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Abstract

Background: Human papillomavirus (HPV) is a common sexually transmitted pathogen and the cause of several
cancers and of anogenital warts. With this study, we estimated the trend of hospitalizations for anogenital warts
(AGWs) in the Veneto region (Italy) from 2007 to 2018.

Methods: The analysis included all the hospital discharge records of public and accredited private hospitals
occurred in Veneto residents in the timespan 2007–2018. The ICD9-CM code 078.11 considered were those
associated with condyloma acuminatum and those associated with surgical interventions for vulval/vaginal warts,
penile warts anal warts. Annual total and sex- and age-specific hospitalization rates and trends were calculated and
correlated with the different HPV vaccine coverage over the study period.

Results: We observed an overall reduction of hospitalization rates for AGWs: from 15.0 hospitalizations every 100,
000 Veneto residents in years 2007–08 to 10.9 hospitalizations every 100,000 Veneto residents in year 2017–18 (−
37.4%; p < 0.05). Reduction has been caused by a drop in hospitalizations in females - from a rate of 20.4/100,000 in
2007–2008 to a rate of 10.8/100,000 in 2017–18 (AAPC: -7.1; 95%CI: − 10.6;-3.4); while in males, we observed a slight
- but not statistically significant - increase in hospitalization rates.

Conclusion: The marked decline in hospitalization rates for AGWs in Veneto Region is probably attributable to the
high coverage rates of HPV vaccination programs implemented since 2008.
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Background
Human papillomavirus (HPV) is one of the most fre-
quently sexually transmitted viruses in the world. HPV
infection plays a critical role in the pathogenesis of many
forms of cancer (cervical, anal, vulvar, vaginal, penile,
and head-neck cancers) as well as in the development of
common dermatologic and sexually transmitted diseases,

first of all condylomata acuminata or anogenital warts
(AGWs) [1]. Anogenital warts cause a deep impact on
the affected patient’s quality of life and their treatment
requires, in some cases, hospitalization [2]. The first two
vaccines (tetra-valent and bi-valent) designed to prevent
papillomavirus-related diseases were licensed by Euro-
pean Medicines Agency (EMA) in 2006 and 2007 re-
spectively, followed by the nine-valent vaccine licensed
by EMA in 2015 [3]. In 2007, the Italian Minister of
Health through its technical committee, Consiglio
Superiore di Sanità, unanimously provided a positive
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opinion on HPV vaccination [4]. The committee indi-
cated the 12-year old female cohort as priority with the
possible extension to the 25/26-year old female cohort
[4]. From 2008, Italian Regions implemented the HPV
vaccination program in the 12-year old female cohort
and some of them extended free catch-up vaccination to
one or more older cohorts (16- year old, 18-year old,
and 25-year old cohorts) [5].
Veneto Region started to provide HPV vaccination

with the quadri-valent vaccine for free and with an
active-call system to females of 12 years of age in
2008 [6]; from 2014 the vaccination has been ex-
tended to males [7] and from 2017 the gender-neutral
vaccination has been practiced with the nine-valent
vaccine [8].
Hospital Discharge Records (HDRs) are a useful

tool for assessing the reporting of cases of those
AGWs with such a severe presentation to warrant ad-
mission to hospital [9]. In developed countries, the
percentage of patients with AGWs hospitalized varies
between circa 7% and circa 19 [10–12]. Patients
undergo hospitalization only in the most severe and
complex cases that require surgical excision of the
AGWs [13].
The present study aims to analyze the temporal trend

of genital warts-related hospitalizations and evaluating
the impact of HPV vaccination on hospitalization rates
in the Veneto Region between 2007 and 2018. In
addition, given that AGWs’ reduction is an early indica-
tor of the long-term effect of the vaccination [14], data
may provide a glimpse about what can be expected
about the clinical impact on vaccine-type HPV-related
cancers.

Methods
We conducted the analysis on data from January the 1st
2007 to December the 31st 2018 in Veneto Region.
Published reports and HDRs of Veneto’s database were
checked to include codes of the International Classifica-
tion of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) related to all HPV-related diseases.
Through HDRs, we collected demographic data (date of
birth, gender, nationality, and place of residence) and
clinical information (surgery ablative interventions in
anogenital area, date of discharge). Data from HDRs
were included in the analysis if the related ICD9-CM
code 078.11: condyloma acuminatum was present in the
primary (first-listed) diagnosis or in one of the secondary
diagnosis. As for surgical interventions ICD9-CM codes,
we included 70–71 and 58.3 (vulval/vaginal warts), 64
and 58.3 (penile warts) and 49 (anal warts) codes. HIV
positivity was evaluated by researching the ICD9-CM
042 code in all diagnoses.

We considered repeated admissions those cases of 2
hospitalizations for AGWs in a 30 day-period, and in
those events only the first hospital stay was considered
in the analysis. Annual hospitalization rates for AGWs
were estimated by dividing the annual number of AGWs
hospitalizations by the population of Veneto residents in
the designated year as per data from Veneto Regional
Authority of Statistics office. We conducted analysis by
using two-year intervals and four age-groups (17–20
years, 21–26 years; 27–46 years and older than 47 years
of age at the time of the hospital admission). This strati-
fication by age allowed us to analyze directly the trend
of AGWs in age-groups for entire study period, as well
as having a first hint of the effect of vaccination in the
17–20 years of age group.
The first birth cohort, 1996, of females vaccinated in

2008 reached 17 years of age in 2013 and we have been
able to observe the group for a total of 6 years (4 years of
data included in the 17–20 age group, and 2 years of
data included in the 21–26 age group), the 1997 birth
cohort has been observed for a total of 5 years (4 years of
data included in the 17–20 age group, and 1 year of data
included in the 21–26 age group) and so on up to 2002
birth cohort, the last cohort to have data included in the
analysis.

Statistical analysis
Data were analyzed by using Student’s t-test for continu-
ous data and Pearson’s chi square test for categorical
data. A p value < 0.05 was considered significant. The
analyses were performed using the Statistical Package
for the Social Sciences (SPSS 22.0; SPSS Inc., Chicago,
IL, USA). Significant trends over the years considered
were assessed as average annual percent changes
(AAPC), a summary measure of the trend over a given
fixed interval that is computed as a weighted average of
the annual percent change (APC) emerging from the
joint-point model, using weights equating to the length
of the APC interval. If an AAPC lies entirely with a sin-
gle joint-point segment, the AAPC is the same as the
APC for that segment [15].

Results
From 1 January 2007 to 31 December 2018, 6977 hospi-
talizations related to an AGWs diagnosis in one of the
primary or secondary fields were registered, 104 of them
have been excluded from the analysis being repeated ad-
missions. Therefore, the analysis included data from
6873 subjects.
Among the 6873 patients whose data were included in

the analysis, females were the 58.2% (4000) and males
were the 41.8% (2873). The mean age was 36.5 ± 12.8
years, the female’s mean age being 34.7 ± 12.3 and male’s
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mean age being 39.0 ± 13.3. Overall, HIV positivity was
recorded in 0.4% of sample (Table 1).
In the time period of the analysis, we observed an

overall reduction of hospitalization rates for AGWs:
from 15.0 hospitalizations every 100,000 Veneto resi-
dents in years 2007–08 to 10.9 hospitalizations every
100,000 Veneto residents in year 2017–18 (− 37.4%; p <
0.05). In females, the overall reduction has been of
88.9%, with a rate of 20.4 per 100,000 in 2007–2008 to a
rate of 10.8 per 100,000 in 2017–18 (AAPC: -7.1; 95%CI:
− 10.6;-3.4); in males, on the contrary, we detected only
an insignificant increase (AAPC: 0.9; 95%CI: − 1.1; 2.9).
The most frequent presentation of anogenital warts in

males was in the anal anatomical site, being the presenta-
tion in 2108 out of 2873 of cases (70.2%); penile warts
accounted for a total of 397 cases (13.8%) and in 368 cases
the anatomical site was not provided. In the observation
period, data showed a positive trend for the total number
of hospitalizations due to AGWs in the male population, a
trend driven by the rise of anal condyloma. The
hospitalization rate of anal warts in males showed a sig-
nificant increase from a 7.9 per 100,000 in 2007–08 to
10.8 per 100,000 in 2017–18 (AAPC: 2.7; 95% CI: 0.1;5.4).
In the same period, the trend of hospitalization rates for
penile warts was stable (AAPC: -0.8; 95%CI: − 4.8; 3.3)
(Fig. 1).
Looking at the trend of hospitalizations for the different

age groups, we observed a statistically significant increase
of hospitalization rates only in the age group 27–46. In

the 27–46 group, in fact, the rate went from 16.2 per 100,
000 in the time period 2007–2008 to 23.1 per 100,000 in
the time period 2017–2018 (AAPC: 2.9; 95%CI: 0.1;5.7),
such a rise was driven by the increase in hospitalizations
for anal warts that went from 10.2 per 100,000 in 2007–
2008 to 19.3 per100,000 in 2017–2018. All other age
groups did not show a statistically significant modification
of hospitalization rates, however, we observed, starting
from 2015 to 2016, a slight decrease in hospitalization
rates in the age groups 17–20 and 21–26. In details, in the
21–26 age group, hospitalization rate for anal and penile
warts went from 21.2 per 100,000 in 2015–16 to 18.4 per
100.000 in 2017–2018 and from 4.2 per 100,000 in 2015–
2016 to 2.1 per 100,00 in 2017–2018, respectively; in the
17–20 age group, anal warts hospitalization rate decreased
from 5.8 per 100,000 in 2015–2016 to 1.6 per 100,000 in
2017–2018 and we observed no variation for penile warts
(Fig. 2).
The most frequent presentation of warts in females

was in the genital anatomical site, being the presentation
in 2899 out of 4000 of cases (72.5%); anal warts
accounted for a total of 821 cases (13.8%) and in 280
cases the anatomical site was not provided.
In the observation period, data showed a clear negative

trend for the total number of hospitalizations due to
AGWs in the female population, a tendency driven
mostly by the decrease of vulvar and vaginal warts
(AAPC: -6.0; 95%CI: − 9.3; − 2.6). Indeed, the overall
hospitalization rate of anal warts in females, showed not
significant trend (AAPC: 2.8; 95% CI: − 0.2;5.9) (Fig. 1).
Investigating the trend of hospitalizations for the different

age groups, a statistically significant decrease of hospitaliza-
tions rates emerged in all age groups except for the ≥47-
year old subjects, a group that, in any case, showed low but
fluctuant values (Fig. 2). The most dramatic decrease oc-
curred in the 17–20 age group where hospitalization rates
dropped from values of 38.0 per 100,000 in 2007–2008 and
of 47.6 per 100,000 in 2009–2010 to a minimum of 3.9 per
100,000 in 2017–2018 (AAPC: -21.8; 95%CI: − 30.5;-12.1),
the drop driven by the decrease in hospitalizations for vul-
var/vaginal warts (AAPC: -24.3; 95%CI: − 34.4;-12.7). The
21–26 age group, too, showed a noteworthy decrease in
AGWs hospitalization rates going from a value of 84.1 per
100,000 in 2007–2008 to a rate of 30.4 in 2017–2018
(AAPC: -9.9^; 95%CI: − 11.9; − 7.9). In this case, we ob-
served reductions both in the anal warts (AAPC: -8.2;
95%CI: − 12.1; − 4.2) and genital warts (AAPC: -9.8; 95%CI:
− 12.9; − 6.7). Finally, in the 27–46 age group, rates went
from 34.1 per 100,000 of 2007–2008 to 20.0 per 100,000 in
2017–2018 (AAPC: -5.7^; 95%CI: − 10.3; − 0.9). Consider-
ing the anatomical site, the 27–46 age group showed a re-
duction only in the genital anatomical site (AAPC: -9.2;
95%CI: − 13.5; − 4.7) while we observed a minor increase in
anal warts hospitalization rates. (Fig. 2).

Table 1 Characteristics of the 6873 patients

Males
(n = 2873)

Females
(n = 4000)

Total
(n = 6873)

n (%) n (%) n (%)

Period

2007–2008 460 (16.0) 924 (23.1) 1384 (20.1)

2009–2010 477 (16.6) 933 (23.3) 1410 (20.5)

2011–2012 475 (16.5) 627 (15.7) 1102 (16.0)

2013–2014 436 (15.2) 528 (13.2) 964 (14.0)

2015–2016 498 (17.3) 525 (13.1) 1023 (14.9)

2017–2018 527 (18.3) 463 (11.6) 990 (14.4)

Age group

0–16 8 (0.3) 27 (0.7) 35 (0.5)

17–20 61 (2.1) 249 (6.2) 310 (4.5)

21–26 456 (15.9) 975 (24.4) 1431 (20.8)

27–46 1607 (55.9) 2116 (52.9) 3723 (54.2)

47+ 741 (25.8) 633 (15.8) 1374 (20.0)

HIV positive 16 (0.6) 9 (0.2) 25 (0.4)

Nationality

Italian 2702 (94.0) 3550 (88.8) 6252 (91.0)

Foreign 171 (6.0) 450 (11.3) 621 (9.0)
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Discussion
In the time period from January 2007 to December
2018, we observed an overall decrease of hospitalizations
for genital warts in both sexes, not counterbalanced by
the global increase of hospitalizations for anal warts.
The aggregated rate of hospitalizations for both sexes

was 14.4 per 100,000 in 2007 and 9.6 per 100,000 in
2018, a modification compatible with an average annual
percent change of − 4.0% (95% CI: − 5.6%; − 2.4%). The
rate in male population stayed almost stable across the
12 years, with a value of 8.8 per 100,000 in 2007 and a
value of 10.7 per 100,000 in 2018 (AAPC: 1.1; 95% CI:

Fig. 2 Trend of hospitalization for anogenital warts rates in different age groups according to gender

Fig. 1 Male and female anogenital wards trend (per 100,000 inhabitants) in the Veneto Region
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− 0.5; 2.7). Anyway, a significant increase was recorded in
males for age group 27–46 (AAPC: 5.6; 95% CI: 1.6;9.9).
As evidenced by literature data, anal warts HPV related is
highly prevalent in men who have sex with men [16].
In our analysis, many factors may have played a role in

the positive trend of genital warts observed in men aged
27–46. A 2015 cross-sectional survey conducted on 11,
096 students aged ≥18 years highlighted differences in sex-
ual behaviors and health habits among between genders.
Among those differences, the most notable are a lower
frequency of exclusive relationship in males vs females
(40.0% vs 57.8%, p < 0.001), an higher mean number of sex
partners in males vs females in the last 24months (1.9 ±
2.3 vs 1.3 ± 1.4, p < 0.001), and lower HPV-vaccination
rates in males vs females (1.3% vs 36.8%) [17].
A previous study of Cocchio et al., 2017 [18], of which

the present research constitutes a continuation, already
highlighted a decline in the rate of AGWs-related hospital
admissions in a population with a good HPV vaccination
coverage. Cocchio and colleagues described a significant
reduction, starting from 2013, in hospitalizations for
vulvar/vaginal warts in patients 12–20 years old.
The data emerging from the present study helped to

further outline the above-mentioned trend for a longer
time period also in the narrower group 17–20, as well as
in the older group of 21–26 years of age. Both those
groups benefitted from the high vaccination coverage
rates (up to 70%) reached in females [19].
In males, data did not show similarly significant de-

creases in hospitalizations neither for genital or anal
warts for almost the entire period. The last 2 years of
analysis, however, seem to provide in the younger
groups (17–20 and 21–26) a first hint of a beginning of
decrease in hospitalization rates parallel to the one ob-
served in females. This observation may find two not
mutually exclusive explanations: the start of the gender-
neutral vaccination in 2015 and the herd effect, as
described in other countries [11].
The significant reduction of hospitalization rates for

anogenital warts in females and the slower decrease
shown in males are consistent with the conclusions of a
recent systematic review and meta-analysis [20]. Drolet
and colleagues described a picture common to those
countries that implemented the quadrivalent vaccination
in females: in the first 4 following years a significant
decrease in anogenital warts occurred in females aged
15–29 years while non-significant but substantial de-
creases occurred in males aged 15–19 years [20].
A matter of interest for future studies will be to ob-

serve how the modifications in hospitalization rates will
be affected by the gender-neutral vaccination, intro-
duced since 2014 in Veneto Region and that allowed to
reach coverage rates that in male 2004 birth-cohort
reached the value of 60% [19].

The present study shows two main strengths: in the
first place, it includes data from a twelve-year timespan
with eleven years of data collection in vaccinated cohorts
and three cohorts followed for at least 4 years (birth co-
hort of 1997 followed for a total of 6 years, birth cohort
od 1998 followed for 5 years and birth cohort of 1999
followed for 4 years). The second strength is the chance
to obtain data in a region with high female coverage
rates and therefore to observe changes that require a
short period to intervene. On the other hand, we believe
the study may suffer from three limitations: first, hos-
pital records may not automatically correspond to the
total number of HPV cases identified for inaccuracy in
coding in the hospital records or for unregistered
records at all. By checking our data for AGWs-related
surgical codes we should have minimized the effect of
such selection bias. Second, diagnoses did not undergo a
double-check because of the lack of cytological and/or
microbiological analysis data. Finally, by using HDRs we
were not able to speculate about differences, if any, in
sexual behaviors in the different groups studied.
AGWs that undergo treatment in hospital represent a

part of overall AGW burden and that is those with such
a severe presentation to warrant admission to hospital.
Therefore, data presented in the study cannot be
intended as informative of trends in the broader
community setting. However, in the years 2014–2018
numbers of AGWs observed by the sentinel Italian
surveillance of sexually transmitted infections remained
stable [21].

Conclusions
The overall decrease of hospitalization rates for AGWs
indicates of a positive trend after the introduction of the
HPV vaccination. As expected, the reduction has been
more pronounced in those Veneto residents who were
offered free vaccination, i.e. younger females. However,
we observed a first indication of benefit in males of the
same age, that may indicate a possible herd immunity ef-
fect. Further studies collecting data in the next years will
be necessary to confirm the reduction trend in females
and to demonstrate a similar tendency in males.
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