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Abstract
Ultrasound examinations have the potential to transmit infections between indi-
viduals. The risk can be reduced by following certain well-described procedures to
clean and disinfect ultrasound transducers between examinations. However, sur-
veys have shown widespread lapses in the cleaning and disinfection of transducers
and other equipment. In 2020, the Society for Maternal-Fetal Medicine (SMFM)
published a Patient Safety Guideline focused on reducing the risk of transmitting
infection in transvaginal examinations, with emphasis on selection of high-level
disinfectants with proven efficacy against human papillomavirus (HPV), choice
of transducer covers with documented low leakage rates, and cautions regard-
ing multiuse containers of coupling gel. In this article, SMFM presents updated
guidelines with an expanded scope that includes transabdominal examinations
and ultrasound-guided percutaneous and intraoperative procedures. Other updates
include a list of newer high-level disinfection systems and citation of recent litera-
ture on virucidal efficacy of ortho-phthalaldehyde against HPV. The guidelines are
based on the Spaulding classification of infection risk and are aligned with recom-
mendations from theAmerican Institute of Ultrasound inMedicine, the Centers for
Disease Control and Prevention, and the US Food and Drug Administration. This
Special Statement replaces Society for Maternal-Fetal Medicine Special Statement:
Reducing the risk of transmitting infection by transvaginal ultrasound examination,
2020.
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1 INTRODUCTION

Ultrasound examination has the potential to transmit
infections between patients unless certain well-described
procedures are followed to clean and disinfect the ultra-
sound transducers between examinations [1]. Although
guidelines on infection prevention procedures are freely
available [1, 2], surveys have found widespread and exten-
sive lapses in infection prevention practices related to
ultrasound transducers and other medical devices [3–7].
There are many reasons for these lapses, as summarized
in Box 1, including suboptimal priority given to safe prac-
tices and insufficient knowledge, training, supervision,
or leadership. Beyond the obvious risk to patient safety,
suboptimal infection prevention procedures put health-
care organizations at risk for medicolegal exposure and
regulatory scrutiny.
In 2020, the Society for Maternal-Fetal Medicine

(SMFM) published a Patient Safety Guideline outlining
steps for cleaning and disinfecting vaginal ultrasound
transducers [5]. The present article aims to update and
expand the guidelines. Major changes from the 2020
version include the following:

BOX 1. Reasons for noncompliance with
infection prevention standards found in Joint
Commission surveys [8]

Leadership
∙ Lack of leadership oversight
∙ Lack of dedicated staff person overseeing disin-
fection processes

Staff
∙ Lack of training about disinfection procedures
∙ Lack of knowledge about evidence-based guide-
lines

Culture
∙ Lack of a culture of safety
∙ Personnel mistakenly believe that there is little
or no risk of transmitting pathogens

∙ Disinfection is a low priority
∙ Processes and time frames for proper disinfec-
tion are not followed, staff takes shortcuts

∙ Lack of monitoring or documentation of disin-
fection

Facility
∙ Lack of adequate space or dedicated space for
disinfection

∙ Equipment is processed or stored in numerous
locations

∙ Expanded scope beyond transvaginal examinations;
new guidelines include transabdominal ultrasound
examinations and ultrasound-guided percutaneous and
intraoperative procedures

∙ Updated listing of options for high-level disinfection,
including newer systems approved by the US Food and
Drug Administration (FDA) since 2020

∙ Inclusion of new literature on virucidal efficacy of glu-
taraldehyde (GLUT) and ortho-phthalaldehyde (OPA)
against human papillomavirus (HPV)

∙ Updated literature review on infections attributable to
contaminated ultrasound coupling gel and new FDA
guidance on use of sterile coupling gel for ultrasound-
guided procedures

Additional information about cleaning and disinfecting
ultrasound equipment and other medical devices can be
found in excellent overviews by the American Institute of
Ultrasound in Medicine and the Centers for Disease Con-
trol and Prevention (CDC) [1, 2]. The CDC document also
addresses environmental safety, handling, and disposal of
chemical disinfectants—topics that are beyond the scope
of this review.

2 IMPORTANCE OF INFECTION
PREVENTION FOR ULTRASOUND
PRACTICES

Clinically significant pathogenic bacteria and viruses can
survive on ultrasound transducers. These include strains
of Staphylococcus, Bacillus, Pseudomonas, Enterococcus,
Clostridium, Chlamydia, and HPV [9–11]. Of particular
concern, HPV types 16 and 18 can withstand harsh condi-
tions, including several widely used disinfectant methods
[12–14]. These high-risk HPV strains are themost common
cause of cervical cancer [15, 16], so it is critical that HPV
not be transmitted between patients. Therefore, disinfec-
tants should be chosen based on proven efficacy against
bacteria, fungi, and resistant viruses, such as HPV.

3 LEVELS OF RISK—SPAULDING
CLASSIFICATION

Not all exposures carry the same risk of infection. A sim-
ple, rational classification of levels of risk was presented by
Spaulding in 1957 [17] and is summarized in Table 1. This
system has been widely adopted and refined [2, 17] and
serves as a useful guide to the type of cleaning and disinfec-
tion required for ultrasound transducers and othermedical
devices. Devices are categorized as one of three types:
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TABLE 1 Spaulding classification of medical devices based on risk of transmitting infection [2].

Type of device Definition
Examples used in obstetrics and
gynecology

Minimum processing
recommended after
each use

Critical Objects that enter sterile tissues or
vascular system, therefore carrying a
high risk for infection if contaminated
with any microorganism

∙ Intraoperative ultrasound probes
∙ Surgical instruments
∙ Laparoscopes
∙ Implants

Cleaning, then
sterilization

Semicritical Items that contact mucous membranes or
nonintact skin

∙ Vaginal ultrasound probes
∙ Abdominal ultrasound probes used on
nonintact skin

∙ Vaginal speculums
∙ Diaphragm fitting rings

Cleaning, then high-level
disinfection

Noncritical Items that only contact intact skin ∙ Abdominal ultrasound probes
∙ Stethoscopes

Cleaning as needed, then
low-level disinfection

TABLE 2 Levels of cleaning, disinfection, and sterilization [2].

Level Definition

Cleaning Removal of visible material from objects and surfaces, usually accomplished manually or mechanically using
water with detergents or enzymatic products.

Low-level disinfection Destruction of most bacteria, some viruses, and some fungi but not necessarily inactivatingMycobacterium
tuberculosis.

Mid-level disinfection Inactivation ofMycobacterium tuberculosis, bacteria, most viruses, most fungi, and some bacterial spores.
High-level disinfection Destruction/removal of all microorganisms except bacterial spores. (Operationally defined by the US Food

and Drug Administration at 6-log10 kill ofMycobacterium species).
Sterilization Destruction and/or elimination of all forms of microbial life.

∙ Critical devices, in the Spaulding classification, are
those that enter sterile tissues or blood vessels and
are therefore at highest risk for transmitting infection.
Ultrasound transducers used intraoperatively are crit-
ical devices. Critical devices should be cleaned and
sterilized between patients.

∙ Semicritical devices are those that contact mucous
membranes or nonintact skin, including vaginal ultra-
sound transducers and abdominal transducers used for
patients with skin lesions such as infections, rashes,
excoriations, or recent surgical scars. These devices
require cleaning and high-level disinfection. As shown
in Table 2, high-level disinfection is operationally
defined by the FDA as a 6-log10 kill of Mycobacterium
species [2].

∙ Noncritical devices are those that contact only
intact skin, such as transducers used in routine
transabdominal ultrasound examinations. These
require cleaning and low-level disinfection between
patients.

Regardless of the Spaulding level of the procedure, all
ultrasound transducers require both cleaning and dis-

infection between patients. Cleaning involves removing
all visible debris, such as ultrasound gel and other mate-
rials, then washing with a mild detergent solution or an
antibacterial wipe approved by the transducer manufac-
turer. Cleaning is mandatory before any level of disinfec-
tion because debris on the transducer will block contact
with the disinfection agent. The required level of dis-
infection depends on the Spaulding classification of the
immediately preceding ultrasound examination and the
planned next examination.
Figure 1 summarizes the recommended type of trans-

ducer cover, level of gel sterility, and level of cleaning and
disinfection of transducers for various types of ultrasound
examinations.

4 STERILIZATION ANDHIGH-LEVEL
DISINFECTION

For critical applications, transducers should ideally be
sterilized. However, traditional sterilization methods such
as high-pressure steam (autoclave) or ethylene oxide gas
are not compatible with many ultrasound transducers. If
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F IGURE 1 Summary of recommended infection prevention procedures for ultrasound examinations [1].

TABLE 3 High-level disinfectants and chemical sterilants approved by the US Food and Drug Administration [18].a

Active ingredient(s)
Number of
products listed

Efficacy against HPV
(see main text) Brand names

Chlorine dioxide 1 Yes Tristel ULT
Glutaraldehyde 16 Variable Banicide, Cetylcide-G, Cidex (4 strengths),

MedSci, Metricide (3 strengths), Omnicide (2
strengths), Procide-14, Rapicide, TD-5,
Wavicide-01

Glutaraldehyde + isopropanol 3 Variable Aldahol (3 products)
Glutaraldehyde + phenol/phenate 1 Variable Sproicidin
Hydrogen peroxide 3 Yes Resert XL (2 products), Sporox, Trophonb

Hydrogen peroxide + peracetic acid 2 Unknown EndoSpor Plus, Peract 20
Hypochlorite + hypochlorous acid 2 Yes Sterilox (2 strengths)
Ortho-phthalaldehyde 6 Variable Cidex OPA (3 products), OPA 30, Opaciden,

Rapicide OPA-28
Peracetic acid 3 Yes Acecide (2 strengths), Steris S40
Ultraviolet-C light 1 Yes Germitec Chronosb

Abbreviation: HPV, human papillomavirus.
aNumbers in parentheses show the number of listed products under the same brand name. The source lists 37 specific products, with varying concentrations of
ingredients and specific time and temperature requirements for demonstrated efficacy.
bDevice has separate US Food and Drug Administration clearance, not listed in source table.

sterilization is not possible, high-level disinfection is the
only reasonable alternative.
For semi-critical applications, Table 3 lists the agents

the FDA considers high-level disinfectants [18]. For each
agent, the FDA specifies the concentration and duration

required for high-level disinfection; the manufacturer’s
directions must be followed to ensure acceptable disinfec-
tion. When choosing an agent, users should consult doc-
umentation from the transducer manufacturer regarding
compatibility.
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The 2020 SMFM guideline [5] noted that GLUT, OPA,
phenol, and isopropyl alcohol have virtually no virucidal
activity against HPV [12–14] and cautioned against using
these agents for disinfecting vaginal transducers, even
though they are listed as high-level disinfectants by the
FDA. More recent studies have found that OPA resulted in
4-log10 to 5-log10 inactivation of HPV, suggesting that OPA
can be considered for high-level disinfection of vaginal
transducers [19, 20]. OPA is a volatile organic solvent that
must be used with adequate ventilation to minimize res-
piratory, eye, and skin irritation. OPA should not be used
in ultrasound examination rooms or other rooms occupied
by patients.
The FDA has approved several systems for high-level

disinfection that are generally compatible with ultra-
sound transducers and have proven efficacy against HPV.
Two systems use sonicated hydrogen peroxide (Trophon,
Resert), one uses ultraviolet-C light (Chronos), and one
uses chloride dioxide foam and wipes (Tristel ULT). Some
of these systems include logging software to help users
document completion of disinfection cycles; although
such logging may be considered good practice, it is not
mandated by current guidelines [1].
Whatever agent or system is used, care must be taken

to disinfect both the transducer and the handle. In crit-
ical and semicritical applications, whether sterilized or
high-level disinfected, the transducer must be covered by
a single-use cover, as discussed in Section 6.

5 LOW-LEVEL DISINFECTION

For noncritical applications, wiping the transducer to
remove ultrasound coupling gel and other visible debris
is a component of cleaning, as defined in Table 2. Addi-
tional cleaning may include rinsing the transducer under
running water and drying it thoroughly with a soft, clean
towel. Disinfectant sprays such as phenolics or quater-
nary ammonium are low-level disinfectants [2]. These
are generally acceptable for transabdominal ultrasound
transducers and other noncritical applications described
in Table 1. Users should consult documentation from the
transducer manufacturer for a list of compatible agents.
Low-level disinfection is insufficient for transvaginal

ultrasound transducers and other internal-use devices, as
methicillin-resistant Staphylococcus and other pathogenic
organisms can survive such treatment [9, 10, 21].

6 TRANSDUCER COVERS

Some commercially produced ultrasound transducer cov-
ers have unacceptably high rates of leakage (8%-81%) [22,

23] and cannot realistically be considered to offer an
effective barrier against transmission of infection, partic-
ularly viruses. A 2020 study of 500 commercially produced
transducer covers of 10 brands reported somewhat more
reassuring leakage rates, from 0% to 5% [24]. At least two
commercial transducer covers have FDA clearance to be
marketed as “viral barriers” (Sheathes3D andCIVCOEnvi-
sion); these products have demonstrated a low failure rate
for leakage of particles as small as 20 nm in laboratory tests.
Alternatives to commercial transducer covers include

condoms and surgical gloves. These items are manufac-
tured to meet strict acceptable quality limit standards,
reflecting the percentage of items in a sample that are
free from holes. The acceptable quality limit for con-
doms is 0.25%; for surgical gloves, 1.5%; and for standard
examination gloves, 2.5% [1, 25, 26]. Leakage rates of 1%–
2% have been reported when condoms are used to cover
endovaginal ultrasound transducers [23, 27].
Latex allergy has a prevalence of 4%–5% in the general

population and 9%–10% among healthcare workers [28].
If a practice uses latex-containing transducer covers, it
must have nonlatex alternatives available, and sonogra-
phers must ask every patient whether they have a latex
allergy. A safer, but possibly more expensive, alternative is
to use nonlatex transducer covers for all examinations.
The choice of transducer covers is determined by prac-

tice leadership, based on considerations such as cost,
availability, and latex content. Sterile covers are recom-
mended for percutaneous and intraoperative procedures,
as shown in Figure 1. Sterile covers are not required
for intravaginal and intrarectal procedures, because these
environments are not sterile. Instead, viral barrier covers
are recommended for intravaginal and intrarectal proce-
dures, as shown in Figure 1, because HPV has a high
prevalence and can cause cervical cancer [15, 16].

7 ULTRASOUND COUPLING GEL

Multiple-use gel containers may be used for noncritical
applications (e.g., transabdominal ultrasound examination
with intact skin). However, multiple-use containers can
harbor pathogenic organisms, especially if they are kept in
a warmer [10, 29, 30]. If multiple-use containers are used,
they should be discarded when empty and should not be
refilled.
Semicritical applications should use sterile or bacterio-

static gel from single-use, disposable packets both inside
and outside the transducer cover [1]. Critical applications
require sterile gel from single-use packets [1]. However,
there have been outbreaks of bacterial infections caused by
contaminated gel packets labeled “sterile” by themanufac-
turer [29, 31–33].
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In 2025, the CDC issued a safety alert after receiving
reports of infections with positive blood cultures attributed
to contaminated ultrasound gel from several states in 2024
and 2025 [34]. The alert recommends that only single-
use gel products specifically labeled as sterile be used for
any ultrasound-guided percutaneous procedures, includ-
ing amniocentesis, placement of central intravenous lines,
paracentesis, tissue biopsy, and surgical procedures; we
suggest that transabdominal chorionic villus sampling
should be added to this list. The CDC cautioned that prod-
ucts labeled as “bacteriostatic” or “preservative” should
be considered nonsterile unless they are also specifically
labeled as sterile.

8 GENERALMEASURES

8.1 Hand hygiene

All persons should wash their hands with soap and water
or use an alcohol-based hand sanitizer before and after
touching patients. Doing so within view of patients before
touching them will be most reassuring to the patients.
Hand hygiene is mandatory whether or not gloves are
used during the examination, because gloves are not 100%
leak-proof.

8.2 Gloves

For noncritical applications, gloves are not required,
but personnel may choose to wear gloves at their dis-
cretion. For semicritical applications, nonsterile gloves
are required. For critical applications, sterile gloves are
required, and strict aseptic techniques must be used. As
with transducer covers, if latex gloves are used, nonlatex
alternativesmust also be available, and personnelmust ask
every patient whether they have a latex allergy. A safer,
but possibly more expensive, alternative is to use nonlatex
gloves for all examinations.

8.3 Transducer storage

After sterilization or high-level disinfection, the trans-
ducer should be stored in a clean or sterile single-use,
disposable sleeve. It is good practice to record the date of
disinfection on the sleeve.

8.4 Single-use devices

Although it may seem tempting to save costs and reduce
waste by disinfecting and reusing some devices that are

intended to be discarded after a single use, the Joint Com-
mission cautions against this practice [35]. For reusable
devices, manufacturers are required to provide proven
instructions for cleaning and disinfection. For single-use
devices, instructions for reprocessing are not provided.

8.5 Cleaning other equipment

Periodic cleaning of keyboards, transducer cables and con-
nectors, gel warmers, patient beds, and other equipment
is recommended because all this equipment can poten-
tially harbor pathogens [1]. Quaternary ammonium wipes
or sprays may be used for low-level disinfection of most
equipment, but manufacturer documentation should be
consulted to ensure compatibility. The optimal frequency
of disinfection of equipment is not known, and there is
wide variation in practice, with some reporting clean-
ing after every examination, some daily, and some less
frequently [1, 3]. Each practice should develop protocols
regarding the frequency of cleaning and the procedures
used to disinfect equipment.

8.6 Illness

Personnel with respiratory infections or other contagious
illnesses should be instructed not to come to work while
potentially infectious. Essential personnel who must work
despite their illness must wear face masks and other per-
sonal protective equipment as needed to reduce the risk
of transmitting infection to patients and coworkers. Metic-
ulous attention to hand hygiene and gloves is essential.
Patients should be encouraged to postpone examinations
if they are ill, unless there is an urgent indication.

9 SAFETY CULTURE

Practice leaders are responsible for maintaining a culture
of safety, for developing protocols and policies regard-
ing infection prevention, for training personnel in proper
cleaning and disinfection procedures, and for holding indi-
viduals accountable for following those procedures. As
described in Box 1, many of the lapses in infection pre-
vention practices are attributable to lack of education,
training, accountability, or leadership. Leaders may desig-
nate key personnel to develop and oversee some processes,
but ultimate responsibility rests with leadership.
It is easy to become complacent about the risk of

infection. Pathogens are microscopic and invisible but
ubiquitous and potentially deadly. A respect for infection
prevention requires constant vigilance and diligence. All
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persons working in an ultrasound practicemust be aligned
in the effort to prevent infection.

10 SUMMARY AND CONCLUSIONS

Personnel should strictly adhere to the processes out-
lined in Figure 1. In addition, ultrasound practices should
develop protocols and policies regarding hand hygiene, use
of gloves, periodic cleaning of other ultrasound equipment,
and employee illness. Practice leadership must empha-
size the importance of infection prevention as a manda-
tory, routine, and consistent effort requiring intention,
diligence, and persistence.
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