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Abstract

Coinfection of blood-borne hepatitis B and hepatitis C viruses (HBV and HCV, respectively) in human immunodeﬁciency virus type 1 (HIV1)-positive individuals frequently occurs in inmate population and peculiar viral strains and patterns of virological markers may be
observed.
Plasma from 69 HIV-1-positive inmates was obtained from 7 clinical centers connected with correctional centers in different towns
in Italy. HIV, HBV, and HCV markers were tested by commercial assays. Virus genotyping was carried out by sequencing the
protease and reverse transcriptase-encoding region (PR-RT region) for HIV and a region encompassing the NS5B gene for HCV and
subsequent phylogenetic analysis.
Twelve over 14 HIV-subtyped inmates were infected with HIV-1 subtype B strains. The 2 non-B strains belonged to subtype G and
CRF02_AG, in an Italian and a Gambian patient, respectively. Variants carrying the K103N and Y181C resistance mutations to nonnucleoside reverse transcriptase inhibitors (NNRTIs) were found in 2 out of 9 patients naive for combined antiretroviral therapy (cART)
(22.2%). Most HIV-positive patients (92.8%) showed evidence of past or present HBV and/or HCV infection. Prevalence of HBV and
HCV was 81.2% for both viruses, whereas prevalence of HBV/HCV coinfection was 69.6%. A signiﬁcantly higher presence of HCV
infection was found in Italians [odds ratio (OR) 11.0; interval 1.7–80.9] and in drug users (OR 27.8; interval 4.9–186.0). HCV subtypes
were determined in 42 HCV or HBV/HCV-coinfected individuals. HCV subtypes 1a, 3a, 4d, and 1b were found in 42.9%, 40.5%,
14.3%, and 2.4% of inmates, respectively. Low titers of HBV DNA in HBV DNA positive subjects precluded HBV subtyping.
The high prevalence of HBV and HCV coinfections in HIV-infected inmates, as well as the heterogeneity of HIV and HCV subtypes
suggest the need to adopt systematic controls in prisons to monitor both the burden and the genetic forms of blood-borne viral
infections, in order to apply targeted therapeutic interventions.
Abbreviations: cART = combined antiretroviral therapy, CRF = circulating recombinant form, DRM = drug resistance mutation,
HBV = hepatitis B virus, HCV = hepatitis C virus, HIV-1 = human immunodeﬁciency virus type 1, ISS = Istituto Superiore di Sanità,
NAC = National AIDS Center, NNRTI = non-nucleoside reverse transcriptase inhibitors, NRTI = nucleoside reverse transcriptase
inhibitors, OBI = occult HBV infection, PCR = polymerase chain reaction, PI = protease inhibitors, PR-RT region = protease-reverse
transcriptase region.
Keywords: HBV, HCV, HIV, inmates, Italy, virus variability
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System have been nationally approved by the Ethics Committee
of the University of Rome Tor Vergata (Registro Sperimentazioni
73/05). For the study purposes, no ad hoc withdrawal was
required and all data were collected and analyzed in an
anonymous and aggregate form. Demographic, behavioral,
clinical, immunological, and virological data were collected for
each patient in complete anonymity in each center in a case report
form provided by NAC. Molecular assays for HIV were
performed at NAC, whereas the assays for HBV and HCV were
carried out at the Department of Infectious Diseases of ISS.
Contribution of samples from each center varied according to
HIV prevalence. A number of 32 samples were obtained from
Genoa, 14 from Brescia, 9 from Sassari, 7 from Viterbo, 4 from
Bari, 2 from Lamezia Terme, and 1 from Modena.

1. Introduction
Prevalence of HIV infection among inmates in Italy has been
estimated to be about 7.5%, more than 25 times the estimated
rate in the general Italian population in 2012.[1,2] Factors, such as
overcrowding, scarce hygiene, promiscuous intercourses, reduced perception of risk of infection and absence of effective
health policies, can favor transmission of HIV among inmates, as
well as of other blood pathogens, such as HBV and HCV, in
particular in HIV-positive inmates, who are at a greater risk of
coinfection with HBV and HCV, than the general population.[3]
Prevalence rates of blood-borne virus infections vary substantially among prison settings of different countries, reﬂecting the
epidemiological characteristics of the geographic area, the risk
category of people entering prisons, and the prevalence of foreign
prisoners.[4] Different prevalence values were reported for HIV
and viral hepatitis antibody markers, varying from 0.04% to
17%, from 21.7% to 52%, and from 4.9% to 80% for HIV,
HBV, and HCV, respectively,[1,5–7] mostly depending on the
prevalence of drug users.
The high prevalence of HIV, HBV, and HCV infections raises
concerns for their spreading within the prison and the general
population in Italy. However, efforts to contain spreading of
these blood-borne pathogens in prisons are strongly limited by
severe budget constraints that lead to crumbing and obsolete
health facilities and by frequent inmate transfers between prisons
that do not allow regular and constant clinical visits and
maintenance of an effective correctional health care database.[8,9]
In HIV-positive patients, pattern modiﬁcation of coinfecting
virus markers may occur, possibly due to altered immune
response. Speciﬁc therapeutic approaches are therefore required
in presence of HBV and/or HCV coinfection and in presence of
different coinfecting viral strains and genotypes.[10–12] To this
regard, few data are available on genetic variants of HIV, HBV,
and HCV strains circulating in the population of inmates in Italy.
Prevalence of HIV subtypes in prison is strongly inﬂuenced by the
frequency of foreign people in each prison.[13] As well, prevalence
of HCV genotypes may be inﬂuenced by the route of infection
and coinfection, regardless of the geographic variable, and may
differ between risk groups and the general population.[14]
Knowledge of the prevalence of different subtypes of HIV,
HBV, and HCV circulating in prisons may be useful to track the
epidemiology of infection and choose appropriate therapies.
Here, we describe a cross-sectional multicenter study aimed to
assess epidemiological, clinical, and behavioral characteristics of
HIV, HBV, and HCV infections in HIV-infected inmates, as well
as to investigate circulating genotypes and subtypes of HIV and
hepatitis viruses, in detention centers distributed over the Italian
territory.

2.2. Serological assays
Anti-HCV, anti-HBc (IgM and IgG), and HBsAg markers were
tested by chemiluminescent assays on an automated analyzer
(COBAS Elecsys e401; Roche Diagnostics, Basel, Switzerland)
using Elecsys anti-HCV II, Elecsys anti-HBc, and Elecsys HBsAg
II kits, the last one with a sensitivity of 20 to 30 mUI/mL. AntiHBs antibodies were detected by Enzygnost Anti-HBs II (Siemens
Healthcare Diagnostics Products, Marburg, Germany) and
results evaluated according to the manufacturer’s instructions.
2.3. Viral nucleic acid quantitation
HIV viral load was carried out at each center where enrollment
was performed, as a common routine analysis for HIV-infected
inmates, using different commercial kits.
HBV DNA quantitation was performed on plasma using the
High Pure System Viral Nucleic Acid Kit (Roche Diagnostics,
Basel, Switzerland). Ampliﬁcation and detection were performed
on a COBAS AmpliPrep/COBAS TaqMan Instrument using the
COBAS TaqScreen MPX Test v2.0; this assay is currently used
for blood screening and has a sensitivity of 2.1 IU/mL.
HCV RNA quantitation was performed on plasma using the
High Pure System Viral Nucleic Acid Kit (Roche Diagnostics,
Basel, Switzerland). Ampliﬁcation and detection were carried out
on a COBAS TaqMan 48 Analyzer using the COBAS TaqMan
HCV Test v2.0; this test has a sensitivity of about 9.3 IU/mL and a
linear range from 25 to 3.91  108 IU/mL (as reported in the
package insert).
2.4. Virus genotyping and detection of drug resistance
mutations
Patients with HIV-detectable plasma viral load (according to data
reported by each center) were chosen for HIV subtyping. For this
study purpose, the limit for a detectable virus RNA was set up at
≥1.69 log10 RNA copies/mL. HIV RNA was extracted from
plasma using the QIAamp Viral RNA Mini Kit (Qiagen, Hilden,
Germany). Extracted RNA was processed for reverse transcription and a portion of the pol gene, encompassing the protease and
reverse transcriptase encoding region (the PR-RT region) was
ampliﬁed by polymerase chain reaction (PCR), following a
previously described protocol.[15] The resulting amplicon was
puriﬁed using PCR Clean Up (Abbott Molecular, Des Plaines, IL,
USA) and directly sequenced using an ABI 3730 automated
sequencer.
For HCV genotyping, HCV RNA was extracted from plasma,
using the QIAamp Viral RNA Mini Kit (Qiagen, Hilden,

2. Methods
2.1. Study population
A multicenter study was performed from January to December
2013 in clinical centers connected to detention centers of 7 Italian
towns (from North to South: Brescia, Genoa, Modena, Viterbo,
Sassari, Bari, and Lamezia Terme). Plasma samples leftovers,
previously collected and stored at 80°C in the clinical centers in
the period 2011 to 2013, from a total of 69 inmates already
diagnosed with HIV infection, were sent to the National AIDS
Center (NAC) of the Istituto Superiore di Sanità (ISS) in Rome for
determination of markers of HBV and HCV and for HIV, HBV,
and HCV subtyping. All studies regarding the Italian Penitentiary
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Germany). RNA was reverse transcribed using the SuperScript II
reverse transcriptase protocol (Invitrogen, Life Technologies,
Carlsbad, CA) and cDNA ampliﬁed by nested PCR using the
FastStart High Fidelity PCR system (Roche Diagnostics, Basel,
Switzerland). Primers for the ﬁrst and second rounds of
ampliﬁcation have been previously described.[16] Nested PCR
products encompassed the NS5B gene (nt 8256–8632) of the
HCV genome. PCR conditions for both rounds were 94°C for 2
minutes followed by 28 cycles of denaturation at 94°C for 15
seconds, annealing at 60°C for 30 seconds, extension at 72°C for
45 seconds, and a last extension step at 72°C for 7 minutes. HCV
PCR products were puriﬁed using the High Pure PCR Cleanup
Micro Kit (Roche Diagnostics, Basel, Switzerland). Both strands
were sequenced using the Genome Lab DTCS Quick Start KiT
(Beckman Coulter, Inc., Fullerton, CA). Sequencing reactions
were run on an automated DNA sequencer (Beckman Coulter,
Inc., Fullerton, CA).
HIV and HCV sequences were separately aligned by Clustal W
(BioEdit package) and manually edited to maximize alignment.
HIV aligned sequences were compared with reference sequences
for the major HIV-1 subtypes and the circulating recombinant
forms (CRFs) available at HIV Los Alamos database (http://
www.hiv.lanl.gov), whereas HCV-aligned sequences were compared with 20 reference sequences representing the major known
HCV genotypes/subtypes, downloaded from the HCV Los
Alamos database (http://hcv.lanl.gov/content/index). Only references with conﬁrmed genotype were downloaded.
Phylogenetic analysis of both HIV-1 PR-RT and HCV NS5B
sequences was carried out by building a phylogenetic tree inferred
using Neighbor-Joining (Kimura-2 parameter model) through
Phylip 3.67 (evolution.genetics.washington.edu/phylip.html).
The statistical robustness and the reliability of the phylogenetic
tree were conﬁrmed by bootstrap analysis using 1000 replicates.

Table 1
Demographic, clinical, immunological, virological, and behavioral
information available for the 69 participants to the study.
Variable
Median age, y (range)
Country of origin (no. of individuals)
Italy
North Africa
East and Central Africa
East Europe
HIV clinical stage
A
B
C
cART
Yes
No
NK
HIV RNA
Aviremic (<1.69 log10 RNA copies/mL)
Viremic (≥1.69 log10 RNA copies/mL)
NK
Median log10 RNA copies/mL
(range) on total viremic
Median log10 RNA copies/mL
(range) on 10/13 cART naive
Median lymphocyte counts, cells/mL
Total lymphocytes (range)
CD4+ T cells (range)
CD8+ T cells (range)
At-risk behavior (no. of individuals)†
Drug abuse
Unprotected heterosexual intercourses
Piercing/tattoos
Unprotected homosexual intercourses

∗

Number

%

43 (31–67)
61
5
2
1

88.4
7.2
2.9
1.4

26
28
15

37.7
40.6
21.7

54
13
2

78.3
18.8
2.9

35
27
7
3.14 (1.74–6.11)

50.7
39.1
10.1

4.70 (3.74–6.11)

2184 (410–6450)
513 (39–1520)
931 (149–4523)
54
20
7
2

78.3
29.0
10.1
2.9

A, B, C = CDC classiﬁcation of HIV infection stages, NK = not known.
∗
Total no. = 69 (66 males and 3 females).
†
Some individuals reported more than 1 at-risk behavior.

2.5. Statistical analysis
Pearson Chi-squared test or Fisher exact test, when necessary,
were used to evaluate the difference in the prevalence of viral
hepatitis markers between groups based on demographic or
clinical characteristics. The association between demographic
and clinical determinants and the positivity for HBV and HCV
markers was evaluated by crude odds ratios (ORs) and their 95%
conﬁdence intervals (95% CIs); exact CIs were used on small
samples. P values less than 0.05 were considered statistically
signiﬁcant.
All the statistical procedures were performed using the STATA
statistical package, release 13.1 (STATA Corp, TX, USA).

Regarding HIV infection, 37.7%, 40.6%, and 21.7% were in A,
B, and C clinical stages (CDC classiﬁcation), respectively, at the
time of sample collection. Of the participants, 54 out of 69
(78.3%) were on cART for HIV and 13 (18.8%) were naive for
therapy. For 2 inmates, information on cART therapy was not
reported. A total of 27 inmates had a detectable HIV plasma viral
load with a median of 3.14 log10 RNA copies/mL (range
1.74–6.11); of these, 13 were naive for cART and 10 of them had
a detectable HIV plasma viral load with a median of 4.70 log10
RNA copies/mL (range 3.74–6.11). Median of the total
lymphocyte counts in the 69 inmates was 2184 cells/mL, while
the median of CD4+ and CD8+ T cell counts were 513 and 931
cells/mL, respectively. Many inmates reported more than 1
behavior at risk for blood-borne virus infections. The most
common one was the abuse of drugs (injective and/or noninjective) that was present in 78.3% of the participants. Other atrisk behaviors were unprotected heterosexual intercourses
(29.0%), piercing and tattoos in a hygienically uncontrolled
environment (10.1%), and unprotected homosexual intercourses
(2.9%).
HIV sequencing and subtyping was successful for 14 of the 27
HIV viremic individuals. Nine of the 14 HIV subtyped inmates
were native of Italy, 3 of Tunisia, 1 of the Gambia, and 1 of
Moldova. Phylogenetic analysis of the HIV PR-RT region
sequence revealed the presence of several different HIV subtypes

2.6. Accession numbers
Both HIV and HCV nucleotide sequences are in the process to be
submitted to GenBank.

3. Results
Table 1 summarizes the demographic, clinical, immunological,
virological, and behavioral data reported in the case report forms
of the 69 anti-HIV positive inmates. Sixty-six inmates were males
and 3 females. Median age was 43 years (range 31–67). Sixty-one
(88.4%) inmates were Italian and 8 (11.6%) from other
countries. In particular, 5 inmates were from North Africa
(Tunisia, Algeria, and Morocco), 2 from East and Central Africa
(The Gambia and Nigeria), and 1 from East Europe (Moldova).
3
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Figure 1. Neighbor-joining phylogenetic tree of HIV variants based on PR-RT sequence. The tree shows the phylogenetic relationships between HIV sequences
obtained from 14 inmates (marked by a dot) and reference HIV sequences with a known genotype. The country of origin of non-Italian inmates is indicated. The
abbreviations in capital letters before each number of the dotted sequences represent the city where the inmate resided. BS = Brescia, GE = Genoa, MO = Modena,
SS = Sassari.

inhibitor (NRTI) and protease inhibitor (PI) drugs and had a
variant carrying both the M184V mutation, directed to NRTI
drugs and the K103N mutation, directed to NNRTI, although the
patient was not treated (nor was previously treated) with drugs of
the NNRTI class. No major DRMs against PIs were observed.
More important, 2 out of 9 patients naive for cART (22.2%)
hosted variants that carried the K103N (in one patient) and the
Y181C (in the other patient) mutations, both directed to drugs of
the NNRTI class.
Hepatitis B and C serological and virological markers (HBsAg,
HBV DNA, anti-HBc, anti-HBs, anti-HCV, and HCV RNA)
were tested in plasma from the enrolled HIV positive inmates.

and recombinant forms, including subtype B in 11 patients,
subtype G in 1 patient, and the CRF CRF02_AG in another
patient (Fig. 1). All Italian individuals but one, who was infected
by a subtype G strain, were infected by subtype B variants. The 3
patients from Tunisia and the 1 from Moldova were also infected
by a subtype B strain, whereas the patient from The Gambia
hosted the CRF02_AG variant (Fig. 1).
HIV-1 mutations that confer resistance to antiretroviral drugs
in the 14 HIV subtyped individuals were found and are reported
in Table 2. Major drug resistance mutations (DRMs) were
observed in 1 out of 4 patients on cART. This patient was under
treatment with drugs from the nucleoside reverse transcriptase
4
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Table 2
Major DRMs in the HIV-1 subtyped patients on different cART regimens.
∗

Major DRMs
cART regimen

No. of patients

Without DRMs

With DRMs

NRTI

NNRTI

9
4
1

7
3
1

2
1
0

M184V (1)

K103N (1); Y181C (1)
K103N (1)

No cART
NRTI-PI
Unknown

PI

cART = combined antiretroviral therapy, NNRTI = non-nucleoside reverse transcriptase inhibitors, NRTI = nucleoside reverse transcriptase inhibitors, PI = protease inhibitors.
∗
In parenthesis, the number of patients with that mutation.

Results of the univariate analysis for the association between
HBV, HCV, and HBV/HCV coinfections and clinical variables
are reported in Table 4. Associations between drug use and HBV,
HCV, and HBV/HCV coinfections were observed (OR: 5.5, 95%
CI: 1.1–27.2; OR: 27.8, 95% CI: 4.9–186.0 and OR: 11.8, 95%
CI: 2.7–53.9, respectively), whereas no association of HBV,
HCV, and HBV/HCV coinfections with either AIDS stage, or
CD4+ T cells, or plasma HIV RNA copies, or elevated
transaminase levels was present.
HCV sequencing and subtyping was successful in 42
individuals. The results of the phylogenetic analysis are shown
in Fig. 3. Subtypes 1a and 3a were present in 18 and 17
individuals (42.9% and 40.5%), respectively, while subtypes 4d
and 1b in 6 (14.3%) and 1 (2.4%) individuals, respectively. All
but 2 isolates were from Italian inmates. The 2 isolates were from
Tunisian patients and belonged to 1a and 4d subtypes. The very
low level of HBV DNA made unsuccessful any attempt to amplify
HBV DNA for sequencing.

Table 3 reports the results. Prevalence of HBsAg and HBV DNA
markers was 8.8% and 7.2%, respectively. The level of HBV
DNA was very low, below 25 IU/mL (the lower limit of the linear
range for quantiﬁcation) in all HBV DNA positive samples. All
but one HBV DNA positive individual were also HBsAg positive;
the HBsAg-negative case (an Italian inmate naive for HIV cART)
could be diagnosed having an occult HBV infection (OBI)
(HBsAg negative, and HBV DNA <200 IU/mL in serum, but still
detectable). The anti-HBc marker was detected in 69.6% of total
inmates; this marker was the only one detectable (isolated antiHBc) in 39.3% of the 61 inmates in which all HBV markers could
be tested (see footnotes in Table 3). The anti-HBs marker was
detected in 30.6% of subjects. Prevalence of anti-HCV and HCV
RNA markers was 78.3% and 65.2%, respectively, with HCV
RNA detected in 79.6% of anti-HCV positive samples. No
signiﬁcant trend for age was found for any tested marker. HCV
infection was, instead, signiﬁcantly more frequent in Italian than
in foreign subjects (P < 0.001) and resulted signiﬁcantly associated with Italian nationality (OR: 11.0, 95% CI: 1.7–80.9) (data
not shown in the table).
Figure 2 summarizes the overall prevalence of HBV and HCV
infection in the studied population. To include both past and
current infections, subjects were considered to be positive for
HBV or HCV if at least 1 HBV or HCV marker was detected. The
great majority of subjects (64/69, 92.8%) proved to be positive
for HBV and/or HCV infection, with only a small fraction (5/69,
7.2%) negative for all the assayed markers. Among the 64
subjects positive for HBV and/or HCV, 56 were HBV positive
and 56 HCV positive. Merging of HBV and HCV data showed 8
inmates to be positive for only HBV, 48 for both viruses, and 8
for only HCV (11.6%, 69.6%, and 11.6% over the total 69
inmates, respectively).

4. Discussion
Most of the published prevalence data on blood-borne infections
in correctional facilities of different countries are referred to all
inmate population. The speciﬁc rates of HBV and HCV
coinfection markers in HIV-1 positive inmates are rarely
reported, often because of the scarce number of subjects. The
present multicenter study, carried out in correctional facilities on
the Italian territory, was focused to describe HIV and hepatitis
infections in HIV-1 positive subjects.
Most of the HIV subtyped inmates were infected by HIV-1
subtype B. This subtype is predominant in North America and
Western Europe[17,18] including Italy.[19] In recent years,

Table 3
Prevalence of HBV and HCV markers and distribution by age and nationality.

Variable
Total patients
Age, y
31–42
43–67
Nationality
Italian
Non-Italian

HBV infection markers
Anti-HBc
Anti-HBs
(%)
(%)‡

HCV infection markers
Anti-HCV
HCV
(%)
RNA (%)

Number of
patients

HBsAg (%)†

HBV-DNA
(%)

69

8.8

7.2

69.6

30.6

39.3

78.3

65.2

34
35

5.9
11.8

5.9
8.6

64.7
74.3

36.7
25.0

33.3
45.2

85.3
71.4

73.5
57.1

61
8

6.7
25.0

4.9
25.0

72.1
50.0

27.8
50.0

45.3
0.0

85.2
25.0

∗

Isolated
anti-HBc (%)x

∗

68.9
37.5

P < .001.
Number of tested subjects: 68.
‡
Number of tested subjects: 62.
x
Isolated anti-HBc: positive for anti-HBc and negative for HBsAg, anti-HBs, and HBV DNA. It could be evaluated in 61 subjects, in which all of the 4 markers could be tested. For 8 subjects, serum sample was not
sufﬁcient to evaluate all HBV markers.
†
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HIV infection prevalence, routes of transmission, and infecting
subtype.[25–28] The slightly higher prevalence of DRMs found
here may be due to the low number of patients we were able to
characterize for the presence of variants with DRMs. However,
the possibility of ﬁnding strains carrying DRMs in cART-naive
inmates suggests to consider adopting antiretroviral therapy
(ART) regimens including drugs with a high genetic barrier to
resistance and reinforcing strategies to increase adherence to
therapy in prisons.
The great majority of the analyzed HIV-positive population
showed laboratory evidence for past or current HBV and/or HCV
infection (92.8% prevalence). The prevalence values of HBV,
HCV, or HBV/HCV coinfections (81.2%, 81.2%, and 69.6%,
respectively) were higher than those resulting from data reported
in individual questionnaires, ﬁlled in according to medical
records and interviews (36.8%, 75.0%, and 35.3% for HBV,
HCV, or both viruses, respectively, data not shown). The
comparative analysis between data reported in the forms and the
results from sample testing showed concordance in 63.5%,
88.4%, and 54.8% of cases for HBV, HCV, and HBV/HCV
coinfections, respectively, indicating either no full knowledge for
presence of HBV or HCV coinfection at the time of interview, or
incomplete reporting, or both. Prevalence rates obtained by
laboratory markers resulted to be stable over time if compared
with data from a previous similar survey conducted 10 years
earlier that included 73 HIV-positive inmates from Italian prisons
(prevalence of HBsAg, anti-HBc, and anti-HCV: 9.6%, 73.9%,
and 80.8% in the previous study vs 8.8%, 69.6%, and 78.3% in
the present study).[1] These ﬁndings suggest that measures to stop
spreading of hepatitis infections among inmates in Italian prisons,
in particular in individuals with behaviors at risk of blood-borne
infections, such as HIV-infected people, have been either not
taken or ineffective.
HCV coinfection was signiﬁcantly more frequent in Italian
than non-Italian inmates. In Italy, a high prevalence of HCV
infection was described in injecting drug users.[29] Accordingly, in
the present study, the majority of anti-HCV positive individuals
reported to be drug users. In particular, the drug abuse risk
factor, including both injection and other assumption practices,
was present at a higher rate (78.3%) than other risk factors, such
as unprotected sexual intercourses and tattooing. These data are
in agreement with other surveys conducted in correctional
facilities in various countries.[5,8,30] Finally, the drug abuse risk
factor was found to be signiﬁcantly associated not only with
HCV but also with HBV and HBV/HCV coinfections.
Isolated anti-HBc positivity was observed in 39.3% individuals. This pattern in HIV-positive patients was reported to be
associated with HCV positivity,[31] although the issue is still
controversial.[32] In another study, isolated anti-HBc marker in

Populaon:
69 HIV+

64/69 (92.8%)
HBV+ and/or HCV+

56/69 (81.2%)
Total HBV+

8/69 (11.6%)
Only HBV+

5/69 (7.2%)
HBV- and HCV-

56/69 (81.2%)
Total HCV+

48/69 (69.6%)
Both HBV+ and
HCV+

8/69 (11.6%)
Only HCV+

Figure 2. Prevalence of HBV and HCV infection in HIV-infected inmates.
Subjects showing at least 1 positive marker for HBV and/or HCV were
considered to be positive for past or current HBV and/or HCV infection.

frequency of non-B clade forms has been reported to increase in
clade B restricted geographical areas and in Italy.[19,20] In the
present study, 1 case of HIV-1 clade G infection was found in an
Italian inmate. This ﬁnding is in line with previous studies
indicating that subtype G can be present in Italian individuals, in
particular in injecting drug users.[21] In fact, most of the enrolled
inmates reported to be drug users, including the Italian individual
infected by the subtype G strain. The recombinant form
CRF02_AG was found in 1 inmate of Gambian origin who
reported to have had unprotected sexual intercourses.
CRF02_AG strains have been described to be highly prevalent
in West Africa, including The Gambia.[22]
Sequence analysis of HIV-1 isolates showed the presence of
major DRMs in HIV variants from 2 out 9 patients naive for
cART (22.2%). Both patients were Italian. Mutations were the
K103N in 1 case and the Y181C in the other case, both known to
be major DRMs to NNRTI drugs, according to the Stanford
database (http://hivdb.stanford.edu/). In particular, K103N is a
nonpolymorphic mutation selected in patients receiving nevirapine and efavirenz and able to reduce both nevirapine and
efavirenz susceptibility by ≥10 folds.[23] Y181C is a nonpolymorphic mutation described to reduce susceptibility to
nevirapine by >50-folds.[24] Prevalence rate of DRMs in cARTnaive patients has been described to vary from 0% to 15%,
depending on different variables, such as the geographical area,

Table 4
Univariate analysis of clinical factors associated with hepatitis B and C coinfections in HIV-positive subjects.
HBV
Variable
AIDS stage C vs stages A and B
CD4+, cells/mL: 300 vs >300
HIV-RNA (log10 RNA copies/mL): ≥1.69 vs 1.69
∗
Transaminase levels: elevated vs normal
Drug use: yes vs no

HCV

HBV/HCV

crude OR

(95% CI)

crude OR

(95% CI)

crude OR

(95% CI)

1.4
1.6
2.4
3.6
5.5

(0.2–14.8)
(0.3–16.8)
(0.5–12.0)
(0.3–182.5)
(1.1–27.2)

n.c.
4.8
0.5
6.8
27.8

n.c.
(0.6–217.3)
(0.1–2.2)
(0.8–319.1)
(4.9–186.0)

3.2
3.6
1.4
4.4
11.8

(0.6–32.4)
(0.7–36.2)
(0.4–5.5)
(0.7–46.3)
(2.7–53.9)

CI = conﬁdence interval, HBV = hepatitis B virus, HCV = hepatitis C virus, nc = not computable, OR = odds ratio.
∗
Elevated: ALT >40 IU/L; AST >30 IU/L.
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969

3a.D17763
GEC18
GEC20
GEC7
BAC4
GEC3
GEC8
VTC11
BSC11
BSC1
BSC6
VTC10
BSC12
GEC27
SSC4
GEC12
3a.D28917
1000
SSC9
GEC29
3b.D49374
3k.D63821
4a.Y11604
4d.DQ41878
LTC1
GEC28
LTC2
SSC3
Tunisia
GEC11
4d.FJ46243
GEC30
6a.Y12083
6b.D84262
2c.D50409
2k.AB03166
2a.AB04763
2b.D10988
1000
5a.Y13184
5a.AF06449
1c.D14853
1b.M58335
BSC5
1b.D90208
SSC7
GEC24
1a.M67463
1a.M62321
BSC7
BSC14
SSC6
SSC1
VTC9
GEC13
999
Tunisia
GEC25
GEC23
GEC17
BSC13
BAC2
BSC10
GEC14
VTC8
GEC22
GEC15
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anti-HBc-positive individuals,[35] particularly in areas highly
endemic for HBV.[36,37]
Finally, in contrast with other studies, no signiﬁcant
associations were found between the HBV coinfection and the
CD4 T cells counts and HIV-RNA titers.[38,39]
The heterogeneity of circulating genotypes and subtypes of
HCV may be inﬂuenced by the route of infection and coinfection,
regardless of the geographic variable, and may differ between risk
groups, such as drug users and/or inmates, and general
population.[14] HCV genotypes and subtypes can differ in the
level of response to combination therapies, including those based
on new generation antivirals. In particular, several subtypes of
genotypes 1, 3, and 4 are more difﬁcult to treat than subtypes of
genotype 2.[40] In the present study, a high prevalence of 1a and
3a HCV subtypes was found (42.9% and 40.5%, respectively).
These subtypes are most frequently detected among drug users in
Europe and in Italy[29,41] while, to date, the HCV subtypes 1b, 2a/
2c are more prevalent in the general population.[42] The
application of preventative measures to avoid the spreading in
the general population of subtypes that are difﬁcult to treat is
recommended. Finally, 6 inmates (5 from Italy and 1 from
Tunisia) harbored HCV subtype 4d isolates (14.3%). Increased
circulation of genotype 4 in Italy was recently reported.[42]
In conclusion, high prevalence of HBV and HCV coinfections
was found in the HIV-1 positive inmate population of Italian
correctional facilities, indicating the need for systematic controls
and screening at entrance and during the permanence in prison
settings. Sequence analysis should be performed to monitor the
possible emergence of drug-resistant HIV variants and more
aggressive viral genotypes. It should be emphasized that prisons,
particularly in situations of frequent turnover of prisoners, may
be considered as a sentinel site for monitoring both viral
epidemiology changes and circulation of virus strains among risk
groups and the general population. In addition, an accurate
surveillance system is needed for implementing appropriate
prevention measures and therapeutic interventions.

3a

4d

1b

1a
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