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Aim: In the post-vaccination era, the starting age and time intervals of cervical screening 
could change (older age and longer screening intervals). This scenario may be achieved by 
significantly reducing human papillomavirus (HPV) 16/18 prevalence (genotypes included in 
the current vaccines). In this regard, assessing the trend over time of these HPV infections in 
high-grade cervical lesions can provide information on the objective. The present study 
aimed to evaluate the trend of HPV 16/18 over the years 2007–2018 in women with cervical 
intraepithelial neoplasia (CIN) grade 3.
Methods: This is a retrospective multi-institutional study including HPV genotyped and 
unvaccinated women under 30 with CIN3. The sample was divided into the following 
periods: 2007–2010, 2011–2014, 2015–2018. HPV genotypes were grouped in genotypes 
16/18, genotypes 31/33/35/52/58/67 (genetically related to HPV16), genotypes 39/45/59/68/ 
70 (genetically related to HPV18), genotypes 31/33/45/52/58 (high-risk types included in the 
nonavalent vaccine), possibly carcinogenic HPV (genotypes 26/30/53/67/70/73/82/85), low- 
risk HPV (genotypes 6/11/40/42/43/44/54/55/61). The trend between periods and HPV 
genotypes was measured using the Cochran–Armitage test for trend.
Results: The final analysis included 474 participants. HPV 16/18 prevalence decreased 
significantly over the years (77.8% vs 68.9% vs 66.0%, respectively, Ptrend=0.027). 
Possibly carcinogenic HPV (genotypes 26/30/53/67/70/73/82/85) showed a significant 
negative prevalence trend over time (4.9% vs 1.1% vs 1.3%, respectively, 
Ptrend=0.046). Finally, there was a significant positive trend over the years for high- 
risk HPV genotypes 31/33/45/52/58 in women under 25 (9.9% vs 17.0% vs 24.0%, 
respectively, Ptrend=0.048).
Conclusion: The prevalence of CIN3 lesions related to HPV 16/18 genotypes decreased 
over time from 2007 to 2018. These data highlight a herd effect of the HPV vaccine. 
However, fifteen years after HPV vaccine introduction, we are still a long way from herd 
immunity. The increase in high-risk types 31/33/45/52/58 will need to be reassessed when 
the nonavalent vaccine impact will be more reliable.
Keywords: cervical cancer, cervical intraepithelial neoplasia, cervical cancer screening 
program, HPV vaccine, HPV-16/18

Introduction
Cervical cancer (CC) is one of the most common female cancers in developing 
countries.1 Human papillomavirus (HPV) infection is a necessary factor for cellular 
neoplastic transformation.2 The HPV vaccination and screening programs represent 
primary and secondary prevention measures.2
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There are three HPV vaccines with an established 
benefit-risk ratio.3–8 In 2006–2007 the Food and Drug 
Administration (FDA) approved the bivalent and quadri
valent HPV vaccines (including HPV 16/18 and HPV 6/ 
11/16/18, respectively).4 Afterward, the FDA approved the 
nonavalent vaccine in 2014 (including HPV 6/11/16/18/ 
31/33/45/52/58).7 For the latter, it will be necessary to wait 
for the next few years to assess its true impact.

Conversely, several studies evaluated the effect of the 
bivalent and quadrivalent vaccines. It was reported signif
icant reductions in the prevalence of vaccine-related gen
otypes in both vaccinated and unvaccinated women (herd 
protection) after the HPV vaccine introduction.9 

Vaccinated and unvaccinated women showed an 80% and 
40% reduction in HPV genotypes of the 4-valent vaccine, 
respectively.9

There is no definitive evidence for HPV type replace
ment following the introduction of HPV vaccines. Some 
authors showed a competitive advantage of non-vaccine 
HPV types, while other studies reported not-types replace
ment after HPV vaccination introduction.10–12 It is crucial 
to monitor all these trends to optimize vaccination and 
cervical cancer screening policies.

Estimates indicate a significant and continuous reduc
tion in mortality and incidence of CC in Italy. Based on 
data available up to 2012, the drop was more pronounced 
between 1980 and 2000 and continues, albeit to a lesser 
extent, until 2012. The standardized incidence rate was 
14 per 100.000 women in 1980 and 6 or 4 per 100.000 
in 2002 and 2012, respectively.13 In Italy, the HPV vacci
nation was introduced in 2007/2008, and the age range for 
administration is 9–14 years.4 Since 2017, the nonavalent 
vaccine has become available.4 As of 31 December 2018, 
anti-HPV vaccination coverage in the female population 
(birth cohorts 1997–2006) amounted to 61.7% for the first 
dose and 40.3% for the complete cycle.14 In Europe, 
vaccination coverage has an average of 37%, ranging 
between 30–43%.2 In North America, the mean is 54%, 
ranging between 27–86%.2 The objective to be achieved 
should be a minimum vaccination coverage threshold 
around 95%.15

To date, vaccine status does not affect CC screening 
programs.16 They include HPV testing/genotyping and 
cytology to determine the risk of cervical intraepithelial 
neoplasia (CIN) grade 3 as the best surrogate of CC risk. 
Currently, CC screening begins at 25 years with time 
intervals of 3–5 years, according to cytology or HPV test 
use, respectively.16 Only when vaccination impact will 

significantly reduce HPV 16/18 infections (genotypes 
included in currently used vaccines), vaccinated and 
unvaccinated women can be screened equally at an older 
age and with longer screening intervals. In this regard, 
assessing HPV16/18 prevalence over time in women 
with high-grade cervical lesions can provide information 
on the objective.

The present study mainly aimed to assess the trend of 
HPV 16/18 over the years 2007–2018 in a real-world 
setting of women under 30 years with CIN3. We also 
evaluated the trend of the following HPVs: Genotypes 
31/33/35/52/58/67 (genetically related to HPV16), geno
types 39/45/59/68/70 (genetically related to HPV18), gen
otypes 31/33/45/52/58 (high-risk-types included in the 
nonavalent vaccine), possibly carcinogenic HPV (geno
types 26/30/53/67/70/73/82/85), low-risk HPV (genotypes 
6/11/40/42/43/44/54/55/61). Finally, the trend of multiple 
HPV infections was also measured.

Materials and Methods
Study Design and Setting
This retrospective multi-institutional study included 
unvaccinated women undergoing loop electrosurgical exci
sion procedures between March 2007 and March 2018. 
Inclusion criteria:

● Women with a CIN3 on cone histology;
● Age under 30;
● Available HPV genotyping before surgery.

Participants aged 30 years and over with previous 
cervical excisional treatment, immunological disease, 
pregnancy were excluded.

Based on Italian law, the Ethics Committee (Comitato 
Etico Regionale Marche) took note of the study (Prot. 10/ 
2021).17 According to Italian law, patient consent was not 
mandatory.17

The Centers participating in the study manage women 
included in both opportunistic and organized cervical can
cer screening programs. HPV genotyping is usually per
formed in these centers as a management aid: 1) every 12 
months during follow-up; 2) before surgical treatment 
(conization).

Variables
The study period was divided into three groups: 2007– 
2010, 2011–2014, 2015–2018. The age-related impact of 
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HPV vaccination over time was assessed. According to 
age, the participants were categorized as women <25 and 
25–29. Finally, the same trends were analyzed for multiple 
HPV infections.

According to HPV genotype classifications,18,19 they 
were classified as follows: 1) high-risk HPV (genotypes 
16/18/31/33/35/39/45/51/52/56/58/59/66/68); 2) possibly 
carcinogenic HPVs (genotypes 26/30/53/67/70/73/82/ 
85); 3) low-risk HPV (genotypes 6/11/40/42/43/44/54/55/ 
61). Previous studies20,21 have used hierarchical attribution 
in cases of multiple HPV infections. Based on this criter
ion, the CIN3 lesion was attributed to the genotype most 
associated with precancerous lesions of the uterine cervix: 
HPV 16/18 > all other HPVs; high-risk HPV > possibly 
carcinogenic HPV; possibly carcinogenic HPV > low-risk 
HPV. HPV genotypes were grouped in genotypes 16/18, 
genotypes 31/33/35/52/58/67 (genetically related to 
HPV16), genotypes 39/45/59/68/70 (genetically related to 
HPV18), genotypes 31/33/45/52/58 (high-risk-types 
included in the nonavalent vaccine), possibly carcinogenic 
HPV (genotypes 26/30/53/67/70/73/82/85), low-risk HPV 
(genotypes 6/11/40/42/43/44/54/55/61). The prevalence of 
each high-risk HPV genotype was reported considering its 
presence in both single and multiple infections.

Data Source/Measurements
The data of interest were recovered from the databases of 
each Center participating in the study and made anon
ymous regarding the patients’ privacy. Cytological sam
pling was performed using an endocervical swab and Thin 
Prep (Hologic, Marlborough, MA, USA). Per local proto
cols, DNA extraction and HPV genotyping involved the 
use of the HPV Sign® Genotyping (Qiagen, Hilden, 
Germany), or the INNO-LiPA® HPV Genotyping Extra 
assay (Innogenetics, Ghent, Belgium) or CLART® HPV2 
PCR (Genomics, Madrid, Spain). The procedures men
tioned above have been detailed in previous studies.21–24

Statistical Methods
Categorical variables were expressed as numbers and per
centages. The Kolmogorov–Smirnov test was used to eval
uate the distribution of continuous variables. Continuous 
variables not normally distributed were defined as median 
and interquartile ranges. Since our data expressed ordered 
categories, we used the Chi-Squared test for trend to 
measure the relationship between two classification factors 
(eg, periods and HPV genotypes or age). It is the right 
choice when a classification table has two columns and 

three or more rows (or two rows and three or more 
columns).25

The MedCalc® Statistical Software version 19.6 
(MedCalc Software Ltd, Ostend, Belgium; https://www. 
medcalc.org; 2020) was used to perform statistical ana
lyses. No formal statistical hypothesis testing is per
formed; so, we have not set a significance threshold. 
P-values should be considered continuous variables that 
report the probability of a difference being observed under 
the null hypothesis.

Results
The study period included 1325 consecutive unvaccinated 
women with CIN3 on cone histology. After excluding 851 
cases, 474 women under 30 years were analyzed (Figure 1).

Patient characteristics are reported in Table 1. The 
median age was 26 years with an interquartile range of 
25–28. Three hundred thirty-five participants (70.7%) 
were positive for HPV 16/18; HPVs 31/33/35/52/58/67 
were found in 16.2% of women; 4.4% of women were 
positive for HPV 39/45/59/68/70; 13.9% of participants 
had HPV 31/33/45/52/58; possibly carcinogenic HPV and 
low-risk HPV were found in 2.3% and 3.0% of cases, 
respectively. Multiple infections amounted to 46.6% (221 
women). Time periods included 144 (2007–2010), 180 
(2011–2014), and 150 (2015–2018) women, respectively. 
Different age groups had the following categories: < 25 
years (179 women) and 25–29 years (295 women). The 
majority of women were Italian (four hundred and six
teen, 87.8%).

The distribution of high-risk HPV was the following: 
HPV-16 (58.9%), HPV-18 (18.4%), HPV-31 (11.2%), 
HPV-52 (9.9%) (Table 2). HPV 16/18 prevalence 
showed the following trend over time from 2007–2018: 
77.8% vs 68.9% vs 66.0%, respectively, (Ptrend=0.027) 
(Table 3). HPV 31/33/35/52/58/67 had the following 
trend over the years: 11.8% vs 17.8% vs 18.7%, respec
tively, (Ptrend=0.112) (Table 3). Finally, there was 
a significant negative prevalence trend over the years 
for genotypes 26/30/53/67/70/73/82/85 (4.9% vs 1.1% 
vs 1.3%, respectively, Ptrend=0.046) (Table 3). The age- 
related trend of HPV genotypes assessed in the study 
was reported in Table 4. Over the years, there was 
a significant positive trend for high-risk HPV genotypes 
31/33/45/52/58 in women under 25 (9.9% vs 17.0% vs 
24.0%, respectively, Ptrend=0.048) (Table 4).

Multiple HPV infections prevalence showed 
a significant negative trend over time from 2007–2018: 
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59.0%, 51.7%, 28.7%, respectively (p<0.0001) (Figure 2). 
The most significant reduction of multiple HPV infections 
over time was found in women aged 25–29: 60.5%, 
52.0%, 28.0%, respectively (p<0.0001) (Figure 2).

Discussion
The present study showed significant negative trends over 
time of HPV 16/18 infections in women with CIN3 after 
HPV vaccine introduction. There was a reduction of pos
sibly carcinogenic HPV (genotypes 26/30/53/67/70/73/82/ 
85). In women under 25, there was a significant positive 
trend over time in high-risk HPV 31/33/45/52/58. Finally, 
the prevalence of multiple HPV infections decreased over 
time from 2007–2018.

Several authors have already demonstrated the efficacy 
of HPV vaccines. Previous studies showed a reduction in 
4-valent-vaccine-type HPV among vaccinated women 
from 35.0% to 6.7%, and unvaccinated women from 
32.4% to 19.4%.9,26 In a recent study evaluating the period 
from 2008–2014, a reduction in the proportion of CIN2+ 
lesions linked to HPV 16/18 was reported in vaccinated 
and unvaccinated women aged 18–39 years.27 In contrast, 
a further study showed no trends in unvaccinated women 
aged 18–32 years with CIN3/AIS lesions linked to HPV 

16/18 from 2011–2014.28 The latter study found the only 
negative trend of HPV 16/18 CIN3/AIS lesions in vacci
nated women aged 18–25.28 These different findings may 
likely be due to various factors:

● Histological reference standards (CIN2+ versus 
CIN3/AIS);

● Different age courts (18–39 years versus 18–32 
years);

● Different post-vaccination periods (2008–2014 ver
sus 2011–2014).

In the present study, we included women with CIN3 
diagnosis on cone specimens under 30 years. This age 
group may be considered the most representative for mea
suring an indirect impact of the vaccine in women of 
screening age. Our population included almost exclusively 
Italian women who showed a vaccination coverage of 
61.7% for the first dose in the female population.14 We 
reported a slight but significant reduction of HPV 16/18 
and possibly carcinogenic HPV in women with high-grade 
cervical lesions on cone histology. This data support cross- 
protection of bivalent and quadrivalent vaccines against 
non-high-risk HPV genotypes.29 In women under 25 years, 

Figure 1 Study flow-chart.
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we found a significant positive trend over time of high-risk 
HPVs included in the nonvalent vaccine. This data is 
likely affected by the recent introduction of the nonavalent 
vaccine. So these results will need to be reassessed in the 
coming years when this specific vaccine will probably 
achieve broader vaccination coverage.

We also showed a decreased prevalence over time of 
multiple HPV infections. This result may be due to the 
negative trend over time of the HPV-16 genotype.30 This 
reduced prevalence can have clinical implications. As 
demonstrated by previous authors, the reduction of multi
ple infections, including HPV 16 genotype, was associated 
with a lower risk of precancerous or invasive cervical 
lesions.30–32 Furthermore, a decreased prevalence of multi
ple HPV subtypes was protective against new HPV 
infections.31,32

Given the topic, these findings should be discussed on the 
possible impact on cervical screening. To date, cervical can
cer prevention guidelines do not include vaccine status 
among variables assessing the risk of having/developing 
CIN3 as the best surrogate of CC. However, simulation 
studies showed scenarios with longer screening intervals in 
the post-vaccination era shifting the starting age to 30 
years.15,33 Given the protective effect of HPV vaccines and 
the high sensitivity of the HPV test, it has been hypothesized 
that only two-lifetime screening tests may be sufficient in the 
near future.33 Nevertheless, this “one size fits all” screening 
policy, including vaccinated and unvaccinated women 
equally, could be envisaged if the minimum herd immunity 
threshold is reached. The present findings showed that we are 
still a long way from considering a “one size fits all” screen
ing strategy. Currently, only a tailored screening protocol can 
be taken into account according to vaccine status. In this 
case, as reported by a recent Italian consensus conference, 
the Scientific Technical Committee invites the Italian 
Regions to link together the lists of vaccinated women and 
the lists of women invited or who have participated in the 
screening, in compliance with the legislation on personal data 
protection.15 Unvaccinated women should continue to follow 
the current cervical cancer screening recommendations.15

Another aspect being addressed is the oncogenic poten
tial of cervical lesions according to the related HPV geno
type. Indirect observations and prospective studies on 
HPV types in cancers showed that non-screening or non- 
vaccine type HPV have a lower cancerogenic potential.34– 

36 In other words, uncommon HPV-related CIN3 cervical 
lesions may have a lower chance of progression to cancer. 
In this regard, their progression from CIN1 to cancer may 

Table 1 Patient Characteristics

Variables Sample Size (474) n (%)

HPV 16/18 335 (70.7)

HPV-31/33/35/52/58/67* 77 (16.2)

HPV-39/45/59/68/70** 21 (4.4)

HPV-31/33/45/52/58*** 66 (13.9)

HPV-26/30/53/67/70/73/82/85**** 11 (2.3)

HPV-6/11/40/42/43/44/54/55/61***** 14 (3.0)

Single HPV infections 253 (53.4)

Multiple HPV infections 221 (46.6)

Periods analyzed

2007–2010 144 (30.4)
2011–2014 180 (38.0)

2015–2018 150 (31.6)

Age-group

< 25 years 179 (37.7)

25–29 years 295 (62.3)

Ethnicity

Italian 416 (87.8)
Eastern European 33 (6.9)

North European 4 (0.9)

American 9 (1.9)
African 6 (1.3)

Asian 6 (1.3)

Notes: *Genetically related to HPV16; **Genetically related to HPV18; ***High- 
risk-types included in the nonavalent vaccine; ****Possibly carcinogenic HPV; 
*****Low-risk HPV. 
Abbreviations: HPV, Human Papillomavirus; I.R., interquartile range.

Table 2 Distribution of High-Risk HPV in Women Under 30 
with CIN3

HPV Genotypes n (%)

HPV-16 279 (58.9)
HPV-18 87 (18.4)

HPV-31 53 (11.2)

HPV-33 39 (8.2)
HPV-35 8 (1.7)

HPV-39 22 (4.6)

HPV-45 8 (1.7)
HPV-51 29 (6.1)

HPV-52 47 (9.9)

HPV-56 18 (3.8)
HPV-58 26 (5.5)

HPV-59 13 (2.7)

HPV-66 20 (4.2)
HPV-68 9 (1.9)

Abbreviations: HPV, Human Papillomavirus; CIN, cervical intraepithelial neoplasia.
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take longer to reach an appreciable proportion of pre- 
invasive/invasive lesions.37 This slower progression may 
provide a greater chance of detecting these lesions at a pre- 
invasive stage in a screening program. On the other hand, 
these high-grade lesions related to uncommon HPVs may 
likely have a greater regression chance. This could reduce 
excisional treatments among women of childbearing age, 
improving future obstetric outcomes.38,39 All these clinical 
implications underscore the importance of increasing HPV 
vaccination coverage.

The present study has the following limitations: a) its 
retrospective study design; b) the lack of vaccinated 
women in the sample analyzed (they would have allowed 
a complete evaluation of HPV infections over time); c) the 
time elapsed between HPV test and excisional treatment is 

not precisely known; d) study participants were not sub
jected to the same genotyping test. In the Centers partici
pating in the study, the time interval between decision and 
surgical treatment usually does not go beyond four weeks. 
Finally, it is emphasized that the HPV Sign® Genotyping 
Test and INNO-LiPA® HPV Genotyping Extra showed an 
agreement rate of 85.1%.22

The study’s strengths include the reliability of the histo
logical standard based on cone histology and not cervical 
biopsy. And the better histopathological reproducibility of 
CIN3 than other high-grade lesions, such as CIN2.40

Conclusions
To conclude, in a real-world setting, including a fair num
ber of young women with CIN3, the prevalence of 

Table 3 Distribution of HPV Genotypes According to Different Periods in Women Under 30 with CIN3

HPV Genotypes 2007–2010 n (%) 2011–2014 n (%) 2015–2018 n (%) P value

Sample Size (144) Sample Size (180) Sample Size (150)

HPV-16/18 112 (77.8) 124 (68.9) 99 (66.0) 0.027

HPV-31/33/35/52/58/67* 17 (11.8) 32 (17.8) 28 (18.7) 0.112
HPV-39/45/59/68/70** 7 (4.9) 10 (5.6) 4 (2.7) 0.354

HPV-31/33/45/52/58*** 14 (9.7) 28 (15.6) 24 (16.0) 0.122

HPV-26/30/53/67/70/73/82/85**** 7 (4.9) 2 (1.1) 2 (1.3) 0.046
HPV-6/11/40/42/43/44/54/55/61***** 14 (9.7) 28 (15.6) 24 (16.0) 0.122

Notes: *Genetically related to HPV16; **Genetically related to HPV18; ***High-risk-types included in the nonavalent vaccine; ****Possibly carcinogenic HPV; *****Low-risk HPV. 
Abbreviations: HPV, Human Papillomavirus; CIN, cervical intraepithelial neoplasia.

Table 4 Age-Related Trend of HPVs According to Different Periods in Women Under 30 with CIN3

HPV Genotypes and Age-Groups 2007–2010 n (%) 2011–2014 n (%) 2015–2018 n (%) P value

Sample Size (144) Sample Size (180) Sample Size (150)

HPV-16/18 Age < 25 78 (77.2) 38 (71.7) 17 (68.0) 0.284
Age 25–29 34 (79.1) 86 (67.7) 82 (65.6) 0.145

HPV-31/33/35/52/58/67* Age < 25 12 (11.9) 10 (18.9) 5 (20.0) 0.197
Age 25–29 5 (11.6) 22 (17.3) 23 (18.4) 0.364

HPV-39/45/59/68/70** Age < 25 5 (5.0) 1 (1.9) 0 (0.0) 0.159
Age 25–29 2 (4.7) 9 (7.1) 4 (3.2) 0.412

HPV-31/33/45/52/58*** Age < 25 10 (9.9) 9 (17.0) 6 (24.0) 0.048
Age 25–29 4 (9.3) 19 (15.0) 18 (14.4) 0.532

HPV-26/30/53/67/70/73/82/85**** Age < 25 4 (4.0) 0 (0.0) 0 (0.0) 0.107
Age 25–29 3 (7.0) 2 (1.6) 2 (1.6) 0.108

HPV-6/11/40/42/43/44/54/55/61***** Age < 25 3 (3.0) 3 (5.7) 1 (4.0) 0.604

Age 25–29 0 (0.0) 6 (4.7) 1 (0.8) 0.606

Notes: *Genetically related to HPV16; **Genetically related to HPV18; ***High-risk- types included in the nonavalent vaccine; ****Possibly carcinogenic HPV; *****Low-risk HPV. 
Abbreviations: HPV, Human Papillomavirus; CIN, cervical intraepithelial neoplasia.
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precancerous cervical lesions mainly related to HPV 16/18 
genotypes decreased over time from 2007–2018. These 
data highlight a herd effect of the HPV vaccine. 
However, about fifteen years after HPV vaccine introduc
tion, we are still a long way from herd immunity in Italy 
based on these results. The increase in high-risk types 31/ 
33/45/52/58 will need to be reassessed in the coming years 
when the nonavalent vaccine impact will be more reliable.
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