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ABSTRACT

Introduction: Point-of-care ultrasonography (POCUS) is increasingly used across medical fields, highlighting the
need to prevent cross-contamination through ultrasound probes. This study aims to assess bacterial contamination
on ultrasound probes and evaluate the effectiveness of different cleaning methods. Methods: A prospective cross-sec-
tional study was conducted in the emergency department of a hospital in Kelantan from August 2023 to February
2024. Pre- and post-cleaning samples were collected from ultrasound probes meeting the inclusion criteria. Three
cleaning methods were compared: 4% chlorhexidine (CHD), quaternary ammonium compound, and clean papers.
Results were measured in colony-forming units per millilitre (CFU/ml). Results: A total of 99 samples were collected,
with equal distribution among the three cleaning methods. Most probes (83.8%) were used in non-trauma cases, and
99% of gross contamination was from wet gel, with blood accounting for 1%. Curvilinear probes showed the highest
bacterial growth, with a median of 3450 CFU/ml (range: 0-7.2 x 10%). All cleaning methods significantly reduced
bacterial contamination (p<0.001), with 4% CHD showing the greatest reduction. No other factors were significant-
ly associated with bacterial load. Conclusion: Ultrasound probes are prone to bacterial contamination, but proper
cleaning methods, particularly using 4% CHD, can significantly reduce contamination levels.
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INTRODUCTION

The use of point-of-care ultrasound (POCUS) have
become increasingly popular across various fields of
medicines, including emergency medicine. POCUS
helps to improve diagnostic accuracy, procedural
safety, and timeliness of care(1). Furthermore, it can be
conveniently performed at the bedside. Most importantly
it is relatively safe, as it does not expose patients or
operators to neither contrast agents nor radiation.

The surface of the probes that we use come into contact
with patients” skin, blood, and other bodily fluids, that
can lead to cross-contamination between patients and
operators. Therefore, employing a proper cleaning
method is very crucial after each examination. A study
showed that cultures taken from a public toilet and
bus pole had lower bacterial loads in comparison to
ultrasound probes which do not undergo proper cleaning
processes(2). Most operators only clean the ultrasound
probes using a dry towel without any disinfection
wipes(2). This happens to be a common practice in
most healthcare centres in Malaysia. However, due to
the lack of studies regarding this practice in Malaysia,
we do not have sufficient data to support this statement.
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Astudy conducted in Thailand by Lenghong K et.alfound
that cleaning using a dry paper towel alone turned out
to be the worst cleaning method among others (3). An
earlier study by Mirza et al.compared three different
cleaning methods namely tissue papers, saline and soap
wipes. This study found that tissue papers were the
least effective method(4). Although all three methods of
cleaning can reduce the pathogenic bacterial count to
certain extent, the soap wipes technique was identified
as the best and most cost-effective method(4).

Apart from probes, cords and gels were found to be
potential sources of bacterial contamination. Heated gel
provides a conducive environment for bacterial growth
(5). Older studies have shown that gel can be heavily
contaminated with potentially pathogenic organisms
like Staphylococcus aureus and Enterococcus faecalis.
However, no multi-resistant organisms were identified
(6).

This study aims to ascertain the extent of bacterial
contamination on ultrasound probes, factors affecting
bacterial contamination, and the effectiveness of
different cleaning methods. By utilising the data gathered
from the present research, we may enhance healthcare
services for patients by minimising the risk of bacterial
infections.

MATERIALS AND METHOD

This was a prospective cross-sectional study conducted
in the emergency department (ED) of Hospital Universiti
Sains Malaysia from August 2023 to February 2024.
It involved all ultrasound machines available in the
ED. Samples were collected from all probes, but the
transcavitary probes were excluded. The inclusion
criteria were post-examination of non-critical transducers
(e.g., external use linear, curvilinear, and phased array
transducers) in the ED. The exclusion criteria included
transcavitary transducers and any ultrasound-guided
procedures.

After each ultrasound examination performed in the
ED that fulfilled the inclusion and exclusion criteria,
the first sample was taken by the primary investigator.
A swab technique was used to extract the sample from
a previously used and unclean probe. The sample was
then sent to the laboratory and underwent a serial
dilution technique before being cultured on agar. All
the serial dilutions, plating and counting of bacterial
colonies were done in the microbiology laboratory
by the expert personnel in the field. Proper swabbing
technique was emphasised in this study and a proper
training had been provided by the infection control
unit to ensure a correct swabbing technique. Once
the first swab sample had been obtained, the probes
ware cleaned using a randomly assigned cleaning
method. The three different cleaning methods include
clean dry paper, 4% chlorhexidine without alcohol

and a quaternary ammonium compound. Each of
the reagents was colour coded into green (clean dry
paper), yellow (4% chlorhexidine) and red (quaternary
ammonium compound), respectively and sealed in 99
separate envelopes which composed of 33 reagents
from each respective group. Each envelope contained
one of the three cleaning methods. After the cleaning
process was completed and the probe was left to dry
for approximately five minutes, the second sample was
taken using the same technique. The second sample
could only be taken once the probe was completely
dry. Both samples were cultured and the results were
interpreted in the form of colony-forming units per
millilitre (CFU/ml). Based on the results obtained,
the bacterial load was further subdivided into three
groups of no growth, moderate growth and numerous
growths. Plates showing no bacterial growth at all were
classified as no growth. Plates with colonies too dense
to count even after multiple dilutions, were classified
as numerous growths. Plates with countable colonies
were classified as moderate growths. The flowchart of
the process is simplified in Figure 1.

Identify all ultrasound probes used in the
Emergency Department that meet the
predefined inclusion and exclusion criteria

The first sample was obtained using the
swabbing method

-
Cleaning methods were randomly assigned
using either clean paper, chlorhexidine (CHD),
or a quaternary ammonium compound.

Probe cleaning was performed using the
method allocated during randomization

The second sample was obtained using the
swabbing method

The sample will be sent to the laboratory for
analysis

Analysis and interpretation of findings

Figure 1: Study flowchart
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In this study, descriptive statistics were employed for
selected variables. The findings were then presented
based on the type and distribution of the data. Categorical
data were presented as frequencies and percentages,
while numerical data were presented as medians and
minimum and maximum values, as the data were not
normally distributed.

Comparison of the effectiveness between conventional
cleaning method (clean paper) and low-level disinfection
(LLD) was analysed using the Wilcoxon Signed Rank test.
Factors affecting bacterial load of ultrasound probes in
the emergency department were analysed using Fisher's
exact test. A level of significance (p-value) of less than
0.05 was considered statistically significant.

RESULTS

A total of 99 samples were collected in this study. The
samples were subsequently divided into three different
cleaning methods with 33.3% allocated to 4% CHD,
33.3% to Quaternary Ammonium Compound and
33.3% to clean papers. Most of the samples taken were
obtained from non-trauma cases (83.8%). The number
of patients in the zone always exceeded 50%. Only
5.1% of cases involved zones with patient counts of
less than 50% at the time of sampling. Other details
and a summary of the sample obtained in this study are
presented in Table I.

Table I: Summary of data distribution.

Variables n %

Trauma
Yes 16 16.2
No 83 83.8

Type of probe
Curvilinear 38 38.4
Linear 25 25.3
Phase array 36 36.4
Working shift
AM 34 34.3
PM 32 32.3
Night 33 33.3
Zone

Red zone 42 42.4
Yellow zone 57 57.6
No. of patients currently in the zone
<50% 5 5.1
51% - 80% 9 9.1
>80% 63 63.6
Full 22 22.2

The bacterial load was measured according to the number
of bacterial colonies cultured (CFU/ml). Curvilinear
probe showed the highest number of bacterial growths
before cleaning, with a median of 3450 (0, 7.2 4
105). The cultured bacterial colonies were categorised
into three groups of no growth, moderate growth and
numerous growths. Most of the time, for all probe types,
moderate growth was observed (Table II).

Table I1: Bacterial load according to number of bacterial col-
onies on different types of probes in emergency department
before cleaning.

Typeof  CFU/ml  No Growth Moderate Numerous
Probe Median n (%) n (%) n (%)
(Min, Max)
Curvilin- 3450 1(2.6) 32(84.2) 5(13.2)
ear (0,720000)
Linear 700 (0, 5(20.0) 20 (80.0) 0
15200)
Phased 2800 (0, 3(8.3) 30 (83.3) 3(8.3)
array 250000)
Table 11l shows that all the three different cleaning

methods had a significant difference in bacterial colony
counts pre- and post-cleaning process (p<0.001). The
4% CHD achieved the greatest reduction in bacterial
growth compared to other methods as it had the lowest
post-cleaning bacterial growth (Table Ill). According to
Fisher’s Exact test, there was a significant association
between cleaning methods and the percentage of
bacterial growth reduction (p<0.001) for all three
cleaning methods. The highest reduction in bacterial
colonies at 100% was observed with 4% CHD (75.8%)
when comparing pre- and post-cleaning, in contrast to
dry clean paper (42.4%) and quaternary ammonium
compound (63.6%). Based on these results, 4% CHD
was identified as the preferred cleaning method (Table
V).

Table IlI: The effectiveness between conventional cleaning
method (clean papers) and low-level disinfection (LLD).

Pre- Post-
Cleaning Cleaning
Type of Bacterial Bacterial
Cleaning Load Load  z-score p-value*
Methods (CFU/ml) (CFU/ml)
Median Median
(Min, Max)  (Min, Max)
3100 (200, 100
Dry clean paper 720000) (0, 20000) -5.012 <0.001
o 1500 0
Chlorhexidine (0, 150000) (0, 200) -4.459 <0.001
without alcohol
Quaternary 2200 0
ammonium (0,250000) (0, 1500) ~+861 <0.001

*Wilcoxon Signed Ranks Test
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Table IV: Percentage of bacterial growth reduction between different cleaning methods.

Type of cleaning method P-value*
Percentage of bacterial growth reduction Dry clean paper 4% CHD Quaterz;aurz/nammo—
n (%) n (%) n (%)
0% 0 (0%) 7 (21.2%) 2 (6.1%)
1% - 99% 19 (57.6%) 1(3.0%) 10 (30.3%) <0.001
100% 14 (42.4%) 25 (75.8%) 21 (63.6%)

*Fisher’s Exact Test
None of the involved factors were significantly associated  study (Table V).
with the bacterial load of the ultrasound probes in this
Table V: The factors affecting bacterial load of ultrasounds probes in emergency department.

) No growth Moderate Numerous

Variables p-value*
n (%) n (%) n (%)

PPE
Apron 0 (0.0%) 1(1.2%) 0 (0.0%)
Glove 1(11.1%) 2 (2.4%) 0 (0.0%) 0.688
Both 0 (0.0%) 2 (2.4%) 0 (0.0%)
None 8 (88.9%) 77 (93.9%) 8 (100.0%)

Working shift
AM 1(11.1%) 31 (37.8%) 2 (25.0%)
PM 6 (66.7%) 25 (30.5%) 1(12.5%) 0.100
Night 2 (22.2%) 26 (31.7%) 5(62.5%)
Zone
Red zone 5 (55.6%) 34 (41.5%) 3 (37.5%) 0.723
Yellow zone 4 (44.4%) 48 (58.5%) 5 (62.5%)
Bed occupancy in the zone
<50% 1(11.1%) 3(3.7%) 1(12.5%)
51% - 80% 0 (0.0%) 8 (9.8%) 1(12.5%) 0.099
>80% 8 (88.9%) 49 (59.8%) 6 (75.0%)
Full 0 (0.0%) 22 (26.8%) 0 (0.0%)
Type of probe
Curvilinear 1(11.1%) 32 (39.0%) 5 (62.5%)
Linear 5(55.6%) 20 (24.4%) 0 (0.0%) 0.081
Phase array 3(33.3%) 30 (36.6%) 3(37.5%)
Gross contamination
Blood 0 (0.0%) 1(1.2%) 0 (0.0%) 1.000
Wet gel 9 (100.0%) 81 (98.8%) 8 (100.0%)
Trauma

Yes 4 (44.4%) 12 (14.6%) 0 (0.0%) 0.054
No 5 (55.6%) 70 (85.4%) 8 (100.0%)

*Fisher’s Exact Test
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DISCUSSION

Point-of-care Ultrasounds (POCUS) has become an
increasingly sought-after modality among clinicians
these days. It is convenient for patients, non-invasive,
rapid, and can be performed at the bedside without
exposing the patient to any radiation(7). Their easy to
carry and portability make it convenient for clinicians to
move between patients. However, these characteristics
also increase the risk of contamination and cross-
transmission between patients(7-9). Numerous previous
research has demonstrated that not just common flora,
but also pathogenic organisms have been cultured from
ultrasound probes (10-12). Among these organisms are
Staphylococcus coagulase-neg, Pseudomonas spp.,
Bacillus spp., Micrococcus spp., Corynebacterium, and
Burkholderia cepacia (3,8). Some researchers have even
found fungi, methicillin-sensitive Staphylococcus aureus
(MSSA) and methicillin-resistant Staphylococcus aureus
(MRSA), cultured from the probes(10,12-15). However,
despite the various organisms cultured, there is still
insufficient evidence to establish that probe colonisation
plays a causative role in human infection(14).

Ultrasound probes are used for various purposes.
According to the guidelines released by the American
College of Emergency Physicians (ACEP), a probe is
classified as a noncritical device if it is only used on the
intact skin without coming into contact with the mucous
membrane(16). Such devices will only require LLD after
each use(17). In our study, we found that curvilinear
probes harboured the highest bacterial load (3450 CFU/
ml) compared to linear probes (700 CFU/ml) and phased
array probes (2800 CFU/ml). However, no other studies
were found to compare our findings. This could be due
to curvilinear probes having the widest interface or
footprint in comparison to the other two probes. Besides
that, the curvilinear probes had the highest usage rate
in the emergency department, accounting for 38.4%
compared to phased array probes at 36.4% and linear
probes at 25.3%. Due to their highest usage rate, they
are more prone to contamination and contribute to
the highest load of bacterial contamination. This study
reveals that clinicians in emergency departments prefer
curvilinear probes due to their high usage rates.

To date, all the present studies show that the bacterial
contamination of ultrasound probes is significantly high.
According to a survey conducted in the United States,
the emergency department had the third-highest rate of
ultrasound usage, following the radiology department
and the obstetrics and gynaecology departments, with
poor reprocessing and significant noncompliance
with existing guidelines(18). Another separate study
conducted in France, specifically targeting emergency
physicians, noted that the overall rate of compliance
to guidelines was 66%. While this is acceptable, there
is still considerable room for improvement(19). Thus,
it is important for us clinicians to ensure that probes

are properly cleaned before being used on other
patients. The Canadian Association of Emergency
Physicians recommends the use of LLD effective against
mycobacteria and blood-borne viruses for POCUS
disinfection(20). In this study, we aim to compare the
most conventionally used method in the emergency
department, which is clean paper with LLD. The LLD we
used were 4% CHD without alcohol and a quaternary
ammonium compound. All three methods tested showed
a significant reduction in bacterial growth post-cleaning
(p<0.001). The most efficient method with the highest
percentage of 100% reductions post-cleaning was 4%
CHD without alcohol, which accounted for 75.8%. The
quaternary ammonium compound showed 63.6% while
clean paper was only 42.4%. This finding is similar with
a study conducted in Thailand(3).

CHD can easily be found in all emergency departments.
It belongs to a group called antiseptic and antibacterial
agents. Generally, CHD is widely wused as a
disinfectant(21). It exists in different formulations such
as patient bathing, skin antiseptic, mouth care and hand
washing or rubs(22). It can also be diluted into different
concentrations, tailored to our needs and suitability
at that time. CHD can be prepared by the pharmacist
according to the respective hospital protocols and this
is a very crucial aspect to ensure that no alcohol is
added to the preparations, as alcohol is well known to
cause degradation of piezoelectric crystals in ultrasound
transducers, especially those of linear type(23).
Furthermore, CHD is cost-effective and readily available
in most hospitals. Supported by findings from other
studies, the author found out that LLD is noninferior
to HLD in terms of disinfecting ultrasound transducers
contaminated by skin microorganisms(24).

In this study, several factors had been analysed
to determine whether there were any significant
associations between those factors and the bacterial
load of ultrasound contamination. Among those factors
analysed were the use of personal protective equipment
(PPE) while performing ultrasound examinations,
zone involved (red or yellow zone), working shift,
bed occupancy in the zone, type of probes, gross
contamination and lastly, trauma case or non-trauma
case. However, none of the factors showed a significant
association, with the lowest p-value being 0.054.
A previous study sought to ascertain the correlation
between the frequency of contamination and the time of
day or working shift and it turned out to be statistically
non-significant as well(25). Besides that, we couldn’t
find any other similar studies regarding the associated
factors that we looked into. As the results showed no
significant associations, we could confidently say that
regardless of the ultrasound’s surroundings, it will not
affect the bacterial load of our probes. Thus, in other
words, it reflects a good and proper cleaning method
with a suitable reagent is what we need to decontaminate
and prevent cross-transmission between patients and
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operators. This will improve patients’ safety as it reduces
the risk of contamination and cross-infections in hospital
settings.

This study has several limitations that should be
acknowledged. First, it was conducted at a single centre
and specifically limited to the emergency department
setting. As such, the findings may not be generalizable to
other hospital departments or institutions with different
patient populations, workflows, or environmental
factors. Multi-centre studies would be necessary to
validate these results across various healthcare settings.

Second, due to funding constraints, we were unable to
perform microbiological analyses to identify specific
bacterial species present on the surfaces. This limits our
understanding of the spectrum and clinical significance
of the pathogens potentially involved, and it restricts
our ability to correlate specific bacterial types with the
effectiveness of the disinfection agents used.

Lastly, our centre does not currently have access to
advanced disinfection technologies, such as ultraviolet
(UV) sterilisation systems or hydrogen peroxide vapour
systems. This limited our ability to compare the efficacy
of these more modern technologies against the low-level
disinfectants (LLDs) evaluated in our study. Including
such comparisons in future studies would provide a more
comprehensive assessment of disinfection strategies in
healthcare environments.

CONCLUSION

According to this study, ultrasound probes are highly
contaminated, and applying a proper cleaning technique
can significantly reduce bacterial contamination. Based
on the outcome of this study, we would like to suggest
the use of 4% CHD as the cleaning method of choice in
the ED. Further efforts can be done to develop a proper
cleaning protocol or booklet to educate all user regarding
a proper cleaning technique and its importance.
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