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ntroduction 

Chronic infection by the Hepatitis Delta virus (HDV) causes 

ggressive and difficult-to-treat Hepatitis in Hepatitis B anti- 

en (HBsAg)-positive patients [ 1 ]. The epidemiological profiles of 

hronic Hepatitis D (CHD) have changed in the last decades [ 2- 

 ] mainly due to Hepatitis B virus (HBV) vaccination campaigns in 

ost countries and increasing immigration from areas where HDV 

s endemic [ 5-14 ]. 

About two-thirds of HBsAg-positive individuals with anti-HDV 

ave an active infection, shown by the presence of HDV ribonucleic 

cid (RNA) in blood, which fuels disease progression and requires 

reatment [ 15 , 16 ]. Unfortunately, only interferon (IFN)-based ther- 

pies, which were feasible and effective in a small proportion of 

ases, were available for these patients for decades. With new an- 

ivirals on the horizon, understanding and assessing HDV-infected 

atients’ current epidemiological and clinical profiles is needed to 

etermine eligibility and potential treatment prioritization criteria 

n line with overall patient morbidity. Accordingly, this study aims 

o describe the hepatic and extrahepatic morbidity profile of pa- 

ients enrolled in the Italian Platform for the Study of Viral Hep- 

titis Therapy (PITER) HBV/HDV cohort. This should also provide 

DV screening and care indications in HBsAg-positive patients. 

atients and methods 

This cross-sectional, observational study examined patients en- 

olled in the Italian PITER HBV/HDV cohort [ 17 ]. Briefly, consecu- 

ive patients, except those enrolled in clinical trials, irrespective of 

ntiviral treatment, seen in 59 centers throughout Italy (40.4% in 

orthern Italy, 17.3% in Central Italy, and 42.3% in Southern Italy) 

rom November 2019 to February 2023 who were HBsAg positive 

or at least 6 months, with or without HDV, Hepatitis C virus (HCV) 

nd human immunodeficiency virus (HIV) co-infection were in- 

luded. Additionally, patients with past HBV infection who were 

BsAg negative and those with acute HBV were excluded. 

Baseline demographic, clinical, and laboratory characteristics 

ere recorded for each patient at enrolment using a specific 

lectronic case report form (eCRF). Potential liver disease cofactors 

ere recorded (alcohol use, diabetes, elevated body mass index 

BMI), HIV and HCV coinfections); alcohol intake was catego- 

ized as ongoing, previous, or no use by a cut-off of 3 U/day; 

iabetes was having fasting glucose ≥126 mg/dL at repeated 

eterminations; and overweight/obesity was a BMI 25-30/ > 30 

g/m2 . In addition, extrahepatic morbidities were recorded, with 

pecial attention to severe, predefined comorbidities that could 

ontraindicate the use of IFN. Each clinical center performed 

irological and routine analyses, which included testing for HBsAg, 

epatitis B e antigen (HBeAg)/HBe antibody (anti-HBe), anti- 

DV/HCV antibodies, and HIV co-infection using commercially 

vailable enzyme-immunoassays, and HCV-RNA and HIV-RNA 

esting by commercial kits. For the aims of this study, the qual- 

tative HDV-RNA test data were collected by each clinical center. 

he following real-time assays were used: RoboGene HDV RNA 

uantification kit 2.0 (Robogene GmbH, Leipzig, Germany; lower 

imit of detection (LOD) = 6 IU/mL; 35.5% of centers); EurobioPlex 

DV qRT-PCR (Eurobio, Les Ulis, France, LOD = 100 IU/mL; 22.6% 

f centers), Bosphore HDV Quantification-Detection kit (Anatolia 

eneworks, Sultanbeyli, Turkey, LOD = 45 cp/mL; 16.1% of cen- 

ers), RealStar HDV RT-PCR (Altona Diagnostics GmbH, Hamburg 

ermany, LOD = 9.48 IU/mL; 9.7% of centers), DiaPro HDV RNA 

uantification kit (Dia.Pro Diagnostic Bioprobes Srl, Sesto San Gio- 

anni (MI), Italy, LOD = 100 cp/mL; 6.4% of centers) and in-house 

alidated assays (LOD = 500 cp/mL; 9.7% of centers). 

Two expert clinical monitors and one physician were involved 

n ensuring data quality, which was checked through periodic 
3

emote monitoring using specific queries. The presence of liver 

irrhosis was defined by liver biopsy (Metavir ≥4 or Ishak score 

6), transient elastometry (liver stiffness measurement [LSM] 

 12.5 kPa), or unequivocal laboratory and imaging features. 

tatistical analysis 

Patients were analyzed according to their HDV status, i.e., the 

resence of anti-HDV antibodies and detectable HDV-RNA in serum 

nd compared to patients with HBV mono-infection. The compar- 

sons were performed using the Chi-Squared or Fisherś Exact test 

when necessary) for categorical variables and the Mann-Whitney 

 test for continuous variables. Chi-squared for trend was used 

or age and Child-Pugh. The receiver operating characteristic (ROC) 

nalysis was used to detect the cut-off of alanine aminotransferase 

ALT) and gamma-glutamyl transpeptidase (GGT) values that bet- 

er discriminate between anti-HDV or HDV-RNA positive or nega- 

ive patients for the presence of cirrhosis. Multivariate logistic re- 

ression models explored the independent association between the 

onsidered variables and HDV-RNA positivity. The associations are 

resented by Odds Ratios (OR) and their 95% Confidence Intervals 

95% CI). A two-tailed P -value < 0.05 was considered statistically 

ignificant. The data were analyzed using the STATA Statistical Soft- 

are, version 16.1 (StataCorp 2019). 

esults 

emographic and clinical characteristics of HDV-infected patients 

The study enrolled 5492 HBsAg-positive patients, of whom 422 

ere positive for anti-HDV antibodies, 3730 were negative, and 

340 had not been screened for anti-HDV ( Figure 1 ). The demo- 

raphic and clinical characteristics of the patients tested for anti- 

DV are summarized in Table 1 . The overall prevalence of anti- 

DV was 422 of 4152 HBsAg positive patients (10.2%; 95% CI 9.3- 

1.1), ranging from 3.7% in patients older than 70 to 13.6% in those 

ged 51-60. Compared with HBV mono-infected patients, anti- 

DV positive patients were younger (median age 55 vs. 59 years; 

 < 0.001), with a history of intravenous drug use (10.0% vs. 1.7%; 

 < 0.001) and abnormal ALT values (59.4% vs. 15.3%; P < 0.001) 

nd more often non-Italian natives (33.6% vs. 22.8%; P < 0.001). 

mong disease co-factors, anti-HCV and anti-HIV antibodies were 

ore often present in anti-HDV positive patients. HCV-RNA was 

resent in only one patient with anti-HDV and eight without. 

IV-RNA was detected in two anti-HDV-negative patients, neither 

n antiretroviral therapy at the time of enrolment. Diabetes and 

verweight/obesity were more frequent among HBV mono-infected 

atients. Overall, 76.5% anti-HDV positive patients (N = 323, of 

hom 77% were cirrhotic) and 67.8% HBV mono-infected patients 

N = 2529, of whom 32% were cirrhotic) ( P < 0.001) were on an-

iviral treatment ( > 95% of which consisted of nucleoside analogs 

NUCs]). 

Among anti-HDV positive patients, cirrhosis was diagnosed by 

iver biopsy ± elastometry in 23.4% of cases, by elastometry in 

6.1%, and by clinical and instrumental data in 40.5% of cases; 

he proportions were 23.8%, 31.7%, and 44.5%, respectively, for HBV 

ono-infected patients. 

Overall, cirrhosis (70.8% vs. 23.9%; P < 0.001) and hepatocellular 

arcinoma (HCC) (10.2% vs. 2.9%; P < 0.001) were more frequent 

mong anti-HDV positive patients. Presence of esophageal varices 

nd ascites, an episode of variceal bleeding, encephalopathy, and 

ortal thrombosis were more frequent in anti-HDV positive pa- 

ients compared to anti-HDV negative patients (all P < 0.001). The 

ultivariable analysis indicated that age, drug use, ALT value, pres- 

nce of cirrhosis, past IFN therapy, and HIV co-infection remain 
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Figure 1. Flow chart of the patients enrolled in the study. 

i

T

s

n

F

1

9

e

l

(

w

S

t

e

m

r

0

d

I

w

w

a

t

v

f

m

I

t

A

6

t

c

c

2

s

i

v

t

s

6

H

i

o

3

H

3  

H

n

i

ndependently associated with anti-HDV positivity (Supplementary 

able 1). 

The distribution of liver cirrhosis by age and patient origin 

howed that 75% of patients under the age of 40 years were of 

on-Italian origin, and 12.0% over 40 years of age (Supplementary 

igure 1). Anti-HDV prevalence was 142/992 (14.3%; 95% CI 12.2- 

6.6) among non-Italian patients and 280/3150 (8.8%; 95% CI 7.9- 

.9) among Italians. Non-Italian patients mainly came from East- 

rn Europe (85.2%; most often Moldova, Romania, and Albania) fol- 

owed by sub-Saharan Africa (7.7%) and Asia (2.1%); the remaining 

N = 7; 4.9%) were from different areas. Anti-HDV positive patients 

ere 56.3% from Northern, 27.3% from Central and 16.2% from- 

outhern Italy. Non-Italians were primarily in Northern and Cen- 

ral Italy (50.2% of anti-HDV positive patients vs. 11.9% in South- 

rn Italy), younger (42.2% age ≤ 40 years vs. 2.1%; P < 0.001), fe- 

ales (males 43% vs. 68.6%; P < 0.001) less frequently with cir- 

hosis (61.3% vs 75.7%; P = 0.002) and HCC (5.0% vs. 12.8%; P = 

.014). Detectable HBV deoxyribonucleic acid (DNA) and a shorter 

uration of NUC therapy were significantly more frequent in non- 

talians (Supplementary Table 2). 

Patients not screened for anti-HDV were older Italian natives 

ith normal ALT, less frequently with cirrhosis but more frequently 

ith HCC. Presence of HCV or HIV coinfections, HBeAg positivity 

nd HBV DNA positivity were significantly more frequent in pa- 

ients not tested for HDV, whereas patients who underwent pre- 

ious IFN therapy and were on NUC therapy for HBV chronic in- 

ection were more frequently tested for anti-HDV ( Table 2 ). In the 
4

ultivariable model, presence of HCC, HIV co-infection, and past 

FN therapy were significantly associated with a lack of anti-HDV 

esting (Supplementary Table 3). 

ctive HDV infection 

HDV RNA in plasma was detected in 165 (63.2%; 95% CI 57.1- 

9.1) of the 261 tested patients. Of the 161 patients (38%) not 

ested for HDV RNA, altered ALT levels ( P = 0.044), Child-Pugh B/C 

irrhosis ( P = 0.003) and HIV infection ( P = 0.004) were signifi- 

antly more frequent than in tested patients (Supplementary Table 

). Compared with anti-HDV-positive patients with undetectable 

erum HDV-RNA ( Table 3 ), HDV-RNA-positive patients had a sim- 

lar median age ( P = 0.9); however, age-related prevalence was 

ariable ( P = 0.007), ranging from 55.9% in those aged 61-70 years 

o 72.1% in those ≤40 years and 100% in patients over 70. Cirrho- 

is was more frequent among HDV-RNA-positive patients (75.8 vs. 

3.5%; P = 0.035). However, the prevalence of cirrhosis in anti- 

DV positive/HDV-RNA negative patients was higher (63.5%) than 

n HBV mono-infected patients (29.9%; P < 0.001). The proportion 

f HCC cases was higher in HDV RNA-positive patients (15.3% vs. 

.2%; P = 0.003), but comparable in RNA-negative patients and 

BV mono-infected (3.2% vs. 2.9%; not significant) ( Tables 1 and 

 ). Abnormal ALT values ( > 35 IU/L) were observed in 74.4% of the

DV RNA-positive patients compared to 25.0% in those HDV RNA- 

egative ( P < 0.001). The odds of being HDV-RNA positive were 

ndependently associated with elevated ALT values (Adj. OR 13.58, 
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Table 1 

Epidemiological Characteristics of Enrolled Patients by Anti-HDV Status 

Anti-HDV Positive 

N = 422 

Anti-HDV Negative 

N = 3730 

P -Value 

Age median (Q1, Q3) 55 (46, 62) 59 (48, 68) < 0.001 

≤ 40 66 (15.6) 515 (13.8) < 0.001 

41-50 77 (18.2) 589 (15.8) 

51-60 147 (34.8) 932 (25.0) 

61-70 104 (24.6) 960 (25.7) 

> 70 28 (6.6) 734 (19.7) 

Males 253 (60.0) 2335 (62.6) 0.287 

Non-Italian natives 142 (33.6) 850 (22.8) < 0.001 

Injection drug use 35 (10.0) 55 (1.7) < 0.001 

ALT median (Q1, Q3) 45 (27-79) 22 (16-30) < 0.001 

ALT > 35 IU/L 243 (59.4) 566 (15.3) < 0.001 

GGT > 50 IU/L 121 (36.3) 344 (11.1) < 0.001 

HBeAg positive 25 (6.1) 253 (6.8) 0.582 

Cirrhosis 299 (70.8) 892 (23.9) < 0.001 

Esophageal varices 88 (20.85) 153 (4.10) < 0.001 

Previous bleeding 13 (3.08) 28 (0.75) < 0.001 

Ascites 34 (8.06) 58 (1.55) < 0.001 

Encephalopathy 13 (3.08) 27 (0.72) < 0.001 

Portal thrombosis 10 (2.37) 22 (0.59) < 0.001 

Child-Pugh 

A 251 (84.0) 791 (88.7) 0.005 

B 41 (13.7) 99 (11.1) 

C 7 (2.3) 2 (0.2) 

HCC 42 (10.2) 106 (2.9) < 0.001 

HBV DNA positive 115 (29.1) 1330 (36.5) 0.004 

HDV RNA positive (261 tested) 165 (63.2) — —

Previous IFN 142 (33.6) 580 (15.5) < 0.001 

Potential disease co-factors 

Ongoing alcohol use 65 (18.7) 775 (22.6) 0.130 

Past use 51 (14.7) 412 (12.0) 

Diabetes 29 (6.9) 375 (10.0) 0.037 

BMI 25-30 109 (25.8) 1173 (31.4) 0.004 

BMI ≥ 30 32 (7.6) 384 (10.3) 

anti-HCV positive 39 (10.4) 126 (3.6) < 0.001 

anti-HIV positive 17 (4.8) 35 (1.1) < 0.001 

Ongoing therapy ( > 95% NUCs) 323 (76.5) 2529 (67.8) < 0.001 

Years of NUC therapy median (Q1, Q3) 4.4 (2.0-8.0) 6.0 (2.7-9.7) < 0.001 

ALT: alanine aminotransferase; GGT: gamma glutamyl transpeptidase; HBeAg: Hepatitis B e antigen; HBV: Hep- 

atitis B virus; HCC: hepatocellular carcinoma; HCV: Hepatitis C virus; HDV: Hepatitis D virus; HIV: human 

immunodeficiency virus; IFN: interferon; NUCs: nucleos(t)ide analogues; Q1: quarter 1; Q3: quarter 3. 
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I 95%: 5.75-32.07) and advanced cirrhosis after adjusting for age, 

ex, BMI, HCC, GGT, origin, and NUC therapy for more than 2 years 

Supplementary Table 3). 

ROC analysis showed that an ALT value > 35 IU/mL had the 

est discriminating power, allocating anti-HDV with 82% accuracy 

negative predictive value, NPV = 95.0%; positive predictive value, 

PV = 30.0%). GGT had a lower discriminatory power (accuracy of 

2%). However, GGT with the cutoff value of 43 IU/mL showed a 

4% accuracy (NPV = 93.5%; PPV = 24.5%) in detecting the pres- 

nce or absence of cirrhosis in anti-HDV-positive patients (data not 

hown). 

xtrahepatic comorbidity profile 

One or more comorbidities were present in 200 of the 422 anti- 

DV positive patients (47.4%), of whom 78 (39.0%) had more than 

ne comorbidity. Comorbidities were present in 142/280 Italian 

50.7%) vs 58/142 (40.8%) non-Italian anti-HDV positive patients 

 P = 0.05) and in 1811/2880 (62.9%) Italian vs. 265/850 (31.2%) 

on-Italians HBV mono-infected patients ( P < 0.001). The main 

omorbidities by anti-HDV status by age class are reported in 

able 4A . Neuro-psychiatric disorders were more frequent among 

ounger ( ≤55) HDV patients; in contrast, autoimmune diseases and 

eing overweight were more frequent among older ( > 55) patients 

ith HBV mono-infection. 
5

ligibility to interferon (IFN) 

An estimate of eligibility for IFN-containing treatments for 

DV-RNA positive patients (n = 165) was made by the presence 

f contraindications due to advanced liver disease or severe extra- 

epatic comorbidities as listed in Table 4B . By sequentially elimi- 

ating patients with at least one absolute contraindication (40.6%) 

nd patients with relative contraindications (12.7%), 46.7% of the 

atients could be eligible for IFN. 

iscussion 

There is a renewed interest in chronic Hepatitis D due to the 

vailability of new treatments. The results of this study are based 

n a representative nationwide cohort of HBsAg-positive patients 

ith or without HDV infection and highlight important factors. 

irst, the majority of HDV-positive patients have advanced liver 

isease or established cirrhosis in both the young, non-Italian 

opulation and the older Italian patients. Second, comorbidities 

re frequent, and their role in influencing liver disease manage- 

ent and different antiviral treatment eligibility should be eval- 

ated in clinical practice. Finally, patients with HDV infection 

ave a heterogeneous clinical profile in different countries/areas, 

hich requires an analysis by local studies to address containment 

easures. 
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Table 2 

Characteristics of Patients by Anti-HDV Tested Status 

Anti-HDV Tested 

N = 4152 

Anti-HDV not Tested 

N = 1340 

P -Value 

Age median (Q1, Q3) 59 (48-68) 60.5 (50-69) < 0.001 

≤ 40 581 (14.0) 149 (11.1) < 0.001 

41-50 666 (16.0) 201 (15.0) 

51-60 1079 (26.0) 320 (23.9) 

61-70 1064 (25.6) 377 (28.1) 

> 70 762 (18.3) 293 (21.9) 

Males n (%) 2588 (62.3) 825 (61.6) 0.616 

Non-Italian natives 992 (23.9) 241 (18.0) < 0.001 

Injection drug use 90 (2.5) 21 (2.2) 0.644 

ALT median (Q1, Q3) 22 (17-33) 22 (17-30) 0.121 

ALT > 35 IU/L 809 (19.6) 192 (16.5) 0.017 

GGT > 50 465 (13.6) 137 (13.3) 0.834 

Cirrhosis 1191 (28.7) 323 (24.1) 0.001 

Child-Pugh 

A 1042 (87.5) 284 (87.9) 0.918 

B 140 (11.7) 36 (11.1) 

C 9 (0.8) 3 (0.9) 

HCC 148 (3.7) 88 (6.7) < 0.001 

Alcohol 

Ongoing use 840 (22.3) 228 (23.6) 0.011 

Past use 463 (12.3) 85 (8.8) 

HBeAg positive 278 (6.8) 115 (8.8) 0.012 

Anti-HCV 165 (4.2) 55 (7.2) < 0.001 

Anti-HIV 52 (1.4) 29 (4.4) < 0.001 

HBV DNA positive 1445 (35.8) 504 (42.1) < 0.001 

Previous IFN 722 (17.4) 117 (8.7) < 0.001 

Ongoing therapy ( > 95% NUCs) 2812 (67.7) 846 (63.2) 0.002 

Years of NUC therapy median (Q1, Q3) 5.7 (2.3-9.5) 5.9 (2.4-9.7) 0.519 

ALT: alanine aminotransferase; GGT: gamma glutamyl transpeptidase; HBeAg: Hepatitis B e antigen; HBV: Hep- 

atitis B virus; HCC: hepatocellular carcinoma; HCV: Hepatitis C virus; HDV: Hepatitis D virus; HIV: human 

immunodeficiency virus; IFN: interferon; NUCs: nucleos(t)ide analogues; Q1: quarter 1; Q3: quarter 3. 
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The overall prevalence of anti-HDV (10.2%) is similar to that in 

ther Italian studies [ 2 , 8 , 18 ]; and in health care settings in other

ountries, except for some hyperendemic areas in which preva- 

ences are higher [ 19 ]; minor differences may be due to the in-

reasing proportion of non-Italian patients included in the various 

tudies performed in different years [ 20 ] and to the heterogeneity 

f the enrolment criteria [ 21 , 22 ]. Of note, anti-HDV prevalence was

.9% among those aged > 70 years (almost all Italian natives), while 

anging from 11-13% in the other age groups. Most Italian patients 

ho acquired HDV during the HBV/HDV epidemic 40-50 years ago 

id not survive, and thus, we are currently observing long-term 

urvivors with a slower-progressing disease [ 23 ]. The present data 

onfirm previous observations of the cohort of patients in care in 

taly, which consists of younger, predominantly female non-Italian 

atients of childbearing age, potentially more subject to HBV and 

DV screening, and an older cohort of primarily male Italian pa- 

ients. This epidemiological pattern is common in Mediterranean 

urope [ 7 , 8 , 12 ], while in Northern Europe, the United Kingdom

UK), and the United States (US), Delta infection largely prevails 

mong definite ethnic or behavioral high-risk groups [ 5 , 6 , 9-11 , 14 ].

n this study, non-Italian patients were more commonly from East- 

rn Europe, which differs from other European countries where 

igrants are primarily from Sub-Saharan Africa [5–8] , supporting 

he need for local epidemiological monitoring to establish targeted 

are measures. 

Testing for anti-HDV in HBsAg-positive persons is a global chal- 

enge [ 3 , 24 ]. In our context, where 24% of the HBsAg-positive pa-

ients remained unscreened, non-Italian natives were more likely 

o have received an anti-HDV screening test than Italians ( Table 2 ). 

hus, country of origin seems to have been recognized as a risk 

actor, as recently suggested in the US [ 25 ], where local risk fac-

ors guide HDV screening. In contrast, patients who tested positive 

or HBeAg, HBV DNA, anti-HCV, anti-HIV, or those with an HCC 

iagnosis were more likely to remain unscreened for HDV infec- 
6

ion. We can speculate that finding a potential explanation for pro- 

ressive liver disease diverted attention from anti-HDV screening. 

eflex testing, automatic testing of all HBsAg-positive individuals 

or anti-HDV, has been discussed by the European Clinical Prac- 

ice Guidelines on HDV [ 26 ] and was the object of caution. Reflex 

esting in subjects with a new HBsAg diagnosis would ensure that 

hysicians, particularly those unfamiliar with HDV, provide HDV 

esting, though a cost-benefit analysis should be evaluated in dif- 

erent epidemiological contexts [ 26 ]. 

As found in other studies [ 12 ], more than one-third of patients 

ith anti-HDV in the present study had not been tested for HDV- 

NA. This may be due to the lack of standardized testing assays 

ithin the centers. However, untested patients had more advanced 

iver disease, which might have discouraged further investigation 

n the absence of an effective antiviral therapy or liver transplant 

ndication (Supplementary Table 2). 

Elevated ALT levels in patients under NUC therapy were found 

o be significantly correlated with Hepatitis Delta infection, and 

 cut-off of 35 IU/L showed an 82% accuracy in predicting anti- 

DV status. This was also found in a Greek cohort where HDV 

iremia was commonly detected, but not exclusively, in anti-HDV- 

ositive patients with elevated ALT and advanced liver disease 

 12 ]. Screening of all HBsAg positive persons, according to EASL 

ecommendations [ 26 ], should be adopted to overcome late HDV 

iagnosis. Findings from the present study also support the con- 

ept that GGT plays a valuable role in accurately defining ad- 

anced fibrosis and supports its inclusion in fibrosis defining 

cores [ 27 ]. 

In our cohort, 299/422 (71%) of the patients with anti-HDV had 

irrhosis, which was 25% of all HBsAg-positive cirrhosis cases en- 

olled in the study. Considering that 17% of the cirrhosis cases 

n Italy are estimated to be HBsAg-positive [ 28 ], HDV is impli- 

ated in 4% of all cases. About one-third of anti-HDV-positive cir- 

hosis patients had undetectable HDV-RNA at enrolment, keeping 
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Table 3 

Characteristics of Patients by HDV-RNA Status 

HDV RNA Positive 

N = 165 (63.2%) 

HDV RNA Negative 

N = 96 

P -Value 

Age median (Q1,Q3) 55 (44-63) 55 (46-62) 0.868 

≤40 31 (18.8) 12 (12.5) 0.007 

41-50 33 (20.0) 18 (18.7) 

51-60 47 (28.5) 36 (37.5) 

61-70 38 (23.0) 30 (31.2) 

> 70 16 (9.7) 0 (0.0) 

Males n (%) 91 (55.2) 59 (61.5) 0.320 

Non-Italian natives 63 (38.2) 27 (28.1) 0.099 

Injection drug use 15 (10.3) 7 (8.2) 0.600 

ALT median (Q1,Q3) 52.5 (35-79) 24 (19-36.5) < 0.001 

ALT > 35 IU/L 116 (74.4) 24 (25.0) < 0.001 

GGT > 50 IU/mL 54 (44.6) 18 (20.4) < 0.001 

Cirrhosis 125 (75.8) 61 (63.5) 0.035 

Child-Pugh 

A 106 (84.8) 59 (96.7) 0.028 

B 18 (14.4) 2 (3.3) 

C 1 (0.8) 0 (0.0) 

Complications of cirrhosis∗ 45 (36.0) 14 (22.9) 0.073 

HCC 25 (15.3) 3 (3.2) 0.003 

HBV DNA positive 45 (29.0) 27 (28.7) 0.958 

PLT < 150,000 64 (41.3) 51 (53.7) 0.056 

MELD > 19 2 (1.9) 1 (2.0) > 0.999 

Previous IFN 63 (38.2) 40 (41.7) 0.579 

Potential disease co-factors 

Ongoing alcohol use 19 (13.6) 19 (21.8) 0.175 

Past use 20 (14.3) 15 (17.2) 

Diabetes 12 (7.3) 8 (8.3) 0.811 

BMI 25-30 38 (23.0) 30 (31.2) 0.007 

BMI ≥30 9 (5.4) 14 (14.6) 

Anti-HCV positive 13 (8.4) 9 (10.2) 0.647 

Anti-HIV positive 3 (2.2) 2 (2.4) > 0.999 

Ongoing therapy ( > 95% NUCs) 130 (78.8) 66 (68.8) 0.071 

Years of NUC therapy median (Q1,Q3) 4.0 (2.0-7.2) 5.5 (1.2-9.2) 0.220 

∗Including: presence of esophageal varices; history of bleeding; portal thrombosis; previous/present ascites; and 

encephalopathy. 

ALT: alanine aminotransferase; HBV: Hepatitis B virus; HDV: Hepatitis D virus; HBeAg: Hepatitis B e antigen; 

HCC: hepatocellular carcinoma; HCV: Hepatitis C virus; HIV: human immunodeficiency virus; GGT: gamma glu- 

tamyl transpeptidase; IFN: interferon; MELD: model for end-stage liver disease; NUCs: nucleos(t)ide analogues; 

PLT: platelets; Q1: quarter 1; Q3: quarter 3. 

Table 4 

A. Comorbidities by Age Class in Patients With and Without Anti-HDV Antibodies. 

Age ≤ 55 years Age > 55 Years 

Anti-HDV Positive 

N = 215 

N (%) 

Anti-HDV Negative 

N = 1516 

N (%) 

P -Value Anti-HDV Positive 

N = 207 

N (%) 

Anti-HDV Negative 

N = 2214 

N (%) 

P -Value 

Autoimmune diseases 12 (5.6) 127 (8.4) 0.158 11 (5.3) 301 (13.6) 0.001 

Hypertension 19 (8.8) 106 (7.0) 0.328 51 (24.6) 685 (30.9) 0.059 

Other cardio-vascular diseases 2 (0.9) 143 (2.8) 0.100 16 (7.7) 247 (11.2) 0.130 

Diabetes 3 (1.4) 49 (3.2) 0.140 26 (12.6) 326 (14.7) 0.398 

BMI ≥ 25 63 (29.3) 524 (34.6) 0.127 78 (37.7) 1033 (46.7) 0.013 

Neuro/psychiatric Disturbances 17 (7.9) 66 (4.3) 0.022 8 (3.9) 142 (6.4) 0.146 

Solid tumors (non-HCC) 6 (2.8) 59 (3.9) 0.427 15 (7.2) 243 (11.0) 0.096 

Blood tumors 7 (3.3) 60 (4.0) 0.618 16 (7.7) 191 (8.6) 0.659 

Kidney diseases 10 (4.6) 53 (3.5) 0.397 11 (5.3) 177 (8.0) 0.168 

Digestive diseases 5 (2.3) 17 (1.1) 0.180 8 (1.5) 34 (3.9) 0.023 

Other (respiratory, skin) 9 (4.2) 56 (3.7) 0.722 9 (4.3) 138 (6.2) 0.277 

BMI: body mass index; HCC: hepatocellular carcinoma; HDV-RNA: hepatitis D virus ribonucleic acid; Peg-IFN: peg-interferon. 

B. Eligibility to peg-interferon (IFN) of HDV-RNA positive patients (n = 165) estimated by the presence of liver-related contraindications and extra-hepatic comorbidities 

Absolute Contraindications + Relative Contraindications ++ Eligible to peg-IFN 

HDV RNA Positive N (%) 67 (40.6%) 21 (12.7%) 77 (46.7%) ∗

+ Absolute contraindications: Child B/C cirrhosis; Child A cirrhosis with portal hypertension (ascites, esophageal varices, platelets < 100 × 103 /μL) ; Portal thrombosis; Au- 

toimmune diseases (hepatitis, LES, rheumatoid arthritis, thyroiditis) ; Psychiatric disturbances; Ischemic heart disease; Ischemic brain disease; IBD; Celiac disease; Psoriasi; Solid 

tumors under chemotherapy. 
++ Relative Contraindications: Age ≥70 years; Renal failure grade 4-5; Thalassemia trait; NH lymphoma. 
∗ Among these patients, 32 (41.6%) had received IFN therapy. 
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ith the natural history of HDV cirrhosis as shown in recent stud- 

es [ 29 , 30 ]. Interestingly, in a cohort of anti-HDV-positive patients 

hose frozen sera were tested for HDV-RNA (94% HDV-RNA posi- 

ive at baseline), 46% lost HDV-RNA during a follow-up of about 15 

ears [ 31 ]. The prevalence of HCC was higher in patients with anti-

DV compared with those with HBV mono-infection, as observed 

n other studies [ 32 ] or meta-analyses [ 33 ], underlying the poten-

ial association of HDV infection with HCC. This data reinforces the 

eed to evaluate the role of an effective antiviral therapy to reduce 

CC development risk. 

This study is the first describing the hepatic and extrahepatic 

orbidity profile as well as cofactors for liver disease progression 

n patients with Hepatitis D in a representative sample population. 

n the current setting, 47.4% of patients with HDV infection had one 

r more comorbidities. No significant difference was observed in 

he presence of comorbidities between Italian and non-Italian HDV 

ositive patients, despite the younger age of the latter. In contrast, 

omorbidities were more present in Italian HBV mono-infected pa- 

ients vs. non-Italians, probably due to the older age of the Ital- 

ans natives. In general, the presence of comorbidities addresses 

he need for a multidisciplinary approach for these patients and 

ore should be studied on the role of HDV related liver disease 

anagement and progression. Of note, there were no differences 

etween anti-HDV positive or negative patients in the younger 

ohort ( ≤55) except for a higher frequency of psychiatric disor- 

ers in anti-HDV positive persons, which may be related to drug 

se. Among older patients, there is a higher presence of comor- 

idities in both HBV mono-infected and HDV coinfected patients, 

owever, there was a lower prevalence among anti-HDV positive 

atients, which was significant for overweight/obese, autoimmune 

isorders and digestive disease. The prevalence of co-morbidities 

as markedly lower than that reported in US [ 14 ], once again un-

erlying the difference in epidemiology and risk factors for Hepati- 

is D. 

Peg-IFN, in combination with new anti-HDV drugs, is currently 

eing studied as a potential new therapy for patients with chronic 

epatitis D. However, the presence of comorbidities could make 

atients ineligible for IFN containing therapies. In the present 

tudy, where more than 70% of the patients had cirrhosis, peg-IFN 

ay not be a therapeutic option in about 53% of the patients; in 

ddition, factors related to adherence and quality of life were not 

onsidered, thus, more patients than the proportion estimated in 

his study may not be eligible for IFN-based therapies if other fac- 

ors beyond comorbidities are considered. 

The study population includes consecutive HBsAg-positive pa- 

ients from many centers across Italy, including those managing a 

ew patients, which makes the sample representative of the pa- 

ient population in care. The policy of the Italian Health Service 

lso improves representativeness by covering all residents in Italy, 

hich overcomes the limits of studies performed in countries with 

n insurance-based system. A limitation of this study is the het- 

rogeneity of the methods used for HDV-RNA testing, which might 

ave different linear ranges or detection limits; this made it diffi- 

ult to explore the relationship between viral load and liver disease 

tage. An additional bias could be the heterogeneity of low detec- 

ion limits of the tests, which might have led to missing very low 

evels of HDV-RNA in some instances; however, this event seems 

arginal since the vast majority of the patients were tested us- 

ng assays having an acceptable LOD. In patients with cirrhosis, 

 high proportion of anti-HDV-positive patients might have lost 

DV-RNA, as confirmed by other studies [ 29 , 30 , 31 ]. In addition,

he prevalence and characteristics of HDV-RNA-positive patients in 

his study align with other studies [ 12 , 34 ]. Finally, the present un-

ertainty in the interpretation of liver stiffness measures and other 

oninvasive methods for significant fibrosis in HDV patients [ 26 ] 

ight have misdiagnosed cirrhosis in the subgroup of patients who 
8

ere not diagnosed by liver biopsy or by the presence of clear clin- 

cal signs. 

In conclusion, this study depicts a comprehensive epidemiolog- 

cal and clinical profile of patients with HDV infection in a Eu- 

opean Mediterranean country. The morbidity pattern of patients 

ith CHD is complex, and a holistic clinical approach is required 

o address present and near-future needs for their care. 
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