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Medical device reprocessing, and the scientific validation of reprocessing instructions, are critical
steps to ensuring devices are safe and effective for patient use. The pandemic caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the virus responsible for COVID-19,
as well as past infection outbreaks, have prompted increased concern over disinfection and
sterilization of reusable medical devices.
Validating reprocessing instructions ensures devices are safe and remain safe for their intended
use through their final step of processing, disinfection or sterilization. Developing reprocessing
instructions, and the validation of those instructions, involves many steps. Failure to properly
validate reprocessing instructions could lead to patient or staff adverse incidents or delays in
regulatory approval.
FDA requires manufacturers to validate the reprocessing instructions of reusable medical
devices to ensure they can be used repeatedly as intended.3 These validations provide data
demonstrating that the methods and chemicals used to reprocess and destroy microorganisms,
are effective, as well as compatible, with your product.
While medical device manufacturers can’t control what happens once their device enters the
healthcare setting—for example, whether central sterile services departments (CSSD) have the
time and resources to follow manufacturer guidelines or whether hospital staff receive proper
training—they can ensure they properly classify their medical devices and provide accurate
Instruction For Use (IFU) based on reprocessing validations. Device classification is based on
patient contact and directly relates to the level of disinfection required or, in some cases,
sterilization, based on the risk of infection from contamination.
To ensure your device reprocessing instructions ensure patient safety and comply with all
regulatory standards, keep the following points in mind.

DISINFECTION VS. STERILIZATION: WHAT’S THE DIFFERENCE?

Disinfection and sterilization both kill or deactivate viruses, bacteria, and fungi; however, the
method used and types of microorganisms destroyed by disinfection and sterilization differ.
Sterilization, as defined by the Centers for Disease Control (CDC), is a process that can destroy
all forms of microbial life.1 Because it is impossible to prove 100% microbial kill, sterilization
is expressed as a logarithmic probability, typically 1 in a million (SAL 106) chance of microbial
survival. Sterilization methods used for reusable medical devices include elevated temperatures
using steam or dry heat, as well as low temperature sterilization methods that include ethylene
oxide (EO), and chemical methods such as the STERRAD® system.
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Disinfection destroys many or all pathogenic microorganisms but does not kill large numbers of
bacterial spores.2 Bacterial spores are a dormant, nonreproductive form of bacteria. “Disinfection
doesn’t kill all bacteria, but kills to a logarithmic reduction,” says Alpa Patel, Principal Scientist
for Nelson Labs. For example, a disinfection resulting in a three-log reduction would reduce the
number of microorganisms from 104 (approximately 10,000) to 101 (approximately 10), or a
99.9% reduction.
Disinfection validations include both thermal (hot water) and chemical methods. The choice
of disinfectant, including glutaraldehyde, chlorine compounds, quaternary ammonium
compounds, phenols, ortho-phthalaldehyde, and hydrogen peroxide, depends on compatibility
with the device and its classification, the physical and chemical stability of the device, and how
easy it is (or not) to remove the chemical agent residuals after exposure.

DISINFECTION LEVELS EXPLAINED

According to the Spaulding classification approach, a system that determines the nature
of disinfection or sterilization, disinfection is divided into the following three subcategories:
low-, intermediate-, and high-level disinfection. These subcategories correlate to use of the
instrument or device, risk of infection and difficulty of the infectious agent to be inactivated.
Low-level disinfection (LLD) Process that kills most vegetative bacteria, some viruses and some
fungi, but not mycobacteria or bacterial spores.
Intermediate-level disinfection (ILD) Process that kills viruses, mycobacteria, fungi and
vegetative bacteria, but not necessarily bacterial spores.
High-level disinfection (HLD) Process that kills all microbial organisms but not necessarily large
numbers of bacterial spores.
For a frame of reference, coronaviruses are lipid viruses and not very resistant to disinfection
processes. Most disinfection processes in healthcare settings kill bacteria much more resistant
to chemicals than lipid viruses. By killing the more resistant bacteria, theoretically you also
eliminate the weaker, lipid enveloped viruses. See figure on the next page for hierarchy of
organism reistance.
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MEDICAL DEVICE DISINFECTION CLASSIFICATION

The level of disinfection or sterilization required starts with classification. The Spaulding
Classification is an approach developed more than 40 years ago and maintained by the CDC. The
classification scheme is based on understanding that instruments associated with patient care,
being classified into similar categories, will allow for the level of disinfection to be understood.
It is important to note that this is not a standalone system and still needs to be thought through
as part of a device manufacturers risk assessment program. Complex devices, heat-sensitive
devices and contact time in specific situations will need to be defined.
Medical devices and instruments using the Spaulding system are classified into the following
three categories based on the degree of infection risk involved when using the devices:
Critical: These devices enter the bloodstream, sterile tissue, or the vascular system. Examples
include surgical instruments, cardiac and urinary catheters, endoscopes used in laparoscopic
endoscopy, implants, and ultrasound probes used in sterile body cavities. These items must be
sterilized.
Semi-Critical: These devices come in to contact with mucous membranes and don’t usually
penetrate sterile tissue. Examples include respiratory therapy and anesthesia equipment, some
endoscopes, bronchoscopes, colonoscopes, laryngoscope blades, esophageal manometry
probes, urinary catheters, and diaphragm fitting rings. These devices require sterilization;
however, if they can’t be sterilized, high-level disinfection is acceptable if validated.
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Non-Critical: These devices come in to contact with intact skin but not mucous membranes
or the bloodstream. Examples include everything from blood pressure cuffs and bedpans to
stethoscopes and bed rails. These devices and products require either intermediate-level or
low-level disinfection. Non-critical devices can also include products that do not touch the
patient but could serve as a source of contamination and possible infection. Examples include
touch screens and buttons on equipment that are touched during a procedure.

THE GREY AREA: HOW MUCH DISINFECTION DOES MY
NON-CRITICAL DEVICE NEED?

The line between low- and intermediate-level disinfection for non-critical devices is a common
cause for concern among medical device manufacturers, especially at a time of heightened
infection concern.
“For non-critical devices we perform risk assessments to determine the infection risk and level
of disinfection required,” says Jeralyn Franson, Associate Technical Consultant for Nelson Labs.
“We use intermediate-level disinfection for any device that touches a patient’s skin, as well
as any device with the potential for cross-contamination from blood. That might be a robotic
arm that might get splattered with blood during surgery, or any device used as an accessory
to a product used in the patient. Monitors used on the opposite end of the room would likely
receive low-level disinfection.”
When considering the most effective way to reprocess items such as surgical lights which may or
may not get moved close to the patient, patient proximity is the deciding factor. “We ask a series
of questions to determine the potential risk of infection,” says Patel. “If there’s a low chance of
infection, we may advise low-level disinfection.” If there are instances of contamination, it may
need intermediate-level disinfection. Patient risk is the first question we ask; from there, we
determine what method to use.”

DISINFECTION VALIDATION: MEASURING DECONTAMINATION

The disinfection level, method, and other factors play into the IFU provided with medical device
labeling. Since 2011, the FDA has required manufacturers to validate those instructions as
part of the 510 (k) submission process. A 510 (k) is a premarket submission that demonstrates
a device is as safe and effective and and, if applicable, substantially equivalent to a legally
marketed device.
Based on what FDA has learned through medical device reporting (MDR), recalls, and outbreaks,
among other reports, will require protocols and complete validation test reports. A few of
those high-risk devices include bronchoscopes, endoscopes, laparoscopic instruments and
accessories, and electrosurgical devices.
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Acceptance Criteria:
High-Level Disinfection
• 6-log reduction of Mycobacterium spp.
Intermediate-Level Disinfection
•
		
•
•
•
•

6-log reduction Klebsiella spp. or
Enterobacter spp.
6-log reduction Pseudomonas aeruginosa
6-log reduction Staphylococcus aureus
6-log reduction Escherichia coli
3-log reduction of Mycobacterium spp.

Low-Level Disinfection
•
		
•
•
•

6-log reduction Klebsiella spp. or
Enterobacter spp.
6-log reduction Pseudomonas aeruginosa
6-log reduction Staphylococcus aureus
6-log reduction Escherichia coli

SIDEBAR: NOTE ON ENDOSCOPES
AND BRONCHOSCOPES
Because these devices are
temperature sensitive, some
endoscopes
typically
are
processed through high-level
disinfection. In addition, there
are some models of endoscopes
that just can’t be sterilized.
Due to an increase in medical
device reports over the past five
years, device manufacturers
are considering redesigns of
these devices or using materials
compatible with sterilization
methods.

Scientists use challenge microorganisms during validation testing to verify that reprocessing
instructions meet disinfection protocols. For example, Mycobacterium which is considered to be
the most resistant organism (MRO) for HLD processes, should be able to demonstrate a six-log
reduction (99.9999%, or down to 1 CFU) after the processing as required by AAMI TIR 12:2010.
“By testing the most resistant organism for the level of disinfection, we’re theoretically covering
everything less resistant, including viruses,” says Patel. The microorganism and acceptance
criteria defined in regulatory standards for high level disinfections are listed above.
Nelson Labs performs validations in compliance with AAMI TIR12, ANSI/AAMI ST58, ISO 15883
series, ISO 17664, and FDA guidance documents.
When performing disinfection validations, scientists have to also consider the nature of
microbes. Viruses mutate and bacteria become more resistant. “In that case we would look at
the resistance of the virus and design a plan to determine what methods we should use to kill
the virus,” says Patel.
“As of right now, viruses fall into two categories: lipid-envelope viruses and non-enveloped
viruses,” says Franson. “The lipid-envelope viruses are usually very easy to kill and deactivate.
The others are tougher. But as long as we can sort them into those two categories we can
determine a plan for disinfection.”
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CONCLUSION

Disinfection and Sterilization validations are not only an important part of the 510(k) clearance
process, they also ensure reprocessing instructions can deactivate microbes necessary to ensure
your device remains safe and effective through repeated use and multiple harsh processing
cycles. As medical device manufacturers continue to design innovative products, keeping
disinfection and reprocessing in mind will ensure a smoother path through the validation and
regulatory process.
To ensure your company develops appropriate medical device disinfection or sterilization
methods, contact Nelson Labs, an industry-leading global provider of laboratory testing and
advisory services.
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