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ABSTRACT
Objectives Despite a high risk of human papillomavirus 
(HPV) infection among men who have sex with men 
(MSM), few have ever tested. This study aimed to 
evaluate the feasibility and accuracy of HPV self- 
sampling among Chinese MSM, with the purpose 
of measuring the feasibility of self- sampling as an 
alternative in HPV testing scenarios.
Methods Eligible participants were those who were 
assigned male at birth, aged 18 or above, had sex with 
men in the past year and had never gotten HPV vaccine. 
Participants followed the instructions to self- sample and 
were also clinician- sampled from the same anatomical 
sites (oral fluid, penis and rectum) in both approaches. 
All specimens were processed using multiplex PCR assay. 
The reference standard of an individual with a true 
positive for HPV is determined via PCR test, regardless 
of sampling methods. Sensitivity and specificity were 
calculated for each approach independently and kappa 
test was used to assess the consistency between the two 
approaches.
Results Overall, 211 MSM were recruited at the local 
clinic from April to October 2020 in Zhuhai, China. The 
mean age was 31 years old. Only 3% of the participants 
sought help from healthcare providers during self- 
sampling. The prevalence of HPV was 49% (103 of 211). 
Clinician sampling detected 91 of 103 MSM infected 
with HPV, with a sensitivity of 88.3% (95% CI 80.2 
to 93.6) and a specificity of 100.0% (95% CI 95.7 to 
100.0). Self- sampling detected 81 of 103 MSM infected 
with HPV, with a sensitivity of 78.6% (95% CI 69.2 
to 85.9) and a specificity of 100.0% (95% CI 95.7 to 
100.0). The level of agreement was moderate between 
clinician sampling and self- sampling (k=0.67).
Conclusions Self- sampled HPV testing demonstrated 
comparable accuracy and consistency to clinician 
sampling among MSM in China. It holds the potential to 
complement sexual health services especially among key 
populations.

INTRODUCTION
The absence of human papillomavirus (HPV) and 
anal cancer screening guidelines among men gener-
ates obstacles for men who have sex with men 
(MSM) and perpetuates inequities and preventable 
health disparities.1 HPV infection is one of the 

most prevalent STIs worldwide. In addition to the 
well- established association between high- risk HPV 
infection and cervical cancer, persistent high- risk 
HPV infection has been linked to the development 
of other malignancies, including oropharyngeal, 
oesophageal and anal cancers.2–5 Although anal 
cancer is relatively rare in the general male popu-
lation, the incidence rate for HIV- negative MSM 
and MSM living with HIV is 20- fold and 30- fold 
higher, respectively, compared with the general 
male population.6 7 Among MSM living with HIV, 
the estimated incidence of high- risk HPV infec-
tion is 40%–88% and for HIV- negative MSM it is 
22%–34%.8 Furthermore, HPV and HPV- related 
abnormalities are also more prevalent in MSM 
living with HIV, with a concerningly high incidence 
of anal cancer.9 10 These significant associations 
between HPV infection and HIV acquisition among 
MSM have been discussed in other studies.11

In China, a rising trend in the prevalence of HIV/
AIDS and other STIs has received attention.12 13 For 
instance, a cross- sectional study illustrated that anal 
HPV infection is high among MSM in three Chinese 
cities; which in general was estimated to be 66.3%, 
suggesting a need to improve behaviour interven-
tions and inclusive healthcare among at- risk popu-
lations.2 14 Other studies have also suggested HPV 
testing strategies to increase HPV screening for 
high- risk populations, especially MSM, to detect 
and manage the infection as secondary prevention 
approach.7 Additionally, accessibility constraints 
such as hours of operation, travel distance, and 
lack of access to primary care providers and regular 
screening methods conducted in clinical settings 
make it difficult for MSM to get tested.1 15 Alternate 
routes of effective HPV screening methods, such as 
self- testing, must be explored to facilitate testing.

Self- sampled HPV testing is an empowering 
method that can reduce testing barriers to allow 
rapid, confidential and cost- effective sampling.16 
In HIV testing, self- testing has also been recom-
mended by the WHO as an effective approach to 
engage marginalised populations.17 This strategy 
might also be applied to HPV screening. We 
define self- sampled HPV testing as individuals 
who want to know their HPV infection status by 
self- sampling and sending them to the laboratory 
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for interpretation of a test report. Self- sampled HPV testing 
has been widely piloted among women to screen for cervical 
cancer, to potentially increase cervical cancer screening for 
women who were reluctant or not yet tested.18 Previous meta- 
analyses have demonstrated that delivering home- based self- 
collected kits to women leads to higher participation rates than 
facility- based testing.18 19 Considering the decentralised nature 
of self- sampled HPV testing, it may also hold the potential to be 
applied among MSM due to the confidentiality it provides. This 
can contribute to improved capacity and access of sexual health 
services among MSM. This testing method has been approved in 
some developed regions, including the USA, Canada and Hong 
Kong, as acceptable and feasible among MSM.8 20 21 However, 
in mainland China, similar programmes for MSM have not been 
provided or evaluated. Therefore, this study aimed to evaluate 
the accuracy of HPV self- sampling among MSM by comparing 
the consistency between self- sampling and clinician sampling for 
HPV testing.

METHODS
Study design
This study was conducted in Zhuhai City, Guangdong Prov-
ince, between 28 April 2020 and 28 October 2020. We aimed 
to enrol 200 eligible MSM to conduct this study. Laboratory 
analyses were conducted in BGI in Shenzhen City, Guangdong 
Province. We collaborated with the following: Zhuhai Xutong 
Voluntary Services Center, a local gay- led community- based 
organisation (CBO); Lingnan Clinic, a community health clinic 
providing routine HIV testing services; and the BGI Group, a 
Chinese life science and genomics organisation. We posted study 
information on the CBO’s official account on WeChat, the most 
popular social networking site in China. Study introduction, 
clinic hours and directions to the clinic were all provided in the 
posts. Besides, MSM who visited the Lingnan Clinic for HIV 
testing were also informed about the study by the CBO staff or 
clinicians.

Criteria
Participants who (1) were assigned as male at birth, (2) were 18 
years of age or older, (3) had sex with another man in the past 
year and (4) had never received HPV vaccine were recruited by 
the CBO staff or the clinician at the Lingnan Clinic and provided 
their consent.

Survey
Participants were requested to complete a baseline survey 
through the CBO online platform before self- sampling. Survey 
questions include sociodemographic characteristics, sexual 
history and previous HIV and HPV testing experience. After 
completing the baseline survey, participants needed to sign two 
consent forms for permission to collect specimens.

All participants were requested to conduct self- sampling first 
in the clinic’s bathroom by themselves. The study participants 
were only provided with written instruction (without clinicians’ 
supervision) and used swabs to self- collect specimens from the 
oral, penile and rectal orifices. Participants then had to place the 
swab tips first into the provided tube, break the swab handles 
at the marked line and screw the cap back on tightly. Then, the 
CBO staff took the tube and led participants to a private area to 
conduct clinician sampling. For clinician sampling, a clinician 
or a trained CBO staff followed the same instructions, collected 
participants’ specimens from the same anatomical sites and 
put swabs in the tube accordingly. The CBO staff shipped the 

specimen sampling tubes to the laboratory approximately twice 
a week.

Sampling method
Each testing package contained six sterile swabs (three swabs for 
self- sampling and three for clinician sampling), two tubes with 
RNA storage media (supplied by the BGI Group), and written 
instructions for both self- sampling and clinician sampling. We 
assigned a unique number to each tube and divided it into two 
groups for the participants: odd numbers for self- sampling and 
even numbers for clinician sampling.

Results notification
We received laboratory reports 7 business days after delivering 
the tubes. Participants received HPV test results through a text 
message from the CBO staff. For participants who tested HPV- 
positive, the CBO staff called them and provided consultation 
and linkage to care. The CBO staff contacted the participants 
whose obtained specimens (either clinician sampling method or 
self- sampling method) were not sufficient for PCR analyses and 
asked them to return to the clinic to get retested.

Data collection, assurance and privacy
In the baseline survey, we asked the study participants to 
provide their cellphone numbers as the only identifiable data 
for receiving reports. A verified code was sent to participants to 
ensure the provided cellphone number was correct. Participants 
were required to disclose aliases when signing consent forms. All 
other data from the baseline survey were de- identified.

Specimen extraction and testing
We used a multiplex HPV genotyping assay to identify 14 high- 
risk HPV genotypes (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 
59, 66 and 68) and 2 low- risk HPV genotypes (6 and 11) based 
on the amplification of a fragment of the L1 gene region using 
GP5+/GP6+ consensus primers and the subsequent use of a 
type- specific extension primer to distinguish the 16 HPVs in one 
reaction. Second, we used the MassARRAY (Agena Bioscience) 
technique22–25 based on the matrix- assisted laser desorption/
ionisation time- of- flight mass spectrometry platform to analyse 
the extension products, which allows detection and genotyping 
of all 16 HPV types simultaneously in one reaction with high 
throughput. Third, multiplex amplification of the GP5+/GP6+ 
PCR products with modified primary primers was performed to 
obtain suitable HPV genotyping primary templates. PCR was 
performed in a solution with a final volume of 5 μL. The PCR 
cocktail consisted of 1 µL of DNA template (10–25 ng/µL), 1× 
PCR buffer (including 2 mmol/L magnesium chloride), 2 mmol/L 
magnesium chloride, 500 µmol/L deoxynucleoside triphos-
phate (dNTP) mix, 0.1 pmol/µL of each preprimer and 0.5 U of 
HotstarTaq (Roche).

PCR conditions were as follows: denaturation at 94°C for 
15 min, followed by 45 cycles of 20 s at 94°C, 30 s at 56°C, 1 min 
at 72°C and a final extension of 3 min at 72°C. The final primary 
PCR reaction mix was treated with shrimp alkaline phosphatase 
to dephosphorylate unincorporated dNTP. The iPLEX primer 
extension reaction was performed to identify the HPV geno-
types; procedures followed the iPLEX kit standard protocol 
(Agena). To desalt the iPLEX extension products before mass 
spectrometric analysis, 6 mg clean resin were added into the 384- 
well PCR plate. We dispensed 3–10 nL products onto a 384- 
element SpectroCHIP bioarray (Agena). TYPE V.4.0 software 
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(Agena) was used to process and analyse the iPLEX Spectro-
CHIP bioarrays.

Statistical analysis
We calculated a sample size of 200 enrolled study participants, 
considering an α of 5%, power of 80%, HPV prevalence of 
0.4, expected sensitivity of 75%, specificity of 100%, desired 
precision of 0.10 and a loss to follow- up rate of 10%. We used 
descriptive statistics to present the baseline characteristics of the 
study participants and collected reports from lay health providers 
regarding sampling feasibility. Regardless of sampling methods, 
we defined overall PCR test results as the gold standard, and 
estimated the sensitivity, specificity, positive predictive value 
(PPV), negative predictive value (NPV) and respective 95% CI to 
measure the diagnostic performance of the self- sampling method 
and the clinician sampling method in detection of HPV. McNe-
mar’s χ2 test was used to estimate the consistency of sensitivity 
values between clinician sampling and self- sampling methods 
(PCR test being the reference).26 We also evaluated the perfor-
mance of different sampling tests in study participants infected 
with high- risk HPV or low- risk HPV. Then we considered the 
results of the clinician- sampled test as the reference to measure 
the performance of the self- sampled test. In addition, we calcu-
lated the kappa statistics with respective 95% CI to evaluate 
the agreement between the two sampling methods. Levels of 
agreement were judged using the following scale: >0.90 (almost 
perfect), 0.80–0.90 (strong), 0.60–0.79 (moderate), 0.40–0.59 
(weak), 0.21–0.39 (minimal) and 0.0–0.20 (none).27 We also 
estimated the accuracy of both clinician sampling and self- 
sampled tests in specific HPV genotypes (HPV16 and HPV11) 
according to the frequency distribution of HPV subtypes. There 
were no missing data. All data were presented in the following 
formats as appropriate: number, percentage, mean and SD. Data 
were analysed using R V.3.6.2.

RESULTS
We enrolled 211 study participants during the study period, with 
a total of 426 collected specimens. Of these specimens, 4 (1%; 
1 from self- sampling and 3 from clinician sampling) were insuf-
ficient to detect DNA, resulting in 422 specimen results being 
included in the final analyses. Only 7 of 211 study participants 
(3%) sought assistance from clinicians or trained CBO staff 
during self- sampling because they did not understand some of 
the steps of the instruction.

All study participants’ baseline characteristics are summarised 
in table 1. The mean age overall was 31 years. Of the participants, 
69% earned a college degree or above, 61.1% self- identified as 
gay, 82.0% were single, 87.2% had previous experience testing 
for HIV and 8.5% ever tested for HPV. Four (2.4%) study partic-
ipants self- reported living with HIV and three of them tested 
HPV- positive.

Table 2 shows the performance of different sampling tests, 
using the PCR test as the reference. Overall, 103 participants 
tested HPV- positive from PCR test results. The clinician- sampled 
test gave higher sensitivity (88.3%, 95% CI 80.2 to 93.6) and 
NPV (90.0%, 95% CI 82.8 to 94.5) than the self- sampled test 
(sensitivity: 78.6%, 95% CI 69.2 to 85.9; NPV: 83.1%, 95% CI 
75.3 to 88.9). However, there were no significant differences 
between these two sensitivities (p=0.1227). The clinician- 
sampled test and the self- sampled test had similar specificity 
values and PPVs.

We assessed the performance of different sampling tests in 
detecting high- risk and low- risk HPV infections, as shown 

in table 3. The sensitivity for detection of high- risk HPV was 
77.2% (95% CI 66.1 to 85.6) in the self- sampled test and 88.6% 
(95% CI 79.0, 94.3) in the clinician- sampled test; for detec-
tion of low- risk HPV, the sensitivity was 87.5% (95% CI 72.4 
to 95.3) in the self- sampled test and 90.0% (95% CI 75.4 to 
96.7) in the clinician- sampled test. Both sensitivity comparisons 
were not significantly different between the self- sampled test 
and the clinician- sampled test in the detection of high- risk HPV 
(p=0.1237) and low- risk HPV (p=1.0000) (table 3).

Table 4 presents the same parameter evaluations of different 
sampling tests but used the clinician- sampled test as the refer-
ence. From the overall clinician- sampled test results, 91 partic-
ipants tested positive for HPV. The sensitivity, specificity, PPV 
and NPV of the self- sampled test in detection of HPV were 
75.8% (95% CI 65.5 to 83.9), 90.0% (95% CI 82.8 to 94.5), 
85.2% (95% CI 75.2 to 91.8) and 83.1% (95% CI 75.3 to 88.9), 
respectively. The level of agreement between the self- sampled 

Table 1 Baseline characteristics of participants in Zhuhai, China, 
April–November 2020 (N=211)

Variables Participants, n (%)

Age in years, mean (SD) 31 (7.9)

  ≤30 122 (57.8)

  >30 89 (42.2)

Education

  High school or below 66 (31.3)

  College 130 (61.6)

  Master’s degree or above 15 (7.1)

Monthly income (US$)

  <225 19 (9.0)

  225–450 15 (7.1)

  451–750 52 (24.6)

  751–1200 68 (32.2)

  >1200 57 (27.1)

Sexual orientation

  Gay 129 (61.1)

  Bisexual 54 (25.6)

  Others* 28 (13.3)

Marital status

  Single 173 (82.0)

  Engaged or married 24 (11.4)

  Separated or divorced 14 (6.6)

Condomless sex with another man in the past year

  Yes 90 (42.7)

  No 121 (57.3)

Ever tested for HIV

  Yes 184 (87.2)

  No 27 (12.8)

HIV status

  Negative 172 (81.5)

  Positive 5 (2.4)

  Not sure† 34 (16.1)

Ever tested for HPV

  Yes 18 (8.5)

  No 193 (91.5)

Age data are presented as mean (SD). All other data are presented as n (%).
*'Others’ includes heterosexual and uncertain.
†'Not sure’ includes individuals who never test for HIV and who do not want to 
disclose HIV status.
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test and the clinician- sampled test was moderate (Cohen’s kappa 
coefficient=0.67) (table 4).

The frequency of detected HPV genotypes is presented in 
online supplemental figure 1. In summary, HPV16 (21.4%, 22 
of 103) was the most common high- risk HPV infection genotype 
among the 103 participants, while HPV11 (23.3%, 24 of 103) 
was the most common low- risk HPV infection genotype.

Online supplemental tables 1 and 2 show the sensitivity and 
specificity of self- sampling and clinician- sampled tests for partic-
ipants tested with HPV16 and HPV11. The sensitivity of the 
clinician- sampled method was 81.8% (95% CI 59.0 to 94.0) for 
HPV16 detection and 75.0% (95% CI 52.9 to 89.4) for HPV11 
detection and the corresponding specificities were both 100.0% 
(95% CI 97.5 to 100.0). The sensitivity of the self- sampled 
method was 63.6% (95% CI 40.8 to 82.0) for HPV16 detection 
and 87.5% (95% CI 66.5 to 96.7) for HPV11 detection and 
the corresponding specificities were both 100.0% (95% CI 97.5 
to 100.0). No adverse event related to the study was reported. 
De- identified data can be found in supplementary files (online 
supplemental files 2 and 3).

DISCUSSION
Despite MSM bearing a high burden of HPV infection, few have 
ever been tested due to the absence of HPV and anal cancer 
screening guidelines among MSM and other constraints that 
hinder MSM from attending clinics for HPV screening. Adding 
self- sampled HPV testing as an MSM- focused approach can be 
effective and empowering to improve sexual health services 
among them. Our study was designed to evaluate the accuracy 
and feasibility of self- sampled HPV testing among MSM, which 
might provide evidence and opportunity for integration of HPV 
screening guidelines for MSM in China. We found that this 
decentralised approach demonstrated comparable accuracy and 

feasibility among MSM compared with clinician- sampled HPV 
testing.

Our findings demonstrate self- sampling had a moderate perfor-
mance in HPV detection compared with clinician sampling. The 
specificity of self- sampling in detection of HPV was high and 
equivalent to the specificity of clinician sampling. Regarding 
sensitivity, clinician sampling had a higher sensitivity than self- 
sampling, which may indicate that it is critical to provide easy 
and comprehensive instructions for the participants to follow 
the sampling mechanisms. Moreover, study results showed that 
a minority of HPV- positive results were exclusively detected by 
self- sampling. Although we have adopted PCR results as the 
gold standard to avoid bias, it is also worth noting that this was 
consistent with a prior study: that is, the lack of a criteria standard 
detection technique for HPV detection is highlighted by the fact 
that some of the clinician- sampled swabs were insufficient for 
processing.16 Therefore, we also adopted both PCR results and 
clinician sampling results as references to assess the accuracy of 
the sensitivity and specificity. The test results revealed that the 
prevalence of HPV among MSM is high, which is consistent with 
a prior meta- analysis on HPV prevalence in China.28 Providing 
preventive measures for MSM, a high- risk group for HPV infec-
tion, especially those living with HIV, is warranted. In addition 
to primary prevention including HPV vaccine, and prevention 
and control of HIV infection, secondary prevention measures 
such as HPV testing can also play an essential role for further 
monitoring and treatments.7 29

As demonstrated by the data from the clinicians and CBO 
staff, self- sampled HPV testing could be feasible among MSM. 
First, in terms of sampling, there was only one specimen that 
was insufficient to detect DNA, which indicated that most of 
the participants performed the sampling accurately. Second, only 
7 of 211 participants (3.3%) sought assistance from clinicians 

Table 2 Sensitivity and specificity analyses of different sampling HPV tests, using PCR test as the reference (N=211)

PCR test

Sensitivity, % (95% CI) P value* Specificity, % (95% CI) PPV, % (95% CI) NPV, % (95% CI)Negative (%) Positive (%) Total (%)

Clinician- sampled test

  Negative 108 (51.2) 12 (5.7) 120 (56.9) 88.3 (80.2 to 93.6) 0.1227 100.0 (95.7 to 100.0) 100.0 (95.0 to 100.0) 90.0 (82.8 to 94.5)

  Positive 0 (0.0) 91 (43.1) 91 (43.1)

  Total 108 (51.2) 103 (48.8) 211 (100.0)

Self- sampled test

  Negative 108 (51.2) 22 (10.4) 130 (61.6) 78.6 (69.2 to 85.9) 100.0 (95.7 to 100.0) 100.0 (94.4 to 100.0) 83.1 (75.3 to 88.9)

  Positive 0 (0.0) 81 (38.4) 81 (38.4)

  Total 108 (51.2) 103 (48.8) 211 (100.0)

*McNemar’s χ2 test was done to compare sensitivity values between clinician- sampled and self- sampled tests.
HPV, human papillomavirus; NPV, negative predictive value; PPV, positive predictive value.

Table 3 Performance of different sampling tests among study participants with different risks of HPV infections, using PCR test as the reference
Self- sampled test Clinician- sampled test P value*

High- risk HPV Low- risk HPV High- risk HPV Low- risk HPV High- risk HPV Low- risk HPV

Sensitivity, % (n/N) 
(95% CI)

77.2 (61/79) (66.1 to 85.6) 87.5 (35/40) (72.4 to 95.3) 88.6 (70/79) (79.0 to 94.3) 90.0 (36/40) (75.4 to 96.7) 0.1237 1.0000

Specificity, % (n/N) 
(95% CI)

100.0 (108/108) (95.7 to 100.0) 100.0 (108/108) (95.7 to 100.0) 100.0 (108/108) (95.7 to 100.0) 100.0 (108/108) (95.7 to 100.0)

PPV, % (n/N) 
(95% CI)

100.0 (79/79) (92.6 to 100.0) 100.0 (40/40) (87.7 to 100.0) 100.0 (79/79) (93.5 to 100.0) 100.0 (40/40) (88.0 to 100.0)

NPV, % (n/N) 
(95% CI)

96.4 (108/112) (90.6 to 98.8) 86.4 (108/125) (78.8 to 91.6) 97.3 (108/111) (91.7 to 99.3) 93.1 (108/116) (86.4 to 96.8)

*McNemar’s χ2 test was done to compare sensitivity values between clinician- sampled and self- sampled tests.
HPV, human papillomavirus; NPV, negative predictive value; PPV, positive predictive value.
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before or during self- sampling, mainly for not understanding 
some of the operational procedures. This reveals that most of 
the participants were able to understand the instructions; the 
lack of understanding on operational procedures can be resolved 
by providing a clearer instruction. Finally, clinicians mentioned 
that some participants felt embarrassed about clinician sampling 
because it involved sampling of their private areas. Self- sampling 
can overcome these highlighted concerns for MSM by ensuring 
confidentiality.

Given that our study was organised by a local gay- friendly 
CBO and since self- sampled HPV tests presented considerable 
accuracy and feasibility, this approach could be considered for 
future policymaking to be incorporated into the health services 
of local CBOs or sexual health clinics. For example, it could be 
combined with the HIV self- testing currently being implemented 
in China to provide digital network- based HIV/STI testing.30 For 
MSM who are sexually active or living with HIV, self- sampled 
HPV tests could be a testing strategy that is beneficial for infec-
tion detection, monitoring and clinic attendance. Additionally, 
self- sampled HPV testing may benefit future HPV vaccination 
programmes among MSM by providing a novel and convenient 
method to surveil vaccination- related outcomes. Future studies 
are required to assess the willingness of MSM to perform the 
self- sampled HPV tests, including facilitators and barriers. It is 
also essential to pay attention to the promotion of this service 
among MSM.

This study has two limitations. First, since our study combined 
swabs from all three sites in one tube, some of the HPV- positive 
participants who were not yet showing symptoms were not able 
to know their specific site of infection. However, we believe that 
this sampling method can capture a more complete picture of 
participants’ infection status. Second, the subtype analyses of 
prevalence had a small sample, which might impact the results; 
however, since this study was not designed for this aspect, the 
focus was instead on the accuracy and feasibility of the self- 
sampled HPV testing.

To conclude, self- sampled HPV testing is feasible among 
MSM in China and holds the potential to complement current 

sexual health services and facilitate future HPV vaccination 
programmes among marginalised populations.

Handling editor Federico Garcia

Acknowledgements We are very grateful to all study participants, the Zhuhai 
Xutong CBO staff and the clinicians at the Lingnan Clinic for their invaluable 
support. We also appreciate Emmanuela Oppong for proof- reading. The BGI Group 
sponsored the sampling materials, conducted laboratory tests and provided testing 
reports. BGI did not participate in any study design and recruitment process.

Contributors YN, YiL and SG drafted the manuscript. YN, YiL, XH, YuL, NL and 
WT contributed to study design. YN, YiL, XH, YuL, YoL, SG, CX, XW, NL and WT 
contributed to the development and implementation of study procedures. YN, YiL, 
XH, YoL, JJO, XY, YT and WT participated in the statistical analysis and interpretation 
of the findings. WT is responsible for the overall content as the guarantor. All authors 
critically reviewed and edited the manuscript.

Funding This work was supported by the National Key Research and Development 
Program of China (2017YFE0103800).

Competing interests None declared.

Patient consent for publication Not required.

Ethics approval This study involves human participants and was approved by 
the Dermatology Hospital of Southern Medical University in Guangzhou, China (ID: 
2020019). Participants gave informed consent to participate in the study before 
taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the 
article or uploaded as supplementary information.

Supplemental material This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

ORCID iDs
Yuxin Ni http://orcid.org/0000-0003-0580-6946
Jason J. Ong http://orcid.org/0000-0001-5784-7403

REFERENCES
 1 Poon MKL, Wong JPH, Li ATW, et al. HIV- Positive MSM’s Knowledge of HPV and Anal 

Cancer Self- Sampling: A Scoping Review. Curr Oncol 2018;25:83–9.
 2 Li X, Li M, Yang Y, et al. Anal HPV/HIV co- infection among men who have sex with 

men: a cross- sectional survey from three cities in China. Sci Rep 2016;6:21368.
 3 Palefsky JM, Holly EA, Gonzales J, et al. Detection of human papillomavirus DNA in 

anal intraepithelial neoplasia and anal cancer. Cancer Res 1991;51:1014–9.
 4 Li X, Gao L, Li H, et al. Human papillomavirus infection and laryngeal cancer risk: a 

systematic review and meta- analysis. J Infect Dis 2013;207:479–88.
 5 Li X, Gao C, Yang Y, et al. Systematic review with meta- analysis: the association 

between human papillomavirus infection and oesophageal cancer. Aliment Pharmacol 
Ther 2014;39:270–81.

 6 Clifford GM, Georges D, Shiels MS, et al. A meta- analysis of anal cancer incidence by 
risk group: toward a unified anal cancer risk scale. Int J Cancer 2021;148:38–47.

 7 Wei F, Gaisa MM, D’Souza G, et al. Epidemiology of anal human papillomavirus 
infection and high- grade squamous intraepithelial lesions in 29 900 men according 
to HIV status, sexuality, and age: a collaborative pooled analysis of 64 studies. Lancet 
HIV 2021;8:e531–43.

Key messages

 ⇒ As demonstrated by the data from the clinicians and 
community- based organisation staff, self- sampled human 
papillomavirus (HPV) testing could be feasible among men 
who have sex with men (MSM).

 ⇒ Self- sampling shows a moderate agreement with clinician 
sampling for HPV detection among Chinese MSM.

 ⇒ HPV self- sampling could be an alternative HPV testing 
method for MSM.

 ⇒ HPV prevalence remains relatively high among MSM in 
Guangdong, China.

Table 4 Sensitivity, specificity and correlation analyses of different sampling HPV tests, using clinician- sampled test as the reference (N=211)

Clinician- sampled test

Sensitivity, % (95% CI) Specificity, % (95% CI) PPV, % (95% CI) NPV, % (95% CI) Kappa (95% CI)Negative (%) Positive (%) Total (%)

Self- sampled test

  Negative 108 (51.2) 22 (10.4) 130 (61.6) 75.8 (65.5 to 83.9) 90.0 (82.8 to 94.5) 85.2 (75.2 to 91.8) 83.1 (75.3 to 88.9) 0.67 (0.56 to 0.77)

  Positive 12 (5.7) 69 (32.7) 81 (38.4)

  Total 120 (56.9) 91 (43.1) 211 (100.0)

HPV, human papillomavirus; NPV, negative predictive value; PPV, positive predictive value.

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://sti.bm

j.com
/

S
ex T

ransm
 Infect: first published as 10.1136/sextrans-2022-055408 on 9 M

ay 2022. D
ow

nloaded from
 

http://orcid.org/0000-0003-0580-6946
http://orcid.org/0000-0001-5784-7403
http://dx.doi.org/10.3747/co.25.3856
http://dx.doi.org/10.1038/srep21368
http://www.ncbi.nlm.nih.gov/pubmed/1846314
http://dx.doi.org/10.1093/infdis/jis698
http://dx.doi.org/10.1111/apt.12574
http://dx.doi.org/10.1111/apt.12574
http://dx.doi.org/10.1002/ijc.33185
http://dx.doi.org/10.1016/S2352-3018(21)00108-9
http://dx.doi.org/10.1016/S2352-3018(21)00108-9
http://sti.bmj.com/


109Ni Y, et al. Sex Transm Infect 2023;99:104–109. doi:10.1136/sextrans-2022-055408

Original research

 8 Gilbert M, Kwag M, Mei W, et al. Feasibility of incorporating self- collected rectal 
swabs into a community venue- based survey to measure the prevalence of HPV 
infection in men who have sex with men. Sex Transm Dis 2011;38:964–9.

 9 van Aar F, Mooij SH, van der Sande MAB, et al. Anal and penile high- risk 
human papillomavirus prevalence in HIV- negative and HIV- infected MSM. AIDS 
2013;27:2921–31.

 10 Machalek DA, Poynten M, Jin F, et al. Anal human papillomavirus infection and 
associated neoplastic lesions in men who have sex with men: a systematic review and 
meta- analysis. Lancet Oncol 2012;13:487–500.

 11 Houlihan CF, Larke NL, Watson- Jones D, et al. Human papillomavirus infection and 
increased risk of HIV acquisition. A systematic review and meta- analysis. AIDS 
2012;26:2211–22.

 12 Gao L, Zhang L, Jin Q. Meta- Analysis: prevalence of HIV infection and syphilis among 
MSM in China. Sex Transm Infect 2009;85:354–8.

 13 Zhang L, Chow EPF, Jing J, et al. Hiv prevalence in China: integration of surveillance 
data and a systematic review. Lancet Infect Dis 2013;13:955–63.

 14 Chow EPF, Tucker JD, Wong FY, et al. Disparities and risks of sexually transmissible 
infections among men who have sex with men in China: a meta- analysis and data 
synthesis. PLoS One 2014;9:e89959.

 15 Kendall CE, Taljaard M, Younger J, et al. A population- based study comparing patterns 
of care delivery on the quality of care for persons living with HIV in Ontario. BMJ 
Open 2015;5:e007428.

 16 Yared NF, Horvath KJ, Baker JV, et al. Concordance of self- and clinician- collected anal 
swabs to detect human papillomavirus in a sample of HIV- negative men. J Low Genit 
Tract Dis 2019;23:200–4.

 17 WHO. Who recommends HIV SELF- TESTING, 2016. Available: https://apps.who.int/iris/ 
bitstream/handle/10665/251549/WHO-HIV-2016.21-eng.pdf?sequence=1 [Accessed 
March 3, 2020].

 18 Arbyn M, Smith SB, Temin S, et al. Detecting cervical precancer and reaching 
underscreened women by using HPV testing on self samples: updated meta- analyses. 
BMJ 2018;363:k4823.

 19 Verdoodt F, Jentschke M, Hillemanns P, et al. Reaching women who do not participate 
in the regular cervical cancer screening programme by offering self- sampling 

kits: a systematic review and meta- analysis of randomised trials. Eur J Cancer 
2015;51:2375–85.

 20 Wang Z, Fang Y, Wong NS, et al. Facilitators and barriers to take up clinician- collected 
and self- collected HPV tests among Chinese men who have sex with men. Viruses 
2021;13:705.

 21 Thompson JA, Reiter PL, McRee A- L, et al. Gay and bisexual men’s willingness to use 
a self- collected anal cancer screening test. J Low Genit Tract Dis 2015;19:354–61.

 22 Basu P, Chandna P, Bamezai RNK, et al. MassARRAY spectrometry is more sensitive 
than PreTect HPV- Proofer and consensus PCR for type- specific detection of high- risk 
oncogenic human papillomavirus genotypes in cervical cancer. J Clin Microbiol 
2011;49:3537–44.

 23 Lorenzatti Hiles G, Chang K- P, Bellile EL, et al. Understanding the impact of high- risk 
human papillomavirus on oropharyngeal squamous cell carcinomas in Taiwan: a 
retrospective cohort study. PLoS One 2021;16:e0250530.

 24 Pinatti LM, Sinha HN, Brummel CV, et al. Association of human papillomavirus 
integration with better patient outcomes in oropharyngeal squamous cell carcinoma. 
Head Neck 2021;43:544–57.

 25 Zeng X- X, Yan L- X, Huang X- X, et al. Prevalence and genotype distribution 
of human papillomavirus among Hakka women in China. Ann Transl Med 
2016;4:276.

 26 Szarewski A, Cadman L, Mallett S, et al. Human papillomavirus testing by self- 
sampling: assessment of accuracy in an unsupervised clinical setting. J Med Screen 
2007;14:34–42.

 27 McHugh ML. Interrater reliability: the kappa statistic. Biochem Med 2012;22:276–82.
 28 Ma X, Wang Q, Ong JJ, et al. Prevalence of human papillomavirus by geographical 

regions, sexual orientation and HIV status in China: a systematic review and meta- 
analysis. Sex Transm Infect 2018;94:434–42.

 29 Palefsky JM, Giuliano AR, Goldstone S, et al. Hpv vaccine against anal HPV infection 
and anal intraepithelial neoplasia. N Engl J Med 2011;365:1576–85.

 30 Lu Y, Ni Y, Li X, et al. Monetary incentives and peer referral in promoting digital 
network- based secondary distribution of HIV self- testing among men who have sex 
with men in China: study protocol for a three- arm randomized controlled trial. BMC 
Public Health 2020;20:911.

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://sti.bm

j.com
/

S
ex T

ransm
 Infect: first published as 10.1136/sextrans-2022-055408 on 9 M

ay 2022. D
ow

nloaded from
 

http://dx.doi.org/10.1097/OLQ.0b013e318222899d
http://dx.doi.org/10.1097/01.aids.0000432541.67409.3c
http://dx.doi.org/10.1016/S1470-2045(12)70080-3
http://dx.doi.org/10.1097/QAD.0b013e328358d908
http://dx.doi.org/10.1136/sti.2008.034702
http://dx.doi.org/10.1016/S1473-3099(13)70245-7
http://dx.doi.org/10.1371/journal.pone.0089959
http://dx.doi.org/10.1136/bmjopen-2014-007428
http://dx.doi.org/10.1136/bmjopen-2014-007428
http://dx.doi.org/10.1097/LGT.0000000000000475
http://dx.doi.org/10.1097/LGT.0000000000000475
https://apps.who.int/iris/bitstream/handle/10665/251549/WHO-HIV-2016.21-eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/251549/WHO-HIV-2016.21-eng.pdf?sequence=1
http://dx.doi.org/10.1136/bmj.k4823
http://dx.doi.org/10.1016/j.ejca.2015.07.006
http://dx.doi.org/10.3390/v13040705
http://dx.doi.org/10.1097/LGT.0000000000000118
http://dx.doi.org/10.1128/JCM.00354-11
http://dx.doi.org/10.1371/journal.pone.0250530
http://dx.doi.org/10.1002/hed.26501
http://dx.doi.org/10.21037/atm.2016.05.49
http://dx.doi.org/10.1258/096914107780154486
http://dx.doi.org/10.11613/BM.2012.031
http://dx.doi.org/10.1136/sextrans-2017-053412
http://dx.doi.org/10.1056/NEJMoa1010971
http://dx.doi.org/10.1186/s12889-020-09048-y
http://dx.doi.org/10.1186/s12889-020-09048-y
http://sti.bmj.com/


Supplementary Data: 

 Supplementary Table 1:  Sensitivity and specificity analyses of different sampling tests for 

HPV-16 detection, using PCR test as the reference (N=211) 

 Supplementary Table 2: Sensitivity and specificity analyses of different sampling tests for HPV-

11 detection, using PCR test as the reference (N=211) 

 Supplementary Figure 1: Overall HPV subtypes frequency

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Sex Transm Infect

 doi: 10.1136/sextrans-2022-055408–6.:10 2022;Sex Transm Infect, et al. Ni Y



Supplementary Table 1. Sensitivity and specificity analyses of different sampling tests for HPV-16 detection, using PCR test as the reference 

(N=211) 

 PCR test of HPV 16  Sensitivity, % 

(95% CI) 

Specificity, % 

(95% CI) 

PPV
1
, % (95% 

CI) 

NPV
2
, % 

(95% CI)  
 Negative (%) Positive (%) Totals (%) 

Clinician-sampled test       

Negative  189 (89.6) 4 (1.9) 193 (91.5) 81.8 (59.0, 

94.0) 

100.0 (97.5, 

100.0) 

100.0 (78.1, 

100.0) 

97.9 (94.4, 

99.3) 

Positive  0 (0.0) 18 (8.5) 18 (8.5)     

Totals  189 (89.6) 22 (10.4) 211 (100.0)     

Self-sampled test       

Negative  189 (89.6) 8 (3.8) 197 (93.4) 63.6 (40.8, 

82.0) 

100.0 (97.5, 

100.0) 

100.0 (73.2, 

100.0) 

96.0 (91.9, 

98.1) 

Positive  0 (0.0) 14 (6.6) 14 (6.6)     

Totals 189 (89.6) 22 (10.4) 211 (100.0)     

1
PPV refers to positive predictive value. 

2
NPV refers to negative predictive value.  
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Supplementary Table 2. Sensitivity and specificity analyses of different sampling tests for HPV-11 detection, using PCR test as the reference 

(N=211) 

 PCR test of HPV 11  Sensitivity, % 

(95% CI) 

Specificity, % 

(95% CI) 

PPV
1
, % (95% 

CI) 

NPV
2
, % 

(95% CI)  
 Negative (%) Positive (%) Totals (%) 

Clinician-sampled test       

Negative  187 (88.6) 6 (2.8) 193 (91.5) 75.0 (52.9, 

89.4) 

100.0 (97.5, 

100.0) 

100.0 (78.1, 

100.0) 

96.9 (93.0, 

98.7) 

Positive  0 (0.0) 18 (8.5) 18 (8.5)     

Totals  187 (88.6) 24 (11.4) 211 (100.0)     

Self-sampled test       

Negative  187 (88.6) 3 (1.4) 190 (90.0) 87.5 (66.5, 

96.7) 

100.0 (97.5, 

100.0) 

100.0 (80.8, 

100.0) 

98.4 (95.1, 

99.6) 

Positive  0 (0.0) 21 (10.0) 21 (10.0)     

Totals 187 (88.6) 24 (11.4) 211 (100.0)     

1
PPV refers to positive predictive value. 

2
NPV refers to negative predictive value.  
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Supplementary Figure 1. Overall HPV subtypes frequency  
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摘要 

目的: 人乳头瘤病毒（HPV）在男男性行为者（MSM）中的感染风险很高，但他们中却很少有人做

过 HPV检测。本研究旨在评估中国 MSM 中，HPV自我采样的可行性和准确性，以衡量 HPV自我采

样检测方案的可行性。 

方法：符合条件的参与者生理性别为男性；年龄在 18 岁或以上；在过去一年中与男性发生过性关

系；并且从未接种过 HPV疫苗。参与者先参照说明书进行自我采样，接着他们将接受临床医生从

相同的部位（即口腔、阴茎和肛门）进行采样。所有标本都用多重聚合酶链反应（PCR）检测法进

行处理。PCR 检测结果将作为确定检测者 HPV 真阳性的参考标准，与自我采样或医生采样无关。

每种方法的灵敏度和特异度都是独立计算的，评估两种方法之间结果一致性的方法为 Kappa 检验。 

结果：总的来说，从 2020 年 4月到 10 月，我们在中国珠海市的当地诊所招募了 211 名 MSM。他

们的平均年龄为 31岁。在自我采样过程中，只有 3%的参与者向医务人员寻求了帮助。根据 PCR

的结果显示，总体 HPV 的感染率为 49%（103/211）。其中，临床医生采样检测到 91 位 HPV 阳性，

其灵敏度为 88.3%（95% CI：80.2-93.6），特异度为 100.0%（95% CI：95.7-100.0）；自我采样

的方法共检测出 81位 HPV 阳性，其灵敏度为 78.6%（95% CI：69.2-85.9），特异度为 100.0%

（95% CI：95.7-100.0）。临床医生采样和自我取样的结果一致性较高（k=0.67）。 

结论：在中国的 MSM 人群中，HPV 自我采样的方法显示出与临床医生采样相当的准确性和一致性。

在关键人群中，HPV 自我采样可以有效地完善当前的性健康服务。 
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