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ABSTRACT

Background and Aim: Ongoing migratory flows are reconstituting the hepatitis D virus (HDV) reservoir in Italy. We aimed to
characterise the current clinical and virologic features of HDV infection in both native Italians and migrants.

Methods: We enrolled 515 hepatitis B surface antigen (HBsAg)-positive patients with detectable anti-HDV antibodies from 32
Italian centres between August 2022 and July 2024; all patients underwent centralised virologic assessment.

Results: Overall, 432 out of 515 (83.9%) patients were HDV-RNA-positive (4.39, 1.30-5.82 Log IU/mL; 99.0% HDV genotype-1).
HDV-RNA levels correlated with ALT (r,= 0575, 0.514-0.630) and hepatitis B core-related antigen (r,=0.521, 0.455-0.581). Native
Italians (n=317; 61.6%) were older than migrants (n =198; 38.4%) (median age: 60, 55-65 vs. 46, 39-54 years; p < 0.001) and were
more frequently male (68.1% vs. 49.5%; p<0.001), with a higher prevalence of liver cirrhosis (70.3% vs. 50.5%; p <0.001) and
hepatocellular carcinoma (14.8% vs. 0.5%; p < 0.001). Among Italians, 223 (70.3%) had liver cirrhosis, 46 (14.5%) had chronic hep-
atitis D (CHD) without cirrhosis and 48 (15.1%) exhibited inactive/minimal disease with low viremia (<3 Log IU/mL). Among
migrants, 100 (50.5%) had liver cirrhosis, 58 (29.3%) had CHD and 40 (20.2%) showed inactive/minimal disease with low viremia
(<3 Log IU/mL).

Conclusions: The current clinical landscape of chronic HDV infections in Italy is heterogeneous, changing the perspective of
CHD as uniformly severe; although cirrhosis remains common, a substantial proportion of both native Italians and migrants
present with milder forms of disease.

For affiliations refer to page 9.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
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Summary

« Chronic HDV infection in Italy increasingly affects
younger, non-native individuals, mainly Eastern
European immigrants, with milder liver disease; prev-
alence is higher in Central-Northern regions.

Most patients (83.9%) are HDV-RNA positive, predom-
inantly genotype-1.

A subgroup of non-cirrhotic patients presented with
inactive/minimal disease, exhibiting normal ALT,
lower HDV-RNA, HBsAg, HBcrAg and liver stiffness,
but no differences in demographics, cofactors or prior
IFN exposure compared to active chronic hepatitis D
cases.

1 | Introduction

In the last 30years, the introduction of the hepatitis B virus
(HBV) vaccine has led to optimal control of HBV infection in the
industrialised world, resulting in a great decline in new hepatitis
D virus (HDV) infections. However, the prospect of eradicating
hepatitis D is hindered by the influx of HDV-infected migrants,
who are creating a new virus reservoir in Europe [1]. Italy pro-
vides a valuable setting to observe these changes, as hepatitis D
was endemic when HDV was first described in 1977 [2], and the
characteristics of Italians with this infection have been updated
at 10-year intervals to the present [3-5]. The introduction of the
HBYV vaccine in 1991 for newborns and adolescents (for the fol-
lowing 12years) has provided immunity to all Italians aged 45
and under, virtually eliminating HBV-dependent hepatitis D in
the younger domestic generations who were previously at the
highest risk. As a result, the clinical profile of chronic hepatitis
D (CHD) patients has shifted from a predominance of rapidly
progressive liver disease leading to hepatic failure to a more
heterogeneous spectrum, often including older patients with
compensated cirrhosis or indolent disease. This likely reflects a
selection bias related to improved survival and earlier diagnosis
[5]. Meanwhile, HDV infections among immigrants are on the
rise [6], posing the challenge of potentially severe hepatitis D in
marginalised populations.

Although the natural history of HDV in native Italians was pre-
viously documented, the medical impact of HDV in immigrants
remains largely unknown. To define and compare the contem-
porary medical characteristics of HDV infection, we established
anational collaborative study aimed at determining the clinical/
virologic profiles of HBsAg carriers with anti-HDV antibodies,
recruited across Italy between 2022 and 2024, including both
native Italians and immigrants born abroad.

2 | Materials and Methods

2.1 | Study Design

In this cross-sectional study, we included consecutive adult pa-
tients (>18years) positive for HBsAg and anti-HDV enrolled

across 32 Italian liver centres between August 2022 and July
2024 (ClinicalTrials.gov: NCT05723068). Eligible were both

patients first diagnosed during the study period and those al-
ready on follow-up.

The study protocol was compliant with the principles of the
1975 Declaration of Helsinki; it was approved by the Ethics
Committee of the coordinating centre (A.O.U. Citta della Salute
e della Scienza di Torino: Protocol n. 35258; 28/03/2022) and lo-
cally by each participating centre.

All patients provided written informed consent. Immigrants
born abroad had legal residency status, granting them free ac-
cess to medical care. Unauthorised asylum seekers and refugees
were not considered, as they were not routinely managed in the
participating centres. The participating centres collected de-
mographic, clinical and selected virologic data as per standard
clinical practice. Liver cirrhosis was diagnosed by liver stiffness
measurement (LSM) (FibroScan, Echosens, France), by diagnos-
tic clinical, imaging and biochemical features, or with a previ-
ous liver biopsy as described in the Supporting Information S1.
In the absence of per-protocol liver biopsies, inflammatory liver
disease was deduced from alanine aminotransferase (ALT)
values >40U/L with the arbitrary inference that ALT values
<40U/L stood for lack of clinical disease; however, since nor-
mal ALT may also be compatible with mild liver damage, thus
the wording clinically inactive disease as used in this study does
not entirely rule out underlying inflammation.

Virologic analyses performed at the local centres included the
determination of quantitative HBsAg, hepatitis B e antigen
(HBeAg), anti-HDV, quantitative HBV-DNA, antibodies to hep-
atitis C virus (HCV) and human immunodeficiency virus (HIV).

Serum samples collected from all patients were sent to Turin for
the determination of quantitative HDV-RNA, HDV genotype
and subgenotype, HBV genotype and hepatitis B core-related
antigen (HBcrAg).

2.2 | Virological Analysis in Turin

HDV-RNA was quantified by RoboGene HDV-RNA
Quantification kit 2.0 (Robogene GmbH, Leipzig, Germany)
using the CFX96 Real-Time System BIO-RAD (BIO-RAD
Laboratories, Hercules, CA, USA), with a lower limit of detec-
tion of 20IU/mL. Viral nucleic acids were purified from 400 uL
of serum samples using the EZ1 DSP virus kit on the EZ1
Advanced XL (QIAGEN GmbH, Hilden, Germany) and eluted
in 60 uL of elution buffer as previously described [7].

HDV genotypes were determined by Sanger-based sequenc-
ing (BMR-GENOMICS, Padova, Italy) of a partial region of
the viral genome (R1) spanning nucleotides 908-1265 [8]. The
sequences obtained were compared to reference sequences
of the eight HDV genotypes retrieved from GenBank, using
the Basic Local Alignment Search Tool (BLAST). HDV subge-
notypes were identified through phylogenetic analysis by
MEGA11 software (https://www.megasoftware.net/), and
reference sequences for subgenotyping were retrieved from
Karimzadeh and colleagues [9]. Sequences were aligned using
ClustaW. Pairwise genetic distance was calculated to estimate
inter-subgenotype differences, and phylogenetic trees were
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generated by the Neighbour-Joining method. The reliability of
interior branch lengths was estimated by a bootstrap approach
(100 replicates).

HBV genotypes were determined using a reverse hybridisa-
tion line probe assay (INNO-LiPA HBV Genotyping, Fujirebio
Europe NV, Gent, Belgium), designed to identify HBV geno-
types A to H by detecting genotype-specific sequences in the
HBV polymerase gene domains B and C [10].

HBcrAg was measured by chemiluminescent enzyme im-
munoassay (Lumipulse G HBcrAg) on a LUMIPULSE G600
1T analyser (Fujirebio, Tokyo, Japan). HBcrAg values were
reported as Log U/mL (measurement range: 2.0-7.0 Log U/
mL) [11].

2.3 | Statistical Analysis

Continuous variables were reported as median and interquartile
range (IQR), whereas categorical parameters were reported as
number (n) and percentages (%). The Mann-Whitney test was
used to compare quantitative data between groups, whereas
the chi-squared (x?) test was used to compare qualitative data.
The correlation between continuous variables was assessed by
the Spearman correlation test (r) with 95% confidence inter-
vals (CI).

The statistical analysis was performed using MedCalc soft-
ware v.18.9.1 (MedCalc Software Ltd. Ostend, Belgium), and p-
values < 0.05 were considered statistically significant.

3 | Results
3.1 | Patients’ Characteristics

We enrolled 515 patients, comprising 317 (61.6%) native Italians
(hereafter referred to as Italians) and 198 immigrants born
abroad (hereafter referred to as migrants).

The overall features of the patients are shown in Table 1. Their
median age was 57 (47-63) years; the majority were male. The
distribution of patients according to the province of residence
is shown in Figure 1; the prevalence of migrants was higher
in Central/North Italy than in South Italy/Islands (177 of 305
[58.0%] vs. 21 of 210 [10.0%]; p<0.001) (Figure S1). One hun-
dred seventy (85.9%) of the migrants were from Eastern Europe
(Romania: 71, 41.8%; Moldova: 59, 34.7%; Albania: 25, 14.7%;
Ukraine: 11, 6.5%; Georgia: 2, 1.2%; Russia: 2, 1.2%), 19 (9.6%)
from Africa (North Africa: 5, 26.3%; Sub-Saharan Africa: 14,
73.7%), 6 (3.0%) from Asia, 2 (1.0%) from South America and 1
(0.5%) from West Europe. Three hundred twenty-three (62.7%)
patients had liver cirrhosis.

The 317 native Italians were older than the 198 migrants (median
age 60, 55-65 vs. 46, 39-54years; p<0.001), were more com-
monly male (male-to-female ratio: 2.14 vs. 0.98; p<0.001) and
exhibited a higher prevalence of liver cirrhosis (223 [70.3%] vs.
100 [50.5%]; p<0.001) and hepatocellular carcinoma (47 [14.8%)
vs. 1 [0.5%]; p<0.001) (Table 1). Italians more often displayed

anti-HCV and anti-HIV antibodies and reported more frequently
a past habit of intravenous drug use (Italians: n==61 [19.2%] vs.
migrants: n=4 [2.0%]; p<0.001). No difference was observed
between the two groups in previous major surgery, blood trans-
fusions, body mass index (BMI), alcohol intake and household
cohabitation with HBsAg/anti-HDV-positive members.

Four hundred thirty-two (83.9%) patients were HDV-RNA pos-
itive. Median serum HDV-RNA was 4.39 (1.30-5.82) Log IU/
mL. HDV-RNA correlated with ALT (r;=0.575, 0.514-0.605;
p<0.001), and HBcrAg (r,=0.521, 0.455-0.581; p<0.001); in
turn, HBcrAg correlated with ALT (r,=0.357, 0.280-0.430;
p<0.001). No significant differences in correlation patterns
were observed between Italians and migrants (Figure S2).

3.2 | Comparison of the Clinical and Virologic
Features of the Patients According to Liver
Cirrhosis and Birthplace

Italians and migrants were stratified by the presence of liver
cirrhosis and by birthplace (Table S1). Reductions in platelet
counts and serum albumin were observed only in patients
with cirrhosis; Italian cirrhotics had lower albumin values
than migrant cirrhotics (4.0, 3.6-4.2g/dL vs. 4.1, 3.8-4.4g/dL;
p=0.012).

Independent of cirrhosis, the rate of HBeAg positivity and
the median levels of HBsAg and HBcrAg were lower in
Italians than migrants (respectively, 13 [4.3%] vs. 22 [11.6%],
p=0.002; 3.08, 1.93-3.73 Log IU/mL vs. 3.76, 2.92-4.10 Log
IU/mL, p<0.001; 3.0, 2.3-3.9 Log U/mL vs. 3.4, 2.5-4.6 Log
U/mL, p=0.001). Regardless of birthplace, patients with liver
cirrhosis were more frequently on long-term treatment with
nucleos(t)ide analogues (NUCs) (276 [85.4%] vs. 106 [55.2%];
p<0.001) compared to non-cirrhotics. Among untreated pa-
tients, no significant difference in HBV-DNA levels was ob-
served between those with liver cirrhosis and those without
(1.60, 1.02-2.34 Log IU/mL vs. 1.30, 1.06-2.05 Log IU/mL,
p=0.553).

At inclusion, 31 patients (6.0%), 26 with cirrhosis and 5 without
cirrhosis, had just started treatment with Bulevirtide 2 mg daily
via subcutaneous injection; all were HDV-RNA positive at the
time of testing. A variable proportion of patients had been previ-
ously treated with interferon (IFN), with the highest percentage
in cirrhotic migrants (39.0%).

The pattern of viremia and ALT in Italians and migrants is
shown in Figure 2. Regardless of birthplace, patients with cir-
rhosis had higher HDV-RNA than those without cirrhosis (4.68,
2.32-5.86 Log IU/mL vs. 3.61, 1.30-5.71 Log IU/mL; p=0.006).
Among Italians, 31 (13.9%) of those with cirrhosis and 25 (26.6%)
of those without cirrhosis were non-viremic with normal ALT
in most. Seventeen (7.6%) of the former and 17 (18.1%) of the lat-
ter had borderline viremia (<1.50 Log IU/mL) with normal or
slightly elevated ALT. Among migrants, 12 (12.0%) of those with
cirrhosis and 15 (15.3%) of those without cirrhosis were non-
viremic; 8 (8.0%) of the former and 16 (16.3%) of the latter had
borderline viremia with normal or slightly elevated ALT. A mi-
nority in both groups (6 Italians and 9 migrants) had marginal

30f 11

85UB0|7 SUOWIWIOD BAIIER.D 8|qedt|dde auy Aq pausenob a2 Se e YO 8sn JO S3|Nn 10} A%euq18UIUO /8|1 UO (SUONIPUOD-PUe-SWLBIW0D A8 | 1M AleIq | BU1 UO//:SANY) SUORIPUOD pue SWwe 1 84} 89S *[G202/80/ST] U0 AriqiTaulluo A8|IM ‘elleeD 1 BISBAIUN - ouieg oueees Aq zyZ0/ AlI/TTTT OT/I0pA0D A8 |im Areiq1jeuljuo//sdny Wwoiy papeojumod ‘6 ‘5202 ‘TEZESLYT



TABLE1 | Comparison of the demographic and clinical features of 317 Italians and 198 migrants HBsAg carriers with anti-HDV.

Overall Italians Migrants
Variables n=>515 n=317 (61.6%) n=198 (38.4%) P
Age (years), median (IQR) [515] 57 (47-63) 60 (55-66) 46 (39-54) <0.001
Sex [515]
Males, n (%) 317 (61.6%) 216 (68.1%) 98 (49.5%) <0.001
Females, n (%) 198 (38.4%) 101 (31.9%) 100 (50.5%)
BMI (kg/m?), median (IQR) [461] 24.6 (22.6-27.7) 24.6 (22.7-27.5) 24.5(22.5-27.8) 0.711
Risk factors [515]
Risky alcohol intake, n (%)* 67 (13.0%) 43 (13.6%) 24 (12.1%) 0.636
IVDU, n (%) 65 (12.6%) 61 (19.2%) 4(2.0%) <0.001
Blood transfusion, n (%) 34 (6.6%) 22 (6.9%) 12 (6.1%) 0.696
HBsAg+ household members, n 86 (16.7%) 54 (17.0%) 32 (16.2%) 0.796
(%)
Anti-HDV+ household members, 47 (9.1%) 29 (9.1%) 18 (9.1%) 0.983
n (%)
Anti-HCV-positive, n (%) [492] 75 (15.2%) 66 (21.6%) 9 (4.8%) <0.001
Anti-HIV-positive, n (%) [436] 35 (8.0%) 32 (11.6%) 3(1.9%) <0.001
ALT (U/L), median (IQR) [515] 46 (28-80) 43 (26-85) 49 (29-76) 0.661
<40U/L, n (%) 234 (45.4%) 152 (57.9%) 82 (41.4%) 0.148
>40 U/L n (%) 281 (54.6%) 165 (52.1%) 116 (58.6%)
Platelet count (X10°/L), median 139 (88-197) 131 (86-184) 160 (92-208) 0.010
(IQR) [512]
Albumin (g/dL), median (IQR) [505] 4.1 (3.7-4.4) 4.0 (3.7-4.3) 4.2(3.9-4.5) <0.001
HDV-RNA (Log IU/mL), median 4.39 (1.30-5.82) 4.42 (1.30-5.73) 4.21 (1.45-5.91) 0.319
(IQR) [515]
Positive, n (%) 432 (83.9%) 261 (82.3%) 171 (86.4%) 0.227
Negative, n (%) 83 (16.1%) 56 (17.7%) 247 (13.6%)
HBcrAg (Log U/mL), median (IQR) 3.1(2.3-4.3) 3.0(2.3-3.9) 3.4(2.5-4.6) <0.001
[515]
LSM by VCTE (kPa), median (IQR) 11.6 (7.3-18.5) 13.2 (8.3-19.9) 9.3 (6.3-14.3) <0.001
[402]
Liver cirrhosis, n (%) [515]** 323 (62.7%) 223 (70.3%) 100 (50.5%) <0.001
Previous IFN treatment, n (%) [506] 159 (31.4%) 88 (28.6%) 71 (35.9%) 0.085
Ongoing NUC treatment, n (%) [515] 382 (74.2%) 247 (77.9%) 135 (68.2%) 0.014
Ongoing Bulevirtide treatment, n 31 (6.0%) 21 (6.6%) 10 (5.1%) 0.465

(%) [515]

Note: Numbers in brackets indicate patients with available data. p values were calculated by the Mann-Whitney test for continuous variables and by y? test for
categorical data. Overall, 129 patients underwent liver biopsy. Liver cirrhosis was diagnosed by liver biopsy in 88 (27.2%) patients, by LSM in 125 (38.7%) patients, and
by a combination of clinical, imaging and biochemical features in 110 (34.1%) patients.

Abbreviations: ALT, alanine aminotransferase; anti-HCV, antibody to hepatitis C virus; anti-HDV, antibodies to hepatitis D virus; anti-HIV, antibodies to human
immunodeficiency virus; BMI, body mass index; HBcrAg, hepatitis B core-related antigen; HBsAg, hepatitis B surface antigen; HCC, hepatocellular carcinoma; HDV,
hepatitis D virus; IFN, interferon; IQR, interquartile range; IVDU, intravenous drug use; LSM, liver stiffness measurement; n, number; NUC, nucleos(t)ide analogues
against HBV; VCTE, vibration controlled transient elastography.

*>30g/day for males and >20g/day for females.

**Including 47 patients with HCC among native Italians and 1 patient with HCC among migrants.
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FIGURE1 | Patients' distribution according to Italian province of residence.

viremia (<3.00 Log IU/mL); of them, the Italians had normal
ALT, whereas migrants had normal or slightly elevated ALT
levels.

3.3 | Clinical and Virologic Phenotypes

Patients were stratified into three clinical and virological phe-
notypes on the basis of HDV-RNA levels (above or below 3.00
Log IU/mL) and cirrhosis status: patients with liver cirrhosis
(n=323, 62.7%), and patients without cirrhosis, further clas-
sified into those exhibiting a clinical profile characteristic of
chronic hepatitis D (CHD) (n=104, 20.2%) and those present-
ing features consistent with inactive or minimally active disease
(n=288, 17.1%) (Figure 3 and Table 2).

Compared to patients with CHD, those with inactive/minimal
disease exhibited normal ALT values (26, 19-38 U/L, p < 0.001
vs. 58, 39-101 U/L, p<0.001), lower HBsAg (2.23, 1.20-3.37
Log IU/mL vs. 3.77, 3.21-4.18 Log 1U/mL, p<0.001), lower
HBcrAg (2.5, 2.0-2.9 Log U/mL vs. 4.1, 3.0-4.8 Log U/mL,
p<0.001) and lower LSM (5.7, 4.8-7.5kPa vs. 7.9, 6.2-10.6 kPa,
p <0.001).

Notably, no significant differences were observed in age, sex,
birthplace or potential cofactors associated with liver dam-
age. Furthermore, the proportion of patients who had previ-
ously received IFN therapy was comparable between patients
with CHD and those with inactive/minimal disease. None of
the patients in the latter group were on Bulevirtide at study
inclusion.
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FIGURE3 | Clinical phenotypes of patients according to HDV-RNA
patterns and the presence of liver cirrhosis. Patients with inactive/min-
imal disease were defined by the absence of liver cirrhosis and HDV-
RNA <3.00 Log IU/mL. Abbreviations: CHD, chronic hepatitis D; HDV,
hepatitis D virus; n, number.

3.4 | Molecular HDV and HBV Epidemiology

HDV sequences were obtained from 411 of 432 HDV-RNA-
positive serum samples. Phylogenetic analysis identified HDV
genotype-1 in 407 (99.0%) patients, whereas 4 (1.0%) patients
from Sub-Saharan Africa regions were infected with HDV gen-
otype-5 (Figure 4).

Among patients carrying HDV genotype-1, the HDV subgeno-
type was determined in 363: 1a in 4 (1.1%), 1b in 1 (0.3%), 1c in
200(55.1%), 1d in 10 (2.8%) and 1e in 148 (40.8%). Among Italians
(n=216), the prevalent subgenotype was HDV-le (126/216;
58.3%), whereas migrants (n=147) were mostly infected with
HDV-1c (119/147; 81.0%) (p < 0.001).

HBV genotype was determined in 86 HBV-DNA-positive pa-
tients. The prevalence of the different HBV genotypes did not
vary between Italians and migrants (p =0.309). Genotype D was
the most prevalent (n=62; 73.1%). Genotype A was detected in
8 patients (9.3%), C in 1 (1.2%), E in 3 (3.5%), and F in 1 (1.2%).

Eleven (12.8%) patients had mixed HBV genotypes (D+C: n=1;
D+E:n=1;D+G:n=9).

4 | Discussion

The demographics of Italians and migrants with HDV infection
were previously described [12, 13], but no comprehensive analy-
sis has thoroughly addressed their clinical characteristics. This
study provides a cross-sectional overview of the contemporary
medical impact of HDV infections in Italy, on the basis of the viro-
logic and clinical profiles of 515 HBSAg carriers with antibodies to
HDV recruited from 32 medical centres between August 2022 and
July 2024; the cohort included 317 individuals born in Italy and
198 migrants born abroad. Participants were newly diagnosed or
in programmed follow-up. Migrants were legally residing in Italy
with access to free medical services. Unauthorised asylum seek-
ers and refugees were not considered, meaning the migrant group
represents a selected population, distinct from undocumented
migrants who may have more severe clinical features; however,
they reflect the migrant population with HDV infection that most
impacts national healthcare systems. The majority of the patients
were cirrhotic, had active disease and were HD viremic. HDV-
RNA levels correlated with active CHD and cirrhosis; 16.1% of the
subjects were not viremic.

The comparison of the two populations confirmed the signifi-
cantly older age and higher cirrhosis rate among Italians [12, 13].
Migrants were more prevalent in Northern and Central Italy than
in Southern and Insular Italy, consistent with national immigra-
tion trends, where 58.6% of foreign citizens reside in Northern Italy,
24.5% in Central Italy and 16.9% in Southern and Insular Italy [14].
Unlike most CHD studies, where males predominate, in our study,
females tend to be more prevalent than males among migrants.
A possible explanation is that women typically undergo anti-HDV
testing during early pregnancy as part of mandatory HBV screen-
ing follow-up in Italy [6, 15]. Additional risk factors for liver disease
were similarly distributed between the two groups. There was no
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TABLE 2 | Demographic and clinical features of the 515 patients according to clinical phenotypes.

Liver cirrhosis

CHD

Inactive/minimal

disease

Variables n=323 (62.7%) n=104 (20.2%) n=288 (17.1%) p*
Age (years), median (IQR) [515] 58 (49-64) 52 (43-61) 53 (45-61) 0.718
Sex [515]
Males, n (%) 203 (62.8%) 62 (59.6%) 49 (55.7%) 0.583
Females, n (%) 120 (27.2%) 42 (40.4%) 39 (44.3%)
Native Italians, n (%) [515] 223 (69.0%) 46 (44.2%) 48 (54.5%) 0.155
BMI (kg/m?), median (IQR) [461] 24.6(22.9-28.0) 24.1 (22.0-27.0) 24.9 (22.3-28.5) 0.255
Risky alcohol intake, n (%)** 45 (13.9%) 14 (13.5%) 8(9.1%) 0.345
HDV-RNA [515]
Negative, n (%) 43 (13.3%) 0 40 (45.5%) <0.001
<3.00 Log IU/mL, 1 (%) 59 (18.3%) 0 48 (54.5%)
>3.00 Log IU/mL, n (%) 221 (68.4%) 104 (100%) 0
ALT (U/L), median (IQR) [515] 50 (29-87) 58 (39-101) 26 (19-38) <0.001
HBsAg (Log IU/mL), median 3.50 (2.15-4.00) 3.77 (3.21-4.18) 2.23(1.20-3.37) <0.001
(IQR) [478]
HBcrAg (Log U/mL), median 3.2(2.5-4.2) 4.1 (3.0-4.8) 2.5(2.0-2.9) <0.001
(IQR) [515]
LSM by VCTE (kPa), median (IQR) 16.0 (12.0-25.0) 7.9 (6.2-10.6) 5.7 (4.8-7.5) <0.001
[402]
Previous IFN treatment, n (%) 102 (31.6%) 35(33.7%) 22 (25.0%) 0.192
[506]
Ongoing NUC treatment, n (%) 276 (85.4%) 69 (66.3%) 37 (42.0%) <0.001
[515]
Ongoing Bulevirtide treatment, n 29 (8.0%) 5(4.8%) 0 0.038

(%) [515]

Note: Numbers in brackets indicate patients with available data. p values were calculated by the Mann-Whitney test for continuous variables and by x? test for

categorical data.

Abbreviations: ALT, alanine-aminotransferase; BMI, body mass index; CHD, chronic hepatitis D; HBcrAg, hepatitis B core-related antigen; HBsAg, hepatitis B surface
antigen; HBV, hepatitis B virus; HDV, hepatitis D virus; IFN, interferon; IQR, interquartile range; LSM, liver stiffness measurement; n, number; NUC, nucleos(t)ide

analogues against HBV; VCTE, vibration controlled transient elastography.
*CHD versus inactive/minimal disease.
**>30g/day for males and >20g/day for females.

difference in HDV genotype, which was predominantly type 1 in
both groups, with subgenotype HDV-1c more common among mi-
grants and HDV-1e more common among Italians. HCV and HIV
serology were significantly more positive in Italians, reflecting the
risk of parenteral exposure to HDV through injecting drug use, a
major transmission route for the virus among Italian youth in the
past; many patients (74.2%) were on long-term antiviral treatment
with NUCs, and HBV-DNA was undetectable or below the quanti-
fication limit (< 201U/mL) in the majority of patients. In contrast,
HBcrAg was often detectable, and higher levels correlated with
more advanced liver disease, as well as elevated ALT and HDV-
RNA levels. Given that the pathogenicity of HDV may depend
on the transcriptional activity of the underlying HBV infection,
regardless of HBV replication suppression [16, 17], HBcrAg may
serve as a useful prognostic marker of advancing CHD in combi-
nation with HDV-RNA measurement.

Age and cirrhosis differences between Italians and migrants
reflect distinct epidemiological backgrounds. Younger migrants
represent an ongoing infection in their countries of origin,
whereas native Italians reflect the aftermath of an infection that
was endemic in Italy decades ago.

Cirrhosis was observed in 70.3% of the 317 Italians, showing a
dual pattern of active and inactive disease. This is consistent
with the natural history of HDV cirrhosis, which can evolve
from an inflammatory/viremic to a burnt-out/non-virulent con-
dition; HDV-RNA was undetectable in 13.9% of patients with
cirrhosis. Previous studies have reported spontaneous clearance
and reduction of HDV viremia over time. For instance, serum
HDV-RNA declined by >2 Log IU/mL in 25% of 56 Spanish cir-
rhotics after a mean follow-up of 5.6 years (with 20% becoming
undetectable) [18]; in Italy, HDV-RNA was no longer detectable
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FIGURE 4 | Phylogenetic analysis of HDV sequences. Phylogenetic tree of 446 HDV nucleotide sequences, including 55 reference sequences (in-
dicated by coloured dots). HDV-1 subgenotypes are highlighted in shades of blue, whereas sequences shown in black (n=24) represent borderline
cases for which subgenotype assignment was not possible. Taxa highlighted in orange correspond to HDV-2, red to HDV-3, purple to HDV-4, green
to HDV-5, brown to HDV-6, yellow to HDV-7 and sage to HDV-8. The evolutionary history was inferred using the Neighbour-Joining method, and all

evolutionary analyses were performed in MEGA11.

in 25% of 112 cirrhotics after 8 years [5], and in 85% of 21 cirrhot-
ics after 15years of monitoring [19].

Though less prevalent than in Italians, cirrhosis was also com-
mon among migrants, affecting 50.5% of cases. Almost 40% of
these patients had been treated with IFN; although treatment
did not prevent the development of cirrhosis, it may have accel-
erated subsequent normalisation of ALT and clearance of HDV-
RNA, which was undetectable in 12.0% of the cases.

We identified 192 patients without cirrhosis; irrespective of
birthplace, half of them had elevated ALT levels and exhibited
a typical CHD profile with high viremia (>3 Log IU/mL). The
other half had normal ALT levels but different virological char-
acteristics: HDV viremia was undetectable in 45.5% of patients,
indicating a past HDV infection that had resolved, whereas the
other 54.5% had low-level viremia, typically HDV-RNA <3 log
IU/mL. Notably, the discovery of spontaneously resolved infec-
tions in a distinct proportion of patients contrasts with the rare
occurrence of self-limited infections reported in previous clini-
cal studies of HDV. This is likely attributable to the growing use
of reflex testing for anti-HDV in all HBsAg-positive individuals
[20, 21], which broadens the epidemiological context of HDV
infections, leading to the identification of asymptomatic HDV
cases that were previously overlooked.

The data of this study modify our understanding of CHD as
an invariably severe and progressive disease. First, in Italians
exposed to the HDV two to three decades before, non-cirrhotic
CHD developed as a slowly progressing liver disease of long-
standing infection, indicating that insidious forms of CHD may
play a more significant role in the medical HDV landscape than
previously perceived. Indolent or slowly progressive forms of
HDV disease were formerly unrecognised because clinical atten-
tion focused primarily on aggressive CHD, which led to the con-
clusion that HDV infection was predominantly severe [22, 23].
However, with extended monitoring, more benign forms of long-
lasting CHD are now being identified, owing to their selective

accumulation over time as a result of a long natural history and
survival advantage. More intriguing, 48 patients had low-level
viremia, typically equal to or lower than 3 log IU/mL, but ex-
hibited normal ALT values. The significance of minor viremia
without overt liver injury cannot be interpreted from this cross-
sectional study, which only offers a snapshot of the natural his-
tory of HDV infection. However, in contrast to the belief that the
expression of HDV-RNA results in important liver damage [23],
this finding raises the question whether spontaneous low-grade
HDV viremia may also be compatible with indolent clinical con-
ditions; in a recent study, untreated HDV patients with low lev-
els of HDV-RNA also had fewer clinical outcomes [24].

Second, the high rate of cirrhosis in migrants is somewhat sur-
prising, as one would assume that the younger age of the mi-
grants should have driven primarily fresh and florid forms of
CHD. This suggests that a proportion of CHD rapidly progressed
to cirrhosis but subsequently followed a stable clinical course, in
line with similar findings in other series of migrants in Europe.
In France and Sweden [25, 26], cirrhosis was found at referral in
23.4% and 28.1% of 1112 and 337 patients, largely composed of
migrants, with a mean age of 36.5 and 38years, respectively; in
both studies, the further clinical progression appeared to be less
severe than predicted from the presumptive ominous course of
HDV disease.

The relatively milder medical impact of HDV in migrants to
Europe suggested that the profile of patients with CHD might
have shifted to a more benign clinical course because of extended
testing with reduced selection bias toward severe liver disease
[27]. However, this assumption is difficult to reconcile with the
significant proportion of young migrants diagnosed with cirrho-
sis. Rather, young, labour-fit migrants with anti-HDV cirrhosis
who come to Europe may represent a selected population with
less severe clinical disease, which does not fully reflect the med-
ical burden of HDV in their home countries; those with severe,
debilitating CHD would likely be unable to emigrate. Although
observational studies emphasise the tendency of CHD to rapidly
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progress to cirrhosis [28-30], the cirrhotic outcome may be
followed by a prolonged, stable clinical course. This variant,
similar to the cirrhosis seen in migrants, was first described in
Italian cirrhotics who survived symptom-free for an average of
22years before clinical decompensation [3]. The proportion of
this variant within the broader CHD scenario and the reason for
its prolonged course remain unclear. A hypothesis may be that
many of these young patients were originally healthy, inactive
HBsAg carriers, whose livers were better able to withstand the
damage caused by HDV superinfection compared to HBsAg car-
riers with underlying HBV liver disease.

The example of Italy serves as a paradigm for the current ap-
proach to HDV in high-income countries that are increasingly
attracting immigrants; addressing the infection requires consid-
eration of the differing medical characteristics between natives
and newcomers.
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