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The stethoscope, crucial in medical diagnosis, links doctors and patients. With the threat of healthcare 
associated infections (HAIs), understanding stethoscope contamination and medical students’ 
awareness is imperative. This study conducted from September to December 2022, the research 
involved 293 stethoscopes from three hospitals in the West Bank. Questionnaires probed students’ 
practices, and Staphylococcus spp isolations were analyzed. Contamination rates, bacterial species, 
associations with disinfection practices and other hospital factors were explored. Stethoscope 
contamination rate was high in the three hospitals (range: 26.5–50.8 CFU/cm2). Staphylococcus 
spp contaminated 36.9% of stethoscopes. Methicillin Resistant S. aureus (MRSA) and Vancomycin 
Resistant S. aureus (VRSA) occurred in 16.6% and 1.8% respectively. 36% exhibited resistance to two 
or more antibiotics. The study revealed significant findings regarding stethoscope contamination. Only 
29.4% of stethoscopes used by those who disinfected between patients conformed to permissible 
contamination levels, in contrast to a markedly greater 60.7% among those who did not disinfect 
(P < 0.05). Reminders for disinfection in study units resulted in a 32.1% acceptable rate, whereas units 
without reminders had a significantly higher 67.9% rate (P < 0.001). Stethoscope usage also played 
a role, with a 34.4% acceptable rate for those examining only patients, compared to a significantly 
higher 65.8% rate for those examining both patients and peers (P < 0.05). Additionally, significant 
differences were observed in hospital, rotation, year-wise, disinfection frequency, and the presence 
of reminders. Improving stethoscope disinfection practices is crucial to improving patient safety and 
infection control. Recommendations include the implementation of standard protocols, the use of 
effective disinfectants, the education of health professionals and the integration of routine disinfection 
into workflows. These measures significantly reduce hospital infections and promote a safety culture, 
promoting patient confidence and improving health results.
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The stethoscope not only diagnoses but also acts as a doctor-patient channel, allowing engagement and 
understanding of patients’ backgrounds, lifestyles, and physical characteristics. Auscultation reduces the doctor-
patient gap, fostering trust and a stronger doctor-patient relationship1. The stethoscope, derived from Greek 
words for chest and examination, is a device used to listen to body sounds like heartbeats, bowel movements, 
and blood flow, aiding doctors in assessing a patient’s health2,3. Healthcare associated infections (HAIs) are a 
significant concern for healthcare workers and patients, with 3–5% of patients experiencing clinical collapse 
leading to death or ICU transfer, and those with major infections or septicemia, which contribute to 50% or 
more hospital mortality4,5.
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HAIs have been linked to longer hospital stays and higher resource use, according to research. As per to one 
estimate, HAIs can cost up to $25,000 per infection6,7. A systematic review and meta-analysis study found that 
critical care units have a higher prevalence of HAIs than other wards, with adult ICU settings having the highest 
prevalence (51.3%) in 75 European regions8. Filamentous fungi and bacteria can survive on dry surfaces, causing 
health issues like HAIs. They can be passed from patient to patient through direct contact with contaminated 
environments or healthcare personnel’s hands9. Clostridium difficile, Klebsiella pneumoniae, Acinetobacter species, 
Pseudomonas aeruginosa, and Staphylococcus aureus are the most prevalent bacterial strains causing difficult 
to-control illnesses in the hospital setting10. Hospitals often use glass, stainless steel, and aluminum surfaces 
because of their reduced bacterial survival and development rates in comparison to porous materials. Due to 
their non-porous and inorganic nature, these materials impede the development and survival of microorganisms 
in contrast to porous and organic materials11. The kinetics of survival of main nosocomial bacteria on different 
surfaces are investigated in Katzenberger et al.11. surfaces were inoculated with a solution containing type strains 
of several bacteria, including S. aureus, K. pneumoniae, P. aeruginosa, S. marcescens, E. coli, and E. cloacae. For 
four weeks, the surfaces were kept in a typical environment. While S. aureus was alive for at least seven days, 
A. baumannii and E. faecium had the longest survival times. Within two days, most gram-negative bacteria 
were rendered inactive. Nosocomial transmission of these germs cannot be prevented without consistent daily 
infection control efforts11.

Staphylococcus spp. they are emerging as notable pollutants in the hygiene of the stethoscopes, which 
raises concerns among health professionals regarding infection control practices, particularly among medical 
apprentices. Datta et al. referred to the stethoscope as a “friendly enemy”, illustrating the double role it plays in 
the clinical examination and as a vector for microbial transmission, which requires rigorous hygiene practices12. 
The importance of adequate stethoscope hygiene becomes evident when the findings of research are considered, 
which revealed a notable knowledge gap regarding disinfection methods among health personnel in a rural 
environment. This gap can lead to inconsistent practices, increasing the probability of cross contamination 
among patients12,13. Alaali et al. (2020) they corroborated even more this documenting suboptimal cleaning 
practices in community hospitals, highlighting a systemic problem that contributes to high pollution rates14. 
In addition, Tahir et al. (2022) illustrated the microbiological impacts of disinfection practices among doctors, 
indicating the need for more compliance and compliance with infections control guidelines. The prevalence of 
Staphylococcus spp. In medical care environments, the critical responsibility for medical apprentices to implement 
rigorous infection control protocols, thus safeguarding the health of the patient and the public. Addressing these 
concerns through standardized training and disinfection practices is essential to improve the general medical 
care results15.

Stethoscopes are thought to have the potential to spread infectious organisms, which could lead to healthcare-
associated infections (HCAI)16. International research shows high bacterial contamination of stethoscopes, with 
most participants aware of their potential to spread healthcare associated infections. The study by Zehra et 
al. aimed to assess healthcare professionals’ awareness of stethoscopes as a source of nosocomial infections, 
their cleaning practices, and the existence of guidelines and accountability criteria. A cross-sectional study of 
243 professionals was conducted in tertiary healthcare facilities in Rawalpindi and Islamabad. The majority of 
participants were aware of stethoscopes as a source of infections and believed in regular cleaning. However, a 
majority of participants believed their hospitals did not issue protocols for decontamination. The study suggests 
further research to expand recommendations on stethoscope cleanliness17. HAIs often stem from hygiene 
neglect, a common cause of medical malpractice claims. To establish legal liability, two key factors must be 
proven: negligence in preventing stethoscope contamination and a causal link between negligence and patient 
harm due to pathogen transmission from the stethoscope. Disinfection and sterilization of medical equipment 
are often used to defend HAI-related misconduct18. During 20 min of typical use, the majority of the devices, 
including stethoscopes managed to accumulate enough microbes to have microbial loads greater than the 
permissible limit of 2.5 CFU/cm2 19.

Stethoscope disinfection reduces infection transmission, particularly in controlling Methicillin Resistant 
S. aureus (MRSA) spread within hospitals, as it is clinically relevant for infection control purposes19. A study 
reveals forgetfulness, negligence, and lack of disinfectant in the workplace are the top three causes of poor 
disinfection practice among Ethiopian doctors, requiring strengthening of stethoscope disinfection culture and 
infection control programs20. The stethoscope, a non-critical medical device, requires proper hygiene due to its 
role as the doctor’s “third hand.” The Centers for Disease Control and Prevention (CDC) recommend cleaning 
it with alcohol or bleach-based disinfectant, from patient interactions to weekly21. A study found that 25 out 
of 62 stethoscopes showed potentially dangerous bacterial growth before alcohol-based disinfectant washing, 
while only two showed pathogenic isolate development post-cleaning22. Ethanol-Based Hands Sanitizer (EBHS) 
and Isopropyl alcohol (IPA) pads effectively reduce bacterial load on stethoscope surfaces, but their high cost 
makes them less widely used in developing nations23. Hands before covering the stethoscope diaphragm with a 
disposable glove to prevent illness transfer. The CDC recommends using a disposable stethoscope and cleaning it 
after use on a patient under contact precautions, especially if special disposable devices are not easily accessible24.

The critical role of medical interns in the maintenance of stethoscope hygiene practices is essential to mitigate 
bacterial contamination in clinical environments. As future health service providers, their adherence to hygiene 
protocols significantly influences the patient’s safety and control measures. Studies indicate that medical interns 
often exhibit under -ideal hygiene practices due to lack of education and awareness25. In particular, clinical 
students demonstrate varied attitudes regarding the cleaning of the stethoscope, reflecting the need for directed 
educational interventions. The training programs were promising in improving the hygiene practices of medical 
students, emphasizing the importance of hand hygiene alongside the cleaning of the stethoscope. In addition, 
educational initiatives positively influence the hygiene habits of the stethoscope among medical students, 
suggesting that systematic training could increase adherence to essential protocols26. Notably, contemporary 
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research highlights an alarming persistence of inadequate cleaning practices among health professionals, 
including medical interns27. Approaching these gaps through comprehensive training and reinforcing the 
importance of hygiene can be critical to promoting a culture of patient responsibility and safety during the 
critical learning phase of medical interns. The integration of rigorous hygiene practices in medical education is 
crucial to cultivating lifelong compliance and finally reducing the infections acquired at the hospital.

The stethoscope, in addition to its diagnostic role, acts as both a symbolic and practical conduit in the 
doctor–patient interaction, enhancing communication and trust. It enables professionals to auscultate internal 
bodily sounds, including heartbeats, bowel movements, and respiratory sounds, so serving a crucial function in 
physical examination and clinical evaluation1,2. Nonetheless, despite its use in medical practice, the stethoscope 
also serves as a possible conduit for the spread of healthcare-associated infections (HAIs)3,4.

HAIs pose a significant challenge to global healthcare systems, linked to extended hospitalizations, elevated 
healthcare expenditures, and increased morbidity and death rates. Their presence in critical care settings is 
particularly concerning3–5. Studies indicate a 51.3% frequency of HAIs in adult intensive care units (ICUs) 
across 75 European regions8. These infections are frequently attributed to pathogens like Staphylococcus aureus, 
Clostridium difficile, Klebsiella pneumoniae, and Pseudomonas aeruginosa, many of which have shown the 
capacity to endure prolonged periods on dry, high-contact surfaces typically present in hospitals, including 
glass, aluminum, and stainless steel10,11.

The stethoscope is an often used but sometimes neglected instrument in clinical practice. Studies indicate 
that stethoscopes may contain potentially dangerous bacteria and serve as conduits for cross-transmission 
among patients12,13. A research performed in Kenyan hospitals revealed that just 9.8% of high-touch surfaces, 
including medical equipment, conformed to acceptable bacterial contamination guidelines. Stethoscopes are 
sometimes termed “friendly enemies,” since they are essential diagnostic instruments but may facilitate germ 
transmission if not adequately sanitized12.

Evidence indicates that inadequate stethoscope hygiene habits among healthcare professionals, especially 
medical trainees, facilitate the transmission of HAIs17. Medical trainees often engage with patients and participate 
actively in clinical care; nevertheless, research indicates that they may not consistently comply with infection 
control guidelines17,27. This is often attributable to a deficiency in awareness, insufficient training, lapses in 
memory, or the unavailability of disinfectants20,22,23. Inadequate hygiene standards among interns have been 
recorded in several environments, prompting worries over their potential as vectors for nosocomial diseases18,21.

Although several studies indicate significant knowledge of stethoscope contamination dangers, compliance 
with cleaning protocols is notably inadequate. For example, just 9.5% of healthcare practitioners in a particular 
survey said that they disinfected their stethoscopes after each patient encounter25. Alcohol-based disinfectants 
are efficacious but often underutilized, particularly in resource-limited environments where financial constraints 
and accessibility may pose challenges18,23. The Centers for Disease Control and Prevention (CDC) advise the 
routine cleaning of non-critical equipment, such as stethoscopes, preferably after each use or at least weekly24.

The ramifications of insufficient disinfection extend beyond infection control and patient outcomes; they also 
include legal and ethical significance. Healthcare-associated infections stemming from deficiencies in hygiene 
protocols may result in malpractice litigation if carelessness and a direct relationship to patient injury are shown. 
In such instances, insufficient disinfection may serve to illustrate a violation of the duty of care8,16.

In addition to compromising patient outcomes, inadequate stethoscope hygiene carries significant legal 
and ethical implications. HAIs resulting from lapses in disinfection practices may lead to medical malpractice 
claims, particularly when negligence in infection control is demonstrably linked to patient harm. A retrospective 
analysis of civil court judgments in Rome from 2016 to 2020 revealed that healthcare professionals and 
institutions were frequently held liable for HAIs, highlighting systemic failures in adherence to hygiene protocols 
and the resulting juridical and economic consequences. Legal experts similarly affirm that breaches in standard 
infection prevention practices, such as failing to sanitize high-touch instruments like stethoscopes, can serve as 
grounds for litigation under medical malpractice if a duty of care is proven to have been violated. These findings 
underscore the importance of rigorous compliance with disinfection guidelines, not only to safeguard patient 
health but also to mitigate legal exposure for healthcare providers7.

As medical interns are prospective healthcare providers, it is essential to teach appropriate hygiene habits early 
in their training. Educational programs have shown efficacy in enhancing disinfection practices, particularly 
with stethoscope hygiene. Organized training programs enhance adherence to infection control practices and 
foster a culture of safety and responsibility26,28.

This research seeks to examine the hygiene practices and bacterial contamination levels of stethoscopes used 
by medical trainees, specifically targeting knowledge deficiencies, compliance with disinfection methods, and 
the effects of instructional interventions.

Materials and methods
Study design
This study involved medical students from various clinical years and rotations at the Faculty of Medicine and 
Health Sciences at An-Najah National University in the West Bank, Palestine, focusing on the diaphragm and 
bell of the stethoscope for assessing microbial contamination rates. A statistical study was performed to ascertain 
the distribution of microbial levels, and subjects were sampled without prior notification.

The research used a cross-sectional study design to gather data from a heterogeneous population sample at 
a certain time; the study was carried out at a university research laboratory (Central research lab) during five 
months, from August 2022 to February 2023. We affirm that all techniques were executed in compliance with the 
relevant standards and regulations as stipulated by our university’s policies.

A descriptive laboratory research was done on medical students at An-Najah National University across 
three hospitals: Hospital A (32° 13’ 32” N, 35° 14’ 30” E), Hospital B (32° 13’ 22” N, 35° 15’ 45” E), and Hospital 
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C (32° 14’ 23” N, 35° 14’ 45” E). Each participant in the research answered a questionnaire that pertains to their 
everyday use and practices in hospitals and medical settings. It includes inquiries on their gender, clinical year, 
and possession of a stethoscope. Additional inquiries evaluated the regularity of disinfection, awareness and 
comprehension of illness transmission, and sanitation procedures. A designated part inquires about their hospital 
training, the accessibility of disinfectant solutions, the quality of instruction and reminders on disinfection, and 
the subjects of their stethoscope examinations (patients or other students). Finally, inquiries on their personal 
state, including medical issues, hand cleanliness, and nail care. Their responses were assessed to determine 
knowledge of stethoscope handling, disinfectant use, and compliance with infection control protocols.

The sample size of 293 participants was determined to ensure comprehensive and representative data for 
our study on the stethoscopes used by medical students. Given the variability among participants—including 
gender, clinical year, and the specific rotations they were engaged in—a sufficiently large sample was essential to 
account for these factors and minimize bias.

To determine the appropriate sample size, we used the Raosoft Sample Size Calculator, assuming a 
prevalence of 50%, a confidence level of 95%, and a 5% margin of error. This yielded a recommended 
sample size of 293 participants from an estimated total population of approximately 1,235 students. After 
determining the required sample size, we employed a simple random sampling method. Using a complete 
list of enrolled students provided by the academic registry, each student was assigned a unique number. 
We then used a computerized random number generator to select 293 students from the list, ensuring 
that every individual in the population had an equal chance of being included in the study. This method 
was chosen to minimize selection bias and enhance the representativeness of the sample. A prevalence of 
50% was assumed for the sample size calculation as it provides the most conservative estimate, ensuring a 
sufficiently large and statistically valid sample in the absence of prior data.
Furthermore, in order to prevent selection bias and guarantee that all pertinent subgroups were fairly 
represented. We used a nonspecific random sampling technique. In order to compare findings across 
various phases of medical school, the collected data was classified into three categories that corresponded 
to the students’ clinical years. This method made it easier to analyse patterns and variations in stethoscope 
use and associated results. Overall, the chosen sample size provided a robust foundation for reliable 
statistical analysis while capturing the heterogeneity of the population under study.

Bacterial count and identification of Staphylococci spp
A sterile cotton swab, moistened with sterile normal saline, is used to collect samples from the whole diaphragm 
of the stethoscope, thereafter placed in a 1 ml sterile normal saline Eppendorf tube. Subsequently, 0.1 ml of each 
sample was cultured using the spreading technique on Tryptic Soy Agar (TSA) medium in triplicate, followed 
by incubation of the culture plates at 37 °C for 48 h. Following incubation, colony counting was conducted, and 
the mean was confirmed18,21,22.

. Identification was conducted using standard microbiological methods, including assessment of physical 
and biochemical characteristics. All isolates first underwent Gram staining to confirm Gram-positive cocci in 
clusters, suggestive of staphylococci. Colonies were then evaluated for morphology (circular, convex, opaque, 
golden-yellow or white colonies on nutrient or blood agar). Further differentiation was performed using 
catalase testing (positive for staphylococci), followed by coagulase testing (to distinguish Staphylococcus aureus 
[coagulase-positive] from coagulase-negative staphylococci [CoNS]). Additional biochemical tests such as 
mannitol fermentation on mannitol salt agar (MSA) and DNase activity were also used to support identification.

Following 48 h of incubation on TSA, colonies that ferment mannitol (yellow colonies) are presumed to 
be S. aureus, whereas those that do not ferment mannitol are considered to be CoNS21,22. The examination of 
Staphylococcal contamination is focused, since we posited that Staphylococcus was mostly accountable for the 
contamination of skin and surfaces, a hypothesis corroborated by previous studies. To ensure patient safety 
against cross-infection, since the stethoscope directly contacts the skin, yellow colonies were then cultured using 
the spreading technique on Mannitol Soy Agar (MSA) for each sample in triplicate, followed by incubation of 
the culture plates at 37 °C for 48 h. Following incubation, colony counts were recorded, and the average was 
established22.

For Gram-positive cocci, isolates were subcultured on blood agar and underwent a catalase test; positive 
results indicate S. aureus and Coagulase-Negative Staphylococci (CoNS). To get positive findings, additional 
identification is conducted using the coagulase test to confirm Staphylococcus spp. based on the coagulase 
reaction, we will differentiate between S. aureus and Coagulase-Negative Staphylococci (CoNS). Organisms that 
exhibit positivity (mannitol fermenter-yellow) are identified as S. aureus, whereas those that are negative are 
classified as CoNS21,22.

Following the administration of antibiotics (Sect.  2.3), we used API Staph (bio Mérieux, Lyon, France) 
in accordance with the manufacturer’s instructions to distinguish among various Staphylococcus species. The 
novobiocin sensitivity disc was used to distinguish S. saprophyticus, with a diameter of less than 16 mm indicating 
resistance and confirming the presence of S. saprophyticus23.

Oxacillin or cefoxitin are often used as surrogate markers for methicillin in order to identify MRSA 
resistance. Oxacillin testing was done by disk diffusion method, using a 1-µg disk on Mueller-Hinton agar, 
where a zone diameter of ≤ 10 mm shows resistance. The selected drug is cefoxitin, which consistently induces 
the resistance-causing mecA gene; resistance is shown by a zone diameter of ≤ 21 mm. The method used for 
assessing vancomycin MICs to identify resistance in VRSA is agar screening with six µg/mL vancomycin, where 
bacterial growth indicates resistance29.

While the emphasis was on Staphylococcus, other bacterial species were not overlooked. MacConkey 
agar was used for gram-negative bacteria, and any transparent colony produced (lactose nonfermenter) was 

Scientific Reports |        (2025) 15:23444 4| https://doi.org/10.1038/s41598-025-07231-y

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


subjected to the oxidase test for the identification of Pseudomonas spp (oxidase positive). For colonies that tested 
oxidase negative, a glucose fermentation test was employed; those yielding a negative result were identified as 
Actinobacter baumannii. However, none of the findings indicated the presence of gram-negative nosocomial 
bacteria (Data not shown)21,24.

Antibiotics sensitivity test
An antibiotic sensitivity test was conducted on Staphylococcus spp. colonies that proliferated on MSA. The 
Kirby–Bauer disc diffusion technique was used on Mueller-Hinton (MH) agar as per Weinstein and Lewis29. 
Utilizing antibiotic classes from Oxoid United Kingdom: Cefoxitin (FOX), Vancomycin (VA), and Oxacillin 
(OX) (J01CF04) for the assessment of MRSA and VRSA in accordance with Weinstein and Lewis29. Additionally, 
the sensitivity patterns of Gentamicin (CN) (D06AX07), Erythromycin (E) (J01FA01), Trimethoprim (SXT) 
(J01EE01), Clindamycin (DA) (J01FF01), and Levofloxacin (LEV) (J01MA12) antibiotics were assessed using a 
0.5 McFarland standard as calculated by the densitometer29.

Statistical analysis
Statistical Package for Social Science (SPSS) software version 25 was used for analyzing. Descriptive statistics 
were used to summarize different variables and presented in the form of texts and tables, Categorical variables 
were described as frequencies and proportions, and continuous variables tested by Spearman’s correlation test 
due to the data being not normally distributed. Also, we used Pearson Chi-Square and Fisher’s Exact Test to 
examine the comparison between categorical variables. We used Kruskal One-Way ANOVA test to compare 
between variables with more than 3 groups and due to the data not being normally distributed, and being 
appropriate for comparing means across many groups.

The study formulated the following hypotheses to evaluate the contamination rates and students’ awareness:

	A.	 Null Hypothesis (H0): There is no stethoscope contamination, and high awareness of disinfection among 
medical students does exist.

	B.	 Alternative Hypothesis (Ha): There is stethoscope contamination, and high awareness of disinfection among 
medical students does not exist.

The contamination rate of stethoscopes was calculated using the following formula:

	 Contamination rate (CF U/cm) = (CF U/mL) / (π × r)

Where:
The colony-forming units (CFU) extracted from the cultured samples are expressed as CFU/mL.
R is the radius of the stethoscope’s diaphragm or bell (measured in centimetres).
π is a constant (approximately 3.14).
The contamination density in CFU per square centimetre of surface area is determined using the formula.
The circular surfaces of the stethoscope bell and diaphragm, which were swabbed to measure contamination, 

are included by this equation. These surfaces were swabbed, the sample was inoculated onto the proper culture 
medium, and the plates were then incubated as part of the measuring procedure. The colony-forming units that 
resulted were tallied and expressed as CFU/ml.

The radius of the stethoscope’s diaphragm or bell was measured, and the surface area was calculated using the 
formula for the area of a circle (π × r²). Finally, the CFU/mL was divided by the calculated surface area to obtain 
the contamination rate in CFU/cm².

For the purposes of this investigation, a contamination level of 2.5 CFU/cm² was used as the cut-off 
point to distinguish between acceptable and undesirable bacterial contamination. Values below 2.5 CFU/
cm² were considered acceptable, while values equal to or exceeding 2.5 CFU/cm² were classified as indicative 
of unacceptable contamination. This threshold is based on standards established in previous studies and 
infection control guidelines, which identify this level as the upper limit for safe microbial presence on medical 
equipment30–32.

This approach ensures that contamination rates are standardized and comparable across different samples 
and stethoscope surfaces.

The tests were conducted to determine whether there were significant differences in contamination rates 
among different variables. The tests produced an F-statistic and associated p-value. To determine statistical 
significance, the resultant p-value from the tests was compared to a pre-set significance level (e.g., α = 0.05). 
If the p-value is less than the significance level, the null hypothesis is refuted due to strong evidence against it, 
indicating a significant difference in contamination rates between the variables and vice versa.

Results
Socio-demographic characteristics
In our research, 293 ANNU Medical Students and their stethoscopes were included. The response rate was 100%. 
The men were 147 (50.2%), while the ladies were 146 (49.8%). The age average was 22.5 ± 0.2. The students were 
in various years of the clinical program; 98 (33.45%) were in fourth year, the same in sixth year, and 97 (33.1%) 
were in fifth year. Furthermore, the data was obtained from several Nablus hospitals; 98 samples (33.45%) were 
taken from A (32° 13’ 32” N, 35° 14’ 30” E), the same from B (32° 13’ 22” N, 35° 15’ 45” E), and 97 samples 
(33.1%) from C (32° 14’ 23” N, 35° 14’ 45” E). It is worth noting that at the time of data collection, the students 
were divided into different rotations in the hospital: 64 (21.8%) in internal medicine, 57 (19.4%) in surgery, 58 
(19.8%) in pediatrics, 56 (19.1%) in obstetrics and gynecology, and 58 (19.8%) in other departments.
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Also, according to our questionnaire, 271 (92.5%) of students participated in online learning throughout the 
COVID-19 epidemic. 289 of the pupils (98.6%) did not have a chronic condition. The stethoscope 276 (94.2%) 
was personally owned, while the rest were shared. The Littman brand stethoscopes were used the most (246, or 
84%) (Table 1).

The infection, awareness and practice among students’ stethoscope
A total of 293 samples from students’ stethoscopes were tested for bacterial contamination. The majority, 268/293 
(91.5%) of pupils, felt that the stethoscope might transmit illness. Approximately 114/293 (39%) felt that both the 
diaphragm and the bell could convey the microbes, whereas 74/293 (25.3%) believed that only the diaphragm 
could transmit it. 98/293 (33.45%) of the participants did not disinfect their stethoscope, whereas 79/293, 58/293, 
and 46/293 (27%, 19.8%, and 15.7%) did so daily, weekly, and monthly, respectively. Approximately 170/293 
students (58%) did not sanitize their stethoscopes after each patient assessment. Although 286/293 (97.6%) of 
them agreed that the stethoscope should be disinfected after each patient. 290/293 (99%) of them said that hand 
hygiene was necessary to avoid or decrease stethoscope contamination. 223/293 (76.1%) of the students used 
alcohol to clean their stethoscopes, with about 117/293 (40%) disinfecting the diaphragm, bell, and earpiece 
in total. 154/293 (52.6%) of the students learned about disinfection throughout their clinical study. It is worth 
noting that there were no infection control posters in the hospital promoting the significance of cleaning the 
stethoscope after each use in 185/293 (63.1%) of their study units. However, disinfectants were accessible in 
246/293 (84%) of the study units. 183/293 (62.5%) of the students used the same stethoscope to examine both 
patients and students from the same department. Regarding nails, 213/293 (72.7%) of them did not have long 
nails (Table S1).

The distribution and frequencies of bacterial isolates among students’ stethoscopes
The overall incidence of stethoscope contamination among students was 229/293 (78.2%), and cultures were 
produced, revealing a diverse range of bacteria. The distribution was as follows: 2/293 (0.7%) Bacillus spp, 
118/293 (40.3%) Yellow Micrococcus (gram-positive cocci), 151/293 (51.5%) Grey wet (gram-negative rods), 
11/293 (3.8%) Fungus, and 108/293 (36.9%) distinct species of Staphylococcus. Of them, 70/108 (64.8%) were S. 
epidermidis, 36/108 (33.3%) were S. aureus, and only one sample included S. saprophyticus 1/108 (0.93%) and S. 
aureicularis 1/108 (0.93%).

Antimicrobial susceptibility testing for Staphylococcus spp
A total of 108 isolated Staphylococcus spp. were evaluated for antimicrobial sensitivity against eight antibiotic-
class discs (aminoglycosides, macrolides, sulfonamides, glycopeptides, clindamycins, fluoroquinolones, and 
B-lactams) used in the treatment of Staphylococcal infection. All S. epidermidis and S. saprophyticus were 
108/108 (100%) susceptible to Gentamicin, Cefoxitin, and Vancomycin. Methicillin-resistant S. aureus (MRSA) 
frequency was 18/108 (16.6%). The majority of S. aureus (98.1%) was sensitive to Gentamicin and Vancomycin, 

Variable Characteristics Number (N) Percentage (%)

Age(year)

20–22 154 52. 6

23–25 128 43.7

≥ 26 11 3.8

Sex
Male 147 50.5

Female 146 49.5

Clinical year

4th 98 33.45

5th 97 33.1

6th 98 33.45

Current rotation

Internal medicine 64 21.8

Surgery 57 19.5

Pediatric 58 19.8

Obs-gyna 56 19.1

Others 58 19.8

Place of rotation

A 98 33.45

B 98 33.45

C 97 33.1

Online learning During COVID-19 (Yes/No) Yes 271 92.5

Stethoscope brand
Littman 246 84

Others 47 16

Chronic disease (Yes/No) No 289 98.6

Stethoscope ownership
Personal 276 94.2

Shared 17 5.8

Table 1.  Socio-demographic and other characteristics of the medical students in An-Najah National 
university, the West bank 2023 (N = 293).
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with the exception of two isolates, Vancomycin Resistant S. aureus (VRSA) (1.8%), which were resistant, and 
108/108 (100%) of S. aureicularis was susceptible to Gentamicin, Cefoxitin, and Vancomycin (Table 2).

The overall prevalence of resistance to two or more antibiotics was 39/108 (36%). S. aureus 22/108 (20.3%) 
had the highest prevalence of resistance to two or more antibiotics, followed by S. epidermidis 15/108 (13.9%), S. 
saprophyticus 1/108 (0.9%), and S. aureicularis 1/108 (0.9%).

Contamination rate and the cleaning practices among the medical students
The students that disinfected their stethoscopes between patients were 86/293 (29.4%) and had an acceptable 
contamination rate while those who did not disinfect it had 178/293 (60.7%), and the difference was significant 
with P-value (0.040). The presence of any reminders of equipment disinfection in study unit had 94/293 (32.1%) 
of the acceptable contamination rate and who didn’t have reminder had 199/293 (67.9%), and the difference was 
strongly significant with P-value (0.001). The students who used their stethoscopes to only examine patients were 
101/293 (34.4%) of acceptable contamination rate while those who examined the patients and other students 
were 193/293 (65.8%), and the difference was significant with P-value (0.021) (Table 3).

The differences in the distribution of contamination (TSA means / Cm2) among different 
variables
There was a significant difference between the places of rotation due to bacterial contamination (TSA mean/ 
Cm2); the mean of hospital A was 50.8 with standard deviation (SD) 13 and the other hospitals (B, C) the mean 

Awareness questions

TSA MSA
P- 
value

Acceptable contamination rate
Not- acceptable contamination 
rate Acceptable contamination rate

Not- acceptable contamination 
rate

TSA 
MSA

Do you disinfect stethoscopes between patients?

Yes 57 (41.6%) 67 (42.9%) 93 (39.4%) 31 (54.4%) 0.816

No 80 (58.4%) 89 (57.1%) 143 (60.6%) 26 (45.6%)

Total 137 (100%) 156 (100%) 236 (100%) 57 (100%) 0.04

Are there any reminders of equipment disinfection in your study unit?

Yes 47 (34.3%) 61 (39.1%) 76 (32.2%) 32 (56.1%) 0.396

No 90 (65.7%) 95 (60.9%) 160 (67.8%) 25 (43.9%)

Total 137 (100%) 156 (100%) 236 (100%) 57 (100%) 0.001

Do you examine only patients with your stethoscope or other students too?

Patients 49 (35.8%) 61 (39.1%) 81 (34.3%) 29 (50.9%) 0.556

Both 88 (64.2%) 95 (60.9%) 155 (65.7%) 28 (49.1%)

Total 137 (100%) 156 (100%) 236 (100%) 57 (100%) 0.021

Are you taught about disinfection in your clinical studies?

Yes 76 (55.5%) 78 (50.0%) 118 (50.0%) 36 (63.2%) 0.349

No 61 (44.5%) 78 (50.0%) 118 (50.0%) 21 (36.8%)

Total 137 (100%) 156 (100%) 236 (100%) 57 (100%) 0.074

Table 3.  Comparison between TSA and MSA acceptable and not acceptable contamination rate and the 
cleaning practices of the students. Significant values are in bold.

 

Staphylococcus species

Total

S. I. R

Antibacterial types / No. Of bacteria (%)

No. (%) G FOX E SXT VAN CM LVX OX

Staph. aureus

36 (33.3%) S 34 29 10 24 34 22 25 12

I 1 0 7 2 0 1 2 3

R 1 7 19 10 2 13 9 21

Staph. epidermidis

70 (64.8%) S 70 70 35 65 70 59 62 43

I 0 0 7 0 0 1 2 12

R 0 0 28 5 0 10 6 15

Staphy.auricularis

1 (0.93%) S 1 1 0 1 1 0 0 0

I 0 0 0 0 0 0 0 0

R 0 0 1 0 0 1 1 1

Staph. saprophyticus

1 (0.93%) S 1 1 0 0 1 0 0 0

I 0 0 0 0 0 0 0 0

R 0 0 1 1 0 1 1 1

Table 2.  Antibiotic sensitivity test of Staphylococci species isolated from students’ stethoscopes.
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were 27.5, 26.5 respectively. Therefore, we can conclude that the contamination in the hospital A was higher 
than B and C and this difference was significant due to P- value was 0.028. The contamination means between 
students, who underwent Online Learning During COVID-19 mean 37.5 with S.D 6.56, was lower than who 
don’t take that mean 2.47 S. D 0.66 with P- value 0.047. Therefore, the students who were learning online had 
contamination rate more than who didn’t learn online. (Table 4). Other variables did not show any significance 
(Table S3).

The differences in the distribution of Staphylococcal contamination of (MSA means / Cm2) 
among different variables

MSA contamination levels were highest in hospital A (12.52 ± 5.32), followed by hospital B (8.73 ± 5.19), 
and lowest in hospital C (3.43 ± 1.31), with a significant difference (P-value = 0.017). MSA contamination 
was highest in surgery rotation (mean 12.94 ± 2.98) among medical students, followed by others rotation 
(mean 10.95 ± 8.66) and pediatric (10.29 ± 8.63). The lowest two rotations were internal medicine and obs-
gyna with mean of 3.7. These differences were significant with a P-value of (0.010).
Sixth-year medical students had the greatest MSA contamination mean (14.02 ± 5.38), followed by 
fifth-year medical students (7.60 ± 5.2) and fourth-year medical students with mean (3.1 ± 1.14). These 
differences were significant (P-value = 0.028). Students who disinfected their stethoscopes monthly had a 
higher contamination mean (12.38) than those who disinfected them weekly or daily (mean 11.5), while 
students who disinfected their stethoscopes hourly had the lowest contamination mean (9.39 ± 5.09). 
These differences were significant with a P-value of 0.005. The study unit with equipment disinfection 
reminders had a higher mean MSA contamination rate (14.32 ± 4.96) compared to those without 
(4.75 ± 2.76), with significant differences (P-value = 0.001). Students who believe hand hygiene is crucial 
for preventing or reducing stethoscope contamination had higher MSA contamination rates (8.30 ± 2.256) 
and (3.95 ± 0.52), respectively, with a P-value of 0.014 indicating significant differences (Table 5).
There was no significant difference between students who examined just patients with a stethoscope 
and those who examined other students as well. Students who cleaned their stethoscopes hourly had 
the lowest mean (0.93 ± 0.88), with significant differences (P-value = 0.031). Students who learned about 
disinfection in clinical research had lower contamination rates (7.23 ± 1.42) compared to those who did 
not. Contamination rates in hospitals and their rotations display considerable variability, affected by 
several variables like as hygiene standards and the availability of disinfection supplies, which subsequently 
influence infection control. Effective hand hygiene is essential; enhancements in water supply, sanitation, 
and handwashing facilities have shown a reduction in health-related illnesses, especially in resource-
limited settings.

Discussion
This study highlights critical gaps in stethoscope hygiene among medical students and their implications for 
infection control. Despite widespread awareness of contamination risks, inconsistent disinfection practices 
persist. The finding that 78% of stethoscopes were contaminated—with multidrug-resistant organisms such as 
MRSA—raises serious concerns about transmission of HAIs within clinical training environments.

A notable and unexpected finding was that students enrolled in online courses had higher contamination rates 
than those in in-person programs. While reduced hands-on training is a plausible factor, further explanation is 
warranted. Limited supervision, absence of real-time feedback on hygiene behavior, and less exposure to clinical 
infection control protocols may contribute. Students might also have used the same stethoscopes without proper 
training in disinfection protocols before clinical rotations resumed25–27.

Surgical rotations exhibited the highest contamination levels, reinforcing the need for stricter hygiene 
compliance in high-risk departments. Surprisingly, no significant differences in hygiene practices were found 
across gender, age, or clinical year—suggesting that stethoscope contamination is a systemic issue, not limited 
to any subgroup. This lack of variation underscores the necessity of incorporating standardized training across 
all clinical years14,27.

The association between students’ awareness and their disinfection behavior (p < 0.001) confirms the 
effectiveness of targeted education. Those trained in disinfection methods were more likely to clean their 

Variables

TSA means/Cm2 TSA means/Cm2

P- valueMean Standard deviations Median Interquartile e range

Place of rotation

0.028
A 50.8 13 4.6 32.7

B 27.5 9 3.1 11.9

C 26.5 9.1 1.5 6.9

Online learning

Yes 37.5 6.56 3.12 15.94
0.047

No 2.47 0.66 1.45 3.85

Table 4.  The differences in the distribution of contamination (TSA means / Cm2) among different variables. 
Significant values are in bold.
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stethoscopes after each use (p = 0.004), in line with other studies emphasizing the role of education in infection 
prevention. However, one-third of students reported not sterilizing their stethoscopes at all, reinforcing the need 
for stronger institutional enforcement33,34.

This study also draws attention to regulatory compliance issues in hospitals, as contamination persisted 
despite infection control legislation. Institutional commitment must extend beyond policy into practice, 
including the provision of accessible disinfectants and regular audits.

Educational interventions, such as workshops and simulation-based learning, have shown promise 
in improving hygiene practices. For instance, a Nigerian study saw significant improvements following a 
disinfection campaign. Including such programs in the medical curriculum can cultivate a culture of hygiene 
accountability34.

This study aimed to assess the hygiene practices and contamination risks associated with stethoscope use 
among student doctors. Our findings reveal several key insights:

	(1)	 Association between knowledge and hygiene practices: The significance of good hygiene practices is high-
lighted by the null hypothesis’ rejection (p < 0.001) on the association between students’ awareness of infec-
tion dangers and how frequently they clean their stethoscopes. Students were far more likely to routinely 
disinfect their stethoscopes if they had a greater awareness of the risk of disease transmission through these 
devices. These results are consistent with earlier studies that highlight the necessity of focused instruction 
on infection control strategies.

	(2)	 The null hypothesis, which claimed that there was no connection between online learning and stethoscope 
contamination, was disproved (p = 0.047). This implies that stethoscope contamination was higher among 
students enrolled in online courses than among those undergoing in-person instructions. Less frequent 

Variables

MSA means/Cm2

Standard deviations

MSA means/Cm2

Interquartile range P- valueMean Median

Place of rotation

 A 12.52 5.32 0 2.6

0.017 B 8.73 5.19 0 1.46

 C 3.43 1.31 0 0.63

Current rotation

 Internal medicine 3.72 1.44 0 1.67

0.01

 Surgery 12.94 2.98 0.62 11.15

 Pediatric 10.29 8.63 0 0.63

Obs-gyna 3.7 1.81 0 0.78

Others 10.95 8.66 0 0.68

Clinical year

 4th 3.1 1.14 0 0.63

0.028 5th 7.6 5.2 0 0.94

 6th 14.02 5.38 0 4.01

How often do you disinfect your stethoscope?

 Hourly 0.93 0.88 0 0

0.031

 Daily 11.58 2.5 0 5.63

 Weekly 11.51 8.79 0 2.29

 Monthly 12.38 10.89 0 0.63

 Never 2.65 0.93 0 0.83

Are you taught about disinfection in your clinical studies?

 Yes 7.23 1.42 0 2.08 0.005

 No 9.39 5.09 0 0.63

Are there any reminders of equipment disinfection in your study unit?

 Yes 14.32 4.96 0 5.63

 No 4.75 2.76 0 0.83 0.001

Do you examine only patients with your stethoscope or other students too?

 Patients 8.28 1.78 0 2.76 0.532

 Both 8.24 3.92 0 0.83

Do you think hand hygiene is important to prevent or reduce stethoscope contamination?

 No 3.95 0.52 4.37 – 0.014

 Yes 8.3 2.56 0 1.15

Table 5.  The differences in the distribution of contamination (MSA means / Cm2) among different variables. 
Significant values are in bold.
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hands-on training may have resulted from the COVID-19-induced shift to virtual education, which could 
have contributed to this outcome.

	(3)	 Rotation Speciality and Hygiene Practices: Surgical rotations had noticeably higher contamination levels, 
while there were no discernible variations in contamination levels between clinical years (p = 0.433). This 
emphasises the necessity of paying closer attention to cleanliness guidelines, particularly in high-risk set-
tings like surgery where there is a greater chance of infection.

	(4)	 Gender, Age, and Hygiene Practices: In spite of earlier worries, there was no discernible link between steth-
oscope cleaning practices and either gender or age. Nevertheless, the results indicate that despite these 
considerations, there is a general lack of consistency in hygiene practices, with some students ignoring 
disinfection procedures even if they recognise how important they are.

Regarding the study limitations: Although this study offers insightful information, there are a few things to keep 
in mind. First, because the study was cross-sectional, data were only gathered once, which made it difficult to 
determine causative links or monitor how stethoscope contamination and cleaning procedures changed over 
time. Trends and causality could be better understood with a longitudinal research.

Second, because participants might not remember or describe their cleaning routines precisely, the use of 
self-reported disinfection methods raises the risk of bias. Future research could use more methods that are 
objective. Including direct observation or validation using biochemical markers, to lessen this.

Furthermore, there was insufficient attention paid to the variations in stethoscope use among various clinical 
settings or departments. Department-specific variations in stethoscope usage frequency and technique may have 
an impact on contamination rates. It would be easier to determine if particular environments lead to higher 
contamination levels if future research considered departmental differences.

Finally, the results may not be entirely generalizable to other healthcare practitioners or contexts because our 
sample was restricted to medical students in a specific area. The results’ external validity would be strengthened 
if the study were expanded to include a wider spectrum of participants from other healthcare settings.

Our study concludes by pointing out serious deficiencies in student physicians’ hygiene habits, which has 
important ramifications for infection prevention in medical facilities. We have reaffirmed the necessity of focused 
interventions to raise awareness and encourage adherence to appropriate disinfection procedures, especially in 
light of the ongoing epidemic, by rejecting the null hypothesis for important variables.

Conclusion
This study, involving 293 medical students, revealed widespread stethoscope contamination and inconsistent 
hygiene practices, despite high awareness of infection risks. The detection of multidrug-resistant organisms—
including MRSA—underscores the urgent need for institutional and educational reforms to address these gaps.

To enhance patient safety and limit the spread of healthcare-associated infections, we recommend that 
medical schools integrate standardized disinfection protocols into clinical training, supported by hands-on 
workshops and regular reminders. Embedding infection control principles into the curriculum can foster a 
culture of hygiene accountability early in medical education. Hospitals must also ensure the availability of 
accessible disinfectants and enforce compliance through routine monitoring.

Furthermore, targeted interventions—such as peer-led hygiene campaigns and simulation-based learning—
should be explored for their potential to improve long-term adherence. Future research should assess the 
effectiveness of these strategies and evaluate emerging technologies like UV-C disinfection and antimicrobial 
stethoscope materials.

By combining institutional commitment, educational innovation, and evidence-based practice, we can 
substantially reduce stethoscope-related contamination and strengthen defenses against antimicrobial 
resistance—ultimately advancing patient safety and the quality of clinical care.

Data availability
Data is provided within the manuscript and/or supplementary information files.
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