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EXECUTIVE SUMMARY

This “Guideline for Disinfection and Sterilization in Healthcare Facilities” presents recommendations on
the preferred methods for disinfection and sterilization of patient-care equipment based on the intended
use of the item (i.e., critical, semicritical, and noncritical items). The chemical disinfectants recommended
for patient-care equipment include alcohol, glutaraldehyde, hydrogen peroxide, iodophors, ortho-
phthalaldehyde, peracetic acid, phenolics, quaternary ammonium compounds, and chlorine. The choice
of disinfectant, concentration, and exposure time is based on the risk of infection associated with the use
of the equipment. The sterilization methods discussed include steam sterilization, ethylene oxide (ETO),
hydrogen peroxide gas plasma, and liquid peracetic acid. When properly used, these cleaning,
disinfection, and sterilization processes can ensure the safe use of invasive and noninvasive medical and
surgical devices. However, this requires strict adherence to current cleaning, disinfection, and
sterilization recommendations.

INTRODUCTION

Each year in the United States there are approximately 27,000,000 surgical procedures and an even
larger number of invasive medical procedures ' For example, there are at least 10 million
gastrointestinal endoscopies per year. Each of these procedures involves contact by a medical device or
surgical instrument with a patient’s sterile tissue or mucous membranes. A major risk of all such
procedures is the introduction of infection. Failure to properly disinfect or sterilize equipment carries not
only the risk associated with breach of the host barriers but the additional risk of person-to-person
transmission (e.g., hepatitis B virus) and transmission of environmental pathogens (e.g., Pseudomonas
aeruginosa).

Achieving disinfection and sterilization through the use of disinfectants and sterilization practices is
essential for ensuring that medical and surgical instruments do not transmit infectious pathogens to
patients. Since it is unnecessary to sterilize all patient-care items, hospital policies must identify whether
cleaning, disinfection, or sterilization is indicated based primarily on the items' intended use but must
consider other factors.

Multiple studies in many countries have documented lack of compliance with established guidelines for
disinfection and sterilization *°. Failure to comply with scientifically based guidelines has led to numerous
outbreaks. In this guideline, a pragmatic approach to the judicious selection and proper use of
disinfection and sterilization processes is presented, based on well-designed studies assessing the
efficacy (via laboratory investigations) and effectiveness (via clinical studies) of disinfection and
sterilization procedures.

Methods

This guideline is based on an exhaustive search of the literature using Medline. All articles listed under
the mesh headings of disinfection or sterilization (focusing on healthcare equipment and supplies) from
1980 through September 2001 were reviewed. References listed in these articles were also reviewed.
The three major peer-reviewed journals in infection control were searched by hand for relevant articles
from 1990-2001. These journals are the American Journal of Infection Control, Infection Control and
Hospital Epidemiology, and the Journal of Hospital Infection. Abstracts presented at the annual
meetings of the Society for Healthcare Epidemiology of America (SHEA) and Association for



Professionals in Infection Control and Epidemiology (APIC), Inc. for the years 1997-2001 were also
reviewed.



DEFINITION OF TERMS

Sterilization is the complete elimination or destruction of all forms of microbial life and is accomplished in
healthcare facilities by either physical or chemical processes. Steam under pressure, dry heat, ETO gas,
hydrogen peroxide gas plasma, and liquid chemicals are the principal sterilizing agents used in
healthcare facilities. Sterilization is intended to convey an absolute meaning, not a relative one.
Unfortunately, some health professionals as well as the technical and commercial literature refer to
"disinfection" as "sterilization" and items as "partially sterile." When chemicals are used for the purposes
of destroying all forms of microbiological life, including fungal and bacterial spores, they may be called
chemical sterilants. These same germicides used for shorter exposure periods may also be part of the
disinfection process (i.e., high-level disinfection).

Disinfection describes a process that eliminates many or all-pathogenic microorganisms on inanimate
objects with the exception of bacterial spores. Disinfection is usually accomplished by the use of liquid
chemicals or wet pasteurization in healthcare settings. The efficacy of disinfection is affected by a
number of factors, each of which may nullify or limit the efficacy of the process. Some of the factors that
affect both disinfection and sterilization efficacy are the prior cleaning of the object; the organic and
inorganic load present; the type and level of microbial contamination; the concentration of and exposure
time to the germicide; the nature of the object (e.g., crevices, hinges, and lumens); presence of biofilms;
the temperature and pH of the disinfection process; and, in some cases, the relative humidity of the
sterilization process (e.g., ethylene oxide).

By definition then, disinfection differs from sterilization by its lack of sporicidal property, but this is an
oversimplification. A few disinfectants will kill spores with prolonged exposure times (3-12 hours) and are
called chemical sterilants. At similar concentrations but with shorter exposure periods (<45 minutes)
these same disinfectants may Kkill all microorganisms with the exception of large numbers of bacterial
spores and are called high-level disinfectants. Low-level disinfectants may kill most vegetative bacteria,
some fungi, and some viruses in a practical period of time (<10 minutes), whereas intermediate-level
disinfectants may be cidal for mycobacteria, vegetative bacteria, most viruses, and most fungi but do not
necessarily kill bacterial spores. The germicides differ markedly among themselves primarily in their
antimicrobial spectrum and rapidity of action. Table 1 will be discussed later and consulted in this
context. Table 2 lists the characteristics desired in an ideal disinfectant.

Cleaning, on the other hand, is the removal of all soil (e.g., organic and inorganic material) from objects
and surfaces, and it normally is accomplished by wiping and/or using water with detergents or enzymatic
products. Thorough cleaning is essential before high-level disinfection and sterilization since inorganic
and organic materials that remain on the surfaces of instruments interfere with the effectiveness of these
processes. Decontamination is a procedure that removes pathogenic microorganisms from objects so
they are safe to handle.

Terms with a suffix “cide” or “cidal” for killing action also are commonly used. For example, a germicide is
an agent that can kill microorganisms, particularly pathogenic organisms ("germs"). Itis like the word
disinfectant with the difference that germicide applies to compounds used on both living tissue and
inanimate objects, whereas disinfectants are applied only to inanimate objects. Other words with the
suffix "cide" (e.g., virucide, fungicide, bactericide, sporicide, and tuberculocide) can kill the type of
microorganism identified by the prefix. For example, a bactericide is an agent that kills bacteria o



A RATIONAL APPROACH TO DISINFECTION AND STERILIZATION

Over 30 years ago, Earle H. Spaulding " devised a rational approach to disinfection and sterilization of
patient-care items or equipment. This classification scheme is so clear and logical that it has been
retained, refined, and successfully used by infection control professionals and others when planning
methods for disinfection or sterilization ® % ** %2, Spaulding believed that the nature of disinfection could
be understood more readily if instruments and items for patient care were divided into three categories
based on the degree of risk of infection involved in the use of the items. The three categories he
described were critical, semicritical, and noncritical. This terminology is employed by the 1985 Centers
for Disease Control and Prevention’s (CDC) "Guideline for Handwashing and Hospital Environmental
Control" ** and the CDC's "Guidelines for the Prevention of Transmission of Human Immunodeficiency
Virus (HIV) and Hepatitis B Virus (HBV) to Health-Care and Public-Safety Workers" *°.

Critical Items

Critical items are so called because of the high risk of infection if such an item is contaminated with any
microorganism, including bacterial spores. Thus, it is critical that objects that enter sterile tissue or the
vascular system be sterile because any microbial contamination could result in disease transmission.
This category includes surgical instruments, cardiac and urinary catheters, and implants. Most of the
items in this category should be purchased as sterile or be sterilized by steam sterilization if possible. If
heat-labile, the object may be treated with ETO, hydrogen peroxide gas plasma, or rarely by chemical
sterilants if other methods are unsuitable. Table 1 lists several germicides categorized as chemical
sterilants. These include > 2.4% glutaraldehyde-based formulations, 0.95% glutaraldehyde with 1.64%
phenol/phenate, 0.55% ortho-phthalaldehyde, 7.5% stabilized hydrogen peroxide, 7.35% hydrogen
peroxide with 0.23% peracetic acid, 0.2% peracetic acid, and 0.08% peracetic acid with 1.0% hydrogen
peroxide. Chemical sterilants can be relied upon to produce sterility only if cleaning, to eliminate organic
and inorganic material, precedes treatment and if proper guidelines as to concentration, contact time,
temperature, and pH are met.

Semicritical Items

Semicritical items are those that come in contact with mucous membranes or nonintact skin. Respiratory
therapy and anesthesia equipment, endoscopes, laryngoscope blades, esophageal manometry probes,
anorectal manometry catheters, and diaphragm fitting rings are included in this category. These medical
devices should be free of all microorganisms, although small numbers of bacterial spores may be
present. Intact mucous membranes, such as those of the lungs or the gastrointestinal tract, generally are
resistant to infection by common bacterial spores but susceptible to other organisms such as bacteria,
mycobacteria, and viruses. Semicritical items minimally require high-level disinfection using wet
pasteurization or chemical disinfectants. Glutaraldehyde, hydrogen peroxide, ortho-phthalaldehyde,
peracetic acid, peracetic acid with hydrogen peroxide, and chlorine compounds are dependable high-
level disinfectants provided the factors influencing germicidal procedures are considered (Table 1).

When a disinfectant is selected for use with certain patient-care items, the chemical compatibility after
extended use with the items to be disinfected also must be considered. For example, while chlorine
compounds are considered high-level disinfectants due to their antimicrobial spectrum, they are generally
not used for disinfecting semicritical items because of their corrosive effects at high concentrations on
metals.

While the complete elimination of all microorganisms in/on an instrument with the exception of small
numbers of bacterial spores is the traditional definition of high-level disinfection, the Food and Drug
Administration (FDA) require a more realistic endpoint. For example, the FDA accepts a 6-log;o reduction
of microorganisms (i.e., specific strains of mycobacteria), with the exception of small numbers of bacterial
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spores, as proof of high-level disinfection. This is noteworthy, as complete elimination of microorganisms
(e.g., Mycobacterium chelonae) in a contaminated instrument will occur with a starting inoculum of <10°
but may not occur if the starting inoculum is >10°. However, cleaning followed by high-level disinfection
should eliminate sufficient pathogens to prevent transmission of infection 10

Laparoscopes and arthroscopes entering sterile tissue ideally should be sterilized between patients.
However, they sometimes undergo only high-level disinfection between patients in the United States 1718
There islgg7 evidence showing that high-level disinfection of these scopes poses an infection risk to
patients = ',

Semicritical items should be rinsed with sterile water after high-level disinfection to prevent their
contamination with organisms that may be present in tapwater, such as nontuberculous mycobacteria 2
%0 Legionella 33 or gram-negative rods such as Pseudomonas 10.12:343% 11 circumstances where
rinsing with sterile water rinse is not feasible, a tapwater (or filtered water [0.2y, filter]) rinse should be
followed by an alcohol rinse and forced air drying 17:38.37 " Eorced-air drying markedly reduces bacterial
contamination of stored endoscopes, most likely by removing the wet environment favorable for bacterial
growth ¥ After rinsing, items should be dried and stored (e.g., packaged) in a manner that protects them
from recontamination.

Some items that may come in contact with nonintact skin for a brief period of time (i.e., hydrotherapy
tanks, bed side rails) are usually considered noncritical surfaces and are disinfected with intermediate-
level disinfectants (i.e., phenolic, iodophor, alcohol). Since hydrotherapy tanks have been associated
with cross-transmission, some facilities may chose to disinfect them with high-level disinfectants (e.qg.,
1000 ppm chlorine).

In the past it was recommended that mouthpieces and spirometry tubing be high-level disinfected (e.g.,
glutaraldehyde) and it was unnecessary to clean the interior surfaces of the spirometers % This was
based on a study that showed that mouthpieces and spirometry tubing become contaminated with
microorganisms but there was no bacterial contamination of the surfaces inside the spirometers. More
recently, filters have been used to prevent contamination of this equipment distal to the filter; such filters
and the proximal mouthpiece are changed between patients.

Noncritical Items

Noncritical items are those that come in contact with intact skin but not mucous membranes. Intact skin
acts as an effective barrier to most microorganisms and the sterility of items coming in contact with intact
skin is "not critical.” Examples of noncritical items are bedpans, blood pressure cuffs, crutches, bed rails,
linens, some food utensils, bedside tables, patient furniture, and floors. In contrast to critical and some
semicritical items, most noncritical reusable items may be cleaned where they are used and do not need
to be transported to a central processing area. There is virtually no risk of transmitting infectious agents
to patients via noncritical items % however, these items could potentially contribute to secondary
transmission by contaminating hands of healthcare workers or by contact with medical equipment that will
subsequently come in contact with patients ®.3%42  Table 1 lists several low-level disinfectants that may
be used for noncritical items. These products should be used according to the manufacturers’
recommendations but often are not; one study showed that only 14% of sampled disinfectants had the
correct concentration .

Although not considered noncritical items, mops and reusable cleaning cloths are regularly used to
achieve low-level disinfection. However, they are commonly not kept adequately cleaned and
disinfected, and if the water-disinfectant mixture is not changed regularly (e.g., after every three to four
rooms), the mopping procedure may actually spread heavy microbial contamination throughout the
hospital *. Inone study, standard laundering provided acceptable decontamination of heavily
contaminated mopheads but chemical disinfection with a phenolic was less effective *. The frequent
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laundering of mops (e.g., daily) is, therefore, recommended.

Changes in Disinfection and Sterilization Since 1981 (last CDC Guideline)

The Table prepared by the CDC in 1981 as a guide to the appropriate selection and use of disinfectants
has undergone several important changes (Table 1). First, formaldehyde-alcohol has been deleted as a
chemical sterilant or high-level disinfectant because it is irritating and toxic and not commonly used.
Second, several new chemical sterilants have been added to the Table including hydrogen peroxide,
peracetic acid ***', and peracetic acid and hydrogen peroxide in combination. Third, 3% phenolics and
iodophors have been deleted as high-level disinfectants because of their unproven efficacy against
bacterial spores, M. tuberculosis, and/or some fungi **. Fourth, isopropyl alcohol and ethyl alcohol have
been excluded as high-level disinfectants because of their inability to inactivate bacterial spores and
because of the inability of isopropyl alcohol to inactivate hydrophilic viruses (i.e., poliovirus, coxsackie
virus) *°. Fifth, a 1:16 dilution of 2.0% glutaraldehyde-7.05% phenol-1.20% sodium phenate (which
contained 0.125% glutaraldehyde, 0.440% phenol, and 0.075% sodium phenate when diluted) has been
deleted as a high-level disinfectant because this product was removed from the marketplace in December
1991 because of a lack of bactericidal activity in the presence of organic matter; a lack of fungicidal,
tuberculocidal and sporicidal activity; and reduced virucidal activity ** °*°. Sixth, the exposure time
required to achieve high-level disinfection has been changed from 10-30 minutes to 12 minutes or more
depending on the scientific literature and the FDA-cleared label claim ** % >* %%,

In addition, many new subjects have been added to the guideline. These include inactivation of emerging
pathogens, Creutzfeldt-Jakob disease (CJD) agent, and bloodborne pathogens; toxicologic and
environment concerns associated with disinfection and sterilization practices; disinfection of patient-care
equipment used in ambulatory and home care; inactivation of antibiotic-resistant bacteria;
decontamination of bone; new sterilization processes such as hydrogen peroxide gas plasma and
peracetic acid; and disinfection of complex medical instruments (e.g., endoscopes).

DISINFECTION OF HEALTHCARE EQUIPMENT

Concerns with Spaulding Scheme

One problem with the aforementioned scheme is that of oversimplification. For example, it does not
consider problems with reprocessing of complicated medical equipment that often is heat-labile or
problems of inactivating certain types of infectious agents (e.g., prions such as CJD agent). Thus, in
some situations it is still difficult to choose a method of disinfection, even after considering the categories
of risk to patients. This is especially true for a few medical devices (e.g., arthroscopes, laparoscopes) in
the critical category because there is controversy about whether they should be sterilized or high-level
disinfected ' *°. Some of these items cannot be steam sterilized because they are heat-labile; further,
sterilization by using ETO which may be too time consuming for routine use between patients (new
technologies, such as hydrogen peroxide gas plasma and peracetic acid reprocessor, provide faster
cycle times). And although the value of sterilization of these items seems obvious, evidence is lacking
that sterilization of these items improves patient care by reducing the infection risk is lacking ™ %> 2°2"%°,
Presumably, the lack of demonstrated scientific risk is why procedures done in hospitals with
arthroscopes, laparoscopes, and biopsy forceps are sometimes performed with equipment that has been
processed by high-level disinfection, and not sterilization *" *2.

Another problem in the classification system is an instrument in the semicritical category (e.g.,

endoscopes) that would be used with a critical instrument that would have contact with sterile body fluids.
For example, is an endoscope used for upper gastrointestinal tract investigation still a semicritical item
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when it is used with sterile biopsy forceps or when it is used in a patient who is bleeding heavily from
esophageal varices? Provided that high-level disinfection is achieved, and all microorganisms with the
exception of small numbers of bacterial spores have been removed from the endoscoPe, then the device
should not represent an infection risk and should remain in the semicritical category 67,68

Among other problems in the disinfection of patient-care items are ill-defined optimal contact times, which
have resulted in different strategies for disinfecting different types of semicritical items (e.g., endoscopes,
applanation tonometers, endocavitary transducers, cryosurgical instruments, and diaphragm fitting rings).
The impact of this variability will be discussed below. Until simpler and effective alternatives are identified
for device disinfection in clinical settings, it would be prudent to follow the guidelines of CDC and the
AI:)IClO, 12, 69, 70.

Endoscopes

Physicians use endoscopes to diagnose and treat numerous medical disorders. While endoscopes
represent a valuable diagnostic and therapeutic tool in modern medicine, more healthcare-associated
outbreaks have been linked to contaminated endoscopes than to any other medical device > ">, In
order to prevent the spread of healthcare-associated infections, all heat-sensitive endoscopes (e.g.,
gastrointestinal endoscopes, bronchoscopes, nasopharygoscopes) must be properly cleaned and at a
minimum subjected to high-level disinfection following each use. High-level disinfection can be expected
to destroy all microorganisms although when high numbers of bacterial spores are present, a few spores
may survive.

Flexible endoscopes, by virtue of the types of body cavities they enter, acquire high levels of microbial
contamination (bioburden) during each use " For example, the bioburden found on flexible
gastrointestinal endoscopes following use has ranged from 10° colon?/ forming units (CFU)/ml to 10"
CFU/ml, with the highest levels being found in the suction channels *"°. The average load on
bronchoscopes before cleaning was 6.4x10" CFU/m. Cleaning reduces the level of microbial
contamination by 4 to 6 logio. Several investigators have shown that cleaning completely eliminates the
microbial contamination on scopes "> "’ or that ETO sterilization and high-level disinfection (soaking in
2% glutaraldehyde for 20 minutes) were effective only when the device was first properly cleaned e,

High-level disinfectants registered by the FDA include formulations with >2.4% glutaraldehyde, 0.55%
ortho-phthalaldehyde, 0.95% glutaraldehyde with 1.64% phenol/phenate, 7.35% hydrogen peroxide with
0.23% peracetic acid, 1.0% hydrogen peroxide with 0.08% peracetic acid, and 7.5% hydrogen peroxide
79. Although all of these products have excellent antimicrobial activity, certain products based in oxidizing
chemicals (e.g., 7.5% hydrogen peroxide and 1.0% hydrogen peroxide with 0.08% peracetic acid [latter
product is no longer marketed]) have limited use because they may cause cosmetic and functional
damage to endoscopes *. Two recently cleared formulations (i.e., 0.95% glutaraldehyde with 1.64%
phenol/phenate, 7.35% hydrogen peroxide with 0.23% peracetic acid) have not been independently
evaluated for antimicrobial activity or materials compatibility. ETO sterilization of flexible endoscopes is
infrequent because it requires a lengthy processing and aeration time (e.g., 12 hours) and is a potential
hazard to staff and patients. The two products that are most commonly used for reprocessing
endoscopes in the United States are glutaraldehyde and an automated, liquid chemical sterilization
process that uses peracetic acid % The American Society of Gastrointestinal Endoscopy (ASGE)
recommends glutaraldehyde solutions that do not contain surfactants because the soapy residues of
surfactants are difficult to remove during rinsing 8 Ortho-phthalaldehyde has begun to replace
glutaraldehyde in many hospitals as it possesses several potential advantages compared to
glutaraldehyde: it is nonirritating to the eyes and nasal passages, does not require activation or exposure
monitoring, and has a 12-minute high-level disinfection claim in the United States. **_ Disinfectants that
are not FDA cleared and should not be used for reprocessing endoscopes include iodophors,
hypochlorite solutions, alcohols, quaternary ammonium compounds, and phenolics. These solutions may
still be in use outside the United States, but their use should be strongly discouraged because of lack of
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proven efficacy against all microorganisms or materials incompatibility.

The FDA cleared a package label for 2.4% glutaraldehyde that requires a 45-minute immersion at 25°C
to achieve high-level disinfection (i.e., 100% kill of Mycobacterium tuberculosis). However, available data
suggest that M. tuberculosis levels can be reduced by at least 8 logio with cleaning (4 Ioglo)“’ 75.82,83
followed by chemical disinfection for 20 minutes at 20°C (4 to 6 Ioglofs’ %8.8¢ Based on these data, APIC
% the Society of Gastroenterology Nurses and Associates (SGNA)3 % and the American Society of
Gastrointestinal Endoscopy (ASGE)81 recommend that e uiement be immersed in 2% glutaraldehyde at
20°C for at least 20 minutes for high-level disinfection 03.8L57 11 the absence of independently validated
data regarding alternative exposure times of high-level disinfectants, the manufacturers’
recommendations to achieve high-level disinfection should be followed. Currently, such data are
available only for 2% glutaraldehyde solutions.

Flexible endoscopes are particularly difficult to disinfect % and easy to damage because of their intricate
design and delicate materials *. Meticulous cleaning must precede any sterilization or high-level
disinfection of these instruments. Failure to perform good cleaning may result in a sterilization or
disinfection failure and outbreaks of infection may occur. Several studies have demonstrated the
importance of cleaning in experimental studies with the duck hepatitis B virus 789991 and Helicobacter

pylori %,

Examining healthcare-associated infections related only to endoscopes through July 1992, Spach found
that 281 infections were transmitted by gastrointestinal endoscopy and 96 were transmitted by
bronchoscopy. The clinical spectrum of these infections ranged from symptomatic colonization to death.
Salmonella species and P. aeruginosa repeatedly were identified as causative agents of infections
transmitted by gastrointestinal endoscopy, and M. tuberculosis (TB), atypical mycobacteria, and P.
aeruginosa were the most common causes of infections transmitted by bronchoscopy. Major reasons for
transmission were inadequate cleaning, improper selection of a disinfecting agent, or failure to follow
recommended cleaning and disinfection procedures >3 Failure to follow established guidelines has
continued to lead to infections associated with gastrointestinal endoscopes ™ and bronchoscopes 2
One multi-state investigation found that 23.9% of the bacterial cultures from the internal channels of 71
gastrointestinal endoscopes grew >100,000 colonies of bacteria after completion of all
disinfection/sterilization procedures and before use on the next patient %,

Automatic endoscope reprocessors (AER) offer several advantages compared to manual reprocessing:
they automate and standardize several important reprocessing steps 00,9495 reduce the likelihood that an
essential reprocessing step will be skipped, and reduce personnel exposure to high-level disinfectants or
chemical sterilants. Failure of AERs has been linked to outbreaks of infections *® or colonization ** *, and
the AER water filtration system may not be able to reliably provide bacteria-free rinse water %9 n
addition, some endoscopes (e.g., endoscopic retrograde choliagiopancreatography [ERCP],
duodenoscope) contain features (e.g., elevator-wire channel) that require a flushing pressure that is not
achieved by most AERs and must be reprocessed manually using a 2- to 5-ml syringe. New side-viewing
duodenoscopes equipped with a wider elevator-channel that AERs can reliably reprocess are likely to be
available soon *. Outbreaks involving endoscopic accessories *** ' such as suction valves and biopsy
forceps emphasize the importance of cleaning to remove all foreign matter before high-level disinfection
or sterilization '%.

72,103 89, 104

There is a need for further development and redesign of AERs and endoscopes so that they
do not represent a potential source of infectious agents. A disposable-sheath fiberoptic endoscope that
consists of three components has been developed. The reusable component is made up of the
umbilicus, a control handpiece, and a D-shaped insertion tube that fits within the sheath and contains the
fiberoptics. The disposable sheath contains the air-water, suction, and working channels and is
discarded at the end of each procedure. A plastic cover for the control handpiece and umbilicus is
discarded also after each procedure. The control dials are not covered and require removal and
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disinfection between procedures 1% Most studies report minimal differences in procedure duration, but
markedly shorter reprocessing time with sheathed endoscopes. Disposable-component endoscope
systems have the potential to improve the ease of cleaning and disinfection and to reduce the risk of
infection. Another new technology is a swallowable camera-in-a-capsule that travels through the
digestive tract and transmits color pictures of the small intestine to a receiver that is worn outside the
body. At present, this capsule will not replace colonoscopies.

Recommendations for the cIeaning and disinfection of endoscopic equipment have been published and
should be strictly followed 36, 81, 85,86, 106-109 Unfortunately, audits have shown that personnel do not
adhere to guidelines on disinfection 10112 and outbreaks of infection continue to occur ™. In order to
ensure that reprocessing persons are properly trained, there should be initial and annual competency
testing for each individual who reprocesses endoscopic instruments 36,116

In general, endoscope disinfection involves five steps: 1) clean - mechanically clean internal and external
surfaces, including brushing internal channels and flushing each internal channel with water and a
detergent or enzymatic detergent; 2) disinfect - immerse endoscope in high-level disinfectant (or chemical
sterilant) and perfuse disinfectant into the suction/biopsy channel and air/water channel and expose for at
least 12 minutes (or FDA-cleared exposure time)65; 3) rinse — rinse the endoscope and all channels with
sterile water or AER filtered water; if this is not feasible use tap water; 4) dry — rinse the insertion tube
and inner channels with alcohol and dry with forced air after disinfection and before storage; and 5) store
-store the endoscope in a way that prevents recontamination (e.g., hung vertically). There has been no
evidence of disease transmission when these practices are followed. In addition to these practices, a
protocol should be developed that assures the user knows whether an endoscope has been appropriately
cleaned and disinfected (e.g., placing a disposable wrap over the processed scopes, using a room or
cabinet for processed endoscopes only) or has been used. Confusion can result when users leave
endoscopes on movable carts and it is unclear whether the endoscope has been processed or not.

While one guideline has recommended that an endoscope (e.g., a duodenoscope) should be
reprocessed immediately before its use 198 other guidelines do not require this activity %81 and, in
general, it is not required that reprocessing be repeated so long as the original processing is done
correctly. As part of a quality assurance program, healthcare facility personnel should consider random
bacterial surveillance cultures of processed endoscopes to ensure high-level disinfection or sterilization.
Reprocessed endoscopes should be free of microbial pathogens except for small numbers of relatively
avirulent microbes that represent exogenous environmental contamination (e.g., coagulase-negative
Staphylococcus, Bacillus species, diphtheroids).

Infection control professionals should ensure that institutional policies are consistent with national
guidelines and conduct infection control rounds periodically (e.g., at least annually) in areas where
endoscopes are reprocessed to make certain there is compliance with policy. Breaches in policy should
be documented and corrective action instituted. In one incident in which endoscopes were not exposed
to a high-level disinfection process, all patients were assessed for possible acquisition of human
immunodeficiency virus (HIV), Hepatitis B virus (HBV), and Hepatitis C virus (HCV). This highlights the
importance of rigorous infection control !

Laparoscopes, Arthroscopes, and Cystoscopes

While high-level disinfection appears to be the minimum standard for processing laparoscopes,
arthroscopes, and cystoscopes between patients 17.19.20. 118 thare continues to be debate of this practice
212521 However, neither side in the high-level disinfection versus sterilization debate has adequate data
on which to base its arguments. Proponents of high-level disinfection refer to membership surveys ®or
institutional experiences 22involving over 117,000 and 10,000 laparoscopic procedures, respectively, that
cite a low risk of infection (<0.3%) when high-level disinfection is used for gynecologic laparoscopic
equipment. Only one infection in the membership survey was linked to spores. In addition, studies
conducted by Corson et al. demonstrated growth of common skin microorganisms (e.g., Staphylococcus
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epidermidis, diphtheroids) from the umbilical area even after skin preparation with povidone-iodine and
ethyl alcohol. Similar organisms were recovered in some instances from the pelvic serosal surfaces or
from the laparoscopic telescopes, suggesting that the microorganisms probably were carried from the
skin into the peritoneal cavity 23,24, Proponents of sterilization focus on the possibility of transmitting
infection by spore-forming organisms. Researchers have proposed several reasons why sterility was not
necessary for all laparoscopic equipment: only a limited number of organisms (usually <10) are
introduced into the peritoneal cavity during laporoscopy; minimal damage is done to inner abdominal
structures with little devitalized tissue; the peritoneal cavity tolerates small numbers of spore-forming
bacteria; equipment is simple to clean and disinfect; surgical sterility is relative; the natural bioburden on
rigid lumened devices is low™: and no evidence that high-level disinfection, instead of sterilization,
increases the infection risk ****’. With the advent of laparoscopic cholecystectomy there is justifiable
concern with high-level disinfection as the degree of tissue damage and bacterial contamination is greater
than with laparoscopic procedures in gynecology. Data from one study suggest that disassembly,
cleaning, and proper assembly of laparoscopic equipment used in gynecologic procedures before steam
sterilization presents no risk of infection *°.

As with laparoscopes and other equipment that enter sterile body sites, arthroscopes ideally should be
sterilized before use. However, they commonly undergo only high-level disinfection in the United States
1% presumably this is because the incidence of infection is low and the few infections are probably
unrelated to the use of high-level disinfection rather than sterilization. In a retrospective study of 12,505
arthroscopic procedures, Johnston et al. found an infection rate of 0.04% (5 infections) when
arthroscopes were soaked in 2% glutaraldehyde for 15-20 minutes. Four infections were caused by S.
aureus while the other was an anaerobic streptococcal infection ?® Since these organisms are very
susceptible to high-level disinfectants such as 2% glutaraldehyde, the origin of these infections was likely
the patient's skin. There are two case reports of Clostridium perfringens arthritis when the arthroscope
was disinfected with glutaraldehyde for an exposure time that is not effective against spores 1ot 122

Although only limited data are available, there is no evidence to demonstrate that high-level disinfection
of arthroscopes, laparoscopes, or cystoscopes poses an infection risk to the patient. For example, a
prospective study compared the reprocessing of arthroscopes and laparoscopes (per 1,000 procedures)
with ETO sterilization and high-level disinfection with glutaraldehyde and found no statistically significant
difference in infection risk between the two methods (i.e., ethylene oxide, 7.5/1000 procedures;
glutaraldehyde, 2.5/1000 procedures) % While the debate for high-level disinfection versus sterilization
of laparoscopes and arthroscopes will go unsettled until there are published well-designed, randomized
clinical trials, CDC and APIC guidelines should be followed'® ™. Thatis, laparoscopes, arthroscopes,
cystoscopes, and other scopes that enter normally sterile tissue should be subjected to a sterilization
procedure before each use; if this is not feasible, they should receive at least high-level disinfection.

Tonometers, Diaphragm Fitting Rings, Cryosurgical Instruments,
Endocavitary Probes

Disinfection strategies for other semicritical items (e.g., applanation tonometers, rectal/vaginal probes,
cryosurgical instruments, and diaphragm fitting rings) are highly variable. For example, one study
revealed that no uniform technique was in use for disinfection of applanation tonometers, with disinfectant
contact times varying from <15 sec to 20 minutes *". In view of the potential for transmission of viruses
(e.g., herpes simplex virus [HSV], adenovirus 8, or HIV)**® by tonometer tips, CDC recommends *° that
the tonometer tips be wiped clean and disinfected for 5-10 minutes with either 3% hydrogen peroxide,
5000 ppm chlorine, 70% ethyl alcohol, or 70% isopropyl alcohol. Structural damage to Schiotz
tonometers has been observed with a 1:10 sodium hypochlorite (5000 ppm chlorine) and 3% hydrogen
peroxide 124 After disinfection, the tonometer should be thoroughly rinsed in tap water and dried before
use. Although these disinfectants and exposure times should kill pathogens that can infect the eyes,
there are no studies that provide direct support 125126 The guidelines of the American Academy of
Ophthalmology for preventing infections in ophthalmology focus on only one potential pathogen, HIV-1
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27 Because a short and simple decontamination procedure is desirable in the clinical setting, swabbing

the tonometer tip with a 70% isopropyl alcohol wipe is sometimes practiced 126, Preliminary reports
suggest that wiping the tonometer tip with an alcohol swab and then aIIowing the alcohol to evaporate
may be an effective means of eliminating HSV, HIV-1, and adenovirus 126,125,129 " However, since these
studies involved only a few replicates and were conducted in a controlled laboratory setting, further
studies are needed before this technique can be recommended. In addition, two reports have found that
disinfection of pneumotonometer tips between uses with a 70% isopropyl alcohol wipe contributed to
outbreaks of epidemic keratoconjunctivitis caused by adenovirus type 8 130,131

There are also limited studies that evaluated disinfection techniques for other items that contact mucous
membranes, such as diaphragm fitting rings, cryosurgical probes, transesophageal echocardiography
probes 32 or vaginal/rectal probes used in sonographic scanning. Lettau, Bond, and McDougal of CDC
supported the recommendation of a diaphragm fitting ring manufacturer that involved using a soap-and-
water wash followed by a 15-minute immersion in 70% alcohol ® This disinfection method should be
adequate to inactivate HIV-1, HBV, and HSV even though alcohols are not classified as high-level
disinfectants because their activity against picornaviruses is somewhat limited *_ There are no data on
the inactivation of human papillomavirus by alcohol or other disinfectants because in vitro replication of
complete virions has not been achieved. Thus, while alcohol for 15 minutes should kill pathogens of
relevance in gynecology, there are no clinical studies that provide direct support for this practice.

Vaginal probes are used in sonographic scanning. A vaginal probe and all endocavitary probes without a
probe cover are semicritical devices as they have direct contact with mucous membranes. While one
could argue that the use of the probe cover changes the category, this guideline proposes that a new
condom/Probe cover should be used to cover the probe for each patient and since condoms/probe covers
may fail “****, high-level disinfection of the probe also should be performed. The relevance of this
recommendation is reinforced with the findings that sterile transvaginal ultrasound probe covers have a
very high rate of perforations even before use (0%, 25%, and 65% perforations from three suppliers)l35.
After oocyte retrieval use, Hignett and Claman found a very high rate of perforations in used endovaginal
probe covers from two suppliers (75% and 81%)**®, while Amis and co-workers *** and Milki and Fisch ***
demonstrated a lower rate of perforations after use of condoms (0.9% and 2.0%, respectively). Rooks
and co-workers found that condoms were superior to commercially available probe covers for covering
the ultrasound probe (1.7% for condoms versus 8.3% leakage for probe covers)137. These studies
underscore the need for routine probe disinfection between examinations.

Although most ultrasound manufacturers recommend the use of 2% glutaraldehyde for high-level
disinfection of contaminated transvaginal transducers, the use of this agent has been questioned 138
because it shortens the life of the transducer and may have toxic effects on the gametes and embryos !
An alternative g)rocedure for disinfecting the vaginal transducer has been offered by Garland and
deCrespigny ° It involves the mechanical removal of the gel from the transducer, cleaning the
transducer in soap and water, wiping the transducer with 70% alcohol or soaking it for 2 minutes in 500
ppm chlorine, and rinsing with tap water and drying. The effectiveness of this and other methods % has
not been validated in either rigorous laboratory experiments or in clinical use. High-level disinfection with
a product that is not toxic to staff, patients, probes, and retrieved cells (e.g., hydrogen peroxide) should
be used until such time as the effectiveness of alternative procedures against microbes of importance at
the cavitary site is scientifically demonstrated. Other probes such as rectal, cryosurgical, and
transesophageal probes/devices should also be subjected to high-level disinfection between patients.

39

Some cryosurgical probes are not fully immersible. When reprocessing these probes, the tip of the
probe should be immersed in a high-level disinfectant for the appropriate time (e.g., 20 minutes exposure
with 2% glutaraldehyde) and any other portion of the probe that could have mucous membrane contact
could be disinfected by wrapping with a cloth soaked in a high-level disinfectant in order to allow the
recommended contact time. After disinfection, the probe should be rinsed with tap water and dried before
use. Healthcare facilities that use nonimmersible probes should replace them as soon as possible with
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fully immersible probes.

As with other high-level disinfection procedures, proper cleaning of probes is necessary to ensure the
success of the subsequent disinfection ! Muradali and colleagues demonstrated a reduction of
vegetative bacteria inoculated on vaginal ultrasound probes when the probes were cleaned with a towel
2 No information is available of the level of contamination of such probes by potential viral pathogens
such as HBV and human papilloma virus (HPV) that may be more resistant than vegetative bacteria to
disinfection procedures. Because these pathogens may be present in vaginal and rectal secretions and
contaminate probes during use, high-level disinfection of the probes after such use is recommended.

Dental Instruments

Scientific articles and increased publicity about the potential for transmitting infectious agents in dentistry
have focused attention on dental instruments as possible agents for pathogen transmission *** ***. The
American Dental Association recommends that surgical and other instruments that normally penetrate
soft tissue or bone (e.g., forceps, scalpels, bone chisels, scalers, and surgical burs) be classified as
critical devices that should be sterilized after each use or discarded. Instruments that are not intended to
penetrate oral soft tissues or bone (e.g., amalgam condensers, and air/water syringes) but may come in
contact with oral tissues are classified as semicritical and should also be sterilized after each use **°.
This is consistent with recommendations from CDC and FDA *****’. Handpieces that cannot be heat
sterilized should be retrofitted to attain heat tolerance. Handpieces that cannot be retrofitted and thus are
not able to be heat sterilized should not be used **. Chemical disinfection is not recommended for
critical or semicritical dental instruments. Methods of sterilization that may be used for critical or
semicritical dental instruments and materials that are heat-stable include steam under pressure
(autoclave), chemical (formaldehyde) vapor, and dry heat (e.g., 320°F for 2 h). The steam sterilizer is the
method most commonly used by dental professionals 8 All 3 sterilization procedures can be damaging
to some dental instruments, including steam sterilized handpieces “ ETO or hydrogen peroxide gas
plasma also should be an effective means of sterilization if the instrument to be sterilized is clean and dry.
Consideration must be given to the potential damage a sterilization process may have on instruments
and materials.

Several studies have demonstrated variability among dental practices while trying to meet these
recommendations **°. For example, 68% of respondents believed they were sterilizing their instruments
but did not use appropriate chemical sterilants or exposure times and 49% of respondents did not
challenge autoclaves with biological indicators %0 Other investigators using biological indicators have
found a high portion (15-65%) of positive spore tests after assessing the efficacy of sterilizers used in
dental offices. In one study of Minnesota dental offices, operator error, rather than mechanical
malfunction *>*, caused 87% of sterilization failures. Common factors in the improper use of sterilizers
included chamber overload; low temperature setting; inadequate exposure time; failure to preheat
sterilizer; and interruption of the cycle.

Mail-return sterilization monitoring services use spore strips to test sterilizers in dental clinics, but delay
caused by mailing to the test laboratory could potentially cause false-negatives results. Studies revealed,
however, that the post-sterilization time and temperature after a 7-day delay had no influence on the test
results ***. Miller and Sheldrake also found that delays (7 dag/s at 27°C and 37°C, 3-day mail delay) did
not cause any predictable pattern of inaccurate spore tests 153

Uncovered operatory surfaces (e.g., countertops, chair switches, and light handles) should be disinfected
between patients. This can be accomplished using products that are registered with the U.S.
Environmental Protection Agency (EPA) as "hospital disinfectants.” There are several categories of such
products (chlorine, and phenolics) **> *****°. If waterproof surface covers are used to prevent
contamination of surfaces and are carefully removed and replaced between patients, the protected
surfaces do not need to be disinfected between patients but should be disinfected at the end of the day.
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Decontamination of Bone

Bone is the most frequently transplanted tissue in humans with the exception of blood % The risk of
infections transmissible by allografts (e.g., bones, tendons, and ligaments) depends on the technique
applied for procurement, preservation, and bacteriological control and also on the prevalence of infectious
carriers. HIV has been transmitted by bone transplantation **’. Despite the infection control measures
employed to select the donors, the risk of infectious agents associated with the tissue obtained for
transplantation cannot be ignored and a safe, dependable method of secondary sterilization without
damaging the tissue or recipient is essential. Unfortunately, none of the methods for sterilization of
bones, tendons, and ligaments seems ideal because they may reduce the quality of the biological graft,
increase toxicity, or be ineffective in reducing contaminating microorganisms. Radiation sterilization of
frozen allografts and ETO sterilization of freeze-dried allografts are the most commonly used methods.

Recently, a system to sterilize musculoskeletal tissues (e.g., bones, and tendons) for use in bone grafting
was developed using various chemical solutions to remove endogenous materials (e.g., blood, and bone
marrow) and inactivate infectious agents. This vacuum-pressure cleaning system uses detergent,
hydrogen peroxide, and alcohol in 2 cycles. Preliminary studies have shown it is effective in eliminating
B. stearothermophilus spores 158

Although not often mentioned, instances have occurred in which a graft has been dropped on the
operating room floor. To determine the amount of microbial contamination that occurs when the graft is
dropped, surplus bone specimens from 50 procedures were dropped and submitted for culture. No
positive cultures were obtained %% Another study evaluated the most effective method for disinfecting
contaminated human bone-tendon allografts (i.e., beef muscle, cadaveric human bone-tendon allografts,
and Achilles tendon-calcaneus allografts)'®. A 2% and 4% chlorhexidine irrigation solution and 4%
chlorhexidine/triple antibiotic bath completely disinfected the test tissues after an exposure time of 10 to

12 minutes.

Disinfection of HBV-, HCV-, HIV- or Tuberculosis-Contaminated Devices

Should we sterilize or high-level disinfect semicritical medical devices contaminated with blood from
patients infected with HBV, HCV, or HIV or respiratory secretions from patients with pulmonary
tuberculosis? The CDC recommendation for high-level disinfection is appropriate because experiments
have demonstrated the effectiveness of hi%h—level disinfectants to inactivate these and other pathogens
that may contaminate semicritical devices 0,61, 77,91, 181178 " Njonetheless, some hospitals modify their
disinfection procedures when endoscopes are used with a patient known or suspected to be infected with
HBV, HIV, or M. tuberculosis *"*°. This is inconsistent with the concept of Standard Precautions that
presumes that all patients are potentially infected with bloodborne pathogens 199 several studies have
highlighted the inability to distinguish HBV- or HIV-infected patients from noninfected patients on clinical
grounds 180182 1t also is likely that mycobacterial infection will not be clinically apparent in many patients.
In most instances, hospitals that altered their disinfection procedure used ethylene oxide sterilization on
the endoscopic instruments because they believed this practice reduced the risk of infection 9 ETO
is not routinely used for endoscope sterilization because of the lengthy processing time. Endoscopes and
other semicritical devices should be managed the same way whether or not the patient is known to be
infected with HBV, HCV, HIV or M. tuberculosis.

An evaluation of a manual disinfection procedure to eliminate HCV from experimentally contaminated
endoscopes provided some evidence that cleaning and 2% glutaraldehyde for 20 minutes should prevent
transmission "%, Using experimentally contaminated hysteroscopes, Sartor and colleagues detected
HCV by polymerase chain reaction (PCR) in one (3%) of 34 samples following cleaning with a detergent,
but no samples were positive following treatment with a 2% glutaraldehyde solution for 20 minutes '

Rey and colleagues demonstrated complete elimination of HCV (as detected by PCR) from endoscopes
used on chronically infected patients following cleaning and disinfection for 3 to 5 minutes in
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glutaraldehyde 185, Similarly, Chanzy and coworkers used PCR to demonstrate complete elimination of
HCV following standard disinfection of experimentally contaminated endoscopes % The inhibitory
activity of a phenolic and a chlorine compound on HCV showed that the phenolic inhibited the binding
and replication of HCV but the chlorine was ineffective, probably due to its low concentration and its
neutralization in the presence of organic matter 188,

Disinfection of Hemodialysis Machines

Hemodialysis systems (includes hemodialysis machines, water supply, water treatment systems, and
distribution system) can transmit bloodborne viruses and pathogenic bacteria **" *®. Cleaning,
disinfection, and sterilization are important components of infection control in a hemodialysis center. The
procedures discussed above (i.e., low-level disinfection, high-level disinfection, and sterilization,
respectively for noncritical, semicritical and critical) should be applied in the hemodialysis setting.

Disinfection on noncritical surfaces (e.g., dialysis bed or chair, countertops, external surfaces of dialysis
machines, and equipment [scissors, hemostats, clamps, blood pressure cuffs, stethoscopes]) should be
done with low-level disinfectants unless the item is visibly contaminated with blood in which case a
tuberculocidal agent should be used. This procedure accomplishes two goals, i.e., it removes soil on a
regular basis and maintains an environment that is consistent with good patient care. Disinfection of
hemodialysis systems is normally accomplished by chlorine-based disinfectants (e.g., sodium
hypochlorite), aqueous formaldehyde, peracetic acid, or glutaraldehyde. All products must be used
according to the manufacturers’ recommendations. Some dialysis systems use hot-water disinfection for
the control of microbial contamination.

Since about 80% of U.S. chronic hemodialysis centers reprocess (i.e., reuse) dialyzers for the same
patient, high-level disinfection or sterilization is also common in dialysis centers. Three chemical
sterilants were commonly used in a 1996 survey: a peracetic acid formulation was used by 54% of
centers that reused dialyzers, formaldehyde by 36%, and glutaraldehyde by 7%. A heat process “*"
was used by 3%. Detailed recommendations regarding disinfection and sterilization (to include the use of

%gdlig%ated machines for HBsAg-positive patients) in the hemodialysis setting may be found in two reviews

Inactivation of C. difficile

The source of healthcare-associated acquisition of C. difficile in nonepidemic settings has not been
determined. The environment and carriage on the hands of hospital personnel have been considered as
possible sources of infection. Carpeted rooms occupied by a patient with C. difficile are more heavily
contaminated with C. difficile than noncarpeted rooms '8 “Since C. difficile spores may display increased
levels of spore production when exposed to disinfectants and the spores are more resistant than
vegetative cells to commonly used surface disinfectants % some investigators have recommended the
use of dilute solutions of hypochlorite (1600 ppm available chlorine) for routine environmental disinfection
of rooms of patients with C. difficile-associated diarrhea or colitis *** or in units with high C. difficile rates
192, Mayfield and co-workers showed a marked reduction in C. difficile-associated diarrhea rates in the
bone-marrow transplant unit (from 8.6 to 3.3 cases per 1000 patient-days) during the period of bleach
disinfection (1:10 dilution) of environmental surfaces compared to cleaning with a quaternary ammonium
compound (QUAT). Thus, use of a diluted hypochlorite should be considered in units with high C. difficile
rates. However, studies have shown that asymptomatic patients constitute an important reservoir within
the hospital and that person-to-person transmission is the principal means of transmission between
patients. Thus, handwashing, barrier precautions, and meticulous environmental cleaning with a low-
Il%;/el disinfectant (e.g. germicidal detergent) should be effective in preventing the spread of the organism
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Contaminated medical devices such as colonoscopes can serve as vehicles for the transmission of C.
difficile spores. For this reason, investigators have studied commonly used disinfectants and exposure
times to assess whether current practices may be placing patients at risk. Data demonstrate that 2%
glutaraldehyde reliably kills C. difficile spores using exposure times of 5 to 20 minutes 59,194,195

Inactivation of Creutzfeldt-Jakob Disease Agent

Creutzfeldt-Jakob disease is a degenerative neurologic disorder of humans with an incidence in the
United States of approximately 1 case/million population/year 196,197 " cJID is caused by a proteinaceous
infectious agent or prion. CJD is similar to other human transmissible spongiform encephalopathies
(TSEs) that include kuru (0 incidence, now eradicated), Gertsmann-Straussler-Sheinker syndrome
(1/billion), and fatal insomnia syndrome (<1/billion). Prion diseases do not elicit an immune response,
result in a noninflammatory pathologic process confined to the central nervous system, have a long
incubation period, and usually are fatal within 1 year.

Recently, a new variant form of CJD (vCJD) has been recognized that is acquired from cattle with bovine
spongiform encephalopathy (BSE, or mad-cow disease). A total of 105 human cases have been
diagnosed (101 cases in England, 3 in France, and 1 in Ireland)198 199 by early June 2001. Compared
with CJD patients, vCJD patients are younger (29 vs. 65 years of age), have a longer duration of iliness
(14 vs. 4.5 months), and present with sensory and psychiatric symptoms that are uncommon with CJD.
To date, variant CJD has not been reported in the United States.

The agents of CJD and other TSEs exhibit an unusual resistance to conventional chemical and physical
decontamination methods. Since the CJD agent is not readily inactivated by conventional disinfection
and sterilization procedures and because of the invariably fatal outcome of CJD, the procedures for
disinfection and sterilization of the CJD prion have been both conservative and controversial for many
years.

CJD occurs as both a sporadic and familial disease. Less than 1% of CJD episodes result from person-
to-person transmission, which primarily as a results from iatrogenic exposure. latrogenic CJD has been
described in humans in three circumstances: after use of contaminated medical equipment (2 confirmed
cases); after use of extracted pituitary hormones (>100 cases); and after implant of contaminated grafts
from humans (cornea-3, dura mater >110)2°°’ 20 Al known instances of iatrogenic CJD have resulted
from exposure to infectious brain, pituitary, or eye tissue. Tissue infectivity studies in experimental
animals have determined the infectiousness of different body tissues (Table 3)202' 2% Transmission via
stereotactic electrodes is the only convincing example of transmission via a medical device. The
electrodes had been implanted in a patient with known CJD and then cleaned with benzene and
“sterilized” with 70% alcohol and formaldehyde vapor. Two years later, these electrodes were retrieved
and implanted into a chimpanzee in which the disease developed 2% The method used to “sterilize”
these electrodes would not currently be considered an adequate method for sterilizing medical devices.
The infrequent transmission of CJD via contaminated medical devices probably reflects the inefficiency of
transmission unless dealing with neural tissue and the effectiveness of conventional cleaning and current
disinfection and sterilization procedures 205, Retrospective studies suggest four other episodes may have
resulted from use of contaminated instruments in neurosurgical operations. All six cases of CJD
associated with neurosurgical instruments occurred in Europe between 1953 and 1976 and details of the
reprocessing methods for the instruments are incomplete (LM Sehulster 2000, written communication).
There are no known episodes of CJD attributable to the reuse of devices contaminated with blood or via
transfusion of blood products. The risk of occupational transmission of CJD to a healthcare worker is
remote. Healthcare workers should use standard precautions when caring for patients with CJD.

To minimize the possibility of use of neurosurgical instruments that have been potentially contaminated

during procedures performed on patients in whom CJD is later diagnosed, hospitals should consider
using the sterilization guidelines outlined below for neurosurgical instruments used during brain biopsy
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done on patients in whom a specific lesion has not been demonstrated (e.g., by magnetic resonance
imaging and computerized tomography scans). Alternatively, neurosurgical instruments used in such
patients could be disposable 205,

The inactivation of prions by disinfectant and sterilization processes has been studied by several
investigators but these studies do not reflect the reprocessing procedures in a clinical setting. First, these
studies have not incorporated a cleaning procedure that normally reduces microbial contamination by 4
logio % second, the prion studies have been done with tissue homogenates and the protective effect of
tissue may explain, in part, why the CJD agent is difficult to inactivate 2% Brain homogenates have been
shown to confer thermal stability to small subpopulations of the scrapie agent and some viruses. Third,
results of inactivation studies of prions have been inconsistent due to the use of differing methodologies,
which may have varied by prion strain, prion concentration, test tissue (intact brain tissue, brain
homogenates, partially purified preparations), test animals, duration of follow-up of inoculated animals,
exposure container, method of calculating log-reductions in infectivity, concentration of the disinfectant at
the beginning and end of an experiment, cycle parameters of the sterilizer, and exposure conditions.
Despite these limitations, there is some consistency in the results 205, 207

Based on the disinfection studies many, but not all, disinfection processes falil to inactivate clinically
significant numbers of prions (Table 4)208'220. There are four chemicals that reduce the prion titer by >3
logio in 1 hour: chlorine, a phenolic, guanidine thiocyanante, and sodium hydroxide. Of these four
chemical compounds, chlorine provides the most consistent prion inactivation results %% However, the
corrosive nature of chlorine makes it unsuitable for semicritical devices such as endoscopes.

Prions also exhibit an unusual resistance to conventional physical decontamination methods (Table 5).
While there is some disagreement on the ideal time and temperature cycle for autoclaving, the
recommendation for 134°C for >18 minutes (prevacuum) and 121°-132°C for 60 minutes (gravity) are
based on the scientific literature °**#**%° " Some investigators also have found that combining sodium
hydroxide (1e.g., 0.09N for 2 hr) with steam sterilization for 1 hour at 121°C results in complete loss of
infectivity 4 "However, the combination of sodium hydroxide and steam sterilization may be deleterious
to surgical instruments " and sterilizers.

The disinfection and sterilization recommendations for CJD in this guideline are based on the belief that
infection control measures should be predicated on epidemiologic evidence linking specific body tissues
or fluids to transmission of CJD, infectivity assays demonstrating that body tissues or fluids are
contaminated with infectious prions e 221(LM Sehulster, written communication, 2000), cleaning data using
standard biological indicators, inactivation data of prions, the risk of disease transmission with the use of
the instrument or device, and a review of other recommendations. Other CJD recommendations have
been based primarily on inactivation studies 10.207.222 " Tys, the three parameters integrated into
disinfection and sterilization processing are the risk of the patient for having a prion disease, the
comparative infectivity of different body tissues, and the intended use of the medical device 6 228 223(LM
Sehulster, written communication, 2000). High-risk patients include those with known prion disease,
rapidly progressive dementia, possible prion disease, or a history of dura mater transplants or human
growth hormone injection. High-risk tissues include brain, spinal cord, and eye. All other tissues are
considered low or no risk (Table 3). Critical devices are defined as devices that enter sterile tissue or the
vascular system (e.g. implants). Semicritical devices are defined as devices that contact nonintact skin or
mucous membranes (e.g., endoscopes).

Recommendations for disinfection and sterilization of prion-contaminated medical devices are as follows.
For high-risk tissues, high-risk patients, and critical or semicritical medical devices, clean the device and
sterilize by autoclaving at 134°C for 18 minutes in a prevacuum sterilizer or 121-132°C for 1 hour in a
gravity displacement sterilizer. Alternatively, a combination of sodium hydroxide and autoclaving could
be employed as recommended by The World Health Organization (WHO)ZOO. This procedure might
produce a reaction that could be harmful to human health and damaging to the steam sterilizer. Persons
who use this procedure should be cautious in handling hot sodium hydroxide (post autoclave) or having
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potential exposure to gaseous sodium hydroxide. Prion-contaminated medical devices that are
impossible or difficult to clean can be discarded. Flash sterilization should not be used for reprocessing.
Environmental surfaces (noncritical) contaminated with high-risk tissues (e.g., laboratory surfaces) should
be cleaned and then spot decontaminated with a 1:10 dilution of bleach.

For medium- or low-risk tissues, high-risk patients, and critical or semicritical devices, use standard
conventional protocols of heat or chemical sterilization, or high-level disinfection. Environmental surfaces
contaminated with medium- or low-risk tissues require only standard (i.e., blood-contaminated)
disinfection *?*>?**. Since noncritical surfaces are not involved in disease transmission, the normal
exposure time (<10 minutes) is recommended.

The aforementioned precautions are recommended for hospitals providing healthcare to adults (>16
years old). Children’s’ hospitals would not need to follow the CJD control measures as the disease in not
described in this age group with the possible exception of children who received human growth hormone.

OSHA Bloodborne Pathogen Standard

In December 1991, the Occupational Safety and Health Administration (OSHA) promulgated a standard
entitled "Occupational Exposure to Bloodborne Pathogens" to eliminate or minimize occupational
exposure to bloodborne pathogens 24 One component of this requirement is that all equipment and
environmental and working surfaces be cleaned and decontaminated with an appropriate disinfectant
after contact with blood or other potentially infectious materials. While the OSHA standard does not
specify the type of disinfectant or procedure, the OSHA compliance document 228 suggests that a
germicide must be tuberculocidal to kill the HBV. Thus, it suggests that a tuberculocidal agent should be
used to clean blood spills on noncritical surfaces. This is inconsistent with data that demonstrate that
nontuberculocidal quaternary ammonium compounds inactivate the hepatitis B virus % Nonetheless, to
follow the OSHA compliance document a tuberculocidal disinfectant (e.g., phenolic, and chlorine) would
be needed to clean a blood spill. This caused concern among housekeeping managers who tried to find
disinfectant detergents claiming to be tuberculocidal on the assumption that such products would be
effective in eliminating transmission of Hepatitis B virus. This directive could be questioned on a practical
level for three reasons. First, non-tuberculocidal disinfectants such as quaternary ammonium
compounds inactivate the hepatitis B virus 7% second, noncritical surfaces are rarely, if ever, involved in
disease transmission *°. Third, the exposure times that manufacturers use in order to achieve their label
claims are not employed in healthcare settings to disinfect noncritical surfaces. For example, in order to
make a label claim against HBV, HIV, or TB a manufacturer must demonstrate inactivation of these
organisms when exposed to a disinfectant for 10 minutes. This cannot be practically achieved for
disinfection of environmental surfaces in a healthcare setting.

In February 1997, OSHA amended its policy and stated that EPA-registered disinfectants that are labeled
as effective against HIV and HBV would be considered as appropriate disinfectants "...provided such
surfaces have not become contaminated with agent(s) or volumes of or concentrations of agent(s) for
which higher level disinfection is recommended.” Thus, when bloodborne pathogens other than HBV or
HIV are of concern, OSHA continues to require the use of EPA-registered tuberculocidal disinfectants or
bleach solution (diluted 1:10 or 1:100 with water)m. Recent studies demonstrate that, in the presence of
blood spills, a 1:10 final dilution of bleach should be used to inactivate bloodborne viruses *® %

Emerging Pathogens (Cryptosporidium, Helicobacter pylori, Escherichia coli
0157:H7, Human Papilloma Virus, Norwalk Virus)

Emerging pathogens are of growing concern to the general public and infection control professionals.

Relevant pathogens include Cryptosporidium parvum, Helicobacter pylori, E. coli 0157:H7, HIV, HCV,
multidrug-resistant M. tuberculosis, and nontuberculosis mycobacteria (e.g., M. chelonae). The
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susceptibility of each of these pathogens to chemical sterilants has been studied. With the exceptions
discussedzzt;elow, all of these emerging pathogens are susceptible to currently available chemical
sterilants “.

Cryptosporidium is resistant to chlorine at concentrations used in potable water. C. parvum is not
completely inactivated by most disinfectants used in healthcare including ethyl alcohol 229, glutaraldehyde
229,250 5 2504 hypochlorite 229, peracetic acid 229 ortho-phthalaldehyde 2 phenol 229,230 povidone-iodine
229,28 and quaternary ammonium compounds % The only chemical disinfectants/sterilants able to
inactivate greater than 3 logso of C. parvum were 6% and 7.5% hydrogen peroxide **°. Sterilization
methods will fully inactivate C. parvum, including steam 229 ethylene oxide 229231 and hydrogen peroxide
gas plasma 229, Although most disinfectants are ineffective against C. parvum, current cleaning and
disinfection practices appear satisfactory to prevent healthcare-associated transmission. For example,
endoscopes are unlikely to represent an important vehicle for the transmission of C. parvum because
mechanical cleaning will remove approximately 1040rganisms and drying rapidly results in loss of C.
parvum viability (e.g., 30 minutes, 2.9 logio decrease, and 60 minutes, 3.8 logio decrease)zzg.

Chlorine at ~1 ppm has been found capable of eliminating approximately 4 logio of E. coli O157:H7 within
1 minute in a suspension test 282 Electrolyzed oxidizing water at 23°C was effective in 10 minutes in
producing a 5-logio decrease in E. coli O157:H7 inoculated onto kitchen cutting boards 2 The following
disinfectants eliminated >5 log;o of E. coli 0157:H7 within 30 seconds: a quaternarz/ ammonium
compound, a phenolic, a hypochlorite (1:10 dilution of 5.25% bleach), and ethanol % Disinfectants
including chlorine comgounds are able to reduce E. coli 0157:H7 experimentally inoculated onto alfalfa
seeds or sprouts 23523 or peef carcass surfaces >,

Only limited data are available on the susceptibility of H. pylori to disinfectants. Using a suspension test,
Akamatsu and colleagues assessed the effectiveness of a variety of disinfectants against nine strains of
H. pylori *®. Ethanol (80%) and glutaraldehyde (0.5%) killed all strains within 15 seconds; chlorhexidine
gluconate (0.05%, 1.0%), benzalkonium chloride (0.025%, 0.1%), alkyldiaminoethylglycine hydrochloride
(0.1%), povidone-iodine (0.1%), and sodium hypochlorite (150 ppm) killed all strains within 30 seconds.
Both ethanol (80%) and glutaraldehyde (0.5%) retained similar bactericidal activity in the presence of
organic matter while the other disinfectants showed reduced bactericidal activity. In particular, the
bactericidal activity of povidone-iodine (0.1%) and sodium hypochlorite (150 ppm) was markedly
decreased in the presence of dried yeast solution with killing times increased to 5 to 10 minutes and 5 to
30 minutes, respectively.

Immersion of biopsy forceps in formalin before obtaining a specimen does not affect the ability to culture
H. pylori from the biopsy specimen **. The following methods have been demonstrated to be ineffective
for eliminating H. pylori from endoscopes: cleaning with soap and water 249.24 immersion in 70% ethanol
for 3 minutes **, instillation of 70% ethanol %, instillation of 30 ml of 83% methanol **°, and instillation of
0.2% Hyamine solution 2 The differing results with regard to the efficacy of ethyl alcohol are
unexplained. Cleaning followed by use of 2% alkaline glutaraldehyde (or automated peracetic acid) has
been demonstrated by culture to be effective in eliminating H. pylori 240, 241, 244 Epidemiologic
investigations of patients who had undergone endoscopy with endoscopes mechanically washed and
disinfected with 2.0 to 2.3% glutaraldehyde have revealed no evidence of cross-transmission of H. pylori
9225 Disinfection of experimentally contaminated endoscopes using 2% glutaraldehyde (10 minutes, 20
minutes, 45 minutes exposure times) or the peracetic acid system (with and without active peracetic acid)
has been demonstrated to be effective in eliminating H. pylori 2R, pylori DNA has been detected by
PCR in fluid flushed from endoscope channels following cleaning and disinfection with 2% glutaraldehyde
% The clinical significance of this finding is unclear. In vitro experiments have demonstrated a >3.5-
logio reduction in H. pylori after exposure to 0.5 mg/L of free chlorine for 80 seconds 247,

There are no data on the inactivation of human papillomavirus by alcohol or other disinfectants because
in vitro replication of complete virions has not been achieved. Similarly, little is known about the
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inactivation of Norwalk virus and Norwalk virus-like particles (members of the family Caliciviridae and
important causes of gastroenteritis in humans) as they cannot be grown in tissue culture. Inactivation
studies with a closely related cultivable virus (i.e., feline calicivirus) have shown the effectiveness of
chlorine, glutaraldehyde, and iodine-based products whereas the QUAT, detergent, and ethanol failed to
inactivate the virus completely >,

Toxicological and Environmental Concerns

Health hazards associated with the use of germicides in healthcare vary from mucous membrane
irritation to death, with the latter to date involving accidental injection by mentally disturbed patients 249,
While variations exist in the degree of toxicity ******, all disinfectants should be used for the intended
purpose only.

The key factors associated with assessing the health risk of a chemical exposure include the duration,
intensity (i.e., how much chemical is involved), and route (e.g., skin, mucous membranes, and inhalation)
of the exposure Toxicity may be acute or chronic. Acute toxicity usually results from an accidental spill
of a chemical substance. The exposure of personnel is sudden and often produces an emergency
situation. Chronic toxicity results from repeated exposure to low levels of the chemical over a prolonged
period. The responsibility for informing workers of the chemical hazards in the workplace and
implementing control measures rests with the employer. The OSHA Hazard Communication Act (29 CFR
1910.1200, 1915.99, 1917.28, 1918.90, 1926.59, and 1928.21) requires manufacturers and importers of
hazardous chemicals to develop Material Safety Data Sheets (MSDSs) for each chemical or mixture of
chemicals. Employers must have MSDSs readily available to employees who work with the products and
thus may be exposed.

Exposure limits have been published for many chemicals used in healthcare to aid in providing a safe
environment and are discussed in each section of this guideline as relevant. Exposures below the “limit”
are believed to represent an insignificant hazard in the workplace. Only the exposure limits published by
OSHA carry the legal force of regulations. OSHA publishes a limit as a time weighted average, that is,
the average concentration for a normal 8-hour work day and a 40-hour work week to which nearly all
workers may be repeatedly exposed to a chemical without adverse health effects. For example, the TWA
for ethylene oxide is 1.0 ppm. Guidelines on exposure limits are also provided by the American

Conference of Governmental Industrial Hygienists (ACGIH) **.

Some states have excluded the disposal of certain chemical germicides (e.g., glutaraldehyde,
formaldehyde, and phenol) or limited certain concentrations via the sewer system. These rules are
intended to minimize environmental harm. If hospitals exceed the maximum allowable concentration for a
chemical (e.g., 5.0 mg/l), they have three options. First, they can switch to alternative products. For
example, they can change from glutaraldehyde to another disinfectant for high-level disinfection or from
phenolics to quaternary ammonium compounds (QUAT) for low-level disinfection. Second, the hospital
can collect the disinfectant and dispose of it as a hazardous chemical. Third, they can use a
commercially available small-scale treatment method (e.g., neutralize glutaraldehyde with glycine).

The safe disposal of glutaraldehyde is important throughout the medical community. In the case of
disposal of large volumes of spent solutions, users may decide to neutralize the microbicidal activity of
glutaraldehyde prior to disposal. This can be accomplished by reaction with sodium bisulfite % or
glycine.

European authors have suggested that disinfection by heat rather than chemicals should be used for
instruments and ventilation therapy equipment. The concerns for chemical disinfection include the toxic
side-effects for the patient caused by chemical residues on the instrument or object; occupational
exposure to toxic chemicals; and the danger of recontamination by rinsing the disinfectant with microbially
contaminated tap water >*°.
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Disinfection in Ambulatory Care, Home Care, and the Home

With the advent of managed healthcare, increasing numbers of patients are now being cared for in
ambulatory care and in home settings. Many patients cared for in these settings may have
communicable diseases, immunocompromising conditions, or invasive devices. Therefore, adequate
disinfection in these settings is necessary to provide a safe patient environment. Since the ambulatory
care setting (i.e., outpatient facilities) setting provides the same infection risk as the hospital setting, the
Spaulding classification scheme described in this guideline should be followed (Table 1)10.

The home environment should be a much safer setting than hospitals or ambulatory care. Epidemics
should not be a problem and cross-infection should be rare. Among the products recommended for
home disinfection use are bleach, alcohol, and hydrogen peroxide. It has been recommended that
reusable objects (e.g., tracheostomy tubes) that touch mucous membranes be disinfected by immersion
in a 1:2 dilution of household bleach (6.00%-6.15% sodium hypochlorite) for 1-3 minutes, 70% isopropy!
alcohol for 5 minutes, or 3% hydrogen peroxide for 30 minutes. Noncritical items (e.g., blood pressure
cuffs, crutches) can be cleaned with a detergent. Blood spills should be handled as per OSHA
regulations as described in a previous section. In general, sterilization of critical items is not practical in
homes but theoretically could be accomplished by chemical sterilants or boiling. Single-use disposable
items can be used or reusable items sterilized in a hospital ** **'.

Some environmental groups advocate “environmentally safe” products as alternatives to commercial
germicides in the home-care setting. These alternatives (e.g., ammonia, baking soda, vinegar, Borax,
liquid detergent) are not registered with the EPA and are a poor choice for disinfecting because they are
ineffective against S. aureus. Borax, baking soda, and detergents are also ineffective against Salmonella
%g)hi and E.coli; however, undiluted vinegar and ammonia are effective against S. typhi and E.coli 234, 258,

. Common commercial disinfectants designed for home use have also been found effective against
selected antibiotic-resistant bacteria >**.

Public concerns have been raised that the use of antimicrobials in the home may promote the
development of antibiotic-resistant bacteria 200.281 " This issue is unresolved and needs to be considered
further via scientific and clinical investigations. While the public health benefits resulting from the use of
disinfectants in the home environment are unknown, it is known that many sites in the home kitchen and
bathroom are microbially contaminated %2 and the use of hypochlorites results in a marked reduction of
bacteria **®. It is also known from laboratory studies that many commercially prepared household
disinfectants are effective aqainst common pathogens 2% and can interrupt surface-to-human
transmission of pathogens . The “targeted hygiene concept,” which means identifying situations and
areas (e.g., food preparation surfaces and bathroom) where there is a risk of transmission of pathogens,
may be a reasonable way to identify when disinfection may be appropriate 268,

Susceptibility of Antibiotic-Resistant Bacteria to Disinfectants

As with antibiotics, reduced susceptibility (or acquired resistance) of bacteria to disinfectants can arise by
either chromosomal gene mutation or the acquisition of genetic material in the form of plasmids or
transposons 265289 \When there is a change in bacterial susceptibility that renders an antibiotic ineffective
against an infection previously treatable by that antibiotic, the bacteria are referred to as “resistant.” In
contrast, reduced susceptibility to disinfectants does not correlate with failure of the disinfectant because
concentrations used in disinfection still greatly exceed the cidal level. Thus, the word "resistance" when
applied to these changes is incorrect and the preferred term is reduced susceptibility or increased

267, 27
tolerance ="
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Methicillin-resistant S. aureus (MRSA) and vancomycin-resistant Enterococcus (VRE) are recognized as
important healthcare-associated agents. It has been known for years that some antiseptics and
disinfectants are, on the basis of MICs, somewhat less inhibitory to S. aureus strains that contain a
plasmid carrying gene encoding resistance to the antibiotic gentamicin %7 For example, Townsend et al.
found that gentamicin resistance also encodes reduced susceptibility to propamidine, quaternary
ammonium compounds, and ethidium bromide *”*, and Brumfitt and associates found MRSA strains less
susceptible than methicillin-sensitive S. aureus (MSSA) strains to chlorhexidine, propamidine, and the
guaternary ammonium compound cetrimide 22 Al-Masaudi et al. found the MRSA and MSSA strains to
be equally sensitive to phenols and chlorhexidine, but MRSA strains were slightly more tolerant to
guaternary ammonium compounds "% studies have established the involvement of two gene families
(qacCD [now referred to as smr] and gacAB) in providing protection against agents that are components
of disinfectant formulations such as quaternary ammonium compounds. Tennant and coworkers propose
that staphylococci evade destruction because the protein specified by the gacA determinant is a
cytoplasmic-membrane-associated protein involved in an efflux system that actively reduces intracellular
accumulation of toxicants such as quaternary ammonium compounds to intracellular targets a7

Other studies demonstrated that plasmid-mediated formaldehyde resistance is transferable from Serratia
marcescens to E. coli *”® and plasmid-mediated quaternary ammonium resistance is transferable from S.
aureus to E. coli *®. Tolerance to mercury and silver is also plasmid borne 265269,

Since the concentrations of disinfectants used in practice are much higher than the MICs observed, even
for the more tolerant strains, the clinical relevance of these observations is questionable. Several studies
have found antibiotic-resistant hospital strains of common healthcare-associated pathogens (i.e.,
Enterococcus, P. aeruginosa, Klebsiella pneumoniae, E. coli, S. aureus, and S. epidermidis) to be equally
susceptible to disinfectants as antibiotic-sensitive strains ***""?"®. The susceptibility of glycopeptide-
intermediate S. aureus was similar to vancomycin-susceptible, methicillin-resistant S. aureus " Based
on these data, routine disinfection and housekeeping protocols do not need to be altered because of
antibiotic resistance provided the disinfection method is effective > ***. A recent study that evaluated the
efficacy of selected cleaning methods (e.g., QUAT-sprayed cloth, and QUAT-immersed cloth) for
eliminating VRE found that currently used disinfection processes are likely highly effective in eliminating
VRE. However, surface disinfection must involve contact with all contaminated surfaces .

Lastly, does the use of antiseptics or disinfectants facilitate the development of disinfectant-tolerant
organisms? Based on current evidence and reviews *°% 2% 2%% 279282 the development of enhanced
tolerance to disinfectants in response to disinfectant exposure can occur. However, it is not important in
clinical terms since the level of tolerance is low and unlikelg/ to compromise the effectiveness of
disinfectants where much higher concentrations are used ,

The issue of whether low-level tolerance to germicides selects for antibiotic-resistant strains is unsettled
but may depend on the mechanism by which tolerance is attained. For example, changes in the
permeability barrier or efflux mechanisms may affect susceptibility to antibiotics and germicides but
specific changes to a target site may not. Some researchers have suggested that the use of disinfectants
or antiseptics (e.g., triclosan) could facilitate the development of antibiotic-resistant microorganisms 260,
261283 \While there is evidence in laboratory studies of low-level resistance to triclosan, the
concentrations of triclosan in these studies were low (generally <1 ug/ml) and dissimilar from the higher
levels used in antimicrobial products (2,000-20,000 ug/ml)284‘ % Thus, researchers can create
laboratory-derived mutants that demonstrate reduced susceptibility to antiseptics or disinfectants. In
some experiments, such bacteria have demonstrated reduced susceptibility to certain antibiotics 261,
There is no evidence that using antiseptics/disinfectants selects for antibiotic-resistant organisms in
nature or that mutants survive in nature **. In addition, there are fundamental differences between the
action of antibiotics and disinfectants. Antibiotics are selectively toxic and generally have a single target
site in bacteria, thereby inhibiting a specific biosynthetic process. Germicides generally are considered to
be nonspecific antimicrobials because of a multiplicity of toxic effect mechanisms or target sites and are
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broader spectrum in the types of microorganisms against which they are effective 261,210

The rotational use of disinfectants in some environments (e.g., pharmacy production units) has been
recommended in an attempt to prevent the development of resistant microbes. Currently, there appears
to be no evidence that appropriately used disinfectants have resulted in a clinical problem arising from the
selection or development of nonsusceptible microorganisms 281,

Surface Disinfection: Should We Do It?

The effective use of disinfectants constitutes an important factor in preventing healthcare-associated
infections. Surfaces are considered noncritical items as they come in contact with intact skin. Use of
noncritical items or contact with noncritical surfaces carries little risk of transmitting a pathogen to patients
or staff. Thus, the routine use of germicidal chemicals to disinfect hospital floors and other noncritical
items is controversial. In 1991, Favero and Bond provided a useful expansion of the Spaulding scheme
by dividingsthe noncritical environmental surfaces into housekeeping surfaces and medical equipment
surfaces **. Medical equipment surfaces (e.g., blood pressure cuffs, stethoscopes, hemodialysis
machines, and x-ray machines) may become contaminated with infectious agents and have been
incriminated in the spread of healthcare-associated infections. For this reason noncritical medical
equipment surfaces should be disinfected with a low- or intermediate-level disinfectant. Use of a
disinfectant will provide antimicrobial activity that is likely to be achieved with minimal additional cost or
work.

Environmental surfaces also may potentially contribute to cross-transmission by hand contamination of
healthcare personnel due to contact with contaminated surfaces, medical equipment, or patients 289,290,
A recent paper reviews the epidemiological and microbiological data (see Table 6) regarding the use of
disinfectants on noncritical surfaces **

Table 6 lists seven reasons for using a disinfectant on noncritical surfaces. Four of these are particularly
noteworthy and support the use of a germicidal detergent. First, hospital floors become contaminated
with microorganisms by settling of airborne bacteria: by contact with shoes, wheels, and other objects;
and occasionally by spills. The removal of microbes is a component in the control of healthcare-
associated infections. In an investigation on the cleaning of hospital floors, the use of soap and water
(80% reduction) was less effective in reducing the numbers of bacteria than was a phenolic disinfectant
(90% reduction)zgz. However, a few hours after floor disinfection the bacterial count was nearly back to
the pretreatment level. Second, detergents become contaminated and result in seeding the patient’s
environment with bacteria. Investigators have shown that mop water becomes increasingly dirty during
cleaning, and mop water becomes contaminated if soap and water is used rather than a disinfectant. For
example, Ayliffe and co-workers found that bacterial contamination in soap and water without a
disinfectant increased from 10 CFU/ml to 34,000 CFU/mlI after cleaning a ward while the contamination in
a disinfectant solution did not change (20 CFU/mI)ng. Dharan and associates also found that the use of
detergents on floors and patient room furniture increased the bacterial contamination in the patients’
environmental surfaces after cleaning (average increase = 103.6 CFU/24cm2)294. Third, CDC
recommends in their Isolation Guideline that noncritical equipment contaminated with blood, body fluids,
secretions, or excretions be cleaned and disinfected after use. The same guideline recommends that, in
addition to cleaning, disinfection of the bedside equipment and environmental surfaces (e.g., bedrails,
bedside tables, carts, commodes, door-knobs, and faucet handles) is indicated for certain pathogens,
especially enterococci, which can survive in the inanimate environment for prolonged periods 2 Fourth,
using a single product throughout the facility may simplify both training and appropriate practice.

There also are reasons for using a detergent alone on floors since noncritical surfaces contribute
minimally to endemic healthcare-associated infections % and there are no differences in healthcare-
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. . . . .. 294, 297, 298
associated infections rates when floors are cleaned with detergent versus disinfectant = =" =,

Since housekeeping surfaces are associated with the lowest risk of disease transmission, some have
suggested that either detergents or a disinfectant detergent could be used 2% While there are no data
that demonstrate a reduction in healthcare-associated infection rates with the use of surface disinfection
of floors, there are data that demonstrate a reduction in microbial load associated with the use of
disinfectants. Given this information and that environmental surfaces (e.g., bedside table, bed rails) in
close proximity to the patient and in outpatient settings 2% have been demonstrated to become
contaminated with epidemiologically important microbes such as VRE and MRSA 40.299301 and these
organisms survive on various hospital surfaces %02.3%3 these surfaces should be disinfected on a regularly
scheduled basis. Spot contamination on fabrics that remain in hospitals or clinic rooms while patients
move in and out (e.g., privacy curtains) also should be considered. One study demonstrated the
effectiveness of spraying the fabric with 3% hydrogen peroxide %% Future studies should evaluate the
level of contamination on noncritical environmental surfaces as a function of high and low hand contact
and whether some surfaces (e.g., bedrails) near the patient with high contact frequencies require more
frequent disinfection. Regardless of whether a detergent or disinfectant is used on surfaces in a
healthcare facility, cleaning should be undertaken on a routine basis and when environmental surfaces
are dirty or soiled in order to provide an aesthetically pleasing environment and to prevent potentially
contaminated objects from serving as a source for healthcare-associated infections %% The value of
designing surfaces (e.%. hexyl-polyvinylpyridine) that kill bacteria on contact or have sustained
antimicrobial activity %% should be further evaluated **’.

Heavy microbial contamination of wet mops and cleaning cloths and the potential for spread of such
contamination have been recognized by several investigators 44,308 They have shown that wiping hard
surfaces with contaminated cloths may result in contamination of hands, equipment, and other surfaces
3% Data have been published that can be used to formulate effective policies for decontamination and
maintenance of reusable cleaning cloths. For example, heat was the most reliable treatment of cleaning
cloths as a detergent washing followed by drying at 80°C for 2 hours produced elimination of
contamination. Alternatively, immersin3g the cloth in hypochlorite (4000 ppm) for 2 minutes produced no
detectable survivors in 10 of 13 cloths >'°. If reusable cleaning cloths or mops are used, decontamination
should occur regularly to prevent surface contamination during cleaning with subsequent transfer of
organisms from these surfaces to patients or equipment via the hands of healthcare workers.

Air Disinfection

The use of a disinfectant spray-fog technique for antimicrobial control of hospital rooms has been used.
This technique of spraying of disinfectants is an unsatisfactory method of decontaminating air and
surfaces and is not recommended for general infection control in routine patient-care areas 298
Disinfectant fogging is rarely, if ever, used in United States healthcare facilities for air and surface
disinfection in patient-care areas.

Microbial Contamination of Disinfectants

Contaminated disinfectants and antiseptics have been occasional vehicles of hospital infections and
pseudoepidemics for more than 50 years. A summary of the published reports describing contaminated
disinfectants and antiseptic solutions leading to healthcare-associated infections has been published s
Since this summary additional reports have been published 312314 \When examining the reports of
disinfectants found contaminated with microorganisms there are several noteworthy observations.
Perhaps most importantly, members of the genus Pseudomonas (e.g., P. aeruginosa) are the most
frequent isolates from contaminated disinfectants, being the agents recovered from 80% of the
contaminated products. Their ability to remain viable or grow in use-dilutions of disinfectants is
unparalleled. This survival advantage for Pseudomonas is presumably due to their nutritional versatility,

29



their unique outer membrane that constitutes an effective barrier to the passage of germicides, and/or
efflux systems. While the concentrated solutions of the disinfectants have not been demonstrated to be
contaminated at the point of manufacture, Newman et al. found that an undiluted phenolic may be
contaminated by a Pseudomonas sp. during use % In most of the reports that describe illness
associated with contaminated disinfectants, the product was used to disinfect patient-care equipment
such as cystoscopes, cardiac catheters, and thermometers. The germicides used as disinfectants that
were reported contaminated include chlorhexidine, quaternary ammonium compounds, phenolic, and
pine.

The following control measures should be instituted to reduce the frequency of bacterial growth in
disinfectants and the threat of serious healthcare-associated infections from the use of such
contaminated products. First, some disinfectants should not be diluted and those that are must be
prepared correctly to achieve the manufacturer's recommended use-dilution. Second, we must learn
from the literature what inappropriate activities result in extrinsic contamination (i.e., at the point of use) of
germicides and prevent their recurrence. Common sources of extrinsic contamination of germicides in
the reviewed literature are the water to make working dilutions, contaminated containers, and general
contamination of the hospital areas where the germicides are prepared and/or used. Third, stock
solutions of germicides must be stored as indicated on the product label. Fourth, independent
laboratories or the EPA should verify manufacturers’ efficacy claims against microorganisms. This should
provide assurance that products that meet the EPA registration requirements are capable of achieving a
certain level of antimicrobial activity when used as directed.

FACTORS AFFECTING THE EFFICACY OF DISINFECTION AND STERILIZATION

The activity of germicides against microorganisms depends on a number of factors, some of which are
intrinsic qualities of the organism, while others depend on the chemical and external physical
environment. An awareness of these factors should lead to a better utilization of disinfection and
sterilization processes; thus they will be briefly reviewed. More extensive consideration of these and
other factors may be found in the references for this section 6.7.9, 316,317

Number and Location of Microorganisms

All other conditions remaining constant, the larger the number of microbes present, the longer it takes for
a germicide to destroy all of them. This relationship was illustrated by Spaulding when he employed
identical test conditions and demonstrated that it took 30 minutes to kill 10 B. subtilis spores but 3 hours
to kill 100,000 B. subtilis spores. This reinforces the need for scrupulous cleaning of medical instruments
before disinfection and sterilization. By reducing the number of microorganisms that must be inactivated,
one correspondingly shortens the exposure time required to kill the entire microbial load. Researchers
have also shown that aggregated or clumped cells are more difficult to inactivate than monodispersed

318
cells ™.

The location of microorganisms also must be considered when assessing factors affecting the efficacy of
germicides. Medical instruments with multiple pieces must be disassembled and equipment such as
endoscopes that have crevices, joints, and channels are more difficult to disinfect than a flat- surface
equipment because it is more difficult to penetrate all parts of the equipment with a disinfectant. Only
surfaces in direct contact with the germicide will be disinfected so there must be no air pockets and the
equipment must be completely immersed for the entire exposure period. Manufacturers should be
encouraged to produce equipment that is engineered so cleaning and disinfection may be accomplished
with ease.
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Innate Resistance of Microorganisms

Microorganisms vary greatly in their resistance to chemical germicides and sterilization processes (Figure
1). Intrinsic resistance mechanisms in microorganisms to disinfectants varies. For example, spores are
resistant to disinfectants because the spore coat and cortex act as a barrier, mycobacteria have a waxy
cell wall that prevents disinfectant entry, and gram-negative bacteria possess an outer membrane that
acts as a barrier to the uptake of disinfectants 265268, Implicit in all disinfection strategies is the
consideration that the most resistant microbial subpopulation controls the sterilization or disinfection time.
That is, in order to destroy the most resistant types of microorganisms-bacterial spores, the user needs to
employ exposure times and a concentration of germicide needed to achieve complete destruction. With
the exception of prions, bacterial spores possess the highest innate resistance to chemical germicides,
followed by mycobacteria (e.g., M. tuberculosis), nonlipid or small viruses (e.g., poliovirus, and
coxsackievirus), fungi (e.g., Aspergillus, and Candida), lipid or medium-size viruses (e.g., herpes, and
HIV), and vegetative bacteria (e.g., Staphylococcus, and Pseudomonas). The germicidal resistance
exhibited by the gram-positive and gram-negative bacteria is similar with the exception of P. aeruginosa
which shows greater resistance to some disinfectants *** **°. P. aeruginosa have also been shown to be
significantly more resistant to a variety of disinfectants in their "naturally occurring” state as compared to
cells subcultured on laboratory media. Rickettsiae, chlamydiae, and mycoplasma cannot be placed in
this scale of relative resistance because information on the efficacy of germicides against these agents is
limited ***. Since these microorganisms contain lipid and are similar in structure and composition to other
bacteria, it might be predicted that they would be inactivated by the same germicides that destroy lipid
viruses and vegetative bacteria. A known exception to this supposition is Coxiella burnetii which has
demonstrated resistance to disinfectants ***.

Concentration and Potency of Disinfectants

With other variables constant, and with one exception (i.e., iodophors), the more concentrated the
disinfectant, the greater its efficacy and the shorter the time necessary to achieve microbial kill.
Generally not recognized, however, is that all disinfectants are not similarly affected by concentration
adjustments. For example, quaternary ammonium compounds and phenol have a concentration
exponent of 1 and 6, respectively; thus halving the concentration of a quaternary ammonium compound
requires a doubling of its disinfecting time, but halving the concentration of a phenol solution requires a
64-fold (i.e., 26) increase in its disinfecting time 285,323

It is also important to consider the length of the disinfection time, which is dependent upon the potency of
the germicide. This was illustrated by Spaulding who demonstrated using the mucin-loop test that 70%
isopropy! alcohol destroyed 10* M. tuberculosis in 5 minutes, whereas a simultaneous test with 3%
phenolic required 2 to 3 hours to achieve the same level of microbial kill !

Physical and Chemical Factors

Several physical and chemical factors also influence disinfectant procedures temperature, pH, relative
humidity, and water hardness. For example, the activity of most disinfectants increases as the
temperature increases but there are exceptions (e.g., sodium hydroxide). Further, too great an increase
in temperature will cause the disinfectant to degrade, weaken its germicidal activity, and produce a
potential health hazard.

An increase in pH improves the antimicrobial activity of some disinfectants (e.g. glutaraldehyde,
guaternary ammonium compounds) but decreases the antimicrobial activity of others (phenols,
hypochlorites, and iodine). The pH influences the antimicrobial activity by altering the disinfectant
molecule or the cell surface.
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Relative humidity is the single most important factor influencing the activity of gaseous disinfectants such
as ethylene oxide and formaldehyde.

Water hardness (i.e., high concentration of divalent cations) reduces the rate of kill of certain
disinfectants. This occurs because divalent cations (e.g., magnesium, and calcium) interact with soap to
form insoluble precipitates.

Organic and Inorganic Matter

Organic matter in the form of serum, blood, pus, fecal, or lubricant material may interfere with the
antimicrobial activity of disinfectants in at least two ways. Most commonly the interference occurs by a
chemical reaction between the germicide and the organic matter resulting in a complex that is less
germicidal or nongermicidal, leaving less of the active germicide available for attacking microorganisms.
Chlorine and iodine disinfectants, in particular, are prone to such interaction. Alternatively, organic
material may protect microorganisms from attack by acting as a physical barrier 24

The effects of inorganic contaminants on the sterilization process were studied in the 1950’s and 1960’s
%2%.3%  These studies and more recent studies show the protection of microorganisms due to occlusion in
salt crystals to all sterilization processes %7328 This further emphasizes the importance of meticulous
cleaning of medical devices before any sterilization or disinfection procedure since both organic and
inorganic soils are easily removed by washing 2

Duration of Exposure

Items must be exposed to the appropriate germicide for certain minimum contact times to be disinfected.
All lumens and channels of endoscopic instruments must come in contact with the disinfectant. Air
pockets will interfere with the disinfection process and items floating in the disinfectant will not be
disinfected. The disinfectant must be introduced reliably into the internal channels of the device. The
exact times for disinfecting medical items are somewhat elusive because of the effect of the
aforementioned factors on disinfection efficacy. Contact times that have proved reliable are presented in
Table 1, but, in general, the longer contact times are more effective than shorter ones.

Biofilms

Microorganisms may be protected from disinfectants due to the production of thick masses of cells 329
and extracellular materials or biofilms ******. Biofilms are microbial masses attached to surfaces that are
immersed in liquids. Once these masses are formed, disinfectants must saturate or penetrate them
before they can kill the microorganisms within the biofilm. Investigators have hypothesized that the
glycocalyx-like cellular masses on the interior walls of polyvinyl chloride pipe would protect embedded
organisms from some disinfectants and serve as a reservoir for continuous contamination 330, 331,335
Biofilms have been found in whirlpools %% dental unit waterlines **", and numerous medical devices (e.g.,
contact lenses, pacemakers, urinary catheters, central venous catheters)ggg. Their presence may have
serious implications for immunocompromised patients and patients with indwelling medical devices.
Enzymes can be used for the degradation of biofilms 399,

CLEANING

Cleaning is the removal of all foreign material (e.g., soil, and organic material) from objects, and it is
normally accomplished using water with detergents or enzymatic products. Thorough cleaning is
required before high-level disinfection and sterilization since inorganic and organic materials that remain
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on the surfaces of instruments interfere with the effectiveness of these processes. Also, if the soiled
materials become dried or baked onto the instruments the removal process becomes more difficult and
the disinfection or sterilization process less effective or ineffective. Surgical instruments should be
presoaked to prevent drying of blood and to soften or remove blood from the instruments.

Cleaning is done manually when the use area does not have a mechanical unit (ultrasonic cleaner or
washer-decontaminator/washer-sterilizer) or for fragile or difficult-to-clean instruments. If cleaning is
done manually the two essential components are friction and fluidics. Using friction (e.g.,
rubbing/scrubbing the soiled area with a brush) is an old and dependable method. Fluidics (i.e., fluids
under pressure) is used to remove soil and debris from internal channels after brushing and when the
design does not allow the passage of a brush through a channel 340,

The three most common types of mechanical or automatic cleaners are ultrasonic cleaners, washer-
decontaminators, and washer-sterilizers. Ultrasonic cleaning removes soil by a process called cavitation
in which waves of acoustic energy are propagated in aqueous solutions to disrupt the bonds that hold
particulate matter to surfaces. Bacterial contamination may be present in used ultrasonic cleaning
solutions as these solutions generally do not make antibacterial label claims %1 Washer-sterilizers are
modified steam sterilizers that clean by filling the chamber with water and detergent through which steam
is passed to provide agitation. Instruments are subsequently rinsed and subjected to a short steam
sterilization cycle. Another washer-sterilizer employs rotating spray arms for a wash cycle followed by a
steam sterilization cycle at 285°F $42.3%3 \Washer-decontaminators act like a dishwasher that uses a
combination of water circulation and detergents to remove soil. These units sometimes have a cycle that
subjects the instruments to a heat process (e.g., 93°C for 10 minutes)344. Detailed information on
cleaning and preparation of supplies for terminal sterilization is provided by professional organizations 345
% and books **’. Studies have shown that manual and mechanical cleaning of endoscopes achieves
approximately a 4-logio reduction of contaminating organisms 03,7634 Thys, cleaning alone is very
effective in reducing the number of microorganisms present on contaminated equipment.

The best choice for instrument cleaning is neutral or near-neutral pH detergent solutions, as these
solutions generally provide the best material compatibility profile and good soil removal. Enzymes,
usually proteases, are sometimes added to neutral pH detergent solutions to assist in the removal of
organic material. Enzymes in these formulations attack proteins that make up a large portion of common
soil (e.g., blood, pus). Cleaning solution also can contain lipases (enzymes active on fats) and amylases
(enzymes active on starches). Enzymatic detergents are cleaners and not disinfectants and
proteinaceous enzymes may be inactivated by germicides. Like all chemicals, enzymes must be rinsed
from the equipment or adverse reactions (e.g., fever) could result 9 Neutral pH detergent solutions that
contain enzymes are compatible with metals and other materials used in medical instruments and are the
best choice for cleaning delicate medical instruments, especially flexible endoscopes %% some data
demonstrate that enzymatic detergents are more effective cleaners tha