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Objective: The purpose of this study was to explore whether human papillomavirus (HPV)

DNA is present in surgical smoke generated by loop electrosurgical excision procedures

(LEEPs). Furthermore, we investigated the impact of this HPV DNA on surgeons.

Methods: A total of 134 outpatients with persistent HPV infections treated with LEEP for

cervical intraepithelial neoplasia between 2015 and 2016, along with the corresponding

LEEP operators, were included. The flow fluorescence in situ hybridization technique was

used to detect HPV DNA in exfoliated cervical cells from the patients, in surgical smoke and

in nasal epithelial cells from the surgeons before and after LEEP.

Results: The positive rates of HPV DNA in the three types of samples mentioned above

were 94.8%, 29.9% and 1.5%, respectively. The distribution of HPV subtypes in surgical

smoke was identical to that in the cervical specimens. The positive rate of HPV DNA in

surgical smoke was significantly increased for greater distances of the suction device from

the surgical site. The nasal epithelial cells of two surgeons were positive for HPV DNA, and

the genotypes were consistent with those in the corresponding surgical smoke. After a

3–6-month follow-up, the nasal swabs from these two doctors tested negative for HPV DNA.

Conclusions: This study demonstrated the presence of HPV DNA in surgical smoke

produced by LEEP and the risk of airborne transmission of HPV DNA during the operation.

Fortunately, the HPV DNA in the nasopharynx of the operators was not persistent.
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Introduction
Cervical cancer is the third most common gynecological malignancy worldwide

and one of the leading causes of cancer-related death among women in developing

countries.1 Cervical intraepithelial neoplasia (CIN) is a precancerous cervical lesion

that can be confirmed histologically from a biopsy sample. A variety of studies have

demonstrated that progression to invasive cancer appears in almost 10–31.3% of

CIN II-III cases within 10–30 years.2,3 It has been generally suggested that persis-

tent high-risk human papillomavirus (HPV) infection, especially with HPV 16 and

HPV 18, which are the two most carcinogenic HPV genotypes, is the direct cause of

cervical carcinogenesis.4 Additionally, high-risk HPVs (HR-HPVs) include HPV

16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, and 82, and low-risk HPVs

(LR-HPVs) include HPV 6, 11, 40, 42, 43, 44, 55, 61, 81, and 83.

In clinical practice, loop electrosurgical excision procedure (LEEP) is generally

accepted as an effective and common approach for the diagnosis and treatment of
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high-grade CIN.5 Electrosurgery, including LEEP, is

a technique to cut tissue and coagulate small vessels by

means of a high-frequency electrical current. Surgical

smoke is the gaseous byproduct generated by surgical

procedures and tools, including electrocautery devices,

laser ablation, and ultrasonic scalpels, as a result of the

thermal decomposition of tissues. There is substantial evi-

dence indicating the presence of numerous chemicals,

blood and tissue particles, viruses, bacteria, and even

tumor cells in surgical smoke.6–8 Studies have shown

that the smoke plume is potentially harmful to surgeons,

operating room (OR) personnel, and patients.9

In 1990, Abramson et al did not detect HPV DNA in

the surgical plume from the vaporization of laryngeal

papilloma.10 However, subsequent studies have proven

the presence of HPV DNA in surgical smoke.11–13

Garden et al demonstrated that HPV DNA could be

isolated from the smoke plume of papillomavirus-

infected warts treated with carbon dioxide lasers.11 In

addition, a study has suggested that HPV DNA could be

detected in LEEP plume, which was collected through

a filter placed in the suction tubing, and the prevalence

of HPV DNA was high (37% of the filters).12

Several lines of evidence support the hypothesis that

HPV DNA may be transmitted through long-term occupa-

tional exposure to smoke plume and may subsequently

lead to HPV infection and carcinomas. In 1990, a 44-

year-old laser surgeon developed laryngeal papillomatosis

after administering laser therapy to patients with anogen-

ital condylomas due to HPV infection. In situ DNA hybri-

dization of the doctor’s laryngeal papilloma tissues

revealed HPV types 6 and 11, similar to those found in

the patients.13 Rioux et al. reported that a 53-year-old male

gynecologist who had performed LEEP for over 20 years

on more than 3,000 cases of cervical and vulvar dysplasia

developed HPV 16-positive tonsillar squamous cell

carcinoma.14 This doctor had no other risk factors for

tonsillar cancer or HPV infection. In addition, the

researchers reported that a 62-year-old male gynecologist

consequently developed HPV 16-positive tongue carci-

noma after administering laser ablation and LEEP for

30 years.

However, almost all related studies on whether HPV

DNA in surgical smoke generated by LEEP persists are

case reports lacking large-sample studies. Therefore, the

purpose of this study was to investigate the prevalence of

human papillomavirus DNA in LEEP plume, to confirm

whether HPV DNA in surgical smoke leads to HPV

infection in surgeons’ nasal cells and to demonstrate

whether HPV DNA persists in the nasopharynx of these

doctors.

Materials and methods
Patient population
Our patient population consisted of 134 women operated

on between January 2015 and January 2016. These

women, aged 24–70 years old (mean, 43.3), underwent

LEEP at the Second Affiliated Hospital of Wenzhou

Medical University, the First Affiliated Hospital of

Wenzhou Medical University, or Wenzhou People’s

Hospital. The inclusion criteria were as follows: patients

with high-grade CIN II-III lesions with high-risk HPV

infection, or patients with persistent CIN I lesions with

high-risk HPV infection or chronic cervicitis with persis-

tent high-risk HPV infection and continuous postcoital

bleeding. In addition, LEEP should have been performed

within 2 months preceding HPV detection.

Surgeon population
A total of 31 gynecologists who performed LEEP for the

above outpatients included in our study. The average num-

ber of LEEPs included in our study that each operator

performed was approximately 4.3. In addition, the doctors’

preoperative nasopharyngeal swab specimens were nega-

tive for HPV DNA. A total of 268 nasal swab samples

were obtained before and after LEEP. The average age of

the doctors was 43 years (ranged from 36 to 54 years).

LEEP
The indications for LEEP in our study included CIN II-III

lesions, persistent CIN I lesions or chronic cervicitis with

persistent high risk (HR) HPV infections and continuous

postcoital bleeding.15 LEEP was performed as an outpati-

ent procedure under local anesthesia and colposcopic gui-

dance in the outpatient service system, and a local exhaust

suction device was used. An insulated vaginal speculum

was used to expose the cervix, followed by application of

5% acetic acid and Lugol’s iodine solutions to assess the

lesion. Then, 3–5 mL of 2% lidocaine plus epinephrine

was injected at the 3, 6, 9, and 12 o’clock positions on the

cervix. The electrosurgical procedure was performed with

a high-frequency electrical generator and wire loop elec-

trodes. The loop was selected on the basis of the size of

the area to be excised. The appropriate loop electrode was

applied to excise the transformation zone under
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colposcopic guidance. The 12 o’clock position in the

excised specimen was marked by cutting. The specimen

was sent for pathological examination. The operation time

of the electroexcision and electrocoagulation procedure

ranged from 2 min to 15 min (a median of 6 min).

Of the surgeons, 93 wore a simple surgical face mask,

typically containing three layers, and 41 wore a N95

surgical mask. Additionally, the local smoke evacuation

system was always used during the operation. In fact,

operators in different hospitals always used suction

devices at different distances from the surgical site; some

suction tubes were fixed on the metal vaginal speculum

near the surgical sites, while others were handheld by the

doctors during LEEP. Generally, the distance of the top of

the exhaust suction tube from the surgical site was

approximately 2–10 cm.

This study was conducted in accordance with the

Declaration of Helsinki and was approved by the Ethical

Committee of the Second Affiliated Hospital of Wenzhou

Medical University. All participants gave their written

informed consent.

Sample collection
Physicians collected exfoliated cervical cells by

a CytoBrush, which was placed into 2.5 mL of a standard

transport medium (Tellgen, Shanghai, China), for HPV

DNA testing. During LEEP, the smoke plume generated

by LEEP was obtained via an aseptic swab 2 cm away

from the surgical site, and the swab was immersed in

1.0 mL of phosphate-buffered saline (PBS). A new aseptic

swab was used for each examination. In addition, preopera-

tive and postoperative nasal swab specimens were collected

from the surgeons for the detection of HPV DNA. The nasal

swab specimens were obtained from both nostrils at a depth

of 2–3 cm by using a sterile cotton swab, which was then

placed into an Eppendorf tube containing 1.0 mL PBS. All

specimens were stored at −20 °C.

Follow-up studies
The surgeons whose nasopharyngeal wash specimens har-

bored detectable HPV DNA underwent a nasal swab

examination after an additional 3, 6, 12, 18 and 24 months.

In addition, in operators testing positive for HPV16 or 58

in the nasopharynx, the presence or absence of HPV-

related diseases such as verruca acuminate was confirmed

every 3 months until December 2018 (a follow-up time of

35–43 months).

DNA extraction
DNA extraction from cervical exfoliated cells was performed

according to the manufacturer’s instructions (Tellgen,

Shanghai, China). Firstly, the cervical specimen was mixed

thoroughly in cell storage solution, and cervical cells in

a 200 μL volume were transferred to a 1.5 mL Eppendorf

tube and centrifuged at 13,000 rpm for 10 min. Then, the

supernatant was removed. The cell pellet was resuspended in

200 μL of denaturing reagent (Tellgen, Shanghai, China) for

DNA extraction. The mixture was shaken thoroughly and

incubated at 100 °C for 10 min. The solution was centrifuged

at 13,000 rpm for 10 min, and 100 μL of the supernatant was

transferred to another 1.5 mL Eppendorf tube for HPV

genotype analysis. The extracted DNA was analyzed imme-

diately or stored at −20 °C until use.

Additionally, a high-purity viral nucleic acid kit

(Roche, Mannheim, Germany) was used to extract DNA

from surgical smoke and nasal epithelial cells according to

the manufacturer’s protocol. Then, 50 μL of proteinase

K solution and 200 μL of carrier RNA working solution

were added into the sample solution (200 μL) in a 1.5 mL

Eppendorf tube, followed by incubation of the tightly

closed tube at 72 °C for 10 min. After incubation,

100 μL of binding buffer was added and mixed immedi-

ately. Then, the whole solution was transferred to a high-

purity filter tube and centrifuged at 8,000 rpm for 1 min.

After centrifugation, 500 μL of Inhibitor Removal Buffer

was added to the supernatant from the filter tube. The

buffer was centrifuged at 8,000 rpm for 1 min, and

450 μL of Wash Buffer was added to the upper reservoir

of the filter tube and centrifuged at 8,000 rpm for 1 min.

After these purification steps were repeated twice, the

residual Wash Buffer was centrifuged at 13,000 rpm for

10 s. Then, the filter tube was inserted into a nuclease-free,

sterile 1.5 mL microcentrifuge tube, and the purified DNA

was eluted in 50 μL of Elution Buffer. Then, the highly

purified DNA sample was collected by centrifugation at

8,000 rpm for 1 min and stored at −20 °C.16

DNA sample quality assessment
The optical density (OD) of the extracted DNA samples

was calculated from the absorbance ratio at 260 nm/

280 nm measured in a Protein Nucleic Acid Analyzer.

The OD 260/280 value of the DNA samples ranged from

1.6–2.0. In addition, the human β-globin gene was detect-

able in the collected DNA samples, indicating the ade-

quacy of the specimen for DNA amplification.
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HPV genotyping by hybridization
HPV genotyping by hybridization was performed using

a Tellgenplex™ HPV DNA Test (Tellgen, Shanghai,

China) according to the manufacturer’s instructions. This

assay can detect 27 HPV types, including 17 high-risk

HPV types (HPV16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53,

56, 58, 59, 66, 68 and 82) and 10 low-risk HPV types

(HPV6, 11, 40, 42, 43, 44, 55, 61, 81 and 83) by the flow-

through hybridization technique using HPV DNA amplified

by polymerase chain reaction (PCR). A positive control and

a negative control were included in each PCR analysis

process. PCR was carried out in a 20 μL volume per person.

In addition, the PCR master mix was prepared by mixing

5 μL of primer mixture, 10 μL of PCR premix solution,

0.8 μL of Taq DNA polymerase and 5 µL of extracted DNA.

PCR was initiated with a 5 min step at 95 °C followed by

5 cycles of denaturation at 95 °C for 30 s, annealing at 58 °C

for 30 s and elongation at 72 °C for 30 s. Thereafter,

35 cycles at 95 °C for 30 s, 55 °C for 30 s and 72 °C for

30 s were performed, with a final extension step at 72 °C for

3 min. In total, 40 cycles were performed.

Fluorescence in situ hybridization was performed in

a preheated instrument at 45 °C; 22 µL of hybridization

solution and 3 µL of PCR product per well were added to

96-well microtiter plates (Tellgen, Shanghai, China). The

negative control was analyzed simultaneously. The condi-

tions used for hybridization were 95 °C for 5 min and 48 °C

for 30 min. After hybridization, 75 µL of streptavidin-

R-phycoerythrin was added to each well of the 96-well

microtiter plate, and the reactions were carried out by incu-

bation at 48 °C for 15 min. Finally, the product was detected

by a Luminex 200 analyzer (Luminex Corporation, Austin,

TX). The HPV genotype result was determined according to

the positions of the HPV genotype probes on the microarray

chip. Multiple dots indicated multiple infections.

HPV genotyping by PCR
The type-specific E6 primers shown in Table 1 were

designed to detect the six most common types of high-

risk HPV in exfoliated cervical cells, including HPV16,

18, 31, 33, 52, and 58, by PCR.17–19 All oligonucleotide

primers were obtained from Sangon Biotech (Shanghai)

Co., Ltd. and Yingjun (Shanghai) Co., Ltd. As the control

for DNA extraction, the β-globin primer pair PC04/GH20

was used. The 20 μL volume of the PCR mixture con-

tained 0.4 μL of the forward primer, 0.4 μL of the reverse

primer, 10 μL of PCR master mix, 2 μL of extracted DNA,

and 7.2 μL of sterile ultrapure water. HPV detection was

attempted using three different PCR conditions. The stan-

dard PCR conditions for amplifying the HPV β-globin
gene were a denaturing step at 95 °C for 5 min; followed

by 40 cycles of 1 min at 95 °C, 1 min at the appropriate

annealing temperature, and 2 min at 72 °C; and a final

extension step at 72 °C for 5 min. The second PCR pro-

tocol was attempted for the detection of HPV 16 and 18:

a denaturing step at 95 °C for 5 min; followed by 40 cycles

of 1 min at 94 °C, 1 min at 55 °C, and 1 min at 72 °C; and

an extension step at 72 °C for 7 min. In addition, the third

set of PCR conditions for amplifying DNA from HPV31,

33, 52, and 58 were as follows: a denaturing step at 95 °C

for 5 min; followed by 40 cycles of 30 seconds at 94 °C,

30 seconds at 60 °C, and 1 min at 72 °C; and a final

Table 1 Specifications of oligonucleotides used as primers and probes for HPV detection by PCR

Primer Sequence Amplicon Reference

HPV16 E6 Forward primer 5ʹCACAGTTATGCACAGAGCTGC 3’ 457 bp 17

Reverse primer 5ʹCATATATTCATGCAATGTAGGTGTA 3’

HPV18 E6 Forward primer 5ʹCACTTCACTGCAAGACATAGA 3’ 322 bp 17

Reverse primer 5ʹGTTGTGAAATCGTCGTTTTTCA 3’

HPV31 E6 Forward primer 5ʹAAAAGTAGGGAGTGACCGAAAGTGG 3’ 625 bp 18

Reverse primer 5ʹTCGGGTAATTGCTCATAACAGTGGA 3’

HPV33 E6 Forward primer 5ʹATGATAGATGATGTAACGCC 3’ 470 bp 19

Reverse primer 5ʹGCACACTCCATGCGTATCAG 3’

HPV52 E6 Forward primer 5ʹACGCACGGCCATGTTTGAGGAT 3’ 622 bp 18

Reverse primer 5ʹTAATTGCTTGTGGCTTGTTCTGCTTGTC 3’

HPV58 E6 Forward primer 5ʹAGGCTACTGCAGGACTATGTTC 3’ 503 bp 18

Reverse primer 5ʹAGCGTTGGGTTGTTTCCTCTCA 3’

β-globin Forward primer 5ʹGAAGAGCCAAGGACAGGTAC 3’ 260 bp

Reverse primer 5ʹCAACTTCATCCACGTTCACC 3’
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extension step at 72 °C for 7 min. After PCR, 8 μL of all

samples was run on a 2% agarose gel including GoldView

I nucleic acid and visualized under ultraviolet light.

A digital image of the gel was acquired in a gel documen-

tation system (Bio-Rad, USA), and the specific HPV type

was determined by matching the restriction fragment pat-

terns of the respective specimens to those of known HPV

controls.

Statistical analysis

To determine the correlation between the flow fluorescence

in situ hybridization method and the PCR assay, the Kappa

test was applied, and the reference values adopted were

assessed according to the evaluation criteria described by

Altman.20 The HPV genotypes, including HPV16, 18, 31,

33, 52 and 58, which could be detected by both methods

were considered in the comparison. A Kappa value of 0

implies no agreement, and a value of 1 indicates perfect

agreement. Values from 0.00–0.20 indicate poor agreement;

0.21–0.40, fair; 0.41–0.60, moderate; 0.61–0.80, good; and

0.81–0.99, very good. Statistical analysis was performed

using SPSS 17.0 statistical software (SPSS, Chicago, IL,

USA). The relevant factors were analyzed by the Chi-

square test. The independent variables that were significant

for HPV infection from surgical smoke were included in the

logistic regression analyses. A 2-tailed P-value of 0.05 or

less was considered statistically significant.

Results
HPV DNA in patients’ exfoliated cervical

cells
A total of 134 women with persistent high-risk HPV infec-

tions and diagnosed with CIN II-III lesions or with persistent

CIN I lesions and the corresponding doctors who participated

in LEEP were enrolled in this study. Moreover, HPV DNA in

cervical cells, surgical smoke and nasal epithelial cells was

detected by using two different methods: flow fluorescence

in situ hybridization and a traditional PCR assay.

The HPV genotypes identified in cervical cells by the

hybridization technique are presented in Figure 1A. This

result indicated a total of 154 HPV infections in 134 samples

positive for DNA of single or multiple HPV types. Among

the samples, HPV 16, which was the most common type, was

detected in 29.1% (39/134), followed by HPV 52 (26/134),

58 (23/134), 33 (14/134), 31 (8/134), 18 (6/134), 51 (6/134),

and 56 (5/134). High-risk (HR) types were found in 120/134

(89.6%) samples, and low-risk (LR) types were identified in

12/134 (9.0%) samples. Moreover, one genotype of HPV

DNA was detected in 100 (74.6%) of the cervical cell sam-

ples, two different genotypes of HPV DNAwere detected in

27 (20.1%), and 7 (5.2%) specimens had no detectable HPV

DNA by flow fluorescence in situ hybridization. The distri-

bution of HPV subtypes in the exfoliated cervical cells was

consistent with the HPV genotypes identified in these

patients during preoperative examination.

Other

Other HPV

HPV 16

HPV 33

HPV 52

HPV 58

A B
HPV 16

HPV 56

HPV 51

HPV 18

HPV 31

HPV 33

HPV 58

HPV 52

Figure 1 (A) HPV genotypes identified in exfoliated cervical cells via the flow fluorescence in situ hybridization technique. (B) HPV genotypes identified in surgical smoke

via the flow fluorescence in situ hybridization technique.
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Six HPV subtypes—HPV16, 18, 31, 33, 52, and 58—

were the subtypes most frequently detected by the hybridi-

zation technique in our study. Thus, we further evaluated

these six HR-HPV DNA genotypes using a PCR assay in

exfoliated cervical cell, surgical plume and nasal epithelial

cell samples. As shown in Table 2, of the 134 cervical cell

samples assayed by PCR, 93 (69.4%) had detectable HPV

DNA, and 41 (30.6%) had no detectable HPV DNA of any

of these six subtypes. In addition, HPV16 was the most

common subtype, detected in 23.1% (31/134) of the sam-

ples, followed by HPV58, 52, 33, 31 and 18. There were 84

(62.7%) samples in which one genotype of HPV DNAwas

detected, and 9 (6.7%) with dual HPV infection. The HPV

subtypes in exfoliated cervical cells detected by PCR assay

were also detected in the corresponding patients’ preopera-

tive examinations. Currently, two major HR-HPV testing

methods are used in China: the hybrid capture method and

flow fluorescence hybridization, which includes PCR and

reverse dot blot hybridization. Flow fluorescence hybridiza-

tion, which is also called the Tellgenplex HPV DNA test,

has a high sensitivity and specificity. However, this test can

also produce many false positive results. Thus, PCR, as

a traditional method for detecting HPV DNA, was used to

identify the HPV genotypes in this study. As shown in

Table 3, there was good concordance between the hybridi-

zation technique and PCR assay for HPV detection (k: 0.7,

P <0.001). Additionally, the overall level of agreement was

88.1%. However, the PCR assay failed to detect HPV DNA

in 15 cervical cell specimens in which HPV DNA was

detected by the flow fluorescence in situ hybridization tech-

nique. In addition, HPV DNA was detected by PCR in 2

cervical cell samples in which it could not be detected by

flow fluorescence in situ hybridization.

Therefore, we concluded that HPV16, 18, 31, 33, 52

and 58 were the 6 most common HPV types that could

infect patients with cervical lesions, and HPV16 was

determined to be the most prevalent genotype by two

different methods. In addition, good concordance between

the hybridization technique and PCR assay in terms of

HPV detection was further demonstrated.

HPV DNA in surgical smoke
A total of 40 of the 134 surgical smoke samples (29.9%)

were positive for HPV DNA by flow fluorescence in situ

hybridization. The specific distribution of the HPV subtypes

in cervical cells and LEEP plume is shown in Table 4.

HPV16 (11/134, 8.2%) was the most common type, fol-

lowed by HPV58 (9/134, 6.7%), HPV52 (7/134, 5.2%),

HPV33 (6/134, 4.5%), HPV31 (2/134, 1.5%) and HPV18

(2/134, 1.5%). In addition, single HPV infections (39/134,

29.1%) and dual HPV infections with HPV52 and 58 DNA

(1/134, 0.7%) were detected in smoke plume samples. As

shown in Figure 1B, HPV 16 was detected in 27.5% (11/40)

of the smoke plume specimens and was the most common

subtype found in the HPV DNA-positive LEEP plume

specimens, followed by HPV 58 (9/40), 52 (7/40), 33 (6/

40), 31 (2/40), 18 (2/40), 68 (2/40), 53 (1/40) and 56 (1/40).

Additionally, HPV DNA positivity in the exfoliated cervical

Table 2 HPV infections detected by flow fluorescence in situ

hybridization and a conventional PCR assay in exfoliated cervical

cells and surgical smoke. A PCR assay was used to detect the six

most common HPV genotypes in exfoliated cervical cells

Method HPV
DNA

Exfoliated cer-
vical cells (%)

Surgical
smoke (%)

Fluorescence

hybridization

Positive 127 (94.8%) 40 (29.9%)

Negative 7 (5.2%) 94 (70.1%)

Total 134 134

PCR assay Positive 93 (69.4%) 30 (22.4%)

Negative 41 (30.6%) 99 (73.9%)

Total 134 134

Table 3 Concordance and agreement for HPV detection by using flow fluorescence in situ hybridization and a PCR assay in exfoliated

cervical cells. A PCR assay was used to detect the six most common HPV genotypes in exfoliated cervical cells

PCR assay kb Agreement (%) Z P-value

Positive Negative Total

Fluorescence method

Positive 91 15 106 0.7 88.1 8.3 <0.001

Negative 2 26 28

Total 93 41 134

Notes: HPV positivity included HPV 16, 18, 31, 33, 52, 58. bCohen’s Kappa.
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cells was significantly associated with HPV DNA positivity

in the surgical plume, as shown in Table S1.

In the PCR assay, 30 (22.4%) smoke plume specimens

were positive for one of the six most common HPV DNA

subtypes; two samples (1.5%) were positive for two sub-

types of HPV, including HPV31/58 and HPV52/58, and 28

(20.9%) were positive for one HPV subtype. Moreover, the

HPV subtypes detected in smoke plume samples by PCR

assay were HPV58 (9/134, 6.7%), HPV16 (7/134, 5.2%),

HPV52 (6/134, 4.5%), HPV33 (5/134, 3.7%), HPV31 (3/

134, 2.2%) and HPV18 (2/134, 1.5%), consistent with the

HPV subtypes found in these outpatients during the preo-

perative examination. Additionally, Table 2 shows the dis-

tribution of diagnoses with the two different methods of

detecting HPV DNA in surgical smoke.

HPV DNA in operators’ nasal epithelial
cells
All nasal epithelial cells obtained from the doctors’ pre-

operative nasal swabs were negative for HPV DNA.

Among the operators, 70.1% (94/134) wore an ordinary

mask, and the others (29.9%, 40/134) wore a special N95

surgical mask. However, 2 (1.5%) of the 134 swabs

obtained from the nasopharynx postoperatively were posi-

tive for HPV: one was positive for HPV 16, and the other

was positive for HPV 58. These two HPV subtypes were

detected in operators who wore the ordinary face mask

when operating LEEP. Moreover, the distribution of HPV

subtypes in the operators’ nasal swabs was consistent with

the genotypes detected in the corresponding cervical cells

and surgical smoke samples. The same results were

obtained for nasal swabs by flow fluorescence in situ

hybridization and PCR assay. In addition, the operators

whose nasal swabs were positive for HPV underwent

a nasal swab examination after an additional 3, 6, 12, 18

and 24 months; one operator tested negative for HPV16

DNA at the 3-month examination, and the other operator

tested negative for HPV58 at 6 months. Additionally, both

nasal swabs were negative for HPV DNA at the subse-

quent examinations at 12 months and 24 months.

Furthermore, these doctors with nasal swabs positive for

HPV16 or 58 were confirmed to have no HPV-related

diseases, such as verruca acuminate, every 3 months dur-

ing the subsequent 35 and 43 months, respectively.

Risk factors for the presence of HPV

DNA in the surgical plume
The risk factors for the existence of HPV DNA in surgical

smoke are presented in Table 5. Among the 134 cervical

cell samples that were positive for HPV DNA, the positive

rates of HPV DNA in surgical smoke determined by the

hybridization technique at different distances from the

suction device to the surgical site (d<3, 3≤d≤5, 6≤d≤7,
and d>7 cm) were 9.1%, 15.3%, 45.1% and 53.9%,

Table 4 Detection of specific HPV genotypes by flow fluores-

cence in situ hybridization in exfoliated cervical cells, surgical

plume and LEEP operators’ nasal swab samples

No. of
patients

Cervical
cells

Surgical
plume

Nasal
swab

Case 1 31/58 58 Negative

Case 2 16 16 Negative

Case 3 16 16 16

Case 4 16 16 Negative

Case 5 68 68 Negative

Case 6 58 58 Negative

Case 7 16 16 Negative

Case 8 16 16 Negative

Case 9 58 58 Negative

Case 10 31 31 Negative

Case 11 18 18 Negative

Case 12 33 33 Negative

Case 13 68 68 Negative

Case 14 16 16 Negative

Case 15 58 58 Negative

Case 16 33/53 33 Negative

Case 17 33/56 33 Negative

Case 18 16 16 Negative

Case 19 52 52 Negative

Case 20 33 33 Negative

Case 21 52 52 Negative

Case 22 16/44 16 Negative

Case 23 52/58 58 Negative

Case 24 52 52 Negative

Case 25 52/58 52/58 Negative

Case 26 31/52 31 Negative

Case 27 52 52 Negative

Case 28 52 52 Negative

Case 29 52 52 Negative

Case 30 33/53 33 Negative

Case 31 56 56 Negative

Case 32 18 18 Negative

Case 33 53 53 Negative

Case 34 16 16 Negative

Case 35 58 58 Negative

Case 36 16 16 Negative

Case 37 58 58 58

Case 38 16 16 Negative

Case 39 33 33 Negative

Case 40 58 58 Negative
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respectively. The Chi-square test revealed that positive rate

of HPV DNA in surgical smoke was significantly higher in

samples obtained at a greater distance between the suction

device and surgical site (P =0.000). Therefore, the distance

between the suction device and surgical site was positively

associated with the presence of HPV DNA in surgical

smoke. However, the operation time and pathological

grade were not significantly correlated with the presence

of HPV DNA in surgical smoke. As shown in Table S2,

logistic regression analysis revealed that the location of the

suction device from the surgical site influenced the pre-

sence of HPV DNA in surgical smoke (OR =5.0, 95%

CI =1.4–17.6).

Discussion
From this study, it is clear that human papillomavirus

DNA is present in smoke plume generated by LEEP and

that HPV DNA could be transmitted from patients to

operators. Fortunately, HPV DNA positivity was not per-

sistent in the nasopharynx of LEEP operators, and these

operators did not exhibit HPV DNA-related disease or

cervical cancer in the subsequent 35–43 months.

The increased use of electrocautery and laser treatment

in recent years has increased the amount of exposure to

surgical smoke. Surgical smoke is called by a variety of

names, including plume, smoke plume, diathermy plume,

cautery smoke, aerosols, bioaerosols, vapors, and air con-

taminants. Smoke plumes are created when high-

temperature devices such as electrosurgical units and

LEEP equipment are used to vaporize, coagulate, or ablate

tissue, causing cellular contents to be released into the air.

The carcinogenic potential of chemicals in this smoke was

already assumed in the 1980s, and there has been

a growing interest in the potential adverse health effects

of exposure to particles in surgical smoke.21 It has been

estimated that 90% of endoscopic and surgical procedures

produce surgical smoke and that 350,000 healthcare work-

ers are exposed to this smoke or smoke plume annually.22

Electrosurgery, especially LEEP, uses low-voltage,

high-frequency radio waves transmitted through a thin

wire loop to accomplish surgical effects. Lateral necrosis

or coagulation depends on the current mode, intensity,

frequency, impedance, and operating mode.

Electrosurgery may cause less tissue destruction than

laser surgery but may liberate more intact cells that contain

viral DNA, which may be more infectious than other

vectors. Sood et al reported that thirty-nine (80%) cervical

tissue samples from CIN patients were positive for HPVas

determined by PCR assays incorporating L1 consensus

primers.12 Furthermore, previous studies demonstrated

that HPV DNA can be isolated from CO2 laser smoke

generated during the treatment of plantar warts,11,23 from

the surgical smoke generated by LEEP,12 and from laser

smoke generated during the treatment of recurrent respira-

tory papillomatosis.24 Weyandt et al recovered HPV DNA

from the filters of CO2 lasers during the treatment of

genital warts.25 Sood et al reported that HPV DNA was

detected in 18 (37%) filters used in LEEP and that the

DNA sequencing results indicated identical HPV subtypes

in the corresponding tissues and filters.12 Additionally,

Ferenczy et al proved the presence of HPV DNA in

laser vapor generated during the treatment of anogenital

condyloma.23 These results further revealed the negative

effect of infectious HPV particles on healthcare profes-

sionals in recent decades, such as the airborne transmis-

sion of HPV DNA and the development of nasopharyngeal

Table 5 Correlation of HPV DNA in surgical smoke with the

distance of the suction device from the surgical site, operation

time and pathological grade

Factor HPV infection in
surgical smoke

χ2
value

P-value

Positive
(Positive
rate)

Negative

Distance of the

suction device

from the surgical

site(cm)

17.5 0.001

d<3 1 (9.1%) 10

3≤d≤5 9 (15.3%) 50

6≤d≤7 23 (45.1%) 28

d>7 7 (53.9%) 6

Surgical time

(min)

1.4 0.833

1≤t<2.5 0 (0) 4

2.5≤t<5 9 (26.5%) 25

5≤t<7.5 24 (32.9%) 49

7.5≤t<10 3 (30.0%) 7

t≥10 4 (30.8%) 9

Cervical patho-

logical grade

2.3 0.489

Chronic

cervicitis

0 (0) 4

CIN I 14 (37.8%) 23

CIN II 23 (28.0%) 59

CIN III 3 (27.3%) 8

Abbreviations: CIN, cervical intraepithelial neoplasia; d, distance; t, time.
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cancer.14 However, the infectivity of HPV DNA from

HPV DNA-related operations remains unclear.

HPV infection is believed to be the main cause of cervical

cancer, and it is estimated that HPV DNA is present in over

99% of these cancers.21 Thus, HPV detection and typing

methods are very important for discovering early HPV infec-

tion. In recent years, the flow cytometry fluorescence in situ

hybridization method has emerged as a highly sensitive

methodwidely used in the detection ofHPVDNA.PCRassays

are the most commonly used method and are currently vali-

dated for HPV DNA detection. In this study, the fluorescence

technique was used for the detection of HPV in cervical cells,

smoke plume generated by LEEP and nasal swabs from the

operators. Furthermore, a PCR assay was performed to evalu-

ate the presence of the six most common HPV DNA types

(HPV16, 18, 31, 33, 52 and 58) detected by the fluorescence

hybridization method. Our study demonstrates good concor-

dance between the fluorescence hybridization method and

PCR assays for detecting HPV DNA in cervical tissue.

Moreover, the positive detection rates of the predominant

subtypes were verified by the above two methods.

In addition, as determined by the flow fluorescence in situ

hybridization technique, the prevalence rates of HPV in this

study were 94.8% (127/134) in cervical cells, 69.4% (40/

134) in surgical smoke and 1.5% (2/134) in postoperatively

collected nasal epithelial cells. Although no HPV DNAwas

detected in these 7 patients’ exfoliated cervical cell samples,

individuals positive for HPVDNA in the preoperative exam-

ination were included in our study. The reasons that HPV

DNA could not be detected in the above 7 included patients’

cervical tissues by fluorescence hybridization or PCRwere as

follows: 1. The copy numbers of HPV DNA were near the

detection threshold, which could result in positive detection

before the LEEP operation but negative results during sur-

gery. 2. The patients tested positive for HPV DNA preopera-

tively. However, HPV infection was not persistent, which

may produce negative results during LEEP 1–2 months after

the preoperative measurement. 3. HPV-positive detection

may have been performed in other hospitals, in which the

detection threshold for HPV was slightly lower than the

positive value measured in our hospital. Among the HPV-

positive cervical cell samples, the prevalence of the HPV16

genotype was 29.1% (39/134); the prevalence decreased in

the order of HPV52, 58, 33, 31 and 18. In addition, multiple

subtypes were present in 27 samples. HPV16 was also the

most prevalent genotype in surgical smoke samples. Wang et

al showed that the most prevalent HPV genotypes in 37

Chinese cities were HPV16 (4.8%) and HPV52 (4.5%),

followed by HPV58 (2.7%). These results were identical to

our findings.22

The subsequent data show that 40 samples of surgical

smoke were positive for HPV DNA and that the genotypes

matched those previously detected in cervical cell samples

by the flow fluorescence in situ hybridization technique. In

addition, the results of the PCR assay in surgical smoke

samples were consistent with the HPV DNA subtypes

detected in cervical tissue samples. Thus, the infective

capability of the HPV particles released during LEEP

was confirmed by our findings.

In addition, HPV DNA was detected in two operators’

nasal swab specimens; one was positive for HPV 16, and

the other was positive for HPV 58. The HPV subtypes

were consistent with the genotypes detected in the smoke

plume generated by LEEP. These results revealed that

HPV DNA could be transmitted from patients to doctors

through surgical smoke. Thus, surgical smoke produced by

LEEP could lead to HPV infection in surgeons.

In our study, it was shown that the presence of HPV in

surgical smoke was associated with the distance from the suc-

tion device to the surgical site. Our findings revealed

a significantly increased incidence of HPV infection when the

suction tube was placed at a greater distance from the surgical

site. Logistic regression analysis showed that locating the suc-

tion device at a greater distance from the surgical site conferred

a greater risk of HPV infection from surgical smoke released

during LEEP (OR =4.973, 95% CI: 1.404–17.618). This result

demonstrated that decreasing the distance from the suction

device to the surgical site could effectively decrease the risk

of HPV infection from surgical smoke. Using smoke evacua-

tors, such as exhaust suction devices alone, may not be suffi-

cient to completly remove surgical smoke generated by LEEP.

In addition, LEEP was performed on all included patients by

using a local suction device in the outpatient clinic. It is possible

that the positive rate of HPV DNA in surgical smoke from

LEEP was lower in the inpatient department, in which a central

suction device was usually used, than in the outpatient clinic.

Further research is needed to clarify the impact of different

suction devices on the presence of HPV DNA in surgical

smoke. It is obvious that respiratory masks play a vital role in

efficient protection from HPV infection. Surgical masks are the

most frequently used method to protect against the harmful

effects of surgical smoke. Such masks can have a 95–99%

bacterial filtration efficiency (BFE) and 91–95% particulate

filtration efficiency (PFE).26 Sawchuke et al strongly suggested

that the potential risk from surgical smoke inhalation may be

markedly reduced by wearing a surgical mask.27 However,
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Oberg et al reported that no surgical mask exhibited adequate

filtering performance and could eliminate smoke contaminants

of 5 μm in size.28 The remaining smoke diffused in the air and

was then deposited on the walls of the surgeons’ nose through

masks, eventually causing HPV-related diseases in the sur-

geons. In the present study, we discovered that the presence

of HPV DNA in surgical smoke was correlated with HPV

infection in cervical cells. The genotypes detected in cervical

cells and surgical smoke were identical. In addition, the dis-

tribution of HPV subtypes in the two doctors’ nasal swabs was

consistent with the genotypes detected in the corresponding

cervical cell and surgical smoke samples. Furthermore, the

LEEP operators in whom HR-HPV was detected in the nasal

swab wore an ordinary mask, which may be less effective than

an N95 mask in preventing virus infections.

Hospital operating room staff members are potentially

exposed to hazardous chemicals, viable cells, bacteria and

viruses in surgical smoke. Smoke evacuation devices have

been shown to be effective in limiting exposure to the

noxious odors and potential health hazards of smoke and

plume, but they have not been used routinely and consis-

tently in many operating rooms.29,30 Electrosurgical pro-

cedures open to the operating room environment may be

more harmful than robotic or laparoscopic procedures with

regard to uncontrolled surgical smoke emission. Therefore,

it is important to ensure the use of smoke evacuation

systems in the operating room.

In conclusion, our data proved the presence of HPV

DNA in surgical smoke produced by LEEP. Additionally,

our results suggested that the HPV DNA in the surgical

plume is infectious and thus potentially harmful to health-

care professionals. Future studies should focus on long-

term follow-up of gynecologic surgeons involved in LEEP.

We also recommend the diligent use of high-filtration

masks, in addition to smoke evacuation systems, by sur-

geons performing LEEP.
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Table S2 Multivariate analysis of the correlation of HPV infection in surgical smoke with the location of the surgical smoke collection

from the top of suction device

Factor Regression coefficient OR 95% CIs

Location of the surgical smoke collection from the top of suction device 1.604 5.0 1.4–17.6

Abbreviations: OR, the odds ratio; CIs, 95% confidence intervals.

Table S1 The association between HPV DNA in exfoliated cervical cells and surgical smoke

Surgical smoke χ2 value P-value

Positive Negative

Exfoliated cervical cells 9.06 0.002

Positive 40 87

Negative 0 7
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