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(See the article by Holodniy et al, on pages 649-656.) 

Each year in the United States millions of invasive procedures 
are performed, including greater than 10,000,000 gastroin­
testinal endoscopic procedures (Table l).1'2 All invasive pro­
cedures involve contact by a medical device or surgical in­
strument with a patient's sterile tissue or mucous membranes. 
A major risk of all such procedures is the introduction of 
pathogens that can lead to infection. Failure to properly dis­
infect or sterilize equipment carries not only the risk asso­
ciated with breach of host barriers but also the risk of person-
to-person transmission (eg, hepatitis B virus [HBV]) and 
transmission of environmental pathogens (eg, Pseudomonas 
aeruginosa). Proper disinfection and sterilization are essential 
for ensuring that medical and surgical instruments do not 
transmit pathogens to patients.3,4 

More than 55 years ago, Spaulding devised a rational ap­
proach to disinfection and sterilization of patient care items 
or equipment.3"5 This classification scheme is so clear and 
logical it has been retained and refined and continues to be 
used when planning methods for disinfection and steriliza­
tion. Spaulding divided medical devices into 3 categories (ie, 
critical, semicritical, and noncritical) on the basis of the risk 
of infection involved in the use of the items. Critical devices 
are items that enter sterile tissue or the vascular system and 
include surgical instruments, implants, and intravenous or 
intra-arterial catheters. Items in this category should be pur­
chased as sterile or should be sterilized by steam sterilization 
(preferred). Semicritical items are those that come into con­
tact with mucous membranes or nonintact skin and include 
gastrointestinal endoscopes, bronchoscopes, laryngoscope 
blades and handles, and diaphragm-fitting rings. These med­
ical devices should be free of all microorganisms (ie, myco­
bacteria, fungi, viruses, and bacteria), although small num­
bers of bacterial spores may be present. The minimal 
requirement for semicritical items is high-level disinfection 
using Food and Drug Administration (FDA)-cleared high-
level chemical disinfectants. Noncritical items are those that 

come into contact with intact skin but not mucous mem­
branes (eg, bedpans, blood-pressure cuffs, and bed rails). 
Such items should undergo low-level disinfection after use 
when shared by different patients. The Spaulding classifica­
tion provides an excellent guide for disinfection and sterili­
zation of medical devices, but it should be noted that the 
scheme is an oversimplification, and preventing transmission 
of infection by medical devices may require additional mod­
ifications.4'6 

Multiple studies in many countries have documented a lack 
of compliance with established guidelines for disinfection and 
sterilization.4 Failure to comply with scientifically based 
guidelines has led to numerous outbreaks.4 Preventing and 
managing potential outbreaks when there is a breach in es­
tablished methods of disinfection and sterilization is complex, 
may consume substantial amounts of personnel time and 
expense, and may lead to legal problems. In this issue of 
Infection Control and Hospital Epidemiology, Holodniy et al7 

describe the management of 4 potential outbreaks in Veterans 
Affairs medical centers (VAMCs), all resulting from failure 
to follow established guidelines for cleaning and disinfecting 
endoscopes. The breaches in disinfection led to 9,879 patients 
being tested in look-back programs for possible acquisition 
of human immunodeficiency virus (HIV), HBV, and hepatitis 
C virus (HCV). This excellent article raises a number of im­
portant issues. 

First, what is the frequency of outbreaks and pseudo-out­
breaks related to endoscopy? The incidence of infection as­
sociated with endoscopy has been reported to be very low 
(about 1 case per 1.8 million procedures).8 However, as noted 
by Holodniy and colleagues, this number may be an under­
estimate because outbreaks may be unrecognized or never 
reported. The prolonged incubation period of the key blood-
borne viruses (ie, HIV, HBV, and HCV) and the fact that 
initial infection may be asymptomatic would make detection 
of an infection from an endoscopic procedure difficult. Fur-
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TABLE 1. Frequency of All Procedures and of Selected Endoscopic Procedures Performed in the United States 

Procedure 

All procedures 
Endoscopy of small intestine 
Endoscopy of large intestine 
Bronchoscopy 
Cystoscopy 
Hysteroscopy 
Arthroscopy of knee 

Total Procedures 

101,262,000 
4,562,000 
6,266,000 

442,000 
881,000 

Inpatient Procedures, 2009 

47,962,000 
1,095,000 

525,000 
269,000 
130,000 
NA 
NA 

Outpatient Procedures, 2006 

53,300,000 
3,467,000 
5,741,000 

173,000 
751,000 
313,000 
956,000 

NOTE. NA, not available. 

thermore, the true incidence of infections caused by contam­
inated endoscopes is unknown because there are no formal, 
prospective surveillance systems for these types of infection.9 

Nevertheless, more outbreaks have been associated with en­
doscopes than any other medical device.9"16 Most outbreaks 
have involved gastrointestinal endoscopes,9"14 followed by 
bronchoscopes.9"121516 However, outbreaks have been asso­
ciated with cystoscopy and hysteroscopy.11 As noted by 
Holodniy and colleagues, ear, nose, and throat (ENT) en­
doscopes have not been linked to patient-to-patient trans­
mission of pathogens. 

Second, why are endoscopes so frequently involved in out­
breaks and pseudo-outbreaks? Because of the body cavities 
they enter, flexible endoscopes often acquire high levels of 
microbial contamination (bioburden) during each use.4 For 
example, the bioburden on flexible gastrointestinal endo­
scopes after use has ranged from 107 to 1010 colony-forming 
units (CFUs)/mL, with the highest levels found in the suction 
channels. The average load on bronchoscopes before cleaning 
was 6.4 x 104 CFUs/mL. Unfortunately, most current flexible 
endoscopes are heat sensitive and must either be sterilized 
using a low-temperature method (eg, ethylene oxide) or be 
subjected to high-level disinfection (eg, glutaraldehyde, per-
acetic acid, and ortho-phthalaldehyde), methods that are less 
robust than steam sterilization. In addition to high bioburden, 
flexible endoscopes present a challenge for low-temperature 
sterilization and high-level disinfection because they have 
long, narrow lumens; cross-connections; mated surfaces; 
sharp angles; springs and valves; occluded dead ends; ab­
sorbent material; and rough or pitted surfaces. Excellent 
guidelines that provide detailed recommendations for the 
cleaning and disinfection or sterilization of endoscopes are 
available.41718 However, procedures for the cleaning and dis­
infection of endoscopes are complex, and the guidelines must 
be adapted for the specific endoscope and method of dis­
infection. 

Third, what are the most common causes of such endo-
scope-associated outbreaks? Most outbreaks associated with 
endoscopy occur because of poor adherence to current dis­
infection guidelines. The causes of endoscopy-related out­
breaks have been comprehensively detailed.1116 Contamina­
tion most commonly results from failure to properly perform 

the key steps in disinfection: appropriate cleaning, disinfec­
tion, rinsing, drying, and/or storage. Many recent outbreaks 
have resulted from contaminated automatic endoscope re-
processors or the use of damaged or malfunctioning endo­
scopes. Outbreaks have resulted from contaminated equip­
ment, including rinse tanks, tubing, antibacterial filters on 
water lines, cleaning brushes, and biofilms in the reprocessor. 
Two of the breaches of standard disinfection practice reported 
by Holodniy and colleagues (ie, at VAMCs 1 and 2) involved 
failure to perform high-level disinfection. When disinfecting 
an endoscope, it is important to use an FDA-cleared sterilant 
or high-level disinfectant and follow the manufacturer's rec­
ommendation for use dilution, monitoring, and exposure du­
ration. Disinfectants that are not FDA cleared and should not 
be used for reprocessing endoscopes include iodophors, chlo­
rine solutions, alcohols, quaternary ammonium compounds, 
and phenolics. Two additional breaches reported by Holodniy 
and colleagues (ie, at VAMCs 3 and 4) involved the failure 
to properly replace or disinfect the auxiliary water tubing 
between patients. Current guidelines recommend that the wa­
ter bottle (used for cleaning the lens and irrigation during 
the procedure) and its connecting tubing be subjected to 
high-level disinfection or sterilization at least daily,4,18 al­
though some organizations espouse more frequent exchange 
of water bottles and tubing. Sterile water should be used to 
fill the water bottle. The reprocessing of nonendoscopic de­
vices, accessories, and attachments should adhere to the man­
ufacturer's recommendations. 

Fourth, how can errors in proper cleaning and disinfection 
of endoscopes be minimized? Key to preventing errors in the 
disinfection of endoscopes are detailed facility policies and 
procedures that are consistent with current disinfection 
guidelines.418 These policies and procedures should be con­
sistent with the cleaning and disinfection recommendations 
of the endoscope manufacturer and producer of the disin­
fectant (or automated endoscope reprocessor). If the rec­
ommendations conflict, the manufacturers of the endoscope 
and reprocessor should be contacted and the recommenda­
tions reconciled. Current guidelines recommend that per­
sonnel assigned to reprocess endoscopes should receive 
device-specific reprocessing instructions (ie, endoscope and 
automated endoscope reprocessor) to ensure proper cleaning 
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TABLE 2. Protocol for Exposure Evaluation after a Failure of Disinfection and Sterilization Procedures 

1. Confirm disinfection or sterilization reprocessing failure 
2. Impound any improperly disinfected/sterilized items 
3. Do not use the questionable disinfection/sterilization unit (eg, sterilizer, automated endoscope reprocessor) 

until proper functioning can be assured 
4. Inform key stakeholders 
5. Conduct a complete and thorough evaluation of the cause of the disinfection/sterilization failure 
6. Prepare a line listing of potentially exposed persons 
7. Assess whether disinfection/sterilization failure increases patient risk for infection 
8. Inform expanded list of stakeholders of the reprocessing issue 
9. Develop a hypothesis for the disinfection/sterilization failure and initiate corrective action 
10. Develop a method to assess potential adverse patient events 
11. Consider notification of state and federal authorities 
12. Consider patient notification 
13. Develop a long-term follow-up plan 
14. Perform after-action report 

and high-level disinfection or sterilization. Competency test­
ing of personnel who reprocess endoscopes should be per­
formed and documented on a regular basis (eg, at start of 
use and annually). Temporary personnel should not be al­
lowed to reprocess endoscopes until competency has been 
established. Other preventive measures include proper main­
tenance and repair of endoscopes, removal of damaged de­
vices from use until repaired, performing routine testing of 
high-level liquid disinfectants to ensure at least the minimal 
effective concentration of the active ingredient, and use of a 
method that allows users to readily identify whether and when 
an endoscope has been reprocessed.41819 In addition to proper 
cleaning and disinfection of endoscopes, endoscopy personnel 
should follow safe injection practices to prevent outbreaks of 
bloodborne pathogens.19'20 

Finally, how should healthcare facilities manage potential 
breaches of proper disinfection and sterilization of medical 
devices, including endoscopes? As with all potential breaches 
of medical practice that may place patients at risk, healthcare 
facilities should have a mechanism by which personnel can 
report these breaches to risk management without recrimi­
nation. Healthcare facilities should maintain a log for each 
endoscopic procedure indicating the patient's name and med­
ical record number, the procedure, and the serial number or 
other identifier of the endoscope (and automated endoscope 
reprocessor, if used) to assist in an outbreak investigation.4'18 

A 14-step protocol for investigating possible exposures after 
a failure of disinfection and sterilization has been published 
(Table 2).21 Important steps include confirming the disinfec­
tion/sterilization failure, impounding and reprocessing any 
potentially improperly disinfected items, assessing the risk of 
pathogen transmission to patients, and notification of key 
internal stakeholders and state and federal authorities. The 
outbreak evaluations described by Holodniy and colleagues 
in this issue exemplify management of potential exposure 
events. A key issue in potential exposure events is whether 
to contact patients and to initiate a look-back program. As­

sessing the likelihood of disease transmission can aid in this 
process.21 Using the method of Rutala and Weber,21 Holodniy 
and colleagues estimated the risk of acquiring a bloodborne 
pathogen during ENT endoscopy or colonoscopy as 7 in 10 
trillion and 2.4 in 1 billion, respectively, for HIV and as 1 in 
1 billion and 8 in 10 million, respectively, for HBV, with HCV 
intermediate between HIV and HBV. The risk of disease trans­
mission should be viewed in light of the risk of dying from 
other causes. For example, the risk per year of dying in the 
United States for selected events is as follows (2007 risks): 
heart disease, 1 in 467; motor vehicle accident, 1 in 6,855; 
drowning, 1 in 874,817; bee/wasp sting, 1 in 5,579,431; dog 
bite, 1 in 9,415,305; fireworks injury, 1 in 30,129,071; and 
shark attack, approximately 1 in 300,000,000.22'23(p37) While 
there is no specific level of risk for which patient notification 
is required, healthcare facilities may choose not to inform 
patient of risks that are far below those faced in everyday 
life.21 Of course, healthcare facilities may elect to inform pa­
tients of a possible exposure even if the risks of disease trans­
mission are low and offer such patients postexposure testing, 
most commonly for bloodborne pathogens. Such look-back 
programs are difficult and expensive. Furthermore, if large 
numbers of patients are involved it is likely that patients 
unknowingly infected with bloodborne pathogens will be un­
covered, as the prevalence of infection has been estimated as 
follows: for HBV, 2.6%-4.6%;24 for HCV, 8.8%-12.8%;24 and 
for HIV, 0.39%.25 For viral diseases, quasispecies analysis can 
be performed to provide evidence of person-to-person trans­
mission.26 However, as testing of all possible sources is un­
likely even quasispecies analysis usually cannot entirely ex­
clude the possibility that an occult infection was acquired as 
a result of a failure of proper disinfection or sterilization. 

In conclusion, Holodniy and colleagues are to be con­
gratulated for publishing this important article detailing the 
look-back investigation of improperly reprocessed endoscopy 
equipment, for their careful and comprehensive exposure 
evaluation, and for assessment of the risk of bloodborne path-
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ogen t ransmiss ion. Prevent ion is always super ior to treat­

men t , and infection cont ro l professionals a n d their medical 

facilities should prospectively educate and i m p l e m e n t rec­

o m m e n d a t i o n s for the p rope r cleaning and disinfecting of 

endoscopes . 
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