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▪ Infection Prevention – Microbial Growth After Laundered
▪ Science of Micro Linting
▪ ANSI / AAMI Standard 65
▪ Prevention of Re-Contamination and Cross Contamination
▪ Quality Assurance Challenges
▪ IFU’s Importance
▪ SUD and Solutions: Linen Assessment
▪ Productivity Challenges
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History Repeats Itself…
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• The most common and costly of all hospital-acquired infections.
• Accounts for 20% of all hospital-acquired infections.
• They occur in an estimated 2% to 5% of patients undergoing inpatient
surgery.
• The estimated annual incidence of SSIs in the U.S. ranges from 160,000 to
300,000.
• The estimated annual cost ranges from $3.5 billion to $10 billion.
• On average, a surgical site infection increases the hospital length of stay by
9.7 days.
• Typically results in non-payment of initial procedure and subsequent
procedures.
• The patient's skin is the direct source of contamination in only 2% of cases,
leaving 98% of cases related to airborne particles.

• ARE WE ATTACKING ALL POSSIBLE SOURCES OF SS
INFECTION???
https://www.sciencedaily.com/releases/2017/01/170119161551.htm
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https://www.sciencedirect.com/science/article/pii/S1877056814003272
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Fomites

Fomites are inanimate objects
that, when contaminated with or
exposed to infectious agents can
transfer disease to a new host.
When we learned about fomites
as Surgical Technologists or
O.R. Nurses, Sterile Processing
professionals, and Infection
Preventionists, we immediately
thought about the surfaces the
patients contact during their
treatment:
▪ Workstations
▪ Contaminated Instruments
▪ Blood Pressure Cuffs
▪ Surgical Tables

▪ … Surgical Textiles?
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Sifuentes, et al. (2013)
This study sought to determine the effects of laundry and cleaning practices commonly used in
hospitals for washing, storage and disinfection of cloth cleaning towels on their microbial loads.

The researchers found that of the total number of towels tested,
microorganisms even after laundering.

93% contained viable
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Described Laundering
Conditions
10 min at 60 °C
10 min at 60 °C or 3 min at 71 °C
less than 10 min at 60 °C
20 min at 30 °C
43 min at 30 °C
13 min at 49 °C
66 °C

8 min at 47.8 °C
77.2 °C
22.2 °C
71.1 °C

Added Disinfection Agent
Surviving Microorganism
or Bleach
No

Enterococcus faecium
Certain strains of Enterococcus faecalis
No
and Enterococcus faecium
Enterococcus faecium, Staphylococcus
3 mL Peroxyacetic acid/ kg textiles
aureus, Pseudomonas aeruginosa and
Enterobacter aerogenes
10 mL Sodium hypochlorate/kg textiles Enterococcus faecium and Enterobacter
or 12.5 mL peroxyacetic acid/kg textiles aerogenes
10 mL Sodium hypochlorate/kg textiles

Reference
Wilcox & Jones, 1995 [10]
Orr et al. 2002 [11]
Fijan et al. 2007 [12]

Fijan et al. 2010 [13]

Enterococcus faecium

Added chlorine bleach (without
Staphylococcus aureus and Klebsiella
specifications)
pneumoniae
Added chlorine bleach cycle (without
Staphylococci, Klebsiella, and
specifications)
Enterobacter species
0.58 Chlorine bleach/kg
Predominantly aerobic bacteria,
staphylococci and total coliforms
0.11 Chlorine bleach/kg
Low temperature bleach (without
Predominantly Enterobacteriaceae,
specifications)
Pseudomonadaceae and Staphylococcus
High temperature bleach (without
species
Provided by BioSeal, Powder River
and Advantage Support
specifications)
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Walter et al. 1975 [15]
Smith et al. 1987 [16]
Christian et al. 1983 [17]

Blaser et al. 1984 [7]
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Surviving
Microorganism

Hospital textile

Time

Reference

Molds
Coagulase-negative staphylococci,
Bacillus spp., Corynebacterium spp.,
saprophytic Gram negative bacilli
Staphylococcus aureus, Clostridium
difficile and vancomycin resistant
enterococci
Acinetobacter baumannii
MRSA
Coagulase negative Staphylococci,
Corynebacterium spp., Micrococcus
spp., Bacillus spp., Enterococcus
spp., saprophytic Gram negative
bacilli, molds

Sheets, pajamas

After use by patients

Bureau-Chalot et al. 2004 [3]

Sheets, pajamas, uniforms

After laundering in hospital laundry

Fijan et al. 2005 [6]

Nurses’ uniforms

After 24 h shift

Perry et al. 2001 [19]

Bed linen and curtains
Bed linen and uniforms

After use

Hota et al. 2004 [20]

Sheets, pajamas and uniforms

After laundering in hospital
laundries

Fijan et al. 2005 [21]

Rotaviral RNA

Sheets, pajamas and uniforms

Parainfluenza virus
Vancomycin resistant enterococci

After laundering in hospital
laundries
Provided by BioSeal, Powder River
and Advantage
Support
Hospital gown
4 h after
inoculation
Services, Inc
Bed linen
11 weeks after inoculation

Fijan et al. 2008 [22]
Brady et al. 1990 [23]
Hochmuth et al. 2005 [24]
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▪ The residue from the suds may appear as lint.
▪ New clothes, new towels, or linen items tend to create
more lint in the first few washes.
▪ Washing new clothing inside out will help reduce the
amount of lint in the cycle.
▪ The wash load must be balanced and not tightly packed.
▪ Sort lint-producing fabrics (towels, chenille) from lint
takers (corduroys, synthetics, permanent press).
▪ Always check all pockets and the interior of the washer
prior to starting a new load of laundry. The lint may be
caused by paper or tissues left in pockets.

Enhanced View Before
and After Initial Wash

▪ Choose cycles with less wash time and/or lower wash
speeds to reduce lint.
▪ Is your water colder than 60°F (15.6°C)?
-Whirlpool Commercial Laundry Services Bulletin

2018
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The residue from the suds may appear as lint.

▪

New clothes, new towels, or linen items tend to create more lint in the first
few washes.

▪

Washing new clothing inside out will help reduce the amount of lint in the
cycle.

▪

The wash load must be balanced and not tightly packed.

▪

Sort lint-producing fabrics (towels, chenille) from lint takers (corduroys,
synthetics, permanent press).

▪

Always check all pockets and the interior of the washer prior to starting a
new load of laundry. The lint may be caused by paper or tissues left in
pockets.

▪

Choose cycles with less wash time and/or lower wash speeds to reduce
lint.

▪

Is your water colder than 60°F (15.6°C)?

-Whirlpool Commercial Laundry Services Bulletin
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Q: What do these lint reducing facts and
prevention tips have in common?
A: This is EXACTLY opposite of the Laundry process used for
Surgical Textile!!!
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Micro-linting refers to:
Debris, pills or balls of fibers found on surgical drapes,
gauze and linen that is NOT visible to the naked eye
(without magnification).

ANY foreign body left inside of a wound is
automatically attached by the body’s defense
mechanisms.
This is known as the Inflammation Response.
Cells release chemicals including histamine, bradykinin,
and prostaglandins. These chemicals cause blood vessels
to leak fluid into the tissues, causing swelling.
Provided by BioSeal and Advantage Support Services, Inc
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The CDC defines the common symptoms of SSI’s as redness and pain around the area where
you had surgery.
https://www.cdc.gov/HAI/pdfs/ssi/SSI_tagged.pdf
There are often SSI’s that are reported without a causative microorganism or not treated
because of the lack of microorganism presence.
https://pdfs.semanticscholar.org/93c3/165c406040eb037ae3db9c21d1a1003b57d1.pdf
SSI Symptoms:
Pus or drainage.
Bad smell coming from the wound.
Fever, chills.
Hot to touch.
Redness.
Pain or sore to touch.
High White Cell Count

Microlinting Response
Symptoms:
Clear/cloudy drainage.
Fever, chills.
Hot to touch.
Redness.
Pain or sore to touch.
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Symptoms that mimic infection without a
microbial presence are known as Amplified
Inflammation –
When particles are deposited in tissues
instead of blood vessels and cell injury
occurs due to physical abrasion, white cell
enzymes that injure healthy tissues and
irritation caused by chemicals on the
particles.
Other effects of Microlinting:
Blood ClotsFormed when lint or fiber enters the
patient’s bloodstream, the body’s defense
mechanism is to create a blood clot to
surround, capture or seal off the foreign
substance.
Unfortunately, as the body continues to
respond to the foreign substance, it causes
the clot to get bigger and bigger.

Poor Quality Wound HealingWhen foreign debris or lint contaminates
this healing tissue, more fluids rush in trying
to wash foreign material out; more fibrin is
needed to “scaffold” the expanding
fluid/swelling; more neutrophils arrive to
defend against the “invader particles,”
causing collateral tissue damage, expanding
the area of inflammation; therefore,
inflammation is expanded.
GranulomasA granuloma is a small area of inflammation
caused by tissues surrounding a foreign
body.
Adhesions and Band FormationScar tissue that forms between tissues or
organs after surgical intervention and cause
them to stick together.

Pfiedler: Sterile Lint & Fibers in the OR: What’s the Big Deal? https://pdfs.semanticscholar.org/93c3/165c406040eb037ae3db9c21d1a1003b57d1.pdf
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Whelan performed a stent evaluation study in which he
implanted a total of 147 stents 111 pigs. The animals were
studied up to 12 weeks.
Histological examination of thin layered clot sections under
polarized light, followed by Periodic Acid Schiff (PAS) staining,
revealed glove powder and lint at the center of 42% and 12% of
the clots, respectively.
A study conducted by Verkkala, et al demonstrated that
reducing lint reduces surgical site contamination.

https://www.cathlabdigest.com/articles/Lint-and-Particle-Contamination-During-Diagnostic-and-Interventional-Procedures-Cardiac-Cat

https://pdfs.semanticscholar.org/93c3/165c406040eb037ae3db9c21d1a1003b57d1.pdf
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In another this study
Investigators recovered nonviable (i.e., lint) and viable (i.e.,
microorganisms) particulates during vascular surgery using a
personal cascade impactor sampling device.
The predominant nonviable particulates recovered during
intraoperative sampling were wood pulp fibers from reusable
towels, gowns, and drapes.
https://www.mc.vanderbilt.edu/root/pdfs/periop/edminston_aorn_j_1999.pdf
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Does the facility in which your
contaminated surgical textiles
are processed meet standards?
Is the equipment used to wash
your surgical textiles properly
maintained and does the Washer
and Dryer meet the minimum
temperatures?
Does the area in which laundry
is packed meet ANSI/AAMI
standards?
How often (documented) is the
linen delivery truck (and
carts) cleaned?

Does all of your linen have
Manufacturer’s Instructions for
Use (MIFU) for sterilization? Are
they being followed?
How many times can your towels
be reprocessed according to
MIFU’s?
What would be the results if we
pulled 15 towels from your linen
delivery and send them out for
microbial testing?
Can your linen pass a standard
lint test?
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▪ High Turnover rate in industry undermines quality (with
numbers as high as 47% in some areas).
▪ Most laundry facilities are not Certified (even though it is
available)
▪ No tracking systems or lot numbers.
▪ No documented Quality Assurance Programs.
▪ Preassembled laundry removes the ability for SPD techs to
check for Bio-burden, Lint and Hair
▪ High Risk for accreditation finding!!!
▪ No access to MIFU’s for the linen, so there is no assurance you
are in compliance.
▪ SPD responsible for oversight, without the tools nor the time to
manage.
https://www.sao.texas.gov/Reports/Main/19-703.pdf
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▪ IFU’s tell us how to: Use, Clean,
Disinfect, Sterilize and Store items.
▪ Compliance with ALL Manufacturer’s
Instructions For Use for EVERY item
processed by SPD is required by
ANSI/AAMI and AORN.
▪ Surgical Textile IFU’s ARE NOT
found on the common databases we
use for surgical instruments and
equipment.
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▪ Surgical Textile MIFU’s govern:
✓Wash and Dry Temps
✓ Allowed Detergents
✓ Number of uses per item
✓ Sterilization parameters

▪ Many textile manufacturers make a sterilizable
and a non sterilizable version of common surgical
textiles at different price points. The only way to
know is by linen orders.
▪ Unlike surgical instrumentation, we do not Clean
nor Disinfect surgical linen, we trust that it is done.
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Reusable linen is much more challenging to clean
than Surgical Instruments.

How Surgical Linen
reprocessing
differs from
Surgical
Instrumentation
principles

There is no intra or postoperative process to
manually treat surgical linen during or right after the
case to reduce bioburden.
Biofilm becomes entangled in the fibers of the
Surgical Linen, adding to the complexity of cleaning
and disinfecting this product.
There is no notification process to for extended or
enhanced reprocessing when linen is used in Multidrug resistant organisms MDRO.
Linen sits for hours before reprocessing starts.
Microorganisms flourish in ideal conditions (binary
22
fission allows population to double every 19.8

Reduce overall reliance on
reusable linen. - More
types of linen available (not
just cheapo towels)

Goal: Stop sterilizing
reusable linen.
Goal: Zero reusable
surgical linen on the
surgical field.
Goal: Move to single use
products (not all linen) to
pad Vendor/Heavy trays.

Goal: Linen Assessment with full
electronic and manual MIFU creation.
Goal: Acquire a Linen Quality Rating
for your Vendor per ANSI/AAMI ST 65

Third party ATP testing of Linen
Processing Facility and Transport.
Third Party - Microbial Testing of
Linen.
Third Party Linen Performance
Improvement Monitoring (if needed).
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STANDARD FACILITIES COST
Laundry Cost

$2.50

Tape Indicator

$0.11

Sterile Indicators

$1.50

CSR Wrap 24” x 24”

$1.00

OR Towels x 4

$8.00

Autoclave Cycle Per Pack

$0.12

Labor

$1.00

TOTAL

$14.23

Check the cost of your local single use towel pack.
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▪ Single Use items are available UNSTERILE if
needed.
▪ Time to capture frequently missed scans:
➢Scan trays to or from Washer
➢Scan Case Carts to or from Cart Wash
➢Electronic documentation of Quality
Control Tests on Equipment
➢Quality Audits on Trays/Case Carts
➢Peel Pack rounds and refill
➢Sterilized Items to Cooling Carts
➢Water Quality Testing Documentation
▪ Reprocess instruments/sets every 3-6 months
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▪ Reduction in SSI’s.
▪ Increase Productivity and
ability to Maintain FTE’s
▪ Increased level of Quality
▪ Reduce Linen Costs
▪ Reduction in overall costs
▪ Optimal Patient Outcomes
▪ Meet Regulatory Standards

by utilizing item with MIFU
Standards

▪ Accreditation Readiness with
known Quality and KPI’s from
Linen provider.
▪ Environmental Testing of
Linen on file
▪ Linen Assessment Document
on file, Performance
Improvement assistance and
trained staff to sustain Linen
Quality.
26
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If we weren’t using reusable Surgical Linen already and
someone came to you with an idea to replace single use
items with a more expensive item that has too many IFU’s
to manage, retains bioburden, biofilm, microorganisms
and lint, you would laugh them out of your office and
maybe call Security.
It is time to make the evidence-based choice to better
patient care and less risk and save some money and
wasted production time while you are at it.
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IN CLOSING
Thank you for allowing us to present at your Chapter meeting.
We would love to continue the conversation and consideration to help
reach your personal and facility’s goals.
Advantage Support Services, Inc.
Corp office: 615.341.6222
AdvantageSupportServices.com
Jhmeid Billingslea CRCST CIS CER CHL CMRP CST
Managing Director Surgical Services
615.309.7570 Ext. 109 or 615.994.1927
jbillingslea@advantagesupportservices.com

THANK YOU FOR YOUR TIME
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