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Abstract

Stethoscopes have been suggested to be a possible vector of contact transmission. How-

ever, only a few studies have focused on the prevalence of contamination by multidrug-

resistant (MDR) bacteria and effectiveness of disinfection training to reduce. This study is to

investigate the burden of stethoscope contamination with nosocomial pathogens and multi-

drug-resistant (MDR) bacteria and to analyze habit changes in disinfection of stethoscopes

among healthcare workers (HCWs) before and after education and training. We performed

a prospective pre and post quasi-experimental study. A total of 100 HCWs (55 doctors and

45 nurses) were recruited. HCWs were surveyed on their disinfection behavior and stetho-

scopes were cultured by pressing the diaphragm directly onto a blood agar plate before and

after education on disinfection. Pulsed-field gel electrophoresis was performed to determine

the relatedness of carbapenem-resistant Enterobacteriaceae. Most of the stethoscopes

were contaminated with microorganisms before and after the intervention (97.9% and

91.5%, respectively). The contamination rate of stethoscopes with nosocomial pathogens

before and after education was 20.8% and 19.2%, respectively. Stethoscope disinfection

habits improved (55.1% vs 31.0%; p<0.001), and the overall bacterial loads of contamina-

tion were reduced (median colony-forming units, 15 vs 10; p = 0.019) after the intervention.

However, the contamination rate by nosocomial pathogens and MDR bacteria did not

decrease significantly. A carbapenemase-producing Klebsiella pneumoniae isolates from a

stethoscope was closely related to isolates from the patients admitted at the same ward

where the stethoscope was used. Stethoscopes were contaminated with various nosoco-

mial pathogens including MDR bacteria and might act as a vehicle of MDR bacteria. Contin-

uous, consistent education and training should be provided to HCWs using multifaceted

approach to reduce the nosocomial transmission via stethoscopes.
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Introduction

The burden of healthcare-associated infections has been steadily increasing [1]. An increasing

incidence of multidrug-resistant (MDR) bacterial infection and cross-contamination with

MDR bacteria is the one of the key reasons why the burden of healthcare-associated infections

has increased [2]. Cross-contamination of bacteria occurs in various ways. Direct or indirect

contact transmission are the most important routes of disease transmission in the hospital set-

ting [3]. Although, hands are known to be a vector of direct contact transmission during

patient care, recent studies have shown that hand hygiene alone is not enough to prevent noso-

comial transmission [4]. In addition to hands, various medical devices, including blood pres-

sure cuffs, doppler probes and even marker pens have been identified as potential vehicles of

contact transmission [5–7].

The stethoscope is the most commonly used medical device that has a surface that is in

direct contact with patients. Diaphragms of stethoscopes are known to be the second most

contaminated area after the fingertips, even after single physical examination [8]. However,

unlike hand hygiene, the role of the stethoscope as a vehicle of transmission has not yet been

fully determined. Previous studies have shown that stethoscopes are contaminated mostly by

gram-positive organisms such as coagulase-negative Staphylococcus and Staphylococcus aureus
[9–12]. However, several studies have shown that stethoscopes may also be contaminated by

gram-negative bacteria (GNB) [9, 12, 13]. A few studies have reported the proportion of resis-

tant bacteria that were identified, and the results were limited to S. aureus [9–11].

The rate of stethoscope disinfection has been reported to be lower than the rate of hand

hygiene [14, 15]. Only 8–35% of healthcare workers (HCWs) were disinfected their stetho-

scope every time, and doctors had a lower disinfection rate than nurses [11, 16]. Moreover,

only 4% of HCWs performed disinfection correctly according to the standard by The US Cen-

ters for Disease Control and Prevention [14].This is partly because stethoscope disinfection is

not taught or promoted to the same extent as hand hygiene. The lack of education and training

is attributable to the lack of specific data on contamination by various microorganisms, and a

lack of clear evidence of their role as a vehicle of transmission. The aim of this study was to

investigate the burden of stethoscope contamination and the proportion of nosocomial patho-

gens and MDR bacteria, and to analyze habit changes in disinfection of stethoscopes, before

and after education and training.

Materials and methods

Study design and questionnaire

We conducted a pre and post quasi-experimental study from November 6, 2018 to March 31,

2019 at a 450-bed university-affiliated teaching hospital in Seoul, Korea (Fig 1). Among doc-

tors and nurses working in the general wards, intensive care units and emergency room, only

those who voluntarily agreed to participate in this study were enrolled. The medical depart-

ment and ward included the departments of internal medicine and pediatrics. The surgical

Fig 1. Study flow for pre and post quasi-experimental study. PFGE, Pulsed-field gel electrophoresis.

https://doi.org/10.1371/journal.pone.0250455.g001
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department and ward included the departments of general surgery, neurosurgery and obstet-

rics and gynecology. After obtaining informed consent, a pre-intervention questionnaire was

administered, and specimens were collected from stethoscopes. The staff of the department of

hospital infection control conducted a training and education on stethoscope disinfection

methods and practices, separately by divisions of participants, using flyers and PowerPoint

slides (Fig 1). The training and education were conducted twice for each participant, one hour

at a time. The post-intervention questionnaire administration and collection of specimens

from stethoscopes was carried out by the same investigator, one month after the last education

session. All samples for culture were collected without prior notice. Various parameters poten-

tially associated with stethoscope contamination were included in the survey. The question-

naire included (1) demographic data such as sex, age group, specialty, work department, and

length of career and; (2) stethoscope disinfection habits such as frequency, preferred methods,

preferred places, and frequency of hand washing. The questionnaire was mainly created based

on previous studies, but several items were added and modified after study meeting [11, 17,

18]. Furthermore, the questionnaire was pre-tested by three doctors and two nurses who did

not participate in the study and finally revised before the study (S1 and S3 Files). This study

was approved by the institutional review board of the Yeouido St. Mary’s Hospital (No.

SC18OESI0120 and No. SC19RESI0081). All participants provided written informed consent.

Specimen collection and culture methods

Personal stethoscopes of doctors and shared stethoscopes used by nurses in the wards were

included. Culture specimens from stethoscopes were obtained by pressing the diaphragm

directly onto a blood agar plate for 6 to 10 seconds by a trained investigator. The inoculated

plates were incubated aerobically at 37˚C for 24 hours. Colony-forming units (CFUs) were

identified and counted by a single microbiologist. Bacterial identification and antimicrobial

susceptibility tests were performed using the Vitek 2 automated system (bioMérieux, Marcy

L’Étoile, France) following the manufacturer’s recommendations. The results of the suscepti-

bility test were interpreted based on the guideline document M100-S28 by Clinical and Labo-

ratory Standards Institute [19]. The modified carbapenem inactivation method was used as a

phenotypic test for carbapenem-resistant Enterobacteriaceae. The BD MAX system (BD

Molecular Diagnostics, Franklin Lakes, NJ, USA) with Check-Direct carbapenemase-produc-

ing Enterobacteriaceae (CPE) real-time PCR was used for the detection of carbapenemase

genes according to the manufacturer’s instructions.

We defined potential nosocomial pathogens as follows: S. aureus, Enterococcus species,

Pseudomonas aeruginosa, Acinetobacter species, and Enterobacteriaceae. MDR was defined as

non-susceptibility to one or more agents in at least three different antibiotic classes among

gram-negative organisms and methicillin-resistant staphylococci and vancomycin-resistant

enterococci [20].

Pulsed-field gel electrophoresis

During the study period, we were collecting CPE clinical isolates from patients for other pur-

poses. We performed pulsed-field gel electrophoresis (PFGE) to determine the genetic related-

ness of CPE isolated from the stethoscope and patients admitted to the ward where the

stethoscope was used during study period. Genomic DNA extracted from the isolates were

digested by XbaI restriction endonuclease (Roche, Mannheim, Germany) and DNA fragments

were separated with a running time of 20 hr at 6 V/cm at 11˚C on Genemapper X (Bio-Rad,

Hercules, CA) with initial and final pulse times of 0.5 sec and 30 sec, respectively. A lambda

ladder (Bio-Rad) was used as a DNA size marker. Similarity coefficients were calculated from
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Dice coefficients. Banding patterns were analyzed with BioNumerics software version 6.0

(Applied Maths, Sint-Martens-Latem, Belgium) to make a dendrogram. Organisms with

PFGE profiles with greater than 90% similarity were considered genetically related strains.

Statistical analysis

Categorical variables were described as frequencies and proportions, and continuous variables

were reported using the mean and standard deviation, or the median and interquartile range.

Categorical variables were compared by using the χ2-test or Fisher’s exact test. The non-

parametric McNemar’s test for categorical variables and Wilcoxon signed-rank test for contin-

uous variables were used for pre- and post-intervention comparisons. Multivariate logistic

regression was performed to identify risk factors for contamination by nosocomial pathogens

using all variables with a P-value of less than 0.1 in the univariate analysis and clinically impor-

tant variables. Before the multivariate regression, multicollinearity was assessed using variance

inflation factors. All statistical analyses were performed using SAS version 9.4 (SAS Institute,

Cary, NC) with a two-sided P-value of less than 0.05 considered significant.

Results

Demographic characteristics and pre-intervention status of the

participants

One hundred participants, comprising 55 doctors and 45 nurses were enrolled, of whom 59

were women. However, the proportion of women was lower among doctors (29.1%, 16/55)

and higher among nurses (95.6%, 43/45). Most of the participants (88.0%) were aged less than

40 years and 84.0% had used stethoscopes for more than one year. In the pre-intervention

assessment, 85.0% reported that they had been educated and had an accurate knowledge of

hand hygiene, but only 22.0% reported that they had been educated about the need for stetho-

scope disinfection. The demographic characteristics and pre-intervention education status of

the participants are shown in Table 1.

Stethoscope disinfection habits before and after intervention

Before the intervention, 88.0% of the participants responded that they believed that disinfec-

tion of stethoscopes would reduce contact transmission. However, only 31.0% reported that

they regularly–defined as for every patient to at least once a week–disinfected their stetho-

scope. This rate was higher in nurses (44.4%, 20/45) than doctors (20.0%, 11/55) (odds ratio

[OR], 0.313; 95% confidence interval [CI], 0.129–0.757; p = 0.008), Also, the rate of disinfec-

tion of stethoscopes at least once a week was higher in women (39.0%, 23/59) than men

(19.5%, 8/41) (OR, 0.379; 95% CI, 0.149–0.965; p = 0.038). There were no significant differ-

ences according to age or length of career. Overall, the use of alcohol swabs was the preferred

methods of disinfection. Twelve of the doctors, but none of the nurses, used the alcohol-based

hand gel provided next to the patients’ beds (Table 2).

After the education on disinfection, the proportion of participants who reported that they

disinfected their stethoscope at least once a week significantly increased (31.0% [31/100] vs

55.1% [54/98]; p<0.001). This was consistent in men (19.5% [8/41] vs 37.5% [15/40];

p = 0.039) and women participants (39.0% [23/59] vs 67.2% [39/58]; p<0.001), and in doctors

(20.0% [11/55] vs 41.5% [22/53]; p = 0.001) and nurses (44.4% [20/45] vs 71.1% [32/45];

p = 0.004). The participants’ preferred methods of disinfection did not change after the educa-

tion and training, and alcohol swabs were the most frequently used method. Most of the par-

ticipants reported that the education and training had been helpful and effective in changing
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Table 1. Demographic characteristics and pre-intervention status of the participants.

Characteristics Total N = 100 (%)

Sex, woman 59 (59.0)

Age, years

20–29 31 (31.0)

30–39 57 (57.0)

40–49 9 (9.0)

�50 3 (3.0)

Subject

Doctor 55 (55.0)

Medical department 38 (69.1)

Surgical department 7 (12.7)

Emergency medicine 4 (7.3)

Intern 6 (10.9)

Nurse 45 (45.0)

Medical ward 20 (44.5)

Surgical ward 6 (13.3)

Emergency room 4 (8.9)

Intensive care unit 15 (33.3)

Career period, years

<2 29 (29.0)

2–5 32 (32.0)

5–10 18 (18.0)

�10 21 (21.0)

Period of stethoscope use

<6 months 7 (7.0)

6 months to 1 year 9 (9.0)

�1 year 84 (84.0)

Educational experiences in stethoscope disinfection

Need for disinfection 22 (22.0)

during college education 2 (2.0)

by hospital infection control unit 15 (15.0)

by senior or colleague 5 (5.0)

Methods of disinfection 16 (16.0)

during college education 1 (1.0)

by hospital infection control unit 12 (12.0)

by senior or colleague 3 (3.0)

Use a personal stethoscope to auscultate patients with MDR pathogens 36 (36.0)

Reasons of not using designated stethoscope

Ignorance of designated stethoscope 3 (3.0)

Hard to access 5 (5.0)

Function is not good 19 (19.0)

Exact knowledge of hand washing 85 (85.0)

Time of hand washing

<20 sec 61 (61.0)

20–40 sec 34 (34.0)

�40 sec 5 (5.0)

MDR, Multidrug-resistant

https://doi.org/10.1371/journal.pone.0250455.t001
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their disinfection habits. Their self-reported changes in disinfection practices are summarized

in Table 2.

Burden of contamination of stethoscopes and nosocomial pathogens

identified

Four participants were excluded from the contamination analysis because they changed their

stethoscope during the study period and an additional two participants were excluded from

the post-intervention analysis because they moved to other hospital during the study period.

Before the intervention, 94 of 96 stethoscopes (97.9%) were contaminated with at least one

microorganism, and there was a median of 15 CFUs (interquartile range: 5–36) per stetho-

scope. The bacterial load was significantly lower in the stethoscopes of participants who disin-

fected their stethoscope at least once a week than that of participants who disinfected their

stethoscope less frequently or did not disinfect them at all (median CFUs, 9 vs 19; p = 0.015),

nurses than doctors (median CFUs, 10 vs 20; p = 0.018) and women than men (median CFUs,

13 vs 29; p = 0.017). However, the bacterial load did not differ significantly according to the

participant’s career duration, method of stethoscope disinfection, or duration of stethoscope

use. Twenty-two potential nosocomial pathogens were isolated from 20 of 96 stethoscopes

(20.8%) (Table 3). Three (13.6%) were MDR organisms consisting of two methicillin-resistant

S. aureus and one extended-spectrum beta-lactamase producing Klebsiella pneumoniae isolate.

After the intervention, 86 of 94 (91.5%) stethoscopes were contaminated, and the load of

contaminated bacteria was a median of 10 CFUs (interquartile range: 3–35). The overall bacte-

rial load was significantly lower in the post-intervention period than in the pre-intervention

period (median CFUs 15 vs 10; p = 0.019). However, the reduction was only observed in the

stethoscopes of women and nurses, and not in the stethoscopes of men and doctors (Fig 2).

The overall contamination rate was reduced but it was not statistically significant (97.9% vs

91.5%; p = 0.073) and the contamination rate by potential nosocomial pathogens and MDR

bacteria did not decrease. Similar to before the intervention, 22 potential nosocomial patho-

gens were isolated from 18 (19.2%) of 94 stethoscopes of which 7 (31.8%) were MDR

Table 2. Disinfection habit changes of the participants after education.

Question Habit and practices Pre-intervention Post-intervention

N = 100 (%) N = 98 (%)1

Helpful to change disinfection habit Yes 64 (65.3)

Frequency of disinfection

Every patient 10 (10.0) 20 (20.4)

At least once a week 21 (21.0) 34 (34.7)

On occasion 51 (51.0) 40 (40.8)

Not at all 18 (18.0) 4 (4.1)

Method of disinfection

Alcohol swab 75 (75.0) 78 (79.6)

Alcohol-based hand gel 12 (12.0) 19 (19.4)

Soap and water 0 (0.0) 0 (0.0)

Place of disinfection

Patient’s bed side 36 (36.0) 45 (45.9)

Nurse office 42 (42.0) 40 (40.8)

Outpatient room 9 (9.0) 11 (11.2)

1Two participants moved to another hospital after the pre-intervention samples.

https://doi.org/10.1371/journal.pone.0250455.t002
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organisms (Table 3). One isolate of K. pneumoniae was found to be carbapenem-resistant.

Other than bacteria, Aspergillus fumigatus, A. niger and a mold were cultured in the pre-inter-

vention cultures and three molds were cultured in the post-intervention cultures. These fungi

were not included in the statistical analysis and reporting of the colony counts.

The risk of contamination with nosocomial pathogens was independently associated with a

high bacterial load as the result of the multivariate analysis with sex, department of partici-

pants, frequency and methods of disinfection, and period of stethoscope use during both the

pre- and post-intervention period (adjusted odds ratio, 1.016; 95% CI, 1.000–1.031; p = 0.049

and adjusted odds ratio, 1.033; 95% CI, 1.006–1.060; p = 0.015, respectively).

PFGE for CPE

During post-intervention period, a carbapenemase-producing K. pneumoniae was isolated

from a stethoscope shared in the ward. During the period preceding the isolation of the carba-

penemase-producing K. pneumoniae from the stethoscope, three isolates of carbapenemase-

producing K. pneumoniae from three patients admitted to the ward in which the stethoscope

Table 3. Isolated nosocomial pathogens and proportion of MDR organisms.

Pre-intervention N = 96 (%) Post-intervention N = 94 (%)

Pathogens MDR Pathogens MDR

No. of stethoscope 20 (20.8) 3 (3.1) 18 (19.2) 6 (6.4)

Staphylococcus aureus 13 (13.5) 2 (2.1)1 15 (15.7) 4 (4.3)

Enterococcus species 6 (6.3) 0 (0.0) 4 (4.3) 0 (0.0)

Acinetobacter baumannii 0 (0.0) 0 (0.0) 1 (1.1) 1 (1.1)

Pseudomonas aeruginosa 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Enterobacteriaceae 3 (3.1) 1 (1.2) 2 (2.1) 2 (2.1)

Klebsiella pneumoniae 1 (1.2) 1 (1.2)2 1 (1.1) 1 (1.1)3

Escherichia coli 0 (0.0) 0 (0.0) 1 (1.1) 1 (1.1)2

Enterobacter cloacae 2 (2.3) 0 (0.0) 0 (0.0) 0 (0.0)

MDR, Multidrug-resistant
1Methicillin-resistant Staphylococcus aureus
2Extended-spectrum beta-lactamase producer
3Carbapenemase-producing Enterobacteriaceae

https://doi.org/10.1371/journal.pone.0250455.t003

Fig 2. Changes in colony forming units of bacteria isolated from stethoscopes during pre- and post-intervention

period. CFUs, colony forming units; ns, non-specific.

https://doi.org/10.1371/journal.pone.0250455.g002
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was used, were available for PFGE. Two isolates were cultured from rectal swabs 6 weeks prior

to the stethoscope culture and another was cultured in a blood sample 5 weeks prior to the

stethoscope culture. All isolates showed the same antibiotic susceptibility and had KPC-2 in

real-time PCR. K. pneumoniae isolates from the stethoscope and the patients belonged to one

cluster pattern with a similarity of over 95% on PFGE (Fig 3 and S1 Fig).

Discussion

In this study, we found most of the stethoscopes were contaminated with microorganisms.

Twenty percent of the stethoscopes were contaminated with potential nosocomial pathogens,

and 3–6% with MDR bacteria. After the intervention, the participants reported changes in

their stethoscope disinfection habits, and overall bacterial loads of contamination were low-

ered. However, the rate of contamination with nosocomial pathogens and MDR bacteria did

not decrease. A CPE from stethoscope showed a genetic relatedness with the isolates from

patients admitted at the ward in which the stethoscope was used.

Noncritical items in the medical environment such as bed rails, bed side tables, blood pres-

sure cuffs, monitors can be the source of healthcare-associated infections [21]. There is evi-

dence that thorough medical environmental disinfection reduces healthcare-associated

infections [22]. However, there is disagreement regarding the role of stethoscopes as a vehicle

of transmission of nosocomial pathogens and MDR bacteria [9, 13, 23, 24]. According to pre-

vious studies, gram-positive bacteria were the most prevalent contaminants of stethoscopes

and other medical equipment [9, 10, 25]. GNB were known to rarely contaminate stethoscopes

[9, 12, 18]. Although, we did not identify all isolated microorganisms as species, GNB were not

uncommon. Six of all 44 nosocomial pathogens cultured from stethoscopes were GNB, which

was similar to those published by Knecht et al [13] using RNA sequencing. Methicillin-resis-

tant S. aureus was the only microorganism reported to be resistant bacteria that contaminate

stethoscopes and methicillin-resistant rate varied greatly from 0 to 42% [9, 11]. To our knowl-

edge, the rate of MDR GNB contamination has not been reported previously. In this study,

four of the six (66.7%) potential nosocomial GNB were MDR bacteria. Notably, the MDR rate

was even higher in GNB than in gram-positive bacteria in both the pre- and post-intervention

period. However, the absolute total number of GNB is so small, further study in the larger

groups should be needed.

The US Centers for Disease Control and Prevention recommends disinfecting noncritical

patient-care devices such as stethoscopes and blood pressure cuffs when they are visibly soiled

and on a regular basis such as after use on each patient, once daily, or once weekly [26]. How-

ever, in actual clinical practice, less than a quarter of the participants reported that they had

Fig 3. Result of pulsed field gel electrophoresis and dendrogram of carbapenemase-producing K. pneumoniae.

Percentage similarities are shown above the dendrogram. ST_7W, K. pneumoniae from the stethoscope; SM 01 to 03,

K. pneumoniae isolates form the patients. PFGE, Pulsed-field gel electrophoresis.

https://doi.org/10.1371/journal.pone.0250455.g003
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been educated to disinfect stethoscopes, and less than a third reported that they had disinfected

their stethoscope at least once a week. Similar results have been found in previous studies

using self-reported questionnaires [16, 18] and these rates might be overreported because the

frequency has been only 15 to 18% in studies that used direct observation [14, 15]. To increase

the frequency of stethoscope disinfection, disinfection education was done using flyers and

PowerPoint presentations for doctors and nurses for 3 weeks. Post-intervention stethoscope

culture was performed a month after the final education session to assess whether the partici-

pants maintained the disinfection practices that had been taught. There are opposing views on

the effectiveness of education or training [23, 24]. In our study, the self-reported frequency of

disinfection increased and the total CFUs of the contaminants were significantly reduced.

Although not statistically significant, the proportion of stethoscopes contaminated with micro-

organisms decreased.

There might be several reasons for this result. First, we spent equal time and effort on edu-

cation and training all participants, rather than focusing on a particular group known to have

low disinfection rates. Men and doctors have previously been shown to have relatively low dis-

infection rates and the same results were observed in our study [10, 16]. Moreover, they

showed a relatively limited improvement, even after education. Second, education session and

a short training period were insufficient to change the behavior of HCWs. Third, instead of a

team-based approach, only hospital infection control staff participated in education and train-

ing as educators. The increase in the self-reported disinfection rates and reduction of total bac-

terial loads was insufficient to reduce the opportunity of stethoscope as a transmission vehicle

of pathogens. Continuous efforts are needed in the multifaceted aspect to improve HCWs’

behavior along with repeated education and training [27, 28]. Lastly, the limitation of alcohol-

based disinfection methods used by most HCWs. Alcohol-based disinfection methods are

widely recommended as its effectiveness and convenience [10]. However, it evaporates quickly,

and residual effect can not be expected. Effect of disinfection would be reduced if disinfection

is not performed after each contact with the patient.

Although there was a gap of 5 to 6 weeks, one isolate of carbapenemase-producing K. pneu-
moniae from a stethoscope and three clinical isolates from patients showed one cluster pattern.

This suggested that stethoscope might be contaminated during patient care and demonstrated

that nosocomial pathogens can survive for more than a few weeks on the inanimate surface, as

is well known [29]. Because stethoscope might be a vehicle of nosocomial pathogens even

MDR bacteria, we emphasize that disinfecting stethoscope is as important as hand hygiene.

This is the first study to evaluate the contamination rate of stethoscopes by GNB-MDR bac-

teria and to demonstrate the possibility of stethoscope as a vehicle for MDR bacteria such as

CPE, but with several limitations. Since this study was conducted in a single hospital, the gen-

eralization of the results is limited. Due to the small number of study participants, a more

detailed subgroup analysis could not be performed. Second, we chose the direct imprinting

method as the contamination level of the diaphragm is higher than that of other parts of the

stethoscope after performing physical examinations [8, 30], and direct imprinting method was

known to be more efficient than collecting samples with a sterile cotton swab [9]. When we

checked the blood agar plates on which the diaphragm was pressed, most of the bacterial colo-

nies were detected only in urethane rim area. For this reason, the level of contamination might

have been underestimated. However, as the peripheral rim was found to be the most heavily

contaminated area of the stethoscope, the result can be expected to be close to the actual level

of contamination [31]. Though our study only provided the effectiveness of education and the

traditional disinfection methods, further study about the usefulness with a variety of options

such as barriers, ultraviolet disinfection, and disposable stethoscope is needed [17, 32].
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In conclusion, stethoscopes were contaminated with various nosocomial pathogens includ-

ing MDR bacteria and could cause cross-transmission in hospital setting. Accurate and practi-

cal guidelines for disinfection of stethoscopes based on evidence are needed. Also, education

and training to the HCWs must be conducted on an ongoing basis, using an intensive multi-

disciplinary and team-based approach.

Supporting information

S1 Fig. Raw image of pulsed field gel electrophoresis of carbapenemase-producing K. pneu-
moniae. M, lambda ladder; ST_7W, K. pneumoniae from the stethoscope; SM 01 to 03, K.

pneumoniae isolates form the patients.

(PDF)

S1 File.

(PDF)

S2 File.

(PDF)

S3 File.

(PDF)

S4 File.

(PDF)

Acknowledgments

We would like to express our gratitude to Dr. Jong-Sung Lim at National Instrumentation

Center for Environmental Management for his technical assistance for PFGE.

Author Contributions

Conceptualization: Raeseok Lee, Su-Mi Choi.

Data curation: Raeseok Lee, Songyi Han, Yun Jeong Park, Min A. Choi.

Formal analysis: Sung Jin Jo, Bo Kyung Kong.

Funding acquisition: Raeseok Lee.

Investigation: Raeseok Lee, Sung Jin Jo, Songyi Han, Yun Jeong Park, Min A. Choi, Bo Kyung

Kong.

Methodology: Su-Mi Choi.

Project administration: Su-Mi Choi.

Resources: Songyi Han, Yun Jeong Park, Min A. Choi.

Supervision: Su-Mi Choi.

Writing – original draft: Raeseok Lee.

Writing – review & editing: Su-Mi Choi, Sung Jin Jo.

References
1. Blot K, Hammami N, Blot S, Vogelaers D, Lambert ML. Increasing burden of Escherichia coli, Klebsiella

pneumoniae, and Enterococcus faecium in hospital-acquired bloodstream infections (2000–2014): A

PLOS ONE Burden of stethoscopes contamination with multidrug-resistant bacteria

PLOS ONE | https://doi.org/10.1371/journal.pone.0250455 April 22, 2021 10 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0250455.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0250455.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0250455.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0250455.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0250455.s005
https://doi.org/10.1371/journal.pone.0250455


national dynamic cohort study. Infect Control Hosp Epidemiol. 2019; 40:705–709. https://doi.org/10.

1017/ice.2019.59 PMID: 31012402

2. Weist K, Pollege K, Schulz I, Ruden H, Gastmeier P. How many nosocomial infections are associated

with cross-transmission? A prospective cohort study in a surgical intensive care unit. Infect Control

Hosp Epidemiol. 2002; 23:127–132. https://doi.org/10.1086/502021 PMID: 11918116

3. Siegel JD, Rhinehart E, Jackson M, Chiarello L. 2007 Guideline for Isolation Precautions: Preventing

Transmission of Infectious Agents in Health Care Settings. Am J Infect Control. 2007; 35:S65–164.

https://doi.org/10.1016/j.ajic.2007.10.007 PMID: 18068815

4. Harbarth S, Sax H, Gastmeier P. The preventable proportion of nosocomial infections: an overview of

published reports. J Hosp Infect. 2003; 54:258–266; quiz 321. https://doi.org/10.1016/s0195-6701(03)

00150-6 PMID: 12919755

5. Matsuo M, Oie S, Furukawa H. Contamination of blood pressure cuffs by methicillin-resistant Staphylo-

coccus aureus and preventive measures. Ir J Med Sci. 2013; 182:707–709. https://doi.org/10.1007/

s11845-013-0961-7 PMID: 23639972

6. Tadiparthi S, Shokrollahi K, Juma A, Croall J. Using marker pens on patients: a potential source of

cross infection with MRSA. Ann R Coll Surg Engl. 2007; 89:661–664. https://doi.org/10.1308/

003588407X209419 PMID: 17959001

7. Whitehead EJ, Thompson JF, Lewis DR. Contamination and decontamination of Doppler probes. Ann

R Coll Surg Engl. 2006; 88:479–481. https://doi.org/10.1308/003588406X114866 PMID: 17002855

8. Longtin Y, Schneider A, Tschopp C, Renzi G, Gayet-Ageron A, Schrenzel J, et al. Contamination of

stethoscopes and physicians’ hands after a physical examination. Mayo Clin Proc. 2014; 89:291–299.

https://doi.org/10.1016/j.mayocp.2013.11.016 PMID: 24582188

9. Campos-Murguia A, Leon-Lara X, Munoz JM, Macias AE, Alvarez JA. Stethoscopes as potential intra-

hospital carriers of pathogenic microorganisms. Am J Infect Control. 2014; 42:82–83. https://doi.org/

10.1016/j.ajic.2013.06.015 PMID: 24176606

10. Nunez S, Moreno A, Green K, Villar J. The stethoscope in the Emergency Department: a vector of infec-

tion? Epidemiol Infect. 2000; 124:233–237. https://doi.org/10.1017/s0950268800003563 PMID:

10813148

11. Tang PH, Worster A, Srigley JA, Main CL. Examination of staphylococcal stethoscope contamination in

the emergency department (pilot) study (EXSSCITED pilot study). CJEM. 2011; 13:239–244. https://

doi.org/10.2310/8000.2011.110242 PMID: 21722552

12. Uneke CJ, Ogbonna A, Oyibo PG, Onu CM. Bacterial contamination of stethoscopes used by health

workers: public health implications. J Infect Dev Ctries. 2010; 4:436–441. https://doi.org/10.3855/jidc.

701 PMID: 20818091

13. Knecht VR, McGinniss JE, Shankar HM, Clarke EL, Kelly BJ, Imai I, et al. Molecular analysis of bacterial

contamination on stethoscopes in an intensive care unit. Infect Control Hosp Epidemiol. 2018:1–7.

https://doi.org/10.1017/ice.2018.319 PMID: 30560753

14. Boulee D, Kalra S, Haddock A, Johnson TD, Peacock WF. Contemporary stethoscope cleaning prac-

tices: What we haven’t learned in 150 years. Am J Infect Control. 2018 https://doi.org/10.1016/j.ajic.

2018.08.005 PMID: 30396696

15. Vasudevan RS, Mojaver S, Chang KW, Maisel AS, Frank Peacock W, Chowdhury P. Observation of

stethoscope sanitation practices in an emergency department setting. Am J Infect Control. 2018 https://

doi.org/10.1016/j.ajic.2018.08.028 PMID: 30415805

16. Fafliora E, Bampalis VG, Lazarou N, Mantzouranis G, Anastassiou ED, Spiliopoulou I, et al. Bacterial

contamination of medical devices in a Greek emergency department: impact of physicians’ cleaning

habits. Am J Infect Control. 2014; 42:807–809. https://doi.org/10.1016/j.ajic.2014.03.017 PMID:

24775562

17. Kalra S, Reddy S. New Scope for the Stethoscope. Mayo Clin Proc Innov Qual Outcomes. 2020; 4:1–

2. https://doi.org/10.1016/j.mayocpiqo.2020.01.001 PMID: 32058541

18. Jones JS, Hoerle D, Riekse R. Stethoscopes: a potential vector of infection? Ann Emerg Med. 1995;

26:296–299. https://doi.org/10.1016/s0196-0644(95)70075-7 PMID: 7661417

19. Clinical and Laboratory Standards Institute. Performance standards for antimicrobial susceptibility test-

ing. Wayne, PA Clinical and Laboratory Standards Institute; 2018.

20. Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, Giske CG, et al. Multidrug-resistant,

extensively drug-resistant and pandrug-resistant bacteria: an international expert proposal for interim

standard definitions for acquired resistance. Clin Microbiol Infect. 2012; 18:268–281. https://doi.org/10.

1111/j.1469-0691.2011.03570.x PMID: 21793988

PLOS ONE Burden of stethoscopes contamination with multidrug-resistant bacteria

PLOS ONE | https://doi.org/10.1371/journal.pone.0250455 April 22, 2021 11 / 12

https://doi.org/10.1017/ice.2019.59
https://doi.org/10.1017/ice.2019.59
http://www.ncbi.nlm.nih.gov/pubmed/31012402
https://doi.org/10.1086/502021
http://www.ncbi.nlm.nih.gov/pubmed/11918116
https://doi.org/10.1016/j.ajic.2007.10.007
http://www.ncbi.nlm.nih.gov/pubmed/18068815
https://doi.org/10.1016/s0195-6701%2803%2900150-6
https://doi.org/10.1016/s0195-6701%2803%2900150-6
http://www.ncbi.nlm.nih.gov/pubmed/12919755
https://doi.org/10.1007/s11845-013-0961-7
https://doi.org/10.1007/s11845-013-0961-7
http://www.ncbi.nlm.nih.gov/pubmed/23639972
https://doi.org/10.1308/003588407X209419
https://doi.org/10.1308/003588407X209419
http://www.ncbi.nlm.nih.gov/pubmed/17959001
https://doi.org/10.1308/003588406X114866
http://www.ncbi.nlm.nih.gov/pubmed/17002855
https://doi.org/10.1016/j.mayocp.2013.11.016
http://www.ncbi.nlm.nih.gov/pubmed/24582188
https://doi.org/10.1016/j.ajic.2013.06.015
https://doi.org/10.1016/j.ajic.2013.06.015
http://www.ncbi.nlm.nih.gov/pubmed/24176606
https://doi.org/10.1017/s0950268800003563
http://www.ncbi.nlm.nih.gov/pubmed/10813148
https://doi.org/10.2310/8000.2011.110242
https://doi.org/10.2310/8000.2011.110242
http://www.ncbi.nlm.nih.gov/pubmed/21722552
https://doi.org/10.3855/jidc.701
https://doi.org/10.3855/jidc.701
http://www.ncbi.nlm.nih.gov/pubmed/20818091
https://doi.org/10.1017/ice.2018.319
http://www.ncbi.nlm.nih.gov/pubmed/30560753
https://doi.org/10.1016/j.ajic.2018.08.005
https://doi.org/10.1016/j.ajic.2018.08.005
http://www.ncbi.nlm.nih.gov/pubmed/30396696
https://doi.org/10.1016/j.ajic.2018.08.028
https://doi.org/10.1016/j.ajic.2018.08.028
http://www.ncbi.nlm.nih.gov/pubmed/30415805
https://doi.org/10.1016/j.ajic.2014.03.017
http://www.ncbi.nlm.nih.gov/pubmed/24775562
https://doi.org/10.1016/j.mayocpiqo.2020.01.001
http://www.ncbi.nlm.nih.gov/pubmed/32058541
https://doi.org/10.1016/s0196-0644%2895%2970075-7
http://www.ncbi.nlm.nih.gov/pubmed/7661417
https://doi.org/10.1111/j.1469-0691.2011.03570.x
https://doi.org/10.1111/j.1469-0691.2011.03570.x
http://www.ncbi.nlm.nih.gov/pubmed/21793988
https://doi.org/10.1371/journal.pone.0250455


21. Havill NL. Best practices in disinfection of noncritical surfaces in the health care setting: creating a bun-

dle for success. Am J Infect Control. 2013; 41:S26–30. https://doi.org/10.1016/j.ajic.2012.10.028

PMID: 23622744

22. Goodman ER, Platt R, Bass R, Onderdonk AB, Yokoe DS, Huang SS. Impact of an environmental

cleaning intervention on the presence of methicillin-resistant Staphylococcus aureus and vancomycin-

resistant enterococci on surfaces in intensive care unit rooms. Infect Control Hosp Epidemiol. 2008;

29:593–599. https://doi.org/10.1086/588566 PMID: 18624666

23. Holleck JL, Merchant N, Lin S, Gupta S. Can education influence stethoscope hygiene? Am J Infect

Control. 2017; 45:811–812. https://doi.org/10.1016/j.ajic.2017.02.004 PMID: 28668135

24. Uneke CJ, Ndukwe CD, Nwakpu KO, Nnabu RC, Ugwuoru CD, Prasopa-Plaizier N. Stethoscope disin-

fection campaign in a Nigerian teaching hospital:results of a before-and-after study. J Infect Dev Ctries.

2014; 8:86–93. https://doi.org/10.3855/jidc.2696 PMID: 24423717

25. Lemmen SW, Hafner H, Zolldann D, Stanzel S, Lutticken R. Distribution of multi-resistant Gram-nega-

tive versus Gram-positive bacteria in the hospital inanimate environment. J Hosp Infect. 2004; 56:191–

197. https://doi.org/10.1016/j.jhin.2003.12.004 PMID: 15003666

26. RutalaWA W, WeinstenRA, the Healthcare Infection Control Practices Advisory Committee (HICPAC).

Guideline for Disinfection and Sterilization in Healthcare Facilities; 2008 [cited March, 1 2020]. Available

from: https://www.cdc.gov/infectioncontrol/pdf/guidelines/disinfection-guidelines-H.pdf

27. Lecat P, Cropp E, McCord G, Haller NA. Ethanol-based cleanser versus isopropyl alcohol to decontami-

nate stethoscopes. Am J Infect Control. 2009; 37:241–243. https://doi.org/10.1016/j.ajic.2008.08.006

PMID: 19185394

28. Raghubanshi BR, Sapkota S, Adhikari A, Dutta A, Bhattarai U, Bhandari R. Use of 90% ethanol to

decontaminate stethoscopes in resource limited settings. Antimicrob Resist Infect Control. 2017; 6:68.

https://doi.org/10.1186/s13756-017-0224-x PMID: 28638595

29. Kramer A, Schwebke I, Kampf G. How long do nosocomial pathogens persist on inanimate surfaces? A

systematic review. BMC Infect Dis. 2006; 6:130. https://doi.org/10.1186/1471-2334-6-130 PMID:

16914034

30. Tschopp C, Schneider A, Longtin Y, Renzi G, Schrenzel J, Pittet D. Predictors of Heavy Stethoscope

Contamination Following a Physical Examination. Infect Control Hosp Epidemiol. 2016; 37:673–679.

https://doi.org/10.1017/ice.2016.40 PMID: 27198604

31. Schmidt MG, Tuuri RE, Dharsee A, Attaway HH, Fairey SE, Borg KT, et al. Antimicrobial copper alloys

decreased bacteria on stethoscope surfaces. Am J Infect Control. 2017; 45:642–647. https://doi.org/

10.1016/j.ajic.2017.01.030 PMID: 28302430

32. Messina G, Burgassi S, Messina D, Montagnani V, Cevenini G. A new UV-LED device for automatic dis-

infection of stethoscope membranes. Am J Infect Control. 2015; 43:e61–66. https://doi.org/10.1016/j.

ajic.2015.06.019 PMID: 26254501

PLOS ONE Burden of stethoscopes contamination with multidrug-resistant bacteria

PLOS ONE | https://doi.org/10.1371/journal.pone.0250455 April 22, 2021 12 / 12

https://doi.org/10.1016/j.ajic.2012.10.028
http://www.ncbi.nlm.nih.gov/pubmed/23622744
https://doi.org/10.1086/588566
http://www.ncbi.nlm.nih.gov/pubmed/18624666
https://doi.org/10.1016/j.ajic.2017.02.004
http://www.ncbi.nlm.nih.gov/pubmed/28668135
https://doi.org/10.3855/jidc.2696
http://www.ncbi.nlm.nih.gov/pubmed/24423717
https://doi.org/10.1016/j.jhin.2003.12.004
http://www.ncbi.nlm.nih.gov/pubmed/15003666
https://www.cdc.gov/infectioncontrol/pdf/guidelines/disinfection-guidelines-H.pdf
https://doi.org/10.1016/j.ajic.2008.08.006
http://www.ncbi.nlm.nih.gov/pubmed/19185394
https://doi.org/10.1186/s13756-017-0224-x
http://www.ncbi.nlm.nih.gov/pubmed/28638595
https://doi.org/10.1186/1471-2334-6-130
http://www.ncbi.nlm.nih.gov/pubmed/16914034
https://doi.org/10.1017/ice.2016.40
http://www.ncbi.nlm.nih.gov/pubmed/27198604
https://doi.org/10.1016/j.ajic.2017.01.030
https://doi.org/10.1016/j.ajic.2017.01.030
http://www.ncbi.nlm.nih.gov/pubmed/28302430
https://doi.org/10.1016/j.ajic.2015.06.019
https://doi.org/10.1016/j.ajic.2015.06.019
http://www.ncbi.nlm.nih.gov/pubmed/26254501
https://doi.org/10.1371/journal.pone.0250455

