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The need for appropriate disinfection and ster-
ilization has been emphasized by numerous ar-
ticles documenting infection after improper re-
processing of patient care items. Because it is
unnecessary to sterilize all patient care items,
hospital policies must identify whether disinfec-
tion or sterilization is indicated on the basis of
each item'’s intended use. In 1982 the Centers for
Disease Control and Prevention (CDC) prepared a
“Guideline for Hospital Environmental Control,”
which provided specific directions for the selec-
tion and use of disinfectants.! A revised version of
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this guideline, entitltd “Guideline for Handwash-
ing and Hospital Environmental Control, 1985,”
was published in November ~ 1985.2 This latter
guideline did not recommend chemical germi-
cides that were formulated for use on medical
equipment or environmental surfaces in health
care facilities. Rather, the revised CDC guideline
focused on strategies for disinfection and steril-
ization of medical (equipment used in the health
care setting.

The purpose of this revised Association for
Professionals in Infection Control and Epidemi-
ology, Inc. (APIC) Guideline, which is an updated
version of previous publications,>® is to assist
health care professi~onals  in their decisions involv-
ing the judicious selection and proper use of
specific disinfectants. In the preparation of this
guideline, articles in the scientific literature were
used to augment the manufacturers’ label claims
because these claims were not consistently verifi-
ables7 Disinfectant failures noted at variance to
label claims ma¥ be caused by deficiencies in
testing methods’ or by improperly conducted
tests8 In addition, in-use testing has not been
incorporated into all Environmental Protection
Agency (EPA) methods (e.g., Association of Offi-
cial Analytical Chemists [AOAC] tuberculocidal
activity test), and failures have been demonstrated
when some disinfectants are subjected to condi-
tions, such as dilution, age, and presence of
organic matter, that challenge their antimicrobial
activity.® It should also be recognized that EPA
registration claims are based on microbicidal
efficacy data submitted by manufacturers. The
EPA does not independently test disinfectants
before their registration, but in 1990 the EPA
resumed postregistration testing of chemical ster-
ilants to ensure that they satisfy their registered
label claims.

DEFINITIONS

For the purpose of this guideline, the following
definitions will be used:

Sterilization is the complete elimination or
destruction of all forms of microbial life. It is
accomplished by either physical or chemical
processes. Steam under pressure, dry heat, low
temperature sterilization processes (ethylene ox-
ide [ETO] gas, plasma sterilization) and liquid
chemicals are the principal sterilizing agents
used. The term sterilization is intended to convey
an absolute meaning, not a relative one.

Disinfection describes a process that eliminates
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Fig. 1. Descending order of resistance to germicidal
chemicals. This hierarchy considers broad classifications of
microbial categories. It is considered a rough guide to
general susceptibility of microorganisms to disinfectants.
Adapted from Favero MS, Bond WV Chemical disinfection
of medical and surgical materials. In: Block SS, ed.

Disinfection, sterilization and preservation. 4th ed. Philadel-
phia: Lea & Febiger, 1991:621.

many or all pathogenic microorganisms, with the
exception of bacterial spores, from inanimate
objects. In health care settings, this is generally
accomplished by the use of liquid chemicals or wet
pasteurization. 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 have been shown to affect disin-
fection efficacy are the previous cleaning of the
object, the organic load on the object, the type
(Fig. 1) and level of microbial contamination, the
concentration of and exposure time to the germi-
cide, the physical configuration of the object (e.g.,
crevices, hinges, lumens), and the temperature
and pH of the disinfection process. More extensive
consideration of these and other factors that affect
both disinfection and sterilization may be found in
several references.3, 113 Chemical disinfectants
can be classified by several schemes. This guide-
line uses the terminology used by the CDC's
“Guideline for Handwashing and Hospital
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Table 1. Classification of devices, processes, and germicidal products
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Device classification

Devices (examples)

Spaulding process
classification

EPA product
classification

Critical (enters sterile tissue or
vascular system)

Semicritical (touches mucous
membranes [except dental])

Implants, scalpels, needles,
other surgical instruments,
etc.

Flexible endoscopes, laryngo-

scopes, endotracheal tubes,

Sterilization— sporicidal
chemical; prolonged contact

High-level disinfection—
sporicidal chemical; short

Sterilant/disinfectant

Sterilant/disinfectant

and other similar instru-
ments

Thermometers, hydrotherapy

tanks

Noncritical (touches intact skin) Stethoscopes, tabletops,

bedpans, etc.

contact

Intermediate-level disinfection ~ Hospital disinfectant with label

claim for tuberculocidal
activity

Hospital disinfectant without
label claim for tubercu-
locidal activity

Low-level disinfection

Modified from Favero MS, Bond WW. Chemical disinfection of medical and surgical materials. In: Block SS, ed. Disinfection, sterilization and preservation. 4th

ed. Philadelphia: Lea & Febiger 1991:627.

ronmental Control, 1985,”’? in which the levels of
disinfection are defined as sterilization, high-level
disinfection, intermediate-level disinfection, and
low-level disinfection. These terms were also used
in the CDC’s ““Guidelines for the Prevention of
Transmission of Human Immunodeficiency Virus
and Hepatitis B Virus to Health-Care and Public-
Safety Workers."'!*

High-level disinfection can be expected to de-
stroy all microorganisms, with the exception of
high numbers of bacterial spores. Intermediate-
level disinfection inactivates Mycobacterium tu-
berculosis, vegetative bacteria, most viruses, and
most fungi, but it does not necessarily kill bacterial
spores. Low-level disinfection can kill most bacte-
ria, some viruses, and some fungi, but it cannot be
relied on to kill resistant microorganisms such as
tubercle bacilli or bacterial spores.

Cleaning is the removal of all foreign material
(e.g., soil, organic material) from objects. It is
normally accomplished with water, mechanical
action, and detergents or enzymatic products.
Failure to remove foreign matter (e.g., lubricants,
soils) from an object before a disinfection or
sterilization process is likely to render the process
ineffective.'>!® Meticulous physical cleaning must
precede disinfection and sterilization procedures.
Studies have shown that manual and mechanical
cleaning of endoscopes achieves approximately a
4 log reduction of contaminating organisms.'3
Thus cleaning alone is very effective in reducing
the number of microorganisms present on con-
taminated equipment. A germicide is an agent that
destroys microorganisms, particularly pathogenic
organisms (‘‘germs”’). Other agents designated by

words with the suffix -cide (e.g., virucide, fungi-
cide, bactericide, sporicide, tuberculocide) de-
stroy the microorganisms identified by the prefix.
For example, a bactericide is an agent that kills
bacteria." ' ' 1 Chemicals used for the purpose
of destroying all forms of microbial life, including
fungal and bacterial spores, are called chemical
sterilants. These same chemical sterilants may
also be part of the high-level disinfection process
when used for shorter exposure periods. A disin-
fectant is a germicide that inactivates virtually all
recognized pathogenic microorganisms but not
necessarily all microbial forms (e.g., bacterial
endospores) on inanimate objects. As of June
1993, the Food and Drug Administration (FDA)
has primary responsibility for the premarket
review of safety and efficacy requirements for
liquid chemical germicides that are sterilants
intended for use on critical and semicritical
devices. The EPA has primary responsibility for
premarket review of general-purpose disinfec-
tants used on noncritical items.?° An antiseptic is
a chemical germicide formulated for use on skin
or tissue and should not be used to decontaminate
inanimate objects. The selection and use of anti-
septics are extensively discussed in another pub-

lication.?! Antiseptics are registered and regulated
by the FDA.

A RATIONAL APPROACH TO DISINFECTION
AND STERILIZATION

In 1968 a rational approach to disinfection and
sterilization of patient care items or equipment
was devised by E. H. Spaulding.!" This classifica-
tion scheme is so clear and logical that it has been
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retained, refined, and successfully used by infec-
tion control professionals (ICPs) and others when
planning methods for disinfection or steriliza-
tion.!* 19 Spaulding!! believed that the nature of
disinfection could be understood more readily if
instruments and items for patient care were
divided into three categories according to degree
of risk of infection involved in the use of the items.
The three categories of itemns he described were as
follows: critical, semicritical, and noncritical.
Table 1 correlates the three device classifications
(critical, semicritical, and noncritical) with Spaul-
ding’s process classification and the EPA’s prod-
uct classifications.

Critical items

Items assigned to the critical category present a
high risk of infection if contaminated with any
microorganism, including bacterial spores. It is
critical that objects entering sterile tissue or the
vascular system be kept sterile. This category
includes surgical instruments, cardiac and uri-
nary catheters, implants, and needles. Most of the
items in this category should be purchased as
sterile or should be sterilized by steam under
pressure if possible. If heat labile, the object may
be treated with ETO or other low temperature
sterilization processes. Table 2 lists several germi-
cides categorized as chemical sterilants. These
include 2% glutaraldehyde-based formulations,
6% stabilized hydrogen peroxide, and peracetic
acid. Chemical sterilants can be relied on to
produce sterility only if adequate cleaning pre-
cedes treatment and if proper guidelines with
regard to organic load, contact time, temperature,
and pH are met.

Semicritical items

Semicritical items are those objects that come in
contact with mucous membranes or skin that is
not intact. These items must be free of all micro-
organisms, with the exception of high numbers of
bacterial spores. Intact mucous membranes are
generally resistant to infection by common bacte-
rial spores but are susceptible to other organisms,
such as tubercle bacilli and viruses. Respiratory
therapy and anesthesia equipment, endoscopes,
and cervical diaphragm fitting rings are included
in this category. Semicritical items generally
require high-level disinfection with wet pasteur-
ization or chemical disinfectant. Glutaraldehyde,
stabilized hydrogen peroxide, chlorine, and per-
acetic acid are dependable high-level disinfec-
tants, provided the factors influencing germicidal
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procedures are considered (Table 2). Heat steril-
ization is the preferred method of between-patient
processing of heat-stable medical instruments
because it provides the widest margin of safety,
even though high-level disinfection with a liguid
chemical disinfectant would provide a patient-
safe device. When selecting a disinfectant for use
with certain patient care items, the chemical
compatibility after extended use with the items
must also be considered. For example, although
chlorine is considered a high-level disinfectant, it
is generally not used for disinfecting semicritical
items because of its corrosive effects.

It is recommended that semicritical items be
rinsed with sterile water after disinfection to
prevent contamination with organisms that may
be present in tap water, such as nontuberculous
mycobacteria and Legionella.? % 22?¢ In circum-
stances under which a sterile water rinse is not
feasible, a tap water rinse should be followed by an
alcohol rinse and forced-air drying.?* 242728 In-
troduction of forced-air drying significantly re-
duces bacterial contamination of stored endo-
scopes, presumably by removing the wet environ-
ment favorable for bacterial growth.!s 27

Some semicritical items (e.g., hydrotherapy
tanks used for patients whose skin is not intact,
thermometers) may require only intermediate-
level disinfection. Intermediate-level disinfectants
(e.g., chlorine, phenolics, iodophor) inactivate
M. tuberculosis, vegetative bacteria, most viruses,
and most fungi but do not necessarily kill bacterial
spores.

Noncritical items

Noncritical items come in contact with intact
skin but not with mucous membranes. Intact skin
acts as an effective barrier to most microorgan-
isms, and sterility is not critical. Examples of
noncritical items include bedpans, blood pressure
cuffs, crutches, bed rails, linens, some food uten-
sils, bedside tables, and patient furniture. Most
noncritical reusable items may be disinfected
where they are used and do not need to be
transported to a central processing area. There is
generally little risk of transmitting infectious
agents to patients by means of noncritical items?®;
however, these items could potentially contribute
to secondary transmission by contaminating
hands of health care workers or by contact with
medical equipment that subsequently comes in
contact with patients.'% 3° The low-level disinfec-
tants listed in Table 2 may be used for noncritical
items.
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Table 2. Methods of sterilization and disinfection

Sterilization Disintection

High-level (semicritical
items [except dental®] Low-level
Critical items (will enter will come in Intermediate-leve! (noncritical items;
tissue or vascular contact with mucous (some semicritical will come in
system or blood membrane or Items® and contact with
will flow through them) nonintact skin) noncritical items) Intact skin)

Procedure Procedure Procedure

Exposure time (exposure time (exposure time (exposure time
Object Procedure (hr.) >20 min.)S ¢ <10 min.) <10 min.)

Smooth hard surface® MR
MR
MR
6
MR
MR
MR
MR
6
MR
MR
MR
MR
6
MR
MR
MR
6
MR
Thermometers (oral and rectal)" Hh
Hinged instruments MR
MR
MR
6
MR

Gé
H
J
K

rxX«—I

Rubber tubing and catheters?

MMoOO®TMTMOO

Polyethylene tubing and
catheters?: 9

TmMoo

—_

Lensed instruments

mUommoow>moom>moom>
moo

mooOow>
mooO

Adapted from Simmons BP. Guideline for hospital environmental control. Am J infect Control 1983;11:97-115.

A, Heat sterilization, including steam or hot air (see manufacturer’s recommendations).

B, Ethylene oxide gas (see manufacturer's recommendations).

C, Glutaraldehyde-based formuiations (2%). (Caution should be exercised with all glutaraldehyde formulations when further in-use dilution is anticipated.).

D, Stabilized hydrogen peroxide 6% (will corrode copper, zinc, and brass).

E, Peracetic acid, concentration variable but <1% is sporicidal.

F, Wet pasteurization at 70° C for 30 minutes after detergent cleaning.

G, Sodium hypochlorite (5.2% household bieach) 1:50 dilution (1000 ppm free chiorine).

H, Ethyl or isopropyl alconol (70% to 80%). '

1, Sodium hypochlorite (5.2% household bleach) 1:500 dilution (100 ppm free chlorine).

J, Phenolic germicidal detergent solution (follow product labet for use-dilution).

K, lodophor germicidal detergent solution (follow product label for use-dilution).

L, Quaternary ammonium germicidal detergent solution (follow product label for use-dilution).

MR, Manutfacturer's recommendations.

agemicritical dental items (e.g. handpieces, amalgam condensers) should be heat sterilized; refer to text for details.

bSee text for discussion of hydrotherapy.

CThe longer the exposure to a disinfectant, the more likely it is that all microorganisms will be eliminated. Ten minutes’ exposure is not adequate to disinfect many
objects, especially those that are difficult to clean because they have narrow channels or other areas that can harbor organic material and bacteria. Twenty
minutes’ exposure is the minimum time needed to refiably kil M. tuberculosis and nontuberculous mycobacteria with glutaraidehyde.

dTubing must be completely filled for chemical disinfection; care must be taken to avoid entrapment of air bubbles during immersion.

eUsed in laboratory where cultures or concentrated preparations or microorganisms have spilled. This solution may destroy some surfaces.

fPasteurization (washer disinfector) of respiratory therapy and anesthesia equipment is a recognized alternative to high-level disinfection. Some data challenge
the efficacy of some pasteurization units (J Hosp Infect 1983:4:119-208)

SThermostability should be investigated when appropriate.

PDo not mix rectal and oral therrometers at any stage of handling or processing.
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CHANGES SINCE 1981

As a guide to the appropriate selection and use
of disinfectants, a table was prepared by the CDC
in 1981 and is presented here in modified form
(Table 2). This current table contains several
changes from the original CDC guideline! and one
change from the 1990 APIC Guideline.® First,
formaldehyde-alcohol has been deleted as a
chemical sterilant and high-level disinfectant be-
cause, with the exception of dialysis equipment, it
no longer has a role in disinfection strategies. It is
corrosive, irritating, toxic, and not commonly
used.?! 32 Second, the chemical sterilant demand-
release chlorine dioxide®** is deleted from the
table because it is no longer commercially avail-
able, and peracetic acid®*® 37 has been added to the
table. Third, 3% phenolic and iodophors have been
deleted as high-level disinfectants because of their
unproven efficacy against bacterial endospores,
M. tuberculosis, and some fungi.** Fourth, isopro-
pyl and ethyl alcohols have been excluded as high-
level disinfectants because of their inability to in-
activate bacterial spores and because of the inabil-
ity of isopropyl alcohol to inactivate hydrophilic
viruses.*® Fifth, a 1:16 dilution of 2.0% glutaralde-
hyde—7.05% phenol-1.2% sodium phenate (which
contains 0.13% glutaraldehyde, 0.44% phenol,
and 0.075% sodium phenate when diluted) has
been deleted as a high-level disinfectant because of
numerous scientific publications that demonstrate
a lack of bactericidal activity in the presence of
organic matter; a lack of fungicidal, tubercu-
locidal, and sporicidal activity; and reduced viru-
cidal activity.3* 3%-47 This product and another di-
luted glutaraldehyde were removed from the mar-
ketplace by the EPA, FDA, and Federal Trade
Commission in 1991. Sixth, the exposure time re-
quired to achieve high-level disinfection has been
changed from a period of 10 to 30 minutes to a
period of 20 minutes or more.!> 3% 41, 42, 48-51

PROBLEMS WITH DISINFECTION AND
STERILIZATION OF HEALTH CARE EQUIPMENT

Concerns with Spaulding scheme

One problem associated with the Spaulding
scheme is that of oversimplification. For example,
the system does not consider problems with pro-
cessing complicated medical equipment, which is
often heat labile, or problems of inactivating cer-
tain microorganisms. In some situations, it is
therefore still difficult to choose a level of disinfec-
tion after considering the categories of risk to pa-
tients. This is especially true for a few medical
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devices (e.g., arthroscopes, laparoscopes) in the
critical category because there is a controversy
regarding whether we should sterilize or high-
level disinfect these patient care items.2>52 Steril-
ization would not be a problem if these items could
be steam sterilized, but most of these items are
heat labile, and sterilization is achieved by using
ETO, which may be too time-consuming for rou-
tine use between patients. Whereas new technol-
ogy is making it easier to sterilize these items,
evidence that sterilization of these items improves
patient care by reducing the infection risk is lack-
ing.*35 Presumably these reasons account for the
fact that many procedures done with arthroscopes
and laparoscopes are performed with equipment
that has been processed by high-level disinfection,
not sterilization.?> 33 Ideally, biopsy forceps or
other cutting instruments that break the mucosal
barrier and laparoscopes, arthroscopes, and other
scopes that enter normally sterile tissue should be
subjected to a sterilization process before each
use.??

This is also true for equipment in the semicriti-
cal category such as flexible endoscopes, which
may be heat labile and with which there may be
difficulty in exposing organisms to a sterilization
process. For example, is the endoscope used for
upper gastrointestinal tract examination still a
semicritical item when it is used with sterile
biopsy forceps or when it is used in a patient who
is bleeding heavily from esophageal varices? Pro-
vided that high-level disinfection is achieved and
all microorganisms with the exception of a high
number of bacterial spores have been removed
from the endoscope, then the endoscope should
not represent an infection risk and should remain
in the semicritical category.5¢

Several other problems are associated with the
disinfection of patient care items.® The optimal
contact times and disinfection schemes are not
known for all equipment. For this reason, disin-
fectant strategies for several semicritical items
(e.g., endoscopes, applanation tonometers, cryo-
surgical instruments, diaphragm fitting rings) are
highly variable and are discussed further in this
guideline. Although additional studies are needed
to determine whether simplified disinfecting pro-
cedures are efficacious in a clinical setting, it is
prudent to follow the CDC and the APIC guidelines
until studies have defined effective alternative

processes.2 5 57. 58
Endoscopes

High-level disinfection can be expected to de-
stroy all microorganisms, with the exception of
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high numbers of bacterial spores. An immersion
time of =20 minutes in 2% glutaraldehyde is
required to adequately disinfect semicritical
items such as endoscopes between patient pro-
cedures, particularly in view of the disputed
tuberculocidal efficacy of glutaraldehyde-based
disinfectants.!5: 3% #41. 42 4851 Flexible endoscopic
instruments are particularly difficult to disinfect
and easy to damage because of their intricate
design and delicate materials. It must be high-
lighted that meticulous cleaning must precede
any sterilization or disinfection procedures or
outbreaks of infection may occur.

Examining reports of nosocomial infections
related only to endoscopes, one finds that 281
infections were transmitted by gastrointestinal
endoscopy and 96 were transmitted by broncho-
scopy. The clinical spectrum of these infections
ranged from asymptomatic colonization to death.
Salmonella species and Pseudomonas aeruginosa
were repeatedly identified as causative agents of
infections transmitted by gastrointestinal endos-
copy, and M. tuberculosis, atypical mycobacteria,
and P. aeruginosa were the most common causes
of infections transmitted by bronchoscopy. Major
reasons for transmission were inadequate clean-
ing, improper selection of a disinfecting agent, or
failure to follow recommended cleaning and dis-
infection procedures.”® One multistate investiga-
tion found that 23.9% of the bacterial cultures
from the internal channels of 71 gastrointestinal
endoscopes grew 100,000 colonies or more of
bacteria after completion of all disinfection or
sterilization procedures and before use in the next
patient.®® Automatic endoscope reprocessing ma-
chines have also been linked to outbreaks of
infection®! or colonization.®? Outbreaks involving
endoscopic accessories,®* ¢ such as suction valves
and biopsy forceps, support a recommendation
that if such an item cannot be cleaned of all foreign
matter, it should be steam sterilized, when heat
stable.®®

Clearly, there is a need for further development
and redesign of automated endoscope reprocess-
ing machines®® and endoscopes®’ so they do not
represent a potential source of infectious agents. A
redesigned endoscope was introduced that in-
cludes a reusable endoscope without channels and
a sterile sheath set comprising a single disposable
unit: a sheath; air, water, and suction channels; a
distal window; and a cover for the endoscope
control body. All contaminated surfaces, includ-
ing the channels, are then discarded, thereby
eliminating any concern for cross-transmission of
infectious agents from the previous patients. Fur-
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ther clinical trials and microbiologic evaluations
are needed to document the comparability, cost-
effectiveness, safety, and reduced infection risk of
this system.

Recommendations for the cleaning and disin-
fection of endoscopic equipment have been pub-
lished and should be followed.?* 2* ¢ 9 In gen-
eral, endoscope disinfection involves six steps,
which are as follows: (1) clean—mechanically
clean external surfaces, ports, and internal chan-
nels with water and a detergent or enzymatic
detergent; (2) rinse and drain channels; (3)
disinfect —immerse endoscope in high-level dis-
infectant and perfuse disinfectant into the
suction/biopsy channel and air and water chan-
nels and expose for at least 20 minutes; (4)
rinse—the endoscope and channels should be
rinsed with sterile water; if this is not feasible
use tap water followed with an alcohol rinse; (5)
dry—the insertion tube and inner channels
should be dried by means of forced air after
disinfection and before storage; and (6) store—
the endoscope should be stored in a way that
prevents recontamination.

FDA labeling requirements

As mentioned, the FDA now regulates the
efficacy claims for chemical sterilants. All chemi-
cal sterilants (e.g., glutaraldehyde-based solu-
tions) that are used for sterilization or high-level
disinfection and come in contact with medical
devices require premarket clearance from the
FDA (called 510[K] -named after that section of
the Food, Drug and Cosmetic Act describing the
process). In April 1994 a chemical sterilant manu-
facturer received the first 510(K) clearance for its
glutaraldehyde-based solutions from the FDA. The
time and temperature specified for one formula-
tion of 2.4% alkaline glutaraldehyde with a high-
level disinfection claim (100% kill of M. tubercu-
losis) was 45 minutes at 25° C (77° F). One would
expect similar competitive 2% alkaline glutaral-
dehyde products to have comparable label claims.
Additionally, the FDA requires that the manufac-
turers provide additional use instructions to the
health care worker.

The data required by the FDA are quite rigorous,
requiring the quantitative tuberculocidal test and
100% kill of M. tuberculosis for high-level disin-
fectant claims. Because the quantitative test does
not allow for cleaning, is conducted in the pres-
ence of 2% horse serum (a protein load), and uses
an extremely high number of organisms (100,000
to 1,000,000), it is necessary to have an extended
immersion time (e.g., 45 minutes) and elevated
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temperature (25° C) to inactivate 100% of the my-
cobacteria. Several investigators, however, have
shown that cleaning alone of endoscopic equip-
ment is extremely effective in eliminating micro-
bial contaminants. These studies have shown a
mean 4 log (99.99%) reduction in microbial con-
taminants with cleaning alone.”®”® Cleaning is a
very effective adjuvant because it removes patho-
genic microorganisms on inanimate objects and
also removes organic matter that may interfere
with the microbicidal activity of the germicide.
Because neither the manufacturers nor the FDA
has control over the cleaning techniques, a spe-
cific label statement cannot be made with respect
to the potential decrease in immersion time. In the
absence of cleaning and the presence of proteina-
ceous materials with high microbial loads, immer-
sion in a 2.4% alkaline glutaraldehyde for 45 min-
utes at 25° C may be necessary for 100% tubercu-
locidal kill. This statement should not be
interpreted to mean that prolonged immersion is
an adequate substitute for proper cleaning before
high-level disinfection or sterilization.

When proper cleaning is used, multiple stud-
ies demonstrate that M. tuberculosis is effec-
tively destroyed by a 20-minute immersion
time!> 3% 41. 42 4851 in glytaraldehyde and other
chemical sterilants at 20° C. The “APIC Guideline
for Infection Prevention and Control in Flexible
Endoscopy” recommendation of 20 minutes or
longer at 20° C for high-level disinfection pre-
sumes precleaning with an enzymatic detergent™
or detergent that removes debris and significantly
reduces microbial contaminants.

Laparoscopes and arthroscopes

Although high-level disinfection appears to
be the minimum standard for processing la-
paroscopes and arthroscopes between pa-
tients,?> 52. 53. 75 there continues to be debate re-
garding this practice.>> 7® Proponents of high-level
disinfection refer to membership surveys® or in-
stitutional experiences®* involving more than
117,000 and 10,000 laparoscopic procedures, re-
spectively, that cite a low risk of infection (<0.3%)
when high-level disinfection is used for gyneco-
logic laparoscopic equipment. Only one infection
in the membership survey series was believed to be
related to spores. In addition, studies conducted
by Corson et al.”” 7® demonstrated growth of com-
mon skin microorganisms (e.g., Staphylococcus
epidermidis, diphtheroids) from the umbilical area
even after skin preparation with povidone-iodine
and ethyl alcohol. Similar organisms were recov-
ered in some cases from the pelvic serosal surfaces
and from the laparoscopic telescopes, suggesting
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that the microorganisms were probably carried
from the skin into the peritoneal cavity. Propo-
nents of sterilization focus on the possibility of
transmitting infection by spore-forming organ-
isms. Researchers have proposed several reasons
why sterility was not necessary for all laparo-
scopic equipment; these include the following:
limited number of organisms (usually < 10) intro-
duced into the peritoneal cavity, minimal damage
to inner abdominal structures with little devital-
ized tissue, tolerance of the peritoneal cavity to
small numbers of spore-forming bacteria, simplic-
ity of cleaning and disinfection of equipment, rela-
tive nature of surgical sterility, and lack of epide-
miologic evidence that high-level disinfection in-
creases the infection risk.>*

As with laparoscopes and other equipment that
enters sterile body sites, arthroscopes ideally
should be sterilized before use. In the United
States, however, they commonly undergo high-
level disinfection.?* 53 Presumably this is because
the incidence of infection is low and the few
infections that occur are probably unrelated to the
use of high-level disinfection rather than steriliza-
tion. In a retrospective study of 12,505 arthro-
scopic procedures, Johnson and associates®®
found an infection rate of 0.04% (five infections)
when arthroscopes were soaked in 2% glutaralde-
hyde for 15 to 20 minutes. Interestingly, four
infections were caused by Staphylococcus aureus,
and the other was an anaerobic streptococcal
infection. Because these organisms are very sus-
ceptible to 2% glutaraldehyde, the source of these
infections was probably the patient’s skin. Al-
though only limited data are available, there is no
evidence to demonstrate that high-level disinfec-
tion of arthroscopes poses an infection risk to the
patient. Although the debate regarding high-level
disinfection versus sterilization of laparoscopes
and arthroscopes will go unsettled until there are
well-designed, randomized clinical trials, the CDC
and APIC guidelines are appropriate.? 5 That is,
laparoscopes, arthroscopes, 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. If high-level disinfection is used, a
sterile water rinse is required to prevent contami-
nation with tap water organisms. After rinsing, the
scopes must be dried according to a method that
does not recontaminate the item.

Tonometers, diaphragm fitting rings,
cryosurgical instruments

Disinfection strategies for other semicritical
items (e.g., applanation tonometers, cryosurgical
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instruments, and diaphragm fitting rings) are
highly variable. For example, one study revealed
that no uniform technique was in use for disin-
fection of applanation tonometers, with disinfec-
tant contact times varying from less than 15
seconds to 20 minutes.?? Concern regarding trans-
mission of viruses (e.g., herpes simplex virus
[HSV], adenovirus 8, HIV) by tonometer tips has
prompted CDC disinfection recommendations.5”
These recommendations are that the instrument
be wiped clean and disinfected for 5 to 10 minutes
with either 3% hydrogen peroxide, 500 parts per
million (ppm) chlorine, 70% ethyl alcohol, or 70%
isopropyl alcohol. After disinfection, the device
should be thoroughly rinsed in tap water and dried
before use. Although these disinfectants and ex-
posure times should kill microorganisms of rel-
evance in ophthalmology, each of these disinfec-
tants has not been tested against all relevant
pathogens.” The American Academy of Ophthal-
mology also has developed specific guidelines for
preventing infection in ophthalmology practice,
but they only consider certain infectious agents
(e.g., HIV, herpes, adenovirus).®° Because a short
and simple cleaning procedure is desirable in the
clinical setting, swabbing the tonometer tip with a
70% isopropyl alcohol wipe is sometimes prac-
ticed.” Preliminary reports suggest that wiping
the tonometer tip with an alcohol swab and then
allowing the alcohol to evaporate may be an
effective means of eliminating HSV-1, HIV-1, and
adenovirus 8.7% 8! 82 Because these studies in-
volved only a few replicates and were conducted
in a controlled laboratory setting, further studies
are needed before this technique can be recom-
mended. In addition, two studies have found that
disinfection of pneumotonometer tips between
uses with a 70% isopropyl alcohol wipe contrib-
uted to outbreaks of epidemic keratoconjunctivitis
caused by adenovirus type 8.8% 84 Therefore it is
recommended that the tonometer be immersed in
the germicides listed here for at least 5 minutes.

No studies have evaluated disinfection tech-
niques for other items that contact mucous mem-
branes, such as diaphragm fitting rings, cryosur-
gical probes, or vaginal probes used in sono-
graphic scanning. Lettau et al.®® of the CDC
supported a diaphragm fitting ring manufactur-
er's recommendation, which involved a soap-and-
water wash followed by a 15-minute, 70% alcohol
immersion. This disinfection method should be
adequate to inactivate HIV-1, hepatitis B virus
(HBV), and HSV, even though alcohols are not
classified as high-level disinfectants because their
activity against picornaviruses is somewhat lim-
ited.’® There are no data on the inactivation of
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human papillomavirus by alcohol or other disin-
fectants because in vitro replication of complete
virions has not been achieved. Thus, although
isopropyl alcohol for 15 minutes should kill
microorganisms of relevance in gynecology, there
are no clinical studies that provide direct support
for this procedure. Cryosurgical probes should be
high-level disinfected. A condom may be used to
cover the vaginal probe used in sonographic
scanning. A new condom should be used to cover
the probe with each new patient; because con-
doms may fail, however, high-level disinfection of
the probe is necessary after each use.

Dental instruments

Scientific articles and increased publicity about
the potential for transmitting infectious agents in
dentistry have focused attention on dental instru-
ments as possible agents for disease transmis-
sion.®> % The American Dental Association recom-
mends that surgical and other instruments that
normally penetrate soft tissue or bone (e.g., for-
ceps, scalpels, bone chisels, scalers, and surgical
burs) are classified as critical and must be steril-
ized or discarded after each use. Instruments that
are not intended to penetrate oral soft tissues or
bone (e.g., amalgam condensers, air/water sy-
ringes) but may come in contact with oral tissues
are classified as semicritical and should also be
sterilized after each use.?” This is consistent with
the recommendations from the CDC and the
FDA.** % Handpieces that cannot be heat steril-
ized should be retrofitted to attain heat tolerance.
Handpieces that cannot be retrofitted and thus
cannot be heat sterilized should not be used.®
Chemical disinfection is not recommended for
critical or semicritical dental instruments that can
be heat sterilized. Methods of sterilization that
may be used for critical and semicritical dental
instruments and materials that are heat stable
include the following: steam under pressure (au-
toclave), heat/chemical vapor, and dry heat, fol-
lowing manufacturers’ recommendations. ETO
may not be an effective means of sterilization
because it may be difficult to ensure that the
internal portions of the handpieces are adequately
cleaned and dried before ETO processing. Con-
sideration must be given to the effect that a
sterilization process may have on instruments and
materials.

Uncovered operatory surfaces (e.g., counter-
tops, chair switches, light handles) should be
disinfected between patients. This can be accom-
plished by use of a disinfectant that is registered
with the EPA as a “hospital disinfectant.” There
are several categories of such products.3”- % 9! [f
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Table 3. Inactivation of HBV and HIV by disinfectants
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Concentration inactivating 10° HBV

Concentration inactivating 10° HIV

Disinfectant in ST, 10 min., 20° C* in ST, <10 min,, 25° Ct
Ethyl alcohol ND 50%
Glutaraldehyde % ND
Glutaraldehyde-phenate 0.13% glutaraldehyde —0.44% phenol ND
Hydrogen peroxide ND 0.3%
lodophor 80 ppm ND
isopropyl alcohol 70% 35%
Paraformaldehyde ND 0.5%

Phenolic ND 0.5%
Sodium hypochlorite 500 ppm 50 ppm

ST, Suspension test; ND, no data.
*Data from Bond et al.%?

tData from Martin et al.®® Also see Sattar and Springthorpe® for data concerning activity of other disinfectants against HiV.

waterproof surface covers are used to prevent
contamination of surfaces and are carefully re-
moved and replaced between patients, the pro-
tected surfaces do not need to be disinfected

between patients but must be disinfected at the
end of the day.

Disinfection of devices contaminated with
HBV, HIV, or M. tuberculosis

Should we sterilize or high-level disinfect semi-
critical medical devices contaminated by blood
from patients infected with HIV or HBV or by
respiratory secretions from a patient with pulmo-
nary tuberculosis? The CDC recommendation for
high-level disinfection is appropriate because ex-
periments have demonstrated the effectiveness of
high-level disinfectants to inactivate these and
other pathogens that may contaminate semicriti-
cal devices (Table 3).* Nonetheless, some hospitals
modify their disinfection procedures when the
endoscopes have been used with a patient known
or suspected to be infected with HIV, HBV, or
M. tuberculosis.?? 1° This practice is inconsistent
with the concept of universal precautions, which
presumes that all patients are potentially infected
with blood-borne pathogens.”” Several studies
have highlighted the inability to distinguish HIV-
or HBV-infected patients from noninfected pa-
tients on clinical grounds. %517 It is also likely that
in many patients mycobacterial infection is not
immediately clinically apparent. It should be
noted that in most cases hospitals gas-sterilized
endoscopic instruments because they believed
that this practice reduced the risk of infec-
tion.2? 19 ETO is not routinely used for endoscope
sterilization because of the lengthy processing

*References 33, 39, 48, 70-72, and 92-103.

time. Endoscopes and other semicritical devices
should be managed the same way regardless of

whether the patient is infected with M. tuberculo-
sis, HIV, or HBV.

Inactivation of Clostridium difficile

Some investigators have also recommended the
use of dilute solutions of hypochlorite for routine
environmental disinfection of rooms of patients
with C. difficile—associated diarrhea or colitis.'®®
This practice would appear unnecessary because
studies have shown that patients without symp-
toms constitute an important reservoir within the
hospital and that person-to-person transmission is
the principal means of transmission between
patients. Handwashing, barrier precautions, and
meticulous environmental cleaning may therefore
be equally effective in preventing the spread of
C. difficile.'*

Contaminated endoscopes such as colono-
scopes can serve as vehicles of transmission. 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 with short exposure
times (<20 minutes),*¢ 1% 1!

Inactivation of Creutzfeldt-Jakob disease
(CJD) agent

The only infectious agent that requires unique
decontamination recommendations is the prion
CJD.!'2 CJD is a degenerative neurologic disorder
with an incidence rate of one new case in 1 million
people per year.!'> Infectivity is tissue dependent
with the brain, spinal cord, and eye suspected to
have the highest infectivity.''* It has been trans-
mitted iatrogenically by means of implanted brain
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electrodes that were disinfected with ethanol and
formaldehyde after use on a patient known to have
CJD. latrogenic transmission has been observed
in recipients of contaminated human growth
hormone, gonadotropin, and corneal, pericardial
and dura mater grafts.!!*> ''5 The need for special
recommendations is due to an extremely resistant
subpopulation of prions''® and the protection
afforded this tissue-associated virus. Although
discrepancies exist between different studies, they
all agree that these prions resist normal inactiva-
tion methods. Steam sterilization for at least 30
minutes at a temperature of 132° C (121° C
ineffective) in a gravity displacement sterilizer has
been recommended as the preferred method for
the treatment of contaminated material. When a
prevacuum sterilizer is used, 18 minutes at 134° to
138° C has been found to be effective. Immersion
in 1 N sodium hydroxide (which is caustic) for 1
hour at room temperature followed by steam
sterilization at 121° C for 30 minutes is an
alternative procedure for critical and semicritical
items.!'7-!22 Because noncritical patient care items
or surfaces (e.g., autopsy tables, floors) have not
been involved in disease transmission,® these
surfaces may be disinfected with either bleach
(undiluted, or up to 1:10 dilution) or 1 N sodium
hydroxide at room temperature for 15 minutes or
less.!'” A formalin—formic acid procedure is re-
quired for inactivating virus infectivity in tissue
samples from patients with CJD.!

OSHA blood-borne pathogen standard

In December 1991, the Occupational Safety and
Health Administration (OSHA) promulgated a
standard entitled ‘‘Occupational Exposure to
Bloodborne Pathogens; Final Rule” to eliminate
or minimize occupational exposure to blood-
borne pathogens.!*® One component of this re-
quirement is that all equipment, environmental
surfaces, and working surfaces should be cleaned
and decontaminated with an appropriate disinfec-
tant after contact with blood or other potentially
infectious materials. Although the OSHA standard
does not specify the type of disinfectant or proce-
dure, the OSHA compliance document!?® suggests
that a germicide must be tuberculocidal to kill
HBV. The document thus suggests that a tubercu-
locidal agent should be used to clean blood spills
on noncritical surfaces. This recommendation is
inconsistent with data that demonstrate that non-
tuberculocidal quaternary ammonium com-
pounds inactivate HBV.!*® Nonetheless, to follow
the OSHA compliance document a tuberculocidal
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disinfectant (e.g., phenolic, chlorine) would be
needed to clean a blood spill. This has caused con-
cern among housekeeping managers, who try to
find disinfectant detergents claiming to be tuber-
culocidal on the assumption that such products
would be effective in eliminating transmission of
HBV. This directive can be questioned on a practi-
cal level for three reasons. First, nontubercu-
locidal disinfectants such as quaternary ammo-
nium compounds inactivate HBV.!® Second, non-
critical surfaces are rarely involved in disease
transmission.?® Third, the exposure times that
manufacturers use to achieve their label claims
are not used in health care settings to disinfect
noncritical surfaces. For example, to make a label
claim against HIV, HBV, or M. tuberculosis, a
manufacturer must demonstrate inactivation of
these organisms when exposed to a disinfectant
for 10 minutes. This exposure cannot be practi-
cally achieved in a health care setting without im-
mersion. Alternatively, a hospital could use the
scientific literature and use any EPA-registered
hospital disinfectant (e.g., phenolic, chlorine, qua-
ternary ammonium compounds) for cleaning
blood spills on noncritical surfaces. However, this
practice could result in an OSHA citation for non-
compliance with the rule.

Toxicologic and environmental concerns

Health hazards associated with the use of
germicides in health care vary from mucous
membrane irritation to death, with the latter
involving accidental ingestion by mentally dis-
turbed patients.'?¢ Although variations exist in the
degree of toxicity, as discussed in this document
and elsewhere,* !?"- 128 3]] disinfectants should be
used for the intended purpose only.

Some water and sewer jurisdictions have ex-
cluded the disposal of certain chemical germi-
cides (e.g., glutaraldehyde, formaldehyde, phenol)
by means of the sewer system. These rules are
intended to minimize environmental harm. If
hospitals exceed the maximum allowable concen-
tration for a given 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 hydrogen peroxide
for high-level disinfection or from phenolics to
quaternary ammonium compounds for low-level
disinfection. Second, the hospitals can collect the
disinfectant and dispose of it as a hazardous
chemical. Third, they can use a commercially
available small-scale treatment system that may
neutralize chemicals such as formaldehyde.
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European authors have suggested that disinfec-
tion by heat rather than chemicals should be used
for instruments and ventilation therapy equip-
ment. For example, flushing and washer disinfec-
tors are automated and closed equipment used to
clean and disinfect objects from bedpans and
washbowls to surgical instruments and anesthesia
tubes. Items such as bedpans and urinals can be
cleaned and disinfected in flushing disinfectors
with a short cycle of a few minutes. They clean by
flushing with warm water, possibly with a deter-
gent, and then disinfect by flushing the items with
hot water at approximately 90° C, or with steam.
Because this machine empties, cleans, and disin-
fects, manual cleaning is eliminated, fewer dis-
posable items are needed, and less chemical
germicides are used. They are available and used
in many European countries. Surgical instru-
ments and anesthesia equipment that are more
difficult to clean are run in washer-disinfectors
with the use of a detergent by use of a longer cycle
of 20 to 30 minutes. These machines also disinfect
by hot water at approximately 90° C.'?° The stated
disadvantages for chemical disinfection include
the following: 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
instrument with microbially contaminated tap
water. 30

Transmissible resistance to germicides

Antibiotic resistanice among bacteria has been
of growing concern in recent years. Of special
concern is the increased incidence of infections
caused by methicillin-resistant S. aureus, vanco-
mycin-resistant Enterococcus, —multiple-drug-
resistant M. tuberculosis, and multiple-drug-resis-
tant gram-negative bacilli.

Chromosomal-mediated antibiotic resistance
may confer resistance to broad classes of antibi-
otics (e.g., methicillin-resistant S. aureus [MRSA]
exhibits resistance to all penicillins and cephalo-
sporins). Many studies have demonstrated that
plasmid-mediated resistance may also include
multiple drugs. For these reasons, concern has
been raised that antibiotic-resistant bacteria
might also exhibit cross-resistance to antiseptics
and disinfectants.

Several investigators have studied disinfectant
resistance in MRSA and methicillin-susceptible
S. aureus (MSSA). Brumfitt et al.'3' found MRSA
more resistant than MSSA strains to chlorhexi-
dine, propamidine, and the quaternary ammo-
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nium compound — centrimide. Al-Masaudi et al.'3?
reported MRSA and MSSA strains to be equally
susceptible to phenols and chlorhexidine but
found that MRSA strains were slightly more
resistant to quaternary ammonium compounds.
Townsend et al.!**!'3% demonstrated that a
S. aureus plasmid carrying gentamicin resistance
also encoded resistance to propamidine and qua-
ternary ammonium compounds. Studies have
established the involvement of a plasmid locus,
gacA, in providing protection against quaternary
ammonium compounds. Tennant et al.'** '37 pro-
pose that staphylococci evade destruction because
the protein specified by the gacA determinant is a
cytoplasmic membrane-associated protein in-
volved in an efflux system that actively reduces
intracellular accumulation in intracellular targets
of toxicants such as quaternary ammonium com-
pounds. It has been shown that the presence of the
RP1 plasmid in Escherichia coli or P. aeruginosa
does not increase resistance to phenols or quater-
nary ammonium compounds.’*® Plasmid-medi-
ated resistance to formaldehyde has been demon-
strated in Serratia marcescens'® and to hexachlo-
rophene in P. aeruginosa.'*

The literature provides ample evidence of plas-
mid-mediated resistance to antiseptics and disin-
fectants. However, these observations have no
clinical relevance because even for the more
resistant strains the concentrations of disinfec-
tants used in practice are much higher than the
observed minimum inhibitory concentrations
(MICs). For example, phenolics are used as sur-
face disinfectants at concentrations of approxi-
mately 400 ppm and quaternary ammonium com-
pounds at concentrations of approximately 500
ppm. Resistant bacterial strains described in the
literature have exhibited MICs less than 15 ppm
(ng/ml) for phenolics and quaternary ammonium
compounds.!3! 132

In fact, Rutala et al.'*! found antibiotic-resistant
hospital strains of common nosocomial pathogens
(i.e., P. aeruginosa, Klebsiella pneumoniae, E. coli,
S. aureus, S. epidermidis, and Enterococcus) to be
equally susceptible to disinfectants as antibiotic-
sensitive strains by use of the Use-Dilution
Method. Other investigators have also been unable
to demonstrate a relationship between antibiotic
resistance and germicide resistance when the dis-
infectants are used at the manufacturers’ recom-
mended use-dilution. Anderson et al.'¥? found
similar time-kill curves for vancomycin-resistant
and vancomycin-susceptible enterococci by use of
a quaternary ammonium compound. Best'*? re-
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ported similar inactivation of M. tuberculosis and
multiple-drug-resistant M. tuberculosis (MDR-
TB) with 70% ethyl alcohol, 2% glutaralde-
hyde, 5000 ppm chlorine, and povidone-iodine.
Thus vancomycin-resistant enterococcus (VRE),
MRSA, and MDR-TB are as sensitive to commonly
used hospital disinfectants as drug-sensitive
strains at use concentrations.

For these reasons, the CDC does not recom-
mend any special strategies or germicides with
higher potencies for cleaning noncritical surfaces
in rooms of patients who are infected with multi-
antibiotic-resistant organisms such as vanco-
mycin-resistant enterococci. Any EPA-registered
germicidal detergent is appropriate for this
purpose, '

Is there a “double standard” for patient care
and processing patient equipment?

Are health care facilities’ practices for disinfec-
tion consistent in intent and application? For
example, semicritical equipment (e.g., endo-
scopes) should be high-level disinfected between
patients; however, some institutions choose to
sterilize semicritical equipment when used on
certain infectious patients. This may lead to a
“double standard” of patient care and is incon-
sistent with the principle of universal precau-
tions®” when equipment used on patients with
known specific infectious diseases (e.g., tubercu-
losis, HIV infection) is sterilized, but the same
equipment is only high-level-disinfected for other
patients. Under these circumstances, sterilization
should not be performed in the belief that it is
providing a greater margin of safety. In contrast,
it is not a double standard of patient care to
sterilize endoscopes in one hospital area (e.g.,
operating room) and high-level disinfect in an-
other area (e.g., gastroenterology clinic) because
the outcome is equivalent from an infectious
disease transmission perspective.

DISINFECTION

A great number of disinfectants are used in the
health care setting, including alcohol, chlorine
and chlorine compounds, formaldehyde, glutaral-
dehyde, hydrogen peroxide, iodophors, phenolics,
and quaternary ammonium compounds. These
disinfectants are not interchangeable, and the
following overview of the performance character-
istics of each is intended to provide the user with
information to select an appropriate disinfectant
and to use it in the safest and most efficient way.
It should be recognized that excessive costs may
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be attributed to the use of incorrect concentrations
and inappropriate germicides. In addition, some
disinfectants are formulated in combinations
(e.g., hydrogen peroxide and peracetic acid) that
may alter their antimicrobial activity. Each for-
mulation of active and inert ingredients is consid-
ered a unique product and must undergo the EPA
registration approval process, the FDA premarket
clearance process, or both. Finally, occupational
skin diseases among cleaning personnel have been
associated with the use of several disinfectants,
such as formaldehyde, glutaraldehyde, chlorine,
phenol, and others, and precautions (e.g., gloves,

proper ventilation, etc.) should be used to mini-
mize exposure, !4 146

Alcohol

In the sphere of hospital disinfection, alcohol
refers to two water-soluble chemical compounds
whose germicidal characteristics are generally
underrated; these are ethyl alcohol and iso-
propyl alcohol.'*” These alcohols are rapidly
bactericidal, rather than bacteriostatic, against
vegetative forms of bacteria'*® *°; they are also
tuberculocidal,'*” 3¢ fungicidal,3* 15! 152 apd vi-
rucidal®® 38 9296 153 byt do not destroy bacterial
spores. Isopropyl alcohol (20%) has also been
shown to be effective in killing the cysts of
Acanthamoeba culbertsoni.'* Their cidal activity
drops sharply when diluted below 50% concen-
tration, and the optimum bactericidal concen-
tration is in the range of 60% to 90% by vol-
ume.'*® The most feasible explanation for the
antimicrobial action is denaturation of proteins.

Alcohols are not recommended for sterilizing
medical and surgical materials, principally be-
cause of their lack of sporicidal action and their
inability to penetrate protein-rich materials. Fatal
postoperative wound infections with Clostridium
have occurred when alcohols were used to steril-
ize surgical instruments contaminated with bac-
terial spores.'*® Ethyl and isopropyl alcohols are
therefore not high-level disinfectants because of
their inability to inactivate bacterial spores and
because of isopropyl alcohol’s inability to kill
hydrophilic viruses (e.g., echovirus, coxsackievi-
rus).*® Alcohols have been used effectively to
disinfect oral and rectal thermometers!5® 57 and
fiberoptic endoscopes.!3® 5% Alcohol wipes have
been used for years to disinfect small surfaces,
such as rubber stoppers of multiple-dose medica-
tion vials. Furthermore, alcohol is occasionally
used to disinfect external surfaces of equipment
(e.g., stethoscopes, ventilators, manual ventilation
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Table 4. Preparation and stability of chiorine solutions

AJIC
August 1996

Desired chlorine concentration

5000 ppm 1000 ppm 500 ppm 100 ppm
Dilution of bleach (5.25% NaOCl) pre- 1:10* 1:50 1:100 1:500
pared fresh for use within 24 hr
Dilution of bleach (5.25% NaOQClI) pre- 1:5t 1:25 1:50 1:250

pared fresh and used for 1-30 days

*To achieve a 1:10 dilution, add one part bleach to nine parts water.
1To achieve a 1:5 dilution, add one part bleach to four parts water.

bags!®®), cardiopulmonary resuscitation mani-
kins,'®! or medication preparation areas. Two
recent studies demonstrated the effectiveness of
70% isopropyl alcohol to disinfect reusable trans-
ducer heads in a controlled environment.!$% '3 In
contrast, Beck-Sague and Jarvis'®* described
three outbreaks that occurred when alcohol was
used to disinfect transducer heads in an intensive
care unit setting. The disadvantages of using
alcohols on equipment are that they damage the
shellac mounting of lensed instruments, tend to
cause rubber and certain plastic tubing to swell
and harden after prolonged and repeated use,
discolor rubber and plastic tiles,'*” and damage
tonometer tips (through deterioration of the glue)
after the equivalent of 1 working year of routine
use.'® Lingel and Coffey!¢® also found that tonom-
eter biprisms soaked in alcohol for 4 days acquired
rough front surfaces that could potentially cause
corneal damage. This roughening appeared to be
caused by a weakening of the cementing sub-
stances used to fabricate the biprisms. Corneal
opacification has been reported when tonometer
tips were swabbed with alcohol immediately be-
fore intraocular pressure measurements were
taken.'®” Alcohols are flammable and conse-
quently must be stored in a cool, well-ventilated
area. They also evaporate rapidly, which makes
extended contact times difficult to achieve unless
the items are immersed.

Chlorine and chlorine compounds

Hypochlorites, the most widely used of the chlo-
rine disinfectants, are available in liquid (e.g., so-
dium hypochlorite) and solid (e.g., calcium hy-
pochlorite, sodium dichloroisocyanurate) forms.
They have a broad spectrum of antimicrobial ac-
tivity and are inexpensive and fast acting. Use of
hypochlorites in hospitals is limited by their corro-
siveness, inactivation by organic matter, and rela-
tive instability. The microbicidal activity of chlo-
rine is largely attributable to undissociated hy-

pochlorous acid (HOCI). The dissociation of
hypochlorous acid to the less microbicidal form
(hypochlorite ion, OC17) is dependent on pH. As
the pH increases, more hypochlorite ion is formed,
and microbicidal activity decreases.’®® '¢° A po-
tential hazard is the production of the carcinogen
bis-chloromethyl ether when hypochlorite solu-
tions come into contact with formaldehyde'”® and
production of the animal carcinogen trihalo-
methane when hyperchlorinated.’®® A mixture of
sodium hypochlorite with acid will also produce a
rapid evolution of toxic chlorine gas.

An alternative compound that releases chlorine
and is used in the hospital setting is chloramine-T.
The advantage of this compound over hypochlo-
rites is that it retains chlorine longer and therefore
exerts a more prolonged bactericidal effect. So-
dium dichloroisocyanurate tablets are also stable,
and the microbicidal activity of solutions prepared
from these tablets may be greater than that of
sodium hypochlorite solutions containing the
same total available chlorine.!7!-174

The exact mechanism by which free chlorine
destroys microorganisms has not been elucidated.
The postulated mechanism of chlorine disinfec-
tion is the inhibition of some key enzymatic
reactions within the cell, protein denaturation,
and inactivation of nucleic acids.!¢®

Low concentrations of free chlorine have bio-
cidal effects on mycoplasma (25 ppm)!”® and
vegetative bacteria (<1 ppm) within seconds in
the absence of organic matter.'*® Higher con-
centrations (1000 ppm) of chlorine are required
to kill M. tuberculosis according to the AOAC
tuberculocidal test.>® Because household bleach
contains 5.25% sodium hypochlorite, or 52,500
ppm available chlorine, a 1:1000 dilution of
household bleach provides about 50 ppm avail-
able chlorine, and a 1:50 dilution of household
bleach provides about 1000 ppm (Table 4). A
concentration of 100 ppm will kill 99.9% of
Bacillus subtilis spores within 5 minutes!”® and
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will destroy fungal agents in less than 1 hour.'*®
Klein and DeForest®® reported that 25 different
viruses were inactivated in 10 minutes with 200
ppm available chlorine.

Some data are available for chlorine dioxide to
substantiate manufacturers’ bactericidal, fungi-
cidal, tuberculocidal, sporicidal, and virucidal
label claims.?*35 3% In 1986, a chlorine dioxide
product was voluntarily removed from the market
when its use was found to cause dialyzer mem-
brane leaks, which allowed bacteria to migrate
from the dialysis fluid side of the dialyzer to the
blood side in cellulose-based membranes.!”

Inorganic chlorine solution is used for disinfect-
ing tonometer heads and for spot disinfection of
countertops and floors. A 1:10'% '7® ' or 1:100
dilution of 5.25% sodium hypochlorite (household
bleach) or an EPA-registered hospital disinfec-
tant® can be used for decontamination of blood
spills. Either of these methods will minimize the
risk of employee exposure to blood. Because
hypochlorites and other germicides are substan-
tially inactivated in the presence of blood,'* the
surface should be cleaned before an EPA-regis-
tered disinfectant or a 1:10 solution of household
bleach is applied (see discussion of OSHA blood-
borne pathogen standard). At least 500 ppm
available chlorine for 10 minutes is recommended
for decontamination of cardiopulmonary resusci-
tation training manikins.'®' Full-strength bleach
has been recommended for the disinfection of
needles and syringes in needle-exchange pro-
grams for the prevention of blood-borne pathogen
spread among intravenous drug-using popula-
tion. The difference in the recommended concen-
trations of bleach reflects the difficulty of cleaning
the interior of needles and syringes and the use of
needles and syringes for parenteral injection.'®?
Clinicians should not alter their use of chlorine on
surfaces on the basis of testing methods that do not
simulate actual disinfection practices.'®’

Chlorine has long been favored as the preferred
disinfectant for water treatment. Hyperchlorina-
tion of a Legionella-contaminated hospital water
system resulted in a dramatic decrease (30% to
1.5%) in the isolation of Legionella pneumophila
from water outlets and a cessation of nosocomial
Jegionnaires’ disease in the affected unit.'®*
Chloramine T'** and hypochlorites'®® have
been evaluated in disinfecting hydrotherapy
equipment.

Hypochlorite solutions in tap water at pH 8.0
or greater are stable for a period of 1 month
when stored at room temperature (23° C) in
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closed, opaque plastic containers.!®® 7 During 1
month at room temperature, the free available
chlorine levels of solutions in opened and closed
polyethylene containers are reduced maximally
to 40% to 50% of the original concentration. On
the basis of these data, one investigator recom-
mended that if a user wished to have a solution
containing 500 ppm of available chlorine at day
30, a solution initially containing 1000 ppm of
chlorine should be prepared (Table 4). After 30
days there was no decomposition of the sodium
hypochlorite solution when it was stored in a
closed brown bottle.!%’

Formaldehyde

Formaldehyde is used as a disinfectant and a
sterilant in both its liquid and its gaseous states.
The liquid form will be considered briefly in this
section, and a review of formaldehyde as a gas
sterilant may be found elsewhere.'®® Formalde-
hyde is sold and used principally as a water-based
solution called formalin, which is 37% formalde-
hyde by weight. The aqueous solution is a bacte-
ricide, tuberculocide, fungicide, virucide, and
sporicide.?® 81! OSHA indicated that formal-
dehyde should be handled in the workplace as a
potential carcinogen, and it set an employee
exposure standard for formaldehyde that limits an
8-hour time-weighted average exposure to a con-
centration of 0.75 ppm.2" 32 For this reason,
employees should have limited direct contact with
formaldehyde. These considerations limit the role
of formaldehyde in sterilization and disinfection
processes. '

Formaldehyde inactivates microorganisms by
alkylating the amino and sulfhydryl groups of pro-
teins and the ring nitrogen atoms of purine
bases.!” Although formaldehyde-alcohol is a
chemical sterilant and formaldehyde is a high-
level disinfectant, formaldehyde’s hospital uses
are limited by its irritating fumes and the pungent
odor that is apparent at very low levels (< 1 ppm).
For these reasons and others, including carcino-
genicity, this germicide is excluded from Table 2.
When it is used, direct employee exposure is gen-
erally limited; however, significant exposures to
formaldehyde have been documented for employ-
ees of renal transplant units!® '3 and students in
a gross anatomy laboratory.!”* Formaldehyde is
used in the health care setting for preparing viral
vaccines (e.g., poliovirus, influenza), as an em-
balming agent, and for preserving anatomic speci-
mens. In the past it was used, especially as a mix-
ture of formaldehyde and ethanol, for sterilizing
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surgical instruments. A survey conducted in 1992
found that formaldehyde was the disinfectant used
for reprocessing hemodialyzers by 40% of the he-
modialysis centers in the United States, a 54%
decrease from 1983.!'%° If formaldehyde is used at
room temperature, the CDC recommends a con-
centration of 4% with a minimum exposure time of
24 hours to disinfect disposable hemodialyzers
that are reused on the same patient.!”® Aqueous
formaldehyde solutions (1% to 2%) have been used
to disinfect the internal fluid pathways.'®” To mini-
mize a potential health hazard to patients under-
going dialysis, the dialysis equipment must be
thoroughly rinsed and tested for residual formal-
dehyde before use. Other disinfectants that are
available for dialysis systems are chlorine-based
disinfectants, glutaraldehyde-based disinfectants,
peracetic acid, and peracetic acid with hydrogen
peroxide.!'®® Some dialysis systems use hot water
disinfection for the control of microbial contami-
nation.'%®

Paraformaldehyde

Paraformaldehyde, a solid polymer of formalde-
hyde, may be vaporized by heat for the gaseous
decontamination of laminar-flow biologic safety
cabinets when maintenance work or filter changes
require access to the sealed portion of the cabinet.

Glutaraldehyde

Glutaraldehyde is a saturated dialdehyde that
has gained wide acceptance as a high-level disin-
fectant and chemical sterilant. Aqueous solutions
of glutaraldehyde are acidic and generally in this
state are not sporicidal. Only when the solution is
“activated”” (made alkaline) by alkalizing agents to
a pH of 7.5 to 8.5 does the solution become
sporicidal. Once activated, these solutions have a
shelf life of 14 to 28 days because of the polymer-
ization of the glutaraldehyde molecules at alkaline
pH levels. This polymerization blocks the active
sites (aldehyde groups) of the glutaraldehyde
molecules, which are responsible for its biocidal
activity.

Novel glutaraldehyde formulations (e.g., glutar-
aldehyde-phenate, potentiated acid glutaralde-
hyde, stabilized alkaline glutaraldehvde) have
been produced that have overcome the problem of
rapid loss of stability (e.g., use life 28 to 30 days)
while generally maintaining excellent microbi-
cidal activity.>* 198202 It should be realized, how-
ever, that antimicrobial activity is dependent not
only on age but also on use conditions, such as
dilution and organic stress. Manufacturers’ litera-
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ture for these preparations suggest that the neutral
or alkaline glutaraldehydes possess microbicidal
and anticorrosion properties superior to those of
acid glutaraldehydes. A few published reports
substantiate these claims.?*2%5 The use of glutar-
aldehyde-based solutions in hospitals is wide-
spread because of their advantages, whichinclude
the following: excellent biocidal properties; activ-
ity in the presence of organic matter (20% bovine
serum); noncorrosive action on endoscopic equip-
ment, thermometers, and rubber or plastic equip-
ment; and noncoagulation of proteinaceous ma-
terial.

The biocidal activity of glutaraldehyde is a
consequence of its alkylation of sulfhydryl, hy-
droxyl, carboxyl, and amino groups of microor-
ganisms, which alters RNA, DNA, and protein
synthesis.?%

The in vitro inactivation of microorganisms by
glutaraldehydes has been extensively investigated
and reviewed.?®® Several investigators showed
that 2% aqueous solutions of glutaraldehyde,
buffered to a pH of 7.5 to 8.5 with sodium
bicarbonate, were effective in killing vegetative
bacteria in less than 2 minutes; M. tuberculosis,
fungi, and viruses in less than 10 minutes; and
spores of Bacillus and Clostridium species in
3 hours.?°?% Spores of C. difficile are more
rapidly killed (e.g., 20 minutes) by 2% glutaralde-
hyde.*¢ "% 1! Concern has been raised about the
mycobactericidal prowess of glutaraldehydes be-
cause a single investigator using the quantitative
suspension test reported that 2% glutaraldehyde
inactivated only 2 to 3 logs M. tuberculosis in 20
minutes at 20° C.*®* However, all other investi-
gators'> 39 41, 42 4951 \y5ing various test methods,
including a quantitative suspension test, have
found much greater levels of M. tuberculosis
inactivation by use of 2% glutaraldehyde. For
example, several investigators have demonstrated
that glutaraldehyde solutions inactivate 2.4 to
>5.0 logs M. tuberculosis in 10 minutes (in-
cluding multidrug-resistant M. tuberculosis) and
4.0 to 6.4 logs M. tuberculosis at 20 min-
utes.!'> 39 41, 42,4951 Qne study reports the isolation
of glutaraldehyde-resistant mycobacteria in endo-
scope washers; however, the clinical significance
of this observation is unclear at present.2? Rubbo
et al.'”®” showed that 2% alkaline glutaraldehyde
has slower action against M. tuberculosis than
alcohols, formaldehydes, iodine, and phenol. Col-
lins®' demonstrated that suspensions of Mycobac-
terium avium, Mycobacterium intracellulare, and
Mycobacterium gordonae were more resistant to
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disinfection by a 2% alkaline glutaraldehyde (es-
timated time to sterility 60 minutes) than were
virulent M. tuberculosis organisms (estimated
time to sterility 25 minutes). Collins®! also showed
that the rate of kill was directly proportional to the
temperature and the sterility of a standardized
suspension of M. tuberculosis could not be
achieved within 10 minutes. On the basis of these
data, 20 minutes at room temperature with a 2%
glutaraldehyde is the minimum exposure time
needed to reliably kill organisms such as M. fu-
berculosis that are resistant to disinfectants. Glu-
taraldehyde preparations that are diluted to less
than 2% glutaraldehyde should be used as chemi-
cal sterilants only after independent verification of
their label claims.

There are two publications that evaluate the
ability of 2% glutaraldehyde to kill oocytes of
Cryptosporidium in 30 minutes or 60 min-
utes.2!% 21! One study found 2% glutaraldehyde to
be effective against Cryptosporidium pavum at 60
minutes,?!° but another study questioned the abil-
ity of glutaraldehyde to kill Cryptosporidium in 30
minutes.?!!

Glutaraldehyde is used most commonly as a
high-level disinfectant for medical equipment
such as endoscopes,?? respiratory therapy equip-
ment,2!2  dialyzers,?!* transducers, anesthesia
equipment, spirometry tubing,?'* and hemodialy-
sis proportioning and dialysate delivery sys-
tems.?!® Glutaraldehyde is noncorrosive to metal
and does not damage lensed instruments, rubber,
or plastics. Glutaraldehyde should not be used for
cleaning noncritical surfaces; it is too toxic and
expensive for this application. Dilution of glu-
taraldehyde commonly occurs during use. One
study showed a glutaraldehyde concentration de-
cline from 2.4% to 1.5% after 10 days in manual
and automatic baths used for endoscopes.?'® Oth-
ers have shown the glutarzldehyde level to fall
below 1%, to as low as 0.27%, on day 4 of
reuse.?!” These data emphasize the need to ensure
that semicritical equipment is disinfected with
a minimum effective concentration (MEC) of
glutaraldehyde. Most studies suggest that 1.0%
glutaraldehyde is the minimum effective con-
centration when used as a high-level disinfec-
tant,*! 2%% 295 although one investigator using
atypical mycobacteria showed that the MEC
should be 1.5%.2'¢ Test strips are available for
determining whether an effective concentration
of active ingredients (e.g., glutaraldehyde) is
present despite repeated use and dilution. The
glutaraldehyde test kits have been preliminarily
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evaluated for accuracy and range,?'® ?'° and most
test strips are constructed to indicate a concen-
tration above 1.5%. The frequency of testing
should be based on how frequently the solutions
are used (e.g., if used daily, test daily), but the
strip should not be used to extend the use life
beyond the expiration date. The solution should
be considered unsafe when a dilution of 1%
glutaraldehyde or lower is measured.

Proctitis believed to be caused by glutaralde-
hyde exposure from residual endoscope solution
contaminating the air-water channel has been
reported and is preventable by thorough endo-
scope rinsing.?*® Similarly, keratopathy was re-
ported to be caused by ophthalmic instruments
that were inadequately rinsed after soaking in 2%
glutaraldehyde.??!

Health care workers can become exposed to
elevated levels of glutaraldehyde vapor when
equipment is processed in poorly ventilated
rooms, when spills occur, or when there are open
immersion baths. In these situations, the level of
glutaraldehyde in the air could reach its ceiling
limit of 0.2 ppm. Engineering and work practice
controls that may be used to combat these prob-
lems include the following: improved ventilation
(7 to 15 air exchanges per hour); use of ducted
exhaust hoods or ductless fume hoods with absor-
bents for glutaraldehyde vapor???; tight-fitting lids
on immersion baths; and personal protective
equipment (e.g., gloves [nitrile rubber, butyl rub-
ber, polyethelyne], goggles) to minimize skin or
mucous membrane contact. Some workers have
been fitted with a half-face respirator with organic
vapor filters?? or offered a type “C” supplied air
respirator with a full facepiece operated in a
positive-pressure mode.?** Even though enforce-
ment of the ceiling limit was suspended on March
23, 1993, by a United States Court of Appeals,??* it
is prudent to limit employee exposure to 0.2 ppm
because at this level glutaraldehyde is irritating to
the eyes, throat, and nose.??*?2® The American
Conference of Governmental Industrial Hygien-
ists issued a “Notice of Intended Changes” in
which it was proposed that the ceiling threshold
limit value for glutaraldehyde be reduced from 0.2
ppm to 0.05 ppm.??? Epistaxis, allergic contact
dermatitis, asthma, and rhinitis have also been
reported in health care workers exposed to glu-
taraldehyde.??* 22% 23 Some automated machines
for endoscope disinfection reduce employee expo-
sure to glutaraldehyde.” Dosimeters are available

for measuring glutaraldehyde levels in the work-
place.
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Hydrogen peroxide

The literature contains limited accounts of the
properties, germicidal effectiveness, and potential
uses for stabilized hydrogen peroxide in the hospi-
tal setting. Reports ascribing good germicidal
activity to hydrogen peroxide have been published
and attest to its bactericidal,?*! virucidal,*? tuber-
culocidal,*® sporicidal,?** and fungicidal proper-
ties.?** Synergistic sporicidal effects were ob-
served when spores were exposed to a combina-
tion of hydrogen peroxide (5.9% to 23.6%) and
peracetic acid.?**

Hydrogen peroxide works by the production of
destructive hydroxyl free radicals. These can
attack membrane lipids, DNA, and other essential
cell components.?*

Commercially available 3% hydrogen peroxide
is a stable and effective disinfectant when used
on inanimate surfaces. It has been used in con-
centrations from 3% to 6% for the disin-
fection of soft contact lenses (3% for 2 to 3
hours),3% 236 237 tonometer biprisms,'®® and ven-
tilators.2*® Corneal damage from a hydrogen per-
oxide—disinfected tonometer tip that was not
properly rinsed has been reported.?** Hydrogen
peroxide has also been instilled into urinary
drainage bags in an attempt to eliminate the bag
as a source of bladder bacteriuria and environ-
mental contamination.?*® 24! Although the instil-
lation of hydrogen peroxide into the bag reduced
microbial contamination of the bag, this proce-
dure did not reduce the incidence of catheter-
associated bacteriuria.?*!

Concentrations of hydrogen peroxide from 6%
to 25% have promise as chemical sterilants. In one
recent study, 6% hydrogen peroxide was signifi-
cantly more effective in the high-level disinfection
of the flexible endoscopes than was the 2%
glutaraldehyde solution.”® Hydrogen peroxide has
not been widely used for endoscope disinfection,
however, because there continues to be concerns
that its oxidizing properties may be harmful to
some components of the endoscope.” The use of
hydrogen peroxide for high-level disinfection of
semicritical items warrants further study. Chemi-
cal irritation resembling pseudomembranous
colitis, caused by either 3% hydrogen peroxide or
a 2% glutaraldehyde, has been infrequently re-
ported.?*? An epidemic of pseudomembrane-like
enteritis and colitis in seven patients in a gas-
trointestinal endoscopy unit was also associated
with use of 3% hydrogen peroxide.?*?

lodophors

Iodine solutions or tinctures have long been
used by health professionals, primarily as antisep-
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tics on skin or tissue. Iodophors, on the other
hand, have enjoyed use both as antiseptics and
disinfectants. An iodophor is a combination of
iodine and a solubilizing agent or carrier; the
resulting complex provides a sustained-release
reservoir of iodine and releases small amounts of
free iodine in aqueous solution. The best known
and most widely used iodophor is povidone-
iodine, a compound of polyvinylpyrrolidone with
iodine. This product and other iodophors retain
the germicidal efficacy of iodine but, unlike iodine,
are generally nonstaining and are relatively free of
toxicity and irritancy.?*

Several reports that documented intrinsic mi-
crobial contamination of povidone-iodine and
poloxamer-iodine?*>?*7 caused a reappraisal of
concepts concerning the chemistry and use of
iodophors.?*® It seems that ““free” iodine (1,) is the
principal contributor to the bactericidal activity of
iodophors, and dilutions of iodophors demon-
strate more rapid bactericidal action than a
full-strength povidone-iodine solution. The reason
that has been suggested for the observation that
dilution can increase bactericidal activity is that
the dilution of povidone-iodine results in weaken-
ing of the iodine linkage to the carrier polymer,
with an accompanying increase of free iodine in
solution.?*® Todophor therefore must be used per
the manufacturer’s recomendations to achieve
maximum antimicrobial activity.

Iodine is able to penetrate the cell walls of
microorganisms quickly. It is believed that io-
dine’s lethal effects result from a disruption of
protein and nucleic acid structure and synthesis.

Published reports on the in vitro antimicrobial
efficacy of iodophors demonstrate that iodophors
are bactericidal, virucidal, and mycobactericidal
but may require prolonged contact times to kill
certain fungi and bacterial spores.* Manufactur-
ers’ data demonstrate that commercial iodophors
are not sporicidal but are tuberculocidal, fungi-
cidal, virucidal, and bactericidal at recommended
use dilutions.

In addition to their use as an antiseptic, io-
dophors have been used for the disinfection of
blood culture bottles and medical equipment
such as hydrotherapy tanks, thermometers, and
endoscopes. Antiseptic iodophors are not suit-
able for use as hard-surface disinfectants because
of concentration differences. Iodophors formu-
lated as antiseptics contain significantly less free
iodine than do those formulated as disinfec-
tants. '

*References 11, 34, 38, 39, and 249-252.
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Peracetic acid

Peracetic acid, or peroxyacetic acid, in low
concentrations (0.001% to 0.2%) is characterized
by a very rapid action against all microorganisms,
including bacterial spores. A special advantage of
peracetic acid is that its decomposition products
(i.e., acetic acid, water, oxygen, hydrogen perox-
ide) are not harmful, and it leaves no residue. It
remains effective in the presence of organic
matter and is sporicidal even at low temperatures.
Peracetic acid can corrode copper, brass, bronze,
plain steel, and galvanized iron, but these effects
can be reduced by additives and pH modification.
Peracetic acid is considered unstable, particularly
when diluted. For example, a 1% solution loses
half its strength through hydrolysis in 6 days,
whereas 40% peracetic acid loses 1% to 2% of its
activity per month.?53 254

Little is known about the mechanism of action of
peracetic acid, but it is believed to function in the
same manner as other oxidizing agents. It dena-
tures proteins, disrupts the cell wall permeability,
and oxidizes sulfhydryl and sulfur bonds in pro-
teins, enzymes, and other metabolites.?>?

The combination of peracetic acid and hydro-
gen peroxide has been used for disinfecting he-
modialyzers.?>> The percentage of centers using a
peracetic acid-hydrogen peroxide-based disin-
fectant for reprocessing dialyzers increased from
5% in 1983 to 52% in 1992.'% A study showed that
patients treated in dialysis units that disinfected
dialyzers with a peracetic acid, hydrogen perox-
ide, acetic acid mixture or with glutaraldehyde
had a higher mortality rate than did patients
treated in units that used formalin or in units that
did not reuse dialyzers. Although the cause of this
elevated mortality risk is currently not known,
some believe that the germicide is not the caus-
ative element, but rather the germicide may be a
surrogate indicator of other problems.”*® An au-
tomated machine using peracetic acid to chemi-
cally process medical, surgical, and dental instru-
ments (e.g., endoscopes, arthroscopes) is used in
the United States.?%”- 258 Manufacturer’s data dem-
onstrated that this system inactivates Bacillus
subtilis and Clostridium sporogenes when the
solution is heated to 50° C with an exposure time
of 12 minutes or less.?*® Three recent studies have
demonstrated that a peracetic acid processor is
rapidly sporicidal and bactericidal, and these data
suggest the automatic endoscope processor is
suitable for processing medical devices such as
flexible and rigid scopes.?**-?

A new product that contains 0.35% peracetic
acid has been formulated as a possible alternative
to glutaraldehyde and preliminary studies have

APIC Guideline 331

shown that it has excellent sporicidal and myco-
bactericical activity.2¢3 264

Phenolics

Phenol (carbolic acid) has occupied a promi-
nent place in the field of hospital disinfection since
its initial use as a germicide by Lister in his
pioneering work on antiseptic surgery. In the past
30 years, however, work has concentrated on the
numerous phenol derivatives (or phenolics) and
their antimicrobial properties. Phenol derivatives
originate when a functional group (e.g., alkyl,
phenyl, benzyl, halogen) replaces one of the
hydrogen atoms on the aromatic ring. Two of the
phenol derivatives that are commonly found as
constituents of hospital disinfectants are ortho-
phenylphenol and ortho-benzyl-para-chlorophe-
nol. The antimicrobial properties of these com-
pounds and many other phenol derivatives are
much improved from the parent chemical. Phe-
nolics are assimilated by porous materials, and the
residual disinfectant may cause tissue irritation.
In 1970 Kahn?®® reported that skin depigmenta-
tion is caused by phenolic germicidal detergents
containing para-tertiary-butylphenol and para-
tertiary-amylphenol.

At higher concentrations, phenol acts as a gross
protoplasmic poison, penetrating and disrupting
the cell wall and precipitating the cell proteins.
Low concentrations of phenol and higher-mo-
lecular weight phenol derivatives cause bacterial
death by the inactivation of essential enzyme
systems and leakage of essential metabolites from
the cell wall.?¢¢

Published reports on the antimicrobial efficacy
of commonly used phenolic detergents show that
phenolics are bactericidal, fungicidal, viricidal,
and tuberculocidal.* Data show that three phe-
nolic detergents are bactericidal and tubercu-
locidal,?®® and another phenol (containing 50%
cresol) has little or no virucidal effect against
coxsackie B4, echovirus 11, and poliovirus 1.27°
Similarly, Klein and DeForest*® made the obser-
vation that 12% ortho-phenylphenol fails to inac-
tivate any of the three hydrophilic viruses after a
10-minute exposure time, although 5% phenol is
lethal for these viruses. A 0.5% dilution of a
phenolic (2.8% ortho-phenylphenol and 2.7%
ortho-benzyl-para-chlorophenol) has been shown
to inactivate HIV,”> and a 2% solution of a
phenolic (15% ortho-phenylphenol and 6.3% para-
tertiary-amylphenol) inactivated all but one of 11
fungi tested.** Manufacturers’ data from tests with
the standardized AOAC methods demonstrate that

*References 4, 11, 34, 39. 95, 99, 266-270.
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commercial phenolic detergents are not sporicidal
but are tuberculocidal, fungicidal, virucidal, and
bactericidal at their recommended use dilutions.
Generally, these efficacy claims against microor-
ganisms have not been verified by independent
laboratories or the EPA. Attempts to substantiate
the bactericidal label claims of phenolic deter-
gents with use of the AOAC method have failed.”?"!
These same studies, however, have shown extreme
variability of test results among laboratories test-
ing identical products.

This class of compounds is used for decontami-
nation of the hospital environment, including
laboratory surfaces, and for noncritical medical
and surgical items. Phenolics are not recom-
mended for semicritical items because of the lack
of published efficacy data for many of the available
formulations and because the residual disinfec-
tant on porous materials may cause tissue irrita-
tion even when thoroughly rinsed.

The use of phenolics in nurseries has been
justifiably questioned because of the occurrence of
hyperbilirubinemia in infants placed in nurseries
that use phenolic detergents.?’? In addition, Doan
et al.?”® demonstrated microbilirubin level in-
creases in phenolic-exposed infants compared
with nonexposed infants when the phenolic was
prepared according to the manufacturer’s recom-
mended dilution. If phenolics are used to clean
nursery floors, they must be diluted according to
the recommendation on the product label. Based
on these observations, phenolics should not be
used to clean infant bassinets and incubators
during the stay of an infant. If phenolics are used
to terminally clean infant bassinets and incuba-
tors, the surfaces should be rinsed thoroughly with
water and dried before the infant bassinets and
incubators are reused.

Quaternary ammonium compounds

The quaternary ammonium compounds have
enjoyed wide use as disinfectants and until re-
cently as antiseptics. Benzalkonium chloride
(N-alkyl [C14 50%, C12 40%, C16 10%] dimethyl
benzyl ammonium chloride) was the first com-
mercially available quaternary ammonium com-
pound. This first-generation quaternary ammo-
nium compound, which was introduced in 1935,
received acclaim for its microbicidal activity and
good detergent action. Common environmental
factors, however, such as hard water, soap, an-
ionic residues, and proteinaceous soils, were
subsequently found to reduce benzalkonium chlo-
ride’s effectiveness.
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The elimination of such solutions as antiseptics
on skin and tissue was recommended by the CDC!
because of several outbreaks of infections associ-
ated with in-use contamination.?’#28! There have
also been a few reports of nosocomial infections
associated with contaminated quaternary ammo-
nium compounds used to disinfect patient care
supplies or equipment such as cystoscopes or
cardiac catheters.?’* 282 283 The quaternary ammo-
nium compounds are good cleaning agents, but
materials such as cotton and gauze pads make
them less microbicidal because these materials
absorb the active ingredients. As with several
other germicides (e.g., phenolics, iodophors),
gram-negative bacteria have been found to grow
in the compounds.?%*

Chemically, the quaternary ammonia com-
pounds are organically substituted ammonium
compounds in which the nitrogen atom has a
valence of five, four of the substituent radicals
(R1 through R4) are alkyl or heterocyclic radicals
of a given size or chain length, and the fifth
substituent radical (X-) is a halide, sulfate, or
similar radical.?%

Each compound exhibits its own antimicrobial
characteristics, so there has been a search for one
compound with outstanding antimicrobial prop-
erties. The first significant improvement in qua-
ternary ammonium compound technology, re-
ferred to as the second-generation quaternary
ammonium compound or dual quaternary ammo-
nium compound, was introduced in 1955. The
dual quaternary ammonium compound is a com-
bination of ethyl benzyl chloride quaternary am-
monium compounds and a modified alkyl chain—
distribution dimethyl benzyl ammonium chloride
quaternary ammonium compound. Performance
in the presence of hard water was purportedly
improved.

The third-generation quaternary ammonium
compounds, which are referred to as dialkyl or
twin-chain quaternary ammonium compounds
(such as dodecyl dimethyl ammonium chloride),
were introduced in 1965. These quaternary am-
monium compounds remained active in hard
water and were tolerant of anionic residues.

The bactericidal action of quaternary ammo-
nium compounds has been attributed to inactiva-
tion of energy-producing enzymes, denaturation
of essential cell proteins, and disruption of the cell
membrane. Evidence offered in support of these
and other possibilities is provided by Sykes?35 and
Petrocci.?8®

Results from manufacturers’ data sheets and
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from published scientific literature indicate that
the quaternary ammonium compounds sold as
hospital disinfectants are fungicidal, bactericidal,
and virucidal against lipophilic viruses; they are
not sporicidal and generally are not tubercu-
locidal or virucidal against hydrophilic viruses.*
Attempts to reproduce the manufacturers’ bacte-
ricidal and tuberculocidal claims with a limited
number of quaternary ammonium compounds by
means of the AOAC tests have failed.” 3% 27! These
same studies, however, showed extreme variabil-
ity of test results among laboratories testing
identical products.

The quaternary ammonium compounds are
commonly used in ordinary environmental sani-
tation of noncritical surfaces such as floors,
furniture, and walls.

EMERGING TECHNOLOGIES FOR
DISINFECTION AND STERILIZATION

Several other disinfectants and sterilants and
sterilization processes are being investigated and
may be incorporated into our armamentarium of
disinfection and sterilization in the future. The
paucity of published studies on disinfectants
makes the microbicidal activity of new products
difficult to assess. For example, one new high-level
disinfectant (ortho-phthalaldehyde) requires fur-
ther evaluation?®® before it can be considered for
use on endoscopes.

Reprocessing of heat-labile medical equipment
is a major problem in hospitals. ETO has been the
sterilant of choice for sterilizing heat-labile medi-
cal equipment. Despite ETO’s excellent properties,
it is toxic, mutagenic, and a suspected carcinogen.
Until recently ETO sterilizers combined ETO with
a chlorofluorocarbon (CFC) stabilizing agent,
most commonly in a ratio of 12% ETO mixed with
88% CFC (referred to as 12/88 ETO). For several
reasons health care organizations are exploring
the use of new low temperature sterilization
technologies.?®® First, CFCs were to be phased out
in December 1995 under provisions of the Clean
Air Act**° CFCs were classified as a class I
substance under the Clean Air Act because of
scientific evidence linking them to destruction of
the earth’s ozone layer. Second, some states (e.g.,
California, New York, Michigan) require the use of
ETO abatement technology to reduce the amount
of ETO being released into ambient air by 90% to
99.9%. Third, OSHA regulates the acceptable
vapor levels of ETO (i.e., 1 ppm averaged over 8

*References 11, 34, 37, 39, 42, 44, 99, 286. 287.
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hours) because of concerns that ETO exposure
represents an occupational hazard. These con-
straints have led to the recent development of
alternative technologies for low temperature ster-
ilization in the health care setting,

Alternative technologies to ETO with CFC in-
clude the following: 100% ETO; ETO with a
different stabilizing gas such as carbon dioxide or
hydrochlorofluorocarbons; vaporized hydrogen
peroxide; gas plasmas; ozone; and chlorine diox-
ide. These new technologies should be compared
against the characteristics of an ideal low-tem-
perature (<60° C) sterilant .28 Although it is
apparent that all technologies will have limita-
tions,*! understanding the limitations imposed by
restrictive device designs (e.g., long, narrow lu-
mens) is critical for proper application of new
sterilization technology.?? For example, the de-
velopment of increasingly small and complex
endoscopes presents a difficult challenge for cur-
rent sterilization processes. This occurs because
microorganisms must be in direct contact with the
sterilant for inactivation to occur. There are
peer-reviewed scientific data demonstrating
concerns about the efficacy of several of the
low-temperature sterilization processes (i.e., gas
plasma, vaporized hydrogen peroxide, ETO), par-
ticularly when the test organisms are challenged
in the presence of serum and salt and a narrow
lumen vehicle.292 294

RECOMMENDATIONS

A. Cleaning, disinfecting, and sterilizing patient
care equipment: All objects to be high-level
disinfected or sterilized should first be thor-
oughly cleaned to remove all organic matter
(e.g., blood, tissue) and other residue.

B. Indications for sterilization and high-level dis-
infection (recommendations B.1. and B.4. per
1985 CDC guideline? and recommendation B.5
per 1993 CDC guideline).8®
1. Critical medical devices or pieces of patient

care equipment that enter normally sterile
tissue or the vascular system or through
which blood flows should be sterilized be-
fore each use.

2. Endoscope accessories: Biopsy forceps or
other cutting instruments that break the
mucosal barrier should be sterilized. Other
endoscope accessories (e.g., suction valves)
should be sterilized after each patient use; if
this is not feasible, they should receive at
least high-level disinfection. Please refer to
the “APIC Guideline for Infection Preven-
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tion and Control in Flexible Endoscopy’’ for
additional recommendations.??
arthroscopes, and other
scopes that enter normally sterile tissue
should be subjected to a sterilization proce-
dure before each use; if this is not feasible,
they should receive at least high-level disin-
fection. Disinfection should be followed by a
rinse with sterile water.

. Equipment that touches mucous mem-

branes (e.g., endoscopes, endotracheal
tubes, anesthesia breathing circuits, and
respiratory therapy equipment) should re-
ceive high-level disinfection.

. Dental instruments that penetrate soft tissue

or bone (e.g., forceps, scalpels, bone chisels,
scalers, and burs) are classified as critical
and should be sterilized or discarded after
each use. Dental instruments that are not
intended to penetrate oral soft tissue or bone
(e.g., amalgam condensers, air-water sy-
ringes) but may come into contact with oral
tissues are classified as semicritical and
should be sterilized after each use. If the
semicritical instrument could be damaged
by the sterilization process, the instrument
should be high-level disinfected. Noncritical
surfaces, such as uncovered operatory sur-
faces (e.g., countertops, chair switches),
should be disinfected between patients with
an intermediate-level or low-level disin-
fectant.

C. Chemical methods for sterilization (Table 2):
When sterilization is indicated and other ster-
ilization methods (e.g., steam or ETO) cannot
be used, any one of three liquid chemical
sterilants (see Table 2) may be used. The
manufacturer’s instructions for use will specify
the recommended exposure time.

D. Selection and use of high-level disinfectants for
semicritical patient care items.

1. Solutions containing glutaraldehyde, hy-

drogen peroxide, chlorine, and peracetic
acid can achieve high-level disinfection if
objects are properly cleaned before disin-
fection. See Table 2 for recommended con-
centrations. The disinfectant or chemical
sterilant selected should have no or minimal
deleterious effects on the object (e.g., chlo-
rine may corrode metals; see Table 2).

. The exact time for disinfecting semicritical

items is somewhat elusive at present be-
cause of conflicting label claims and lack of
agreement in published literature, espe-
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cially regarding the mycobactericidal activ-
ity of glutaraldehydes. The longer the expo-
sure of an item to a disinfectant, the more
likely it is that all contaminating microor-
ganisms will be inactivated. Unfortunately,
with extended exposure to a disinfectant it is
also more likely that delicate and intricate
instruments such as endoscopes may be
damaged. Medical equipment such as endo-
scopes, which are difficult to clean and
disinfect because of narrow channels or
other areas that can harbor organisms (e.g.,
crevices, joints), should be exposed to a
high-level disinfectant for at least 20 min-
utes at room temperature after cleaning.

E. Selection and use of low-level disinfectants for
noncritical patient care items.

1.

N

Solutions for use on noncritical patient care
equipment and recommended concentra-
tions are listed in Table 2.

. The contact time is 10 minutes or less.
. Phenolics should not be used to clean infant

bassinets and incubators during the stay of
an infant. If phenolics are used to terminally
clean infant bassinets and incubators, the
surfaces should be rinsed thoroughly with
water and dried before the infant bassinets
and incubators are reused.

F. Processing patient care equipment contami-
nated with HIV or HBV.

1.

Standard sterilization and disinfection pro-
cedures for patient care equipment (as
recommended in this guideline) are ad-
equate to sterilize or disinfect instruments
or devices contaminated with blood or other
body fluids from persons infected with
blood-borne pathogens, including HIV. No
changes in procedures for cleaning, disin-
fecting, or sterilizing need to be made.
Noncritical environmental surfaces con-
taminated with blood or bloody body fluids
should be cleaned before an EPA-registered
disinfectant/detergent is applied for disin-
fection. Persons cleaning spills should wear
disposable gloves and other personal pro-
tective equipment as indicated.

G. Processing CJD-contaminated patient care

equipment

1.

The only infectious agent that requires
unique decontamination recommendations
is the CJD prion. The need for such recom-
mendations is due to an extremely resistant
subpopulation of prions and the protection
afforded this tissue-associated agent.
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2. Critical and semicritical CJD-contaminated
care equipment should preferably be steam
sterilized for at least 30 minutes at a tem-
perature of 132° C (121° C is not effective) in
a gravity displacement sterilizer. A pre-
vacuum sterilizer used for 18 minutes at
134° C to 138° C has also been found to be
effective. Immersion in { N sodium hydrox-
ide (which is caustic) for 1 hour at room
temperature followed by steam sterilization
at 121° C for 30 minutes is an alternative
procedure for critical and semicritical
items. Because noncritical patient care
items or surfaces (e.g., autopsy tables,
floors) have not been involved in disease
transmission, these surfaces may be disin-
fected with either bleach (undiluted, or up to
1:10 dilution) or 1 N sodium hydroxide at
room temperature for 15 minutes or less. A
formalin—formic acid procedure is required
for inactivating virus infectivity in tissue
samples from patients with CJD.

Method of processing reusable transducers:
After transducers are cleaned, they may be
sterilized with ETO or disinfected with a
high-level disinfectant. Alternatively, trans-
ducer heads may be disinfected with 70%
isopropyl alcohol. However, the disinfection
procedure must be adhered to rigorously, and
this is best accomplished in a controlled set-
ting. The transducers should be stored in a
manner to prevent recontamination before use.
The selection and use of disinfectants in the
health care field is dynamic, and products may
become available that were not in existence
when this guideline was written. As newer
disinfectants become available, persons or
comimittees responsible for selecting disinfec-
tants should be guided by information in the
scientific literature.

I gratefully acknowledge Ms. Eva P. Clontz for her invaluable
assistance in preparing this manuscript.

References

1.

2.

Simmons BP. Guideline for hospital environmental con-

trol. AJIC Am J Infect Control 1983;11:97-115,

Garner JS, Favero MS. Guideline for handwashing and

hospital environmental control, 1985. AJIC Am J Infect

Control 1986;14:110-26.

. Rutala WA. Disinfection, sterilization and waste disposal.
In: Wenzel RP, ed. Prevention and control of nosocomial
infections. Baltimore: Williams and Wilkins, 1987:257-
82.

. Rutala WA. Disinfection, sterilization and waste disposal.

In: Wenzel RP, ed. Prevention and control of nosocomial

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22,

23.

APIC Guideline 335

infections. 2nd ed. Baltimore: Williams and Wilkins,
1993:460-95.

. Rutala WA. APIC guideline for selection and use of

disinfectants. AJIC Am J Infect Control 1990;18:99-117.

. Rutala WA. Selection and use of disinfectants in health

care. In: Mayhall CG, ed. Hospital epidemiology and
infection control. Baltimore: Williams and Wilkins, 1995:
913-36.

- Rutala WA, Cole EC. Ineffectiveness of hospital disinfec-

tants against bacteria: a collaborative study. Infect Con-
trol 1987;8:501-6.

. Myers T. Failing the test: germicides or use-dilution

methodology? ASM News 1988;54:19-21.

. Robison RA, Bodily HL, Robinson DF, Christensen RP. A

suspension method to determine reuse life of chemical
disinfectants during clinical use. Appl Environ Microbiol
1988;54:158-64.

. Favero MS, Bond WW. Chemical disinfection of medical

and surgical materials. In: Block SS, ed. Disinfection,
sterilization and preservation. 4th ed. Philadelphia: Lea &
Febiger, 1991:617-41.

Spaulding EH. Chemical disinfection of medical and
surgical materials. In: Lawrence CA, Block SS, eds.
Disinfection, sterilization and preservation. Philadelphia:
Lea & Febiger, 1968:517-31.

Bean HS. Types and characteristics of disinfectants.
J Appl Bacteriol 1967;30:6-16.

Russell AD. Factors influencing the efficacy of antimicro-
bial agents. In: Russell AD, Hugo WB, Ayliffe GAJ, eds.
Principles and practice of disinfection, preservation and
sterilisation. Oxford: Blackwell Scientific Publications,
1992:89-113.

Centers for Disease Control. Guidelines for the preven-
tion of transmission of human immunodeficiency virus
and hepatitis B virus to health-care and public-safety
workers. MMWR 1989;38(S-6):1-37.

Rutala WA, Weber DJ. FDA labeling requirements for
disinfection of endoscopes: a counterpoint. Infect Control
Hosp Epidemiol 1995;16:231-5.

Lewis DL, Arens M. Resistance of microorganisms to
disinfection in dental and medical devices. Nature Medi-
cine 1995;1:1-3.

Parker HH IV, Johnson RD. Effectiveness of ethylene
oxide for sterilization of dental handpieces. J Dent
1995;23:113-5.

Muscarella LF. Sterilizing dental equipment. Nature
Medicine 1995;1:1223-4.

Block SS. Definition of terms. In: Block SS, ed. Disin-
fection, sterilization and preservation. 4th ed. Philadel-
phia: Lea & Febiger, 1991:18-25.

Food and Drug Administration, Public Health Service,
Environmental Protection Agency. Memorandum of un-
derstanding between the Food and Drug Administration,
Public Health Service, and the Environmental Protection
Agency. Washington, DC: FDA, PHS, EPA, June 4 1993.
Larson EL. APIC guideline for handwashing and hand
antisepsis in health care settings. AJIC Am J Infect
Control 1995;23:251-69.

Rutala WA, Clontz EP, Weber DJ, Hoffmann KK. Disin-
fection practices for endoscopes and other semicritical
items. Infect Control Hosp Epidemiol 1991;12:282-8.
Martin MA, Reichelderfer M. APIC guideline for infection
prevention and control in flexible endoscopy. AJIC Am J
Infect Control 1994;22:19-38.



336 APIC Guideline

24,

25.

26.

27.

28.

29.

30.

31,

32.

33.

34,

35.

36.

37.

38.

40.

41.

42.

43.

Society of Gastroenterology Nurses and Associates. Rec-
ommended guidelines for infection control in gastrointes-
tinal endoscopy settings. Rochester, N.Y.: SGNA, 1990.
Lowry PW, Jarvis WR, Oberle AD, et al. Mycobacterium
chelonei causing otitis media in an ear-nose-and-throat
practice. N Engl J Med 1988;319:978-82.

Meenhorst PL, Reingold AL, Groothuis DG, et al. Water-
related nosocomial pneumonia caused by Legionella
pneumophila serogroups 1 and 10. J Infect Dis 1985;152:
356-64.

Gerding DN, Peterson LR, Vennes JA. Cleaning and
disinfection of fiberoptic endoscopes: evaluation of glu-
taraldehyde exposure time and forced-air drying. Gastro-
enterology 1982;83:613-8.

Alfa MJ, Sitter DL. In-hospital evaluation of contamina-
tion of duodenoscopes: a quantitative assessment of the
effect of drying. J Hosp Infect 1991;19:89-98.

Weber DJ, Rutala WA. Environmental issues and noso-
comial infections. In: Wenzel RP, ed. Prevention and
control of nosocomial infections. 2nd ed. Baltimore:
Williams and Wilkins, 1993:420-49.

Sattar SA, Lloyd-Evans N, Springthorpe VS. Institutional
outbreaks of rotavirus diarrhoea: potential role of fomites
and environmental surfaces as vehicles for virus trans-
mission. J Hyg 1986;96:277-89.

National Institute for Occupational Safety and Health.
Formaldehyde: evidence of carcinogenicity. NIOSH cur-
rent intelligence bulletin 34. DHEW (NIOSH) publication
no 81-111. Washington, DC: NIOSH, April 15 1981.
Occupational Safety and Health News. OSHA amends
formaldehyde standard. Sept. 1991:1.

Sarin PS, Scheer DI, Kross RD. Inactivation of human
T-cell lymphotropic retrovirus (HTLV-III) by LD [letter].
N Engl J Med 1985;313:1416.

Terleckyj B, Axler DA. Quantitative neutralization assay
of fungicidal activity of disinfectants. Antimicrob Agents
Chemother 1987;31:794-8.

Korich DG, Mead JR, Madore MS, Sinclair NA, Sterling
CR. Effects of ozone, chlorine dioxide, chlorine, and
monochloramine on Cryptosporidium parvum oocyst vi-
ability. Appl Environ Microbiol 1990;56:1423-8.

Russell AD. Bacterial spores and chemical sporicidal
agents. Clin Microbiol Rev 1990;3:99-119.

Mbithi JN, Springthorpe VS, Sattar SA. Chemical disin-
fection of hepatitis A virus on environmental surfaces.
Appl Environ Microbiol 1990;56:3601-4.

Klein M, DeForest A. The inactivation of viruses by
germicides. Chem Specialists Manuf Assoc Proc 1963;
49:116-8.

. Rutala WA, Cole EC, Wannamaker NS, Weber DIJ.

Inactivation of Mycobacterium tuberculosis and Myco-
bacterium bovis by 14 hospital disinfectants. Am J Med
1991;91(3B):267S-718S.

Isenberg HD, Giugliano ER, France K, Alperstein P.
Evaluation of three disinfectants after in-use stress.
J Hosp Infect 1988;11:278-85.

Cole EC, Rutala WA, Nessen L, Wannamaker NS, Weber
DJ. Effect of methodology, dilution, and exposure time on
the tuberculocidal activity of glutaraldehyde-based disin-
fectants. App! Environ Microbiol 1990;56:1813-7.

Best M, Sattar SA, Springthorpe VS, Kennedy ME.
Efficacies of selected disinfectants against Mvcobacte-
rium tuberculosis. J Clin Microbiol 1990;28:2234-9.
Power EGM, Russell AD. Sporicidal action of alkaline

44.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

AJIC
August 1996

glutaraldehyde: factors influencing activity and a com-
parison with other aldehydes. J Appl Bacteriol 1990;69:
261-8.

Best M, Kennedy ME, Coates F. Efficacy of a variety of

disinfectants against Listeria spp. Appl Environ Micro-
biol 1990;56:377-80.

. Tyler R, Ayliffe GAJ, Bradley C. Virucidal activity of

disinfectants: studies with the poliovirus. J Hosp Infect
1990;15:339-45.

Rutala WA, Gergen MF, Weber DJ. Inactivation of
Clostridium difficile spores by disinfectants. Infect Con-
trol Hosp Epidemiol 1993;14:36-9.

Rutala WA, Gergen MF, Weber DJ. Sporicidal activity of
chemical sterilants used in hospitals. Infect Control Hosp
Epidemiol. 1993;14:713-8.

Ascenzi JM, Ezzell RJ, Wendt TM. A more accurate
method for measurement of tuberculocidal activity of
disinfectants. Appl Environ Microbiol 1987;53:2189-92.
Collins FM. Use of membrane filters for measurement of
mycobactericidal activity of alkaline glutaraldehyde so-
lution. Appl Environ Microbiol 1987;53:737-9.

Collins FM. Bactericidal activity of alkaline glutaralde-
hyde solution against a number of atypical mycobacterial
species. J Appl Bacteriol 1986;61:247-51.

Collins FM. Kinetics of the tuberculocidal response by
alkaline glutaraldehyde in solution and on an inert
surface. J Appl Bacteriol 1986;61:87-93.

Crow S, Metcalf RW, Beck WC, Birnbaum D. Disinfec-
tion or sterilization? four views on arthroscopes. AORN J
1983;37:854-68.

Phillips J, Hulka B, Hulka J, Keith D, Keith L. Laparo-
scopic procedures: the American Association of Gyneco-
logic Laparoscopists’ membership survey for 1975. J Re-
prod Med 1977;18:227-32.

Loffer FD. Disinfection vs sterilization of gynecologic
laparoscopy equipment: the experience of the Phoenix
Surgicenter. J Reprod Med 1980;25:263-6.

Johnson LL, Shneider DA, Austin MD, Goodman FG,
Bullock JM, DeBruin JA. Two percent glutaraldehyde: a
disinfectant in arthroscopy and arthroscopic surgery.
J Bone Joint Surg [Am] 1982;64:237-9.

Miles RS. What standards should we use for the disin-
fection of large equipment? J Hosp Infect 1991;18(Suppl
A):264-73.

Centers for Disease Control. Recommendations for pre-
venting possible transmission of human T-lymphotropic
virus type III/lymphadenopathy-associated virus from
tears. MMWR 1985;34:533-4,

Lettau LA, Bond WW, McDougal JS. Hepatitis and
diaphragm fitting. JAMA 1985;254:752.

Spach DH, Silverstein FE, Stamm WE. Transmission of
infection by gastrointestinal endoscopy and bronchos-
copy. Ann Intern Med 1993;118:117-28.

Kaczmarek RG, Moore RM, McCrohan J, et al. Multi-state
investigation of the actual disinfection/sterilization of
endoscopes in health care facilities. Am J Med 1992;92:
257-61.

Alvarado CJ, Stolz SM, Maki DG. Nosocomial infections
from contaminated endoscopes: a flawed automated
endoscope washer: an investigation using molecular
epidemiology. Am J Med 1991;91(Suppl 3B):272S-80S.
Fraser VJ, Jones M, Murray PR, Medoff G, Zhang Y,
Wallace RJ Jr. Contamination of flexible fiberoptic bron-
choscopes with Mycobacterium chelonei linked to an



AJIC
Volume 24, Number 4

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

automated bronchoscope disinfection machine. Am Rev
Respir Dis 1992;145:853-5.

Dwyer DM, Klein EG, Istre GR, Robinson MG, Neumann
DA, McCoy GA. Salmonella newport infections transmit-
ted by fiberoptic colonoscopy. Gastrointest Endosc 1987;
33:84-7.

Wheeler PW, Lancaster D, Kaiser AB. Bronchopulmo-
nary cross-colonization and infection related to mycobac-
terial contamination of suction valves of bronchoscopes.
J Infect Dis 1989;159:954-8.

Bond WW. Virus transmission via fiberoptic endoscope:
recommended disinfection. JAMA 1987;257:843-4.
Lynch DAF, Porter C, Murphy L, Axon ATR. Evaluation of
four commercial automatic endoscope washing ma-
chines. Endoscopy 1992;24:766-70.

Bond WW, Ott BJ, Franke KA, McCracken JE. Effective
use of liquid chemical germicides on medical devices:
instrument design problems. In: Block SS, ed. Disinfec-
tion, sterilization, and preservation. 4th ed. Philadelphia:
Lea & Febiger, 1991:1097-106.

Working Party of the British Society of Gastroenterology.
Cleaning and disinfection of equipment for gastrointes-
tinal flexible endoscopy; interim recommendations of a
Working Party of the British Society of Gastroenterology.
Gut 1988;29:1134-51.

American Society for Gastrointestinal Endoscopy Posi-
tion Statement. Reprocessing of flexible gastrointestinal
endoscopes. Manchester, Mass. Dec. 1995.

Hanson PJV, Gor D, Jeffries DJ, Collins JV. Elimination
of high titre HIV from fibreoptic endoscopes. Gut 1990;
31:657-9.

Hanson PJV, Gor D, Clarke JR, et al. Recovery of the
human immunodeficiency virus from fibreoptic broncho-
scopes. Thorax 1991;46:410-2.

Hanson PJV, Jeffries DJ, Collins JV. Viral transmission
and fibreoptic endoscopy. J Hosp Infect 1991;18(Suppl
A):136-40.

Vesley D, Norlien KG, Nelson B, Ott B, Streifel AJ.
Significant factors in the disinfection and sterilization of
flexible endoscopes. AJIC Am J Infect Control 1992;20:
291-300.

Babb JR, Bradley CR. Endoscope decontamination:
where do we go from here? J Hosp Infection 1995;30:
543-51.

Ad Hoc Committee on Infection Control in the Handling
of Endoscopic Equipment. Guidelines for preparation of
laparoscopic instrumentation. AORN J 1980;32:65,66,
70,74,76. .

Hulka JF, Wisler MG, Bruch C. A discussion: laparo-
scopic instrument sterilization. Med Instrumentation
1977;11:122-3.

Corson SL, Block S, Mintz C, Dole M, Wainwright A.
Sterilization of laparoscopes: is soaking sufficient? J Re-
prod Med 1979;23:49-56.

Corson SL, Dole M, Kraus R, Richards L, Logan B.
Studies in sterilization of the laparoscope: 1I. J Reprod
Med 1979;23:57-9.

Craven ER, Butler SL, McCulley JP, Luby JP. Applanation
tonometer tip sterilization for adenovirus type 8. Oph-
thalmology 1987;94:1538-40.

American Academy of Ophthalmology. Updated recom-
mendations for ophthalmic practice in relation to the
human immunodeficiency virus and other infectious
agents. San Francisco: AAO, June 1992.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100

APIC Guideline 337

Pepose JS, Linette G, Lee SF, MacRae S. Disinfection of
Goldmann tonometers against human immunodeficiency
virus type 1. Arch Ophthalmol 1989;107:983-5.

Ventura LM, Dix RD. Viability of herpes simplex virus
type 1 on the applanation tonometer. Am J Ophthalmol
1987;103:48-52.

Koo D, Bouvier B, Wesley M, Courtright P, Reingold A.
Epidemic keratoconjunctivitis in a university medical
center ophthalmology clinic; need for re-evaluation of the
design and disinfection of instruments. Infect Control
Hosp Epidemiol 1989;10:547-52.

Jernigan JA, Lowry BS, Hayden FG, et al. Adenovirus
type 8 epidemic keratoconjunctivitis in an eye clinic: risk
factors and control. J Infect Dis 1993;167:1307-13.
Lewis DL, Arens M, Appleton SS, et al. Cross-contami-
nation potential with dental equipment. Lancet 1992;340:
1252-4.

Lewis DL, Boe RK. Cross-infection risks associated with
current procedures for using high-speed dental hand-
pieces. J Clin Microbiol 1992;30:401-6.

American Dental Association. Infection control recom-
mendations for the dental office and the dental labora-
tory. ¥ Am Dent Assoc 1992;123:1-8.

Centers for Disease Control and Prevention. Recom-
mended Infection-Control Practices for Dentistry, 1993.
MMWR 1993;41(RR-8):1-12.

Department of Health and Human Services, Food and
Drug Administration. Dental handpiece sterilization.
Washington, DC: FDA, Sep 28 1992.

Miller CH. Cleaning, sterilization and disinfection: Ba-
sics of microbial killing for infection control. J Am Dent
Assoc 1993;124:48-56.

Molinari JA, Gleason MJ, Cottone JA, Barrett ED.
Comparison of dental surface disinfectants. Gen Dent
1987;May-June:171-5.

Bond WW, Favero MS, Petersen NJ, Ebert JW. Inactiva-
tion of hepatitis B virus by intermediate-to-high-
level disinfectant chemicals. J Clin Microbiol 1983;18:
535-8. ,
Kobayashi H, Tsuzuki M, Koshimizu K, et al. Suscepti-
bility of hepatitis B virus to disinfectants or heat. J Clin
Microbiol 1984;20:214-6.

Spire B, Montagnier L, Barre-Sinoussi F, Chermann JC.
Inactivation of lymphadenopathy associated virus by
chemical disinfectants. Lancet 1984;8408:899-901.
Martin LS, McDougal JS, Loskoski SL. Disinfection and
inactivation of the human T lymphotropic virus type
11}/lymphadenopathy-associated virus. J Infect Dis 1985;
152:400-3.

Resnick L, Veren K, Salahuddin SZ, Tondreau S,
Markham PD. Stability and inactivation of HTLV-III/LAV
under clinical and laboratory environments. JAMA 1986;
255:1887-91.

Centers for Disease Control. Recommendations for pre-
vention of HIV transmission in health-care settings.
MMWR 1987;36(Suppl):S3-18.

Prince DL, Prince RN, Prince HN. Inactivation of human
immunodeficiency virus type 1 and herpes simplex virus
type 2 by commercial hospital disinfectants. Chem Times
Trends 1990;13:13-6.

Sattar SA, Springthorpe VS. Survival and disinfectant
inactivation of the human immunodeficiency virus: a
critical review. Rev Infect Dis 1991;13:430-47.

. Kaplan JC, Crawford DC, Durno AG, Schooley RT.



338 APIC Guideline

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111,

112,

113.

114,

115.

116.

117.

118.

119.

Inactivation of human immunodeficiency virus by Beta-
dine. Infect Control 1987;8:412-4.

Hanson PJV, Gor D, Jeffries DJ, Collins JV. Chemical
inactivation of HIV on surfaces. Br Med J 1989;298:
862-4.

Hanson PJV, Chadwick MV, Gaya H, Collins JV. A study
of glutaraldehyde disinfection of fibreoptic broncho-
scopes experimentally contaminated with Mpycobacte-
rium tuberculosis. J Hosp Infect 1992;22:137-42.
Prince DL, Prince HN, Thraenhart O, Muchmore E,
Bonder E, Pugh J. Methodological approaches to disin-
fection of human hepatitis B virus. J Clin Microbiol
1993;31:3296-304.

Reynolds CD, Rhinehart E, Dreyer P, Goldmann DA.
Variability in reprocessing policies and procedures for
flexible fiberoptic endoscopes in Massachusetts hospitals.
AJIC Am J Infect Control 1992;20:283-90.

Handsfield HH, Cummings MJ, Swenson PD. Prevalence
of antibody to human immunodeficiency virus and
hepatitis B surface antigen in blood samples submitted to
a hospital laboratory: implications for handling speci-
mens. JAMA 1987;258:3395-7.

Baker JL, Kelen GD, Sivertson KT, Quinn TC. Unsus-
pected human immunodeficiency virus in critically ill
emergency patients. JAMA 1987;257:2609-11.

Kelen GD, Fritz S, Qaqish B, et al. Unrecognized human
immunodeficiency virus infection in emergency depart-
ment patients. N Engl J Med 1988;318:1645-50.

Kaatz GW, Gitlin SD, Schaberg DR, et al. Acquisition of
Clostridium difficile from the hospital environment. Am J
Epidemiol 1988;127:1289-94.

McFarland LV, Mulligan ME, Kwok RYY, Stamm WE.
Nosocomial acquisition of Clostridium difficile infection.
N Engl J Med 1989;320:204-10.

Hughes CE, Gebhard RL, Peterson LR, Gerding DN.
Efficacy of routine fiberoptic endoscope cleaning and
disinfection for killing Clostridium difficile. Gastrointest
Endosc 1986;32:7-9.

Dyas A, Das BC. The activity of glutaraldehyde against
Clostridium difficile. J Hosp Infect 1985;6:41-5.

Brown P, Gibbs CJ, Amyx HL, et al. Chemical disinfection
of Creutzfeldt-Jakob disease virus. N Engl J Med 1982;
306:1279-81.

Steelman VM. Creutzfeld-Jakob disease: recommenda-
tions for infection control. AJIC Am J Infect Control
1994;22:312-8.

Geertsma RE, van Asten JAAM. Sterilization of prions:
requirements, implications, complications. J European
Steril (in press).

Taylor DM. Inactivation of the unconventional agents of
scrapie, bovine spongiform encephalopathy and Creutz-
feldt-Jakob disease. J Hosp Infect 1991;18(Suppl A):
141-6.

Rohwer RG. Scrapie infectious agent is virus-like in size
and susceptibility to inactivation. Nature 1984;308:658-
62.

Brown P, Rohwer RG, Gajdusek DC. Sodium hydroxide
decontamination of Creutzfeldt-Jakob disease virus [let-
ter]. N Engl J Med 1984;310:727.

American Neurological Association. Precautions in han-
dling tissues, fluids, and other contaminated materials
from patients with documented or suspected Creutzfeldt-
Jakob disease. Ann Neurol 1986;19:75-7.

Brown P, Rohwer RG, Gajdusek DC. Newer data on the

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

AJIC
August 1996

inactivation of scrapie virus or Creutzfeldt-Jakob disease
virus in brain tissue. J Infect Dis 1986;153:1145-8.
Tamai Y, Taguchi F, Miura S. Inactivation of the
Creutzfeld-Jakob disease agent. Ann Neurol 1988;24:
466-7.

Taguchi F, Tamai Y, Uchida K, et al. Proposal for a
procedure for complete inactivation of the Creutz-
feldt-Takob disease agent. Arch Virol 1991;119:297-301.
Kimberlin RH, Walker CA, Millson GC, et al. Disinfection
studies with two strains of mouse-passaged scrapie agent:
guidelines for Creutzfeldt-Jakob and related agents.
J Neurol Sciences 1983;59:355-69.

Brown P, Wolff A, Gajdusek DC. A simple and effective
method for inactivating virus infectivity in formalin-fixed
tissue samples from patients with Creutzfeldt-Jakob
disease. Neurology 1990;40:887-90.

Occupational Safety and Health Administration. Occu-
pational exposure to bloodborne pathogens; final rule.
Federal Register 1991;56:64003-182.

Occupational Safety and Health Administration. OSHA
instruction CPL 2-2.44C. Washington, DC: Office of
Health Compliance Assistance, Mar. 6 1992.
Chataigner D, Garnier R, Sans S, Efthymiou ML. Acute
accidental poisoning with a hospital disinfectant: 45
cases, 13 deaths. Presse Med 1991;20:741-3.

Hess JA, Molinari JA, Gleason MJ, Radecki C. Epidermal
toxicity of disinfectants. Am J Dent 1991;4:51-6.

Rutala WA. Selection and use of disinfectants in health
care. In: Mayhall CG, ed. Hospital epidemiology and
infection control. Baltimore: Williams and Wilkins 1996:
913-36.

Nystrom B. New technology for sterilization and disin-
fection. Am J Med 1991;91(suppl 3B):264S-266S.
Daschner F. The hospital and pollution: role of the
hospital epidemiologist in protecting the environment.
In: Wenzel RP, ed. Prevention and control of nosocomial
infections. 2nd ed. Baltimore: Williams and Wilkins,
1993:993-1000.

Brumfitt W, Dixson S, Hamilton-Miller JMT. Resistance
to antiseptics in methicillin and gentamicin resistant
Staphylococcus aureus. Lancet 1985;1:1442-3.
Al-Masaudi SB, Day MF, Russell AD. Sensitivity of
methicillin-resistant Staphylococcus aureus strains to
some antibiotics, antiseptics and disinfectants. J Appl
Bacteriol 1988;65:329-37.

Townsend DE, Ashdown N, Greed LC, Grubb WB.
Analysis of plasmids mediating gentamicin resistance in
methicillin-resistant Staphylococcus aureus. J Antimi-
crob Chemother 1984;13:347-52.

Townsend DE, Greed L, Ashdown N, Grubb WB. Plas-
mid-mediated resistance to quaternary ammonium com-
pounds in methicillin-resistant Staphylococcus aureus.
Med J Australia 1983:ii:310.

Townsend DE, Ashdown N, Greed LC, Grubb WB.
Transposition of gentamicin resistance to staphylococcal
plasmids encoding resistance to cationic agents. J Anti-
microb Chemother 1984;14:115-24.

Tennant JM, Lyon BR, Gillespie MT, May JW, Skurray
RA. Cloning and expression of Staphylococcus aureus
plasmid-mediated quaternary ammonium resistance in
Escherichia coli. Antimicrob Agents Chemother 1985;27:
79-83.

Tennant JM, Lyon BR, Midgley M, Jones IG, Purewal AS,
Skurray RA. Physical and biochemical characterization



AJIC

Volume 24, Number 4

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149,

150.

151.

152.

153.

154.

155.

156.

157.

of the gacA gene encoding antiseptic and disinfectant
resistance in Staphylococcus aureus. J Gen Microbiol
1989;135:1-10.

Ahonkhai I, Russell AD. Response of RP1* and RP1~
strains of Escherichia coli to antibacterial agents and
transfer of resistance to Pseudomonas aeruginosa. Cur-
rent Microbiol 1979;3:89-94.

Kaulfers PM, Laufs R. Transmissible formaldehyde re-
sistance in Serratia marcescens. Zbl Bakt Hyg I Abt Orig
B 1985;181:309-19.

Sutton L, Jacoby GA. Plasmid-determined resistance to
hexachlorophene in Pseudomonas aeruginosa. Antimi-
crob Agents Chemother 1978;13:634-6.

Rutala WA, Stiegel MM, Sarubbi FA, Weber DIJ. Ineffec-
tiveness of disinfectants against hospital strains of bac-
teria. Infect Control Hosp Epidemiol (in press).
Anderson RL, Carr JH, Bond WW, Favero MS. Suscep-
tibility of vancomycin-resistant enterococci to various
hospital disinfectants. In: Abstracts of the 95th General
Meeting of the American Society for Microbiology 1995.
American Society for Microbiology, Washington, D.C.,
1995:424.

Best M. Development of a combined carrier test for
disinfectant efficacy. Ottawa, Ontario: University of Ot-
tawa; 1994. Thesis.

Favero MS. Discussion. In: Chemical germicides in
health care. Rutala WA, ed. Quebec: Polyscience Publi-
cations, 1995:84.

Hansen KS. Occupational dermatoses in hospital clean-
ing women. Contact Dermatitis 1983;9:343-51.

Melli MC, Giorgini S, Sertoli A. Sensitization from
contact with ethyl alcohol. Contact Dermatitis 1986;14:
315.

Spaulding EH. Alcohol as a surgical disinfectant. AORN
J 1964;2:67-71.

Morton HE. The relationship of concentration and
germicidal efficiency of ethyl alcohol. Ann NY Acad Sci
1950;53:191-6.

Coulthard CE, Sykes G. The germicidal effect of alcohol
with special reference to its action on bacterial spores.
Pharm J 1936;137:79-31.

Smith CR. Alcohol as a disinfectant against the tubercle
bacillus. Public Health Rep 1947;62:1285-95.

Kruse RH, Green TD, Chambers RC, Jones MW. Disin-
fection of aerosolized pathogenic fungi on laboratory
surfaces:I —tissue phase. Appl Microbiol 1963;11:436-
45.

Kruse RH, Green TD, Chambers RC, Jones MW. Disin-
fection of aerosolized pathogenic fungi on laboratory
surfaces:I1— culture phase. Appl Microbiol 1964;12:155-
60.

Kurtz JB, Lee TW, Parsons AJ. The action of alcohols on
rotavirus, astrovirus and enterovirus. J Hosp Infect
1980;1:321-5.

Connor CG, Hopkins SL, Salisbury RD. Eftectmty of
contact lens disinfection systems against Acanthamoeba
culbertsoni. Optom Vis Sci 1991;68:138-41.

Nye RN, Mallory TB. A note on the fallacy of using alcohol
for the sterilization of surgical instruments. Boston Med
Surg J 1923;189:561-3.

Sommermeyer L, Frobisher M. Laboratory studies on
disinfection of rectal thermometers. Nurs Res 1953;2:
85-9.

Frobisher M, Sommermeyer L, Blackwell MJ. Studies on

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

176.

177.

APIC Guideline 339

disinfection of clinical thermometers:I —oral thermom-
eters. Appl Microbiol 1953;1:187-94.

. BabbJR, Bradley CR, Deverill CEA, Ayliffe GAJ, Melikian

V. Recent advances in the cleaning and disinfection of
fiberscopes. J Hosp Infect 1981;2:329-40.

Garcia de Cabo A, Larriba PLM, Pinilla JC, Sanz FG. A
new method of disinfection of the flexible fibrebroncho-
scope. Thorax 1978;33:270-2.

Weber DJ, Wilson MB, Rutala WA, Thomann CA. Manual
ventilation bags as a source for bacterial colonization
of intubated patients. Am Rev Respir Dis 1990;142:
892-4.

Cavagnola RZ. Brief report: inactivation of herpesvirus
on CPR manikins utilizing a currently recommended
disinfecting procedure. Infect Control 1985;6:456-8.
Talbot GH, Skros M, Provencher M. 70% alcohol disin-
fection of transducer heads: experimental trials. Infect
Control 1985;6:237-9.

Platt R, Lehr JL, Marino S, Munoz A, Nash B, Raemer
DB. Safe and cost-effective cleaning of pressure moni-
toring transducers. Infect Control Hosp Epidemiol 1988;
9:409-16.

Beck-Sague CM, Jarvis WR. Epidemic bloodstream
infections associated with pressure transducers: a per-
sistent problem. Infect Control Hosp Epidemiol 1989;10:
54-9.

Chronister CL, Russo P. Effects of disinfecting solutions
on tonometer tips. Optom Vis Sci 1990;67:818-21.
Lingel NJ, Coffey B. Effects of disinfecting solutions
recommended by the Centers for Disease Control on
Goldmann tonometer biprisms. J Am Optom Assoc
1992;63:43-8.

Soukiasian SH, Asdourian GK, Weiss JS, Kachadoorian
HA. A complication from alcohol-swabbed tonometer
tips. Am J Ophthalmol 1988;105:424-5.

Hoffman PN, Death JE, Coates D. The stability of sodium
hypochlorite solutions. In: Collins CH, Allwood MC,
Bloomfield SF, Fox A, eds. Disinfectants: their use and
evaluation of effectiveness. London: Academic Press,.
1981:77-83.

Dychdala GR. Chlorine and chlorine compounds. In:
Block SS, ed. Disinfection, sterilization and preservation.
4th ed. Philadelphia: Lea & Febiger, 1991:131-51.
Gamble MR. Hazard: formaldehyde and hypochlorites.
Lab Anim 1977;11:61.

Coates D. Comparison of sodium hypochlorite and
sodium dichloroisocyanurate disinfectants: neutraliza-
tion by serum. J Hosp Infect 1988;11:60-7.

Coates D. A comparison of sodium hypochlorite and
sodium dichloroisocyanurate products. J Hosp Infect
1985;6:31-40.

Coates D, Wilson M. Use of sodium dichloroisocyanurate
granules for spills of body fluids. J Hosp Infect 1989;13:
241-51.

Bloomfield SF, Uso EE. The antibacterial properties of
sodium hypochlorite and sodium dichloroisocyanurate as
hospital disinfectants. J Hosp Infect 1985;6:20-30.

5. Lee DH, Miles RJ, Perry BF. The mycoplasmacidal

properties of sodium hypochlorite. J Hyg Camb 1985;95:
243-53.

Williams ND, Russell AD. The effects of some halogen-
containing compounds on Bacillus subtilis endospores.
J Appl Bacteriol 1991;70:427-36.

Centers for Disease Control. Bacteremia associated with



340 APIC Guideline

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194,

195.

196.

197.

reuse of disposable hollow-fiber hemodialyzers. MMWR
1986;35:417-8.

Centers for Disease Control. Acquired immune deficiency
syndrome (AIDS): precautions for clinical and laboratory
staffs. MMWR 1982;31:577-80.

Garner JS, Simmons BP. Guideline for isolation precau-
tions in hospitals. Infect Control 1983;4:245-325,
Bloomfield SF, Miller EA. A comparison of hypochlorite
and phenolic disinfectants for disinfection of clean and
soiled surfaces and blood spillages. J Hosp Infect 1989;
13:231-9.

Recommendations for decontaminating manikins used
in cardiopulmonary resuscitation training 1983 update.
Infect Control 1984;5:399-401.

Centers for Disease Control and Prevention. Use of bleach
for disinfection of drug injection equipment. MMWR
1993;42:418-9.

Shapshak P, McCoy CB, Rivers JE, et al. Inactivation of
human immunodeficiency virus-1 at short time intervals
using undiluted bleach. J Acquir Immune Defic Syndr
1993;6:218-9.

Helms CM, Massanari RM, Zeitler R, et al. Legionnaires’
disease associated with a hospital water system: a cluster
of 24 nosocomial cases. Ann Intern Med 1983;99:172-8.
Steve L, Goodhart P, Alexander J. Hydrotherapy burn
treatment: use of chloramine-T against resistant micro-
organisms. Arch Phys Med Rehabil 1979;60:301-3.
Turner AG, Higgins MM, Craddock JG. Disinfection of
immersion tanks (Hubbard) in a hospital burn unit. Arch
Environ Health 1974;28:101-4.

Rutala WA, Cole EC, Thomann CA, Weber DJ. Stability
and bactericidal activity of chlorine solutions. Infect
Control Hosp Epidemiol (in press).

Tulis JJ. Formaldehyde gas as a sterilant. In: Phillips GB,
Miller WS, eds. Industrial sterilization. Durham: Duke
University Press, 1972:209-38.

Rubbo SD, Gardner JF, Webb RL. Biocidal activities of
glutaraldehyde and related compounds. J Appl Bacteriol
1967;30:78-87.

Emmons CW. Fungicidal action of some common disin-
fectants on two dermatophytes. Arch Dermatol Syph
1933;28:15-21.

McCulloch EC, Costigan S. A comparison of the efficiency
of phenol, liquor cresolis, formaldehyde, sodium hy-
pochlorite and sodium hydroxide against Eberthella typhi
at various temperatures. J Infect Dis 1936;59:281-4,
National Institute for Occupational Safety and Health.
NIOSH report: formaldehyde exposures in dialysis units.
Dialysis Transplant 1983;12:43-4.

Centers for Disease Control. Occupational exposures to
formaldehyde in dialysis units. MMWR 1986;35(24):399-
401.

Centers for Disease Control. Formaldehyde exposures in
a gross anatomy laboratory - Colorado. MMWR 1983;
31(52):698-700.

Tokars J1I, Alter MJ, Favero JS, Moyer LA, Miller E, Bland
LE. National surveillance of dialysis associated diseases
in the United States, 1992. ASAIO J 1994:40:1020-31.
Favero MS, Altar MJ, Bland LA. Dialysis-associated
disease and their control. In: Bennett JV, Brachman PS,
eds. Hospital infections. 3rd ed. Boston: Little, Brown
and Company, 1992:375-403.

Bland LA, Favero MS. Microbial contamination control
strategies for hemodialysis systems. In: Plant, technology

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

21s.

216.

AJIC
August 1996

and safety management series: infection control issues in
PTSM. Chicago: Joint Commission on Accreditation of
Healthcare Organizations, Feb. 1990,

Boucher RMG. Potentiated acid 1,5 pentanedial solu-
tion—a new chemical sterilizing and disinfecting agent.
Am J Hosp Pharm 1974;31:546-57.

Miner NA, McDowell JW, Willcockson GW, Bruckner NI,
Stark RL, Whitmore EJ. Antimicrobial and other prop-
erties of a new stabilized alkaline glutaraldehyde
disinfectant/sterilizer. Am J Hosp Pharm 1977;34:376-
82.

Pepper RE. Comparison of the activities and stabilities of
alkaline glutaraldehyde sterilizing solutions. Infect Con-
trol 1980;1:90-2.

Leach ED. A new synergized glutaraldehyde-phenate
sterilizing solution and concentrated disinfectant. Infect
Control 1981;2:26-30.

Miner NA, Ross C. Clinical evaluation of ColdSpor, a
glutaraldehyde-phenolic disinfectant. Respir Care 1991;
36:104-9.

Babb JR, Bradley CR, Ayliffe GAJ. Sporicidal activity of
glutaraldehydes and hypochlorites and other factors
influencing their selection for the treatment of medical
equipment. J Hosp Infect 1980;1:63-75.

Collins FM, Montalbine V. Mycobactericidal activity of
glutaraldehyde solutions. J Clin Microbiol 1976;4:408-
12.

Masferrer R, Marquez R. Comparison of two activated
glutaraldehyde solutions: Cidex Solution and Sonacide.
Respir Care 1977;22:257-62.

Scott EM, Gorman SP. Glutaraldehyde. In: Block SS, ed.
Disinfection, sterilization and preservation. 4th ed. Phila-
delphia: Lea & Febiger 1991:596-614.

Stonehill AA, Krop S, Borick PM. Buffered glutaralde-
hyde—a new chemical sterilizing solution. Am J Hosp
Pharm 1963;20:458-65.

Borick PM, Dondershine FH, Chandler VL. Alkalinized
glutaraldehyde, a new antimicrobial agent. J Pharm Sci
1964;53:1273-5. ’
van Klingeren B, Pullen W. Glutaraldehyde resistant
mycobacteria from endoscope washers. J Hosp Infect
1993;25:147-9.

Holton J, Nye P, McDonald V. Efficacy of selected
disinfectants against Mycobacteria and Cryptosporidia.
J Hosp Infection 1994;27:105-15.

Casemore DP. Cleaning and disinfection of equipment
for gastrointestinal flexible endoscopy: interim recom-
mendations of a Working Party of the British Society of
Gastroenterology. Gut 1989;30:1156-9.

Townsend TR, Wee SB, Koblin B. An efficacy evaluation
of a synergized glutaraldehyde-phenate solution in dis-
infecting respiratory therapy equipment contaminated
during patient use. Infect Control 1982;3:240-3.

Husni L, Kale E, Climer C, Bostwick B, Parker TF.
Evaluation of a new disinfectant for dialyzer reuse. Am J
Kidney Dis 1989;14:110-8.

Rutala DR, Rutala WA, Weber DJ, Thomann CA. Infection
risks associated with spirometry. Infect Control Hosp
Epidemiol 1991;12:89-92.

Petersen NJ, Carson LA, Doto IL, Aguero SM, Favero MS.
Microbiologic evaluation of a new glutaraldehyde-based
disinfectant for hemodialysis systems. Trans Am Soc Artif
Intern Organs 1982;28:287-90.

Mbithi JN, Springthorpe VS, Sattar SA, Pacquette M.



AJIC
Volume 24, Number 4

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

2217.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237

Bactericidal, virucidal, and mycobactericidal activities of
reused alkaline glutaraldehyde in an endoscopy unit.
J Clin Microbiol 1993;31:2988-95.

Leong D, Dorsey C, Klapp M. Dilution of glutaraldehyde
by automatic endoscope machine washers: the need fora
quality control program [Abstract]. AJIC Am J Infect
Control 1987;15:86.

Kotilainen HR, Zanoli C, Lai KK. Glutaraldehyde con-
centration in automatic endoscope washers and moni-
toring systems [Abstract]. AJIC Am J Infect Control
1993;21:82.

Power EGM, Russell AD. Assessment of “cold Sterilog
glutaraldehyde monitor.” J Hosp Infect 1988;11:376-80.
Castelli M, Qizilbash A, Seaton T. Post-colonoscopy
proctitis [Abstract]. Am J Gastroenterol 1986;81:887.
Dailey JR, Parnes RE, Aminlari A. Glutaraldehyde kera-
topathy. Am J Ophthalmol 1993;115:256-8.

Association for the Advancement of Medical Instrumen-
tation. Safe use and handling of glutaraldehyde-based
products in health care facilities. Arlington, VA. Novem-
ber 1995.

Wiggins P, McCurdy SA, Zeindenberg W. Epistaxis due to
glutaraldehyde exposure. J Occup Med 1989;31:854-6.
Occupational Health Services. Material safety data sheet.
New York: OHS, Apr. 14 1992.

Occupational Safety and Health Administration. Air
contaminants; rule. Federal Register 1993;58:35338-51.
Rutala WA, Hamory BH. Expanding role of hospital
epidemiology: employee health—chemical exposure in
the health care setting. Infect Control Hosp Epidemiol
1989;10:261-6.

Occupational Safety and Health Administration. Air
contaminants. Federal Register 1989;54:2464.

Centers for Disease Control. Symptoms of irritation
associated with exposure to glutaraldehyde —Colorado.
MMWR 1987;36:190-1.

Nethercott JR, Holness DL, Page E. Occupational contact
dermatitis due to glutaraldehyde in health care workers.
Contact Dermatitis 1938;18:193-6.

Corrado OJ, Osman J, Davies RJ. Asthma and rhinitis
after exposure to glutaraldehyde in endoscopy units.
Hum Toxicol 1986;5:325-7.

Schaeffer AJ, Jones JM, Amundsen SK. Bactericidal
effect of hydrogen peroxide on urinary tract pathogens.
Appl Environ Microbiol 1980;40:337-40.

Mentel R, Schmidt J. Investigations on rhinovirus inac-
tivation by hydrogen peroxide. Acta Virol 1973;17:351-4.
Wardle MD and Renninger GM. Bactericidal effect of
hydrogen peroxide on spacecraft isolates. Appl Microbiol
1975;30:710-1.

Turner FJ. Hydrogen peroxide and other oxidant disin-
fectants. In: Block SS, ed. Disinfection, sterilization and
preservation. 3rd ed. Philadelphia: Lea & Febiger, 1983:
240-50.

Leaper S. Influence of temperature on the synergistic
sporicidal effect of peracetic acid plus hydrogen peroxide
on Bacillus subtilis SA22(NCA 72-52). Food Microbiol
1984;1:199-203.

Silvany RE, Dougherty JM, McCulley JP, Wood TS,
Bowman RW, Moore MB. The effect of currently avail-
able contact lens disinfection systems on Acanthamoeba
castellanii and Acanthamoeba polyphaga. Ophthalmol-
ogy 1990;97:286-90.

. Moore MB. Acanthamoeba keratitis and contact lens

238.

239.

240.

241.

242,

243,

244.

245.

246.

247.

248.

249.

250.

251.

252.

253.

254.

255.

256.

257.

APIC Guideline 341

wear: the patient is at fault. Cornea 1990;9(Suppl
1):833-5.

Judd PA, Tomlin PJ, Whitby JL, Inglis TCM, Robinson JS.
Disinfection of ventilators by ultrasonic nebulisation.
Lancet 1968;2:1019-20.

Levenson JE. Corneal damage from improperly cleaned
tonometer tips [Letter]. Arch Ophthalmol 1989;107:1117.
Maizels M, Schaeffer AJ. Decreased incidence of bacte-
riuria associated with periodic instillations of hydrogen
peroxide into the urethral catheter drainage bag. J Urol
1980;123:841-5.

Thompson RL, Haley CE, Searcy MA, et al. Catheter-
associated bacteriuria: failure to reduce attack rates
using periodic instillations of a disinfectant into urinary
drainage systems. JAMA 1984;251:747-51.

Jonas G, Mahoney A, Murray J, Gertler S. Chemical
colitis due to endoscope cleaning solutions: a mimic
of pseudomembranous colitis. Gastroenterol 1988;95:
1403-8. :

Bilotta JJ, Waye JD. Hydrogen peroxide enteritis: the
“snow white”’ sign. Gastrointest Endosc 1989;35:428-30.
Gottardi W. Iodine and iodine compounds. In: Block SS,
ed. Disinfection, sterilization and preservation. 4th ed.
Philadelphia: Lea & Febiger, 1991:152-66.

Craven DE, Moody B, Connolly MG, Kollisch NR,
Stottmeier KD, McCabe WR. Pseudobacteremia caused
by povidone-iodine solution contaminated with Pseu-
domonas cepacia. N Engl J Med 1981;305:621-3.
Berkelman RL, Lewin S, Allen JR, et al. Pseudobacter-
emia attributed to contamination of povidone-iodine with
Pseudomonas cepacia. Ann Intern Med 1981;95:32-6.
Parrott PL, Terry PM, Whitworth EN, et al. Pseudomonas
aeruginosa peritonitis associated with contaminated
poloxamer-iodine solution. Lancet 1982;2:683-5.
Favero MS. lodine—champagne in a tin cup. Infect
Control 1982;3:30-2.

Berkelman RL, Holland BW, Anderson RL. Increased
bactericidal activity of dilute preparations of povidone-
iodine solutions. J Clin Microbiol 1982;15:635-9.
Chang SL. Modern concept of disinfection. J Sanit Eng
Div Proc Am Soc Civ Eng 1971;689-705.

Wallbank AM, Drulak M, Poffenroth L, Barnes C, Kay C,
Lebtag I. Wescodyne: lack of activity against poliovirus in
the presence of organic matter. Health Lab Sci 1978;15:
133-7.

Sattar SA, Raphael RA, Lochnan H, Springthorpe VS.
Rotavirus inactivation by chemical disinfectants and
antiseptics used in hospitals. Can J Microbiol 1983;29:
1464-9.

Block SS. Peroxygen compounds. In: Block SS, ed.
Disinfection, sterilization and preservation. 4th ed. Phila-
delphia: Lea & Febiger, 1991:167-81.

Lensing HH, Oei HL. Investigations on the sporicidal and
fungicidal activity of disinfectants. Zentralbl Bakteriol
Hyg [B] 1985;181:487-95.

Fleming SJ, Foreman K, Shanley K, Mihrshahi R, Siskind
V. Dialyser reprocessing with renalin. Am J Nephrol
1991;11:27-31.

Held PJ, Wolfe RA, Gaylin DS, et al. Analysis of the
Association of Dialyzer Reuse Practices and Patient
Outcomes. Am J Kidney Dis 1994;23:692-708.

Crow S. Peracetic acid sterilization: a timely develop-
ment for a busy healthcare industry. Infect Control Hosp
Epidemiol 1992;13:111-3.



342

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

APIC Guideline

Bond WW. Biological indicators for a liquid chemical
sterilizer: a solution to the instrument reprocessing
problem? Infect Control Hosp Epidemiol 1993;14:309-
12.

Kralovic RC. Use of biological indicators designed for
steam or ethylene oxide to monitor a liquid chemical
sterilization process. Infect Control Hosp Epidemiol
1993;14:313-9.

Seballos RJ, Walsh AL, Mehta AC. Clinical evaluation of
a liquid chemical sterilization system for the flexible
bronchoscope. J Bronchology 2;1995:192-9.

Wallace CG, Agee PM, Demicco DD. Liquid chemical
sterilization using peracetic acid: an alternative ap-
proach to endoscope processing. ASAIO J 1995;41:151-4.
Bradley DR, Babb Jr, Ayliffe GAJ. Evaluation of the Steris
System 1 peracetic acid endoscope processor. J Hosp
Infection. 1995;29:143-51.

Holton J, Shetty N, McDonald V. Efficacy of 'Nu-Cidex
(0.35% peracetic acid) against mycobacteria and crypto-
sporidia. J Hosp Infect 1995;31:235-44.

Lynam PA, Babb Jr, Fraise AP. Comparison of the
mycobactericidal activity of 2% alkaline glutaraldehyde
and 'Nu-Cidex (0.35% peracetic acid). J Hosp Infect
1995;30:237-40.

Kahn G. Depigmentation caused by phenolic detergent
germicides. Arch Dermatol 1970;102:177-87.

Prindle RF. Phenolic compounds. In: Block SS, ed.
Disinfection, sterilization, and preservation. 3rd ed.
Philadelphia: Lea & Febiger, 1983:197-224.

Hegna IK. A comparative investigation of the bactericidal
and fungicidal effects of three phenolic disinfectants.
J Appl Bacteriol 1977;43:177-81.

Hegna IK. An examination of the effect of three phenolic
disinfectants on Mpycobacterium tuberculosis. J Appl
Bacteriol 1977;43:183-7.

Bergan T, Lystad A. Antitubercular action of disinfec-
tants. J Appl Bacteriol 1971;34:751-6.

Narang HK, Codd AA. Action of commonly used disin-
fectants against enteroviruses. J Hosp Infect 1983;4:209-
12.

Cole EC, Rutala WA, Samsa GP. Disinfectant testing
using a modified use-dilution method: collaborative
study. J Assoc Analytical Chemists 1988;71:1187-94.
Wysowski DK, Flynt JW, Goldfield M, Altman R, Davis AT.
Epidemic neonatal hyperbilirubinemia and use of a
phenolic disinfectant detergent. Pediatrics 1978;61:165-
70.

Doan HM, Keith L, Shennan AT. Phenol and neonatal
jaundice. Pediatrics 1979;64:324-5.

Plotkin SA, Austrian R. Bacteremia caused by Pseudonio-
nas sp. following the use of materials stored in solutions
of a cationic surface-active agent. Am J Med Sci 1958;
235:621-7.

Malizia WF, Gangarosa EJ, Goley AF. Benzalkonium
chloride as a source of infection. N Engl J Med 1960;
263:800-2.

Lee JC, Fialkow PJ. Benzalkonium chloride —source of
hospital infection with gram-negative bacteria. JAMA
1961;177:708-10.

2717.

278.

279.

280.

282.

283.

284.

285.

286.

287.

288.

289.

290.

291.

292.

293.

294.

AJIC
August 1996

Hardy PC, Ederer GM, Matsen JM. Contamination of
commercially packaged urinary catheter kits with the
Pseudomonad EO-1. N Engl J Med 1970;282:33-5.
Frank MJ, Schaffner W. Contaminated aqueous benzal-
konium chloride: an unnecessary hospital infection haz-
ard. JAMA 1976;236:2418-9.

Dixon RE, Kaslow RA, Mackel DC, Fulkerson CC,
Mallison GF. Aqueous quaternary ammonium antiseptics
and disinfectants: use and misuse. JAMA 1976;236:
2415-7.

Sautter RL, Mattman LH, Legaspi RC. Serratia marce-
scens meningitis associated with a contaminated benzal-
konium chloride solution. Infect Cont 1984;5:223-5.

- Nakashima AK, McCarthy MA, Martone WJ, Anderson

RL. Epidemic septic arthritis caused by a Serratia
marcescens and associated with a benzalkonium chloride
antiseptic. J Clin Microbiol 1987;25:1014-8.

Shickman MD, Guze LB, Pearce ML. Bacteremia follow-
ing cardiac catheterization. N Engl J Med 1959;260:
1164-6.

Ehrenkranz NJ, Bolyard EA, Wiener M, Cleary TJ.
Antibiotic-sensitive Serratia marcescens infections com-
plicating cardiopulmonary operations: contaminated
disinfectant as a reservoir. Lancet 1980;2:1289-92.
Rutala WA, Cole EC. Antiseptics and disinfectants —safe
and effective? Infect Control 1984;5:215-8.

Sykes G. Disinfection and sterilization. 2nd ed. London:
E. & F.N. Spon, Ltd., 1965:362-76.

Petrocci AN. Surface active agents: quaternary ammo-
nium compounds. In: Block S8, ed. Disinfection, steril-
ization, and preservation. 3rd ed. Philadelphia: Lea &
Febiger, 1983:309-29.

Smith CR, Nishihara H, Golden F, Hoyt A, Guss CO,
Kloetzel MC. The bactericidal effect of surface-active
agents on tubercle bacilli. Public Health Rep 1950;48:
1588-600.

Alfa MJ, Sitter DL. In-hospital evaluation of orthophthal-
dehyde as a high level disinfectant for flexible endo-
scopes. J Hosp Infect 1994;26:15-26. .
Schneider PM. Low-temperature sterilization alterna-
tives in the 1990s. Tappi Journal 3424;77:115-9.
Environmental Protection Agency. Protection of strato-
spheric ozone; Proposed Rule. Federal Register. May 12,
1993.

Rutala WA, Weber, DJ. Low-temperature sterilization
technologies: do we need to redefine “sterilization’?
Infect Control Hosp Epidemiol 1996;17:87-91.

Gross D. Ethylene oxide sterilization and alternative
methods. Surgical Services Management 1995;1:16-7.
Holler C, Martiny H, Barbel C, Ruden H, and Gunder-
mann K. The efficacy of low temperature plasma (LTP)
sterilization, a new sterilization technique. Zbl Hyg.
1993;194:380-91.

Alfa MJ, DeGagne P, Olson N, Puchalski T. Comparison
of ion plasma, vaporized hydrogen peroxide and 100%
ethylene oxide sterilizers to the 12/88 ethylene oxide gas
sterilizer. Infect Control Hosp Epidemiol 1996;17:92-9.



	APIC guideline for selection and use of disinfectants
	Introduction
	Definitions
	A Rational Approach to Disinfection and Sterilization
	Spaulding Classification
	Critical Items
	Semicritical Items
	Noncritical Items

	Changes Since 1981
	Problems with Disinfection and S=terilization of Health Care Equipment
	Concerns with Spaulding scheme
	Endoscopes
	FDA labeling requirements
	Laparoscopes and arthroscopes
	Tonometers, diaphragm fitting rings, cryosurgical instruments
	Dental instruments
	Disinfection of devices contaminated with HBV, HIV, or M. tuberculosis
	Inactivation of Clostridium difficile
	Inactivation of Creutzfeldt-Jakob disease (CJD) agent
	OSHA blood-borne pathogen standard
	Toxicologic and environmental concerns
	Transmissible resistance to germicides

	Disinfection
	Alcohol
	Chlorine and chlorine compounds
	Formaldehyde
	Paraformaldehyde
	Gluraraldehyde
	Hydrogen peroxide
	Iodophors
	Peracetic acid
	Phenolics
	Quaternary ammonium compounds

	Emerging Technologies for Disinfection and Sterilization
	Recommendations
	Figures
	Fig. 1 Descending order of resistance to germicidal chemicals

	Tables
	Table 1. Classification of devices, processes, and germicidal products
	Table 2. Methods of sterilization and disinfection
	Table 3. Inactivation of HBV and HIV by disinfectants
	Table 4. Preparation and stability of chlorine solutions

	References


