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ARTICLE INFO ABSTRACT
ATfiC{e history: Objectives: Here we investigate Hepatitis D virus (HDV)-prevalence in Italy and its fluctuations over time
Received 1 August 2023 and we provide an extensive characterization of HDV-infected patients.
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Methods: The rate of HDV seroprevalence and HDV chronicity was assessed in 1579 hepatitis B surface
Accepted 2 November 2023

antigen (HBsAg)+ patients collected from 2005 to 2022 in Central Italy.
Results: In total, 45.3% of HBsAg+ patients received HDV screening with an increasing temporal trend:
Keywords: 15.6% (2005-2010), 45.0% (2011-2014), 49.4% (2015-2018), 71.8% (2019-2022). By multivariable model, fac-
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tors correlated with the lack of HDV screening were alanine-aminotransferase (ALT) less than two times
of upper limit of normality (<2ULN) and previous time windows (P <0.002). Furthermore, 13.4% of HDV-
screened patients resulted anti-HDV+ with a stable temporal trend. Among them, 80.8% had detectable

HDV-ribonucleic acid (RNA) (median [IQR]:4.6 [3.6-5.6] log copies/ml) with altered ALT in 89.3% (median
[IQR]:92 [62-177] U/L).

Anti-HDV+ patients from Eastern/South-eastern Europe were younger than Italians (44 [37-54] vs 53
[47-62] years, P <0.0001), less frequently nucleos(t)ide analogs (NUC)-treated (58.5% vs 80%, P = 0.026)

HDV chronic infection
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with higher HDV-RNA (4.8 [3.6-5.8] vs 3.9 [1.4-4.9] log copies/ml, P = 0.016) and HBsAg (9461 [4159-

24,532] vs 4447 [737-13,336] IU/ml, P = 0.032). Phylogenetic analysis revealed the circulation of HDV

subgenotype 1e (47.4%) and -1c (52.6%). Notably, subgenotype 1e correlated with higher ALT than 1c (168

[89-190] vs 58 [54-88] U/I, P = 0.015) despite comparable HDV-RNA.

Conclusions: HDV-screening awareness is increasing over time even if some gaps persist to achieve HDV

screening in all HBsAg+ patients. HDV prevalence in tertiary care centers tend to scarcely decline in

native/non-native patients. Detection of subgenotypes, triggering variable inflammatory stimuli, supports

the need to expand HDV molecular characterization.

© 2023 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Introduction

Hepatitis D virus (HDV) is the smallest known human virus
with a genome of ~1.7 kb single-stranded circular ribonucleic acid
(RNA). HDV is a satellite virus that can infect only in presence of
hepatitis B virus (HBV), its helper virus [1]. Indeed, HDV exploits
the HBV surface proteins (collectively defined as hepatitis B sur-
face antigen [HBsAg]) for the release of its progeny and de novo
entry into hepatocytes [1]. HBV+HDV infection causes the most se-
vere form of viral hepatitis, leading to the development of cirrhosis
in 15% of cases within 1-2 years and 70-80% of cases within 5-
10 years [2]. The rates of hepatocellular carcinoma (HCC) and hep-
atic decompensation are also 2-3-fold higher than for HBV mono-
infection [3,4].

Recent estimates suggest that 9-60 million individuals may be
infected by HDV worldwide, raising the global relevance of HDV in-
fection [5,6]. However, these fluctuating estimates highlight a huge
uncertainty about the real prevalence of HDV infection, mostly re-
lated to the lack of robust data on large population of HBsAg+ pa-
tients and suboptimal screening programs. Indeed, although HDV
screening in all HBsAg+ patients are recommended by several in-
ternational guidelines [7,8], a substantial fraction of HBsAg+ pa-
tients remains untested [9]. Factors underlying the lack of HDV
screening have not been properly defined yet.

Italy has historically represented a large basin of HDV infection
in Europe, characterized by high HDV endemicity (HDV seropreva-
lence >20% among HBsAg+ patients in the 1980s). The introduc-
tion of universal anti-HBV vaccination in 1991 has determined a
decline in HDV prevalence as a result of the reduction in new HBV
infections [10], followed by a stable trend of HDV infection [10].
Initial reports have described an epidemiological changing scenario
of HDV infection in Italy, with a declining HDV prevalence among
native patients, paralleling an increased circulation among immi-
grants [10,11].

So far, interferon-alfa treatment has been the only therapeu-
tic strategy against HDV but unfortunately, it was associated with
<20% virological response and a high risk of post-treatment vi-
rological relapse [12]. More recently, novel anti-HDV compounds
have been identified. Among them, the entry-inhibitor Bulevirtide
interacts with the Na+-taurocholate cotransporting polypeptide re-
ceptor and prevents viral entry into the hepatocytes. Bulevirtide
received conditional approval from the European Medicines Agency
in July 2020 and was recently introduced in clinical practice in
some European countries, including Italy, in March 2023 [13,14].

Furthermore, HDV is endowed with a very high degree of ge-
netic variability that has enabled viral differentiation into eight
genotypes (from HDV-1 to HDV-8), characterized by a genetic
divergence of >20% over their full-length genome [15]. HDV-
genotype 1 represents the most prevalent and geographically
widespread HDV-genotype, usually associated with more severe
hepatitis compared to other genotypes such as 2 and 4 [16-18].
Notably, HDV-genotype 1 has been recently reclassified into differ-
ent subgenotypes (from HDV-1a to HDV-1e), differing by at least

16% of their sequence [15,19], whose impact on liver disease pro-
gression is largely unknown.

To date, a paucity of studies has analyzed HDV seroprevalence
in a large population of chronically HBV-infected patients over an
extended period of time, providing an in-depth epidemiological
and virological characterization of HDV-infected patients. An im-
proved knowledge on the burden and the characteristics of HDV
infection is crucial to evaluate its impact on the health system, and
to set up more effective prevention and treatment strategies. This
information will also contribute to a better estimate of the basin
of patients in which the treatment with the new anti-HDV drugs
should be prioritized.

In this light, this study aims at defining the rate of HDV screen-
ing and factors correlated with its lack over time and to character-
ize HDV seroprevalence and its temporal fluctuations in the last 2
decades by analyzing a large cohort of HBV-infected patients from
Central Italy. Furthermore, we provide an extensive demographic,
clinical and virological characterization of patients with chronic
HDV infection by defining the levels of HDV replication, the circu-
lating HDV and HBV subgenotypes and their correlation with the
severity of HDV-related liver disease.

Material and methods
Patients

This study included 1579 consecutive individuals positive to
HBsAg for at least 6 months referred to the Virology Unit of
Tor Vergata University Hospital from January 1, 2005, to June 30,
2022, for the virological characterization of HBV infection. Patients
were followed for HBV infection in 18 Infectious Diseases or Gas-
troenterology/Hepatology clinical centers in Central Italy. Informa-
tion regarding patients’ demographics (age, sex, country of origin),
HBV markers (hepatitis B e antigen [HBeAg] status; serum HBV-
DNA and quantitative HBsAg), alanine-aminotransferase (ALT) lev-
els and anti-HBV therapy were collected in an ad hoc designed and
anonymized database. This database also includes information on
HDV screening, based on anti-HDV antibodies, and serum HDV-
RNA quantification.

Patients were stratified in four temporal windows: 2005-2010
(N = 180), 2011-2014 (N = 722), 2015-2018 (N = 553), and 2019-
2022 (N = 124), to define the proportion of patients undergoing
HDV screening over time.

HDV seroprevalence was defined according to anti-HDV anti-
body positivity, while active HDV infection was defined according
to serum HDV-RNA positivity. Severe fibrosis/cirrhosis was diag-
nosed if liver stiffness measurement was >9 kPa in patients with
normal ALT, or >12 kPa in patients with ALT <5 upper limit of nor-
mality (ULN), by liver biopsy (when available) (Metavir score >F4
or Ishak score > 5) and/or by clinical signs (varices, ascites, en-
cephalopathy) [20]. In anti-HDV+ patients, the recently proposed
cut-off of 14 kPa (with 78% sensitivity, 86% specificity, 93% nega-
tive predictive value and 64% positive predictive value) was also
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evaluated along with FIB-4 to confirm the diagnosis of cirrhosis
(8,21,22].

Serological test

HBV and HDV serological markers (qualitative detection of HB-
sAg, HBeAg, Anti-HBe antibodies, and anti-HDV antibodies) were
tested by commercially available immunoassays. HBsAg quantifi-
cation was assessed by Elecsys®HBsAgll assay (Roche, Basel, CH),
with a lower limit of detection of 0.051U/ml.

Serum HBV-DNA was quantified by COBAS® AmpliPrep/COBAS®
TagMan®HBV-Test v2.0 with a lower limit of HBV-DNA quantifi-
cation of 20IU/ml (Roche Diagnostic Systems Inc, Mannheim, Ger-
many).

The following assays for serum HDV-RNA quantification were
used in chronological order: HDV real-time polymerase chain re-
action (PCR) assay (LifeRiver Diagnostics, Shanghai Z] Bio-Tech Co.,
Shanghai, China) from 2005 to 2018 and HDV qRT-PCR EurobioPlex
(Eurobio scientific, Les Ulis, France) from 2019 to 2022.

HBV sequencing and assessment of HBV genotype/subgenotype

For patients with HBV-DNA>20IU/ml and with an available
serum sample (509 HBV-monoinfected and 58 HBV+HDV coin-
fected patients), the nucleotide sequence of the genomic HBV re-
gion encoding HBsAg (aa 1-226) was obtained by Sanger-based se-
quencing, as previously described [23] (Supplementary Material).

HBV genotypes and subgenotypes were determined by a phy-
logenetic tree constructed by Neighbor-Joining method on MEGA6
software. Branching order reliability was assessed by bootstrap
analysis of 1000 replicates.

HDV sequencing and assessment of HDV-genotype/subgenotype

For patients with active HDV replication and an available
serum sample (N = 27), the nucleotide sequence covering a por-
tion of HDV genome (nucleotide 309-1292, thus partially cover-
ing the region encoding hepatitis Delta antigen) was obtained by
Sanger-based sequencing, following a previously published proto-
col [15] (Supplementary Material).

The HDV-genotypes and subgenotypes were attributed by phy-
logenetic tree constructed by Neighbor-Joining method on MEGA6
software according to bootstrap >60%. The reference sequences for
each genotype and subgenotype were retrieved from Karimzadeh
et al. [19]. Branching orders reliability was assessed by bootstrap
analysis of 100 replicates. The attribution of subgenotypes was
confirmed by calculating pairwise genetic distance on MEGA6 soft-
ware, considering a percentage of similarity >90% [24].

Statistical analysis

Statistical analysis was performed by using IBM SPSS Statistics,
v.23.0 (Armonk, New York). Quantitative variables were expressed
as median (interquartile range [IQR]) while qualitative variables as
counts and percentages. Chi-squared test of independence based
ona2 x 2or4 x 2 contingency tables was used for qualitative
data, while Mann-Whitney test for continuous data. Correlations
with P <0.05 were considered statistically significant.

Logistic regression analysis was performed to assess factors sig-
nificantly associated with the lack of HDV screening, considering
the following variables: gender, age, nationality, and ALT. After
stepwise elimination for optimized Akaike information criterion,
only variables showing a P-value <0.200 in univariable analysis
were included in multivariable analysis.
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Results
Patients’ characteristics

This study included a total of 1579 HBsAg+ patients referred
to Tor Vergata University from 2005 to 2022 for the virological
characterization of HBV infection. Most patients were male (64.7%)
and Italian (57.2%), with a median (IQR) age of 47 (35-60) years
(Table 1). In total, 75.3% of patients were HBeAg-negative and
56.0% were NUC-treated. Median (IQR) levels of serum HBV-DNA
and HBsAg were 3.1 (1.7-4.8) log IU/ml and 3499 (618-11,662)
IU/ml, respectively (Table 1). Median (IQR) ALT was 42 (26-78) U/],
indicating that half of the patients had ALT levels >ULN (Table 1).
Non-Italian patients were mainly from Eastern/South-eastern Eu-
rope (21.5%), followed by Africa (11.2%), Asia (5.6%) and Southern
America (0.8%) (Table 1). Notably, a progressive increase in the per-
centage of non-native HBsAg+ patients was noted over time. In
particular, the percentage of HBsAg+ patients from Eastern/South-
eastern Europe significantly increased from 10% in 2005-2010 up
to 26.6% in 2019-2022, while the percentage of HBsAg+ patients
from Africa and Asia increased from 1.7% to 12.1% and from 1.1% to
9.7%, respectively (Table 1).

Rate of HDV screening

Overall, 715 (45.3%) HBsAg+ patients were tested for anti-HDV
antibodies, highlighting that more than half of patients did not re-
ceive any HDV screening despite HBsAg+ status. Patients undergo-
ing anti-HDV screening were more frequently from Eastern/South-
eastern Europe (24.6% for screened vs 20.3% for not screened,
P = 0.005) and from Africa (15.2% vs 8.5%, P <0.0001). They were
younger (median [IQR]: 46 [33-59] vs 49 [35-62] years, P = 0.004)
and had higher levels of ALT (47 [27-97] vs 36 [24-67] U/l, P
<0.0001) and HBsAg (3988 [749-13,373] vs 2839 [566-9930] IU/ml,
P = 0.026) (Supplementary Table 1).

Notably, the rate of HDV screening underwent a significant
rise over time. Indeed, the proportion of patients tested for anti-
HDV antibodies increased from 15.6% in 2005-2010 to 45.0% in
2011-2014, 49.4% in 2015-2018 and up to 71.8% in 2019-2022 (P
<0.0001) (Table 1, Figure 1a), suggesting a higher awareness to-
ward HDV screening in more recent years. By multivariable model,
independent factors significantly correlated with the lack of HDV
screening were normal/slightly altered ALT (ALT<2ULN) (odds ra-
tio [OR] [95% CI]: 1.61 [1.20-2.15], P = 0.001) and previous time
windows (OR [95% CI]: 9.79 [4.48-21.62] for 2005-2010, 2.69 [1.54-
4.70] for 2011-2014, 3.10 [1.76-5.46] for 2015-2018, P <0.0001 for
all using the time window 2019-2022 as reference) (Table 2).

HDV seroprevalence over time

Among the 715 patients receiving HDV screening, 96 (13.4%)
resulted positive for anti-HDV antibodies. Notably, the temporal
trend of HDV seroprevalence remained over 9% in all the an-
alyzed time windows: 10.7% in 2005-2010, 16.9% in 2011-2014,
10.9% in 2015-2018, and 9% in 2019-2022 (P-value = 0.84) (Table 1,
Figure 1b). A decline of HDV seroprevalence over time was noted in
the setting of Italian patients, characterized by a rate of anti-HDV
positivity of 14.3% in 2005-2010, 15.9% in 2011-2014, 9.2% in 2015-
2018 and 7.9 % in 2019-2022 (P-value = 0.26) (data not shown).

Characteristics of patients stratified according to anti-HDV status

Anti-HDV+ patients were prevalently male (63.5%) and slightly
older than anti-HDV-negative patients (49 [40-57] vs 45 [32-59]
years, P = 0.068) (Table 3). Notably, all anti-HDV+ patients >60
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Table 1
Characteristics of 1579 HBsAg+ patients stratified according to the different time windows.
Overall 2005-2010 2011-2014 2015-2018 2019-2022
(N = 1579) (N = 180) (N =722) (N = 553) (N = 124)
Male, N (%) 1022 (64.7) 123 (68.3) 484 (67.0) 336 (60.8) 79 (63.7)
Country of origin ¢, N (%)

Italy 903 (57.2) 105 (58.3) 467 (64.7) 271 (49.0) 60 (48.4)
Eastern/South-eastern Europe 339 (21.5) 18 (10.0) 141 (19.5) 147 (26.6) 33 (26.6)
Albania 33(9.7) 1(5.6) 11 (7.8) 16 (10.8) 5(15.2)
Moldova 20 (5.9) 2(11.2) 3(2.1) 11 (7.5) 4(12.1)

Romania 141 (41.7) 12 (66.6) 63 (44.7) 48 (32.7) 18 (54.5)
Ukraine 13 (3.8) 3(16.6) 5(3.6) 4(2.7) 1(3.0)
Undefined 132 (38.9) 0(0.0) 59 (41.8) 68 (46.3) 5(15.2)
Asia 89 (5.6) 2 (1.1) 32 (4.4) 43 (7.8) 12 (9.7)
Middle East 9 (10.1) 0(0.0) 4 (12.5) 4 (15.6) 1(8.3)
South Asia 14 (15.7) 0(0.0) 1(3.1) 11 (25.6) 2(16.7)
East Asia 66 (74.2) 2 (100.0) 27 (84.4) 28 (62.2) 9 (75.0)
Africa 177 (11.2) 3(1.7) 70 (9.7) 89 (16.1) 15 (12.1)
North Africa 23 (13.0) 1(333) 9(12.9) 11 (12.4) 2 (133)
Sub-Saharan Africa 154 (87.0) 2 (66.7) 61 (87.1) 78 (87.6) 13 (86.7)
South American 13 (0.8) 0 (0.0) 7 (1.0) 3(0.5) 3(24)
Unknown 60 (3.7) 52 (28.9) 5(0.7) 0 (0.0) 1(0.8)
Age, median (IQR) years 47 (35-60) 50 (38-62) 48 (35-61) 45 (32-59) 47 (34-59)
ALT levels, median (IQR) U/l 42 (26-78) 40 (25-71) 41 (26-75) 42 (25-79) 43 (24-96)
HBsAg levels, median (IQR) IU/ml 3499 (618-11,662) 2038 (154-5428) 3414 (559-11,453) 3728 (671-11,841) 3942 (743-19,033)
HBV-DNA levels, median log (IQR) IU/ml 3.1 (1.7-4.8) 3.8 (1.9-5.6) 2.9 (1.4-4.2) 34 (2.1-5.1) 3.2 (2.0-4.9)
NUC-treated patients, N (%) 885 (56.0) 157 (87.2) 392 (54.3) 263 (47.6) 73 (58.9)
Patients screened for anti-HDV, N (%) 715 (45.3) 28 (15.6) 325 (45.0) 273 (49.4) 89 (71.8)
Patients positive for anti-HDV, N (%)" 96 (13.4) 3(10.7) 55 (16.9) 30 (10.9) 8 (9.0)
Patients tested for serum HDV-RNA, N (%)° 78 (81.3) 1(33.3) 43 (78.2) 26 (86.7) 8 (100.0)
Patients with detectable serum HDV-RNA, N (%)¢ 63 (80.8) 1(100.0) 32 (744) 22 (84.6) 8 (100.0)

2 The percentages of HBsAg+ patients from each Eastern European Country or Asia and Africa were calculated on the total number of HBsAg+ patients from Eastern

Europe, Asia, and Africa, respectively.

b The percentages of anti-HDV+ patients are calculated on anti-HDV-screened patients.

¢ The percentages of patients tested for serum HDV-RNA are calculated on anti-HDV+ patients.

4 The percentages of patients with detectable HDV-RNA are calculated on patients tested for HDV-RNA. Variables with statistically significant differences by chi-squared
for trend across the different time windows (with P-value <0.05) are reported in bold.ALT, alanine ammino-transferase, IQR, interquartile range; NUC, nucleos(t)ide analogs.

Table 2

Multivariable logistic regression analysis to identify factors significantly correlated with the lack of HDV screening.

Variables Univariable analysis® Multivariable analysis®
Crude OR (95% CI) P-value Adjusted OR (95% CI) P-value

Gender (Male vs Female®) 1.03 (0.80-1.33) 0.823
Nationality (Non-Italian vs Italian) 0.72 (0.56-0.93) 0.011 0.87 (0.63-1.21) 0.41
Age (per 5 years increase) 1.05 (1.01-1.09) 0.007 1.04 (0.99-1.09) 0.11
Time windows®

2005-2010 10.41 (4.76-22.73) <0.0001 9.79 (4.48-21.62) <0.0001

2011-2014 2.73 (1.57-4.73) <0.0001 2.69 (1.54-4.70) <0.0001

2015-2018 3.02 (1.72-5.29) <0.0001 3.10 (1.76-5.46) <0.0001
<2xULN ALT 1.57 (1.18-2.08) 0.002 1.61 (1.20-2.15) 0.001

3 Univariate and multivariate logistic regression analysis was performed on 1579 patients positive for HBsAg for >6 months. Variables with P-value <0.05 in univariable
analysis were included in multivariable analysis. Variables significantly associated with the lack of HDV screening are reported in bold.

b Reference group.

¢ Time window 2019-2022 as reference group.ALT<2xULN, ALT lower than 2-fold upper limit of normality; CI, confidence interval; OR, odds ratio.

years were Italian while 68% of patients <40 years were from
Eastern/South-eastern Europe (Supplementary Table 2).

Furthermore, a significantly higher proportion of HDV+ pa-
tients were from Eastern/South-eastern European countries (42.7%
vs 21.6%, P <0.0001) while the percentage of Italian patients was
comparable in the two groups (52.1% vs 54.3%, P = 0.7) (Table 3).
Notably, a remarkable increase in the percentage of anti-HDV+ pa-
tients from Eastern/South-eastern Europe was observed in the time
window 2015-2022 compared to 2005-2014 (60.6% in 2015-2022
vs 31% in 2005-2014, P = 0.004), paralleling with a decrease in the
percentage of anti-HDV+ Italian patients (36.8% in 2015-2022 vs
62.1% in 2005-2014, P = 0.016) (Table 3).

Only 4.2% of anti-HDV+ patients were from Africa (all from
Sub-Saharian Countries) while no patients from Asia resulted pos-
itive for anti-HDV (Table 3).

Anti-HDV+ patients were also characterized by significantly
higher ALT (median [IQR]: 68 [49-129] vs 44 [26-88] U/l, P

<0.0001) and HBsAg levels (6943 [1770-15,769] vs 3352 [667-
12,597] IU/ml, P = 0.049) despite lower serum HBV-DNA (1.6 [1.3-
3.2] vs 3.4 [2.0-5.2] logIU/ml, P <0.0001) (Table 3). This datum was
also confirmed in the subset of patients naive to anti-HBV drugs,
confirming the inhibitory effect exerted by HDV on HBV replicative
activity (2.1 [1.5-2.8] vs 3.4 [2.4-5.0] logIlU/ml, P <0.0001) (data not
shown) as previously reported [25,26].

A higher percentage of cirrhosis was observed in anti-HDV+ pa-
tients (46.0% vs 18.7%, P <0.0001) (Table 3). In particular, among
the 29 anti-HDV+ cirrhotic patients, 10 (34.5%) had overt clini-
cal signs of decompensated cirrhosis, such as ascites, varices, or
encephalopathy while 11 patients (37.9%) received a diagnosis of
cirrhosis based on transient elastography with a value >14 kPa.
Among them, nine patients had also a FIB-4 score >3.6 (median
[IQR]: 7.1 [6.3-11.4]). Finally, eight (27.6%) patients received the di-
agnosis of compensated cirrhosis on the basis of liver histological
examination, showing the typical features of cirrhotic progression.
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Figure 1. Rate of HDV screening and seroprevalence over time. The histogram in panel a reports the percentage of patients undergoing HDV screening (based on the search
for anti-HDV antibodies) in the overall population (N = 1579) and according to different time windows: 2005-2010 (N = 180), 2011-2014 (N = 722), 2015-2018 (N = 553),
2019-2022 (N = 124). The numbers in the columns represent the absolute number of screened patients in the overall population and in each time window. Panel b reports
the percentage of anti-HDV+ patients in the overall group of patients undergoing HDV screening (based on the search for anti-HDV antibodies) (N = 715) and stratified
according to the different time windows: 2005-2010 (N = 28), 2011-2015 (N = 325), 2016-2019 (N = 273), 2020-2022 (N = 89). The numbers in the column represent the
absolute number of patients resulting positive to anti-HDV in the overall population and in each time window. The dots represent the percentage of patients with detectable
serum HDV RNA: 80.8% in the overall population of anti-HDV+ patients tested for HDV RNA and 100% in 2005-2010, 74.4% in 2011-2015, 84.6% in 2016-2019, 100% in 2020-
2022. The percentages under the dots represent the rate of HDV-RNA+ patients calculated on the amount of patients tested for HDV-RNA in the overall population and in

each time window. Statistical significance was assessed by chi-squared for trend based on 2 x 4 contingency table.

Anti-HDV+ patients were also characterized by higher rate of
positivity to anti-HCV antibodies (7.3% vs 2.9%, P = 0.030) (Table 3).
Notably, all patients positive for anti-HDV and anti-HCV had an un-
detectable serum HCV-RNA. Conversely, the percentage of patients
with HIV coinfection was comparable between the two groups
(4.2% vs 4.7%, P = 0.822) (Table 3).

Lastly, by analyzing the distribution of HBV genotypes ac-
cording to the anti-HDV status, a more marked dominance of
HBV genotype-D was revealed in anti-HDV+ with respect to
anti-HDV-negative patients (HBV genotype-D prevalence: 82.8% vs
59.5%, P <0.001) (Supplementary Figure 1a), suggesting a prefer-
ential circulation of HDV in association with HBV genotype-D in
Italy.

Focusing on HBV subgenotypes D, the most prevalent was D3
(Supplementary Figure 1a). A similar distribution of HBV subgeno-
types D was revealed across all HBsAg+ patients, independently
from the presence of HDV coinfection (Supplementary Figure 1b).

HDV infection among Italian and Eastern/South-eastern European
patients

Since Eastern/South-eastern European and Italian patients rep-
resent together almost the totality (90%) of HDV-infected patients

in our cohort, the virological and clinical characteristics of these
two different groups of patients were compared.

Focusing on the 41 anti-HDV+ patients from Eastern/South-
eastern Europe, 58.6% were from Romania, 26.8% from Moldova,
and 7.3% from Albania and Ukraine, respectively. Furthermore, anti-
HDV+ patients from Eastern/South-eastern Europe were signifi-
cantly younger than Italians (44 [37-54] vs 53 [47-62] years, P
<0.0001), and this difference was even more marked in recent
years (44 [38-54] vs 58 [53-63] years, P <0.0001) (Table 4). A trend
toward a higher female prevalence was noted in anti-HDV+ pa-
tients from Eastern/South-eastern Europe (53.7% vs 24%) (Table 4).
This difference in gender distribution was particularly pronounced
in the time window 2005-2014 in which 66.7% of anti-HDV+ pa-
tients from Eastern/South-eastern Europe were female (Table 4).

A lower percentage of NUC treatment was observed in anti-
HDV+ from Eastern/Southern-eastern Europe than those from Italy
(58.5% vs 80%, P = 0.026). Anti-HDV+ from Eastern/Southern-
eastern Europe was also characterized by a shorter duration of
NUC treatment (2.6 [1.2-4.4] vs 5.4 [2.4-14.6] years, P = 0.0004)
(Table 4).

These findings support distinct profiles underlying anti-HDV+
patients from Italy and Eastern/South-eastern Europe.

By analyzing virological and biochemical parameters,
Eastern/South-eastern European patients had higher levels of HDV-
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Table 3
Characteristics of HBsAg+ according to HDV screening result and across the different time windows.
Overall screened population P-value® Anti-HDV + P-value®
Anti-HDV - Anti-HDV + 2005-2014 2015-2022
(N = 619) (N = 96) (N = 58) (N = 38)
Male, N (%) 400 (64.6) 61 (63.5) 0.977 37 (63.8) 24 (63.2) 0.950
Country of origin, N (%)
Italy 336 (54.3) 50 (52.1) 0.752 36 (62.1) 14 (36.8) 0.016
Eastern/South-eastern Europe 134 (21.6) 41 (42.7) <0.0001 18 (31.0) 23 (60.6) 0.004
Albania 29 (3.4) 3(73) 0.039 1(5.5) 2(8.7) 1.000
Moldova 10 (1.6) 11 (26.8) 0.002 3(16.7) 8 (34.8) 0.291
Romania 90 (14.5) 24 (58.6) 0.149 13 (72.3) 11 (47.8) 0.201
Ukraine 5(0.8) 3(73) 0.393 1(5.5) 2(8.7) 1.000
Asia 37 (6.0) 0 (0.0) 0.006 0 (0.0) 0 (0.0)
South Asia 29 (3.4) 0 (0.0) <0.0001
East Asia 8(1.3) 0 (0.0) 0.606
Africa 104 (16.8) 4 (4.2) 0.001 3(5.2) 1(2.6) 1.000
North Africa 15 (2.4) 0(0.0) 1.000 0(0.0) 0(0.0) 1.000
Sub-Saharan Africa 89 (14.4) 4 (100.0) 1.000 3(100.0) 1(100) 1.000
South American 7 (1.1) 0 (0.0) 0.602 0 (0.0) 0 (0.0)
Unknown 1(0.2) 1(1.0) 1(1.7) 0(0.0)
Age, median (IQR) years 45 (32-59) 49 (40-57) 0.068 48 (39-56) 51 (43-58) <0.0001
[min-max] years [4-85] [18-78] [18-78] [23-75]
ALT levels, median (IQR) U/l 44 (26-88) 68 (49-129) <0.0001 67 (46-126) 51 (43-58) 0.368
[min-max] U/ [6-3355] [11-2000] [11-2000] [17-849]
Cirrhosis, N (%) 55 (18.7) 29 (46.0) <0.0001 17 (44.7) 12 (48.0) 0.617
HBsAg levels, median (IQR) IU/ml 3352 (667-12,597) 6943 (1770-15,769) 0.049 5500 (873-16,369) 8080 (2089-17,096) 0.912
[min-max] IU/ml [2-134,651] [3-67,588] [3-65,882] [5-67,588]
HBV-DNA levels, median log (IQR) IU/ml 3.4 (2.0-5.2) 1.6 (1.3-3.2) <0.0001 1.5 (1.3-3.2) 1.9 (1.1-3.0) 0.005
NUC-treated patients, N (%) 304 (49.2) 67 (69.8) < 0.0001 45 (77.6) 22 (57.9) 0.04
Patients with detectable serum HDV-RNA, N (%)° 63 (80.8) 33 (75.0) 30 (88.2) 0.637
HDV-RNA levels, median log (IQR) IU/ml 4.6 (3.6-5.6) 4.4 (3.6-4.9) 5.0 (3.5-5.8) 0.285
Coinfections
Anti-HCV+, N (%) 18 (2.9) 7 (7.3) 0.03 5(8.6) 2 (5.3) 0.7
HCV-RNA levels, median log (IQR) IU/ml 6.0 (5.1-6.1) 0.0 (0.0-0.0) 0.190 0.0 (0.0-0.0) 0.0 (0.0-0.0)
HIV +, N (%) 29 (4.7) 4 (4.2) 0.822 2(3.4) 2(5.3) 0.647
HIV-RNA levels, median (IQR) copies/ml 667 (20-15,466) 2192 (1111-232,677) 0.984 <20; 463,162 29; 21924
CD4 T-cells, median (IQR) cells/ul 530 (348-695) 562 (157-977) 0.902 158; 1011¢ 154; 966¢

2 Statistically significant differences were assessed by chi-squared test of independence based on a 2 x 2 contingency table for qualitative data, and Mann-Whitney test

for continuous data.
b Data available for 357 patients: 294 anti-HDV-negative and 63 anti-HDV+.
¢ Calculated on 77 anti-HDV+ patients for whom serum HDV-RNA was tested.

d The single values of the two patients are reported.ALT: alanine ammino-transferase, IQR: interquartile range; NUC: nucleos(t)ide analogs.

RNA (median [IQR]: 4.8 [3.6-5.8] vs 3.9 [1.4-4.9] log copies/ml,
P = 0.016) and HBsAg (median [IQR]: 9461 [4159-24,532] vs 4447
[737-13,336] IU/ml), P = 0.032), despite a similar degree of HBV
replication (median [IQR] serum HBV-DNA: 405 (30-1444) and 132
(20-500) IU/ml, P = 0.68) (Table 4). The association of patients
from Eastern/South-eastern Europe with higher levels of HDV-RNA
has been confirmed in drug naive (Median [IQR]: 5.0 [3.6-5.8]
versus 3.4 [0.0-4.6] IU/ml, P = 0.03) and a trend was observed
in NUC-treated patients (median [IQR] HDV-RNA: 4.6 [3.5-5.8] vs
4.0 [2.5-5.9] IU/ml, P = 0.07) (data not shown). Nevertheless, the
levels of ALT were comparable between Eastern/Southern-eastern
European and Italian patients (median [IQR] ALT: 67 (30-175) vs
78 (55-122) UJI, P = 0.363), also after stratification according to
NUC treatment (median [IQR]: 78 (58-145) vs 62 (30-164) U/l,
P = 0.342 for NUC-treated patients and 70 (52-114) vs 84 (59-147)
U/l, P = 0.764 for drug-naive patients). Similarly, the prevalence
of cirrhosis was comparable between the two groups of patients
(41.3% vs 50.0%, P = 0.609). These results support limited differ-
ences in terms of cytolytic activity and liver injury between Italian
and Eastern/Southern-eastern European anti-HDV+ patients.

Proportion of patients with active viral replication

Among the 96 anti-HDV+ patients, 19 had never been tested for
quantitative HDV-RNA, highlighting an incomplete characterization
of HDV infection in a not negligible proportion of patients despite
HDV seropositivity. Among the remaining 78 anti-HDV+ patients

tested for quantitative HDV-RNA, 80.8% had a detectable HDV-RNA
with median (IQR) levels of 4.6 (3.6-5.6) log copies/ml, unveiling
an active HDV replication in most anti-HDV+ patients (Table 1, Fig-
ure 1b).

Most patients with active HDV replication (89.3%) presented al-
tered ALT (median [IQR]: 92 [62-177] U/L) and 55.3% were cir-
rhotic. Notably, patients with a serum HDV-RNA >5000 copies/ml
were characterized by significantly higher ALT levels than patients
with a serum HDV-RNA <5000 copies/ml, highlighting a correla-
tion between the extent of HDV replicative activity and the degree
of liver disease activity (data not shown).

Circulating HDV-genotypes

HDV sequences were obtained for 27 patients with detectable
serum HDV-RNA and phylogenetic analysis revealed the circulation
of HDV-genotype 1 in all of them (Supplementary Figure 2).

Since emerging data have highlighted the differentiation of
HDV-genotype 1 into different subgenotypes [19], their circulation
was explored in this set of patients. Phylogenetic analysis success-
fully attributed HDV subgenotype one for 19 of 27 patients. Re-
markably, two HDV subgenotypes 1 were identified: 1c (N = 10,
52.6%) and 1e (N = 9, 47.4%) (Supplementary Figure 3). Notably,
subgenotype 1le was significantly correlated with higher ALT levels
than 1c (168 [89-190] vs 58 [54-88] U/l, P = 0.015) despite compa-
rable serum HDV-RNA (4.1 [3.6-5.0] vs 4.6 [4.2-5.9] log copies/ml,
P = 0.174). Furthermore, 80% of patients harboring subgenotype 1e
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Table 4

Characteristics of anti-HDV+ patients stratified according to Italian and Eastern European nationality and stratified according to the different time windows.

P-value?

2005-2014 P-value® 2015-2022

P-value?

Anti-HDV+ patients

Eastern/South-eastern

European
(N =23)

13 (56.5)

Eastern/South-eastern
European

(N

Eastern/South-eastern
European
(N = 41)
19 (46.3)

Italian

Italian

Italian

(N = 14)
10 (71.4)

18)

(N = 36)
28 (77.8)

(N = 50)
38 (76.0)

0.491

0.002
0.143

0.815

6 (33.3)

0.212

Male, N (%)

<0.0001
0.697

44 (38-54)

58 (53-63)

40 (35-53)

53 (45-60)
63 (29-194)
13 (54.2)

<0.0001
0.363

44 (37-54)

53 (47-62)

Age, median (IQR)

78 (52-140)
8 (38.1)

68 (37-152)
3 (37.5)

70 (56-120)
4 (30.8)

78 (55-122)
12 (41.3)

67 (30-175)
16 (50.0)

ALT levels, median U/l (IQR)

Cirrhosis, N (%)

0.667

0.300

0.111

0.609

0.887

9229 (2392-27,839)

70 (12-390)
20 (95.2)

7958 (1416-14,252)
767 (10-388,402)

10 (83.3)

10,169 (5098-26,677)

39 (20-869)
11 (84.6)

3560 (452-11,612)
32 (20-2989)

19 (70.3)

0.032

9461 (4159-24,532)
132 (20-500)
31 (91.2)

4447 (737-13,336)
405 (30-1444)
29 (74.4)

HBsAg levels, median IU/ml (IQR)

0.332

0.769
0.451

0.681

HBV-DNA levels, median IU/mL (IQR)
Patients with detectable HDV-RNA, N (%)

HDV-RNA levels, median log cp/ml (IQR)

NUC-treated patients, N (%)

0.252

0.073

0.530
0.035

5.3 (3.6-5.8)
11 (47.8)

4.5 (3.3-5.9)
12 (85.7)

0.131

4.7 (4.3-5.8)
13 (72.2)

4.1 (3.5-4.9)
28 (77.8)

0.016

4.8 (3.6-5.8)
24 (58.5)

3.9 (2.0-4.7)
40 (80.0)

0.475

0.026

0.289

2.6 (1.3-12.8)

5.8 (3.2-16.4)

0.039

(1.2-2.1)

5.0 (1.7-14.1) 12

0.0004

(1.2-4.4)

2.6

5.4 (2.4-14.6)

NUC treatment duration, median years (IQR)

a Statistically significant differences were assessed by chi-squared test of independence based on a 2 x 2 contingency table for qualitative data, and Mann-Whitney test for continuous data.

b Data available for 61 patients. In detail for 32 Italian patients and 29 Eastern/Southern-eastern European patients.ALT: alanine ammino-transferase; IQR: interquartile range.
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showed 2XULN ALT versus 25% of patients with subgenotype 1c
(P = 0.05) (Supplementary Table 3).

No statistically significant differences between HDV subgeno-
types were observed for the other demographic and virological pa-
rameters (Supplementary Table 3).

Discussion

This study, based on a large cohort of patients with chronic
HBV infection (N = 1579), depicts a scarcely declining scenario for
HDV infection in the setting of tertiary care centers in Italy, with
an HDV seroprevalence persisting over 9% among HBsAg+ patients
across the last 2 decades, in line with other studies from Western
European Countries [10,27-29]. Overall, these data remark the im-
portance of diagnosing HDV infection and promoting their linkage
to care, limiting viral spreading, reducing a subsequent risk of liver
disease progression, and in turn minimizing the impact of HDV in-
fection on the National Health System. This is also critical consider-
ing a recent study, based on data from Italian Surveillance System
of Acute Viral Hepatitis. This study shows that sexual transmission
(and not intravenous drug injection) represents, so far, the most
common route of acquiring acute HDV infection, thus highlighting
a changing scenario in the mode of HDV transmission [30].

Our study also highlights that the awareness to request HDV
screening has increased over time. However, complete HDV screen-
ing in all HBsAg+ patients has not been achieved even in the
most recent temporal window with almost 30% of patients still not
tested for anti-HDV antibodies despite HBsAg-positivity. In particu-
lar, the correlation between the lack of screening and the presence
of normal/slightly altered transaminases suggests that in a relevant
proportion of patients, the diagnosis of HDV infection could be de-
layed until liver disease has already progressed, with a subsequent
negative impact on the patient’s clinical outcome and therapeutic
response.

In this light, a potential strategy to achieve the endpoint of a
complete and early HDV screening in all HBsAg+ patients (as rec-
ommended by the current European Association for the Study of
the Liver and Asian Pacific Association for the Study of the Liver
guidelines) relies on the application of reflex testing, the algorithm
that implies the automatic testing of anti-HDV antibodies in all in-
dividuals resulting positive to HBsAg [31].

In this regard, a recent study in Spain showed that the im-
plementation of reflex testing resulted in a 5-fold increase in the
absolute number of anti-HDV+ patients [9]. Notably, this study
showed that 60% of patients, positive for anti-HDV by reflex test-
ing, had no risk factor for HDV infection [9]. Furthermore, by ap-
plying mathematical models, another study showed that the intro-
duction of reflex testing in diagnostic practice (by favoring an early
HDV diagnosis) could determine a 15% reduction in liver complica-
tions over a time window of 5 years [32]. This evidence reinforces
the rationale of a screening strategy based on systematic anti-HDV
testing in all HBsAg+ patients, rather than according to risk factors.

Another diagnostic criticism that emerged from our study is
that a not negligible proportion of HDV-seropositive patients (20%)
has not been tested for quantitative HDV-RNA despite anti-HDV
positivity, thus missing the diagnosis of HDV active infection. To
overcome this issue, a double reflex testing strategy, based not only
on anti-HDV testing in all HBsAg+ individuals but also on HDV-
RNA quantification in all patients resulted positive for anti-HDV,
has been recently proposed to optimize the diagnosis of chronic
HDV infection and, in turn, to improve patients’ clinical manage-
ment including treatment initiation [31].

Our study shows an active HDV replication in most HDV-
seropositive patients (80%, similar to that observed in other Euro-
pean studies [33]), reinforcing the importance of completing HDV
diagnostic flowchart by assessing HDV-RNA quantification. In line
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with a recent study [34], our data also highlight that an active
HDV infection is characterized by a remarkable prevalence of liver
inflammation (90%) and cirrhosis (55.3%). This is also in keeping
with previous studies showing the prognostic role of active viral
replication in promoting liver disease progression [4,33] and in act-
ing as an independent factor significantly correlated with the onset
of HCC [4,35]. Again, this highlights the importance of testing all
HBsAg+ patients and fully suppressing viral replication by pharma-
cological treatment to slow down the progression toward advanced
liver disease phases.

It should be noted that the prevalence of anti-HDV positiv-
ity and chronic HDV infection, observed in our study population,
can be influenced by the fact that these patients, followed in ter-
tiary care centers, were characterized by more active liver disease,
and thus were selected for HDV screening. Another aspect that
should be considered is represented by the fact that the rate of
HDV-RNA detectability could have been influenced by the differ-
ent analytical performances of the assays used over time for serum
HDV-RNA quantification. Given the critical role of serum HDV-RNA
quantification in the diagnosis of chronic HDV infection and in
ensuring adequate monitoring of virological response to anti-HDV
drugs, this highlights the urgent need to set up studies aimed
at assessing the robustness and reproducibility of the currently
available assays for the quantification of this parameter in clinical
practice.

Our study shows distinct profiles underlying anti-HDV+ pa-
tients from Eastern/South-eastern Europe and Italy. Indeed, anti-
HDV+ patients from Eastern/South-eastern Europe are typically
younger than Italian patients (44 [37-54] vs 53 [47-62] years, P
<0.0001, respectively), are less frequently treated with NUC (58.5%
vs 80%, P = 0.026) and for a shorter duration (2.6 [1.2-4.4] vs
5.4 [2.4-14.6] years, P = 0.0004). Such distinct characteristics can
also explain the reason why Eastern/South-eastern European pa-
tients tend to have higher levels of serum HDV-RNA and HBsAg.
In this regard, it is known that older patients, usually in the ad-
vanced phases of chronic HBV infection, can be characterized by
a more restricted HBV intrahepatic reservoir [36,37] that in turn
could constrain HDV replicative activity. Ad hoc designed studies
are necessary to better unravel this interesting issue. Nevertheless,
the levels of ALT and the prevalence of cirrhosis were compara-
ble between the two groups of patients, supporting limited dif-
ferences in cytolytic activity and liver injury in Eastern/Southern-
eastern European and Italian patients.

In our study, HDV seroprevalence is remarkably lower in pa-
tients from Africa and Asia than that observed in patients from
Italy and Eastern/South-eastern Europe. In particular, among the
108 African patients tested for anti-HDV, only four resulted in anti-
HDV+. All of them were from Sub-Saharan Countries (one from
Togo, one from Gambia, and two from Senegal), known to be char-
acterized by a higher HDV seroprevalence (HDV seroprevalence
ranging from 10-30%) according to [5]. Conversely, no anti-HDV+
patients were from Asia. Nevertheless, it cannot be excluded that
the lower HDV seroprevalence in patients from Africa and Asia can
be explained by the circulation in these patients of different HDV
serotypes that could elicit the production of antibodies not capa-
ble of fully recognizing the HDV antigens commonly used in the
assays for anti-HDV testing [38]. Given the high degree of HDV
genetic variability, this could raise the need to optimize the di-
agnostic performances of the assays for anti-HDV recognition by
maximizing the repertoire of Delta antigens with different genetic
profiles.

Lastly, the phylogenetic analysis of HDV sequences revealed the
circulation of two HDV subgenotypes 1 in Italy (1e, 52.6% and 1c,
47.4%). Notably, our results show that subgenotype 1le can be cor-
related with an increased liver inflammation compared to HDV
subgenotype 1c, suggesting that the genetic variability of the dif-
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ferent subgenotypes could potentially modulate HDV pathogenic
properties despite comparable replicative activity. In keeping with
our findings, a recent study has shown that genotype 1 circulat-
ing in Europe correlates with higher progression to cirrhosis than
genotypes circulating in other geographic areas [35]. This topic de-
serves further investigation in longitudinal studies based on larger
sample size.

In our study, phylogenetic analysis failed to attribute the
subgenotype in nine patients, suggesting the potential circulation
of recombinant forms or still unclassified subgenotype 1.

This study also showed a predominant circulation of HBV
genotype-D in anti-HDV+ patients compared to anti-HDV-negative
ones, suggesting a preferential co-evolution of HDV with HBV
genotype-D in Italy. Although it has been demonstrated that the
different HBV genotypes can efficiently support HDV-genotype 1
morphogenesis even if with heterogenous kinetics [39], higher
infectivity of HDV-genotype 1 has been observed with HBV
genotype-D derived HBsAg [40].

In this light, our findings on the detection of different
subgenotypes-1, potentially triggering variable inflammatory stim-
uli, coupled with their high genetic variability (up to 16%) [15],
support the need to expand HDV molecular epidemiology and its
impact on modulating the pathogenesis of HDV-related disease.

In conclusion, the prevalence of HDV infection may still rep-
resent a relevant clinical issue among HBsAg carriers from ter-
tiary care centers, because of its scarcely declining seroprevalence
over time and its frequent association with advanced liver dis-
ease. Despite this scenario, diagnostic approaches are still sub-
optimal with relevant gaps remaining to achieve complete and
early diagnosis, which could finally reduce the morbidity and mor-
tality of HDV-infected patients. Lastly, the variegated molecular
epidemiological scenario, characterized by the circulation of dif-
ferent HDV subgenotypes 1, associated with variable inflamma-
tory levels, suggests the existence of viral mechanisms under-
lying HDV pathogenic potential, that deserves further in-depth
investigations.
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