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Oncogenic human papillomavirus (HPV) infec-
tion can cause cancers at the anogenital site (1–3). 

Globally, HPV-attributable anogenital cancers include 
≈570,000 cervical, 8,500 vulvar, 12,000 vaginal, 13,000 
penile, and 35,000 anal cases (4,5). Although HPV 
spreads mainly through sexual contact, a study con-
ducted among men who have sex with women (MSW) 
estimated an anal HPV infection prevalence of 12.2% 
(6). Another cohort study in Hawaii, USA, observed 
that women with no receptive anal sex still had anal 
HPV infections (7). These facts imply that other modes 
of transmission, independent of penile–anal penetra-
tion, are possible for acquiring anal HPV infections. 
Recently, Lin et al. (8) conducted a collaborative pooled  

analysis in paired cervical and anal samples and found 
a strong association between the presence of high-risk 
HPV (HR-HPV) at these 2 sites at the type-specific 
level, suggesting having the same source of infection 
either from the same sexual partner, autoinoculation 
within different anogenital sites, or both.

Two studies have assessed the risk for sequen-
tial HPV infection with a concordant genotype of an 
anatomic site, followed by infection at another site, 
and showed that autoinoculation might be a way to 
transmit HPV infection. One study focused on wom-
en in Hawaii and observed that the hazard ratios 
(HRs) for cervical-to-anal HPV infection was 20.5 
(95% CI 16.3–25.7) and the HR for anal-to-cervical 
HPV infection was 8.33 (95% CI 6.36–12.20) (9). The 
other study focused on MSW in the United States, 
Brazil, and Mexico (HIM study) and reported that 
the HR of infection with any of the 9-valent vaccine–
related types from the genital-to-anal site was 2.80 
(95% CI 1.32–5.99) (10). However, both studies were 
conducted in relatively sexually active persons (e.g., 
45.2% of women in Hawaii had >7 lifetime sexual 
partners [7] and 42.4% of MSW in the HIM study 
had >9 lifetime sexual partners [10)]). Whether the 
autoinoculation risk between genital and anal sites 
is similarly high in persons with relatively conser-
vative sexual attitudes remains unknown. Further-
more, the contribution of autoinoculation for HPV 
infection at different anogenital sites of different 
sexes remains to be deeply explored.

In this study, we enrolled men and women from 
the general population in Liuzhou, China, of which 
56% of the participants had only 1 lifetime sexual 
partner (11). The purpose of this study was to assess 
the risk for sequential type-specific and grouped 
HPV infection of genital and anal sites.
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Little is known about the risk for acquiring a concordant 
human papillomavirus (HPV) infection in a genital (or 
anal) site after an anal (or genital) HPV infection. We 
collected 3 sets of anogenital specimens at 6-month in-
tervals from 2,309 men and 2,378 women in Liuzhou, 
China, and tested these specimens for HPV. The risk 
for sequential anal HPV infection in participants with 
a previous genital HPV infection was higher than for 
participants without an infection (hazard ratio [HR] 4.4, 
95% CI 3.4–5.8 for women and HR 2.6, 95% CI 1.4–4.6 
for men). For sequential genital HPV infection, women 
with a previous anal infection had a higher risk (HR 1.9, 
95% CI 1.2–3.1), but no major difference was found for 
men (HR 0.7, 95% CI 0.2–1.9). Our study indicates that 
autoinoculation might play a major role in anogenital 
HPV transmission, in addition to direct sexual inter-
course, especially for anal infection in women.
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Methods

Study Population
During May 2014–July 2016, we conducted an obser-
vational cohort study to evaluate the natural history 
of genital and anal HPV infections among the general 
population in Liuzhou, China (12). Men and women 
who were 18–55 years of age, sexually active before 
enrollment, had never had an HPV vaccination, and 
had no plan to relocate in the next year were recruit-
ed by posters, flyers, and television advertisements. 
Women who were pregnant were excluded from the 
study (13). Written informed consent was obtained 
from each participant, and the protocol was approved 
by the Ethics Committee of the Liuzhou Center for 
Disease Control and Prevention.

Genital and Anal HPV DNA Samples
At the enrollment visit, each participant was individ-
ually interviewed by a trained interviewer by using a 
questionnaire to collect baseline information on char-
acteristics and hygienic and sexual behaviors. For 
women, 2 iCleanhcy-flocked swabs (Huachenyang 
Corporation, https://www.hcymedical.com) were 
independently used to collect exfoliated vaginal and 
vulvar samples. For men, a combined specimen from 
the penis, glans penis, coronary sulcus, and prepuce 
(if available) was collected by using a prewetted swab. 
For both sexes, a prewetted swab was used to sweep 
360° around the perianal area and was then inserted 
≈1.5–2.0 cm into the anal canal and rotated 360° to ob-
tain exfoliated cells (11,14). Anogenital samples were 
obtained by using the same methods twice more, 6 
and 12 months after enrollment.

The HPV DNA of each specimen was extracted and 
amplified by using the GP5+/6+ primer system. HPV 
genotyping was performed by using MeltPro (Zeesan 
Biotech Co., http://www.zeesandx.com) to test 16 dif-
ferent types, including 13 HR-HPV types (HPV-16, -18, 
-31, -33, -35, -39, -45, -51, -52, -56, -58, -59, and -68) and 
3 low-risk types (HPV-6, -11, and -66). For all samples, 
we also tested for glyceraldehyde-3-phosphate dehy-
drogenase to assess the adequacy of the samples. Only 
glyceraldehyde-3-phosphate dehydrogenase–positive 
or HPV DNA–positive samples were deemed effective 
samples. We combined the results of vaginal and vul-
var samples to represent the status of female genital 
HPV infection, and positive results for either vaginal 
or vulvar samples were defined as genital positive.

Statistical Analysis
We selected participants in the following 4 sets to 
analyze the risk for sequential genital or anal HPV 

infections in persons with or without a previous 
same-type HPV infection at the other site (Figure 1): 
1) set A, genital HPV positive and anal negative at the 
previous visit and having >1 effective follow-up visit 
for the anal site; 2) set B, both genital and anal HPV 
negative at the previous visit and having >1 effective 
follow-up visit for the anal site; 3) set C, anal HPV 
positive and genital HPV negative at the previous 
visit and having >1 effective follow-up visit for the 
genital site; 4) set D, both anal and genital HPV nega-
tive at the previous visit and having >1 effective fol-
low-up visit for the genital site. For each type-specific 
and grouped HPV type, different participants were 
included in the 4 sets. Persons who were in any of 
these sets were finally included in the analytic set of 
this study. Baseline characteristics of men and wom-
en included and not included in the analytic set were 
compared by using χ2 tests.

Incidence rates and 95% CIs for sequential anal 
HPV infection were assessed by analyzing data from 
set A and set B. We then calculated HRs and 95% CIs 
for HPV types by comparing the incidence rates be-
tween those with previous genital infections (set A) 
and those without previous genital infections (set B) 
by using Cox regression models. Similarly, we also 
examined the risk for sequential HPV infection in the 
genital site among participants with or without previ-
ous anal infection by using data for set C and set D. 
Incidence rates and HRs of grouped HPV (HPV-6/11; 
HPV-16/18; 9V-HPV: 9-valent vaccine-related HPV 
types, -6, -11, -16, -18, -31, -33, -45, -52, and -58; HR-
HPV; and any HPV) infection were also assessed. The 
analysis unit for grouped infection was based on the 
individual, but we also performed a sensitivity anal-
ysis based on the infection. Considering that some 
participants might experience >1 infection during the 
study, a robust sandwich estimator, Wei-Lin-Weiss-
feld Cox regression, that adjusted for within-subject 
correlations, was used to analyze the HRs of grouped 
HPV infection. HRs and 95% CIs of sequential infec-
tion were also evaluated after excluding the influence 
of factors of demographics, health behavior, and sex-
ual behavior.

The Kaplan-Meier method was used to calculate 
the cumulative probability of any HPV infection at the 
genital (or anal) site with or without a previous infec-
tion of the same genotype at the anal (or genital) site 
by sex. Comparison of the differences in the cumula-
tive incidence between groups was performed by us-
ing the log-rank test. All analyses were performed by 
using SAS version 9.4 (SAS Institute, https://www.
sas.com), and a p value <0.05 was considered statisti-
cally significant.
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Results

Characteristics of Cohorts
Among 2,309 men and 2,378 women enrolled in the 
observational cohort, 1,489 (64.5%) men and 2,022 
(85.0%) women who supplied effective genital and 
anal samples at the previous visit and having >1 
effective anal or genital sample at follow-up visits 
were included in the analytic set (Appendix Table 
1, https://wwwnc.cdc.gov/EID/article/26/10/19-
1646-App1.pdf). These men were followed-up for a 
median of 12.5 (range 5.2–19.0) months; the wom-
en were followed-up for a median of 12.4 (range 
5.1–20.1) months. The median age of the men was 
40 (interquartile range 31–47) years, and the median 
age of the women was 39 (interquartile range 30–47) 
years. Compared with men, women had lower edu-
cation levels, more conservative sexual behavior, 
and more hygienic practices. The remaining 820 men 
and 356 women, who were younger, more sexually 
active, and more likely to have unfixed sexual part-
ners, were not included in the analytic set (Appen-
dix Table 1).

Incidence Rates of Sequential Anal HPV Infections 
among Participants with or without Previous  
Genital Infection by Sex
Incidence rates of anal infection were 8.8 (95% CI 5.2–
14.8)/1,000 person-months for any HPV in men with 
previous genital infection and 3.8 (95% CI 2.9–4.9)/1,000 
person-months for men without previous genital infec-
tion; the HR was 2.6 (95% CI 1.4–4.6) for previously 
genital-positive men versus genital-negative men (Ta-
ble 1, https://wwwnc.cdc.gov/EID/article/26/10/19-
1646-T1.htm). For women, the risk for acquiring an anal 
infection of any HPV type was also higher in women 
with a preceding concordant genital HPV infection 
than in women without a preceding genital infection 
(HR 4.4, 95% CI 3.4–5.8). Similarly, increased incidence 
rates of sequential genital-to-anal infections were also 
reported for most of the other grouped HPV types 
in both sexes. After excluding the influence of demo-
graphics, health behaviors, and sexual behavior factors, 
persons with genital HPV infections at previous visits 
still had a higher risk for acquiring an anal infection in 
the follow-up visit; HRs ranged from 2.4 to 2.7 for men 
and from 4.1 to 4.5 for women (Appendix Table 2).

Figure 1. Study sets for assessment of risk for sequential genital and anal HPV infection after infection of the other site among men 
and women, Liuzhou, China. HPV, human papillomavirus.

Acquisition of HPV at Genital and Anal Sites, China
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When the analytic unit was based on infection, the 
risks of sequential genital-to-anal grouped HPV infec-
tion in both sexes were still statistically significant (all 
p<0.05) and had higher HRs (Appendix Table 3). For ex-
ample, for any HPV infection, the HR of genital-to-anal 
HPV infection was 33.6 (95% CI 18.5–61.0) for men and 
55.8 (95% CI 42.9–72.7) for women. In the type-specific 
HPV analysis, patients of both sexes who had previ-
ous genital HPV infection had higher incidence rates of 
subsequent anal HPV infection. Compared with men, 
women with previous genital infection had a higher 
risk of acquiring an anal infection (p = 0.0013) (Figure 2, 
panel A). A sex difference was also found in anal inci-
dence among participants without previous genital in-
fection for any HPV type (p = 0.0224) (Figure 2, panel E).

Incidence Rates of Sequential Genital HPV Infections 
among Participants with or without Previous  
Anal Infection by Sex
The risk for sequential genital infection with any HPV 
in women who had an anal HPV infection at previous 
visits was 1.9 times (95% CI 1.2–3.1) higher than that 
for women who had no anal HPV infection (Table 
2, https://wwwnc.cdc.gov/EID/article/26/10/19-
1646-T2.htm). The HRs of anal-to-genital HPV infec-
tion remained significantly different when we exclud-
ed the effect of demographics, health behaviors, and 
sexual behaviors (all p<0.05) (Appendix Table 4).

In addition, the risk for genital HR-HPV, 9V-
HPV, and HPV 6/11 infections in women also in-
creased after anal HPV infection with a concordant 
type. For men, sex differences were only found in 
anal-to-genital sequential infections of types 16/18 
and 6/11. However, the results based on the infec-
tion analysis showed that the risk for acquiring all 
grouped HPV infections in a genital site was higher 
in both sexes among participants with previous in-
fections in the anal site versus those without previous 
infections (Appendix Table 5). For each HPV type 
analysis, previous anal HPV infection was strongly 
associated with the sequential genital concordance 
type of HPV infection, particularly for types 11, 16, 
and 31 in men and types 6, 33, 39, 51, 52, 56, 58, and 
66 in women (Table 2). We found no sex difference 
in the cumulative probability of sequential genital 
infections either in previously infected or uninfected 
persons (Figure 2, panels B, F).

Differences in Sequential Genital and Anal Infections 
among Participants with or without Previous HPV 
Infection at Anal or Genital Sites
Among participants without previous HPV infection at 
the other site, incidence rates for genital HPV infection 

were higher than those for anal HPV infection in men 
and women (both p<0.0001) (Figure 2, panels G, H). 
However, for participants with previous HPV infection 
at the other site, participants were more likely to acquire 
an anal infection than a genital infection, although the 
difference was not significant (p = 0.0758 for women 
and p = 0.6027 for men) (Figure 2, panels C, D).

Discussion
In both sexes, we observed a dramatically increased 
risk for acquiring sequential HPV infection at the 
anal site among participants who were genitally 
positive for concordant HPV types in previous visits 
compared with persons who had genitally negative 
results. In a similar fashion, an increased risk for se-
quential acquisition of a genital HPV infection was 
also observed in both sexes with a previous concor-
dant anal HPV infection compared with those with-
out previous anal infection, although no significant 
difference was found for any HPV and HR-HPV 
types in men on the basis of individual calculation. 
However, for type-specific HPV, men with a previ-
ous anal infection had a higher risk for acquiring a 
genital infection. Furthermore, if we calculated HRs 
on the basis of infection instead of person, we found 
that men with previous anal HPV infection had 
higher risk for sequentially acquiring genital infec-
tion for any HPV types than those without previous 
anal infection (HR 8.8, 95% CI 3.1–24.8). For genital-
to-anal and anal-to-genital infections, women had 
higher risk than men, which might be caused by 
differences between female mucosal epithelium and 
male keratinized epithelium and the sex differences 
in the anatomy of genitalia.

In both sexes, if no previous HPV infection was 
present in the other site, the incidence of HPV infec-
tion was higher at the genital site than at the anal site. 
It is easy to interpret this phenomenon as reflecting 
the finding that genital intercourse is always the major 
sexual behavior in women and heterosexual men (15–
18). However, if previous HPV infection existed at the 
other site, the incidence of concordant HPV infection 
increased dramatically in the anus and became even 
higher than that at the genital site, although a signifi-
cant difference was not reached. These data implied 
that, for anal HPV infection, genital-to-anal transmis-
sion might play a greater role than direct intercourse 
for women and also make a relatively major contri-
bution for men. This conclusion is concordant with a 
previous study in which a history of anal sex was not 
significantly associated with sequential acquisition of 
an incident anal infection after a concordant HPV in-
fection of the cervix (9).



 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 26, No. 10, October 2020 2391

In the same cohort in Liuzhou, we observed a 
longer persistence of any HPV type in both genital 
and anal sites in women compared with men (12,19). 
This observation is concordant with the data in the 

analysis we describe in this article, showing that 
the HRs of incident infection by any type of HPV 
seems higher in women who were positive for the 
same HPV type at the other site versus women who 

Figure 2. Kaplan-Meier 
estimates of the cumulative 
probability of sequential 
anogenital HPV infections, 
by sex and by site, Liuzhou, 
China. A) Anal HPV infection in 
participants with previous genital 
infection, by sex; B) genital HPV 
infection in participants with 
previous anal infection, by sex; 
C) genital or anal HPV infection 
in women with previous anal 
or genital infection, by site; D) 
genital or anal HPV infection in 
men with previous anal or genital 
infection, by site; E) anal HPV 
infection in participants without 
previous genital infection, by 
sex; F) genital HPV infection in 
participants without previous 
anal infection, by sex; G) genital 
or anal HPV infection in women 
without previous anal or genital 
infection, by site; H) genital 
or anal HPV infection in men 
without previous anal or genital 
infection, by site. HPV, human 
papillomavirus.

Acquisition of HPV at Genital and Anal Sites, China
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were negative compared with men. In addition, HR-
HPV infection at the genital site was more difficult 
to clear than the anal infection in both sexes (12), 
which could partially explain the relatively high 
HRs in genital-to-anal infection compared with anal-
to-genital infection in men and women.

Similar phenomena were observed in the only 2 
previous studies that focused on sequential HPV ac-
quisition between anal and genital sites (9,10). Good-
man et al. reported a high risk for cervical-to-anal 
HPV infection and anal-to-cervical HPV infection 
with respective HRs of 14.2 (95% CI 9.86–20.5) and 
7.08 (95% CI 3.94–12.7) for HR-HPV types in women 
in Hawaii (9). The other study focused on sequential 
HPV infection among anogenital sites in MSW from 
the HIM study and found that the HR of genital-to-
anal infection with 9V-HPV was 2.61 (95% CI 1.20–
6.00) and of anal-to-genital infection with 9V-HPV 
was 1.18 (95% CI 0.64–2.01) (10).

Given that 99.7% of participants in our study 
were heterosexual, along with the results of the 2 
studies just described (9,10), we can well understand 
the observations that heterosexual men and women 
not engaging in anal sex also have positive HPV sam-
ples at the anal site (6,7,13). These infections might 
be acquired by other methods, such as autoinocula-
tion and partner-assisted inoculation (including use 
of a sex toy or digital sex). This suggestion was re-
ported in previous studies, which showed that digital 
sex (performed by self or sexual partners) can cause 
transmission events between the genital site and anal 
site in both sexes (20,21).

A nonsexual habit might also result in autoinoc-
ulation. Simpson et al. (22) studied the associations 
among different wiping habits after urination/def-
ecation and anal HPV infection or related conditions. 
Results showed that front-to-back wiping after urina-
tion or defecation were both related to an increased 
prevalence of anal HR-HPV, abnormal anal cytology, 
and histologically proven neoplasia. More studies 
should be conducted to clarify the association be-
tween types of nonsexual behaviors and anal–genital 
HPV infection.

The strengths of our study are the large sample 
size and the use of the same methods to collect and 
test anogenital samples from males and females, 
which make it possible to directly compare sex dif-
ferences in sequential infection among different sites. 
Despite these strengths, there are still limitations. In-
formation regarding anal sex among participants was 
not collected, which made it impossible to analyze the 
relationship between sexual behavior at anal site and 
anal HPV infection. As is the case for other studies  

focused on sequential analysis of HPV infection at dif-
ferent sites (9,10), there is no way to know the previ-
ous HPV status of the transmitted site before baseline 
visit. Therefore, it is possible that the sequential HPV 
infection was a latent infection rather than a transmis-
sion event from the transmission site.

In conclusion, men and women with previous 
HPV infection at the genital or anal site had a higher 
risk for sequentially acquiring a concordant HPV 
infection at the other site. For anogenital HPV in-
fection, autoinoculation of HPV might play a major 
role, in addition to that of sexual intercourse, espe-
cially for anal HPV infection in women. Therefore, 
there is no need to focus on anal sexual intercourse 
and its associated stigma when discussing anal can-
cer and its prevention.
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Appendix 

Appendix Table 1. Baseline demographic characteristics of men and women who were in and not in the analytic set for 

papillomavirus infection at genital and anal sites, Liuzhou, China, 2014–2016* 

Factor 

In analytic set† Not in analytic set‡ 

Men, n = 1,489 Women, n = 2,022 Men, n = 820 Women, n = 356 

Age, y§¶ 
    

 18–25 207 (13.9) 302 (15.0) 217 (26.5) 157 (44.1) 

 26–35 363 (24.4) 546 (27.0) 261 (31.8) 94 (26.4) 

 36–45 461 (31.0) 569 (28.1) 200 (24.4) 52 (14.6) 

 46–55 458 (30.8) 605 (29.9) 142 (17.3) 53 (14.9) 

 Median (IQR) 40 (31–47) 39 (30–47) 33 (25–42) 27 (22–38) 

 Mean (SD) 38.5 (9.9) 38.0 (10.0) 33.8 (10.2) 30.6 (10.4) 

Residence 
    

 Rural 594 (39.9) 853 (42.2) 300 (36.6) 134 (37.6) 

 Urban 895 (60.1) 1,169 (57.8) 520 (63.4) 222 (62.4) 

Ethnicity§¶# 
    

 Han 615 (41.3) 787 (38.9) 368 (44.9) 131 (36.8) 

 Miao 283 (19.0) 554 (27.4) 177 (21.6) 69 (19.4) 

 Zhuang 305 (20.5) 450 (22.3) 164 (20.0) 106 (29.8) 

 Others 286 (19.2) 231 (11.4) 111 (13.5) 50 (14.0) 

Education, y# 
    

 <12 1,192 (80.0) 1,672 (82.7) 645 (78.7) 284 (79.8) 

 >12 297 (20.0) 350 (17.3) 175 (21.3) 72 (20.2) 

Annual household income, CNY# 
    

 <50,000 1,128 (75.8) 1,611 (79.7) 605 (73.8) 279 (78.4) 

 >50,000 361 (24.2) 411 (20.3) 215 (26.2) 77 (21.6) 

Marital status§¶# 
    

 Single/divorced/separated/widowed 311 (20.9) 281 (13.9) 266 (32.4) 130 (36.5) 

 Married/cohabitating 1,178 (79.1) 1,741 (86.1) 554 (67.6) 226 (63.5) 

https://doi.org/10.3201/eid2610.191646
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Factor 

In analytic set† Not in analytic set‡ 

Men, n = 1,489 Women, n = 2,022 Men, n = 820 Women, n = 356 

Had had a sauna# 
    

 No 1,007 (67.6) 1,492 (73.8) 550 (68.2) 255 (71.6) 

 Yes 482 (32.4) 530 (26.2) 261 (31.8) 101 (28.4) 

Used a towel supplied by a sauna# 
    

 No 1,080 (72.5) 1,633 (80.8) 596 (72.7) 273 (76.7) 

 Yes 409 (27.5) 389 (19.2) 224 (27.3) 83 (23.3) 

Stayed in a hotel§¶# 
    

 No 282 (18.9) 703 (34.8) 109 (13.3) 104 (29.2) 

 Yes 1,207 (81.1) 1,319 (65.2) 711 (86.7) 252 (70.8) 

Used a towel supplied by a hotel§¶# 
    

 No 588 (39.5) 1,294 (64.0) 283 (34.5) 178 (50.0) 

 Yes 901 (60.5) 728 (36.0) 537 (65.5) 178 (50.0) 

Age at time of first sexual intercourse, y§¶# 
    

<18 94 (6.3) 106 (5.2) 96 (11.7) 39 (11.0) 

18–25 1,150 (77.2) 1,699 (84.0) 619 (75.5) 300 (84.3) 

>25 245 (16.5) 217 (10.7) 105 (12.8) 17 (4.8) 

Lifetime no. sexual partners§¶# 
    

 1 711 (47.8) 1,360 (67.3) 329 (40.1) 194 (54.5) 

 2–3 459 (30.8) 580 (28.7) 272 (33.2) 146 (41.0) 

 >4 319 (21.4) 82 (4.1) 219 (26.7) 16 (4.5) 

No. sexual partners within past year§¶# 
    

 0–1 1,291 (86.7) 1,940 (95.9) 671 (81.8) 330 (92.7) 

 >1 198 (13.3) 82 (4.1) 149 (18.2) 26 (7.3) 

Sexual orientation     

 Homosexual 1,486 (99.8) 2,016 (99.7) 816 (99.5) 355 (99.7) 

 Heterosexual 3 (0.2) 6 (0.3) 4 (0.5) 1 (0.3) 

Sexual partners ever having sex with others 
    

 No 561 (37.7) 812 (40.2) 313 (38.2) 159 (44.7) 

 Yes 61 (4.1) 92 (4.5) 43 (5.2) 16 (4.5) 

 Unknown 867 (58.2) 1,118 (55.3) 464 (56.6) 181 (50.8) 

Previous STD diagnosis¶# 
    

 No 1,371 (92.1) 1,671 (82.6) 766 (93.4) 313 (87.9) 

 Yes 118 (7.9) 351 (17.4) 54 (6.6) 43 (12.1) 

Frequency of condom use¶# 
    

 Not always 1,369 (91.9) 1,923 (95.1) 738 (90.0) 326 (91.6) 

 Always 120 (8.1) 99 (4.9) 82 (10.0) 30 (8.4) 
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Factor 

In analytic set† Not in analytic set‡ 

Men, n = 1,489 Women, n = 2,022 Men, n = 820 Women, n = 356 

Values are no. (%) unless indicated otherwise. CNY, Chinese Yuan; HPV, human papillomavirus; IQR, interquartile range. 

†Participants in analytic set included those who supplied effective genital and anal samples at previous visit and effective anal or genital samples at 

>1 follow-up visit. 

‡Participants not in analytic set included those who participated in the study, whereas their samples were invalid for the previous  visit, or they 

provided valid sample for the previous visit, whereas no valid sample was provided at the follow-up visit. 

§Significant difference between men included in and not included in the analysis set at p<0.05 by χ2 test or Fisher exact test. 

¶Significant difference between women included in and not included in the analysis set at p<0.05 by χ2 test or Fisher exact test. 

#Significant difference between men and women included in the analysis set at p<0.05 by χ2 test or Fisher exact test. 

 

 

Appendix Table 2. Association between previous genital HPV infection with sequential anal HPV infection excluding 

effect of other demographics, health behaviors, and sexual behaviors, by sex, Liuzhou, China, 2014–2016* 

Factor 

Men Women 

HR (95% CI) p value HR (95% CI) p value 

Total 2.6 (1.4–4.6) 0.0019 4.4 (3.4–5.8) <0.0001 

Age 2.6 (1.4–4.7) 0.0023 4.2 (3.3–5.5) <0.0001 

Residence 2.7 (1.5–4.9) 0.0010 4.5 (3.4–5.8) <0.0001 

Ethnicity 2.7 (1.5–4.9) 0.0010 4.4 (3.4–5.7) <0.0001 

Education 2.6 (1.4–4.7) 0.0016 4.4 (3.4–5.7) <0.0001 

Annual household income 2.5 (1.4–4.6) 0.0022 4.4 (3.4–5.7) <0.0001 

Marital status 2.6 (1.4–4.7) 0.0018 4.2 (3.3–5.5) <0.0001 

Had a sauna 2.5 (1.3–4.5) 0.0034 4.4 (3.4–5.7) <0.0001 

Used a towel supplied by a sauna 2.4 (1.3–4.5) 0.0036 4.4 (3.4–5.7) <0.0001 

Stayed in a hotel 2.5 (1.4–4.6) 0.0019 4.4 (3.4–5.7) <0.0001 

Used a towel supplied by a hotel 2.5 (1.4–4.6) 0.0018 4.3 (3.3–5.6) <0.0001 

Age at time of first sexual intercourse 2.6 (1.4–4.7) 0.0016 4.3 (3.3–5.6) <0.0001 

Lifetime no. sexual partners 2.6 (1.4–4.7) 0.0016 4.1 (3.1–5.4) <0.0001 

No. sexual partners within past year 2.5 (1.4–4.6) 0.0020 4.2 (3.3–5.5) <0.0001 

Orientation 2.6 (1.5–4.8) 0.0014 4.4 (3.4–5.8) <0.0001 

Sexual partners ever having sex with others 2.5 (1.4–4.5) 0.0024 4.4 (3.4–5.8) <0.0001 

Previous STD diagnosis 2.6 (1.4–4.6) 0.0019 4.4 (3.4–5.7) <0.0001 

Frequency of condom use 2.6 (1.4–4.7) 0.0017 4.4 (3.4–5.8) <0.0001 

*HPV, human papillomavirus; HR, hazard ratio; STD, sexually transmitted disease. 
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Appendix Table 3. Incidence rate of grouped sequential HPV infection in anal site among participants with or without 

previous genital HPV infection of the same type, by sex, Liuzhou, China, 2014–2016* 

HPV status at genital 

site 

Positive for HPV type at anal site 

Men Women 

No. 

events 

Incidence rate/1,000 

person-months (95% CI) HR (95% CI) 

No. 

events 

Incidence rate/1,000 

person-months (95% CI) HR (95% CI) 

Any HPV       

 Negative 56 0.3 (0.2–0.3) 1.0 169 0.4 (0.4–0.5) 1.0 

 Positive 14 7.7 (4.5–12.9) 33.6 (18.5–61.0) 97 22.7 (18.6–27.6) 55.8 (42.9–72.7) 

High-risk HPV       

 Negative 35 0.2 (0.1–0.3) 1.0 151 0.5 (0.4–0.6) 1.0 

 Positive 13 8.0 (4.6–13.7) 45.5 (23.8–87.2) 92 23.2 (18.9–28.4) 51.5 (39.3–67.6) 

9V-HPV       

 Negative 46 0.4 (0.3–0.5) 1.0 113 0.5 (0.4–0.6) 1.0 

 Positive 8 6.3 (3.2–12.7) 19.8 (9.4–41.9) 62 21.2 (16.5–27.2) 43.7 (32.1–59.6) 

HPV 16/18       

 Negative 7 0.3 (0.1–0.5) 1.0 20 0.4 (0.3–0.6) 1.0 

 Positive 1 3.6 (0.5–25.3) 19.8 (2.4–163.3) 11 15.9 (8.8–28.6) 46.9 (22.1–99.4) 

HPV 6/11       

 Negative 21 0.8 (0.5–1.2) 1.0 13 0.3 (0.2–0.5) 1.0 

 Positive 1 5.3 (0.7–37.5) 7.5 (1.0–56.7) 3 14.9 (4.8–46.3) 67.4 (18.7–242.5) 

*HRs and 95% CIs of sequential grouped HPV infection were calculated on the basis of infection. HPV, human papillomavirus; HR, hazard ratio. 

 

 

Appendix Table 4. Association between previous anal HPV infection with sequential genital HPV infection excluding the 

effect of other demographics, health behaviors, and sexual behaviors, by sex, Liuzhou, China, 2014–2016* 

Factor 

Men Women 

HR (95% CI) p value HR (95% CI) p value 

Total 0.7 (0.2–1.9) 0.4603 1.9 (1.2–3.1) 0.0078 

Age 0.7 (0.2–2.0) 0.4285 1.7 (1.1–2.8) 0.0282 

Residence 0.7 (0.2–1.9) 0.4604 1.8 (1.1–3.0) 0.0141 

Ethnicity 0.7 (0.2–2.0) 0.4903 1.8 (1.1–2.9) 0.0173 

Education 0.7 (0.2–1.9) 0.4551 1.9 (1.2–3.1) 0.0079 

Annual household income 0.6 (0.2–1.8) 0.618 1.9 (1.2–3.0) 0.0101 

Marital status 0.7 (0.2–1.9) 0.4568 1.7 (1.0–2.7) 0.0390 

Had a sauna 0.7 (0.2–2.0) 0.4983 1.8 (1.1–2.9) 0.0146 

Used a towel supplied by a sauna 0.7 (0.2–1.9) 0.4806 1.8 (1.1–2.9) 0.0185 
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Factor 

Men Women 

HR (95% CI) p value HR (95% CI) p value 

Stayed in a hotel 0.7 (0.2–1.9) 0.4640 1.8 (1.1–3.0) 0.0124 

Used a towel supplied by a hotel 0.7 (0.2–1.9) 0.4556 1.8 (1.1–2.9) 0.0208 

Age at time of first sexual intercourse 0.7 (0.2–1.9) 0.4528 1.9 (1.2–3.0) 0.0109 

Lifetime no. sexual partners 0.7 (0.3–2.0) 0.5317 1.7 (1.1–2.7) 0.0293 

No. of sexual partners within the past year 0.6 (0.2–1.7) 0.3405 1.8 (1.1– 2.9) 0.0201 

Orientation 0.7 (0.2–1.9) 0.4585 1.9 (1.2–3.1) 0.0077 

Sexual partners ever having sex with others 0.7 (0.2–1.9) 0.4458 1.9 (1.2–3.1) 0.0077 

Previous STD diagnosis 0.7 (0.2–1.9) –0.4518 1.9 (1.2–3.1) 0.0072 

Frequency of condom use 0.7 (0.2–1.9) 0.4609 1.9 (1.2–3.1) 0.0069 

*HPV, human papillomavirus; HR, hazard ratio; STD, sexually transmitted disease. 

 

 

Appendix Table 5. Incidence rate of grouped sequential HPV infections at genital sites among participants with or without 

previous anal HPV infection of the same type, by sex, in Liuzhou, China, 2014–2016* 

HPV status at anal 

site before genital 

infection 

Positive for HPV type at genital site 

Men Women 

No 

events 

Incidence rate/,1000 

person-months (95% CI) HR (95% CI) 

No. 

events 

Incidence rate/1,000 

person-months (95% CI) HR (95% CI) 

Any HPV       

 Negative 148 0.7 (0.6–0.8) 1.0 261 0.7 (0.6–0.8) 1.0 

 Positive 3 6.0 (1.9–18.6) 8.8 (3.1–24.8) 20 13.0 (8.4–20.1) 23.0 (14.4–36.7) 

High-risk HPV       

 Negative 130 0.7 (0.6–0.9) 1.0 233 0.8 (0.7–0.9) 1.0 

 Positive 2 5.2 (1.3–20.9) 6.4 (1.9–21.5) 17 12.0 (7.5–19.3) 18.9 (11.3–31.5) 

9V-HPV       

 Negative 98 0.8 (0.6–1.0) 1.0 156 0.7 (0.6–0.9) 1.0 

 Positive 3 7.3 (2.4–22.7) 8.5 (3.0–24.3) 14 12.2 (7.2–20.6) 21.1 (12.3–36.2) 

HPV 16/18       

 Negative 30 1.1 (0.8–1.5) 1.0 38 0.8 (0.6–1.1) NE 

 Positive 1 28.6 (4.0–203.2) 42.8 (4.7–392.3) 0 0 NE 

HPV 6/11       

 Negative 16 0.6 (0.4–0.9) 1.0 23 0.5 (0.3–0.7) 1.0 

 Positive 1 8.9 (1.3–63.3) 20.0 (2.8–142.0) 2 18.7 (4.7–74.9) 53.8 (15.6–185.8) 

*HRs and 95% CIs for sequential grouped HPV infections were calculated on the basis of infection. HPV, human papillomavirus; HR, hazard ratio; NE, not 

estimated. 

 


