Analysis of the scientific strength of published data on the resistance of HPV type 16 to
clinical disinfectants (Myers J et al JAC 2014). [prepared by Dr. M. Alfa; Sept 20, 2016]
Issue:
The recent publication by Myers et al (2014) has raised concern that Human Papilloma virus
(HPV) is resistant to some of the commonly used hand sanitizers and high level disinfectants
(HLD). Myers et al (2014) evaluated the infectivity of HPV16 native virion as well as
Quasivirion against; Ethanol (70%, 95%), Isopropanol (70%, 95%), Glutaraldehyde (2.4%,
3.4%), OPA (0.55%), phenol, PAA-silver (0.25%, 1.2%) and hypochlorite (0.525%). They
reported that ethanol, glutaraldehyde and OPA had no ability to inactivate viral
infectivity. The authors stated: “Our data support the possibility of HPV fomite-related
transmission, autoinoculation and nosocomial transmission even via instruments that were
considered ‘sterile’.” Furthermore, they suggested that new infection control practices are
warranted.
Question:
Is this finding of resistance to commonly used disinfectants scientifically sound and should
healthcare facilities modify their reprocessing protocols in response to this publication?
Expert Opinion:
Scientific validity of Meyer et al’s study:
The viral preparations used in Meyer et al’s study (2014) were incubated with each
disinfectant/sanitizer (at the manufacturer’s recommended concentration) for 45 mins at
room temperature and then neutralizer was added to prevent further action of the
disinfectant/sanitizer. The neutralized viral preps were rinsed to remove the neutralized
disinfectant and then tested for infectivity. The methods used for this process are
scientifically sound and were based on many years of research undertaken by Meyers since
1992 (Meyers et al 1992, Ryndock et al 2014). The method in the 2014 research study by
Meyers et al (2014) references Buck et al (2004) and Conway et al (2009). In summary, the
scientific research into HPV assembly and infectivity by Meyer’s group has a long and
scientifically solid history in their laboratory as well as other laboratories.
The Meyer et al’s (2014) investigation uses “crude viral preparations” and not purified viral
preparations. Purified virus is prepared by first homogenizing the virus growing in tissue
culture (crude viral preparation) and then separating out the viral particles by passing the
crude viral preparation through a density gradient column using centrifugation. I believe the
use of crude viral preparations may partially explain the resistance observed by Meyer’s et al
(2014) to Glutaraldehyde, OPA and ethanol. Most other evaluations of the susceptibility of
disinfectants/ sanitizers have utilized purified viruses. It has been well established that the
efficacy of many disinfectants and sanitizers against microorganisms is detrimentally affected
by the addition of organic material. So a key question regarding this study is whether the use
of a “crude viral preparation” is an inappropriate way to test efficacy of
disinfectants/sanitizers? It is my expert opinion that the use of crude viral preparations is
totally appropriate for these types of investigations.
Human viruses such as HPV are obligate intracellular pathogens that can only replicate inside
human cells. Medical devices are exposed to both free viral particles as well as human
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secretions where the virus is inside human cells in the secretions (e.g. an intra-vaginal probe
contacts virus in secretions and in human cells in the mucous membranes of the vagina). In
addition the survival of human virus on inanimate objects is improved when in the presence
of human secretions that protect the virus. As such it is very important to evaluate the
efficacy of disinfectants/sanitizers in the presence of organic material – otherwise the killing
ability of the agents being tested will be over estimated compared to the clinical setting where
the virus is almost always in the presence of human cells and/or secretions. Indeed, Vickery
et al’s (2014) recent simulated-use evaluation to assess efficacy of a hydrogen peroxide
nebulized mist for HLD of ICVPs followed ASTM methods and included an organic load as well
as high microbial levels.
Guidelines recommendations:
The recent Canadian guideline (2011) to manufacturers regarding testing of
disinfectants/sanitizers indicates:
“When a target surface to be disinfected has heavy soil deposits, a pre-cleaning step prior to the
application of the product may be appropriate in order to achieve the tested efficacy level. In the
absence of efficacy testing being conducted with the addition of an organic soil load, a precleaning step should be indicated on the label.”
For simulated-use testing the Canadian guideline for disinfectant/sterilant testing (2014)
does require a test soil and states: “Applicants should ensure that the tests are performed on
devices that are difficult to clean (e.g., those with small lumens, matt surfaces and hinges), that
the most difficult areas for the disinfectant to penetrate and contact should be inoculated, and
that the organic and inorganic challenge (i.e., soil load) that would be expected to be
encountered and which is appropriate for the intended use of the device (e.g., blood or feces for
endoscopes; blood or sputum for bronchoscopes) should be included..”
Furthermore, the FDA Guidance document (2015) recommends: “The manufacturer should
select an artificial test soil, the composition of which accurately represents materials that the
device would likely be exposed to during an actual clinical use, and would create the greatest
(worst-case) challenge to the cleaning process.”
In summary both Canadian and USA guidelines recommend the use of organic material to
validate disinfectant efficacy.
What do guidelines recommend for other pathogens that may also be resistant to commonly
used HLDs? A prime example is Cryptosporidium as it is resistant to chlorine and most other
surface disinfectants used in healthcare. Despite this resistance the CDC Guideline for
Disinfection and Sterilization (2008) states: “Although most disinfectants are ineffective
against C.parvum, current cleaning and disinfection practices appear satisfactory to prevent
healthcare-associated transmission.” This approach hinges on the efficacy of the cleaning
practices in healthcare.
Clinical practice:
An effective pre-cleaning step prior to HLD is a critical necessity especially if the validation of
HLD efficacy for non-enveloped viruses was done in the absence of an organic load. For ICVPs
adequate cleaning is still required even if a sheath (or condom) is used as clinical studies have
confirmed that virulent HPV strains can still contaminate the probe despite use of a sheath
(Casalegno 2012, Leroy 2013, M’Zali 2014, CDC Guideline 2008). Furthermore, recent clinical
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data on intra-cavitary vaginal probes indicates that the pre-cleaning is frequently sub-optimal
as Sanz et al (2011) reported that ultrasound probes in the medicine, trauma, and pediatrics
areas were found to be visibly clean 65%, 33%, and 70% of the time, respectively. These
factors combined (i.e. sheaths not sufficient to preclude HPV contamination, poor cleaning of
ICVPs) indicate that HPV in the presence of organic material is very probable and is a frequent
“real life” occurrence.
Summary:
In summary it is my expert opinion that the Meyer’s et al (2014) study is scientifically valid
and takes into consideration HPV in the presence of organic material. If healthcare facilities
consistently have meticulous cleaning of ICVPs followed by disinfection with currently cleared
HLDs then the risk of HPV transmission from contaminated ICVPs is likely very low. However,
if cleaning of ICVPs is sporadic as reported by Sanz et al (2011) then the risk of HPV
contamination of patient-ready ICVPs may be up to 1% (Leroy 2013).
It is my expert opinion that healthcare facilities offering ICVP procedures should urgently
provide education regarding the risk of HPV transmission and provide adequate training to
personnel reprocessing ICVPs. Furthermore, they should routinely audit reprocessing of
these devices to ensure ongoing compliance with cleaning and HLD. Finally, the preferred
disinfection technologies for ICVPs would be those with known efficacy against HPV (or other
surrogate non-enveloped virus) in the presence of an organic load similar to the crude viral
preparation that was used by Meyer et al (2014).
1. ASTM E2197-2002 Standard Quantitative Disk Carrier Test Method for Determining
the Bactericidal, Virucidal, Fungicidal, Mycobactericidal and Sporicidal Activities of
Liquid Chemical Germicides
2. Buck CB, Pastrana DV, Lowy DR, Schiller JT (2004) Efficient intracellular assembly of
papillomaviral vectors. J Virol 78: 751–757.
3. Casalegno J0S, LeBail Carval K, Eibach D, Valdeyron M0L, Lamblin G, Jacquemoud H,
Mellier G, Lina B, Gaucherand P, Mathevet P, Mekki Y. High risk HPV contamination of
endocavity vaginal ultrasound probes: An underestimated route of nosocomial
infection? 2012 PLOS ONE 7(10): e48137.doi:10.1371/journal.pone.0048137.
4. Center for Disease Control and Prevention (2008) Guideline for Disinfection and
Sterilization in Healthcare Facilities. Center for Disease Control and Prevention
website. www.cdc.gov/hicpac/pdf/guidelines/Disinfection_Nov_2008.pdf last
accessed Sept 20, 2016.
5. Conway MJ, Alam, Ryndock EJ, Cruz L, Christensen ND, Roden RB S, Meyers C TissueSpanning Redox Gradient-Dependent Assembly of Native Human Papillomavirus Type
16 Virions. J Virol 2009;83:10515–10526.
6. Health Canada Guidance document – Safety and efficacy requirements for high level
disinfectants and sterilants for use on reusable semi-critical and critical medical
devices. Health Canada publisher, January, 2014.
7. Health Canada Guidance Document: Information to Be Provided by Manufacturers for
the Reprocessing and Sterilization of Reusable Medical Devices. June 1, 2011
(publisher: Minister of Health, Ottawa Ontario, Canada)
8. Leroy S Infectious risk of endovaginal and transrectal ultrasonography: systematic
review and meta-analysis. JHI 2013;83:99-106.
3

9. M’Zali F, Bounizra C, Leroy S, Mekki Y, Quentin-Noury C, et al. (2014) Persistence of
Microbial Contamination on Transvaginal Ultrasound Probes despite Low-Level
Disinfection Procedure. PLoS ONE 9(4): e93368. doi:10.1371/journal.pone.0093368
10. Meyers C, Frattini MG, Hudson JB, Laimins LA (1992) Biosynthesis of human
papillomavirus from a continuous cell line upon epithelial differentiation. Science 257:
971–973.
11. Meyers J, Ryndock E, Conway MJ, Meyers C, Robison R. Susceptibility of high-risk
human papillomavirus type 16 to clinical disinfectants. 2014 J Antimicrob Chemother
doi10.1093/jac/dku006
12. Reprocessing Medical Devices in Health Care Settings: Validation Methods and
Labeling Guidance for Industry and Food and Drug Administration Staff. March 17,
2015 (Publisher: Food and Drug Administration Center for Devices and Radiological
Health).
13. Ryndock EJ, Conway MJ, Alam S, Gul S, Murad S, et al. (2014) Roles for Human
Papillomavirus Type 16 L1 Cysteine Residues 161, 229, and 379 in Genome
Encapsidation and Capsid Stability. PLoS ONE 9(6): e99488.
doi:10.1371/journal.pone.0099488.
14. Sanz EG, Theoret J, Liao MM, Erickson C, Kendall JL. Bacterial contamination and
cleanliness of emergency department ultrasound probes. CJEM 2011;13:384-389.
15. Vickery K, Gorgis VZ, Burdach J, Patel D Evaluation of an automated high-level
disinfection technology for ultrasound transducers. J Infect Public Health 2014;7:153160.

4

