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A B S T R A C T

Background: Anal intraepithelial neoplasia is associated with high-risk human papillomavirus (hrHPV) as a
precursor to anal cancer. However, factors other than hrHPV are likely to be involved and further study of
cofactors is required because of the possibility of syndemic interactions.
Methods: Three hundred and fourteen patients underwent 457 operations. Histopathology and hrHPV testing
using the Digene Hybrid Capture 2 (HC 2) method were performed. Demographic factors and sexually trans-
missible infections (STIs) were recorded.
Results: Results showed that hrHPV alone was associated with HSIL (OR = 4.65, p< 0.001). None of the other
STIs were alone associated with HSIL but amplification of risk was found when hrHPV infection occurred with
HIV (OR = 11.1); syphilis (OR = 5.58); HSV 2 (OR = 7.85); gonorrhoea (OR = 6.45) and some other infec-
tions.
Conclusions: These results suggest that hrHPV is a sufficient cause of anal HSIL. Seropositivity for HIV, HSV 2, T.
pallidum, HBV and HCV and a history of gonorrhoea or chlamydia exert a powerful amplifying factor increasing
the risk of HSIL above the risk with hrHPV alone. Other co-factors which are associated with an increased risk of
HSIL are increased age, male gender, MSM behaviour and self-reported history of more than 50 sexual partners.
This pattern of disease in patients with warts is characteristic of a syndemic with potential serious increased risk
of anal carcinoma.

1. Introduction

Anal intraepithelial neoplasia is thought to be associated with high-
risk human papillomavirus (hrHPV) as a precursor to anal cancer. Anal
warts are associated with high rates of intraepithelial neoplasia espe-
cially in human immunodeficiency virus (HIV)-infected patients [1,2].
Anal cancer is increasing in many parts of the world in both men and
women, particularly in men with HIV infection. Screening of the anal
canal to detect probable precursors is being promoted for men with HIV
infection where the standardised incidence rate of anal cancer has

increased 4 fold between 1992 and 2003 to 78.2/100,000 person years
[3]. In addition the introduction of antiretroviral therapy (ART) has not
been demonstrated to reduce the prevalence of anal squamous in-
traepithelial lesions [4] except in one study [5]. Anal warts are also
recognised to be linked to the development of anal cancer [6]. Acqui-
sition of genital warts has also been linked to progression to a higher
level of squamous intraepithelial lesions (HSIL) in both HIV-positive
and negative men [7]. Gonorrhoea was found to be associated with the
development of anal cancer but to date no association with anal pre-
cancer has been described [8]. Chlamydia has been previously
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associated with cervical intraepithelial neoplasia [9,10]. Because of the
high rates of intraepithelial neoplasia (IN) associated with anal warts
[1] and the fact that hrHPV has not been found in all anal cancers [11],
we explored other possible associations with HSIL.

The emerging concept of a disease syndemic [12] where the dis-
ease/outcome risk is seen as a combination of biological, behavioural
and social factors appears to apply to anal cancer as the existing lit-
erature indicates.

There are many risk factors associated with the development of anal
cancer. In addition to HPV infection [13–16], other risk factors include
receptive anal intercourse (before the age of 30) [6,16,17], lifetime
number of sexual partners [6,17], female gender [18], current cigarette
smoking [15,19,20], genital warts [6,20], immune-suppression post-
organ transplantation and HIV infection [16,21–23]. Persistence of
cervical HrHPV in women with genital warts has been observed in a
recent Danish population study [24]. Anal fistulae and epithelial
trauma are also associated, possibly because of access for HPV to the
basement membrane [25–27].

A history of genital warts on the anus has a strong association with
the development of anal cancer (OR 15.1, 95%CI: 6.8–33.5) [6]. Anal
warts preceded anal cancer by about ten years with a shorter time in-
terval for homosexual men compared to heterosexual men and women
[6]. Anal squamous cell carcinoma has been demonstrated to arise out
of anal warts [28–33]. In addition the presence of HSIL in association
with anal warts has been under-recognised, with HSIL being present in
52% of HIV positive men, compared to 20% in HIV negative men, and
2.8% in HIV negative women with warts. Further evidence of an in-
teraction between high and low-risk viruses comes from the EXPLORE
study where the odds of developing high-grade squamous in-
traepithelial lesions in HIV-negative men was 23 times higher (95% CI
9.6–53) with combined high and low- risk HPV, compared to lower
risks for high-risk HPV alone OR 6.4 (95% CI 2.7–15) and low-risk HPV
alone OR 5.8 (95% CI 2.3–14) [34]. Similarly, Hessol et al. also found a
7.7 times increased risk (95% CI 5–38) of developing HSIL in women
infected with both low and high-risk HPV. The increase in anal cancer
in the last 30 years has been attributed to changed sexual patterns
[35,36] including increased anal sex [36,37] and increased partner
number for both MSM, women, and HIV infection [38].

MSM have a high prevalence of HPV infection in the anal canal
(47.2–88.9%; pooled 63.9%) and HIV-positive men have even higher
rates (74.6–97.7%, pooled 92.6 [39,40]). Anal HPV infection is almost
universal in HIV-positive MSM [4,40–42]. Rates of anal HPV have been
consistently demonstrated to be higher in HIV positive men compared
to HIV-negative men [5,39,41,43–47], and in studies that compare HIV-
positive to negative men, HPV has been associated with HIV infection.
Whether ART alters the risk of anal cancer remains to be determined
with some studies describing progression [48], others regression
[49,50]. A more recent study found there may be some benefit with
prolonged ART (OR = 0.32 95% CI: 0.16-0.63, p = 0.001) [51].

Patients with genital warts have a significantly increased risk of
anogenital cancer and other cancers such as head and neck cancers
[52]. This paper explores the role of infectious and demographic co-
factors for HSIL as a syndemic in a case series of men and women with
anogenital warts requiring surgical treatment and as such it is unique in
that it is able to address behaviour and HrHPV confounding that exists
in other studies.

2. Materials and methods

2.1. Study sample and design

In this case series, 460 operations were performed in 317 patients
undergoing scissor excision of perianal and/or anal condylomata acu-
minata or mapping biopsies under general anaesthesia between
December 1995 and November 2016. Patients with missing surgical
material were excluded from the analysis (4). We examined the Royal

Perth Hospital Anogenital Wart Database (established in December
1995) for variables that might be associated with HSIL. Demographic
data were collected on each patient including age, sex, sexual pre-
ference, lifetime sexual partners (0–10, 11–50,> 50), cigarette
smoking (current, ever, never), and a history of gonorrhoea and chla-
mydia, wherever possible confirmed by evidence from the patient
clinical record at the time they were enrolled for surgery. Serological
data were obtained for the following infections: HIV 1 and 2 antibodies,
syphilis [Treponema pallidum haemaglutination assay (TPHA), Rapid
Reagin Index (RPR)], past or present HBV infection (HBsAg, HBcAb),
HSV 2 antibodies (EIA), and HCV antibodies.

2.2. HPV testing

HPV testing of the anal canal by Digene Hybrid Capture-2 (HC2) for
high-risk strains was used as a standard part of the surgical procedure
from June 2005 onwards. Just prior to surgery, a proctoscope was in-
serted and using direct visualisation a HC2 sampler for hrHPV was then
rotated from just above the dentate line to the anal and perianal skin as
the proctoscope was removed. The Digene brush was placed into the
Digene Transport buffered container for HPV testing. Excised surgical
material labelled by site (perianal, anal) was placed in formalin and
then processed in paraffin. No material was discarded at the bedside.

2.3. Reporting of surgical material

Biopsy material was stained with haematoxylin and eosin then
routinely reported with other surgical specimens. Lesions were classi-
fied using the same concepts and criteria described in the LAST criteria
[53]. Accordingly, HSIL in this study comprises AIN 2 and AIN 3 to-
gether with anal cancer (Table 2).

2.4. Statistical analysis

Samples with hrHPV results were examined for associations be-
tween hrHPV, other STIs and HSIL. Statistical analysis used percentages
and appropriate means with confidence intervals for descriptive pur-
poses. For variables that had a log-normal distribution the geometric
mean was used because it is an unbiased estimate of the average under
these circumstances. The chi-squared statistic and clustered linear lo-
gistic regression analysis were used to determine p-values with inter-
action terms to examine the independence of possible predictive vari-
ables. Because the data was clustered with samples nested within
patients robust multi-level analyses were conducted. Multivariable lo-
gistic regression analysis was used to examine associations with HSIL
and ordinal logistic regression analysis was used for histopathology
grade, both with control for possible confounding factors. During the
analysis it became clear that the STIs were not independent of each
other and this multi-co-linearity was addressed by using boosted re-
gression analysis [54] and structural equation models. The influence of
missing data was assessed using the ‘missing-completely-at-random’
test of Little [55]. A p-value that was less than 0.05 was considered to
be statistically significant. Statistical analysis was conducted using the
Stata software package (StataCorp. 2015. Stata Statistical Software: Re-
lease 14. College Station, TX: StataCorp LP). The research was approved
by the Royal Perth Hospital Ethics Committee.

3. Results

The RPH Genital Wart Database contained records for 463 patients
who were examined during 536 operations. High-risk HPV data was
available for 314 patients from 460 operations and this sample was
used for most of this analysis (Table 1). Sixty eight percent of these
patients had a single operation, 20% had two operations and 12% had
more than two operations over the period from December 1995 to
November 2016.
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3.1. General characteristics

A description of the patients with known hrHPV status sub-divided
by gender and hrHPV status is shown in Table 1. Almost three quarters
of men were hrHPV positive (74.7%) compared with one third of
women (39.6%) (p<0.001). A little over eighty percent of hrHPV
positive men had a history of sex with other men (MSM) compared with
19% of hrHPV negative men (p<0.001). The lifetime number of sexual
partners was no different for hrHPV positive and hrHPV negative men
(p = 0.85) but it was very different for men and women (p<0.001)
with many more men reporting more than fifty sexual partners.
Smoking status showed little difference between men and women or
between hrHPV groups. Men were significantly older than women (p =
0.004) but there was no significant difference in age between HIV ne-
gative men and women (p = 0.23).

None of the female patients was HIV positive. High-risk HPV status
was significantly associated with HIV (p<0.001). But their bivariate
joint association was quite different for most other STIs: syphilis and
HIV (p<0.001) and hrHPV (p = 0.073); gonorrhoea and HIV (p =
0.001) and hrHPV (p = 0.119); chlamydia and HIV (p = 0.308) and
hrHPV (p = 0.443); HBV and HIV (p< 0.001) and hrHPV (p = 0.036);
HCV and HIV (p = 0.046) and hrHPV (p = 0.974). High-risk HPV
infection was significantly less likely for perianal warts (p = 0.035).

3.2. Association of HSIL with HPV and HIV

Histopathology showed that 30% of samples were HSIL (Table 2).
Two cases of anal cancer were detected.

There was a statistically significant association between histo-
pathology grade and hrHPV status (Table 2) with an OR of 4.01 for
increasing grade (95% CI: 2.60–6.19, p< 0.001) and OR of 6.55 for
HSIL versus LSIL (95% CI: 3.39–12.6, p< 0.001).

3.3. Association of infectious agents

Most of the STIs showed associations with each other (Table 3) and
a principle components analysis indicated that there were three sepa-
rate components: (1) HPV/HIV/HSV 2/HBV; (2) HCV/syphilis; (3) go-
norrhoea/chlamydia (Table 4). The test for missing at random indicated
that the results were not influenced by missing values.

3.4. Association of HSIL with hrHPV, HIV and other infectious agents

An analysis of the joint effect of high-risk HPV (hrHPV) and HIV
showed that HIV alone was not significantly associated with HSIL (OR
= 1.58 (95% CI: 0.17–14.5), p = 0.68), whereas hrHPV infection was
significantly associated with HSIL (OR = 4.65 (95% CI: 2.28–9.48),
p< 0.001). A significant interaction was found when HIV infection
occurred with hrHPV infection (OR = 11.1, 95% CI: 5.30–23.2,
p< 0.001). These estimates were only slightly reduced when adjusted
for lifetime number of sexual partners: HIV adjusted OR = 2.03 (95%
CI: 0.20–20.4), p = 0.55; hrHPV adjusted OR = 4.36 (95% CI:
2.10–9.05), p< 0.001; hrHPV plus HIV; adjusted OR = 10.9 (95% CI:
5.03–23.7), p< 0.001. No other STIs were alone associated with HSIL
but many showed some modification of the risk associated with hrHPV
with or without HIV (Table 5). A history of syphilis in the presence of
hrHPV and HIV was associated with an increased risk of HSIL (OR =
18.6 (95% CI: 5.67–61.0), p< 0.001), and also in the absence of HIV
(OR = 5.58 (95% CI: 1.33–23.4), p = 0.019). A similar risk of HSIL in
HIV negative patients was seen for HSV 2 (OR = 7.85 (95%CI:
2.84–21.7)), p< 0.001; gonorrhoea (OR = 6.45 (95% CI: 2.32–17.9));
a history of chlamydia (OR = 4.80 (95% CI: 1.78–13.03), p = 0.002).

We examined the possibility that the interaction between HPV and
HIV might be a result of HIV-related immune suppression by ex-
amination of nadir and current (at the time of the operation) CD4+ T

Table 1
Description of patients with HPV serology or history by gender and HPV status.

Men P Women P
n = 261 (%) HPV +ve vs. HPV -ve n = 53 (%) Men vs. women

Digene HC2 (high-risk) HPV +ve 195 (74.7) HPV - ve 66 (25.3) HPV +ve 21 (39.6) HPV - ve 32 (60.4) < 0.001
Median age (years) 33.1 30.0 0.62 33.1 31.8 0.004
Age range 13.7–76.3 18.8–71.7 19.2–62.4 17.0–71.2
Sexual preference
Heterosexual 24 (47.1) 27 (52.9) <0.001 20 (39.2) 31 (60.8)
MSM 171 (81.4) 39 (18.6)
Lifetime Number of Sexual Partners
1–10 38 (20.4) 13 (20.4) 0.85 11 (57.9) 27 (90.0) < 0.001
11–50 71 (38.2) 24 (40.7) 6 (31.6) 2 (6.67)
> 50 77 (41.4) 22 (37.3) 2 (10.5) 1 (3.33)
Smoking status
Never smoked 28 (42.4) 92 (47.2) 0.80 9 (42.9) 16 (50.0) 0.67
Current 29 (43.9) 78 (40.0) 9 (42.9) 15 (46.9)
Ex-smoker 9 (13.6) 25 (12.8) 3 (14.3) 1 (3.13)
History of STDs
Gonorrhoea 9 (13.6) 44 (22.6) 0.12 0 0 0.001
Chlamydia 41 (21.0) 11 (16.7) 0.44 3 (15.0) 3 (9.38) 0.034
Serology
HIV 77 (39.5) 5 (7.58) <0.001 0 0 <0.001
Syphilis 24 (12.3) 3 (4.55) 0.073 0 0 0.004
HSV-2 47 (24.1) 11 (16.7) 0.21 6 (30.0) 3 (9.38) 0.15
HBV 18 (9.42) 1 (1.54) 0.036 0 0 0.005
HCV 9 (4.66) 3 (4.76) 0.97 1 (4.0) 0 0.30
Wart site for first operation
Perianal only 10 (5.13) 20 (30.3) <0.001 5 (23.8) 15 (46.9) < 0.001
Anal only 75 (38.5) 12 (18.2) 4 (19.1) 2 (6.25)
Perianal & anal 109 (55.9) 34 (51.5) 12 (57.1) 14 (43.8)
Number of operations
1 195 (62.9) 66 (79.5) 0.030 21 (63.6) 32 (94.1) 0.026
2 69 (22.3) 11 (13.3) 8 (24.2) 2 (5.88)
3 25 (8.06) 3 (3.61) 1 (1.49) 0
4 or more 21 (6.77) 3 (3.61) 3 (9.09) 0

n signifies the number of patients.
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cell counts. The nadir count showed a negative significant association
with HSIL (p = 0.027) whereas there was no significant association
between HSIL and current CD4+ T cell counts (p = 0.73).

3.5. Control of effect modification and confounding factors

A variety of potential confounding factors or effect modifiers were
examined for an association with HSIL (Table 6). Statistically sig-
nificant associations were seen for increasing age (p = 0.011), male
gender (p = 0.019), more than 50 lifetime number of sexual partners (p
= 0.004), MSM (p< 0.001); site of surgery/biopsy (p<0.001), and
increasing number of operations (p< 0.001). Smoking history was not
associated with HSIL.

3.6. Estimation of the relative influence of each STI on the risk of HSIL

An investigation of the relative influence of the STIs on the risk of
HSIL was conducted using boosted regression analysis adjusted for ef-
fect modification. This type of analysis can be conducted for a set of
independent variables that are associated with each other, i.e. collinear.
The results confirm the primary importance of hrHPV and the sec-
ondary influence of HIV. Additionally it shows that the remaining STIs
are very similar to each other and clearly influential, all at between 7%
and 10% (Table 7).

A summarising analysis of HSIL risk using a generalised structural
equation modelling (SEM) approach was conducted with all of the STIs
and potential cofactors included as independent variables. The results
are shown in Table 8. This analysis is based upon maximum likelihood
estimation and so it can accommodate missing data and use all avail-
able observations. The analysis incorporates the cofactors as well as the
STIs and it shows that the latent (i.e. unobserved) Cofactors variable
comprised of: age, MSM status, male gender and lifetime number of
sexual partners is associated with the latent STI variable.

4. Discussion

The summarising results of the study are illustrated in the path
diagram (Fig. 1) which shows a hypothetical pattern of relationships of
the variables which were included in the structural equation model of
HSIL within this population. A strength of a SEM model is that observed

Table 2
Histopathology by HPV status.

Histology grade HPV -ve HPV +ve Odds ratio (CL95%) p
n (%) n (%) %

LSIL Negative 3 (2.61) 4 (1.17) 306 (67.0) 6.55 (3.39–12.6) < 0.00001
Atypia, etc. 79 (68.7) 134 (39.2)
AIN1 22 (19.1) 64 (18.7)

HSIL AIN2 7 (6.09) 68 (19.9) 151 (33.0)
AIN3 4 (3.48) 70 (20.5)
Cancer 0 2 (0.58)
Total 115 (100) 342 (100) 457

Table 3
Tetrachoric correlation matrix for STIs.

Statistic HPV HIV HSV 2 HBV HCV Syphilis GC CHL

HPV rho 1
n 460

HIV rho 0.6102 1
n 455 640
p <0.0001

HSV 2 rho 0.2014 0.4406 1
n 459 633 639
p 0.0419 <0.0001

HBV rho 0.5133 0.548 0.4619 1
n 446 617 611 619
p 0.0012 <0.0001 <0.0001

HCV rho − 0.1371 0.3219 0.1635 0.6301 1
n 441 576 572 563 576
p 0.3242 0.0031 0.1575 <0.0001

Syphilis rho 0.3128 0.441 0.4311 0.2382 − 1 1
n 460 637 636 616 573 644
p 0.0339 <0.0001 <0.0001 0.0522 0.2460

GC rho 0.266 0.3835 0.1853 0.2667 0.2171 0.2404 1
n 458 638 637 617 574 642 645
p 0.0123 <0.0001 0.0320 0.0140 0.0642 0.0276

CHL rho 0.1297 0.1292 0.0807 0.0397 − 0.085 0.4854 0.4902 1
n 458 638 637 617 574 642 645 645
p 0.2392 0.1236 0.3802 0.6588 0.7843 <0.0001 <0.0001

rho: the value for the tetrachoric correlation coefficient.
n signifies the number of samples.
p: the p value for the test that rho = 0.

Table 4
Tetrachoric principal components for STIs.

Variable Component A Component B Component C

HPV 0.445
HIV 0.515
HSV 2 0.437
HBV 0.518
HCV 0.702
Syphilis 0.630
GC 0.668
CHL 0.723
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variables which have been identified in the analysis can be combined
into a representation of the underlying syndemic [56]. In our model we
show the observed variables in boxes which are associated with un-
derlying but unobservable latent variables (ovals). We represent the

outcome HSIL as a direct consequence of hrHPV infection because it is a
necessary and sufficient cause of HSIL with an adjusted odds ratio of
4.99. (This is the reference value for the other infections and cofactors.)
We show other co-existing STIs which are amplifying the risk of HSIL,
with different degree shown by the odds ratio adjusted for cofactors and
for hrHPV: HIV OR = 5.31; HSV 2 OR = 1.84; Syphilis OR = 2.57;
Gonorrhoea OR = 2.11; Chlamydia OR = 1.48; HBV OR = 3.11; HCV
OR = 1.83. These act together with behavioural and demographic co-
factors which our results suggest act as effect-modifiers for a further
additional contribution to HSIL risk (see Table 8).

Squares indicate observed variables and ovals indicate unobserved
latent variables. Arrows show hypothetical relationships indicated by
this study. Values show the excess odds ratio above the hrHPV effect
alone and p-values for each association indicated by an arrow.

Our analysis demonstrated that hrHPV alone was a sufficient cause
of HSIL (OR = 4.99, 2.27–11.0, p< 0.001), but HIV alone was not, and
the combination of HIV and hrHPV in the presence of warts sub-
stantially amplified the risk of HSIL (OR = 34.8, 95% CI: 12.3–98.5,
p< 0.001). It should be noted that there were few patients that were
HIV positive and hrHPV negative (n = 6). The rarity of such patients

Table 5
Association between HSIL and hrHPV, HIV and other STIs.

Other infection Other infection only HR-HPV only HIV only HR-HPV + HIV HR-HPV + other HIV + other HR-HPV + HIV + other

HSV 2 OR NA 4.99 NA 14.3 7.85 NA 9.89
95% CI 2.27–11.0 6.20–33.1 2.84–21.7 3.85–25.4
p < 0.001 <0.001 <0.001 <0.001

n = 447 n 11 178 3 88 32 4 42
Syphilis OR NA 4.51 NA 9.83 5.58 NA 18.6

95% CI 2.03–10.1 4.20–23.0 1.33–23.4 5.67–61.0
p < 0.001 <0.001 0.019 <0.001

n = 358 n 3 203 7 109 8 0 21
Gonorrhoea OR NA 3.88 NA 10.4 6.45 NA 9.11

95% CI 1.71–8.83 4.32–25.0 2.32–17.9 3.40–24.4
p 0.001 <0.001 <0.001 <0.001

n = 355 n 9 181 6 95 28 1 35
Chlamydia OR NA 3.95 NA 10.3 4.80 NA 7.70

95% CI 1.73–9.02 4.39–24.3 1.78–13.0 2.52–23.5
p < 0.001 <0.001 0.002 <0.001

n = 358 n 12 175 5 107 34 2 23
HBV OR NA 8.25 NA 27.7 NA NA 18.2

95% CI 2.90–23.5 7.80–98.3 3.69–89.9
p < 0.001 <0.001 <0.001

n = 441 n 1 203 7 98 6 7 25
HCV OR NA 5.66 NA 16.3 NA NA

95% CI 2.10–15.2 5.15–51.9
p 0.001 <0.001

n = 431 n 8 204 7 115 3 0 13

NA: indicates that there were insufficient cases to permit estimation.
n: the number of samples for whom there was complete data.

Table 6
Univariable analysis of HSIL in patients with warts – logistic regression analysis of po-
tential covariates.

Variable Category Odds
ratio

95% confidence
interval

p

LCL UCL

Age 1.018 1.004 1.033 0.011
Gender Female 1.00 (reference)

Male 2.86 1.18 6.92 0.019
Lifetime number of

sexual partners
0–9 1.00 (reference)
More than 10 1.53 0.96 2.44 0.073
More than 50 1.98 1.25 3.15 0.004

Site of surgery/
sample

Peri-anal only 1.00 (reference)
Anal or anal &
perianal

3.20 1.88 5.43 < 0.001

Increasing number of operations 1.40 1.17 1.67 < 0.001
Smoking status Never smoked 1.00 (reference)

Current
smoker

1.12 0.79 1.60 0.52

Ex-smoker 1.14 0.63 2.08 0.66

Table 7
Results of boosted logistic regression analysis on odds ratio for
HSIL.

Influence of each variable (%)

HPV 35.8
HIV 13.9
HSV 2 9.37
Gonorrhoea 9.06
CHL 8.47
Syphilis 8.45
HBV 7.93
HCV 7.00

Table 8
Structural equation model (SEM) for HSIL.

Variable Contrast OR LCL95% UCL95% p n

hrHPV Yes vs. No 1 Reference 460
HIV Yes vs. No 5.31 2.00 14.1 0.001 640
HSV 2 Yes vs. No 1.84 1.21 2.79 0.004 639
Syphilis Yes vs. No 2.57 1.32 5.00 0.006 644
Gonorrhoea Yes vs. No 2.11 1.33 3.36 0.002 645
Chlamydia Yes vs. No 1.48 1.06 2.06 0.022 645
HBV Yes vs. No 3.11 1.33 7.29 0.009 619
HCV Yes vs. No 1.56 0.688 3.52 0.289 576
Age Standardised 2.86 0.323 5.40 0.027 648
Male gender Yes vs. No 4.66 2.12 10.3 <0.001 648
MSM Yes vs. No 4.65 1.54 14.1 0.003 536
Sex partners < 50 1 Reference 533

50+ 3.04 2.05 4.51 <0.001
Cofactors→STI Latent 2.43 1.48 4.00 <0.001
STI→HSIL Yes vs. No 2.77 2.10 3.64 <0.001 644
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provides circumstantial support for the syndemic concept. How HIV
and hrHPV interact at a cellular level is not clearly understood. One
hypothesis is that advancing HIV immunosuppression allows reactiva-
tion of and increased replication of oncogenic HPV with subsequent
epithelial abnormality development [44]. This hypothesis is supported
by our observation of a significant association between HSIL and nadir
CD4+ T cell counts in the HIV positive patients. Several studies have
demonstrated that nadir CD4+ T cell counts are a correlate of residual
immunodeficiency in HIV patients effectively treated with ART [57,58].

The risk of HSIL was increased in both HIV-positive and HIV-ne-
gative individuals with a history of gonorrhoea in our study.
Gonorrhoea has been linked to an increased risk of anal cancer and
hence it is not surprising we have found an association with HSIL. The
fact we were only able to use a history of gonorrhoea further
strengthens the observation as it is likely some patients may have poor
recall and any resulting misclassification bias would reduce our risk
estimation towards the null value [59]. Gonorrhoea causes an in-
flammatory extracellular infection. In HIV patients with acute gono-
coccal infection HIV virus can be detected in urethral STIs, and the viral
load in semen is reduced by treatment [60]. Of the STIs observed go-
norrhoea is associated with the highest concentrations of HIV detected
in semen [60]. It is plausible to assume increased HIV levels also occur
in anal gonococcal infection. It is not known whether gonorrhoea or
HIV infection may increase the HPV viral load in the anal canal, thus
accelerating the effects of HPV infection. Various mechanisms for the
interaction of gonorrhoea and HIV have been postulated, including
increased local levels of HIV interacting with hrHPV. Gonococcal in-
fection of the urinary tract has previously been demonstrated to in-
crease the level of inflammatory cytokines and tumour necrosis factor
[61] and this may be an alternative mechanism which could explain the
observed findings in both HIV positive and negative men.

The finding of HSV 2 seropositivity in our study being associated
with the risk of HSIL in the presence of warts is an interesting ob-
servation. HSV 2 is a known mutagen [62] and is recognised to cause
micro-ulceration thus stimulating epithelial proliferation. Increased cell
turnover is recognised to be a key factor for oncogenesis, with increased
possibility for cell mutations and transformational events to occur
within cells. HSV 2 has been linked to an increased risk of anal cancer
among MSM, but not heterosexual men [63], and women [6]. In a study
of archival tissue HSV 2 DNA was found in anal pre-cancer (3 of 4
specimens) and anal cancer specimens (5 of 15 specimens) and a role in
disease progression has previously been proposed [13]. Very recent
observations demonstrated that HSV 1 and 2 both down-regulate se-
cretory leucocyte protease inhibitor (SPLI), the natural ligand for the
HPV uptake receptor Annexin A2 S100A10 heterotetramer, and there-
fore HSV enables the uptake of HPV [64]. Low levels of SLPI are indeed

associated with high-risk HPV in the development of AIN [65] and
Head and Neck cancers [66,67]. Interestingly SLPI is also known to
block HIV in entering macrophages in the genital mucosa through the
Annexin A2 S100A10 heterotetramer [68,69]. The observed positive
interaction of HPV with HIV and HSV 2 in the development of AIN fits
mechanistically with the model that HSV 2 down-regulates the natural
ligand of the HPV uptake receptor and one of the receptors HIV can use
to infect cells in the genital mucosa. Therefore HSV 2 infection could
amplify the effects of both HPV and HIV STIs and assist in the devel-
opment of HSIL. Further studies on this intriguing topic are needed.

We did not find an association with current smoking and HSIL
however other researchers have found an association with anal cancer
[6,19,20,63,70–72]. As only two of our patients had anal cancer, to
demonstrate an association of HSIL with cigarette smoking a longer
duration of follow-up may be required.

Our research found an increased risk with both HBV infection and,
to a lesser extent HCV. Similarly HIV and HCV co-infection have been
found to be associated with increased progression of liver disease [73],
so there may be some mechanism whereby hrHPV is also affected. It
could also be postulated that with multiple viral STIs, the body is not
able to effectively control them all at the same time, and viruses like
hrHPV and HSV 2 could proliferate in these circumstances.

Daling et al., found women with a history of Chlamydia trachomatis
infection had an elevated relative risk of anal cancer [6]. Conversely
Chlamydia has been found more commonly amongst those without HPV
DNA detection in a study by Kiviat [74]. More recent research has
demonstrated recent or concurrent chlamydia was associated with
hrHPV persistence in women [75], and may similarly occur in men,
however this has not been demonstrated to date. As chlamydia is an
intracellular infection the inflammatory reaction produced may also
stimulate the immune system against hrHPV. Further studies to ex-
amine this hypothesis are required.

There is some research linking syphilis to cancers. A population
based case-control study has found syphilis along with other factors was
associated with an increased risk of anal cancer [76], and bladder
cancer in another study [77]. A meta-analysis demonstrated an asso-
ciation between syphilis and gonorrhoea with prostatitis and prostate
cancer [78]. Our data demonstrating an increased risk of HSIL with
serological evidence of syphilis supports the role of syphilis in cancer
development despite the mechanism not having been elucidated.

4.1. Study limitations

The limitations of our study are that despite data being collected
prospectively at the time of the first patient operation either from the
patient or from the clinical record, the evidence for gonorrhoea or

Fig. 1. Path diagram showing the relationships between STIs,
demographics and HSIL.
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chlamydia is based both on patient recall and clinical verification if
possible and may be assessed with error. In addition many cases of anal
gonorrhoea or chlamydia may go unnoticed because of a lack of
symptoms or failure to present for testing. Additionally the infection
site was not recorded; however as the majority of the patients were
MSM it is reasonable to assume a significant proportion of the infection
was rectal. The underestimation of both of these STIs is likely to reduce
the risk of HSIL observed in this study. The possibility of mis-
classification of HSIL is exacerbated by the fact that none of the cases
were confirmed by P16 staining because there were few cases which
occurred after the publication of the LAST recommendations [53].
However misclassification bias is well understood to produce a bias
towards the null hypothesis of no association [57]. As a result we may
have underestimated the strength of the associations which we have
found but we are most unlikely to have demonstrated spurious asso-
ciations because of misclassification of HSIL (the outcome) or of HPV,
HIV or other STIs (the exposures).

An additional limitation is that we do not know the time frames
from when the STIs occurred or how many times an infection occurred.
Hepatitis B virus infection status was based on the presence of HBV core
antibodies and or surface antigen while HCV infection status was based
on the presence of HCV antibodies (HCV RNA levels were not re-
corded), so some patients with HBV or HCV may have cleared their
infection, thus diluting any observed association. An additional lim-
itation for the estimation of risk associated with HBV and HCV is that
there are relatively few patients with a history of these infections (32
HBV and 24 HCV).

We did not collect data on receptive anal intercourse which is a
recognised risk factor for anal cancer [6]. We limited our data to a
categorisation for men into heterosexual, bisexual, MSM. If it is valid to
infer that receptive anal intercourse is very likely to occur for MSM
patients the strong association provides an example of the co-integra-
tion of effects which is characteristic of a syndemic. An association with
anal intercourse may be through transmission of an infective agent such
as HPV, or alternatively some substance within semen [79]. Pros-
taglandins are found in high concentrations in semen and have been
demonstrated to enhance tumour production, and further research re-
mains to be done in this area [80].

4.2. Conclusions

The data demonstrates a complex series of syndemic [56] interac-
tions with STIs, cofactors and anal warts to increase the risk of HSIL.
Given the escalating epidemics of gonorrhoea and syphilis among MSM,
and the recognised increased incidence of anal cancer there should be
real concern about the syndemic interactions occurring within the MSM
population to significantly further increase their risk of anal cancer. The
data is interesting as each variable by itself did not produce an in-
creased risk of HSIL except for hrHPV, but the more variables that were
examined together the risk for HSIL increased especially for gonor-
rhoea, HSV 2, HBV and syphilis. Serology could be used to stratify men
at increased risk of HSIL and used to triage patients for high resolution
anoscopy. Conversely STI screening should be performed in anal cancer
screening programs [81]. One of the strengths of our research is that all
the patients had warts whereas in other studies if the patients did not
have an anoscopy or genital examination that information would not be
known.

The current use of PrEP (pre-exposure antiviral medication to pre-
vent HIV infection) may have an unintended consequence of increasing
anal cancer precursors and consequently anal cancer because of unsafe
sex and increased STI transmission. Gonorrhoea and syphilis rates are
increasing in MSM [82] and there are emerging serious concerns about
the increasing levels of antimicrobial resistance, with the possibility of
the infection being untreatable in the future [83]. In addition the in-
creasing use of pre exposure antivirals to prevent HIV acquisition,
whilst reducing the incidence of HIV has been reported in an meta-

analysis to be associated with an increased incidence of gonorrhoea and
syphilis [84]. Given the association we have found of gonorrhoea being
associated with an increased risk of HSIL, we are concerned about the
future risk of untreatable gonorrhoea further escalating the prevalence
of HSIL and hence possibly further increasing the rates of anal cancer in
men which is already perceived to be epidemic. Similarly warts are
florid manifestations of increased cell turnover and may consequently
accelerate HSIL because of increased cell turnover. The combination of
multiple STIs appears to be one of the keys to unravelling the mysteries
of cofactor interaction with hrHPV and is a complex issue. As devel-
oping gonorrhoea resistance is raising serious concerns [83] the com-
bination of untreatable gonorrhoea and HSIL, possibly escalating the
anal cancer epidemic in men poses a new problem.

If our results are confirmed in further studies there are public health
policy implications that will need to be considered. These relate to
programmes to encourage safe sexual behaviour and vaccination to
prevent hrHPV especially in men.
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