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Introduction

Introduction Currently, there is no safe, affordable, and ecologically-sustainable
guideline that helps prevent contamination through endoscopy. We evaluated the
safety of intermediate-level disinfection with 70% ethyl alcohol (w/v) based on
biological-load recovery from rigid endoscopes after nasal endoscopy.

Objective To demonstrate the efficacy of 70% ethanol in disinfecting rigid endo-
scopes (REs) to reduce microbial growth in microbiological cultures.

Methods After a nasal endoscopy examination, the endoscope was swabbed with
gauze; this served as the positive-control sample. The standard operating procedure for
intermediate-level disinfection with 70% ethyl alcohol (w/v) following prior cleaning
was applied. The endoscope was again swabbed; this served as the experimental
sample. The collected material from the endoscope was extracted from gauze pieces,
filtered through a 0.22-pm cellulose membrane, and cultivated in different means of
culture.

Results The results revealed a significant difference between the positive-control and
experimental groups regarding the presence of Streptococcus coagulase (-) (p < 0.001),
Bacillus spp. (p < 0.001), and Staphylococcus aureus (p =0.001). These microorganisms
were detected in the control group, but not in the experimental group.

Conclusions Microorganisms were not recovered from the samples of the experi-
mental group, demonstrating the efficacy and the germicidal action of 70% ethyl
alcohol (w/v) as a means of achieving intermediate-level disinfection.

structures. Ear, nose, and throat (ENT) specialists regularly
employ rigid or flexible instruments to perform these tech-

Nasal endoscopy is a simple otorhinolaryngological proce-
dure commonly used to inspect the nasal cavity and para-
nasal sinuses and provide complete visibility of these
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niques. It is not uncommon for the same endoscope to be
used on several patients in the same day. However, there is
no safe, clear, affordable, and ecologically-sustainable
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guideline that provides easily accessible products for reproc-
essing, and that can be applied in any office, clinic, outpatient
facility, or hospital. This lack of standardization may lead to
inadequate cleaning of the equipment, resulting in the
possibility of iatrogenic infection.

Previous studies'™> have described the low risk of con-
tamination through endoscopy. In 1993, the American Soci-
ety for Gastrointestinal Endoscopy reported the likelihood of
infection of 1 in every 1,800,000 endoscopic procedures
performed (0.000056%). However, this study assessed endo-
scopes used in gastroenterology and pneumology, which
have a complex shape with a lumen, one of which is a biopsy
channel.! However, the endoscopes used in otorhinolaryn-
gology have a smooth surface and no biopsy channel. Earle H.
Spaulding' classified different health products according to
the potential risk of transmission of microorganisms. This
resulted in a rational new approach to the disinfection and
sterilization of medical products and equipments.2

Unlike sterilization, disinfection is not sporicidal. A few
disinfectants will kill spores with prolonged exposure times
(from 3 to 12 hours) and are named sterilants. At similar
concentrations but shorter exposure times, these disinfec-
tants will kill most microorganisms (except bacterial spores),
and they are called high-level disinfectants. Low-level dis-
infectants can kill most bacteria, some fungi, and some
viruses. Lastly, intermediate-level disinfectants might kill
mycobacteria, vegetative bacteria, most viruses, and most
fungi, but not necessarily bacterial spores. Thus, the devel-
opment of standard operating protocols (SOPs) for endo-
scope reprocessing remains a fundamental need in the
everyday medical practice. Many disinfectants can be used
at the intermediate level, but 70% ethyl alcohol (w/v) -
ethanol - is generally sufficient. Alcohol exhibits rapid
antimicrobial action against vegetative bacteria (including
some species of mycobacteria), viruses, and fungi, but is not
sporicidal; it can only inhibit sporulation and germination by
preventing the production of metabolites essential for rapid
cellular division, which only occurs when organic material is
present on the surface of the instruments.>* Therefore, the
goal of the present study was to demonstrate the efficacy of
70% ethanol in disinfecting rigid endoscopes (REs) to reduce
microbial growth in microbiological cultures.

Materials and Methods

The present study was approved by the institutional Ethics in
Research Committee.

From the outpatient clinic of our department, we ran-
domly selected patients who presented nasal symptoms
(such as nasal obstruction, rhinorrhea, or loss of smell) and
underwent a nasal endoscopic examination with an RE. We
excluded pediatric patients and those in a postoperative
stage within a period of 3 months after surgery. A total of
38 patients were included after the informed consent form
was signed.

Before every new endoscopic examination, the RE was
cleaned and disinfected in a hard rectangular plastic box that
had been previously cleaned and disinfected with 70% ethyl
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alcohol (w/v). It had an approximate volume of 2L, and was
sufficiently tall for the liquid to completely cover the instru-
ment. A volume of 3 mL of enzymatic detergent (Riozyme IV,
Rioquimica, Sdo José do Rio Preto, SP, Brazil) was added to 1L
of water and mixed as per the manufacturer’s instructions.
The endoscope was immersed in this solution immediately
after the examination, and then removed from the solution
after the duration suggested by the manufacturer and rinsed
with running potable water while being scrubbed with a soft
bristle brush to remove debris. The brush was then visually
checked to ensure that the equipment was clean. This step
was repeated as many times as necessary, as the absence of
debris is the determining factor for optimal intermediate-
level disinfection. The liquid in which the endoscope
was immersed was left in the sink. The plastic box was
rinsed thoroughly until no enzymatic detergent remained.
The box was thoroughly dried by hand using a paper towel.
After drying, a piece of gauze with 70% ethyl alcohol (w/v)
was rubbed over the entire surface of the hard plastic box
for 30seconds. A fresh detergent solution and a clean box
were used for each new reprocessing, as recommended in a
2012 resolution by the Brazilian Health Regulatory Agency
(Agéncia Nacional de Vigilancia Sanitdria, Anvisa, in
Portuguese).”

After nasal endoscopy was performed, the following
sequence of procedures was applied:

a) The material on the surface of the RE was swabbed and
collected with dry gauze - prior to any disinfection. This
material represented the basal load of the samples for
further analysis, and was considered our control group
(N=38 samples). The samples from the control group
were harvested with a piece of gauze with saline solution
(0.9%). The gauze was swabbed for 30 seconds after the
performance of the nasal endoscopy. The gauze was then
immersed in a sterile flask with 250 mL of saline solution
and assigned a number.

b) Continuous scrubbing with 70% ethyl alcohol (w/v) for
30 seconds, with intervals of 10 seconds and repeating the
process 2 times more. This was considered our standard-
ized operational procedure (SOP).

¢) The remaining material on the surface of the RE was
again swabbed and collected with a dry gauze. This
material was considered our experimental group
(N=38 samples). After intermediate-level disinfection,
a sample from the experimental group was collected
with a piece of gauze with saline solution (0.9%) and
immersed in a different sterile flask with 250 mL of saline
solution and assigned a number.

The 76 samples (38 samples from each group) were
subjected to indirect microbial extraction by filtration
through a membrane. These samples (pieces of gauze)
were placed in their own screw-top glass flask containing
250 mL of 0.9% saline solution. Each glass flask was identified
by sample number and whether it contained a sample from
the control or experimental groups.

To remove the microbial load from the gauze, the flask
was sonicated for 5seconds 3 times (USC-2800, Enge
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Solutions, Sdo Paulo, SP, Brazil), and then subjected to
10 minutes of orbital agitation (Kline, model 255 B, Fanem,
Sdo Paulo, SP, Brazil) at 160 rpm. This technique was used
based on previous studies on microbial load extraction from
health care materials.®’

The extract was then subjected to membrane filtration
using a system established by the United States Pharmaco-
peia (Rockville, MD, United States). Autoclave filtration (47-
mm Sterifil Holder, Millipore, Billerica, MA, United States)
was performed using a funnel with a lid, a supported filter
base, and a silicone lid that was connected to a Kitassato flask
(=Fig. 1), which, in turn, was connected to a vacuum pump.
The volume of the glass flask was divided into 3 portions
containing 50 mL and 1 containing 100 mL, each separated by
a filtration membrane. The membranes were cultured in
petri dishes, each containing a specific type of agar: blood
agar for the non-selective growth of aerobic bacteria; choc-
olate agar for the growth of anaerobic bacteria; and Sabo-
uraud agar for the growth of filamentous fungi. The final dish
was divided in half with a disposable scalpel. In one half, the
membrane was cultured in Lowenstein-Jensen medium to
grow microbacteria, while the other half contained fluid
thioglycollate medium that enables the growth of anaerobic
microorganisms. The blood agar, Sabouraud, Lowenstein-
Jensen, and thioglycollate dishes were incubated at 37° +-2°
C, while the chocolate agar dishes were placed in anaerobio-
sis jars and incubated at the same temperature.

The samples were placed in hermetically-sealed thermal
boxes and transported to the microbiology laboratory, where
the microorganisms were quantified and identified by genus
and species.

The results were described in terms of frequencies and
percentages. Since samples from both study groups were
evaluated, the groups were compared regarding the presence

Membrane
with

microbial
load

Vacuum
pump

Fig. 1 The extract obtained from the rigid endoscope was then
subjected to membrane filtration using a funnel with alid, a supported
filter base, and a silicone lid that was connected to a Kitassato flask.

of microorganisms using a binomial test. Values of p < 0.05
were considered statistically significant. The data was ana-
lyzed using the Statistical Package for the Social Sciences
(IBM SPSS Statistics for Windows, IBM Corp., Armonk, NY,
United States) software, version 20.0.

Results

The results of each group are presented individually and
include a description of the microorganisms detected in the
samples and a comparison of the groups regarding the
presence of microorganisms (=Table 1).

Microorganisms were detected in 34 out of the 38 samples
(89.5%). In total, 67 microorganisms were detected, ~ 1.8
microorganisms per sample.

The experimental group showed no growth of micro-
organisms. The statistical analysis revealed a significant
difference between both groups regarding the presence of
Streptococcus coagulase (-) (p<0.001), Bacillus spp.
(p<0.001), and Staphylococcus aureus (p=0.001). In the
samples from the control group, these organisms were
detected at rates of 63.2%, 28.9%, and 28.9% in the control
group samples respectively, but they were not detected in
the samples from the experimental group (~Table 2). Over-
all, there was a significant difference between the groups
regarding the presence of the microorganisms analyzed
(p<0.001). Notably, even using appropriate means for the
growth and recovery of mycobacteria, this difference was not
observed in the control group at any time point, even after
60 days of incubation.

Discussion

Our results demonstrate that this disinfection protocol can
be applied safely to the daily clinical work. The intermediate-
level disinfection of REs used in otolaryngological examina-
tions was shown to be effective. Thus, this protocol exhibits
the fungicidal and bactericidal action expected of 70% ethyl
alcohol (w/v) as an intermediate-level disinfectant.

Infections related to endoscopic examinations are very
rare. In 2006, a systematic review® found 69 outbreaks of
exogenic infections related to endoscopy; these outbreaks
involved 740 patients, and were reported in medical articles
and shared with the Food and Drug Administration (FDA)
between 1966 and 2005. Not all infections related to
endoscopic exams are reported, but these data strongly
suggest that the risk of infection is very low, considering
that at least 11 million endoscopic procedures are per-
formed in the United States each year. In most cases,
bronchoscopy or gastrointestinal endoscopy were per-
formed, for which the reported incidence of infection in
the United States is estimated as 1 in 1.8 million proce-
dures.’ Interestingly, in 2005, Oakley et al.'® found that
there were no studies reporting infection related to nasal
endoscopy, Which is in line with the paper by Fokkens
et al.,'" who found no studies connecting nasal endoscopy
to bacterial or viral rhinitis or rhinosinusitis in their etiolo-
gy guidelines.
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Sample | Isolate 1 Isolate 2 Isolate 3 Isolate 4
Microorganism CFU Microorganism CFU Microorganism CFU Microorganism | CFU
1 Streptococcus 154 Streptococcus 154
coagulase (-) spp.
2 S. coagulase (-) > 300 Bacillus spp. 60
3 S. coagulase (-) 19 Bacillus spp. 16
4 Staphylococcus > 300 Gram-positive 1
aureus Bacillus
5 S. coagulase (-) > 300
6 S. coagulase (-) 140 Bacillus spp. > 300 Candida spp. 44
7 S. coagulase (-) 4 Bacillus spp. 42
8 S. coagulase (-) 256 Neisseria spp. > 300
9 S. coagulase (-) 17 Bacillus spp. 80 S. aureus 12
10 S. coagulase (-) 100 Neisseria spp. 130 Micrococcus spp. | 4
1 S. aureus 20
12 (-) 48 hours
13 (-) 48 hours
14 (-) 48 hours
15 (-) 48 hours
16 S. coagulase (-) Outgrowth
17 S. aureus Outgrowth P. rettgeri Outgrowth
18 S. coagulase (-) Outgrowth S. aureus Outgrowth
19 S. coagulase (-) Outgrowth
20 S. aureus 1+ outgrowth
21 Klebsiella 4+ outgrowth
Pneumoniae
22 S. aureus 100 Citrobacter Outgrowth | Klebsiella Outgrowth | P. rettgeri Outgrowth
diversus Oxytoca
23 S. coagulase (-) Outgrowth
24 Providencia Rettgeri | Outgrowth
25 S. coagulase (-) 13+ outgrowth
26 S. coagulase (-) Outgrowth
27 Micrococcus spp. 1 S. coagulase (-) 50 Bacillus spp. 3
28 Proteus mirabilis > 300
29 S. coagulase (-) 240 S. aureus 1 Bacillus spp. 4
30 S. coagulase (-) 3
31 S. coagulase (-) > 300 Bacillus spp. 50 Micrococcus spp. | 3
32 S. coagulase (-) 200 S. aureus 2 Bacillus spp. 30 Gram-positive 11
coccobacillus
33 S. coagulase (-) 50 Micrococcus spp. | 3 Bacillus spp. 280
34 S. aureus > 300
35 S. aureus > 300 Non-group A and | 200
non-group B
Streptococci
36 S. coagulase (-) 60 Micrococcus spp. 35 Viridans group 50
Streptococcus
37 S. coagulase (-) 150 Bacillus spp. 60
38 S. coagulase (-) 4 Gram-positive 2
coccobacillus

Abbreviation: CFU, colony-forming units.
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Table 2 Characteristics of the samples isolated from the study groups

Technique Microorganism Control group Experimen- p-value
tal group
n % n %

Isolated Streptococcus coagulase (-) 24 63.2 0 0 < 0.001
Bacillus spp. 11 28.9 0 0 < 0.001
Staphylococcus aureus 11 28.9 0 0 0.001
Micrococcus spp. 5 13.2 0 0 0.062
Providencia rettgeri 3 7.9 0 0 0.250
Neisseria spp. 2 5.3 0 0 0.500
Gram-positive coccobacillus 2 5.2 0 0 0.500
Gram-positive Bacillus 1 2.6 0 0 1
Citrobacter diversus 1 2.6 0 0 1
Candida spp. 1 2.6 0 0 1
Klebsiella oxytoca 1 2.6 0 0 1
Klebsiella pneumoniae 1 2.6 0 0 1
Proteus mirabilis 1 2.6 0 0 1
Viridans group Streptococcus 1 2.6 0 0 1
Non-group A and non-group B Streptococci 1 2.6 0 0 1
Streptococcus spp. 1 2.6 0 0 1
General (any microorganism) 34 89.5 0 0 < 0.001

FTM S. coagulase (-) 24 63.2 0 0 < 0.001
S. aureus 9 23.7 0 0 0.004
Neisseria spp. 3 7.9 0 0 0.250
C. diversus 1 2.6 0 0 1
K. pneumoniae 1 2.6 0 0 1
P. mirabilis 1 2.6 0 0 1
P. rettgeri 1 2.6 0 0 1
Streptococcus bovis 1 2.6 0 0 1
General (any microorganism) 36 94.7 0 0 < 0.001

Anaerobic Bacteroides spp. 5 13.2 0 0 0.062
General (any microorganism) 5 13.2 0 0 0.062

Sabouraud1 Candida albicans 1 2.6 0 0 1
Penicillium spp. 3 7.9 2 5.3 1
PC 2 5.3 0 0 0.500
General (any microorganism) 6 15.8 2 5.3 0.125

Abbreviation: FTM, fluid thioglycollate medium; PC, positive control.

Elackattu et al.'? found no uniform recommendations
among American agencies regarding how flexible endo-
scopes should be disinfected between successive uses.
They compared different methods to prevent contamination,
specifically sterile and disposable coverings and germicidal
liquids. While disposable coverings were not suitable for
disinfection, even for flexible endoscopes, germicidal liquid
showed adequate results. However, this does not prevent
contamination by bacterial spores. Alcohols act as germi-
cides because they exhibit bactericidal and bacteriostatic

activity against vegetative forms of bacteria. It also acts
against tuberculosis, fungi, and viruses. This fact supports
the idea of using alcohol as an endoscope disinfectant in
cases of microscopic rupture of the lining.'? In 1968, Spauld-
ing? also observed decreased resistance to the germicidal
potential of 70% ethyl alcohol from the most resistant
organism to the least resistant one.

Previous studies'>'# have shown that microbial load is
low on health care materials after cleaning, with a microbial
reduction that rangea from 10? to 10° colonies formed per
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material. As the organisms die on a logarithmic scale, and at
different times, a lower density of microbes at the beginning
of the study results in a greater level of safety for decontami-
nation.’'® These studies showed greater safety in practice,
as they started the disinfection process from a smaller
inoculum load, which is obtained through the cleaning
procedure.

Spaulding? suggested that an optimal disinfectant must
have rapid bactericidal action at a concentration that does
not damage the material to be disinfected. Therefore, alco-
hols can be used because they rapidly destroy most types of
vegetative bacteria. In contrast, they do not act against
bacterial spores, which are only detected in the presence
of debris or organic material, and are eliminated through an
efficient cleaning process for endoscopes. Bacterial spores
are not commonly found on the surface of REs because of the
high turnover of this equipment.

High-level disinfection is potentially toxic. One of the
most widely-used agents, glutaraldehyde, causes contact
dermatitis, eye, nasal cavity and throat irritation, and
occupational asthma. Therefore, reprocessing with glutar-
aldehyde is advised to be discontinued. Additionally,
orthophthalaldehyde (OPA), often considered an alterna-
tive to glutaraldehyde, has been associated with irritation
and allergic reactions in healthcare professionals, as well
as anaphylactic reactions in patients.17 Furthermore, the
oxidation of peracetic acid can cause serious burns, irre-
versible blindness, and nasal, throat, and lung irritation if
inhaled. To avoid these toxic effects, these agents should be
handled and discarded in strict conformity with pre-
scribed protocols and guidelines, which may be difficult,
particularly in large outpatient facilities.’

Cavaliere and lemma'® evaluated the various methods of
reprocessing thermosensitive endoscopes. They concluded
that ideal reprocessing should account for: a) process stan-
dardization, avoiding errors, and negligence; b) rapid return
of the endoscopes; ¢) traceability to guarantee the quality of
reprocessing; d) reduction of contamination risk for the
professionals involved in the process; and e) reduction of
the risk of damage to the endoscopes. Therefore, the ideal
disinfection system should be practical and based on human
and economic resources, available space, volume of activity,
and number of endoscopes.'®

The endoscopes subjected to this intermediate-level
protocol showed a significant reduction in microbial load
to undetectable levels. McDonnell and Burke'® examined
disinfection, originally proposed in 1957, to determine the
possibility of reconsidering Spaulding’s classification.'® The
results of the present study coincide with those of McDon-
nell and Burke;'® thus, Spaulding’s classification should be
refined based on the advances in microbiological medicine
over the past 60 years. Overall, 70% ethyl alcohol (w/v)
showed the expected germicidal action against microor-
ganisms on the surface of endoscopes, as we observed no
harmful bacteria growth after applying our study protocol,
which suggests that there is no need to expose health care
equipment, patients, and the environment to high levels of
toxic disinfectants. This protocol has the further advantage
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of being immediately available for application and not
requiring special handling of the instruments.

Conclusion

The present study demonstrated that an intermediate-
level disinfection applied to endoscopes used in the
regular ENT practice was effective. Particularly, the use
of 70% ethyl alcohol (w/v) according to our protocol
demonstrated adequate bactericidal action, since no
microorganisms were recovered from any samples in
the experimental group.
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