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ABSTRACT
Personnel follow hospital policies and regulatory guidelines to prevent surgical site infections. However, a poten-
tially contaminated item may be overlooked— the linen. When perioperative team members transport patients to 
the OR, the linen on the beds and transport carts can contain a variety of microorganisms. Textile surfaces can 
serve as reservoirs for microorganisms that can be transferred to health care providers, patients, and the environ-
ment. These pathogens may then infect patients, particularly those who are immunocompromised or have direct 
portals of entry (eg, catheters, incision sites). This article provides an overview of how microorganisms that cause 
health care– associated infections can survive and thrive on hospital linen and related equipment; discusses the 
linen laundering, transport, and storage processes and best practices; and discusses antimicrobial interventions— 
including a silver- ion laundering additive that was added as an infection prevention measure to the laundry produc-
tion cycle at a medical center’s contracted laundry facility.

Key words: linen laundering, antibiotic- resistant microorganisms, antimicrobial textiles, silver, copper.

Receiving a blanket fresh from the warmer is usually 
a welcome addition for a surgical patient during the 
perioperative period. Perioperative staff members 

may assume the laundered linen used in the OR is clean— 
but how clean is it? This article focuses on bed linen and 
patient gowns and the methods involved in the cleaning of 
these materials to ensure laundered linen is clean and does 
not transmit pathogens or lead to infection outbreaks.

HEALTH­CARE–­ASSOCIATED­INFECTIONS­
AND BIOFILM
The US Centers for Disease Control and Prevention (CDC) 
estimates that 5% of hospitalized patients acquire a health 
care– associated infection (HAI), which can cost billions of 
dollars in added expenses.1 National organizations, such as 
the CDC,2 and professional organizations, such as AORN, 
provide recommendations and guidelines to direct patient 
care for the purpose of preventing surgical site infections. 

Perioperative nurses follow these requirements to pro-
vide optimal care, which includes

• instructing patients to perform preoperative skin 
cleansing at home;3

• preoperatively testing and treating patients for 
methicillin- resistant Staphylococcus​aureus (eg, MRSA);3

• donning clean scrub attire;4

• intraoperatively maintaining patient normothermia,5 
ensuring antibiotic stewardship,6 preparing the surgi-
cal site with an antiseptic,3 applying sterile drapes, and 
employing sterile technique;7

• maintaining normothermia5 postoperatively; and

• performing terminal cleaning.8

Humans live in a biodiverse world in which microorgan-
isms are ever- present, naturally colonizing the intestines 
and living on the skin. Some microorganisms become 
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pathogenic and invade and damage tissues or cause infec-
tions. Microorganisms that increase in number can upset the 
delicate biological balance inside the human body and carry 
the potential to cause death. Health care– associated infec-
tions are caused by bacteria and their endospores, fungi and 
their spores, and viruses. Bacterial endospores are formed 
when conditions are unfavorable to support life (eg, extreme 
fluctuations in temperature, lack of water and nutrients, low 
oxygen levels). These endospores can withstand heat, des-
iccation, chemicals, and radiation; they also can remain dor-
mant for extended periods of time. After the environment 
reverts to more favorable conditions, endospores shed their 
dormant state and become vegetative again.9 Microbes also 
can remain in this active state but hidden in biofilms.10 A bio-
film is a collection of different types of microorganisms that 
flourish as a group and produce a sticky substance composed 
of sugars, proteins, and nucleic acids used to attach them-
selves onto wet surfaces. Biofilms grow and thicken as layers 
are built upon layers.11 They are hardy structures that are dif-
ficult to eradicate— microbicides either cannot penetrate the 
film12 or are neutralized by the film.11 Biofilms can develop on 
laundry equipment10 and may contaminate linens.

Microorganisms can live on hard surfaces (eg, medical 
equipment), soft surfaces (eg, linen), and human skin.13 
These microorganisms can then spread directly from per-
son to person or indirectly via an intermediary item (eg, 
bed, privacy curtain) or air currents (eg, produced during 
bed making or ventilation). Performing frequent and prop-
er hand hygiene and wearing appropriate personal protec-
tive equipment can reduce the spread of microorganisms.14

Microorganisms can live on hard surfaces (eg, 
medical equipment), soft surfaces (eg, linen), 
and human skin.

CONTAMINATION OF HEALTH CARE TEXTILES
Textiles are items made from fabric and may include priva-
cy curtains, scrub attire, lab coats, reusable surgical gowns 
and drapes, patient gowns, and other linen (eg, sheets, pil-
lowcases, blankets). Microorganisms can accumulate and 
proliferate on textiles and can cause HAIs via direct or 
indirect contact or aerosolization.15- 17 Privacy curtains in 
the holding area or postanesthesia care unit, for example, 
are often used for extended periods (ie, weeks or months) 

without being cleaned, during which time microorganisms 
on them may flourish. Health care workers regularly place 
their hands on the same curtain segment to open and close 
it, either contaminating the curtain with their hands or hav-
ing their hands contaminated by the curtain, and then may 
touch the patient.18 Research findings have shown that pri-
vacy curtains can be contaminated with a variety of micro-
organisms. In a study of cultures from 50 privacy curtains, 
researchers identified vancomycin- resistant enterococci 
(VRE) on 21 (42%) of the curtains, MRSA on 11 (22%) of 
the curtains, and Clostridioides​difficile on two (4%) of the 
curtains.19 Authors of another study involving 180 cul-
tures obtained from 43 privacy curtains identified that 47 
(26.1%) were positive for S​aureus, 31 (17.2%) were posi-
tive for VRE, 12 (6.7%) were positive for MRSA, 79 (43.9%) 
were positive for enterococcus species, and 40 (22.2%) 
were positive for various aerobic gram- negative bacilli.20

Although linen is either laundered in- hospital or at a con-
tracted laundering facility, the extent to which this launder-
ing removes microorganisms is unknown. Textile surfaces 
serve as reservoirs for microorganisms capable of infecting 
patients,10,21 especially when laundering or linen- storage 
processes are deficient.10 Contaminated textiles may con-
tain bacterial, viral, or fungal microorganisms or pathogens 
that can be transmitted to health care providers, patients, 
and the environment, causing infection and illness.22- 24

Up to 90% of hospital laundry (in pounds washed) in the 
United States is outsourced to a centralized commercial 
linen service company.25 Increasing scientific evidence, 
however, has revealed that contaminated linen is a prob-
lem and also may play an indirect but compelling role in the 
spread of antibiotic- resistant organisms26 and multidrug- 
resistant organisms. Health care textiles can play a role in 
the transmission of pathogens and infection,27- 30 although 
the extent to which they contribute to HAIs is not yet 
known.31 What is known, however, is that lower microbi-
al loads on linen is best in the health care environment.32 
Patients with the highest risk of acquiring HAIs and having 
associated negative outcomes are those who

• have direct portals of entry (eg, catheters, incision sites),

• have cancer,

• are immunocompromised,

• receive chemotherapy,

• undergo organ transplantation, or

• have extensive burns or failing organs.18
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Microorganisms proliferate rapidly on textiles when there 
is a large inoculum;13 when the temperature and humid-
ity are suitable;13 and when dust,33 spilled food or liq-
uid,33 emesis,2,10,22 feces,2,10,22 urine,2,22 blood,2,22 dead skin 
cells,2,10,22 or other such items are present. Microorganisms 
residing on linen will grow in the warm, moist setting and 
can cross- contaminate the hands of hospital personnel. 
Depending on the microorganism, it can live on textiles 
from one day to several weeks and sometimes longer than 
three months.15,34,35 The transfer rate of microorganisms 
from the fabric to a person or another object also will vary 
depending on a diverse set of variables, such as the micro-
organism (eg, strain),36 conducive environmental factors 
to sustain the microorganism, and the type of fabric (ie, 
material).37 Transfer rates will be lower when the fabric or 
the health care worker’s hands are dry.37

Common microorganisms found on hospital textiles 
include gram- negative bacteria,38 coagulase- negative 
staphylococci,38 Bacillus species,38 S​aureus and MRSA,39 C​
difficile,39 VRE,35,39 Acinetobacter​ baumannii,39 and skin flo-
ra.38 Clostridioides​ difficile has been found to be the most 
common pathogen causing HAIs (12.1%); S​ aureus was 
the second most common (10.7%), followed by Klebsiella​
pneumoniae and Klebsiella​ oxytoca (9.9%) and Escherichia​
coli (9.3%).40 In an audit of linen management practices at 
a 700- bed teaching hospital, the authors found that previ-
ously laundered linen located in storage rooms and on trol-
leys used for transporting the linen were contaminated with 
coagulase- negative staphylococci, Bacillus species (ie, mold), 
and viruses.23 Hospital personnel should implement sys-
tematic cleaning protocols in their laundries or ensure their 
contracted facilities perform vigilant screening and cleaning 
practices to ensure microbial counts are as low as possible 
(Supplementary Sidebar 1).22

Researchers in the United Kingdom studied linen as a 
source of sporadic outbreaks of C​difficile and examined 
the survival of C​difficile spores on naturally contaminated 
bed sheets before and after washing at 65° C (149° F) for 
at least 10 minutes or at 71° C (159.8° F) for at least three 
minutes.41 They found that combining heat and chemicals 
was more effective for decontaminating the linen than 
heat alone. They also found that even after processing 
linen in the commercial health care laundry facility using 
industrial detergent and disinfection- level temperatures, 
enough C​difficile spores to pose a transmission risk still 
remained on the linen. They concluded that inadequate 

water temperature and disinfection conditions as well as 
the amount of time the linen spends passing through the 
various phases in the wash cycle could contribute to spo-
radic outbreaks of C​difficile. Results of another study to 
evaluate the potential for cross- contamination of hospital 
linen during standard laundry procedures showed that C​
difficile spores can survive typical laundering temperatures 
and chemical treatments and can cross- contaminate other 
linen in the wash.42

Hospital personnel should implement 
systematic cleaning protocols in their laundries 
or ensure their contracted facilities perform 
vigilant screening and cleaning practices to 
ensure microbial counts are as low as possible.

In another study of linen, researchers purposely contam-
inated 19 fitted sheets and 17 top sheets with microor-
ganisms and unexpectedly found that after laundering, 
the “clean” bed linen newly applied onto the patients’ 
beds was still contaminated. The researchers concluded 
that the bacteria transfer most likely occurred when the 
health care worker’s attire— which were contaminated 
from patient- care activities, such as touching patients and 
environmental surfaces— contacted the bed linen when 
making the bed.43 Another theory, which the authors dis-
missed, indicated that contamination could have occurred 
anywhere along the continuum of the laundering and 
storage process. The authors accepted the belief that 
their textiles were free from contamination because of the 
statements made by the launderer. Results of an additional 
study showed that S​aureus can survive a 10- minute wash 
at 54° C (129.2° F) with a drying cycle, and that K​pneu-
moniae also can survive laundering that does not include a 
mechanical drying cycle (Supplementary Sidebar 2).44

PRODUCTION CYCLE FOR LAUNDERED 
LINEN
Two microbiological goals during the laundering pro-
cess include the elimination or inactivation of patho-
gens on the linen and in the washing and drying devices 
and the prevention of biofilm formation inside the 
washing machine to prevent textile recontamination.33 
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Health care personnel should expect laundering to 
remove all soil from linen and eradicate or consider-
ably reduce the number of microbes.33 Laundry per-
sonnel should vigilantly and scrupulously adhere to 
regulatory requirements from national organizations 
(eg, Occupational Safety and Health Administration45) 
or laundry industry accrediting organizations (eg, 
International Organization for Standardization,46 
Healthcare Laundries Accreditation Council47) to help 
prevent HAIs. The acceptable limit standard for laun-
dry contamination in the immediate postdrying phase 
is less than 20 colony- forming units per square decime-
ter and the absence of organisms, including S​aureus, E​
coli, and Candida​albicans.18 Laundering facilities should 
provide standard washing, rinsing, drying, storing, and 
transporting of linen according to principles of hygiene, 
common sense, and consensus guidance from the 
CDC’s Healthcare Infection Control Practices Advisory 
Committee and the Association for Professionals in 
Infection Control and Epidemiology.22

Washing
Transport personnel deliver hospital linen in closed bags 
to the laundry facility’s soiled area where laundry person-
nel sort it by category (ie, sheets, blankets, surgical scrubs, 
patient gowns) before or after it is washed, according to 
the specific facility’s protocols. During the wash phase, 
the washing mechanism removes dirt and either removes 
or kills microorganisms with heat, chemicals, and physical 
action. The water temperature should be 71° C (159.8° F) 
for at least 25 minutes to effectively destroy microorgan-
isms.2 Soap, detergents, and disinfectants also are used in 
the cleaning process to suspend soils and assist in erad-
icating microorganisms.2 Disinfectants that destroy and 
inhibit microorganism growth include alcohols; quaterna-
ry ammonium cations; aldehydes; and oxidizing agents, 
such as sodium or calcium hypochlorite (bleach), hydro-
gen peroxide, and iodine.14 Some of these compounds 
may result in bacterial resistance over time.14 A mild acid 
is automatically added during the final step in the wash 
cycle (ie, a series of rinses) to neutralize the alkalinity in 
the water, soap, or detergent and kill microorganisms 
susceptible to rapid environmental pH shifts.2 During 
the washing cycle, the following parameters must be in 
balance:

• water temperature,

• duration of the wash and rinse cycle(s),

• mechanical agitation, and

• type and amount of detergent and disinfectants.10

If one of the parameters is inadequate, one or more of the 
other parameters must be increased to achieve hygieni-
cally cleaned linen.22 Microorganisms may survive washing 
cycles if the water temperature is not hot enough or the 
wash or rinse cycles are too short.10 In a study conduct-
ed to investigate laundry contamination after washing at 
reduced water temperatures (ie, 22° C [71.6° F] versus 
71.1° C [159.9° F]), researchers produced a satisfactory 
reduction in microbial contamination at lower water tem-
peratures when they used bleach in larger quantities.48

Microorganisms may survive washing cycles if 
the water temperature is not hot enough or the 
wash or rinse cycles are too short.

Laundry supervisors should ensure that washing machines 
are cleaned properly and undergo maintenance on a reg-
ular schedule to prevent the buildup of biofilm.10 An out-
break of K​ oxytoca occurred in a hospital because the 
microorganism had colonized inside the door seals of the 
washing machines. When large numbers of microorgan-
isms survive the wash cycle, they can be transferred onto 
other items in the same wash cycle or when drying.10

Drying
Drying linen at high temperatures is another method for 
killing any remaining microorganisms. Personnel use dry-
ing machines or mechanical irons to dry linen. Appropriate 
dryer temperatures, cycle times, and load capacities (ie, 
size or weight) are dependent on the type of fabric.10 
Synthetic fibers (eg, polyester, polyester blends) require 
shorter drying times and lower temperatures than natural 
fibers (eg, cotton).2 Dryers also need to undergo regular 
maintenance and temperature checks to ensure they are 
functioning correctly.

Transporting and Storing
Environmental services leaders in hospitals and surgery cen-
ters and laundry supervisors in commercial laundry facilities 
employ control measures for the transportation and storage 



AORN Journal  315  

Linen: The New FrontierApril 2022, Vol. 115, No. 4

of cleaned linen. According to The Joint Commission, leaders 
of organizations that process laundry

are​expected​to​develop​their​linen​cleaning,​
storage​ and​ management​ requirements​ in​
accordance​with​ evidence-​based​ sources​…​
such​as​the​CDC,​the​National​Association​of​
Institutional​ Linen​Management​ and/or​ the​
local​or​state​authority​having​jurisdiction.49

Cleaned linen should be transported in covered bins or 
trolleys or on carts and conveyor belts when being deliv-
ered to storage areas, which should be clean and free of 
soil, dust, and microorganisms (eg, mold) and are dry, with 
proper airflow and limited traffic.18 Linen must be com-
pletely dry before being bundled or covered because resid-
ual moisture contributes to microbial growth.50 Personnel 
overseeing transportation services and storage facilities of 
laundered linen at the laundry facility or in the hospital’s 
laundry area should disinfect and air dry transportation 
and storage devices (eg, bins, carts, shelves, trolleys) on a 
regular basis to avoid contaminating the cleaned linen.50,51 
Researchers have identified that clean linen and the racks 
on which they are stored can be contaminated with both S​
aureus and MRSA.23 Transporting and storing linen involves 
many touchpoints because of the numerous personnel han-
dling the linen and the many pieces of equipment used— all 
of which pose a contamination risk. For both health care 
organizations and commercial laundries, these touchpoints 
include the transport of laundry out of the laundry area and 
into the central storage area. For health care facilities con-
tracting commercial vendors, linen transport also includes 
vehicular transportation from the laundry facility to the 
health care facility, transportation from the arrival dock to 
the central storage zone, and transportation from the cen-
tral repository point to the patient care units and onto ancil-
lary storage carts.

The risk for contamination is greatest during the transport 
of cleaned linen from the laundry facility back to the hos-
pital (Supplementary Sidebar 3). Cleaned and contaminat-
ed linen should be transported in vehicles (eg, trucks, vans, 
carts) that permit separation of clean and contaminated 
items. Clean and contaminated items may be transported 
together in the same vehicle as long as physical barriers or 
space separators are in place and shown to be effective 
in contamination prevention.2 Supervisors should ensure 
that the carts, bins, plastic containers, or bags as well as 
the trucks or vans transporting the linen are cleaned on 

a regular schedule. After the linen arrives at the hospital, 
transport personnel drop it off at a loading dock where 
it is then transported for storage in a central location. 
Environmental services staff members will then dispense 
and store the linen on clinical units. All storage sites need 
to be clean areas, and the linen should be kept dry and free 
from soil and body- substance contamination (ie, via the 
hands, arms, and fronts of attire).

Cleaned and contaminated linen should be 
transported in vehicles (eg, trucks, vans, 
carts) that permit separation of clean and 
contaminated items.

Providing hygienically clean linen is a complex task. 
Laundry supervisors in commercial laundry facilities and 
environmental services staff members in health care 
facilities should ensure the cleanliness of linen storage 
areas, transport devices, and transportation vehicles to 
prevent contamination of these items. Laundry or facility 
maintenance personnel should document daily tempera-
tures and humidity readings of the storage space in the 
laundry facility, and they should also inspect the ventila-
tion system for cleanliness.18 The frequency of cleaning 
the transport carts or bins also is pertinent, as is deter-
mining if the lowest racks on the carts are solid and cov-
ered so that the cart’s wheels do not splatter dirt onto 
the linen.18

POTENTIAL FOR CONTAMINATION OF 
LINEN DURING USE
Microorganisms on linen may become airborne and set-
tle onto surfaces and contaminate them. This transfer 
can occur when the OR bed is made, when the sheets are 
shifted, or when the patient transfers to the OR bed along 
with his or her hospital gown and top layer of linen.22,24,52,53 
For example, MRSA becomes a bioaerosol that contam-
inates the air and causes respiratory infections during 
bed making.53,54 Researchers collected baseline air sam-
ples from the environment around 13 patients currently 
infected or colonized with MRSA.53 They then collected 
air samples during the bed- making process and found 
aerosolized MRSA counts (ie, particulates collected on air 
samplers) that were significantly (approximately 25 times) 
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higher than the baseline MRSA counts (P = .01). One hour 
later, MRSA counts on the sheets were lower than before 
bed- making. The researchers also found that the aerosol-
ized MRSA particles colonized the patients’ nasal cavities 
or passed into their lungs.53

Environmental contamination by patients also was the focus 
of a study of isolation rooms housing 25 patients colonized 
or infected with MRSA.26 More than half of the surfaces 
sampled, including the bed linen, tested positive for MRSA, 
suggesting that patients with MRSA contaminated their 
environment. The surfaces most commonly contaminated 
with MRSA are the patients’ gowns, the front of health care 
workers’ attire,43 and the bed linen.51,55 In a literature review, 
bed linen may have been the cause of the spread of MRSA, 
Pseudomonas​ aeruginosa, and VRE.52 Thirty- seven studies 
were discussed, with a focus on determining contaminat-
ed bed components. Other researchers also were able to 
isolate Bacillus​ stearothermophilus,52 P​ aeruginosa,56 and 
Burkholderia57 pathogens from the air during linen changes.

Contamination of health care workers and patients can 
also occur when an individual touches a contaminated 
surface (ie, direct transfer) and then touches another sur-
face or individual (ie, indirect transfer), thereby infecting 
that surface or individual. Although hand hygiene eventu-
ally breaks the spread of infection, it cannot stop the “nos-
ocomial infection loop” alone because it is of little use in a 
heavily contaminated hospital environment.32 Because of 
the growing number of microorganisms resistant to anti-
biotics, administrators from patient care units, infection 
control, quality, and environmental services must improve 
the infection prevention and cleaning protocols in their 
health care facilities to decrease microbial proliferation.

TEXTILE-­BASED­ANTIMICROBIAL­
INTERVENTIONS
Creating antimicrobial surfaces and coatings using inor-
ganic materials such as copper or silver on top of or 
woven into textiles is one approach to providing a clean-
er environment.32 Through a technological application, 
the antimicrobial coatings are diffused into the fabric to 
prevent microorganism adhesion to the fabric. A poten-
tial problem, however, is that diffusible antimicrobials 
could inadvertently cause microbial resistance over time 
because they continuously release active compounds 
into the environment. At present, however, few micro-
organisms show resistance to silver or copper.32

Microbicide- Releasing Surfaces: Copper and 
Silver
Copper incorporated into hospital linen reduces microbi-
al loads 46% to 50% compared with standard linen.58 In 
a quasi- experimental study on a chronic- care head- injury 
unit, patients who received copper- impregnated linen 
experienced 24% fewer HAIs, a 47% reduction in the num-
ber of days of fever, and a 32.8% reduction in the total 
number of days of antibiotic use compared with patients 
who received standard linen.58 Further, in another study 
there was a reduction in E​ coli and S​ aureus within two 
hours of exposure to copper- impregnated fabrics, and 
the fabrics retained their activity against S​aureus after 35 
washes at 85° C (185° F) and remained active against der-
matophytes and yeasts such as C​albicans.59 Cotton fibers 
can be plated and synthetic fibers (eg, polyester and nylon) 
and cotton- synthetic blends can be impregnated with cop-
per oxide,60 allowing copper to be permanently bound into 
the fibers.59 After 100 washes, there was minimal loss of 
copper oxide from the cotton fibers, and its biocidal effica-
cy (ie, ability of a chemical substance or microorganism to 
destroy, make harmless, or control harmful organisms via 
chemical or biological means) remained intact.59 In a study 
on copper oxide– impregnated textiles, patients slept on 
nonimpregnated sheets (ie, regular sheets) for one night 
and then on 90% cotton/10% copper oxide– impregnated 
sheets (ie, copper sheets) the next night. Researchers 
found that bacterial colonization on the sheets where 
the patients’ feet had rested was significantly lower on 
the copper sheets than on the regular sheets (P < .05).60 
They concluded that HAIs can be reduced by using copper 
oxide in linen because bed sheets and pillowcases come 
into direct contact with the patient’s skin.60

Creating antimicrobial surfaces and coatings 
using inorganic materials such as copper or 
silver on top of or woven into textiles is one 
approach to providing a cleaner environment.

Silver and silver- embedded surfaces serve as broad- 
spectrum antimicrobials to which bacteria have shown little 
resistance, even with low silver concentrations.32 Silver ions 
kill microbes by binding to their surface proteins, causing 
their cell walls to rupture, which permits deeper ion pene-
tration. Once inside the cell, silver ions interrupt metabolic 
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activity, suffocating the cell. They also bind to DNA strands, 
preventing cell replication.56 Silver ions also produce oxy-
gen radicals, causing DNA and RNA damage and protein 
denaturization, resulting in bacterial cell death.17

Ionic silver is a more effective antimicrobial than a sil-
ver compound.61 Through a charge- based interaction, 
silver ions bond and adhere to fibers and remain active 
throughout the duration of patient use.62 Silver ions are 
released from textile threads in the presence of mois-
ture, providing ongoing protection from contamination 
via health care workers’ hands, surgical attire, and lab 
coats.18,62 In a study involving 2,074 sheets and 1,912 
patient gowns from three community hospitals with a 
focus on Staphylococcus and MRSA, researchers found 
that treating linen with a silver- ion solution reduced 
total aerobic bacterial colonies for bed linen by 88% and 
patient gowns by 89%.63

Silver, silver ions,64 copper, and copper ions are used in health 
care products and water treatment devices. Silver and silver 
ions are used in surgical dressings, wound and device dress-
ings, and indwelling urinary and vascular catheters to reduce 
the risk and rate of infection.18 Copper has mostly been used 
on surfaces (eg, door handles, bed railings, light switches, 
and inhalation systems).65 Two drawbacks to silver are that 
it lacks permanence, making replenishment a requirement,66 
and carries the possibility of human cell cytotoxicity.66,67 
Silver ion toxicity continues to be a debatable issue.68,69

PRACTICAL EXPERIENCE USING A RESIDUAL 
SILVER-­ION­LAUNDRY­ADDITIVE
On February 1, 2020, Holy Name Medical Center, a com-
munity hospital in New Jersey, began laundering bed lin-
en and patient gowns with a residual silver- ion additive 
dispensed during the rinse cycle each time the linen was 
washed. Health care providers’ reusable isolation gowns 
and the scrub attire worn by staff members caring for 
patients with coronavirus disease 2019 (COVID- 19) were 
added to this protocol in early March 2020 when the hos-
pital became an epicenter for patients with COVID- 19.

Silver- ion antimicrobial textile treatments kill infectious 
microorganisms through residual antimicrobial activity 
that is continuously effective during linen use, storage, 
and handling.63,70 The product is approved by the United 
States Environmental Protection Agency (Reg. No. 90335- 
1) and the manufacturer states it is safe for all types of 
patients (eg, immunocompromised, neonatal, pediat-
ric), can be used in a magnetic resonance imaging suite, 
and does not change the look or feel of the linen.71 The 
manufacturer of the residual silver- ion laundry additive 
or the manufacturer’s contracted partners incorporated 
good laboratory practices (ie, a set of principles followed 
in nonclinical laboratory research to ensure the quality 
and integrity for products regulated by government agen-
cies) when performing laboratory studies and the results 
showed that residual silver ions applied to linen reduced 
levels of the following pathogens by 99.9% over time:

Key Takeaways

	Microorganisms can accumulate and proliferate on linen (eg, privacy curtains, scrub attire, gowns and 

drapes, sheets, pillowcases, blankets) and can cause health care– associated infections via direct or indirect 

contact or aerosolization. Increasing scientific evidence has revealed that contaminated hospital linen is a 

problem and may play an indirect role in the spread of antibiotic- resistant organisms.

	Laundering facilities should provide standard washing, rinsing, drying, storing, and transporting of linen 

according to principles of hygiene, common sense, and consensus guidance (ie, Centers for Disease Control 

and Prevention’s Healthcare Infection Control Practices Advisory Committee, Association for Professionals 

in Infection Control and Epidemiology).

	Inadequate laundering parameters (eg, water temperature, duration of wash and rinse cycles) could contribute to 

sporadic outbreaks of microorganisms and infection. Laundry supervisors should ensure that washing machines 

are cleaned properly and undergo maintenance on a regular schedule to prevent the buildup of biofilm.

	Textile surface applications and antimicrobial coatings that diffuse into the fabric are technologies employed to 

prevent microorganism adhesion to fabric. Creating antimicrobial surfaces and coatings using materials such 

as copper or silver on top of or woven into textiles is one approach toward providing a cleaner environment.
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• S​aureus and C​albicans after six hours of contact;

• K​ pneumoniae, vancomycin- resistant Enterococcus​
​faecalis, extended- spectrum beta- lactamase–positive  
E​coli, and A​baumannii after three hours of contact; and

• MRSA after nine hours of contact.70

Holy Name Medical Center entered into an agreement 
with a third-party laundry facility to use the silver- 
ion additive with a cost- savings guarantee (ie, percent 
decrease in HAIs). The silver- ion additive system was 
installed at Holy Name Medical Center’s contracted laun-
dry facility. The laundry facility sends clean linen samples 
to an independent third- party laboratory contracted by 
the silver- ion additive manufacturer to ensure effica-
cious levels of silver ions are on the linen. The additional 
cost of using the silver- ion additive is about $0.10 per 
pound, which translates to approximately $150,000 per 
year. According to the CDC, HAIs total more than $28.4 
billion per year in direct medical costs as well as $12.4 
billion in societal costs as a result of premature deaths 
and lost productivity.72 Compared to the cost of HAIs, the 
additional expenditure for the residual silver- ion laundry 
additive is justifiable.

IMPLICATIONS FOR PRACTICE
It is difficult to establish a cause- effect relationship 
between contaminated linen and HAIs because the types 
of microorganisms to be studied are numerous and their 
interaction with humans is complex. Infection control and 
environmental services departments should work close-
ly together with contracted (or internal) laundering facil-
ities to periodically ascertain cleanliness of the facility 
and culture samples of laundered linen for cleanliness. As 
Bloomfield10 states, it is not possible to attain zero HAIs, 
but that does not mean that health care providers should 
not continue to strive to reach this goal. The “seeming-
ly ‘harmless’ microbial reservoirs of pathogens (e.g., in 
laundry)” or on stored linen “may become an important 
contributing factor to severe infections or the spread 
of microorganisms.”10(p10) This is especially relevant for 
antibiotic- resistant bacteria.

CONCLUSION
Although it seems simple to provide hygienically clean linen 
for the OR— wash it, dry it, fold it, and store it— this pro-
cess is much more complex than at first glance. This article 
provided evidence cited in various studies demonstrating 

correlations between contaminated linen and HAIs. Many 
perioperative practices revolve around maintaining a ster-
ile environment and using aseptic technique to prevent 
surgical site infections. Perhaps it is time to take a closer 
look at linen and the role it plays in infection control and 
prevention.

Facility leaders should ensure routine cleaning practices 
are in place, proper equipment maintenance is performed, 
and proper processes are followed when washing, dry-
ing, transporting, and storing linen to prevent infection 
breaches and curtail poor work practices that may lead to 
contaminated environments. Facility leaders also should 
trial new technologies that focus on decreasing HAIs by 
eradicating microorganisms. The time has come to ques-
tion what happens to linen at the laundering facility, in 
storage at the hospital, and in the OR. The greater the 
number of hands that touch the linen and the more bodies 
against which it is held, the greater the number of contam-
ination sources that are introduced. This is a frontier that 
health care providers have mostly overlooked.

SUPPORTING INFORMATION
Additional information may be found online in the sup-
porting information tab for this article.

REFERENCES
 1. HAI and antibiotic use prevalence survey. Centers for 

Disease Control and Prevention. https://www.cdc.gov/
hai/eip/antib iotic - use.html. Reviewed February 23, 2021. 
Accessed January 4, 2022.

 2. Background G. Laundry and bedding. Centers for Disease 
Control and Prevention. https://www.cdc.gov/infection 
control/guidelines/environmental/background/laundry.
html. Updated July 2019. Accessed January 4, 2022.

 3. Guideline for preoperative patient skin antisepsis. In: 
Guidelines​ for​ Perioperative​ Practice. Denver, CO: AORN, 
Inc; 2022:623- 680.

 4. Guideline for surgical attire. In: Guidelines​for​Perioperative​
Practice. Denver, CO: AORN, Inc; 2022:1089- 1106.

 5. Guideline for prevention of hypothermia. In: Guide-
lines​ for​ Perioperative​ Practice. Denver, CO: AORN, Inc; 
2022:357- 386.

 6. Guideline for team communication. In: Guidelines​for​Periop-
erative​Practice. Denver, CO: AORN, Inc; 2022:1155- 1186.

 7. Guideline for sterile technique. In: Guidelines​for​Periopera-
tive​Practice. Denver, CO: AORN, Inc; 2022:1017- 1058.

https://www.cdc.gov/hai/eip/antibiotic-use.html
https://www.cdc.gov/hai/eip/antibiotic-use.html
https://www.cdc.gov/infectioncontrol/guidelines/environmental/background/laundry.html
https://www.cdc.gov/infectioncontrol/guidelines/environmental/background/laundry.html
https://www.cdc.gov/infectioncontrol/guidelines/environmental/background/laundry.html


AORN Journal  319  

Linen: The New FrontierApril 2022, Vol. 115, No. 4

 8. Guideline for environmental cleaning. In: Guidelines​
for​ Perioperative​ Practice. Denver, CO: AORN, Inc; 
2022:181- 212.

 9. Lakna. What is the difference between spore and endospore. 
PEDIAA. https://pediaa.com/what- is- the- diffe rence -  betwe 
en- spore - and- endos pore/. Published May 15, 2019. Accessed 
November 24, 2021.

 10. Bloomfield S, Exner M, Flemming HC, et al. Lesser- known 
or hidden reservoirs of infection and implications for ade-
quate prevention strategies: where to look and what to 
look for. GMS​Hyg​ Infect​Control. 2015;10:Doc04. https://
doi.org/10.3205/dgkh0 00247.

 11. Vidyasagar A. What are biofilms? Live Science. https://
www.lives cience.com/57295 - biofi lms.html. Published 
December 21, 2016. Accessed November 24, 2021.

 12. Humphreys H. Self- disinfecting and microbiocide- 
impregnated surfaces and fabrics: what potential in inter-
rupting the spread of healthcare- associated infection? Clin​
Infect​Dis. 2014;58(6):848- 853.

 13. Mariscal A, Lopez- Gigosos RM, Carnero- Varo M, 
Fernandez- Crehuet J. Antimicrobial effect of medical tex-
tiles containing bioactive fibres. Eur​J​Clin​Microbiol​ Infect​
Dis. 2010;30(2):227- 232.

 14. Deshmukh SP, Patil SM, Mullani SB, Delekar SD. Silver 
nanoparticles as an effective disinfectant: a review. Mater​
Sci​Eng​C​Mater​Biol​Appl. 2019;97:954- 965.

 15. Neely AN. A survey of gram- negative bacteria survival 
on hospital fabrics and plastics. J​ Burn​ Care​ Rehabil. 
2000;21(6):523- 527.

 16. Borkow G, Gabbay J. Biocidal textiles can help fight noso-
comial infections. Med​Hypotheses. 2008;70(5):990- 994.

 17. Dastjerdi R, Montazer M. A review on the application of 
inorganic nano- structured materials in the modification of 
textiles: focus on anti- microbial properties. Colloids​Surf​B​
Biointerfaces. 2010;79(1):5- 18.

 18. Carella NC. C.​ diff.​ Spores​ and​ More. Contaminated soft  
surfaces and hospital infection risk with Sue Barnes. Octo-
ber 23, 2018. https://tunein.com/podcasts/Health/C-diff-  
 Spores-  and- More- p7243 31/?topic Id=12627 3041. 
Ac cessed January 4, 2022.

 19. Trillis F III, Eckstein EC, Budavich R, Pultz MJ, Donskey 
CJ. Contamination of hospital curtains with healthcare- 
associated pathogens. Infect​ Control​ Hosp​ Epidemiol. 
2008;29(11):1074- 1076.

 20. Ohl M, Schweizer M, Graham M, Heilmann K, Boyken L, 
Diekema D. Hospital privacy curtains are frequently and 
rapidly contaminated with potentially pathogenic bacteria. 
Am​J​Infect​Control. 2012;40(10):904- 906.

 21. Sifri CD, Burke GH, Enfield KB. Reduced health care- 
associated infections in an acute care community 

hospital using a combination of self- disinfecting copper- 
impregnated composite hard surfaces and linens. Am​ J​
Infect​Control. 2016;44(12):1565- 1571.

 22. Fijan S, Turk SS. Hospital textiles, are they a possible vehi-
cle for healthcare- associated infections? Int​ J​ Environ​Res​
Public​Health. 2012;9(9):3330- 3343.

 23. Bureau- Chalot F, Piednoir E, Camus J, Bajolet O. Microbi-
ologic quality of linen and linen rooms in short- term care 
units [letter]. J​Hosp​Infect. 2004;56(4):329- 331.

 24. Solberg CO. Spread of Staphylococcus​ aureus in hos-
pitals: causes and prevention. Scand​ J​ Infect​ Dis. 
2000;32(6):587- 595.

 25. Ricci J. What hotels can learn from how hospitals do laundry. 
Lodging. https://lodgi ngmag azine.com/what-  hotel s-  learn -  
    hospi tals- laundry. Published August 22, 2018. Accessed 
December 31, 2021.

 26. Sexton T, Clarke P, O’Neill E, Dillane T, Humphreys H. 
Environmental reservoirs of methicillin- resistant Staphylo-
coccus​ aureus in isolation rooms: correlation with patient 
isolates and implications for hospital hygiene. J​Hosp​Infect. 
2006;62(2):187- 194.

 27. Sundermann AJ, Clancy CJ, Pasculle AW, et al. How clean 
is the linen at my hospital? The Mucorales on unclean linen 
discovery study of large United States transplant and can-
cer centers. Clin​Infect​Dis. 2019;68(5):850- 853.

 28. Welle MK, Bliha M, DeLuca J, Frauhiger A, Lamichhane- 
Khadka R. Bacteria on the soles of patient- issued non-
skid slipper socks: an overlooked pathogen spread threat? 
Orthop​Nurs. 2019;38(1):33- 40.

 29. Woodard DR, Buttner M, Cruz P, Roeder J. Microbial con-
tamination of privacy curtains in the emergency depart-
ment of a metropolitan hospital [letter]. J​ Hosp​ Infect. 
2018;100(3):e153- e154. https://doi.org/10.1016/j.jhin.2018. 
06.018.

 30. Openshaw JJ, Balachandran P. Evaluation of a novel anti-
microbial textile intervention for inclusion in an infec-
tion control program through a retrospective analyses 
of hospital acquired infection (HAI) rates. Poster pre-
sented at: American Society for Microbiology (ASM) 
Microbe 2019 Conference; June 20- 24, 2019; San Fran-
cisco, CA.

 31. Dancer SJ. Mopping up hospital infection. J​ Hosp​ Infect. 
1999;43(2):85- 100.

 32. Page K, Wilson M, Parkin IP. Antimicrobial surfaces and 
their potential in reducing the role of the inanimate envi-
ronment in the incidence of hospital- acquired infections. J​
Mater​Chem. 2009;19(23):3819- 3831.

 33. Bockmühl DP, Schages J, Rehberg L. Laundry and tex-
tile hygiene in healthcare and beyond. Microb​ Cell. 
2019;6(7):299- 306.

https://pediaa.com/what-is-the-difference-between-spore-and-endospore/
https://pediaa.com/what-is-the-difference-between-spore-and-endospore/
https://doi.org/10.3205/dgkh000247
https://doi.org/10.3205/dgkh000247
https://www.livescience.com/57295-biofilms.html
https://www.livescience.com/57295-biofilms.html
https://tunein.com/podcasts/Health/C-diff-Spores-and-More-p724331/?topicId=126273041
https://tunein.com/podcasts/Health/C-diff-Spores-and-More-p724331/?topicId=126273041
https://lodgingmagazine.com/what-hotels-learn-hospitals-laundry
https://lodgingmagazine.com/what-hotels-learn-hospitals-laundry
https://doi.org/10.1016/j.jhin.2018.06.018
https://doi.org/10.1016/j.jhin.2018.06.018


320  AORN Journal  

April 2022, Vol. 115, No. 4Dunn

 34. Neely AN, Maley MP. Survival of enterococci and staph-
ylococci on hospital fabrics and plastic. J​ Clin​ Microbiol. 
2000;38(2):724- 726.

 35. Hochmuth P, Magnuson J, Owens K. Survival of 
vancomycin- resistant Enterococcus​faecium on acrylic nails, 
bed linen, and plastic keyboard covers [abstract]. Am​ J​
Infect​ Control. 2005;33(5):E32. https://doi.org/10.1016/j.
ajic.2005.04.028.

 36. Rusin P, Maxwell S, Gerba C. Comparative surface- to- hand 
and fingertip- to- mouth transfer efficiency of gram- positive 
bacteria, gram- negative bacteria, and phage. J​Appl​Micro-
biol. 2002;93(4):585- 592.

 37. Sattar SA, Springthorpe S, Mani S, et al. Transfer of bacteria 
from fabrics to hands and other fabrics: development and 
application of a quantitative method using Staphylococcus​
aureus as a model. J​Appl​Microbiol. 2001;90(6):962- 970.

 38. Fijan S, Šostar- Turk S, Cencič A. Implementing hygiene 
monitoring systems in hospital laundries in order to reduce 
microbial contamination of hospital textiles. J​Hosp​Infect. 
2005;61(1):30- 38.

 39. Perry C, Marshall R, Jones E. Bacterial contamination of 
uniforms. J​Hosp​Infect. 2001;48(3):238- 241.

 40. Magill SS, Edwards JR, Bamberg W, et al. Multistate point- 
prevalence survey of health care- associated infections. N​
Engl​J​Med. 2014;370(13):1198- 1208.

 41. Tarrant J, Jenkins RO, Laird KT. From ward to washer: the 
survival of Clostridium​difficile spores on hospital bed sheets 
through a commercial UK NHS healthcare laundry process. 
Infect​Control​Hosp​Epidemiol. 2018;39(12): 1406- 1411.

 42. Hellickson LA, Owens KL. Cross- contamination of Clostrid-
ium​difficile spores on bed linen during laundering [poster 
abstract]. Am​J​Infect​Control. 2007;35(5):E32- E33. https://
doi.org/10.1016/j.ajic.2007.04.025.

 43. Pinon A, Gachet J, Alexandre V, Decherf S, Vialette M. 
Microbiological contamination of bed linen and staff uni-
forms in a hospital. Adv​Microbiol. 2013;3(7):515- 519.

 44. Walter WG, Schillinger JE. Bacterial survival in laundered 
fabrics. Appl​Microbiol. 1975;29(3):368- 373.

 45. Occupational Safety and Health Standards. Bloodborne 
pathogens. 29 CFR §1910.1030. Occupational Safety and 
Health Administration. https://www.osha.gov/laws- regs/
regul ation s/stand ardnu mber/1910/1910.1030. Accessed 
December 31, 2021.

 46. Standards by ISO/TC 72/SC 5. Industrial laundry and dry- 
cleaning machinery and accessories. ISO. https://www.iso.
org/commi ttee/50012/ x/catal ogue/p/1/u/0/w/0/d/0. 
Accessed January 4, 2022.

 47. The Healthcare Laundry Accreditation Council. Accredi-
tation​ Standards​ for​ Processing​ Reusable​ Textiles​ for​ Use​ in​

Healthcare​Facilities. Plainfield, IL: The Healthcare Laundries 
Accreditation Council; 2016. https://590ba 01b- dcbf- 4e77- 
94ad- ad2a3 ff26d 55.files usr.com/ugd/076879_f1469 
c4510 46404 8999c 64c11 49c67 99.pdf. Accessed January 
2, 2022.

 48. Blaser MJ, Smith PF, Cody HJ, Wang WLL, LaForce FM. 
Killing of fabric- associated bacteria in hospital laundry 
by low- temperature washing. J​ Infect​ Dis. 1984;149(1): 
48- 57.

 49. Linen management –  developing requirements for covering, 
storage and transport. The Joint Commission. https://www.
joint commi ssion.org/stand ards/stand ard- faqs/hospi tal- and- 
hospi tal- clini cs/infec tion- preve ntion - and- contr ol- ic/00000 
2111/. Updated November 22, 2021. Accessed December 
31, 2021.

 50. Duffy J, Harris J, Gade L, et al. Mucormycosis out-
break associated with hospital linens. Pediatr​ Infect​Dis​ J. 
2014;33(5):472- 476.

 51. Hota B. Contamination, disinfection, and cross- colonization: 
are hospital surfaces reservoirs for nosocomial infection? 
Clin​Infect​Dis. 2004;39(8):1182- 1189.

 52. Creamer E, Humphreys H. The contribution of beds to 
healthcare- associated infection: the importance of ade-
quate decontamination. J​Hosp​Infect. 2008;69(1):8- 23.

 53. Shiomori T, Miyamoto H, Makishima K, et al. Evaluation 
of bedmaking- related airborne and surface methicillin- 
resistant Staphylococcus​ aureus contamination. J​ Hosp​
Infect. 2002;50(1):30- 35.

 54. Shiomori T, Miyamoto H, Makishima K. Significance of air-
borne transmission of methicillin- resistant Staphylococcus​
aureus in an otolaryngology– head and neck surgery unit. 
Arch​Otolaryngol​Head​Neck​Surg. 2001;127(6):644- 648.

 55. Das I, Lambert P, Hill D, Noy M, Bion J, Elliot T. Carbapenem-   
resistant Acinetobacter and role of curtains in an out-
break in intensive care units. J​Hosp​Infect. 2002;50(2): 
110- 114.

 56. Panagea S, Winstanley C, Walshaw MJ, Ledson MJ, Hart 
CA. Environmental contamination with an epidemic strain 
of Pseudomonas​ aeruginosa in a Liverpool cystic fibrosis 
centre, and study of its survival on dry surfaces. J​ Hosp​
Infect. 2005;59(2):102- 107.

 57. Ensor E, Humphreys H, Peckham D, Webster C, Knox AJ. 
Is Burkholderia (Pseudomonas) cepacia disseminated from 
cystic fibrosis patients during physiotherapy? J​Hosp​Infect. 
1996;32(1):9- 15.

 58. Lazary A, Weinberg I, Vatine JJ, et al. Reduction of 
healthcare- associated infections in a long- term care brain 
injury ward by replacing regular linens with biocidal copper 
oxide impregnated linens. Int​J​Infect​Dis. 2014;24:23- 29.

https://doi.org/10.1016/j.ajic.2005.04.028
https://doi.org/10.1016/j.ajic.2005.04.028
https://doi.org/10.1016/j.ajic.2007.04.025
https://doi.org/10.1016/j.ajic.2007.04.025
https://www.osha.gov/laws-regs/regulations/standardnumber/1910/1910.1030
https://www.osha.gov/laws-regs/regulations/standardnumber/1910/1910.1030
https://www.iso.org/committee/50012/x/catalogue/p/1/u/0/w/0/d/0
https://www.iso.org/committee/50012/x/catalogue/p/1/u/0/w/0/d/0
https://590ba01b-dcbf-4e77-94ad-ad2a3ff26d55.filesusr.com/ugd/076879_f1469c4510464048999c64c1149c6799.pdf
https://590ba01b-dcbf-4e77-94ad-ad2a3ff26d55.filesusr.com/ugd/076879_f1469c4510464048999c64c1149c6799.pdf
https://590ba01b-dcbf-4e77-94ad-ad2a3ff26d55.filesusr.com/ugd/076879_f1469c4510464048999c64c1149c6799.pdf
https://www.jointcommission.org/standards/standard-faqs/hospital-and-hospital-clinics/infection-prevention-and-control-ic/000002111/
https://www.jointcommission.org/standards/standard-faqs/hospital-and-hospital-clinics/infection-prevention-and-control-ic/000002111/
https://www.jointcommission.org/standards/standard-faqs/hospital-and-hospital-clinics/infection-prevention-and-control-ic/000002111/
https://www.jointcommission.org/standards/standard-faqs/hospital-and-hospital-clinics/infection-prevention-and-control-ic/000002111/


AORN Journal  321  

Linen: The New FrontierApril 2022, Vol. 115, No. 4

 59. Borkow G, Gabbay J. Putting copper into action: copper- 
impregnated products with potent biocidal activities. 
FASEB​J. 2004;18(14):1728- 1730.

 60. Gabbay J, Borkow G, Mishal J, Magen E, Zatcoff R, Shemer- 
Avni Y. Copper oxide impregnated textiles with potent bio-
cidal activities. J​Ind​Text. 2006;35(4):323- 335.

 61. SilvaClean System. Applied Silver. https://www.appli edsil 
ver.com/produ ct/. Accessed December 13, 2021.

 62. Carella NC. C.​diff.​Spores​and​More. Critical layer in IP: hor-
izontal soft surface intervention with Priya Balachandran. 
June 22, 2021. https://tunein.com/podca sts/Healt h/C-
diff- Spore s- and- More- p7243 31/?topic Id=16379 4770. 
Accessed January 4, 2022.

 63. Openshaw JJ, Morris WM, Lowry GV, Nazmi A. Reduc-
tion in bacterial contamination of hospital textiles by a 
novel silver- based laundry treatment. Am​J​ Infect​Control. 
2016;44(12):1705- 1708.

 64. Tran QH, Nguyen VQ, Le AT. Silver nanoparticles: synthesis, 
properties, toxicology, applications and perspectives. Adv​
Nat​ Sci​ Nanosci​ Nanotechnol. 2018;9(4):049501. https://
doi.org/10.1088/2043- 6254/aad12b.

 65. Buntz B. Copper: an antimicrobial super- material? 
Medical Device + Diagnostic Industry. https://www.
mddio nline.com/mater ials/coppe r- antim icrob ial- super 
- material. Published May 16, 2013. Accessed Decem-
ber 13, 2021.

 66. Fraser JF, Cuttle L, Kempf M, Kimble RM. Cytotoxicity of 
topical antimicrobial agents used in burn wounds in Aus-
tralasia. ANZ​J​Surg. 2004;74(3):139- 142.

 67. Braydich- Stolle L, Hussain S, Schlager JJ, Hofmann MC. In 
vitro cytotoxicity of nanoparticles in mammalian germline 
stem cells. Toxicol​Sci. 2005;88(2):412- 419.

 68. Percival SL, Bowler PG, Russell D. Bacterial resistance to 
silver in wound care. J​Hosp​Infect. 2005;60(1):1- 7.

 69. Jeong SH, Hwang YH, Yi SC. Antibacterial properties of 
padded PP/PE nonwovens incorporating nano- sized silver 
colloids. J​Mater​Sci. 2005;40:5413- 5418.

 70. SilvaClean. EPA Reg. No. 90335- 1. https://www.appli edsil 
ver.com/wp- conte nt/uploa ds/2019/09/EPA- Produ ct- 
Label_Appli ed- Silver.pdf. Published March 8, 2019. Accessed 
December 13, 2021.

 71. SilvaClean Antimicrobial Laundry Additive Frequently 
Asked Questions. Applied Silver. https://www.appli edsil ver.
com/wp- conte nt/uploa ds/2019/12/Silva Clean - FAQ- New.
pdf. Accessed December 13, 2021.

 72. Health topics –  healthcare- associated infections (HAI). 
Centers for Disease Control and Prevention. https://
www.cdc.gov/polic y/polar is/healt htopi cs/hai/index.html. 
Reviewed June 21, 2021. Accessed January 2, 2022.

Debra Dunn, MSN, MBA, RN, CNOR, was the educa-
tion specialist for the OR at Holy Name Medical Center, 
Teaneck, NJ, at the time this article was written. Ms​Dunn​
has​no​declared​affiliation​that​could​be​perceived​as​posing​a​
potential​conflict​of​interest​in​the​publication​of​this​article.

Correspondence: debdunn88@gmail.com.

Earn continuing education (CE) contact hours, which are free for AORN members, by 
visiting the AORN Journal CE Archive. Our online platform provides quick access to all 
current CE articles, as well as the ability to read an article, take the test, see your results,  
and print your certificate. AORN Journal CE articles cover a broad range of perioperative 
nursing and management topics, and new articles are published every month. 

AORN is accredited with distinction as a provider of continuing nursing education by  
the American Nurses Credentialing Center’s Commission on Accreditation.

AORN JOURNAL CONTINUING EDUCATION HOURS
aornjournal.org/content/cme

https://www.appliedsilver.com/product/
https://www.appliedsilver.com/product/
https://tunein.com/podcasts/Health/C-diff-Spores-and-More-p724331/?topicId=163794770
https://tunein.com/podcasts/Health/C-diff-Spores-and-More-p724331/?topicId=163794770
https://doi.org/10.1088/2043-6254/aad12b
https://doi.org/10.1088/2043-6254/aad12b
https://www.mddionline.com/materials/copper-antimicrobial-super-material
https://www.mddionline.com/materials/copper-antimicrobial-super-material
https://www.mddionline.com/materials/copper-antimicrobial-super-material
https://www.appliedsilver.com/wp-content/uploads/2019/09/EPA-Product-Label_Applied-Silver.pdf
https://www.appliedsilver.com/wp-content/uploads/2019/09/EPA-Product-Label_Applied-Silver.pdf
https://www.appliedsilver.com/wp-content/uploads/2019/09/EPA-Product-Label_Applied-Silver.pdf
https://www.appliedsilver.com/wp-content/uploads/2019/12/SilvaClean-FAQ-New.pdf
https://www.appliedsilver.com/wp-content/uploads/2019/12/SilvaClean-FAQ-New.pdf
https://www.appliedsilver.com/wp-content/uploads/2019/12/SilvaClean-FAQ-New.pdf
https://www.cdc.gov/policy/polaris/healthtopics/hai/index.html
https://www.cdc.gov/policy/polaris/healthtopics/hai/index.html
mailto:debdunn88@gmail.com.


322  AORN Journal  

EXAMINATION

Continuing Nursing Education Activity

Linen: The New Frontier in Infection Control and 
Prevention
1.8  https://aorn.us/Apr22 - cea

OUTCOME
Learners will have an increase in or support of their nursing knowledge or skills related to best practices for infection 
prevention during linen processing.

OBJECTIVES
 1. Describe at least two contributing factors for microbial contamination of linen.
 2. Discuss three key steps involved in processing linens.
 3. Identify at least two textile- based antimicrobials and discuss their effectiveness.

The Examination and Learner Evaluation are printed here for your convenience. To receive contact hours, you must com-
plete the online Examination and Learner Evaluation at https://aorn.us/Apr22​-​cea.

QUESTIONS
 1. A biofilm is a collection of different types of micro-

organisms that flourish as a group and ______________ 
laundry equipment; they may contaminate linens.

 a. are easy to eradicate from
 b. attach to dry surfaces on
 c. produce an oily substance on
 d. produce a sticky substance on

 2. Microorganisms can accumulate and proliferate 
on textiles and can cause health care– associated 
infections via direct or indirect contact or 
aerosolization.

 a. true  b. false

 3. Textile surfaces serve as _________ microorganisms 
capable of infecting patients, especially when laun-
dering or storage processes are ________.

 a. sources of; adequate 
 b. sources of; deficient
 c. reservoirs for; adequate 
 d. reservoirs for; deficient

 4. During the laundering cycle for linen, inadequate 
____________________ could contribute to sporadic out-
breaks of Clostridioides​difficile.

 1. air temperature
 2. water temperature
 3. sterilizing conditions
 4. disinfection conditions

 a. 1 and 3  b. 2 and 4
 c. 2, 3, and 4  d. 1, 2, 3, and 4

 5. During standard laundry procedures, C​difficile spores 
can survive typical laundering temperatures and 
chemical treatments and cross- contaminate other 
linen in the wash.

 a. true  b. false

 6. During the wash phase, the water temperature 
should be ________ for at least ______ minutes to effec-
tively destroy microorganisms.

 a. 71° C (159.8° F); 40  b. 60° C (140° F); 40
 c. 71° C (159.8° F); 25  d. 60° C (140° F); 25
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 7. Drying linen at high temperatures is another meth-
od for killing any remaining microorganisms. 
Synthetic fibers (eg, polyester) require _______ dry-
ing times and ______ temperatures than natural 
fibers (eg, cotton).

 a. longer; higher  b. longer; lower
 c. shorter; higher  d. shorter; lower

 8. Cleaned linen should be transported in covered bins 
or on carts when being delivered to storage areas, 
which should be

 1. in a separate building.
 2. clean and free of soil, dust, and microorganisms.
 3. dry and have proper airflow.

 4. dry and have limited traffic.
 a. 1 and 3  b. 1 and 4
 c. 2, 3, and 4  d. 1, 2, 3, and 4

 9. Copper incorporated into hospital linen reduces 
microbial loads ____% to ___% compared with standard 
linen.

 a. 35; 40  b. 46; 50
 c. 50; 62  d. 53; 60

 10. Silver and silver- embedded surfaces serve as broad- 
spectrum antimicrobials that are effective against 
multidrug- resistant organisms.

 a. true  b. false
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LEARNER EVALUATION

Continuing Nursing Education Activity

Linen: The New Frontier in Infection Control and 
Prevention
1.8  https://aorn.us/Apr22 - cea

This evaluation is used to determine the extent to 
which this continuing nursing education activity 
met your learning needs. The evaluation is print-

ed here for your convenience. To receive contact hours, 
you must complete the online Examination and Learner 
Evaluation at https://aorn.us/Apr22​-​cea. Rate the items as 
described below.

OUTCOME
Learners will have an increase in or support of their nurs-
ing knowledge or skills related to best practices for infec-
tion prevention during linen processing.

OBJECTIVES
To what extent were the following objectives of this con-
tinuing nursing education activity achieved?

 1. Describe at least two contributing factors for micro-
bial contamination of linen. 
Low 1. 2. 3. 4. 5. High

 2. Discuss three key steps involved in processing linens. 
Low 1. 2. 3. 4. 5. High

 3. Identify at least two textile- based antimicrobials and 
discuss their effectiveness. 
Low 1. 2. 3. 4. 5. High

CONTENT
 4. To what extent did this article increase or support 

your knowledge of the subject matter? 
Low 1. 2. 3. 4. 5. High

 5. To what extent did this article increase or support 
your skills related to the subject matter? 
Low 1. 2. 3. 4. 5. High
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