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Introduction

An otoscope is a basic instrument used for ear examina-
tion, and often, to screen for therapeutic interventions. Otorhi-
nolaryngologists use otoscope cones on a daily basis to ex-
amine the healthy and diseased ear canals of patients at the 
hospital.1) These cones repeatedly come into contact with the 
surface of the ear canal of several patients, and therefore, be-
come contaminated with microorganisms. In hospitals, there 

have been numerous reports of contaminated reusable instru-
ments leading to morbidity and mortality among patients.2,3) 
Ear canal is susceptible to nosocomial infections caused by 
the use of contaminated equipment used for examination.4) 
However, to the best of our knowledge, there is no known data 
reported study on veterinary or human nosocomial infections 
caused by a contaminated otoscope cone. 

Although all reusable medical equipment are cleaned and 
maintained according to the manufacturer instructions to pre-
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isms. The three methods were significantly effective on sterilizing microorganisms.
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tion may be useful to otorhinolaryngologists. However, further studies are required to estab-
lish the most appropriate disinfection protocol to prevent infection from microorganisms.
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vent patient-to-patient transmission of infectious agents, no 
study has evaluated the efficacy of the cleaning techniques in 
a controlled environment. In a recent pilot study, alcohol-swab-
bing, alcohol-soaking, or autoclaved techniques were ana-
lyzed for their efficacy.5) The goal of our current study is to 
evaluate the level of bacterial contamination in disinfected 
otoscope cones from different hospitals and compare the ef-
ficiency of the cleaning methods on, pre- and post-cleansing.

Materials and Methods

Overview of study design
This study was carried out from July 2015 to September 2015 

at Wonju Severance Christian University Hospital, Yonsei 
Wonju University of Medicine. We randomly drew 10 otoscope 
cones from the department of otorhinolaryngology (ORL) 
and 2 cones from the appertained emergency department. 
We allocated numbers on sampled cones. After the first cul-
turing stage, we allocated cleaning methods on the cones 
and divided them into 3 categories. Group 1 (alcohol-swab-
bing) cones were wiped using sterile gauze and cotton-tipped 
applicators soaked in 70% isopropyl alcohol (Fig. 1) before 
and after each use, for a week. Cones in group 2 (alcohol-
soaking) were soaked for 20 min in separate sterile contain-
ers filled with 70% isopropyl alcohol, before and after use. 
Cones in group 3 (speculum cleaner) were scrubbed 5 times 
after passing the cone in and out of CIDEX® Activated Glu-
taraldehyde Solution (J&J Medical Ltd., Berkshire, United 
Kingdom). After a week of cleaning by employing each tech-
niques, we cultured samples from the cones again by using the 
same culturing method. 

To compare the bacterial species present in otoscopes from 
the University and private hospitals, We respectively evalu-
ated the culture samples from otoscope cones of 10 sympat-
ric private hospitals (4 pediatric hospitals and 6 ORL clinics) 
via the same culturing method. The cleaning methods used 
were also correlated with those mentioned above. 

Inoculation and sampling for culture
Each cone, inoculated with bacteria using the same tech-

nique, was grasped at the otoscope attachment site with a ster-
ile hemostat and vertically dipped into the center of a contain-
er filled with bacterial broth until the narrow tip of the cone 
touched the bottom of the container. The cone was immedi-
ately removed from the broth and placed into a separate ster-
ile container to dry for 10 min. We used 4 culture plates as 
the broth medium: blood agar plate, MacConkey agar plate, 
plate count agar plate, and R2A agar. We picked up only the 
dominant bacteria from the colonies formed on the plate to 
compare the efficacy of disinfection. Quantitative analysis 
of the cultures was performed using a calibrated loop tech-
nique.6,7) The culture plate was inoculated with a calibrated 
1/50 mL (0.02 mL) loop of saline and incubated for 24 hours. 
The colonies were counted and multiplied by 50 to calculate 
the number of colonies per milliliter of saline. When more 
than 100 colonies were present, a 1:100 diluted solution of the 
sample was created.

Results

Table 1 shows the major cultured isolated microorganism 
from the otoscopes. Almost all the otoscope cones obtained 
from the hospitals, except for two, demonstrated contamina-
tion with microorganisms before cleaning. Staphylococcus 
was the most common isolated bacteria. Pseudomonas spe-
cies were present (25%) only in the otoscope cones from the 
University hospital. Staphylococcus aureus (S. aureus) was 
dominant (33.3%) in cones from the ORL department of the 
University hospital (Table 2); moreover, 2 ORL otoscopes 
(16.7%) yielded bacteria with fungi. 

The alcohol-swabbing method of cleaning was used in 36.4% 
(8/22) of the cones. No bacteria were seen in any of the cones 
that were swabbed with alcohol after a week. Despite that 
Pseudomonas aeruginosa (P. aeruginosa) were detected in 
the cones, cleaning with alcohol-swabbing removed their 
presences remarkably. Otoscopic cones soaked in alcohol or 

A B

Fig. 1. After the cone was wiped with 
sterile gauze (A). 70% isopropyl al-
cohol soaked cotton-tipped applica-
tor was used to cleanse the inside of 
the cone (B).
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Cidex still exhibited the presence of microorganisms on the 
cones, as seen in group 2 (14.3%, 1/7) and group 3 (28.6%, 2/7). 

Fig. 2 shows a similar variation in the level of contamina-
tion among the 3 groups. There was no statistically significant 
difference in the proportion of contaminated samples among 
the different cleaning techniques used. The 3 methods were 
significantly effective; however, a few bacteria (15%) were 
able to survive in the Cidex-cleaning group. 

Discussion

Many studies have reported that reusable medical devices 
can be hazardous as they may act as bacterial vectors, subject-
ing patients to risk of cross infection from one person to an-
other.8,9) There is growing concern that an otoscope can be a 
vector for spreading infection, and hence, numerous disinfec-
tion methods for cleaning the device have been developed. 
However, there are no definite confirmative methods for clean-

ing otoscope cones.
In our study, we disinfected otoscope cones via alcohol-

swabbing, soaking in alcohol, and CIDEX® activated Glutar-
aldehyde Solution. We found that there were no bacterial 
growth, including pathogenic or non-pathogenic species, in 
the alcohol-swabbing group. 

Hospital devices contain plenty of microorganisms, which 
may cause nosocomial infections. In particular, devices that 
come into frequent contact with skin can transfer bacteria from 
one patient to another, and can be an infectious source of dis-
ease. Moreover, several studies have reported that viral trans-
mission can occur through the use of endoscopes and that an 
otoscope can be a potential vector for bacterial as well as vi-
ral cross infection.10)

In our study, we isolated numerous microorganisms from 
otoscope cones. We believe that the microorganism isolated 
from the otoscope cones are originated either from the diseased 
ear canal or from physicians’s hand contact. A total of 22 
cones were examined and we identified the Staphylococcus 
species as the most common species (8/12 from the universi-
ty hospital samples and 8/10 from the local hospital samples), 
with P. aeruginosa reported in 4 otoscope cones from the 
university hospital. The most common bacteria were Staphy-
lococcus epidermidis. Korkmaz, et al.4) tested 24 otoscope 
head samples and reported that 16/24 of them were contami-
nated; S. aureus was the most common. Our test results showed 
similar trends as well.

Staphylococcus species are the most common bacteria 
transmitted through skin contact. In our study, we found that 
they were the most common of all bacteria present on oto-
scope cones. Staphylococcus species isolated from the oto-
scope cones could be as a result of contamination due to 
touching by hand. Recently, it has been reported that a high 
percentage of nosocomial infections are caused by highly re-
sistant bacteria such as the methicillin-resistant S. aureus 
(MRSA), and this is posing a serious challenge in hospitals.11) 
Cohen, et al.10) reported that S. aureus are present in 83% of 
otoscopes and amongst these, 9.5% were MRSA. Hence, 
there is substantial potential that MRSA can be transfected 
through the otoscope. Therefore, our results, which conclude 
that only alcohol-swabbing sufficiently removes both patho-
genic and non-pathogenic organisms, not via a high level 
disinfecting agents. It is interesting to note that the Pseudo-
monas species were detected in only samples from hospital-
used otoscope cones. Three out of the 12 cones from the uni-
versity hospital showed Pseudomonas species growth, which 

Table 2. Profile of organisms isolated from all otoscopes (both ORL 
and non-ORL otoscopes)

Microorganism
University 
hospital 

Private 
hospital Total

ORL Non-ORL ORL Non-ORL

S. aureus group 3 1 0 1 05
S. auricularis group 2 0 0 0 02
S. epidermidis group 2 1 4 3 10
P. aeruginosa 2 1 0 0 03
Candida albicans 1 0 0 0 01
ORL: otorhinolaryngology, S. aureus: Staphylococcus aureus, S. 
auricularis: Staphylococcus auricularis, S. epidermidis: Staphy-
lococcus epidermidis, P. aeruginosa: Pseudomonas aeruginosa

Fig. 2. The changes of number of colonies (all microorganisms) 
by cleaning methods. Data with a normal distribution is expressed 
as the mean+standard deviation. Al.soaking: alcohol-soaking, 
Al.swab: alcohol-swabbing, Cidex: Cidex-soaking.
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are the most common bacteria isolated from the chronically 
discharging ear and cause serious complications such as ma-
lignant otitis externa.12,13) It is possible that Pseudomonas 
cross-infection can occur among patients through contami-
nated otoscopes. It is, therefore, important to note from our 
results that cleaning via alcohol-swabbing removes Pseudo-
monas thereby preventing cross-infection.

Isopropyl alcohol is very effective in disinfecting not only 
bacteria such as Escherichia coli and S. aureus but also virus-
es like hepatitis B virus and Herpes virus.14) Cohen, et al.10) re-
ported that wiping with alcohol and air-drying can decrease 
microorganism levels by 96.3%. Our study demonstrated that 
alcohol-swabbing as an effective method for disinfection as 
well. 

Glutaraldehyde is considered to be the most effective dis-
infection agent especially for the disinfection of fiberoptic 
endoscopes. Although glutaraldehyde has been reported to 
have an toxic effect for long-term handling hospital worker, 
exposure below the standard level can be ensured for safe us-
age.15) Glutaraldehyde has also been reported for its effective-
ness for disinfection from exposure to blood, sporeforming 
microbes.16) 

Although CIDEX® Activated Glutaraldehyde Solution is 
an advanced sterilization agent, cleaning via soaking in CI-
DEX® demonstrated a few cases of bacterial growth in this 
study. However, many studies have proved the bactericidal ef-
fect of CIDEX. The difference in our data could result from 
individual variation in the method of disinfection rather than 
the type of sterilization product used.

One limitation of this study was its small sample size. 
Therefore, it is important that further studies with more sam-
ples be performed to evaluate the effectiveness of alcohol-
swabbing in otoscope disinfection. Our study did not estimate 
the virucidal effect after cleaning using these methods, which 
is another limitation as there are several pathogenic viruses 
that can be transfected from otoscopes such as hepatitis B and 
C or human immunodeficiency virus. However, the strength 
of this study is its adherence to the same protocol. Moreover, 
our study was designed prospectively and all the studies 
were done simultaneously, which has its significance. 

In our study, we found that disinfection by alcohol-swab-
bing alone is sufficient for sterilizing otoscope cones, and will 

be a great help for the otorhinolaryngologist. Further studies 
are required to establish the most appropriate disinfection 
protocol. 
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