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Evaluation of a new disinfection procedure
for ultrasound probes using ultraviolet light
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N. Denarié d, S. Peyrard e, G. Chatellier f,i, J. Emmerich d,i,
G. Meyer g,i, I. Podglajen h,i
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Summary Following 183 ultrasound examinations, a randomized trial
was conducted to compare three procedures for disinfection of probes
under routine conditions: dry wiping with a soft, dry, non-sterile paper
towel, antiseptic wiping with a towel impregnated with disinfectant
spray and dry wiping followed by a 10 min ultraviolet C (UVC) cycle
in a disinfection chamber. After ultrasonography, swabs were taken
from transducer heads before and after cleaning and streaked onto
plates that were then cultured. The number of colonies per plate
was counted and organisms identified. The median microbial reduction
was 100% for UVC, 98.4% for antiseptic wiping and 87.5% for dry wiping
(P< 0.001). The percentage of negative specimens was 88% for UVC,
16% for antiseptic wiping and 4% for dry wiping (P< 0.0001). Microbial
flora was isolated from 12 probes (6.6%) before cleaning, whereas
specimens obtained after cleaning contained no pathogens except in
one case after antiseptic wiping. UVC disinfection of ultrasound probe
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may provide a useful method for reducing the bacterial load under rou-
tine conditions.
ª 2006 The Hospital Infection Society. Published by Elsevier Ltd. All rights
reserved.
Introduction

Ultrasound (US) procedures are commonly used in
medical care for diagnostic purposes. US probes
are reusable instruments, which can act as a res-
ervoir for bacterial pathogens if not correctly
cleaned after use. The prevalence of US probe
contamination after contact with patients’ skin
during scanning has been found to be as high as
95% with frequent isolation of pathogens such as
Staphylococcus aureus.1e6 S. aureus may be trans-
ferred from a patient’s skin to the probe during US
procedures and may survive in the coupling gel.7

Bacterial transmission can occur between patients
via the use of unclean US instruments through
direct contact with patients’ skin or mucosa.
Immunocompromised patients or those undergoing
treatment using invasive devices, such as cathe-
ters, are particularly vulnerable to nosocomial in-
fections with increased morbidity, mortality and
healthcare costs.8 Nosocomial outbreaks of infec-
tion originating from US probes and contaminated
coupling gels have been reported.9e11

Several methods have been used for US probe
disinfection, including single-paper and double-
paper wiping and disinfection with alcohol or
antiseptic solutions. Conflicting results have been
obtained concerning the respective efficacy of
these cleaning methods under routine condi-
tions.12e14 Thus, there is a need for alternative
methods for US probe decontamination. The anti-
bacterial efficacy of a newly developed decontam-
ination chamber based on ultraviolet C technology
(UVC), specifically designed for US probe cleaning
has been evaluated in vitro and found to possess
significant antibacterial activity. The aim of this
study was to evaluate, under routine conditions,
the antibacterial efficacy of the UVC procedure
after wiping the probe with a dry towel compared
with wiping with a dry towel alone and wiping with
a towel impregnated with disinfectant.

Materials and methods

Setting

The study was a prospective, open, randomized
trial with blinded evaluation of microbiological
results. Informed consent of patients was not
required because this study did not modify
diagnostic or therapeutic strategies. It was con-
ducted in three rooms with US equipment: one
room in a cardiology ward, one in a general
radiology ward and one in a vascular medicine
ward over a 15-week period (November 2004
through March 2005).

Cleaning procedures of ultrasound probes

The antibacterial efficacy of three cleaning pro-
cedures of US probes were compared immediately
after scanning of the patients: (1) dry wiping the
probe to dryness with a soft non-sterile paper
towel; (2) antiseptic wiping the probe to dryness
with a towel impregnated with disinfectant spray
containing didecyldimethylammonium chloride,
polyhexamethylene biguanide, glycolic acid and
29% (v/v) ethanol (Aniospray 29, Anios, Lille-
Hellemmes, France); and (3) UVC decontamination
consisting of wiping the probe to dryness with
a soft non-sterile paper towel followed by a 10 min
UVC cycle in the decontamination chamber
AntiGermix (TSR-Varay-Laborix, France). This is
a closed chamber that contains a bracket from
which three probes can be hung. The active part
of the probes is exposed to direct rays from five
tubes emitting UVC light (wavelength: 254 nm)
fixed to the walls and the bottom of the chamber.
One disinfection cycle lasts 10 min.

Study protocol

The three cleaning procedures were tested after
trans-thoracic ultrasonography in the cardiology
ward, abdominopelvic ultrasonography in the ra-
diology ward and duplex ultrasonography of legs
and cervical arteries in the vascular medicine
ward. Ultrasonography was performed without
prior skin disinfection according to routine
practice.

An individual patient randomization scheme was
not possible for practical reasons. Therefore
a quasi randomization scheme was used where
the consultation shift was used as the unit of
randomization. Periods were randomized into the
three groups using computer-generated numbers.
Randomization was stratified by ward and used
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blocks of four comprising one period of dry wiping,
one period of antiseptic wiping, and two periods of
UVC disinfection. Ward and laboratory staff were
blinded to the randomization list and the genera-
tion process.

One unobtrusive infection control technician
responsible for data recording and sampling
remained on the ward without interfering with
the cleaning of the probes. The following variables
were recorded for each patient: age, sex, patient
category (in- or outpatient) and type of ultra-
sonography performed.

Microbiological samples and processing

After each US examination, one cotton-tipped
sterile swab was run along the entire surface of
the US transducer head before cleaning. Physi-
cians were asked to wipe the probes according to
standard practice. A second swab was similarly
run along the same surface of the transducer
head within 1 min after cleaning. The swabs were
then immediately streaked on to plates contain-
ing trypticase-soy medium (Oxoid, Basingstoke,
UK) and plates incubated aerobically at 37 �C for
48 h. Colonies were counted at 48 h. No anaerobic
cultures were performed. Results were expressed
as the number of colony-forming-units (CFUs) per
probe. When the number of CFUs exceeded 300,
the plate was compared to standardized plates
inoculated with known amounts of bacteria
(coagulase-negative staphylococci) corresponding
to 103, 104 and 105 CFU/plate. Micro-organisms
were identified and subjected to antimicrobial
susceptibility testing using standard procedures.
Micro-organisms other than coagulase-negative
staphylococci, Corynebacterium spp., Micrococ-
cus spp. and Bacillus spp. were considered to be
transient flora. The microbiologist who read the
culture plates was blinded to the type of cleaning
procedure.

Technical analysis

The image quality of all five probes used during
the study (one for cardiology, two for radiology
and two for vascular medicine) was measured by
using the multi-purpose grey-scale phantom 403GS
(Gammex/RMI, Middleton, USA). Vertical and
horizontal distance accuracy, depth of penetra-
tion, axial and lateral resolution, cyst imaging,
grey scale and dead zone were evaluated. All
probes were tested before the beginning of the
study and after a period ranging from one to six
months depending on each ward after the end of
the study.
Statistical methods and number of subjects

The objective was to compare the reduction of
bacterial contamination of the probe achieved by
the three cleaning procedures. It was hypothe-
sized that the rate of negative specimens, defined
as the absence of any CFU observed, obtained
after cleaning could be 20% with dry wiping, 50%
with antiseptic wiping and 90% with UVC disinfec-
tion. To detect such a difference in the reduction
of probe contamination by the cleaning procedures
at a significance level of 5% and a power of 90%, 15
patients were needed for each cleaning procedure
(Nquery Advisor 4.0 software). To increase the
precision of the estimates in the UVC chamber
group, however, the number of patients was in-
creased to 30. Therefore, 180 patients were re-
quired (60 in each group), to give adequate power
for intra- and inter-group comparisons. The num-
ber of CFUs observed and the relative reduction of
contamination were expressed as medians and
inter-quartile ranges, and the number of negative
specimens as percentages and 95% confidence
intervals based on the binomial distribution. The
global effect of the cleaning procedure was
assessed by the KruskaleWallis test for medians
and the Chi-square test for percentages. When the
global effect of a given cleaning procedure was
significant (P< 0.05), Wilcoxon’s or the Chi-square
pairwise comparisons were performed. The num-
ber of specimens with pathogens was compared
between groups with Fisher’s exact test. Age,
expressed as mean, was compared between groups
with analysis of variance (ANOVA), and the sex
ratio, expressed as male:female ratio, was com-
pared between groups with a Chi-square test. A
Bonferroni adjustment method for P-values was
used for all pairwise comparisons between the
three disinfection procedures and between the
three wards. All statistical tests were performed
with the SAS Institute software (version 8.2) and
a type I error rate (a) set at 0.05.

Results

Patients demographics

US examinations were performed on 183 patients:
60 from cardiology (15 with dry wiping, 15 with
antiseptic wiping and 30 with UVC disinfection), 60
from radiology (15 with dry wiping, 15 with
antiseptic wiping and 30 with UVC disinfection)
and 63 from the vascular medicine ward (15 with
dry wiping, 15 with antiseptic wiping and 33 with
UVC disinfection). The pooled mean age of the
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patients was 61� 17 years and did not differ
between the three wards (P¼ 0.7).

One hundred and two patients were males
(56%) and the male:female ratio differed signif-
icantly between the patients from the cardiology
ward (ratio 0.8) and the vascular medicine ward
(ratio 2.2, P¼ 0.03). The male:female ratio of
1.1 for the radiology ward was not significantly
different from the two other wards. One hundred
and twenty patients (66%) were outpatients and
the outpatient:inpatient ratio was 0.95 in the radi-
ology ward, 2 in the cardiology ward and 4.3 in the
vascular medicine ward (P< 0.001 between radiol-
ogy and vascular medicine wards, and P> 0.05 for
the other pairwise comparisons).

Probe contamination

A total of 183 specimens obtained before cleaning
of the probe were analysed: 45 specimens after
dry wiping, 45 after antiseptic wiping and 93 after
dry wiping and UVC disinfection. Bacterial con-
tamination was found from all specimens. The
median number of CFUs recovered on probes
before cleaning was 221 (100e1000). No difference
in baseline probe contamination was observed
before each of the three cleaning procedures
(P¼ 0.66). Bacterial contamination of US probes
was significantly lower after abdominopelvic
ultrasonography [median CFUs, 192 (58e525)] than
on the two other wards with 217 (113e10 000)
after duplex ultrasonography of legs and cervical
arteries (P¼ 0.03) and 402 (103e1000) after car-
diac ultrasonography (P¼ 0.04).

Antimicrobial efficacy

The analysis included paired data for the 183 tests
performed. The median reduction achieved with
the UVC chamber was 100% (100e100%) compared
with 98.4% (89.7e99.9%) obtained by antiseptic
wiping and 87.5% (51.5e95.6%) by dry wiping alone
(P< 0.001 for all pairwise comparisons; Figure 1).
These results were not influenced by type of ultra-
sonography (P¼ 0.64).

The rate of negative specimens, defined as the
absence of any colony, obtained after cleaning was
4% (0.5e15.1%) for dry wiping, 16% (6.5e29.5%) for
antiseptic wiping and 88% (79.8e93.9%) for UVC
disinfection. This rate was significantly higher for
the UVC disinfection compared with the two other
methods (P< 0.0001) whereas it was not signifi-
cantly different between antiseptic wiping and
dry wiping (P¼ 0.48).
Microbiological results obtained before
and after cleaning procedures

Transient flora was isolated from 12 probes (6.6%)
before cleaning. Organisms (N¼ 14) identified
were S. aureus (N¼ 5), Klebsiella pneumoniae
(N¼ 2), Moraxella osloensis (N¼ 2), Proteus mira-
bilis (N¼ 1), Enterobacter aerogenes (N¼ 1),
Serratia marcescens (N¼ 1), Pseudomonas aerugi-
nosa (N¼ 1) and Acinetobacter baumannii (N¼ 1).
Of the five S. aureus isolates, one was meticillin
resistant; no other isolate displayed clinically rele-
vant antibiotic resistance.

The percentage of probes from which transient
flora was isolated was higher after Duplex ultraso-
nography of legs and cervical arteries, 12.7% (8/
63; 5.6e23.5%) compared with 3.3% (2/60; 0.4e
11.5%) after both cardiac and abdominopelvic
ultrasonography (P¼ 0.10).

The percentage of probes from which transient
flora was isolated was higher in inpatients (7.9%;
5/63; 2.6e17.6%) compared with outpatients
(5.8%; 7/120; 2.4e11.6%), but was not significant
(P¼ 0.75). After cleaning, the only pathogen
isolated was one isolate of K. pneumoniae after
antiseptic wiping.

Technical analysis

Analysis of the image quality of probes showed no
abnormalities for any probe tested.

Discussion

We have shown that a specifically designed cham-
ber based on UVC technology was more efficient
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Figure 1 Comparison of median reduction of bacterial
contamination of ultrasound probes achieved by the
three methods used. Results are expressed as medians
and interquartile ranges (horizontal bars). The differ-
ences between the results obtained with the three
methods were significant (P< 0.0001).
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than dry wiping and antiseptic wiping in reducing
the bacterial load on various US probes. These
results were obtained under routine use in a mixed
population of inpatients and outpatients. The
superiority of the antimicrobial efficacy of the
UVC chamber compared with the other methods
evaluated was demonstrated by the major reduc-
tion of total flora associated with a high rate (88%)
of negative samples after use of the procedure.

To our knowledge, this is the first evaluation of
the antimicrobial efficacy of UVC technology on
US probes under conditions of routine use. In
vitro evaluation of the antimicrobial activity of
the UVC chamber by using coupons inoculated with
suspensions of viable micro-organisms has shown
a mean reduction of organisms of >105 for bacteria
(P. aeruginosa, S. aureus, Escherichia coli) and
Candida albicans, >104 for viruses (enterovirus,
adenovirus and orthopoxvirus) and >103 for Bacil-
lus cereus after 10 min (data not shown).

UV irradiation has long been recognized as an
effective method for killing micro-organisms, with
potential applications particularly for the water
industry.15,16 For medical applications, this tech-
nology has also been demonstrated to be useful
for the disinfection of reverse osmosis water used
in haemodialysis units, and for the inactivation of
micro-organisms in fresh-frozen plasma and thera-
peutic blood-cell preparations.17,18

The prevention of transmission of micro-organisms
among patients is of great importance, particularly
in vulnerable patients who are susceptible to nos-
ocomial infections, resulting in increased morbid-
ity, mortality and costs.8 Unclean ultrasonography
probes can potentially transmit pathogens. Trans-
thoracic, abdominopelvic and Duplex ultrasonogra-
phy are considered low-risk procedures for the
spread of infection because the probe is only in con-
tact with patients’ skin. When the probe is occasion-
ally in contact with disrupted skin, such as open
wounds or ulcers in patients with vascular diseases,
however, the risk is increased. In the present study
it was demonstrated that 6.6% of US probes yielded
transient flora after contact with the skin during
scanning (one multiple-resistant organism was iso-
lated) and this figure reached 12.7% when Duplex
ultrasonography examinations were performed.
Higher percentages could be observed in subsets
of critically ill patients who are at high risk for
acquiring pathogens. In an intensive therapy unit,
Fowler et al. found that 41% of known meticillin-
resistant S. aureus (MRSA) carriers had MRSA recov-
ered on US probes after abdominal scanning.3

When we compared the three techniques in
terms of relative reduction of the bacterial load,
the dry-wiping method was found to be the least
efficient. Some authors have considered that
simple wiping of the probe with a paper towel is
enough to avoid cross-contamination, whereas
others found that bacteria were still present after
dry-wiping and considered this method in-
adequate.12e14 In the present study pathogens
were not isolated after dry-wiping alone, but the
very low rate (4%) of negative specimens obtained
after this cleaning procedure suggests that this
method should not be used alone routinely.

Antiseptic spray wiping was more efficient than
dry wiping alone in terms of relative reduction in
the number of CFUs. In addition, the only pathogen
recovered after the three cleaning procedures
was isolated in this group, suggesting that spray-
disinfection should not be performed as a standard
procedure when large amounts of bacteria are
isolated from probes after skin-contact scanning.
Disinfectant containing alcoholic chlorhexidine
was not superior to dry wiping in terms of anti-
microbial efficacy.12 The data also suggest that
adding a disinfectant to a routine cleaning proto-
col affords little additional benefit.

Interestingly, bacterial loads recovered after
abdominopelvic examination were lower than
those recovered after thoracic scanning or limb
and neck scanning. Karadeniz et al. have shown
that swabs taken from abdominal regions yield
less bacteria compared with wet and hairy regions,
such as axillary and inguinal sites.14 To achieve
a high reduction in microbial load on these sites,
overall cleaning of the region with alcohol before
scanning was recommended by these authors to
reduce the risk of contamination. Routine alcohol
wiping is not recommended because of possible
degradation of the rubber seal and shortening of
the working life of the probe.3,14 There is a need
to develop alternative cleaning methods for US
probe disinfection. In addition to the high antibac-
terial activity observed with the UVC chamber,
traceability of the disinfection process is provided
through a printing machine associated with the
chamber. For each US cleaning procedure, the
patient’s name, date of the procedure, and
the serial number of the US probe can be recorded.
This information can be stored in case of patient
complaints regarding nosocomial infections. The
main disadvantage of this method is the 10-min
duration of the UVC cycle necessary to achieve
a significant reduction of the bacterial load. For
practical purposes, this is the corresponding length
of time devoted to the examination report writing
by the physician and installation of the next
patient.

One potential limitation of the study is the fact
that all cleaning methods were performed while
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the technician was present and this could have
influenced adherence to the recommended clean-
ing procedures. Another limitation may be inher-
ent to the microbiological sampling protocol.
Passing the swabs along the transducer head after
scanning could artificially reduce the microbial
load on the probe surface before cleaning.

In conclusion, we have shown that US probes
may carry nosocomial pathogens unless properly
cleaned after each patient. Treatment of carefully
dry-wiped probes in a UVC-chamber significantly
reduced bacterial load. UVC disinfection of US
probes may reduce cross-transmission of patho-
genic bacteria.
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