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Abstract
OBJECTIVE To describe epidemiology of viral hepatitis (including HAV, HBV and HCV) among men who
have sex with men (MSM) aged between 18 and 45 years and living in Lazio, an Italian Region with about
5.9 million inhabitants whose main city is Rome.

METHODS A sero-survey (cross-sectional study) was conducted as part of a screening and prevention
campaign for improving control of viral hepatitis in Lazio. The study enrolled 1,100 MSM people
participating to the campaign. Outcome measures were serology for HAV (anti-HAV IgG and anti-HAV IgM),
serology for HBV (anti-HBs, anti-HBc and HBsAg), and serology for HCV (anti-HCV). Participants’
epidemiological features were assessed for potential association with outcomes.

RESULTS We found a very low prevalence of immunity against HAV and a signi�cant exposure to high-risk
behaviours, suggesting that gay community of Lazio is an ideal setting for HAV outbreaks. Prevalence of
different serology pro�les for HBV suggests that waning immunity and escape to mandatory vaccination
still represent a signi�cant issue in patients older than 35 years. Moreover, waning immunity suggests that
patients who were vaccinated at birth may show low antibody levels. Consistently with other studies,
prevalence of HCV infection was very low among young MSM.

CONCLUSION Tailored vaccine programme aimed at immunizing MSM are critical to improve control of
HAV in our setting. Findings on HBV epidemiology suggest that there is a need to de�ne a clear strategy to
recover patients who escaped vaccination and inform clinicians on the need to booster subjects with low
immunity and high risk of exposure, such as MSM. Finally, MSM in Lazio do not represent a special group
for HCV neither in terms of risk of infection nor in terms of potential issues for therapy access.

Background
Viral hepatitis is a major public health problem affecting millions of people worldwide and is associated
with signi�cant morbidity and mortality. Three hepatotropic viruses cause most of the global burden of viral
hepatitis: hepatitis A virus (HAV), hepatitis B virus (HBV) and hepatitis C virus (HCV). HAV is mainly
transmitted thought oro-fecal route. There is no therapy against acute hepatitis A. However, vaccine can
safely and effectively prevents infection with HAV. HBV is generally transmitted by sexual contacts, through
blood and perinatally form mother to her baby. HBV infection may persist lifelong and evolve towards
severe conditions including liver cancer and liver cirrhosis. Infection with HBV can be safely and effectively
prevent by vaccination. HCV is mainly a blood borne pathogen. HCV is associated with chronic infection
that may signi�cantly affect life quality and expectancy. There is no vaccine against HCV, nevertheless there
are currently available a new drugs that may suppress viral replication and provide a complete clearance of
the infection. [1]   

The new opportunities for prevention and therapy, made it possible to implement new ambitious
programmes for achieving a complete control of viral hepatitis at global. The WHO calls for elimination of
viral hepatitis as a public health threat by 2030. [2-3] In low endemic settings, impact of interventions to



Page 4/22

control viral hepatitis can be maximized by targeting special groups at risk that serve as the ultimate human
reservoir of these infections. [4-5]

Sexual intercourse between men have been associated with an increased risk of transmission of
hepatotropic viruses. HAV is an emerging issue among men-who-have-sex-with-men (MSM) living in
industrial countries [6] while the prevalence of chronic infection with HBV [7-8-9] and HCV [10] is higher in
MSM than in general population in many countries.

Between August 2016 and December 2017, a vast epidemic of HAV struck Lazio, a Region in central Italy
whose main city is Rome. This event was associated with the spreading of few selected HAV molecular
variants that were already found to be the cause of concomitant outbreaks affecting MSM communities
other European countries. [6-11] In Lazio, the epidemic was particularly intense causing 1013 cases in 16
months with a male to female ratio of about 8.3. Since February 2017 the Regional Health Authority of
Lazio has implemented a special vaccine campaign to stop the epidemic. [12] According to
recommendations of the World Health Organization, anti-HAV vaccine was offered within a comprehensive
plan for prevention, control and care of other viral hepatitis including HAV, HBV and HCV. [13-14] Here we
present the results of the sero-surveillance study carried out as a component of the campaign. The results
of this study might be useful to better address MSM people in the current programme against viral hepatitis
in Italy and other similar setting in Europe.

Methods

Study design
The study is a sero-survey carried out by the Italian National Institute for Infectious Diseases Lazzaro
Spallanzani (INMI-Spallanzani) as part of a Regional programme “Prevention of viral hepatitis”
(Prevenzione delle epatititi virali; PrEV).[12] The report is written according to the STROBE statement
guidelines for cross-sectional studies.[15]

Setting
Lazio is an Italian Region with about 5.9 million inhabitants (of them 2,038,292 are aged 18-45 years).
About 47% of Lazio inhabitants live in Rome, the only large city. All other people live in the 347
municipalities, mainly towns (median habitants: 2674; inter-quartile range [IQR]: 1120–7997).

PrEV is a currently ongoing programme for prevention of viral hepatitis started on February 2017.[12] This
programme aims at the adult population aged between 18 and 45 years living in Lazio with special
attention towards MSM. In brief, all eligible subjects had access to a free screening for HAV, HBV and HCV
and free vaccination for HAV and HBV. Moreover, people were also offered voluntary testing for HIV. All
people with evidence of chronic infection with HBV, HCV or HIV were immediately referred to the outpatient’s
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clinic of INMI-Spallanzani if not already in care at another clinical centre. Supplementary �le 1 report the
PrEV screening and intervention �ow-chart.

Participants
This study enrolled all individuals who participated in the vaccine campaign providing that they: A) were
male; B) reported sexual intercourse with males throughout life; C) underwent full screening for HAV, HBV
and HCV.

De�nitions
Outcome de�nition for HAV infection:

Immune to HAV infection: subjects with detectable anti-HAV IgG and/or anti-HAV IgM;

Susceptible to HAV infection: subjects with undetectable anti-HAV IgG and anti-HAV IgM antibodies;

Outcome de�nition for HBV infection.

Subject who experienced a natural infection with HBV: subjects with detectable antibodies to HBV core
antigen (anti-HBc).

High immunity vaccinated (HI-vaccinated): subjects with antibodies to HBV surface antigen (anti-HBs)
>10 UI/mL and undetectable anti-HBc;

Low immunity vaccinated (LI-vaccinated): subjects with anti-HBs between 1 and 10 UI/mL and
undetectable anti-HBc;

HBV naïve: subjects with undetectable anti-HBs and anti-HBc.

The selection of anti-HBc-Ab as the marker for natural infection is according the last EASL guidelines. [16]
The cut off anti-HBsAb titre either below or above 10 U/L to distinguish between HI-vaccinated and LI-
vaccinated has been decided according to current international consensus. [17-18]

Outcome de�nition for HCV

Subject who experienced a natural infection with HCV: subjects with detectable anti-HCV-Ab;

HCV naïve: subjects with undetectable anti-HCV-Ab .

Laboratory testing
At the Laboratory of Virology of the INMI-Spallanzani anti-HAV IgG and IgM, anti-HBc, anti-HBs, HBs Ag and
anti-HCV levels were determined in serum samples by the ARCHITECT chemiluminescent microparticle
immunoassays on the Architect i2000SR immunoanalyser (Abbott Diagnostics, Wiesbaden, Germany).
Serum samples showing low positive signal in Abbott anti‐HCV assay (1 ≤ S/CO < 5) were tested by the
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LIAISON® XL murex HCV Ab indirect chemiluminescence assay on the Liaison XL analyser (DiaSorin S.p.A.,
Saluggia VC, Italy) and considered negative for anti-HCV when S/Co was <1. Furthermore, plasma HCV‐RNA
was quanti�ed using a commercial assay (RealTimeTM HCV; Abbott Molecular Inc., Des Plaines, IL, USA)
with a low limit of detection/quantitation (LOD/LLOQ) of 12 IU/mL.

According with current EASL guidelines, we used anti-HBc-Ab as the marker of natural infection with HBV.
[16] In particular, when anti-HBc-Ab is present along Anti-HBs-Ab the HBV infection is considered inactive. In
contrast, when anti-HBc-Ab is present with undetectable anti-HBs-Ab the HBV infection is considered active.
As HBsAg is never detectable when anti-HBsAb are present, the determination of HBsAg was carried out
only in samples with detectable anti-HBc and undetectable anti-HBs.  HCV RNA was carried out only in
samples with detectable anti-HCV-ab.

Data source and ethical statement
Doctors collected participants’ epidemiological information the day the patients received the result of the
tests. All data were collected in an ad hoc electronic database approved by INMI Spallanzani ethical board
(ethical clearance N.1 of January 24th 2017). Patients were required to sign an informed consent.

Statistical methods
A set of 18 demographic and behavioural variables were assessed for potential association with outcomes.
All these variables were analysed as binary or categorical as reported in table 1.

The association between demographic variables and outcomes was assessed in separate multivariable
regression models. Association between demographic variables and HAV sero-status (as a binary outcome)
was assessed by a logistic regression model and odds-ratios (OR) were used as the measure of association.
A multinomial logistic regression model was used to assess association between demographic variables
and HBV sero-status (as polytomous outcome) and relative risk ratios (RRR) were used as the measure of
association.

Selection of co-variates (i.e. demographic and behavioural variables) for multivariable models was carried
out by a manual backward stepwise approach already described elsewhere. [19] Brie�y, all variables with P-
value of less than 0.250 at bivariable analysis were included in a �rst multivariable model that was
eventually re�ned by eliminating variables with P-value more than 0.100. Likelihood ratio test was used for
calculating P-values in the subsequent nested models. Age and HIV status were included as a priori
variables in all models. Missing data were handled with a list-wise deletion approach and only subjects with
complete information for all demographic and behavioural variables were included in the �nal analysis.
Adjusted marginal effect estimates of probability with relative 95% CI were used for plotting graphs. The
STATA V.15.1 statistical package was used for all analyses.

Results



Page 7/22

Participant characteristics
Between February 2017 and June 2019, one-thousand-eight-hundred subjects were enrolled in the vaccine
campaign, of them 1100 were eligible for the study. Three-hundred-ninety-three subjects were excluded
because they were not MSM, 306 were excluded because they were female and one was excluded because
HAV, HBV and HCV serum specimens were not available. (Figure 1)

Table 1 reports main characteristics of the study sample. Participants’ age ranged from 18 to 45 years, with
a median age of 33 years (IQR: 27-38). Of them 92.82% were born in Italy, 84.00% lived in Rome, 61.09% had
a university education, 14.00% were student, 10.91% were unemployed and 74.91% were workers. Only a
sheer minority of participants (1.00%) used intravenous drugs, a small proportion (14.18%) used inhaled
drugs, little less than a quarter used poppers (23.55%) and about half of participants used cannabinoids
(49.36%) at least once in life.

A minority of participants reported to be engaged with steady sexual partner (36.73%). With regard to the
number of sexual partners in the last year, the 58.64% reported to have had �ve or less, the 20.00% between
6 and 12 and the 20.36% reported 13 or more. The 8.45% reported to never use condom, the 11.55% used
condom seldom for anal sex (depending on his opinion upon the partner or the situation), the 46.36% used
condom always for anal intercourse and the 33.09% used condom always for any sexual intercourse. The
61.55% of participants were aware of post-exposure prophylaxis (PEP), with 9.82% reporting to have taken
PEP at least once in their lives. A similar proportion (61.72%) was aware of pre-exposure prophylaxis (PREP)
with only 1.45% reporting to have used it. Approximately 2/3 reported to frequent gay bars (67.92%);
remarkably, 62.18% reported never having talked with the general practitioner about their sexual behaviours.

Two-hundred-thirty-three participants (21.18%) reported to be diagnosed with one or more sexual
transmitted infections (STI) during the last year for a total of 273 new diagnosis of STI. Of these 99 (36.26
%) were syphilis, 51 (18.68%) gonorrhoea, 37 (13.55%) urethritis, 49 (17.95%) genital warts, 13 (5.76%)
genital herpes, 7 (2.56%) pediculosis, 5 (1.83%) chlamydia infections, 3 (1.10%) candidiasis, 2 (0.73%) acute
HIV infection and 7 (2.56%) genito-urinary infection with no microbiological diagnosis. A total of 122
subjects (11.09%) were aware of being infected with HIV.

Supplementary �le 2 reports prevalence of the above epidemiological features according to patients’ sero-
status for viral hepatitis.

Predictors of HAV sero-status
The analysis of predictor has been carried out on 1,074 patients (Figure 1). One-hundred-ninety-six (17.82%)
participants were anti-HAV IgG positive (immune subjects), of them 13 were also positive to anti-HAV IgM
suggesting a recent infections.

The �nal multivariable logistic regression model for HAV (Table 2) included eight exposure variables.
Supplementary �le 3 reports the stepwise process for selecting variables for the �nal multivariable model.
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This model provided strong evidence that: being born outside Italy (OR 4.29; P<0.001); the use of
cannabinoids (OR 0.64; P=0.014); the use of poppers (1.52; P=0.019); having a high number of sexual
partners (OR 1.78 and OR 1.48; P=0.015) and the HIV infection (OR 0.30; P=0.001) were all signi�cantly
associated with positive anti-HAV serology. The analysis provided weak evidence for the association
between HAV status and occupation (P=0.054) and communication of sexual behaviours to GP (0.073). In
contrast no evidence was found for the association between HAV sero-status and age (Figure 2; p=0.207).

Predictors of HBV sero-status
The aim of this analysis is to describe the population according to four mutually exclusive classes of
exposure to HBV, i.e. HBV naïve, LI-vaccinated, HI-vaccinated and those who experienced a natural infection
with HBV.

Two-hundred-ten (19.09%) patients were HBV naïve, 173 (15.73%) were LI-vaccinated, 651 (59.18%) were HI-
vaccinated and 66 (6.00%) were naturally exposed. Among the naturally exposed subjects, only 5 had
undetectable level of anti-HBs-Ab and one was HBsAg positive, suggesting an active HBV infection.
Multivariable model included seven exposure variables and reports adjusted predictions of participants’
HBV sero-status as the relative probability of participants for being either LI-vaccinated, HI-vaccinated or
naturally exposed instead of being HBV naïve (relative risk ratio; RRR in Table 3). Supplementary �le 4
reports the stepwise process for selecting variables for the �nal multivariable model.

Age acted as the strongest determinant of HBV sero-status. The probability of having received vaccination
signi�cantly drops with age, indeed the oldest age group (41-45 years old) is twenty times less likely than
the youngest age class (18-25 years old) of being vaccinated either as LI-vaccinated (RRR=0.05; P<0.001) or
HI-vaccinated (RRR=0.05; P<0.001). Figure 3 reports estimated effect of age on the probability to show a
speci�c HBV sero-status. Adjusted probabilities suggested that the proportion of patients with optimal
vaccine protection against HBV (HI-vaccinated) reached its maximum in people aged 31-35 years and
eventually decreases in older age classes. Indeed, a concomitant increase in the proportion of naïve and
naturally infected subjects can be noticed in these same age classes.

The place of birth was also strongly associated with HBV sero-status. In fact, patients who were born
outside Italy have a lower probability of being vaccinated than those who were born in Italy (RRR 0.35 and
P=0.012 for being LI-vaccinated; RRR 0.30 and P<0.001 for being HI-vaccinated). Education level was
associated with a higher probability of being HI-vaccinated (RRR 1.60 P=0.016) and with a lower risk of
having experienced a natural infection with HBV (RRR 0.51; P=0.032). There was a trend towards an
increased familiarity with PREP and the probability of being vaccinated. Indeed, of the 16 patients who
reported to have used PREP at least once in life 13 where HI-vaccinated, two experienced a natural infection
and 1 was naive. Finally, we found a strong association between natural infection with HBV and use of
poppers (RRR 3.06; P <0.001). Remarkably, the model suggested that there was no association between
HBV sero-status and HIV infection.
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Analysis of serology for HCV
The prevalence of anti-HCV-Ab was very low, only nine patients had detectable level of antibody in serum
(0.82%). Of them, all were already aware of their sero-status for HCV. Five had undetectable HCV RNA while
four did not come to have additional testing for HCV RNA because declared to be in treatment for HCV in
other clinical centres. Due to the very low number of HCV positive subjects, we did not carry out a formal
risk analysis. Supplementary �le 2 reports distribution of HCV cases according to risk factors.

Discussion
Here we reported the results of one of the largest studies aimed to describe the epidemiology of viral
hepatitis among MSM living in a Mediterranean Europe.

Descriptive analysis suggested that MSM may actually represent a group of people with special
epidemiological features. Remarkably, study participants were highly educated (61.09% graduated), mainly
urbanized (84.00% lived in the only large urban area of Lazio, Rome), had a signi�cant risk for STI (21.18%
cumulative annual risk of any STI) and HIV infection (11.09% prevalence of HIV infection). The use of
condom was generally sub-optimal so that only one-third of subjects used always condom despite that
more than 40% of participants reported six or more different sexual partners per year. The distribution of STI
according to the aetiology was very similar to that reported for MSM in other European countries with
syphilis [20] and gonorrhoea [21] as the most common STI. About 40% of the sample was unaware of
pharmacological prophylaxis against HIV (either PEP or PREP). Use of non-injection recreational drugs was
generally higher than that estimated for the Italian male population. [22]

The analysis for HAV sero-status suggested that MSM living in Lazio are largely susceptible to hepatitis A
(HAV immunity 17.82%). Participants who were born outside Italy were more likely to be immune than
Italian born ones. This observation was expected, as most of participants born outside Italy were migrants
from HAV endemic areas. In contrast, we found that HIV infected participants were three times less likely
than HIV uninfected participants of being immune. The reasons for this association may be composite. In
fact, recent studies suggested that persons living with HIV infection might fail in developing immunity after
vaccination or, even, they might experience an accelerated antibodies waning. [23] Nevertheless, it cannot be

excluded that a large proportion of susceptible participants had never received vaccine despite that Italian guidelines
recommend that MSM, and in particular those living with HIV, should be immunized. [24-25] A positive
association was found between immunity against HAV and either the numbers of sexual partners or the use
of poppers, suggesting that these risk factors may be associated with behaviours facilitating HAV
transmission (e.g. anal sex games for poppers and promiscuity associated with the number of partners).
[26-27] Finally, we found no association between age and HAV sero-status con�rming that Lazio is a setting
with very low endemic circulation of HAV. [6,11] Overall, this analysis suggested that MSM community in
Lazio represents an ideal setting for periodical outbreaks of HAV due to the very low level of immunity and
the potential exposure to high-risk behaviours. Recent experiences provided evidence that large and
transnational epidemics of HAV are becoming very frequent in industrial countries among MSM.
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[6,28,29,30,31,32,33,34] Active immunization of MSM in low endemic areas, such as European countries, is a
critical step toward an optimal control of HAV. Mathematical model suggested that major epidemic can be
adverted by vaccinating 50% of population at risk. [11]

Our study found that age was the strongest predictor of HBV sero-status. The observed variation of HBV-
sero-status according to age classes was consistent with Italian vaccine policies and underlined potential
critical public health aspects. Italy was one of the �rst countries in the world to implement a vaccination
policy, starting in 1983 with a programme targeted to special groups at increased risk. In 1991,
immunization became mandatory for all infants, 12-year-old children and people belonging to high-risk
groups.[35] Our study suggested that a signi�cant proportion of participants aged 36-40 (27.07%) and aged
41-45 (46.03%) had no detectable immunity against HBV. The potential reasons for this observation can be
due to either escape to mandatory vaccination [35] or waning immunity. [36] Escape to mandatory
vaccination of people belonging to high-risk groups targeted by vaccine campaigns was already reported.
[35,37]. Noteworthy, in our population the prevalence of natural infection was about 7.42% and 19.05% in the
36-40 and 41-45 age classes respectively, suggesting that the actual cumulative risk of HBV infection
among unvaccinated MSM is not negligible, yet.

Another remarkable �nding was the signi�cant waning anti-HBs-Ab immunity in all vaccinated participants.
Anti-HBs-Ab wane over time following hepatitis B immunisation. [36] The rapidity of the waning is very
variable both at individual and population levels. A sero-epidemiological study carried out among Nunavut
people (Artic Canada) showed that the level of anti-HBs-Ab may rapidly decrease in infant vaccinal cohorts
so that less than 10% of people aged 5–18 years had protective level of anti-HBs levels. [38] Other studies
demonstrated that a HBV infection could occur in a number of subjects despite that they had received three
or more doses of anti-HBV vaccine (breakthrough infection). [39-40-41-42-43-44] Previous studies suggested
that breakthrough infections were mainly associated to a weak primary response. [45] However, most
recently, breakthrough infections were reported also among people with strong primary response. [46] The
uncertainty regarding the duration of protection of hepatitis B vaccination, especially beyond 30 years after
the primary vaccination, needs further studies. [47] At present experts suggest that a booster vaccination
may be useful to reduce the risk of breakthrough infection for persons living in high endemic settings.
[48,49,50] In low endemic settings decisions are taken on case-by-case basis.

Other exposures signi�cantly associated to HBV sero-status were: place of birth, education, familiarity with
PREP and use of poppers. Participants born outside Italy were about three time less likely than Italian born
ones to have received vaccination. This claims for better strategies to recover to vaccination migrants
coming from settings with poor vaccine access. [51] Consistently with other investigation, [52] education is a
strong predictor of higher level of vaccination and lower risk of HBV infection. Use of poppers was
associated with a higher risk of infection. This observation is potentially due to the high-risk behaviours that
may be induced by poppers use.[26,27] Finally, we found a direct association between familiarity with PREP
and probability of being vaccinated, suggesting that participants who were familiar with PREP may be more
likely to undergo vaccination if needed.
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Only nine (0.82%) participants had a positive serology for HCV. Due to this very low number, we did not carry
out formal statistical analysis. A recent meta-analysis carried out by the ECDC suggested that, although
Italy is among the countries with highest prevalence of HCV infection in Europe, the prevalence of HCV
among MSM is very low. [53] Overall, our study suggested that MSM in Lazio did not represent a special
group at risk for HCV. Moreover, all HCV positive participants were aware of their sero-status and referred for
care suggesting an optimal performance of the local system for HCV diagnosis and care. [54]

One limitation of this study is the observational design and the sampling framework based on voluntary
participation to the vaccine campaign, which might have biased our population sample. Indeed, we could
have selected MSM at the highest risk of STI or with a highest perceived risk for viral hepatitis that did not
represent the whole MSM community of Lazio. However, from a public health point of view this bias have
little effect on conclusions and recommendations that claim for more effective vaccine policies against
HAV and HBV. In fact, we found low prevalence of HAV immunity (consistent with the observed periodical
HAV outbreaks); age-dependent immunity against HBV (consistent with biological hypothesis of waning
immunity), vaccination escape of older age cohorts (consistent with previous investigations for other
special groups at risk) and a very low risk for HCV infection (consistent with ECDC estimates). Another
limitation was that we could not distinguish between HAV vaccinated and HAV naturally infected subjects.
Thus, our estimates on HAV sero-status serve to de�ne needs for vaccination but cannot be interpreted as
predictor of risky behaviours. Finally, analysis of HBV sero-status was carried out by a multinomial
estimator that strongly depends on validity of independence of irrelevant alternatives. [55] Violation of this
assumption may affect the estimates of risk in an unpredictable manner. Nevertheless, our results were
strongly consistent with biological hypothesis of waning immunity and the punctual estimates were similar
to those reported in other (independent) studies suggesting that multinomial estimator may have well
worked in our population sample.

Conclusion
Tailored vaccine programmes aimed at immunizing MSM are critical to improve control of HAV in our
setting. Due to the low level of immunity and potential exposure to risky behaviours, MSM represent a group
at high risk of experiencing periodical outbreak of HAV that may eventually spread into the wider
population. The level of immunity against HBV was very variable and mainly depended on age. There is a
need to de�ne a clear strategy to recover patients who escaped mandatory vaccination and inform
clinicians on the need to booster subjects with low immunity and high risk of exposure, such as MSM.
Finally, MSM in Lazio do not represent a special group for HCV neither in terms of risk of infection nor in
terms of potential issues for therapy access.
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Tables
Table 1.  Main characteristics of the study sample
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Demographic and behaviour variables N %

Age in years 18-25 185 16.62

26-30 232 21.09

31-35 265 24.09

36-40 229 20.82

41-45 189 17.18

Place of birth Italy 1021 92.82

abroad 79 7.18

Place of living outside Rome 176 16.00

Rome 924 84.00

Education level up to secondary 427 38.82

university 672 61.09

do not answer 1 0.09

Occupation unemployed 120 10.91

student 154 14.00

employed 824 74.91

do not answer 2 0.18

Use of Cannabinoids never 554 50.36

at least once in life 543 49.36

do not answer 3 0.27

Use of Poppers never 838 76.18

at least once in life 259 23.55

do not answer 3 0.27

Use of Inhalatory drugs never 940 85.45

at least once in life 156 14.18

do not answer 4 0.36

Use of IV drugs never 1086 98.73

at least once in life 11 1.00

do not answer 3 0.27

Steady sexual partner no 693 63.00

yes 404 36.73

do not answer 3 0.27

No. of sexual partners in the last year 5 or less 645 58.64

6 to 12 220 20.00

13 or more 224 20.36

do not answer 11 1.00

Use of condom never 93 8.45

always 364 33.09

always for anal sex 510 46.36

seldom for anal sex 127 11.55

do not answer 6 0.55

Familiarity with PEP no 422 38.36

yes, but never taken 569 51.73

yes, taken at least once in life 108 9.82

do not answer 1 0.09

Familiarity with PREP no 420 38.18

yes, but never taken 663 60.27

yes, taken at least once in life 16 1.45

do not answer 1 0.09

Gay bars and venues No in the last six months 352 32.00

At least once in the last six moths 746 67.92
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do not answer 2 0.18

Ever talked with the GP about your sexual behaviours no 684 62.18

yes 409 37.18

do not answer 7 0.64

Self-reported diagnosis of STI in the last year no 866 78.73

yes 233 21.18

do not answer 1 0.09

Reported HIV status negative 884 80.36

positive 122 11.09

do not know 94 8.55

IV, intravenous; PEP, post-exposure prophylaxis; PrEP, pre-exposure prophylaxis; GP, general practitioner; STI, sexual transmitted
infections.

 

Table 2. Multivariable logistic regression model to assess predictors of HAV sero-status

Demographic and behaviour variables HAV immune subjects
Vs

HAV susceptible subjects
OR 95% CI P-value

LLB ULB
Age 18-25 1.00 base 0.207

26-30 1.54 0.82 2.88
31-35 1.07 0.55 2.10
36-40 1.17 0.59 2.31
41-45 1.74 0.88 3.42

Place of birth Italy 1.00 base <0.001
abroad 4.29 2.54 7.23

Occupation unemployed 1.00 base 0.054
student 0.40 0.19 0.86

employed 0.75 0.45 1.25
Cannabinoids never 1.00 Base 0.014

at least once in life 0.64 0.45 0.91
Poppers never 1.00 base 0.019

at least once in life 1.52 1.02 2.28
No. of sexual partners 5 or less 1.00 base 0.015

6 to 12 1.78 1.18 2.68
13 or more 1.48 0.97 2.26

Ever talked with the GP about your sexual behaviours no 1.00 Base 0.073
yes 1.36 0.97 1.91

HIV status negative 1.00 Base 0.001
positive 0.30 0.15 0.62

do not know 0.88 0.47 1.64

Immune to HAV infection: subjects with detectable anti-HAV IgG and/or anti-HAV IgM; susceptible to HAV infection: subjects with
undetectable anti-HAV IgG and anti-HAV IgM. OR, odds ratio; CI, con�dence interval; LLB, lower limit bound; ULB, upper limit bound; GP,
general practitioner.
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Table 3. Multivariable multinomial logistic regression model to assess predictors of HBV sero-status.

Demographic and
behaviour variables

LI-vaccinated
vs.

Naïve

HI-vaccinated
vs.

Naïve

Naturally exposed
vs.

Naïve
RRR 95% CI P-

value
RRR 95% CI P-

value
RRR 95% CI P-

valueLLB ULB LLB ULB LLB ULB
Age 18-25 1.00 base <0.001 1.00 base <0.001 1.00 base 0.373

26-30 0.22 0.09 0.53 0.58 0.27 1.24 na na na
31-35 0.33 0.12 0.92 1.87 0.75 4.65 3.49 0.61 19.91
36-40 0.06 0.02 0.15 0.23 0.10 0.51 1.60 0.32 7.99
41-45 0.05 0.02 0.13 0.05 0.02 0.11 2.71 0.56 13.08

Place of
birth

Italy 1.00 base 0.012 1.00 base <0.000 1.00 base 0.585
abroad 0.35 0.16 0.79 0.30 0.16 0.57 1.30 0.51 3.34

Education up to
secondary

1.00 base 0.193 1.00 base 0.016     0.032

university 1.36 0.86 2.16 1.60 1.09 2.33 0.51 0.28 0.94
Occupation unemployed 1.00 base 0.478 1.00 base 0.723 1.00 base 0.145

student 0.72 0.26 1.99 1.11 0.47 2.63 0.44 0.07 2.81
employed 1.22 0.57 2.63 0.87 0.47 1.60 0.42 0.17 1.01

Familiarity
with PREP

no 1.00 base 0.044 1.00 base 0.094 1.00 base 0.450
yes, but

never taken
1.80 1.13 2.84 1.28 0.88 1.85 1.10 0.59 2.04

yes, taken
at least

once in life

na na na 8.48 0.89 81.04 5.15 0.40 66.07

Poppers never 1.00 base 0.445 1.00 base 0.257 1.00 base <0.001
at least

once in life
0.82 0.48 1.38 0.79 0.52 1.19 3.06 1.65 5.65

HIV status negative 1.00 base 0.434 1.00 base 0.776 1.00 base 0.807
positive 0.73 0.36 1.50 0.82 0.47 1.43 1.21 0.53 2.75

do not know 0.64 0.29 1.45 0.92 0.51 1.68 1.29 0.51 3.25

HBV naïve: subjects with undetectable anti-HBs and anti-HBc; low immunity vaccinated (LI-vaccinated): subjects with anti-HBs

between 1 and 10 UI and undetectable anti-HBc; high immunity vaccinated (HI-vaccinated): subjects with anti-HBs >10 UI and

undetectable anti-HBc; HBV naturally infected: subjects with detectable anti-HBc. RRR, relative risk ratio; CI, con�dence interval; LLB,

lower limit bound; ULB, upper limit bound; na, not available.
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Figure 1

Flow chart for sample selection.

Figure 2
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Estimated effect of age on the probability to show a speci�c HAV sero-status. Immune: detectable anti-HAV
IgG and/or anti-HAV IgM. Susceptible: undetectable anti-HAV IgG and anti-HAV IgM antibodies.

Figure 3

Estimated effect of age on the probability to show a speci�c HBV sero-status. (A) Age cohorts who received
vaccination as infants. (B) Age cohorts who received vaccination either as infants or as 12-year children. (C)
Age cohorts who received vaccination as 12-year children. (D) People born before implementation of
universal vaccine programme. HBV naturally infected: detectable anti-HBcAb. HI-vaccinated: anti-HBs >10
UI/mL and undetectable anti-HBc. LI-vaccinated: anti-HBs between 1 and 10 UI/mL and undetectable anti-
HBc. Naïve: undetectable anti-HBs-Ab and anti-HBc.
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