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Abstract

Objectives/Hypothesis: Human papillomavirus (HPV) is a DNA virus that causes cancer in
multiple sites. Although sexual activity is the primary means of oropharyngeal HPV acquisition,
studies suggest HPV transmission through occupational exposure from medical instruments and
surgical fumes. We assess if aerosolization of HPV16 DNA via electrocautery places
otolaryngologists at risk for exposure.

Study Design: Animal and human laboratory model.

Methods: Plasmid (pLXSN16E6E7) expressing HPV pl6 E6/E7 genes was transformed into
DH5a Escherichia coli cells using the heat shock method. Miniprep and maxiprep purification of
transformed DNA with subsequent restriction enzyme double digestion confirmed presence of
EGE7 fragment. We injected 2 pg plasmid DNA in 20 uL TE (Tris and ethylenediaminetetraacetic
acid) buffer intradermally into freshly severed mouse tail then cauterized for 5 to 10 seconds.
Generated fumes were collected through a suction tube fitted with Whatman filter paper. Filter
paper was placed in 100 L TE buffer. Additionally, six patients undergoing transoral robotic
surgery for resection of oropharyngeal cancer were identified, three with p16-negative tumors and
three with p16-positive tumors. Intraoperatively, Whatman filter paper was exposed to
electrocautery fumes, then placed in 100 uL TE buffer. Additional samples were collected from
the suction tubing and filter, the surgical mask of the surgeon at head of the bed, and the robot
arm.

Results: Samples were analyzed via polymerase chain reaction with an assay sensitivity of 1.5
ng E6E7 DNA. None of the patient or mouse tail samples yielded detectable HPVV16 DNA in the
electrocautery fumes. We did not detect HPV16 DNA on the surgical masks, suction apparatus, or
robot arm intraoperatively.

Conclusions: There is likely minimal risk of occupational exposure to HPV16 via
electrocautery fumes.
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INTRODUCTION

The human papillomavirus (HPV) is a DNA virus from the papillomavirus family and one of
the most common sexually transmitted infections in the world.1 HPV is known to cause
cancer in multiple sites including the anus, penis, vagina, cervix, vulva, and oropharynx.
Investigators continue to seek ways to identify groups at high risk for HPV exposure,
because HPV-related cancers are arguably prevented with the multivalent HPV vaccine.23

HPV is causally associated with a subset of squamous cell cancers of the head and neck,
specifically cancers of the tonsils and base of tongue.*° As of 2018, the number of HPV-
associated head and neck cancers has surpassed HPV-associated cervical cancers. There has
been a rapid rise in the incidence of oropharyngeal squamous cell carcinoma. In the United
States, between 2008 and 2012, 38,793 HPV-related cancers were diagnosed annually.®
Interestingly and pertinent to otolaryngologists, the most common cancer among these was
oropharyngeal squamous cell carcinoma, with approximately 3,100 cases in women and
12,638 cases in men.%7 HPV is now associated with 40% to 80% of all head and neck
cancers, with HPV16 accounting for the majority of these cancers.8 The incidence of HPV-
related oropharyngeal cancers has risen since 1984 and is projected to comprise the majority
of head and neck cancers in the next 20 years.? It is interesting to note that the percentage of
oropharyngeal cancer attributed to HPV varies greatly depending on geo-graphic location,
with the incidence consistently increasing in some areas such as North America and
Northern Europe while staying low and stable in others.10

Although no studies have definitively identified an increasing prevalence of oral HPV16
over time, a rise in oral HPV16 is generally assumed to be a major causal factor in the rapid
rise in squamous cell carcinoma of the oropharynx (SCCOP) amongst patients.”11 Although
sexual transmission has been established as the primary role of HPV acquisition in the
oropharynx, some preliminary data suggest that HPV may be transmitted through
occupational exposure from medical instruments and surgical fumes.12 With the increase in
oropharyngeal cancer, a subsequent rise is expected in transoral robotic surgery for T1 and
T2 HPV SCCOP and neck dissections for more advanced disease. Surgeons routinely use
high-powered Bovie cautery in these resections, which generates a significant amount of
smoke that may contain HPV. Therefore, the potential risk of contracting HPV via
occupational exposure may be on the rise for head and neck surgeons.

Nononcogenic HPV 6 and 11 can be detected on medical devices, nasolabial folds of
treating physicians,13 gloves, and within laser-generated plumes from HPV lesions.14:15 This
suggests a potential risk for otolaryngologists who treat HPV-related SCCOP. Understanding
the potential risk is extremely important, as epidemiological evidence suggests HPV is the
etiological agent of oral cancers. Although HPV is a necessary, though not sufficient, cause
of several cancers, targeted interventions that protect against HPV infections have clearly
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demonstrated the ability to prevent progression to cancer.16:17 Although it is difficult to
prove direct infectivity, there are multiple case reports of HPV infection and disease in
treating physicians. A 44-year-old laser gynecologist was found to have laryngeal biopsy-
positive HPV subtypes 6 and 11 with a negative evaluation for genital or sexual
transmission.1® Rioux et al. reported two gynecologists, with minimal risk factors other than
busy laser practices for various dysplastic cervical and vulvar lesions, who developed
HPV16-positive oral cavity squamous cell carcinoma.18 Although these case reports are
limited by their lack of commentary on general sexual history, the presence of frequent
HPV-positive patient—provider interactions is a common and concerning theme.

Further data are needed to better understand and identify risk factors for HPV among head
and neck surgeons. Some case series have demonstrated that HPV is detectable in laser
generated plumes using polymerase chain reaction (PCR),14:1519 \whereas others have not
been able to detect it.20-21 However, no studies have examined fumes generated from Bovie
cautery. If exposure in the operating room increases the risk of HPV infections, targeted
interventions, such as the use of the HPV vaccine or specialized masks, would be justified to
reduce the likelihood of cancer among surgeons. The aim of this study was to examine the
potential occupational risk of acquiring HPV16 within the operating room as an
otolaryngologist. In this study, we collected a series of cautery-generated fumes within the
operating room and laboratory to test whether HPVV16 could be objectively detected and
whether this could be a potential risk for patient-to-provider transmission.

MATERIALS AND METHODS

Not for Human Subjects Institutional Review Board approval was obtained. This study did
not involve direct patient contact. The authors were informed of tumor status of operating
room patients by the attending physician preoperatively and postoperatively. No chart review
or patient identification was performed by the authors.

Operating Room Sample Collection

Six patients with biopsy-proven oropharyngeal squamous cell carcinoma who sought
oncologic care at the Department of Otolaryngology—Head and Neck Surgery of the
University of Kansas Medical Center (KUMC) were identified. Included patients had opted
to pursue surgical management of their tumors, which entailed transoral robotic resection.
Patients were identified by the collaborating attending surgeon as p16 positive or negative
based on their preoperative biopsy results. All pathology reports were reviewed by the
KUMC Department of Pathology, and results were provided by the collaborating attending
surgeon. Per guidelines established by the College of American Pathologists,22 positivity
was determined by p16 immunohistochemistry performed using a 70% nuclear and
cytoplasmic staining cutoff. Three patients with p16-positive tumors and three patients with
pl6-negative tumors were selected.

Samples were obtained during the surgical procedure. Under sterile conditions, a 1-cm?
piece of Whatman filter paper was individually cut. During the operation, filter paper was
held within the plume generated by the robotic Bovie electrocautery using sterile forceps in
the operative field for between 5 and 10 seconds. Additional swabs using separate pieces of
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filter paper were obtained from the areas listed in Table 1. Swabs were then placed in 100 pL
of TE (Tris and ethylenediaminetetraacetic acid) buffer, then held at —20°C for 0 to 30 days
following transport to the laboratory.

Laboratory Sample Creation and Collection

Using a sterile technique, Luria-Bertani (LB) agar plates with ampicillin (75 pg/uL) were
poured and stored at 4°C. Bacterial transformation and growth experiment was then
performed. HPVV16E6E7 Plasmid DNA expressing E6 and E7 genes (Addgene
pPLXSN16E6E7) and DH5a. competent bacterial cells (#18258-012; Invitrogen, Carlsbad,
CA) were thawed on ice. Plasmid DNA (10 ng) was transferred to an Eppendorf tube and
allowed to incubate on ice for 1 minute. We then added a 10-pL aliquot of DH5a cells to
plasmid DNA and mixed by pipetting. The mixture was incubated on ice for 30 minutes.
Next, the tube was heat-shocked in a water bath at 42°C for 30 seconds, then placed back on
ice for 2 minutes. Under a sterile technique, 500 pL of room temperature LB broth was
added to the tube, and the tube was sealed with parafilm. The tube was placed in shaker at
37°C at 225 rpm for 1 hour. Using a sterile technique, 150 uL of transformed cells were
plated onto an LB agar plate with ampicillin (75 pg/pL). Plates were then incubated
overnight at 37°C. Plates were organized into 10 separate divisions, which were labeled.
Using a sterile technique, plaques from each division were transferred into separate tubes
containing a 5-mL aliquot of LB broth with an antibiotic. Tubes were sealed with parafilm,
then placed in shaker at 37°C at 225 rpm for 4 hours. Tubes were removed, and 1.3 mL from
each tube was transferred to a new 1.5-mL tube under sterile conditions. Tubes were
centrifuged for 30 seconds at 11,000 relative centrifugal force.

DNA was extracted using the NucleoSpin Plasmid miniprep kit (Macherey-Nagel, Diren,
Germany) according to the instructions of the manufacturer. Concentration of each purified
plasmid sample was then quantified using a Beckman Coulter (Brea, CA) DU 640
Spectrophotomoter. We then performed a restriction enzyme double digestion experiment
utilizing BamHIHF (NEB #R3136; New England Biolabs, Ipswich, MA) and EcoRI-HF
(NEB #R3101; New England Biolabs). Double digestion was carried out in 20-uL volumes
consisting of 800 ng of purified DNA, 2 pL of CutSmart 10x buffer (NEB #B7204; New
England Biolabs), 1 pL of BamHI-HF, 1 pL of EcoRI-HF, and the requisite volume of
nuclease-free water. Mixtures were then covered with parafilm and incubated in a 37°C
water bath for 15 minutes followed by heat inactivation at 65°C for 20 minutes. Double
digestion products were then visualized by staining with GelRed Nucleic Acid Stain
(#41003; Biotium, Fremont, CA) on 1% agarose gels. Transformation and digestion was
considered successful if bands of the expected size (approximately 5858 bp and 856 bp)
were visible.

Successfully transformed cells where then grown in the same fashion as above and purified
using Qiagen (Hilden, Germany) Plasmid Maxi Kit according to the instructions of the
manufacturer. Double digestion restriction enzyme was again performed to confirm that the
necessary cells were created. Stock plasmid DNA was stored at —20°C.

We cut a 1-inch piece of the tail from a euthanized mouse, placed it in an Eppendorf tube,
and kept it on ice. Mouse tail and equipment where then brought to an operating room.
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Under sterile conditions, 5 pL of stock plasmid DNA was mixed with 15 pL of TE buffer to
generate a mixture containing 2 pg of DNA. Three separate 20-uL injections were prepared
then injected intradermally into separate tail specimens. A negative control consisting of 20
uL of TE buffer was also injected intradermally into a rat tail specimen. Next, Bovie
electrocautery was set at 20 W, and the injected area of each sample were cauterized for 5
seconds. Electrocautery fumes were evacuated utilizing a sterile Yankauer suction that was
fitted with Whatman filter paper at the end of the suction. Separate Yankauer suction and
tubing were used for each specimen. Filter paper was then placed in 100 L of TE buffer,
then held at —20°C for 0 to 30 days following transport to the laboratory.

HPV Detection

Tubes containing filter paper were allowed to thaw on ice, then were centrifuged at 8,000g
for 15 minutes. Laboratory and operating room samples were tested separately.
Amplification of HPVV16 DNA was performed with custom E6 and E7 primers (Invitrogen).
This primer system is well suited for detection of HPVV16 E6 and E7. Positive controls were
generated by serial dilution of plasmid DNA with TE buffer until final concentration of 1.5
ng per 2.5 pL was achieved. PCR was carried out in a 25-uL volume. For positive control,
the preparation consisted of a 2.5-uL solution containing 1.5 ng of DNA, 12.5 L of
Quiagen HotStart buffer (Qiagen), 0.5 uL of forward primer, 0.5 uL of reverse primer, and 9
uL of ddH20. Laboratory and operating room sample preparation consisted of 5 pL of
sample, 12.5 uL of Quiagen HotStart buffer, 0.5 uL of forward primer, 0.5 pL of reverse
primer, and 6.5 pL of ddH20. E6 and E7 primers were separately tested for each sample. The
cycling conditions were 50 cycles at 94°C for 1 minute, 94°C for 30 seconds, 55°C for 30
seconds, and 72°C for 30 seconds.

After amplification, PCR products were visualized by staining with GelRed Nucleic Acid
Stain (#41003; Biotium) on 1% agarose gels. PCR was considered tentatively positive if a
band of the expected size (approximately 320 bp for E6 and 196 bp for E7) was visible.
General laboratory procedures to prevent PCR contamination were strictly adhered to. One
negative control was also included for both sets of experiments. All negative controls were
found to be negative for HP\VV16 DNA.

Characterization of Plasmid DNA

To detect HPV DNA, we first used plasmid DNA expressing the E6/E7 proteins to develop
an assay. Plasmid DNA was digested with restriction enzymes that linearized the plasmid.
Plasmid DNA was also digested simultaneously with two single cutters. Restriction
digestion products were then visualized by staining with GelRed Nucleic Acid Stain
(#41003; Biotium) on 1% agarose gels. Transformation and digestion was considered
successful if bands of the expected size (approximately 5,858 bp and 856 bp) were visible in
the lane with plasmid DNA subjected to double digestion.

Optimization of Assay

To ascertain the sensitivity of our assay, we generated solutions of varying concentrations
then assessed via PCR. We took 1 pL of our stock plasmid solution (399.9 ng/uL) and
combined it with 999 L of TE buffer to create a solution with a concentration of 399.9 pg/
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UL (picogram stock). We then combined 5 uL of our stock plasmid solution (399.9 ng/uL)
with 15 uL of TE buffer to create a solution with DNA concentration of 100 ng/uL.
Similarity, we combined 5 pL of the picogram stock with 15 pL of TE buffer to create a
solution with DNA concentration of 100 pg/uL. PCR was carried out in a 25-L reaction. A
master mix consisting of 27.5 Qiagen HotStar buffer, 1.1 uL of E6 forward primer, and 1.1
UL of E6 reverse primer was created on ice. This was then mixed with 11.5 pL of DNA from
either the 100 ng/uL solution or 100 pg/uL solutions. The cycling conditions were 50 cycles
of 94°C for 1 minute, 94°C for 30 seconds, 55°C for 30 seconds, and 72°C for 30 seconds.
A PCR was considered tentatively positive if a band of the expected size (approximately 320
bp for E6 and 196 bp for E7) was visible.

Characterization of Plasmid DNA

Transformation and digestion was considered successful if bands of the expected size
(approximately 5,858 bp and 856 bp) were visible in the lane with plasmid DNA subjected
to double digestion. Figure 1 represents the gel film depicting successful double digestion
with the expected molecular weights. Subsequent growth and purification yielded a stock
solution of DNA at a concentration of 399.99 ng/pL.

Optimization of Assay

PCR was considered tentatively positive if a band of the expected size (approximately 320
bp for E6 and 196 bp for E7) was visible. Our assay was sensitive down to ~1 ng of DNA.
We then performed a serial dilution starting at 25 ng down to 1.5 ng plasmid DNA. Figure 2
depicts these results.

Detection of DNA in the Operating Room and Laboratory Samples

In the operating room, 30 total samples were collected from six patients. Collected samples
included Bovie fumes, surgical mask, suction tubing, suction filter, and robot arm from all
six patients. Fifteen samples were obtained from patients with biopsy-proven p16-negative
SCCOP, and 15 samples were obtained from patients with biopsy-proven p16-positive
SCCOP. p16 status was confirmed on final pathology reports for all patients. All samples
were tested for both E6 and E7 plasmid DNA. Samples were compared to a positive control
containing 1.5 ng of plasmid DNA.

We did not detect any E6 or E7 plasmid DNA in the electrocautery fumes. We were also
unable to detect DNA on any surgical equipment including surgical masks, suction
apparatus, or robot arms. Samples were compared to both negative and positive controls.
Figure 3 is a representative gel film of an HPV-positive operating room sample. This film is
representative of all samples collected.

In the laboratory, one negative control as well as three positive control samples were
collected. Samples consisted of aerosolized fumes from 2 g of plasmid DNA contained in
the TE buffer injected intradermally into the mouse tail. We did not detect any E6 or E7
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plasmid DNA in any of the electrocautery fumes. Samples were compared to a positive
control.

DISCUSSION

The aim of this study was to examine the potential occupational risk of acquiring HPV
within the operating room as an otolaryngologist by conducting a series of experiments in
the operating room and laboratory. To our knowledge, this is the first study to examine
fumes generated from Bovie cautery as a proxy for the potential risk for patients to provider
transmission. We were unable to detect HPVV16 DNA in any laboratory or operating room
samples that we examined. This suggests that the risk of occupational exposure among head
and neck surgeons is low.

Although the primary mode of HPV16 transmission is sexual activity, there are data that
support horizontal transmission and dissemination of HPV. In a systematic review, over 15
studies were identified that support objective evidence of HPV in the medical or public
environment.12 HPV DNA has been found on many different medical devices out-side of the
otolaryngology field both before and after chemical disinfection; HPV DNA after
disinfection has been identified on transrectal and transvaginal probes,23-25 speculums,28
and surgical gloves.2127 Of further concern, HPV DNA has been detected within the plume
produced during CO, laser vaporization of genital warts!3:28 and papillomas due to
respiratory papillomatosis.1415.19 Bergbrant et al. demonstrated HPV DNA within the
nasolabial fold and nostrils of a treating physician during both CO», laser and
electrocoagulation of genital warts.13 On the other hand, other studies have failed to detect
HPV on various surgical equipment and materials.20-21

With the advent of transoral robotic surgery, early-stage T1 and T2 oral cavity tonsil and
base of tongue HPV+ squamous cell carcinoma are amenable to surgical resection with or
without neck dissection. If patients are good candidates, this is often the preferred treatment
modality, as surgery avoids some of the long-term morbidities associated with radiation with
or without chemotherapy. Although favorable to patients, resection of the tonsil and base of
tongue malignancies with high-powered Bovie cautery generates significant amounts of
smoke. Surgeons and surgical assistants are exposed to this smoke, and to date, no studies
have evaluated the risk of Bovie electrocautery-related smoke fumes specifically as it relates
to their contamination with HPV DNA particles.

In our study, we were unable to detect HPVV16 DNA on surgical equipment and protective
masks of surgeons. Furthermore, we were unable to identify HPVV16 DNA within
electrocautery fumes in both the operating room and laboratory. This suggests that there is a
lower risk of exposure and subsequent transmission of HPV16 during operative
interventions targeted at p16-positive tumors. Studies have shown that the use of a surgical
mask prevented transmission of bovine papilloma virus DNA. Our finding that Bovie-related
smoke fumes did not contain high-risk HPV16 DNA suggests that continued routine use of
basic surgical masks is adequate to protect surgeons and their assistants. Furthermore, HPV
vaccination should be routine for patients and providers, especially now that the Food and
Drug Administration has approved it for up to the age of 49 years.29
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Limitations of this study include that a sound oncologic surgery is to obtain adequate
negative margins. Thus, direct cauterization of the tumor containing the virus may not occur
frequently, thus preventing aerosolization of viral particles. In addition, the degree in which
Whatman filter paper captures aerosolized DNA is unclear. However, Whatman filter paper
is commonly used to store and transport DNA, and ultimately should capture any relevant
aerosolized viral DNA if present. Also, we did not perform HPV in situ hybridization on
patients with p16+ tumors. Although p16 is considered a surrogate for HPV16 infection,
studies have shown that 15% of SCCOP can be p16 positive/HPV negative.30 Given the
smaller sample size of our study, there is a risk of p16 positive/HPV negative patients being
included, so further studies with larger sample sizes should be performed to confirm our
findings and overcome this limitation. Finally, the sensitivity of our PCR may not have been
adequate to detect the viral load within Bovie electrocautery fumes. Further studies focused
on optimizing capture of fumes coupled with improved PCR assay sensitivity are needed.

CONCLUSION

The aim of this study was to objectively assess the presence of HPV16 in smoke generated
from Bovie cautery as a proxy for the potential risk for patient to provider transmission. We
were unable to detect any HPV16 DNA in operating room samples or laboratory samples,
suggesting a low risk of occupational exposure. Continued use of routine safety measures
should be adequate to safely reduce theoretical risk of exposure.
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Fig. 1.
Agarose gel electrophoresis (1% agarose) utilizing GelRed Nucleic Acid Stain (#41003;

Biotium, Fremont, CA) to visualize double digestion products. Transformation and digestion
was considered successful if bands of the expected size (approximately 5,858 bp and 856
bp) were visible.
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<« 320 bp

Fig. 2.

Agarose gel electrophoresis (1% agarose) of polymerase chain reaction (PCR) amplified
products using HPV16 E6-specific primer sets. Gel film depicts assay sensitivity. PCR was
considered tentatively positive if a band of the expected size (approximately 320 bp) was
visible. Serial dilution went from 25 ng down to 1.5 ng.
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<« 320 bp

Fig. 3.

Agarose gel electrophoresis (1% agarose) of polymerase chain reaction (PCR) amplified
products using HPV16 E6-specific primer sets. Gel film depicts results of samples obtained
from the operating room of a p16-positive tumor. The positive control contained 1.5 pg of
DNA. The negative control consisted of a Tris and ethylenediaminetetraacetic acid buffer.
PCR was considered tentatively positive if a band of the expected size (approximately 320
bp for E6) was visible.
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TABLE I.

Collection Sites of Samples From the Operating Room.

Sample Collection

Bovie electrocautery fumes

Surgical mask of assistant surgeon at head of bed
Suction tubing at attachment point to Yankauer
Suction filter

Robot arms

Samples were collected under sterile conditions using a 1-cm2 piece of Whatman filter paper.
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