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Disinfection of Endoscopes: Review of 
New Chemical Sterilants Used for 

High-Level Disinfection
William A. Rutala, PhD, MPH; David J. Weber, MD, MPH

Chemical sterilants are used to high-level disinfect heat-
sensitive semicritical items such as endoscopes. Most endo-
scopes have been reprocessed between each patient use with glu-
taraldehyde (>2%) or the Steris System 1. Several new chemical
sterilants have been developed recently, including 7.5% hydrogen
peroxide, 0.08% peracetic acid plus 1.0% hydrogen peroxide, and

0.55% orthophthalaldehyde. In order to aid the infection control
professional in choosing the appropriate disinfection methodolo-
gy, this article reviews the characteristics, advantages, and dis-
advantages of high-level disinfectants intended for reprocessing
endoscopes (Infect Control Hosp Epidemiol 1999;20:69-76).

Endoscopes have been used widely for the diagnosis
and therapy of medical disorders and are used increasing-
ly for performing laparoscopic surgery. Currently, greater
than 10,000,000 gastrointestinal endoscopic procedures
are performed each year.1 Endoscopes are contaminated
routinely by microorganisms during clinical use. Failure to
employ appropriate cleaning, disinfection, or sterilization
of endoscopes has been responsible for multiple nosoco-
mial outbreaks and serious, sometimes life-threatening,
infections.2

Because the endoscope comes into intimate contact
with mucous membranes, high-level disinfection is the cur-
rent reprocessing standard after each patient use. High-
level disinfection refers to the use of a chemical sterilant at
shorter exposure times than would achieve sterilization;
this process inactivates all microorganisms (ie, bacteria,
fungi, viruses, mycobacteria), but not high levels of bacter-
ial spores.3-6 Concern has been raised that failure to steril-
ize (ie, eliminate all microorganisms including bacterial
spores) such equipment may be associated with an
increased risk of disease transmission. However, not only is
scientific evidence to support this concern lacking, but cur-
rent data suggest that high-level disinfection provides the
same degree of safety as sterilization.7-10 First, there have
been no outbreaks described in which cross-transmission

occurred when cleaning and high-level disinfection were
performed appropriately.11 Second, two studies have been
reported that compared the clinical infection risks associ-
ated with sterilization versus high-level disinfection.9,10

Burns and colleagues used a prospective study design to
compare ethylene oxide to high-level disinfection with glu-
taraldehyde for arthroscopes and laparoscopes. The infec-
tion rates (per 1,000 procedures) did not differ statistically:
ethylene oxide, 7.5; glutaraldehyde, 2.5.9 Fuselier and
coworkers compared the Steris System 1 (Steris, Mentor,
OH), a sterilization process using peracetic acid, to high-
level disinfection with glutaraldehyde for urologic endo-
scopes and reported no clinical differences between the
two systems.10

The choice of high-level disinfectants is an impor-
tant concern to infection control professionals and other
healthcare professionals. This article reviews new chemi-
cal sterilants used as high-level disinfectants to facilitate
that decision-making process.

CATEGORIES OF ENDOSCOPES

The uses and types of endoscopes have been
reviewed and are summarized briefly below.12 Flexible
endoscopes include the gastrointestinal endoscopes and
bronchoscopes. Both share the common features of being
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fragile and heat-sensitive, with small, long lumens, cross-
connections, mated surfaces, sharp angles, springs and
valves, occluded dead ends, absorbent materials, and
rough or pitted surfaces. In contrast to flexible endoscopes,
rigid endoscopes, which include laparoscopes and arthro-
scopes, are small, smooth, easily cleanable, and generally
have no lumens. With use, flexible endoscopes become
more contaminated microbially13,14 than rigid endo-
scopes,15 because flexible endoscopes are used on heavily
colonized body sites.

NOSOCOMIAL INFECTIONS ASSOCIATED

WITH ENDOSCOPES

The incidence of infections following endoscopic pro-
cedures has been evaluated by several investigators. For
example, a questionnaire survey conducted in the United
States in 1974 of more than 240,000 gastrointestinal endo-
scopies (esophagogastroduodenoscopy and colonoscopy)
found 24 infectious complications, including two fatal
episodes of cholangitis and two fatal episodes of pancreatic
sepsis. The overall infection rate was estimated to be less
than 1 per 10,000 procedures. This study was limited by
being retrospective, and thus some infections may not have
been recognized.16,17

Although there is a low incidence of infection follow-
ing endoscopy, numerous infections have been associated
with endoscopic procedures. For example, a literature
review from 1966 to July 1992 reported 281 infections fol-
lowing gastrointestinal endoscopy and 96 infections follow-
ing bronchoscopy. Pathogens associated with gastrointesti-
nal endoscopy most commonly have included Salmonella
species and Pseudomonas aeruginosa. Pathogens associat-
ed with bronchoscopy most commonly have included
Mycobacterium tuberculosis, atypical mycobacteria, and P
aeruginosa.2 Clinically significant pathogens continue to be
transmitted by gastrointestinal endoscopy or bron-
choscopy, including hepatitis C18 and multidrug-resistant M
tuberculosis.19 Nosocomial transmission of infection has
been a result of inadequate cleaning, improper selection of
a disinfecting agent, or failure to follow recommended
cleaning and disinfection procedures.2

PROBLEMS WITH DISINFECTION OF

ENDOSCOPES

Problems with disinfection of endoscopes stem from
endoscopes being heat sensitive; hence, one cannot use
steam sterilization, the technique with the greatest margin
of safety. Walter Bond has summarized the critical problems
associated with disinfecting currently available endo-
scopes.12 First, these instruments are structurally complex
and fragile. Second, there is the critical lack of manufactur-
er-validated methods for consistently reproducible access,
cleaning, and disinfection or sterilization of the instruments
and their accessories. Cleaning is essential to remove blood,
body fluids, and other organic and inorganic debris prior to
the application of any high-level disinfectant. The high-level
disinfectants must be flushed through all internal lumens,
cavities, and channels to ensure that the necessary contact

time occurs between potential pathogens and the high-level
disinfectant. In the absence of such contact, both high-level
disinfection and sterilization methods may fail.

Epidemics of endoscopy-associated infections attrib-
uted to the use of flawed automated endoscope reproces-
sors have been reported20 and highlight the need for auto-
mated endoscope reprocessors to be designed to resist
contamination. In addition, hospitals using reprocessors
should ensure that a new chemical sterilant or high-level
disinfectant is compatible with reprocessor materials and
does not damage the internal parts of the reprocessor.

CHARACTERISTICS OF THE IDEAL

CHEMICAL STERILANT USED AS A 

HIGH-LEVEL DISINFECTANT

The characteristics of an ideal chemical sterilant
used as a high-level disinfectant should include broad
antimicrobial spectrum, rapid activity, material compatibili-
ty, lack of toxicity to humans and the environment, odor-
less, nonstaining, unrestricted disposal, prolonged reuse
life and shelf life, easy to use, resistant to organic material,
ability to be monitored for concentration, and cost-effective
(Table 1). 

CURRENTLY AVAILABLE CHEMICAL

STERILANTS USED PRIMARILY AS 

HIGH-LEVEL DISINFECTANTS

A comparison of the characteristics of currently avail-
able chemical sterilants used primarily as high-level disin-
fectants plus a chemical sterilant awaiting Food and Drug
Administration (FDA) clearance is presented in Table 2
and below.

Glutaraldehyde
Glutaraldehyde, a saturated dialdehyde, has been the

most widely used chemical for the high-level disinfection of
endoscopes. Most aqueous solutions of glutaraldehyde are
acidic and must be activated (made alkaline to pH 7.5-8.5)
to become sporicidal. Acid glutaraldehydes also are avail-
able and do not require activation, but some studies have
shown them to have less microbiocidal activity than alka-
line preparations.21 The biocidal activity of glutaraldehyde
is a consequence of its alkylation of sulfydryl, hydroxyl,
carboxyl, and amino groups, which alters RNA, DNA, and
protein synthesis within microorganisms.4,22

Glutaraldehyde has broad-spectrum antimicrobial
activity.4,22 Several investigators have shown that 2% aque-
ous solutions of glutaraldehyde, buffered to pH 7.5-8.5 with
sodium bicarbonate, effectively killed vegetative bacteria in
less than 2 minutes, fungi and viruses in less than 10 min-
utes, M tuberculosis in less than 20 minutes, and spores of
Bacillus and Clostridium species in 3 hours. Microbiocidal
activity is affected by age, dilution, and organic stress.
Dilution during use is common, and one must ensure that
endoscopes or other semicritical items are exposed to an
acceptable concentration. Data suggest that 1% to 1.5% glu-
taraldehyde is the minimum effective concentration when
used as a high-level disinfectant.4,5
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Glutaraldehyde vapors are irritating to the eyes,
nose, and throat, and, at a sufficient concentration, may
cause epistaxis, allergenic contact dermatitis, asthma, and
rhinitis.4,23 For this reason, it is prudent to adhere to a ceil-
ing level of 0.05 ppm.24 Maintaining ambient concentrations
below this level can be achieved by using one or more of
the following methods: ducted exhaust hoods, air systems
that provide 7 to 15 air exchanges per hour, ductless fume
hoods with absorbents for the glutaraldehyde vapor, tight-
fitting lids on immersion baths, and automated endoscope
processors.25 Failure to rinse disinfected equipment thor-
oughly has led to serious proctitis and mucosal damage in
patients.26

Hydrogen Peroxide
Hydrogen peroxide is an oxidizing agent that now is

being used to achieve high-level disinfection. It works by
the production of destructive hydroxyl free radicals, which
can attack membrane lipids, DNA, and other essential cell
components.4 Although catalase (which is produced by aer-
obic and facultative anaerobes that possess cytochrome
systems) may protect cells from metabolically produced
hydrogen peroxide, this defense is overwhelmed by the
concentrations used for high-level disinfection. 

Inactivation of microorganisms is dependent on time,
temperature, and concentration. A 10% concentration of
hydrogen peroxide has been shown to inactivate 106

Bacillus species in 60 minutes, while a 3% concentration
killed 106 Bacillus species in 150 minutes in 6 of 7 trials.27

As with glutaraldehyde, failure to rinse disinfected equip-
ment28,29 has led to pseudomembrane-like enteritis and col-
itis in patients.

The currently marketed product, Sporox (Reckitt &
Colman, Montvale, NJ), is a premixed, ready-to-use chemi-
cal that contains 7.5% hydrogen peroxide and 0.85% phos-

phoric acid (to maintain a low pH).30,31 The product former-
ly was marketed as Spor-o-syl by National Laboratories and
Endo-spore by Globe Medical. The manufacturer’s recom-
mended contact time for high-level disinfection is 30 min-
utes at 20ºC. Although the product was marketed at 6.0%,
based on its minimum effective concentration, the concen-
tration of the unused product was 7.5%. Manufacturer’s data
demonstrate an ~106 reduction of Mycobacterium bovis with-
in 20 minutes.32 The mycobactericidal activity of 7.5%
hydrogen peroxide has been corroborated by Sattar, who
showed the inactivation of >105 multidrug-resistant M
tuberculosis after a 10-minute exposure.33 Thirty minutes
were required for >99.9% inactivation of polio and hepatitis
A viruses.32 The effectiveness of 7.5% hydrogen peroxide at
10 minutes was compared to 2% alkaline glutaraldehyde at
20 minutes in manual disinfection of endoscopes; no signif-
icant difference in germicidal activity was observed.34

There also were no complaints received from the nursing
or medical staff in terms of odor or toxicity. Vesley and col-
leagues demonstrated that 7.5% hydrogen peroxide was
more effective in killing or removing Bacillus subtilis
spores in a 10-minute contact time when compared to 2%
glutaraldehyde.35

As with other chemical sterilants, dilution must be
monitored by regularly testing the minimum effective con-
centration (ie, 6.0%). Compatibility testing of Sporox by
Olympus (Melville, NY) found no significant functional
changes observed with any tested endoscopes, but found
some cosmetic changes (eg, discoloration of black
anodized metal finishes).36

Peracetic Acid
Peracetic acid or peroxyacetic acid, an oxidizing

agent, is thought to function similarly to hydrogen peroxide
by denaturing protein, disrupting cell-wall permeability,

TABLE 1
CHARACTERISTICS OF IDEAL CHEMICAL STERILANTS USED AS HIGH-LEVEL DISINFECTANTS

Desired Characteristic Specification

High efficacy Should be virucidal, bacteriocidal, tuberculocidal, fungicidal, and sporicidal
Rapid activity Should be able to achieve high-level disinfection quickly (in 20 minutes or less) in order to minimize 

turnaround time
Material compatibility Should produce negligible changes in either the appearance or function (especially optical clarity) of 

processed items, even after repeated cycling. Should not corrode instrument or cause 
deterioration of rubber, plastics, metals, or other construction materials such as elastomers

Nontoxic Should present no health risk to the operator or the patient and pose no hazard to the environment
Odorless Should have either no odor or a pleasant odor
Nonstaining Should not stain human skin, clothing, or environmental surfaces
Resistant to organic material Should be able to withstand reasonable organic material challenge without loss of efficacy
Monitoring capability Should be able to monitor minimum effective concentration using a simple procedure
Ease of use Should be able to be used with minimal training
Prolonged reuse life Should be able to be used repeatedly over an extended period of time
Long shelf life Should be able to be stored prior to use for an extended period of time without loss of activity
Unrestricted disposal Should have no requirements for special disposal (eg, requirement for collection or neutralization prior 

to disposal)
Cost-effective Should have reasonable cost per cycle
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and oxidizing sulfydryl and sulfur bonds in proteins,
enzymes, and other metabolites. Peracetic acid can cor-
rode copper, brass, bronze, plain steel, and galvanized iron,
but these effects can be reduced by additives and pH mod-
ifications. It is unstable 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 activ-
ity per month.4,37

Peracetic acid is characterized by a rapid, broad-
spectrum antimicrobial activity. It will inactivate gram-

TABLE 2
COMPARISON OF THE CHARACTERISTICS OF CHEMICAL STERILANTS USED PRIMARILY AS HIGH-LEVEL DISINFECTANTS

Chemical Sterilants Comparison

Peracetic
Acid and

Hydrogen Peracetic Hydrogen Orthophthalal-
Peroxide Acid Glutaraldehyde Peroxide dehyde
(7.5%) (0.2%) (�2.0%) (0.08%/1%) (0.55%)

High-level disinfectant claim 30 min at 20ºC NA 20-90 min at 20º-25ºC 25 min at 20ºC 10 min at 20ºC
Sterilization claim 6 h at 20º, 30 min at 50ºC 10 h at 20º-25ºC 8 h at 20ºC 10 h at 25ºC

20 min at 50ºC
Activation No No Yes No No

(alkaline 
glutaraldehyde)

Reuse life* 21 d Single use 14-30 d (acid 14 d 14 d
glutaraldehyde, 1 y)

Shelf-life stability† 2 y 6 mo 2 y 2 y 2 y
Disposal restrictions None None Local‡ None Local‡

Materials compatibility Good Fair Excellent Fair Excellent
Monitor MEC Yes (6%) No (ionic Yes (1.5% or higher) Yes (500 ppm PA) Yes (0.3% OPA)

concentration)
Safety Serious eye damage Serious eye and Respiratory Eye damage Eye irritant, stains skin

(safety glasses) skin damage (con-
centrated solution)

Processing Manual or automated Automated Manual or Manual or
automated automated Manual or automated

Organic material resistance Yes Yes Yes Yes Yes
Trade name Sporox Steris 20 Cidex (Advanced Cidex PA Cidex OPA

Sterilization Products, 
Irvine, CA), Metricide 
(Metrix Research Corp, 
Parker, CO), Omnicide 
(Metrix Research Corp), 
Wavicide (Wave Energy 
Systems, Wayne, NJ), 
Procide (Metrix 
Research Corp)

OSHA exposure limit 1 ppm TWA PA—none 0.05 ppm ceiling§ PA—none, HP 1 None
ppm TWA

Sterilant Cost�� $24.99/gal $4.95/container $10.40/gal $18.75/gal No data
Cost profile (per cycle)¶ $0.40, manual; $4.95 (automated) $0.25, manual; $0.45, manual; No data

$2.38, automated $1.49, automated $2.68, automated

Abbreviations: HP, hydrogen peroxide; MEC, minimum effective concentration is the lowest concentration of active ingredients at which the product is still effective; NA, not applicable; OPA, 
orthophthalaldehyde; OSHA, Occupational Safety and Health Administration; PA, peracetic acid; TWA, time-weighted average for a conventional 8-hour workday.
* Number of days a product can be reused as determined by reuse protocol.
† Time a product can remain in storage (unused).
‡ No US Environmental Protection Agency regulations, but some states and local authorities have additional restrictions.
§ American Conference of Governmental Industrial Hygienists recommendation.
�� Figure includes only the cost of the processing solution (suggested list price in August 1998).
¶ Per cycle cost profile assumes maximum use life (eg, 21 days for hydrogen peroxide, 14 days for glutaraldehyde), three reprocessing cycles per day, 1-gal basin for manual processing, and 6-gal
tank for automated processing.



Vol. 20  No. 1 DISINFECTION AND STERILIZATION 73

positive and gram-negative bacteria, fungi, and yeasts in 5
or fewer minutes at less than 100 ppm. In the presence of
organic matter, 200 to 500 ppm are required. For viruses,
the concentration range required for inactivation is wide
(12-2,250 ppm), with poliovirus inactivated in yeast
extract in 15 minutes with 1,500 to 2,250 ppm. Bacterial
spores are inactivated with 500 to 10,000 ppm in 15 sec-
onds to 20 minutes.37

The Steris System 1 processor is a liquid chemical

sterilization process for reprocessing endoscopes. The
sterilant, 35% peracetic acid, is diluted to 0.2% with filtered
water at a temperature of 50ºC. Simulated-use trials have
demonstrated excellent microbiocidal activity,38,39 and
three clinical trials have demonstrated both excellent
microbial killing and no clinical failures leading to infec-
tion.10,40,41 The high efficacy of the Steris system was
demonstrated by Alfa and coworkers, who compared the
Steris System 1 with ethylene oxide. Only the Steris system

TABLE 3
SUMMARY OF ADVANTAGES AND DISADVANTAGES FOR CHEMICAL STERILANTS* USED PRIMARILY AS HIGH-LEVEL DISINFECTANTS

Sterilization Method Advantages Disadvantages

Peracetic acid/hydrogen peroxide No activation required Materials compatibility concerns (lead,
Odor or irritation not significant brass, copper, zinc), both cosmetic and 

functional
Limited clinical use

Glutaraldehyde Numerous use studies published Respiratory irritation from glutaraldehyde
Relatively inexpensive vapor
Excellent materials compatibility Pungent and irritating odor

Relatively slow mycobactericidal activity
Coagulates blood and fixes tissue to 

surfaces
Hydrogen peroxide No activation required Material compatibility concerns for brass,

May enhance removal of organic matter and zinc, copper, and nickel or silver plating
organisms Serious eye damage if contacted

No disposal issues
No odor or irritation issues
Compatible with metals, plastics, and elastomers

(Olympus [Melville, NY] scopes)
Does not coagulate blood or fix tissues to surfaces
Inactivates Cryptosporidium
Use studies published

Orthophthalaldehyde Fast-acting, high-level disinfectant Stains skin, clothing, and environmental 
No activation required surfaces
Odor not an issue Limited clinical use
Excellent materials compatibility claimed
Does not coagulate blood or fix tissues to

surfaces claimed
Peracetic acid (Steris System 1, Steris, Mentor, OH) Rapid sterilization cycle time (30-45 min) Potential material incompatibility (eg, alu-

Low-temperature (50º-55ºC) liquid-immersion minum anodized coating becomes dull)
sterilization Used for immersible instruments only

Environmentally friendly by-products Biological indicator may not be suitable 
(acetic acid, O2, H20) for routine monitoring

Fully automated One scope or a small number of instru-
No adverse health effects to operators ments can be processed in a cycle
Compatible with wide variety of materials and More expensive (endoscope repairs, oper-

instruments ating costs, purchase costs) than high-
Does not coagulate blood or fix tissues to surfaces level disinfection
Rapidly sporicidal Serious eye and skin damage (concentrat-
Provides procedure standardization (constant ed solution)

dilution, perfusion of channel, temperatures, Point-of-use system, no long-term sterile 
exposure) storage

* All products effective in presence of organic soil, relatively easy to use, and have a broad spectrum of antimicrobial activity (bacteria, fungi, viruses, bacterial spores, and mycobacteria). The above
characteristics are documented in the literature. Contact the manufacturer of the instrument and sterilant for additional information.
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was able to completely kill 6 logs of Mycobacterium che-
lonei, Enterococcus faecalis, and B subtilis spores with both
an organic and inorganic challenge.42 An investigation by
Fuselier and Mason10 examined the costs, performance,
and maintenance of urologic endoscopic equipment
processed by high-level disinfection (with glutaraldehyde)
or Steris System 1 and reported no clinical differences
between the two systems. However, the use of the Steris
System 1 led to increased costs when compared to high-
level disinfection, including processing costs ($6.11 vs
$0.45 per cycle), purchasing and training ($24,845 vs $16),
installation ($5,800 vs $0), and endoscope repairs ($6,037
vs $445).10

An alternative product available in the United
Kingdom contains 0.35% peracetic acid (Nu-Cidex, Johnson
& Johnson, Ltd, Gargrave, UK). Although this product is
rapidly effective against a broad range of microorgan-
isms,43-45 its use results in tarnishing the metal of endo-
scopes, and it is unstable, resulting in only a 24-hour use
life.46

Peracetic Acid and Hydrogen Peroxide
Cidex PA (Advanced Sterilization Products, Irvine,

CA), formerly marketed as Peract 20, contains 0.08% per-
acetic acid plus 1.0% hydrogen peroxide. Manufacturer’s
data demonstrated that, using the Association of Official
Analytical Chemists method, this product inactivated all
microorganisms with the exception of bacterial spores
within 20 minutes. However, this product has a 25-minute at
20ºC claim based on a simulated-use method without pre-
cleaning, in which the endoscope was inoculated with
Mycobacterium terrae suspended in 5% bovine serum.47

Olympus does not endorse Cidex PA on any Olympus
endoscopes and will not assume any liability for chemical
damage as result of the use of Cidex PA.48 The manufac-
turers of Cidex PA currently are reformulating this product
(altering the buffer system and changing anticorrosive
inhibitors) to improve its material compatibility. 

Orthophthalaldehyde
Orthophthalaldehyde (OPA) is a new product that

has not yet been cleared by the FDA. It contains 0.55% (1,2-
benzenedicarboxaldehyde). Studies have demonstrated
excellent microbiocidal activity.49-51 In addition, OPA has
shown superior mycobactericidal activity (5-log reduction
in 5 minutes) compared to glutaraldehyde.50-52 OPA has
several potential advantages compared to glutaraldehyde:
excellent stability over a wide pH range of 3-9, non-
irritating to the eyes and nasal passages, and requires no
activation.51 In a clinical-use study, it was demonstrated that
exposure of 100 endoscopes for 5 minutes to OPA resulted
in >5-log reduction in bacterial load.13

ADVANTAGES AND DISADVANTAGES OF

CURRENTLY AVAILABLE CHEMICAL

STERILANTS

The ideal chemical sterilant does not exist, as all
products have limitations. Table 3 reviews the advantages

and disadvantages of all currently available chemical steri-
lants used primarily as high-level disinfectants and OPA.

Duration of Exposure to Chemical Sterilants Used as
High-Level Disinfectants

Although the FDA does not provide recommenda-
tions for the cleaning and disinfection of endoscopes, the
package label for all chemical sterilants must be cleared by
the FDA. Currently approved package label claims for
immersion times of these chemical sterilants used as high-
level disinfectants vary from 25 to 90 minutes and 20º to
25ºC. We believe that these label claims are overly rigor-
ous, because they do not take into consideration the sub-
stantial reduction in microbial load achieved with proper
cleaning. In addition, these studies are conducted in the
presence of a protein load. Several investigators have
demonstrated that cleaning endoscopic equipment is
extremely effective in eliminating microbial contami-
nants.11,14 These studies have shown a mean 4.0-log reduc-
tion in the level of microbial contaminants with cleaning
alone. Cleaning is a very effective adjuvant, because it
removes pathogenic microorganisms from inanimate
objects, as well as organic and inorganic matter that may
interfere with the microbiocidal activity of the sterilant.
Thus, cleaning allows the use of shorter exposure times to
achieve high-level disinfection. Data exist to demonstrate
that each of the following chemical high-level disinfection
processes achieves at least a 4-log reduction in microbial
load within 20 minutes: glutaraldehyde,22 peracetic acid,37

hydrogen peroxide and peracetic acid,47 OPA,50,51 and 7.5%
hydrogen peroxide (except polio and hepatitis A).32-35

Hydrogen peroxide (7.5%) was able to inactivate >4 logs of
hepatitis A and polio in 30 minutes, and it was effective in
eliminating >4 logs of other viruses (eg, respiratory syncy-
tial virus, influenza, rotavirus, human immunodeficiency
virus [HIV]) in 10 minutes.53 It has been demonstrated that
at least an 8-log reduction in M tuberculosis can be achieved
with cleaning (4 logs) followed by chemical disinfection for
20 minutes with glutaraldehyde (4-6 logs).11 Data published
by Hanson and colleagues demonstrated that the level of
contamination of any single organism on 10 bronchoscopes
and 20 gastrointestinal endoscopes never exceeded 8 logs
(means, 1.18-4.34–log colony-forming units/mL for each
organism present).54,55 For this reason, we believe that dis-
infection likely can be achieved with all of the FDA-cleared
chemical sterilants discussed above with 20-minute expo-
sure times at 20ºC (room temperature) if meticulous clean-
ing precedes disinfection. However, comparative studies by
independent investigators are critically needed to validate
the combined effectiveness of cleaning and high-level dis-
infection with new chemical sterilants in eliminating patho-
genic microbes.

This discussion presumes that the high-level disin-
fectant is maintained at or above the minimum effective
concentration. Use dilution may occur with any high-level
disinfectant. Therefore, monitoring must be done regular-
ly to ensure the minimum effective concentration is
exceeded. 



Vol. 20  No. 1 DISINFECTION AND STERILIZATION 75

RECOMMENDATIONS

To prevent the transmission of potential pathogens,
all endoscopes should undergo meticulous cleaning and
high-level disinfection after each use. Recommendations
for the cleaning and disinfection of endoscopes have been
provided for over the past 20 years by professional organi-
zations including the Association for Professionals in
Infection Control and Epidemiology,3,4 the American Public
Health Association,56 the Society for Gastrointestinal
Nurses and Associates,6,57 the American Society for
Gastrointestinal Endoscopy,1 the British Society of
Gastroenterology,58 the Association of Operating Room
Nurses,59 the Emergency Care Research Institute,60,61 and
the American Society for Testing and Materials.62 These
recommendations should be incorporated into individual
institutions’ policies.

CONCERNS FOR THE FUTURE

Emerging pathogens are of growing concern to the
general public and infection control professionals.
Pathogens relevant to endoscopy include Cryptosporidium
parvum, Helicobacter pylori, Escherichia coli O157:H7, HIV,
hepatitis C, multidrug-resistant M tuberculosis, and nontu-
berculous mycobacteria (eg, M chelonae). The susceptibil-
ity of each of these pathogens to chemical sterilants has
been studied. With the exceptions discussed below, all of
these emerging pathogens are susceptible to currently
available chemical sterilants.4,5,63

The susceptibility of C parvum to multiple chemical
sterilants and sterilization processes has been evaluated
using an infectivity assay.64 The following disinfectants
were unable to inactivate C parvum completely at standard
immersion times: 5.25% sodium hypochlorite, 70% ethyl
alcohol, 3% hydrogen peroxide, 2% glutaraldehyde, 0.2%
and 0.35% peracetic acid, and 0.55% OPA. Only 6% hydrogen
peroxide used for 20 minutes was able to inactivate >3 logs
of C parvum completely. Standard sterilization methods
such as ethylene oxide and steam autoclaving were com-
pletely effective. However, there have been no reports of
cross-transmission via an endoscope of C parvum between
patients. This is likely due to the efficacy of cleaning and
the rapid die-off of C parvum from drying.64

There have been two reports of M chelonae resistant
to 2% glutaraldehyde. In experimental challenge, even a 60-
minute exposure provides only limited inactivation.65 These
strains also were resistant to 0.035% peracetic acid65 but
were susceptible to Cidex PA (0.07% peracetic acid plus
1.0% hydrogen peroxide).66 The clinical significance of
these isolates is unclear. 

CONCLUSIONS

Data suggest that the products discussed in this
review are substantially equivalent in spectrum of micro-
biocidal activity, effectiveness in the presence of organic
matter, and relative ease of use. No product possesses all of
the characteristics of an ideal high-level disinfectant. Major
disadvantages of currently available products include mate-
rial incompatibility (eg, peracetic acid with hydrogen per-

oxide) and human health toxicity (eg, glutaraldehyde).
Infection control professionals should assess their institu-
tional requirements carefully (eg, number of endoscopes
processed per day, training, turnaround time required),
obtain current cost information (including purchase costs,
operating costs, equipment repair, and costs associated
with providing safe chemical use), and know state laws
regarding disposal restrictions.

Data suggest that glutaraldehyde and hydrogen per-
oxide are alternative choices for high-level disinfection of
semicritical items such as endoscopes. The Steris System 1
is an alternative choice for endoscope reprocessing, which
has been FDA-cleared as a sterilization process. OPA will
be an option when it is FDA-cleared. The hydrogen perox-
ide and peracetic acid product (Cidex PA) should be
assessed further when the problem of functional damage to
the endoscope is alleviated.

REFERENCES

1. American Society for Gastrointestinal Endoscopy. Reprocessing of flexi-
ble gastrointestinal endoscopes. Manchester, MA: American Society for
Gastrointestinal Endoscopy; 1995.

2. Spach DH, Silverstein FE, Stamm WE. Transmission of infection by gas-
trointestinal endoscopy and bronchoscopy. Ann Intern Med
1993;118:117-128.

3. Martin MA, Reichelderfer M. APIC guideline for infection prevention
and control in flexible endoscopy. Am J Infect Control 1994;22:19-38.

4. Rutala WA. APIC guideline for selection and use of disinfectants. Am J
Infect Control 1996;24:313-342.

5. Rutala WA. Disinfection, sterilization and waste disposal. In: Wenzel RP,
ed. Prevention and Control of Nosocomial Infections. Baltimore, MD:
Williams & Wilkins; 1997:539-594.

6. Society of Gastroenterology Nurses and Associates, Inc. Standards for
infection control and reprocessing of flexible gastrointestinal endo-
scopes. Chicago, IL: Society of Gastroenterology Nurses and Associates,
Inc; 1997.

7. Muscarella LF. High-level disinfection or “sterilization” of endoscopes?
Infect Control Hosp Epidemiol 1996;17:183-187.

8. Rutala WA, Clontz EP, Weber DJ, Hoffmann KK. Disinfection practices
for endoscopes and other semicritical items. Infect Control Hosp
Epidemiol 1991;12:282-288.

9. Burns S, Edwards M, Jennings J, Jolly D, Kovach S, Leithauser D, et al.
Impact of variation in reprocessing invasive fiberoptic scopes on patient
outcomes. Infect Control Hosp Epidemiol 1996;17(suppl):P42. Abstract.

10. Fuselier HA, Mason C. Liquid sterilization versus high level disinfection
in the urologic office. Urology 1997;50:337-340.

11. Rutala WA, Weber DJ. FDA labeling requirements for disinfection of
endoscopes: a counterpoint. Infect Control Hosp Epidemiol 1995;16:231-
235.

12. Bond WW. Endoscope reprocessing: problems and solutions. In: Rutala
WA, ed. Disinfection, Sterilization and Antisepsis in Health Care.
Champlain, NY: Polyscience Publications; 1998:151-163.

13. Alfa MJ, Sitter DL. In-hospital evaluation of orthophthalaldehyde as a
high level disinfectant for flexible endoscopes. J Hosp Infect 1994;26:15-
26.

14. Chu N, McAlister D, Antonoplos PA. Natural bioburden levels detected
on flexible gastrointestinal endoscopes after clinical use and following
manual cleaning. Gastrointest Endosc 1998;48:137-142.

15. Chan-Myers H, McAlister D, Antonoplos P. Natural bioburden levels
detected on rigid lumened medical devices before and after cleaning.
Am J Infect Control 1997;25:471-476.

16. Silvis SE, Nebel O, Rogers G, Sugawa C, Mandelstam P. Endoscopic
complications: results of the 1974 American Society for Gastrointestinal
Endoscopy survey. JAMA 1976;235:928-930.

17. Mandelstam P, Sugawa C, Silvis SE, Nebel OT, Rogers BHG.
Complications associated with esophago-gastroduodenoscopy and with
esophageal dilation. Gastrointest Endosc 1976;23:16-19.

18. Bronowicki JP, Venard V, Botte C, Monhoven N, Gastin I, Chone L, et al.
Patient-to-patient transmission of hepatitis C virus during colonoscopy.
N Engl J Med 1997;337:237-240.

19. Agerton T, Valway S, Gore B, Pozsik C, Plikaytis B, Woodley C, et al.
Transmission of a highly drug-resistant strain (strain W1) of



76 INFECTION CONTROL AND HOSPITAL EPIDEMIOLOGY January 1999

Mycobacterium tuberculosis. JAMA 1997;278:1073-1077.
20. Alvarado CJ, Stolz SM, Maki DG. Nosocomial infections from contami-

nated endoscopes: a flawed automated endoscope washer. An investiga-
tion using molecular epidemiology, Am J Med 1991;91(suppl 3B):272S-
280S.

21. 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.

22. Scott EM, Gorman SP. Glutaraldehyde. In Block SS, ed. Disinfection,
Sterilization, and Preservation. 4th ed. Philadelphia, PA: Lea & Febiger;
1991:596-614.

23. Weber DJ, Rutala WA. Occupational risks associated with the use of
selected disinfectants and sterilants. In: Rutala WA, ed. Disinfection,
Sterilization and Antisepsis in Health Care. Champlain, NY: Polyscience
Publications; 1998:211-226.

24. American Conference of Governmental Industrial Hygienists. 1998
threshold limit values (TLVs) for chemical substances and physical
agents and biological exposure indices (BEIs). ACGIH: Cincinnati, OH;
1998.

25. Association for the Advancement of Medical Instrumentation. Safe use
and handling of glutaraldehyde-based products in healthcare facilities.
Arlington, VA: AAMI; 1995.

26. Castelli M, Qizilbash A, Seaton T. Post-colonoscopy proctitis. Am J
Gastroenterol 1986;81:887. Abstract.

27. Wardle MD, Renninger GM. Bactericidal effect of hydrogen peroxide on
spacecraft isolates. Applied Microbiology 1975;30:710-711.

28. Bilotta JJ, Waye JD. Hydrogen peroxide enteritis: the “snow white” sign.
Gastrointest Endosc 1989;35:428-430.

29. Jonas G, Mahoney A, Murray J, Gertler S. Chemical colitis due to endo-
scope cleaning solutions: a mimic of pseudomembranous colitis.
Gastroenterology 1988;95:1403-1408.

30. Greene DF, Urban VL, inventors; Sterling Drug Inc, assignee. Hydrogen
peroxide disinfecting and sterilizing compositions. US patent 4,518,585.
May 21, 1985.

31. Monticello MV, inventor; Eastman Kodak Company, assignee.
Hydrogen peroxide composition. US patent 5,376,387. December 27,
1994.

32. Reckitt & Colman. Sporox sterilant and high-level disinfectant technical
report. Montvale, NJ: Reckitt & Colman; 1997:1-12.

33. Sattar SA. Effect of liquid chemical germicides on mycobacteria includ-
ing multi-drug resistant isolates of Mycobacteria tuberculosis. Abstracts
of the 37th Interscience Conference on Antimicrobial Agents and
Chemotherapy; September 28-October 1, 1997; Toronto, Ontario,
Canada; September 28-October 1, 1997. E166.

34. Sattar SA, Taylor YE, Paquette M, Rubino J. In-hospital evaluation of
7.5% hydrogen peroxide as a disinfectant for flexible endoscopes. Can J
Infect Control 1996;11:51-54.

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

36. Olympus Corporation. Technical Report. Compatibility testing of Sporox
with Olympus flexible endoscopes. Melville, NY: Olympus Corp; 1998.

37. Block SS. Peroxygen compounds. In: Block SS, ed. Disinfection,
Sterilization, and Preservation. 4th ed. Philadelphia, PA: Lea & Febiger;
1991:167-181.

38. Mannion PT. The use of peracetic acid for the reprocessing of flexible
endoscopes and rigid cystoscopes and laparoscopes. J Hosp Infect
1995;29:313-315.

39. Bradley CR, Babb JR, Ayliffe GAJ. Evaluation of the Steris System 1 per-
acetic acidendoscope processor. J Hosp Infect 1995;29:143-151.

40. Seballos RJ, Walsh AL, Mehta AC. Clinical evaluation of a liquid chemi-
cal sterilization system for the flexible bronchoscope. Journal of
Bronchology 1995;2:192-199.

41. Wallace CG, Agee PM, Demicco DD. Liquid chemical sterilization using
peracetic acid: an alternative approach to endoscope processing. ASAIO
J 1995;41:151-154.

42. Alfa MJ, Olson N, DeGagne P, Hizon R. New low temperature steriliza-
tion technologies: microbicidal activity and clinical efficacy. In: Rutala
WA, ed. Disinfection, Sterilization and Antisepsis in Health Care.
Champlain, NY: Polyscience Publications; 1998:67-78.

43. Babb JR, Bradley CR. Endoscope decontamination: where do we go
from here? J Hosp Infect 1995;30(suppl):543-551.

44. Middleton AM, Chadwick MV, Gaga H. Disinfection of bronchoscopes,
contaminated in vitro with Mycobacterium tuberculosis, Mycobacterium
avium-intracellulare and Mycobacterium chelonae in sputum, using sta-
bilized, buffered peracetic acid solution (“Nu-Cide”). J Hosp Infect
1997;37:137-143.

45. Holton J, Nye P, McDonald V. Efficacy of selected disinfectants against
mycobacteria and cryptosporidia. J Hosp Infect 1994;27:105-115.

46. Holton J, Shetty N. In-use stability of Nu-Cidex. J Hosp Infect 1997;35:245-
248.

47. Advanced Sterilization Products. Cidex PA—Peracetic Acid Solution.
Irvine, CA: ASP; 1998:1-9.

48. Olympus Corporation. Technical Bulletin, Compatibility of Cidex PA
solution with Olympus flexible endoscopes. Melville, NY: Olympus
Corp; 1998.

49. Walsh SE, Maillard J-Y, Russell AD. Effects of testing method on antibac-
terial activity of high level disinfectants. Society for Applied
Microbiology; October 22, 1997. Poster.

50. Bruckner NI, Gordon MD, Howell RG, inventors; Surgikos, Inc,
assignee. Odorless aromatic dialdehyde disinfecting and sterilizing com-
position. US patent 4,851,449. July 25, 1989.

51. Bruckner NI, Gordon MD, Howell RG, inventors; Johnson & Johnson
Medical, Inc, assignee. Odorless aromatic dialdehyde disinfecting and
sterilizing composition and method of using the same. US patent
4,971,999. November 20, 1990.

52. Roberts DG, Chan-Myers H. Mycobactericidal activity of dilute ortho-
phthalaldehyde solutions. American Society for Microbiology; May 21,
1998. Poster.

53. Reckitt & Coleman. Sporox. FDA 510(k) Submission.
54. Hanson PJV, Gor D, Clarke JR, Chadwick MV, Nicholson G, Shah N, et

al. Contamination of endoscopes used in AIDS patients. Lancet
1989;2:86-88.

55. Hanson PJV, Gor D, Clarke JR, Chadwick MV, Gazzard B, Jeffries DJ, et
al. Recovery of the human immunodeficiency virus from fibreoptic bron-
choscopes. Thorax 1991;46:410-412.

56. American Public Health Association. Public Policy Statement 9417:
Establishment of clearly defined performance standards for between-
patient processing of reusable endoscopic instruments and accessories.
Am J Public Health 1995;85:449-450.

57. Ad Hoc Committee on Disinfection of the American Society for
Gastrointestinal Endoscopy. Reprocessing of flexible gastrointestinal
endoscopes—an American Society for Gastrointestinal Endoscopy
White Paper. Gastroenterology Nursing 1996;19:109-112.

58. Working Party of the British Society of Gastroenterology. Cleaning and
disinfection of equipment for gastrointestinal flexible endoscopy: inter-
im recommendations of Working Party of the British Society of
Gastroenterology. Gut 1988;29:1134-1151.

59. Recommended practices for use and care of endoscopes. AORN J
1998;67:256-262.

60. Emergency Care Research Institute. Evaluation: liquid disinfecting and
sterilizing reprocessors used for flexible endoscopes. Health Devices
1994;23:212-251.

61. Emergency Care Research Institute. Evaluation update: liquid disinfect-
ing and sterilizing reprocessors used for flexible endoscopes. Health
Devices 1994;23:477-481.

62. American Society for Testing and Materials. Standard practice for clean-
ing and disinfection of flexible fiberoptic and video endoscopes used in
the examination of hollow viscera. Designation F1518-94. Philadelphia,
PA: ASTM; 1994.

63. Fantry GT, Zheng Q-X, James SP. Conventional cleaning and disinfection
techniques eliminate the risk of endoscopic transmission of Helicobacter
pylori. Am J Gastroenterol 1995;90:227-232.

64. Barbee AL, Weber DJ, Sobsey MD, Rutala WA. Inactivation of
Cryptosporidium parvum oocyst infectivity by disinfection and steriliza-
tion processes. Gastrointest Endosc. In press.

65. van Klingeren B, Pullen W. Glutaraldehyde resistant mycobacteria from
endoscope washers. J Hosp Infect 1993;25:147-149.

66. Stanley P. Destruction of a glutaraldehyde-resistant mycobacterium by a
peroxygen disinfectant. Am J Infect Control 1998;26:185.



302 INFECTION CONTROL AND HOSPITAL EPIDEMIOLOGY May 1999

Corrections

In the article “Disinfection of
Endoscopes: Review of New
Chemical Sterilants Used for High-
Level Disinfection” (1999;20:
69-76), on page 72, Table 2 (Chemi-

cal Sterilants Comparison) listed two
sterilization claims for “Hydrogen
Peroxide, 7.5%” (Sporox): 6 h at
20°C and 20 min at 50°C. This latter
claim has not been cleared by the

Food and Drug Administration, and
those parameters should not be used
for chemical sterilization.

Two articles in the December
1998 issue, “Resolving the Controversy
on Environmental Cultures for
Legionella: A Modest Proposal”
(1998;19:893-897), and “Controlling
Legionella in Hospital Water Systems:
Experience With the Superheat-and-

Flush Method and Copper-Silver
Ionization” (1998;19:911-914), men-
tion Liquitech as the source of copper
and silver equipment. Those seeking
that product should now contact T.P.
Technology plc, Tarn House, 2-4
Copyground Ln, High Wycombe,

Buckinghamshire, HP12 3HE, UK,
telephone 44(0) 1494 535576, fax
44(0) 1494 464175, http://www.tarn-
pure.com, and inquire about Tarn-
Pure ionization systems.


