION 

In this study, environmental sampling was used to isolate three pathogens: C. difficile, 

MRSA and VRE.  These bacterial were biochemically and genetically characterized to determine 

relatedness within a single sampling time period, between time periods and to compare isolates 

from the dirty vs the clean areas.  Using all of this data, odds of contamination with all three 

pathogens as well as nasal colonization with MRSA were determined.  The dirty area of the 

laundry facility was more likely to be contaminated with all three of the pathogens and that 

employees from the dirty side were more likely to be positive for nasal MRSA.  Questionnaires 

and observation were done to assess behavior of employees in both the dirty and clean areas of 

the facility.  

Chapter one presents a broad overview of the three pathogens covered in this study.  In 

chapter two, contamination of surfaces within the laundry facility with C. difficile was 

determined.  Dirty areas of the laundry were more contaminated than clean areas (21% vs 2%, 

p<0.001).  C. difficile isolates were assessed for carriage of the genes tcdA and tcdB which code 

for toxins A and B respectively 95.  C. difficile toxins A and/or B were present in 64% of all 

isolates from the dirty area.  Of these, 10 isolates carried both genes.  Both isolates from the 

clean area carried both toxin genes tcdA and tcdB.  The presence of the toxins is important 

because the presence of either toxin increases the virulence and disease potential of C. difficile 95.  

April was the month with the highest prevalence of C. difficile contamination which may have 

been due to antibiotic use following respiratory infections in the winter months 167.  The MLST 

types identified in this study have all previously been found in both clinical and community 

settings and included 1, 2, 3, 15, 26, 34, 35, 39, 42, 43, 44, 53, 63 and 284.  Toxin presence by 



 

 107 

ST type was not uniformly distributed and did not appear to be associated with a particular ST 

with the exception of ST2, ST42 and ST44 which all had both toxins.   

Chapter three describes MRSA environmental contamination of the facility as well as 

nasal carriage among the laundry personnel.  MRSA was found at higher rates on the dirty side 

of the laundry than the clean side (28% vs 3%, p<0.001).  All of the MRSA isolates were 

screened for antibiotic resistance, genetically verified to carry the mecA gene and the type of 

mecA element carried.  In addition, the MLST type was determined.  All 36 of the isolates were 

resistant to methicillin and all other -lactams as expected due to the carriage of the mecA gene 

113.  Thirty-five (97%) of the isolates were resistant to two or more antibiotics including 

gentamicin, kanamycin, rifampin, ciprofloxacin, nitrofurantoin, clindamycin, erythromycin, 

chloramphenicol, quinupristin-dalfopristin, trimethoprim-sulfamethoxazole, minocycline and 

tetracycline.  Isolates from the dirty side had a core resistance to gentamicin, kanamycin, 

ciprofloxacin, clindamycin, erythromycin, quinupristin-dalfopristin, trimethoprim-

sulfamethoxazole, minocycline and tetracycline.  All isolates from the clean side were resistant 

to fewer antibiotics and included kanamycin, ciprofloxacin, nitrofurantoin, clindamycin and 

erythromycin. 

Subject employees were also assessed for nasal carriage of MRSA.  Nasal colonization 

rates were 44% (4/9) on the dirty side and 7% (1/14) on the clean side.  Both of these 

colonization rates are at or above those of the general population (0.2-7.4%) but this could be 

due to the relatively small sample size of only 23 subjects 202.  One of the employees from the 

dirty side was positive for nasal colonization three times.  The isolates from this employee’s nose 

were different in January (ST231 SCCmec II) vs in April and July (ST5 SCCmec II) so it is 

unclear if this represents the same strain.  The one employee from the clean side that carried 
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MRSA in their nose carried ST188.  This was the first time that ST188 was found in humans in 

Washington State as it is a common strain in Asia 191,192.  This strain was whole genome 

sequenced and found to be very similar to previously characterized ST188 SSCmec V from Hong 

Kong and is unlikely to have come from the laundry environment.  This was the only strain that 

had whole genome sequencing so it is unknown what, if any, known strains from the dirty side 

were similar to.  

Chapter four describes surface contamination with VRE.  VRE was found at much higher 

rates (74/240 isolates) than C. difficile (27/240 isolates) and MRSA (36/240 isolates).  As with 

the other pathogens, VRE was present at higher rates in the dirty area vs the clean area (53% vs 

8%, p<0.001).  VRE isolates were speciated using 16S sequencing and we isolated 71 E. 

faecium, two E. faecalis and one E. hirae.  This distribution correlates with what is normally 

found in hospital settings for infections with VRE 132. All isolates were shown to carry the vanA 

gene but not the vanB or vanC1 gene. The van genes are important in clinical disease with vanA 

being responsible for the majority of human VRE disease worldwide 143.  However, there are 

some geographic locations such as Australia and Europe where vanB predominates 132,145–147.  

The majority of the VRE isolates (98.6%, 73/74) were resistant to three or more antibiotics 

which included ciprofloxacin, chloramphenicol, clindamycin, erythromycin, linezolid, 

quinupristin-dalfopristin, minocycline, tetracycline, and nitrofurantoin.  14 different MLST types 

were identified among the E. faecium isolates: 16, 17, 18, 117, 186, 280, 324, 412, 584, 664, 

665, 736, 750 and 1038.  Both E. faecalis isolates were ST109 and the E. hirae was not 

sequenced via MLST.   

The fifth chapter examined the odds of exposure to environmental contamination.  The 

locations with a higher odds of surface contamination may represent an increased exposure risk 
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to workers.  The results of this work support the hypothesis that laundry facility workers who 

handle soiled linens are at higher risk of exposure to bacterial pathogens then workers who do 

not handle soiled linens.  Survey data showed that employees from the dirty and clean side were 

not statistically different with the exception of time spent in US, gender and MRSA nasal 

colonization.  Age, household size, smoking behavior, antibiotic use and current work at a 

hospital were not significantly different between the two groups.  There was no difference in 

self-reported hand washing behavior between the two groups of employees with the exception of 

one employee from the dirty area that reported not washing their hands after removing their 

gloves.  Employee observation also showed some difference in self-touching behavior but it was 

not significant (Table 5.1).   

6.1 LIMITATIONS 

This study has a number of limitations including the inherently poor recovery of 

microbes from environmental surfaces, difficulty in culturing specific bacteria such as with C. 

difficile spores, differences in incubation times and media used 178,179.  All of which could have 

led to underestimation of true prevalence for each of the pathogens.  The characterization of a 

single colony from each sample most likely led to an underestimation of diversity in strains for 

each pathogen because we most likely characterized the most abundant type from each sample.  

Future studies comparing the whole genomes of both the human and environmental isolates 

would help to elucidate the relationship between the strains from the contaminated laundry 

environment and those isolated from laundry personnel.  In addition, whole genome analysis 

would allow one to determine if isolates from different areas and different times within the 

facility were genetically related as some of our data suggests.  Further studies involving 

collection of health records of employees including immunological function and other exposures 
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would need to be done in order to characterize the risk of infection due to exposure in the 

laundry.  Ideally an exposure limit to each of the three pathogens would be developed.  This 

would help determine if the risk of exposure is high enough to warrant changes in the handling 

and transportation of soiled clinical linens.   

6.2 DISSERTATION CONCLUSION 

Despite these limitations, environmental contamination at the UW Consolidated Laundry 

Facility for the presence of C. difficile, MRSA and VRE was assessed for the first time.  As 

hypothesized, the dirty area was much more contaminated than the clean areas of the laundry 

facility overall and for each specific pathogen.  The dirtiest areas were the primary and 

secondary sort areas.  This was not surprising due to the handling of clinically soiled linens in 

these areas.  This indicates that soiled clinical linens are a source of hospital bacterial 

contamination in the laundry facility.  These linens could also be a potential reservoir for 

prolonged environmental contamination and subsequent occupational exposure.   

The COG washers, which are physically located on the clean floor, had contamination at 

levels much higher than other areas on the clean floor at 45.8%.  These levels were between 

those found in the receiving (28.3%) and COG (62.5%) areas, both on the dirty side (Figure 5.1).  

Due to the findings of this study, additional disinfection measures, PPE guidelines and hygiene 

practices were implemented in the COG washer area.  These practices should reduce potential 

exposure and persistence of pathogens.   
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8.1 APPENDIX 1 MAP OF CONSOLIDATED LAUNDRY 

 

 



 

Map of Consolidated Laundry.  Layout of the two floors of the laundry facility with numbers that 

correspond to where environmental samples were collected at each time period.  

        : Storage bins for linens, #: Approximate location of surface samples 
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8.2 APPENDIX 2 SURFACE SAMPLE SIZE CALCULATION 

x: %difference 
n: Sample size in each area with 

80% power 

n: Sample size in each area with 

90% power 

10 119 158 

20 30 40 

30 14 18 

 

8.2.1 Equation 1 

𝑛 =
[𝑝𝐷(1 − 𝑝𝐷) + 𝑝𝐶(1 − 𝑝𝐶)](𝑧1−0.95 + 𝑧0.8)

2

𝑥2
 

 

 

 n= sample size 

 𝑝𝐷=17% 

 𝑝𝐶=1% 

 𝑧1−0.95=1.96 

 𝑧.8= 0.842   

 𝑧.9= 1.28 

 

During the pilot phase of this study, surface samples were collected from both the clean and 

dirty areas of the laundry to determine differences in prevalence of contamination.  The 

prevalence of positive surface samples from the dirty area (𝑝𝐷) was 17% and 1% for the clean 

areas (𝑝𝐶).  A sample size of 30 was chosen to allow 80% power to detect a 20% difference 

between sampling times using Equation 1 adapted from Noordzij et al, 2010 211.   
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