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Abstract
Objectives: We aimed to study hepatitis D virus (HDV) prevalence and risk of progres-
sion to severe liver-related events (SLRE) in HBsAg positive people living with HIV 
(PLWH) in Italy; role of HDV-RNA copy levels, HCV coinfection and nadir CD4 counts 
were also investigated.
Methods: People living with HIV (PLWH) from Italian Foundation cohort Naïve  
antiretrovirals (ICONA) with available HBsAg and HDV Ab were enrolled. HBsAg, 
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1  |  INTRODUC TION

Hepatitis delta virus (HDV) is a small defective RNA virus, needing 
hepatitis B virus (HBV) to generate the complete transmission of 
HDV virion. Indeed, HDV exploits the HBV surface proteins (col-
lectively defined as HBsAg) for the release of its progeny and de 
novo entry into hepatocytes.1 HDV superinfection results in severe 
chronic hepatitis in a high proportion of chronic HBsAg carriers, 
while individuals coinfected with HBV and HDV at the same time 
(HDV–HBV coinfections) experience severe acute hepatitis, but a 
low rate of evolution to chronicity.2 The prevalence of HDV super-
infection in Italy is estimated to be around 9% of HBV chronically 
infected individuals.3 Wide variations of HDV prevalence in the dif-
ferent reports can largely be attributed to HBV vaccination policies 
according to geographical areas and to the tested setting. Migrants 
are, therefore, the most affected group among HIV-negative individ-
uals, while persons who inject drugs (PWID) are at higher risk among 
persons living with HIV (PLWH).4

The burden and the determinants of natural history of HDV hep-
atitis in the HIV population have not been well examined. The rates 
of Delta antibodies (HDV Ab) screening in HBsAg positive PLWH is 
very low and even lower is the rate of HDV-RNA screening in HDV Ab 
positive PLWH. Further, HDV-RNA screening is rarely repeated over 
time.5,6 In a recent study including the EuroSIDA and the Swiss HIV 
cohorts, the overall prevalence of HDV Ab among chronic HBsAg 
carriers was around 15%, with the highest prevalence, of 50%, 
among HBsAg positive PWID.6 HDV-related liver disease is shown 

to progress faster in PLWH as compared to HIV-uninfected individu-
als.7 Indeed, hepatitis delta is a major determinant of decompensated 
cirrhosis, hepatocellular carcinoma (HCC) and poor survival in this 
population, especially after the availability of antiviral suppressive 
therapy for HBV and cure for HCV.7,8 Actually, in a cohort of 1187 
PLWH with viral hepatitis followed for a decade in Spain the 17 pa-
tients with active HDV infection had the poorest survival.9

Higher HDV-RNA levels have been shown to be associated 
with a higher risk of progression of liver disease in HIV-uninfected 
persons.10 For these reasons, low HDV-RNA levels have been 
identified as a positive prognostic factor11 and reaching HDV-RNA 

HDV Ab, HDV-RNA and HDV genotypes were tested. Primary end-point: time from 
first HDV screening to Severe Liver Related Events (SLRE: decompensated cirrhosis, 
liver transplantation, HCC). Fine-grey regression models were used to evaluate the 
association of HDV Ab, HDV-RNA, HDV/HCV coinfection, CD4 nadir and outcome. 
Secondary end-points: time to SLRE or death; HDV Ab and HDV-RNA prevalence.
Results: A total of 152/809 (18.8%) HBsAg positive PLWH showed HDV Ab reactiv-
ity; 63/93 (67.7%) were HDV-RNA positive. Being male, persons who inject drugs 
(PWID), HCV Ab positive, with FIB-4 > 3.25 were independent factors of HDV Ab 
positivity. In a median follow-up of 5 years, 37 PLWH (4.1% at 5-year) developed SLRE 
and 97 (12.0%) reached the SLRE or death end-point. HDV-RNA positive (indepen-
dently from HDV-RNA copy level) PLWH had a 4.6-fold (95%CI 2.0–10.5) higher risk 
of SLRE than HDV negatives. PLWH positive for both HCV Ab and HDV Ab showed 
the highest independent risk of SLRE (ASHR: 11.9, 95%CI: 4.6–30.9 vs. HCV neg/HDV 
neg). Nadir CD4 < 200/mL was associated with SLRE (ASHR: 3.9, 95% 1.0–14.5).
Conclusions: One-fifth of the HBsAg positive PLWH harbour HDV infection, and are 
at high risk of progression to advanced liver disease. HCV contributes to worse out-
comes. This population needs urgently effective treatments.

K E Y W O R D S
death, Delta infection, HBV infection, HCV infection, HIV infection, immunodepression, 
severe liver disease

Lay Summary

HDV infection is diagnosed in around 20% of HBsAg posi-
tive persons living with HIV (PLWH) in Italy and more than 
2/3 of HBsAg positive/HDV Ab positive PLWH show 
replicating HDV in plasma, most of them males, infected 
through intravenous drug use and coinfected with HCV. 
HDV-RNA positive PLWH have a 4.9-fold dependent 
higher risk of severe liver-related events than HDV nega-
tives. Coinfection HDV/HCV was an independent factor of 
worse liver-related outcome and low CD4 counts acceler-
ate severe liver-related events in HBsAg positive and in 
HDV positive PLWH.
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below 1000 copies/mL has been considered a surrogate marker of 
effective treatment in Delta hepatitis.12 In PLWH the relationship 
between HDV-RNA levels and prognosis has never been assessed. 
Taking into account additional co-factors such as HIV-induced im-
mune suppression and the high prevalence of HCV in this popula-
tion, this relationship could be different than in persons without 
HIV infection.

Given these considerations, the aims of our study are to ascer-
tain the prevalence and the factors associated with HDV infection 
among HBsAg positive PLWH enrolled in the ICONA cohort, and to 
evaluate in our real-world setting the liver-related clinical outcome 
of HDV infected PLWH, in viremic HDV and of those with triple hep-
atitis infection, with HBV, HDV and HCV. Finally, we aim to evaluate 
the role of CD4 at nadir on liver disease progression.

2  |  METHODS

2.1  |  Design of the study and setting

Observational study on the Italian Foundation cohort Naïve antiret-
rovirals (ICONA). ICONA is a multicentre Italian cohort including 
antiretroviral (ART) naïve PLWH from 60 infectious diseases cen-
tres. Details of the cohort are specified elsewhere.13

2.2  |  Objectives

Primary

•	 to evaluate the role of HDV, HDV-RNA levels and triple hepatitis 
infection (HBV, HCV, HDV) on time to severe liver related events 
(SLRE)

Secondary

•	 to evaluate the prevalence and associated factors of HDV Ab 
among HBsAg positive PLWH

•	 to evaluate the prevalence and associated factors of HDV-RNA 
among HDV Ab positive PLWH

•	 to evaluate the role of HDV and HDV-RNA levels and triple hepa-
titis infection (HBV, HCV, HDV) on time to SLRE or death for any 
causes

•	 to evaluate the role of CD4 nadir on time to SLRE in HDV Ab pos-
itive PLWH

2.3  |  End-points

Primary

•	 Hepatitis clinical progression defined as SLRE (decompensated 
cirrhosis, hepatocellular carcinoma, liver transplant)

Secondary

•	 positive HDV Ab
•	 positive HDV-RNA
•	 clinical progression defined as SLRE or death

2.4  |  Inclusion criteria

PLWH enrolled in the ICONA cohort were included in the study 
when fulfilling the following criteria:

•	 available data of HBV serology or stored plasma samples available 
for testing

•	 available data of HDV serology or stored plasma samples available 
for testing

2.5  |  Data collection

The ICONA database included the following data used for the study: 
age, sex, nation of birth, HIV transmission, alcohol intake; immuno-
logical and virological parameters (CD4 counts both at nadir and at 
baseline HDV screening); hepatitis markers (HBsAg, HDV Ab, HDV-
RNA, HCV Ab, HCV-RNA), and clinical variables (ALT, FIB-4, AIDS). 
Decompensated cirrhosis (bleeding esophageal varices or ascites or 
hepatorenal syndrome or hepatic encephalopathy stage III or IV), 
hepatocellular carcinoma (HCC), liver transplant as well as death and 
causes of death were also collected.

The presence of metabolic syndrome has been defined as the 
presence of at least three among the following five conditions: (i) di-
agnosis of hypertension or anti-hypertensive treatment start; (ii) hy-
perglycaemia (fasting glucose ≥100 mg/dL) or start of hypoglycaemic 
agents; (iii) hypertriglyceridemia (≥150 mg/dL) or start of drug treat-
ment for elevated triglycerides; (iv) low HDL cholesterol (40 mg/dL 
in male and 50 mg/dL in female) or start of drug treatment for low 
HDL cholesterol; (v) abdominal fat accumulation (waist circumfer-
ence ≥102 cm for men or ≥88 cm for women). As waist circumference 
was reported only in a minority of patients, we used the formula 
proposed by De Socio et al.14 to estimate it. The presence of each 
one of these conditions has been evaluated at every clinical visit; 
last observation carried forward method has been used in case of 
missing data between visits.

Missing HBsAg, HDV Ab, HDV-RNA and HDV genotype were 
tested in case a sample of plasma was stored and available for testing 
in the ICONA biobank.

We then collected from the ICONA database demographic and 
clinical data of the included PLWH, comparing:

•	 HBsAg positive/HDV Ab negative versus HBsAg positive /HDV 
Ab positive.

•	 HDV Ab positive/HDV-RNA negative versus HDV Ab positive /
HDV-RNA positive.
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2.6  |  Viral markers detection

HDV Ab titre determination was performed using the Liaison XL 
Murex Anti-HDV assay (Diasorin) with a lower limit of detection of 
1 AU/mL while HBsAg determination was performed by Liaison XL 
Murex assay (Diasorin) with a cut-off for sample positivity of .05 IU/
mL. HDV-RNA quantification was performed by the Robogene v.2 
assay with a lower limit of quantification of 6 IU/mL.15

3  |  RESULTS

3.1  |  Prevalence of HDV markers among HBsAg 
positive PLWH in ICONA

A total of 1025 out of 18 285 PLWH (5.6%) displayed at least 1 HBsAg 
positive test (5.8% of ever tested). Of these, 809/1025 (78.7%) have 
been screened for HDV Ab; 152/809 HBsAg positive PLWH (18.8%, 
95%CI 16.1–21.6) showed HDV Ab reactivity (see Figure 1 for the 
flowchart of the study). HDV screening was done at enrolment 
in the cohort for 53.5% (n = 433) of patients, or after a median of 

21.9 months (Interquartile Range [IQR]: 7.1–52.6) from enrolment 
in 46.5%. HDV tested PLWH were younger, more frequently males, 
Italians, persons with injected drugs (PWID), enrolled in ICONA in 
later years, more frequently HCV coinfected and with FIB-4 > 3.25 
(Supplemental Table S1A).

Among the tested PLWH, HDV Ab positive individuals were 
younger (median age 37 vs. 39 years), less frequently female (7.9% vs. 
18.1%), more frequently PWID (67.1% vs. 15.8%), more frequently 
HCV Ab positive (71% vs. 21.5%), enrolled in earlier years (1998 vs. 
2009) and more frequently showed FIB-4 > 3.25 (23.7% vs. 10.5%) 
(Table 1A). In the multivariable logistic regression model, male sex, 
PWID, HCV coinfection, FIB-4 > 3.25 and earlier year of enrolment 
were confirmed to be independent factors associated with HDV Ab 
positive status (Supplemental Table S2A).

A total of 93 out of 152 (61.2%) had stored plasma available 
to test for HDV-RNA. Of these, 63 (67.7%, 95%CI 57.2–77.1) 
had a detectable HDV-RNA with a median plasma HDV-RNA of 
5.75 (3.67–7.15) log IU/mL. No differences were detected be-
tween HDV-RNA tested and not tested HDV Ab positive  PLWH 
(Supplemental Table  S1B). Genotype 1 was detected in 100% 
(n = 50) of those tested.

HDV-RNA positive were more frequently Italians (97% vs. 73%), 
HCV Ab positive (79.4% vs. 47.3%), and with FIB-4 > 3.25 (34% vs. 
10%), with an earlier year of enrolment (1997 vs. 2009) compared 
with HDV-RNA negative individuals (Table 1B). In the multivariable 
logistic regression model, only FIB-4 > 3.25, and earlier year of en-
rolment were confirmed to be independent factors associated with 
HDV-RNA positivity (Supplemental Table S2B).

3.2  |  Clinical outcome according to HDV infection

Over a median follow-up of 5.1 (IQR 1.9–9.9) years, a total of 37 SLRE 
were diagnosed in 750 HBsAg positive PLWH; PLWH with SLRE at 
baseline (n = 5) and without follow-up visit after baseline (n = 54) 
were excluded. In detail, SLRE included 7 HCC and 30 end stage 
liver disease (47% ascites, 23.5% bleeding from oesophageal varices, 
23.5% hepatic encephalopathy and 7% hepatorenal syndrome). A 
total of 60 HBV coinfected PLWH died for any causes without SLRE.

Breakdown of the number of events, prevalence and incidence of 
SLRE according to HDV status are reported in Table 2. The highest in-
cidence rate (IR) was detected in the HDV Ab positive /HDV-RNA pos-
itive group: IR 23.7 per 1000 PYFU (95%CI: 12.2–41.4) and the lowest 
in the HDV Ab negative one (IR 3.6 per 1000 PYFU. 95%CI: 2.0–6.0).

The 5-year overall cumulative incidence function (CIF) of SLRE 
estimated by competing risk curves was 4.0% (95%CI 2.6–5.9). HDV-
RNA positive PLWH had the highest CIF of reaching the SLRE end-
point (13.9%, 95%CI 6.0–24.4) and HDV Ab negative the lowest 
(1.9%, 95%CI: .9–3.5) (Figure 2).

Table 3 shows the sub-hazard ratio (SHR) and adjusted sub-haz-
ard ratio (ASHR) of time to SLRE by HDV status: HDV Ab positive/
HDV-RNA positive group had 6.6 (95%CI: 3.2–13.8) times higher risk 
of SLRE than HDV Ab negative ones. After controlling for time-fixed 

F I G U R E  1  Flowchart of ICONA people living with HIV (PLWH) 
included in the study.
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TA B L E  1  Baseline demographic and clinical characteristics of HBsAg positive participants by HDV Ab status at first screening (A) and by 
HDV-RNA status among HDV Ab positive (B).

(A) HDV Ab negative 657 (81.2%) HDV Ab positive 152 (18.8%) p-value

Age, median (IQR) 39 (33–47) 37 (33–43) .025

Sex, Female, n (%) 119 (18.1) 12 (7.9) .002

HIV transmission group, n (%)
MSM
PWID
Heterosexual
Other/missing

244 (37.1)
104 (15.8)
262 (39.9)
42 (6.4)

20 (13.2)
102 (67.1)
21 (13.8)
9 (5.9)

<0.001

Italian, n (%) 500 (76.1) 137 (90.1) <.001

Geographical origin, n (%)
Africa
Asia
Europe
Latin America
North Africa and the Middle East
Oceania/North America

71 (10.8)
8 (1.2)
536 (81.6)
33 (5.0)
7 (1.0)
2(.3)

6 (3.9)
2 (1.3)
141 (92.8)
2 (1.3)
1 (0.7)
0 (.0)

.028

Year enrolment, median (IQR) 2009 (1998–2014) 1998 (1997–2002) <.001

Alcohol use, n (%)
Yes
No
Unknown

144 (21.9)
230 (35.0)
283 (43.1)

23 (38.9)
36 (23.7)
93 (61.2)

.944

ART started (ever), n (%) 597 (90.9) 121 (79.6) <.001

Nadir CD4 (ever), n (%) 247 (99–396) 214 (106–327) .076

HIV-RNA in log10 copies/mL, median (IQR) 4.73 (4.05–5.25) 4.46 (3.50–5.01) .017

AIDS, n (%) 103 (15.7) 18 (11.8) .232

CD4 count, cells/μL, median (IQR) 322 (145–497) 307 (148–565) .650

ALT, U/L, median (IQR) 33 (22–63) 61 (35–104) <.001

Metabolic syndrome, n (%) 160 (24.3%) 18 (11.8%) .001

FIB-4 > 3.25 at HDV Ab measurement, n (%) 69 (11.0) 36 (25.2) <.001

Liver decompensation at baseline, n (%) 1 (.1) 1 (.7) .258

HCC at baseline, n (%) 0 (.0) 3 (2.0) <.001

HCV Ab positive at baseline, n (%) 108 (16.4) 100 (65.8) <.001

(B) HDV-RNA negative 30 (32.3%) HDV-RNA positive 63 (67.7%) p-value

Age, median (IQR) 46(37–48) 43 (37–49) .957

Sex, Female, n (%) 3(10.0) 4 (6.3) .533

HIV transmission group, n (%)
MSM
PWID
Heterosexual
Other/missing

3 (10–0)
18 (60.0)
7 (23.3)
2 (6.7)

7 (11.1)
44 (69.8)
6 (9.5)
6 (9.5)

.350

Italian (%) 22 (73.3) 61 (96.8) <.001

Year enrolment, median (IQR) 2000 (1997–2012) 1997 (1997–2000) .054

Alcohol use, n (%)
Yes
No
Unknown

8 (26.7)
12 (40.0)
10 (33.3)

20 (31.7)
19 (30.2)
24 (38.1)

.641

CD4 count, cells/μL, median (IQR) 300 (76–503) 256 (156–497) .699

HIV-RNA in log10 copies/mL, median (IQR) 4.56 (3.99–5.15) 4.39 (3.42–4.89) .181

Nadir CD4 count, cells/μL, median (IQR) 61 (13–76) 211 (60–302) .025

Metabolic syndrome, n (%) 3 (10.0) 8 (12.7) .706

(Continues)
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confounders, the association was attenuated but the effect size was 
still remarkable with an ASHR of 4.6 (95%CI: 2.0–10.5).

We stratified HDV-RNA positive PLWH according to the level 
of viremia at baseline. Compared to HDV Ab negative the ASHR of 
SLRE was similar in the two groups of low and high HDV viremia: 4.8 
(95% CI 1.4–16.9) in subjects with HDV-RNA ≤1000 IU/mL and 4.4 
(95% CI 1.7–11.4) for those with baseline HDV-RNA >1000 IU/mL.

3.3  |  Clinical outcome according to 
HBV/HDV/HCV infection

We then evaluated the role of triple HBV/HDV/HCV infection on 
the progression to SLRE. HBsAg positive /HDV Ab positive/HCV 

Ab positive individuals showed the highest incidence of SLRE: 23.6 
× 1000 PYFU (95%CI: 14.4–36.6) (Table 4).

By competing risk curves, the 5-year CIF of SLRE was highest in the 
hepatitis triple infected group (14.8%, 95%CI: 8.3–23.1) and lowest in 
the HCV negative/HDV negative one (1.3%, 95%CI .5–3.0) (Figure 3).

The triple hepatitis infected group was confirmed to be a strong 
independent factor associated with SLRE (vs. HCV negative/HDV 
negative group ASHR: 11.9, 95%CI: 4.6–30.9) (Table 5).

We then evaluated the impact of HCV-RNA negativisation on 
the clinical outcome of HDV Ab positive individuals: even if not sta-
tistically significant due to the low number of events, the individuals 
with persistent HCV-RNA positivity showed a not significant dou-
ble risk of SLRE as compared to those eradicating HCV (ASHR: 2.0, 
95%CI .54–7.4).

3.4  |  Role of nadir CD4 on progression to SLRE in 
HDV positive PLWH

We then analysed 114 HDV Ab positive PLWH who started ART, and 
considered the date of ART initiation as baseline.

HDV Ab positive PLWH with nadir CD4 ≤200/mmc showed a sig-
nificantly higher independent risk of SLRE 3.9 times higher (95%CI: 
1.0–14.5) as compared to patients with CD4 > 200/mmc at nadir.

3.5  |  SLRE or death as clinical outcome

Using SLRE and death for any reason as end-point, HDV-RNA posi-
tive PLWH had 2.3 times (95%CI: 1.3–4.0) independent higher risk 
of the event compared to HDV Ab negative ones. In these analyses 
the HDV-RNA cut-off of 1000 copies/mL was associated with a dif-
ferent outcome: PLWH with HDV-RNA ≤1000 copies/mL did not 
show a statistically significant higher risk of SLRE or death (AHR 1.5, 

(B) HDV-RNA negative 30 (32.3%) HDV-RNA positive 63 (67.7%) p-value

FIB-4 > 3.25, n (%) 3 (10.3) 21 (34.4) .054

HDV-RNA, log10 IU/mL, median (IQR) 5.75 (3.67–7.15)

HDV-RNA < 1000 IU/mL, n (%) 14 (22.2)

HCV Ab positive at baseline, n (%) 26 (47.3) 50 (79.4) <.001

TA B L E  1  (Continued)

TA B L E  2  Proportion, incidence rate (IR) and cumulative incidence function (CIF) at 5-years of SLRE by HDV status.

N PLWH SLRE Prevalence (95%CI)
IR x1000PYFU 
(95%CI) CIF 5-years

HDV Ab neg 612 15 2.4% (1.4–4.0) 3.6 (2.0–6.0) 1.9% (.9–3.5)

HDV Ab pos/HDVRNA missing 50 6 12.0% (4.5–24.3) 17.2 (6.3–37.5) 10.2% (3.1–22.2)

HDV Ab pos/HDV-RNA neg 29 4 13.8% (3.9–31.7) 13.7 (3.8–35.1) 12.0% (3.0–27.7)

HDV Ab pos/HDV-RNA pos 59 12 20.3% (11.0–32.8) 23.7 (12.2–41.4) 13.6% (6.0–24.4)

HDV-RNA >1.000 IU/mL 43 8 18.6% (8.4–33.4) 23.7 (10.2–46.7) 13.8% (5.0–27.0)

HDV-RNA≤1.000 IU/mL 14 3 21.4% (4.6–50.8) 21.4 (4.4–62.8) 15.4% (2.5–38.8)

F I G U R E  2  Cumulative incidence function of severe liver-related 
events (SLRE) by competing risk analysis according to hepatitis 
D virus (HDV) status at first HDV screening in HBsAg pos people 
living with HIV (PLWH).
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95% CI .4–4.8) whereas those with baseline HDV-RNA >1000 IU/mL 
showed a 2.5-fold (95% CI 1.3–4.6) higher risk of SLRE or death as 
compared to HDV Ab negative (Supplementary Table S3).

Individuals with persistent HCV-RNA positivity showed a not 
significant double risk of SLRE or death as compared to those eradi-
cating HCV (AHR: 2.4, 95%CI .50–12.2).

3.6  |  HDV sequencing and assessment of 
HDV genotype

For PLWH with active HDV replication and with a sufficient amount 
of plasma sample (N = 50), the nucleotide sequence, covering the 
portion of HDV genome (from nucleotide 889 to 1289) encompass-
ing the 3′ end of the delta protein-coding gene, was obtained by 
Sanger sequencing based on La Gal et  al.16 Details are reported 

in Supplemental Material. HDV sequences were analysed using 
SeqScape-v.2.6 software (Applied-Biosystems). The HDV genotypes 
were attributed by phylogenetic tree constructed by Neighbor-
Joining method on MEGA6 software, using the reference sequences 
retrieved from Karimzadeh et al.17

3.7  |  Statistical analyses

For the prevalence of HDV Ab and HDV-RNA, the baseline for 
comparisons was the date of the first HDV serology test. Only 
participants with an HBsAg positive test were included and 
grouped according to the exposure of interest (HDV Ab positive 
vs. HDV Ab negative and HDV-RNA positive vs. HDV-RNA nega-
tive). Characteristics of the groups at baseline were compared in a 
cross-sectional analysis. Wilcoxon Rank Sum and Chi-square tests 
have been used for comparing continuous and categorical data as 
appropriate, by HDV serological/virological groups. Data of PLWH 
excluded from the analysis because of missing HDV Ab or HDV-
RNA test were compared to the tested ones. We then performed 
two unadjusted and adjusted logistic regression analyses to iden-
tify factors associated with being HDV Ab positive or HDV-RNA 
positive among those HDV Ab positive. Factors associated with 
p < .05 in the unadjusted models were retained for the adjusted 
ones.

Prevalence of HDV infection (HDV Ab positive) and active HDV 
infection (HDV-RNA positive) were given with a 95% confidence in-
terval (CI).

Incidences of SLRE, according to groups, were calculated as 
number of SLRE divided by person-year follow-up (PYFU) after the 
first HDV screening.

Among PLWH free from SLRE at baseline, competing risk curves 
have been used to plot the cumulative incidence function (CIF) of 
developing SLRE stratified from baseline by HDV status; the 5-year 

F I G U R E  3  Cumulative incidence function of severe liver-related 
events (SLRE) by competing risk analysis according to HDV-RNA 
status in HBsAg pos/HDV Ab pos people living with HIV (PLWH).
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TA B L E  3  Sub-hazard ratio (SHR) and adjusted SHR (ASHR) of SLRE according to HDV status from fitting unadjusted and adjusted fine-
grey regression model (using death as competing event).

SHR 95%CI p ASHRa 95%CI p

HDV Ab neg 1 1

HDV Ab pos/HDVRNA missing 4.58 1.77–11.85 .002 3.25 1.22–8.65 .018

HDV Ab pos/HDVRNA neg 4.16 1.36–12.67 .012 3.14 1.00–9.91 .050

HDV Ab pos/HDVRNA pos 6.61 3.17–13.79 <.001 4.61 2.02–10.5 <.001

aAdjusted for baseline CD4, age, alcohol use, metabolic syndrome and HCV status.

TA B L E  4  Proportion, incidence rate (IR) and cumulative incidence function (CIF) at 5-years of SLRE by HDV and HBV status.

N PLWH SLRE Prevalence (95%CI) IR x1000PYFU (95%CI) CIF 5-years

HDVAb+ HCVAb+ 101 20 19.8% (12.5–28.9) 23.6 (14.4–36.4) 14.8% (8.3–23.1)

HDVAb+ HCVAb− 37 2 5.4% (.6–18.2) 6.7 (.8–24.3) 3.9% (.3–16.6)

HDVAb- HCVAb+ 133 9 6.7% (31.5–12.4) 8.6 (3.9–16.3) 3.7% (1.2–8.5)

HDVAb− HCVAb− 455 6 13.2% (4.8–28.5) 2.1 (.7–4.4) 1.3% (.5–3.0)
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estimated cumulative incidence of SLRE has been also calculated 
according to HDV status. Risk of SLRE in HBsAg positive PLWH ac-
cording to HDV Ab and HDV-RNA has been estimated using com-
peting risk Fine-Grey regression models, using death as competing 
event. Potential confounding identified were age, CD4 at baseline, 
alcohol use and HCV status at baseline. Although presence of meta-
bolic syndrome at baseline is not a confounding factor, is considered 
a strong predictor of the outcome and therefore was further in-
cluded as covariate to improve the efficiency of the model. The anal-
ysis was repeated after stratification of HDV-RNA positive patients 
using 1000 IU/mL cut-off of HDV viral load, to evaluate the risk of 
SLRE for low and high viremia compared to HDV Ab negative group. 
We also evaluated the role of triple hepatitis infection (HBV/HCV/
HDV) on SLRE considering HCV Ab and HDV Ab status at baseline 
as exposure of interest.

Standard survival analysis (Kaplan–Meier curves) and unadjusted 
and adjusted Cox regression models were used to estimate the role 
of HDV status on the risk of SLRE or death. Cox regression models 
were adjusted for sex, age, CD4, AIDS, alcohol use, HCV status and 
metabolic syndrome.

A sensitivity analysis including only HDV Ab positive, HCV-RNA 
positive individuals, was performed to evaluate the impact of HCV-
RNA negativisation on the progression to SLRE and to SLRE or death.

We evaluated also the risk of SLRE according to nadir CD4 cell 
counts higher or lower than 200 cells/mmc at ART start (baseline) 
among HDV Ab positive PLWH who started ART. The Fine-Grey re-
gression models were adjusted for age, alcohol use, HDV-RNA and 
HCV status, and metabolic syndrome.

4  |  DISCUSSION

In our study we demonstrate a high prevalence of hepatitis Delta in-
fection among the HBsAg positive individuals enrolled in the ICONA 
cohort, including around 20 000 PLWH living in Italy. In detail, the 
prevalence of HBsAg in the ICONA cohort was of 5.6%, HDV Ab 
was detected in 18.8% of them and HDV-RNA in 67.7% of the HDV 
Ab positive ones. To underline, the prevalence among non-PLWH 
across the ICONA enrolment period ranged 8.3%–9.0% of HBsAg 
positive individuals in care.18

In our study, HDV prevalence is slightly higher than the Swiss 
HIV and the EuroSida cohorts,6,19 both including PLWH with a similar 

percentage of untested individuals. The higher prevalence of HDV in 
our cohort is not explained by PWID prevalence, which is similar in 
the two studies, but is well known that HDV is more frequent in the 
general population from the southern part of Europe.6,9

In this study, it was observed that among HBsAg positive PLWH, 
HDV-RNA active replication, even if at a single point of observation, 
is associated with more advanced liver fibrosis, as demonstrated by 
FIB-4. However, it should be taken into account that viral RNA may 
be intermittently detected in blood in patients with anti-HDV reac-
tivity, so our data could misestimate the relationship between HDV 
replication and liver damage.20

In a median of 5 years follow-up, HDV-RNA positive PLWH were 
those with the highest prevalence of severe liver events: 20.0% 
versus 2.4% in HDV negative individuals. In our cohort, the risk of 
evolution to severe liver events is 4.6 times higher in PLWH with 
replicating HDV infection than those negative for HDV. Our results 
are in keeping with a previous study by the Swiss HIV Cohort Study 
showing that the cumulative probability for overall death, liver-re-
lated death and HCC were significantly higher in HDV-RNA positive 
than HDV-RNA negative patients.19

The overall risk of liver disease progression in our study could be 
also explained by three characteristics of our cohort.

First, HDV-RNA positive PLWH were infected with HDV geno-
type 1, characterised by higher levels of serum HDV-RNA and ALT, 
more prone to progress to chronic hepatitis evolving to an unfa-
vourable long-term clinical outcome as compared to HDV genotype 
II.21,22

Second point, we have also to consider the role of HCV in the 
evolution to severe liver disease, as HCV coinfection was present in 
65% of HDV Ab positive and in 71% of HDV-RNA positive PLWH. In 
the setting of HBsAg positive individuals, the 5-year probability of 
SLRE is 14.8% in triple coinfected versus 1.3% in HBV monoinfected 
PLWH; the adjusted risk of new SLRE is 12 times higher in triple 
coinfected versus HBV monoinfected PLWH. The role of HCV on 
progression of liver disease is well known23; here we demonstrated 
a role of HCV among HIV/HBV coinfected individuals with HDV 
coinfection.

We could also speculate, even if not able to demonstrate due to 
the lack of power, that eradicating HCV might reduce the risk of liver 
disease progression also in presence of HDV infection. As a conse-
quence, as already suggested by other Authors,24 treatment of the 
three hepatitis viruses, HBV, HDV and HCV is mandatory in PLWH 

TA B L E  5  Sub-hazard ratio (SHR) and adjusted SHR (ASHR) of SLRE according to HCV Ab / HDV Ab at baseline from fitting unadjusted 
and adjusted fine-grey regression model (using death as competing event).

SHR 95%CI p AHSRa 95%CI p

HDVAb− HCVAb− 1 1

HDVAb+ HCVAb+ 11.72 4.74–28.96 <.001 11.93 4.60–30.93 <.001

HDVAb+ HCVAb− 3.65 .76–17.62 .107 3.76 0.73–19.27 .113

HDVAb− HCVAb+ 4.23 1.52–11.82 .006 4.07 1.45–11.45 .008

aAdjusted for baseline CD4, age, metabolic syndrome alcohol use.
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to limit the progression to decompensated liver disease. Moreover, 
as a consquence of viral interference, among triple infected individ-
uals, HDV plays a major role on liver disease progression,25 and as 
delta treatment is now available, it could be advisable to treat HDV 
positive individuals as soon as possible.

Third point, HIV-related immunodepression plays its role both 
in HBV and in HBV-HDV individuals: among PLWH with nadir 
CD4 less than 200 cells/mmc, the risk of severe liver events is four 
times higher than in individuals with CD4 counts above 200 cells/
mmc, independently from any hepatitis virus infection. The role of 
immunodepression in shortening the time to SLRE is well known; 
here we demonstrate that this is true also for individuals with HDV 
infection.26

Further, looking at HDV, among HIV-uninfected individuals it 
has been demonstrated a correlation between HDV viral load, with 
a cut-off of 1000 IU/mL and outcome.10,11,27 Our data suggest that 
among PLWH, even in the presence of low levels of HDV replication, 
a substantial risk of evolution towards decompensated liver disease 
or HCC does persist. This could be related to the additional effects 
of immune suppression and to the HCV coinfection. As a conse-
quence, it could be hypothesised that in PLWH a partial suppression 
of HDV replication is not necessarily associated with a better prog-
nosis, as in HIV-uninfected persons,11,27 and that treatment-induced 
2 log decrease of HDV-RNA levels could be a less solid end-point for 
effective treatment of HDV in PLWH.

We have not evaluated how many HDV positive individuals had 
been treated in the past with alfa-interferon, known to have some 
effect on disease progression, but presumably, the rate of HDV cure 
is very low28; we are sure that bulevirtide, the new antiviral show-
ing to slow down disease progression by antiviral action29–31 was 
not used in out populatiom, as it is available in Italy only from few 
months.

Our study has several limitations: first, the data on HDV prev-
alence might be overestimated, due to a possible selection bias in 
HDV screening; moreover, it does not completely reflect the popu-
lation on care at present; we could not acquire more detailed data 
on liver disease and on other clinical parameters (such as stiffness or 
liver biopsy) due to the retrospective analyses, and moreover, data 
on alcohol intake are frequently missing and not collected with stan-
dardised procedures. As refers to liver fibrosis, we acknowledge that 
the FIB-4 index used, might not be a reliable score, like all non-in-
vasive markers, due to the presence of active inflammation and ne-
crosis in chronic HDV hepatitis.32 Further, we have limited data on 
HDV genotype, that could result in a different prognosis,21,22 but all 
the tested PLWH harboured genotype 1, predominant in Italians,33 
concordantly with the demographic data of our cohort. Finally, HCV 
coinfection has not been in-depth disentangled into active and erad-
icated one's.

On the other side, the strengths of our study are the number of 
PLWH in follow-up in the ICONA cohort, letting us to draw conclu-
sions based on solid data and the long follow-up, with a median of 
5 years together with the data on HDV-RNA and on HCV coinfec-
tion, missing in other cohort analyses.6,18

In conclusion, we demonstrated that HBV coinfected PLWH 
carry infection with HDV in around one-fifth of cases, in more than 
two out of three cases the virus is replicating and in 60% HCV infec-
tion does coexist. These individuals rapidly progress to a life-threat-
ening situation as severe liver disease. Then treatment of HCV 
coinfection and maintenance of high CD4 counts may play a key 
role in improving the prognosis of these patients, but suppression of 
HDV replication without HDV-RNA negativisation could not be the 
key factor in improving their prognosis. We need urgently drugs ac-
tive on HDV replication, to be available and free of charge for these 
patients aimed to obtain HDV-RNA negativisation.

AUTHOR CONTRIBUTIONS
Study conception: Antonella d'Arminio Monforte, Romina Salpini, 
Alessandro Tavelli, Valentina Svicher, Massimo Puoti, Francesca 
Ceccherini Silberstein. Study Design: Antonella d'Arminio Monforte, 
Romina Salpini, Alessandro Tavelli, Valentina Svicher, Massimo 
Puoti. Data collection: Romina Salpini, Lorenzo Piermatteo, 
Alessandro Tavelli, Stefano D'Anna, Vincenzo Malagnino, Valentina 
Mazzotta, Roberto Rossotti, Elena Rosselli del Turco; Experiments 
and Procedures: Romina Salpini, Lorenzo Piermatteo, Stefano 
D'Anna, Stefania Carrara, Valentina Svicher, Francesca Ceccherini 
Silberstein. Statistical analysis: Alessandro Tavelli. Interpretation of 
results: Antonella d'Arminio Monforte, Alessandro Tavelli, Valentina 
Svicher, Massimo Puoti, Giuseppina Brancaccio, Roberto Rossotti, 
Francesca Ceccherini Silberstein, Giovanni Battista Gaeta, Andrea 
Antinori, Cristina Mussini, Giulia Carla Marchetti, Sergio Lo Caputo. 
Writing original draft: Antonella d'Arminio Monforte, Alessandro 
Tavelli. Writing review & editing: All authors.

ACKNO​WLE​DG E​MENTS
Icona Foundation Study Group. Board of Directors: A. d'Arminio 
Monforte (President), A. Antinori (Vice-President), S. Antinori, 
A. Castagna, R. Cauda, G. Di Perri, E. Girardi, R. Iardino, A. Lazzarin, 
G. C. Marchetti, C. Mussini, E. Quiros-Roldan, L. Sarmati, B. Suligoi, 
F. von Schloesser, P. Viale. Scientific Secretary: A. d'Arminio Monforte, 
A. Antinori, A. Castagna, F. Ceccherini-Silberstein, A. Cingolani, A. 
Cozzi-Lepri, E. Girardi, A. Gori, S. Lo Caputo, G. Marchetti, F. Maggiolo, 
C. Mussini, M. Puoti, C. F. Perno. Steering Committee: A. Antinori, F. 
Bai, A. Bandera, S. Bonora, A. Calcagno, D. Canetti, A. Castagna, F. 
Ceccherini-Silberstein, A. Cervo, S.  Cicalini, A. Cingolani, P. Cinque, 
A. Cozzi-Lepri, A. d'Arminio Monforte, A. Di Biagio, R. Gagliardini, A. 
Giacomelli, E. Girardi, N. Gianotti, A. Gori, G. Guaraldi, S. Lanini, G. 
Lapadula, M. Lichtner, A. Lai, S. Lo Caputo, G. Madeddu, F. Maggiolo, 
V. Malagnino, G. Marchetti, C. Mussini, S. Nozza, C. F. Perno, S. Piconi, 
C. Pinnetti, M. Puoti, E. Quiros Roldan, R. Rossotti, S. Rusconi, M. M. 
Santoro, A. Saracino, L. Sarmati, V. Spagnuolo, N. Squillace, V. Svicher, 
L.  Taramasso, A. Vergori. Statistical and Monitoring Team: F. Bovis, 
A. Cozzi-Lepri, S. De Benedittis, I. Fanti, A. Rodano', M. Ponzano, 
A. Tavelli. Community Advisory Board: A. Bove, M. Cernuschi, L. 
Cosmaro, M. Errico, A. Perziano, V. Calvino. Biological Bank INMI 
and San Paolo: S. Carrara, S. Graziano, G. Prota, S. Truffa, D. Vincenti, 
Y. D'Errico, R. Rovito. Participating Physicians and Centres: Italy A. 

 14783231, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/liv.15804 by C

ochraneItalia, W
iley O

nline L
ibrary on [20/12/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



10  |    D'ARMINIO MONFORTE et al.

Giacometti, A. Costantini, V. Barocci (Ancona); A. Saracino, C. Santoro, 
E. Milano (Bari); L. Comi, C. Suardi (Bergamo); P. Viale, L. Badia, S. 
Cretella (Bologna); E. M. Erne, A.  Pieri (Bolzano); E. Quiros Roldan, 
E. Focà, C. Minardi (Brescia); B. Menzaghi, C. Abeli (Busto Arsizio); L. 
Chessa, F. Pes (Cagliari); P. Maggi, L. Alessio (Caserta); B. Cacopardo, B. 
Celesia (Catania); J. Vecchiet, K. Falasca (Chieti); A. Pan, S. Dal Zoppo 
(Cremona); D.  Segala (Ferrara); M. A. Di Pietro, C. Costa (Firenze); 
S. Lo Caputo, S. Ferrara (Foggia); M. Bassetti, E. Pontali, S. Blanchi, 
N. Bobbio, G. Mazzarello (Genova); M. Lichtner, L. Fondaco (Latina); 
S. Piconi, C. Molteni (Lecco); S.  Rusconi, G. Canavesi (Legnano); G. 
Nunnari, G. Pellicanò (Messina); G. Marchetti, S. Antinori, G. Rizzardini, 
M. Puoti, A. Castagna, A. Bandera, V. Bono, M. V. Cossu, A. Giacomelli, 
R. Lolatto, M. C. Moioli, L. Pezzati, S. Diotallevi, C. Tincati (Milano); 
C. Mussini, C. Puzzolante (Modena); P. Bonfanti, G. Lapadula (Monza); 
V. Sangiovanni, I. Gentile, V. Esposito, N. Coppola, F. M. Fusco, G. Di 
Filippo, V. Rizzo, N. Sangiovanni, S. Martini (Napoli); A. M. Cattelan, 
D. Leoni (Padova); A. Cascio, C.  Colomba (Palermo); D. Francisci, E. 
Schiaroli (Perugia); G. Parruti, F. Sozio (Pescara); P. Blanc, S. I. Bonelli 
(Pistoia); C. Lazzaretti, R. Corsini (Reggio Emilia); A. Antinori, R. Cauda, 
C.  Mastroianni, L. Sarmati, A. Latini, A. Cingolani, V. Mazzotta, S. 
Lamonica, M.  Capozzi, A.  Mondi, M. Rivano Capparuccia, G. Iaiani, 
C. Stingone, L.  Gianserra, J. Paulicelli, M. M. Plazzi, G. d'Ettore, M. 
Fusto (Roma); I Coledan (Rovigo); G. Madeddu, A. De Vito (Sassari); 
M. Fabbiani, F Montagnani (Siena); A. Franco, R Fontana Del Vecchio 
(Siracusa); B. M. Pasticci, C. Di Giuli (Terni); G. C. Orofino, G. Calleri, G. 
Di Perri, S. Bonora, G. Accardo (Torino); C Tascini, A. Londero (Udine); 
V. Manfrin, G. Battagin (Vicenza); G Starnini, D. Farinacci (Viterbo).

FUNDING INFORMATION
The Icona Foundation cohort receives unrestricted grants from 
Gilead Sciences, ViiV Healthcare, Merck Sharpe and Dohme and 
Janssen-Cilag. The present study is partially economically funded by 
Gilead Sciences Italy for the screening of HBV and HDV. Diasorin 
Italy supported also the study with an in-kind contribution of assays 
for HBV and HDV screening. The funders had no role in data collec-
tion, analysis and interpretation and in writing the manuscript.

CONFLIC T OF INTERE S T S TATEMENT
ADM served as consultant or participated in advisory boards spon-
sored by Gilead Sciences, ViiV Healthcare, Janssen-Cilag, GSK, 
Merck Sharp & Dohme and received research grants from Gilead 
Sciences and ViiV Healthcare. VMazzotta served as a paid consult-
ant to GSK and received research institutional funding from Gilead 
Sciences. GM received speakers' honoraria and travels' grant by 
Gilead Sciences, ViiV Healthcare and Janssen-Cilag. CM received 
speakers' honoraria or participated in advisory boards sponsored 
by Gilead Sciences, ViiV Healthcare, Merck Sharp & Dohme and 
Janssen-Cilag and received research grants from Gilead Sciences. 
AA has served as a paid consultant to Astra Zeneca, Gilead Sciences, 
GSK, Janssen-Cilag, Merck, Moderna, Pfizer, Viatris and ViiV 
Healthcare and received research institutional funding from Astra 
Zeneca, Gilead Sciences and ViiV Healthcare. SLC received speak-
ers' honoraria from Gilead Sciences, ViiV Healthcare, Merck Sharp 

& Dohme, Astra Zeneca, GSK and Janssen-Cilag, received support 
for travel meetings from Gilead Sciences, Janssen-Cilag and ViiV 
Healthcare and grant for research from Gilead Sciences. VS received 
speakers' honoraria and research grants from Roche, Fujirebio, 
Diasorin and Gilead Sciences. MP received honoraria for speaking 
and consulting from AbbVie, GSK, Gilead Sciences, Merck, Angelini 
and Novartis and received research grants from Gilead Sciences and 
AbbVie. RS, AT, LP, SDA, SC, VMalagnino, GB, GBG, ERDT, RR and 
FCS had nothing to disclose.

E THIC AL S TATEMENTS
The ICONA Foundation study was approved by the Ethics 
Committee (institutional review board) of each participating insti-
tution. All of the individuals enrolled provided a written informed 
consent at the time of the enrolment. All procedures of the study 
were performed in accordance with the 1964 Helsinki Declaration 
and its later amendments.

ORCID
Vincenzo Malagnino   https://orcid.org/0000-0002-6561-5298 
Roberto Rossotti   https://orcid.org/0000-0003-4965-8789 
Francesca Ceccherini Silberstein   https://orcid.
org/0000-0002-6024-5101 

R E FE R E N C E S
	 1.	 Rizzetto M, Canese MG, Aricò S, et al. Immunofluorescence detec-

tion of a new antigen-antibody system (delta/anti-delta) associated 
with hepatitis B virus in liver and in serum of HBsAg carriers. Gut. 
1977;18:997-1003.

	 2.	 Smedile A, Rizzetto M, Gerin JL. Advances in hepatitis D virus bi-
ology and disease. In: Boyer JL, Ockner RK, eds. Progress in Liver 
Disease. Vol Xii. W.B. Saunders Company; 1994:157-175.

	 3.	 Brancaccio G, Coco B, Nardi A, et al. PITER collaborating investiga-
tors. Trends in chronic hepatitis B virus infection in Italy over a 10-
year period: clues from the nationwide PITER and MASTER cohorts 
toward elimination. Int J Infect Dis. 2023;13(129):266-273.

	 4.	 Chen H-Y, Shen D-T, Ji D-Z, et al. Prevalence and burden of hep-
atitis D virus infection: systematic review and meta-analysis. Gut. 
2019;68(3):512-521.

	 5.	 Brancaccio G, Shanyinde M, Puoti M, et al. Hepatitis delta coinfection 
in persons with HIV: misdiagnosis and disease burden in Italy. Pathog 
Glob Health. 2022;7:1-9. doi:10.1080/20477724.2022.2047551

	 6.	 Beguelin C, Atkinson A, Boyd A, et al. Hepatitis delta infection among 
persons living with HIV in Europe. Liver Int. 2023;43:819-828.

	 7.	 Castellares C, Barreiro P, Martín-Carbonero L, et al. Liver cirrhosis 
in HIV-infected patients: prevalence, aetiology and clinical out-
come. J Viral Hepat. 2008;15:165-172.

	 8.	 Fernandez-Montero JV, Vispo E, Barreiro P, et al. Hepatitis delta is 
a major determinant of liver decompensation events and death in 
HIV-infected patients. Clin Infect Dis. 2014;58(11):1549-1553.

	 9.	 Soriano V, Sherman K, Barreiro P. Hepatitis delta and HIV infection. 
AIDS. 2017;31(7):875-884.

	10.	 Kamal H, Westman G, Falconer K, et al. Long-term study of hepati-
tis D infection at secondary care centers: the impact of viremia on 
liver-related outcomes. Hepatology. 2020;72:1177-1190.

	11.	 Ricco G, Cavallone D, Colombatto P, et  al. HDV RNA levels 
<1000 IU/mL and total anti-HDV titers <1:1000 identify chronic 
hepatitis D subjects without active liver disease. J Hepatology. 
2023;78(S1):S1091.

 14783231, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/liv.15804 by C

ochraneItalia, W
iley O

nline L
ibrary on [20/12/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0002-6561-5298
https://orcid.org/0000-0002-6561-5298
https://orcid.org/0000-0003-4965-8789
https://orcid.org/0000-0003-4965-8789
https://orcid.org/0000-0002-6024-5101
https://orcid.org/0000-0002-6024-5101
https://orcid.org/0000-0002-6024-5101
https://doi.org//10.1080/20477724.2022.2047551


    |  11D'ARMINIO MONFORTE et al.

	12.	 Yurdaydin C, Abbas Z, Buti M, et al. Treating chronic hepatitis delta: 
the need or surrogate markers of treatment efficacy. J Hepatol. 
2019;70:1008-1015.

	13.	 D'Arminio Monforte A, Cozzi-Lepri A, Rezza G, et al. Insight into the 
Reasons for Discontinuation of the First Highly Active Antiretroviral 
Therapy (HAART) Regimen in a Cohort of Antiretroviral naïve 
Patients. AIDS. 2000;14:499-507.

	14.	 De Socio GV, Ricci E, Bonfanti P, Quirino T, Schillaci G. Waist cir-
cumference and body mass index in HIV infection. HIV Med. 2011 
Feb;12(2):124-125.

	15.	 Stelzl E, Ciesek S, Cornberg M, et al. Reliable quantification of plasma 
HDV-RNA is of paramount importance for treatment monitoring: a 
European multicenter study. J Clin Virol. 2021 Sep;142:104932.

	16.	 Le Gal F, Brichler S, Drugan T, et al. Genetic diversity and worldwide 
distribution of the deltavirus genus: a study of 2152 clinical strains. 
Hepatology. 2017;66(6):1826-1841.

	17.	 Karimzadeh H, Usman Z, Frishman D, Roggendorf M. Genetic di-
versity of hepatitis D virus genotype-1 in Europe allows classifica-
tion into subtypes. J Viral Hepat. 2019;26(7):900-910.

	18.	 Gaeta GB, Stroffolini T, Chiaramonte M, et  al. Chronic hepatitis 
D: a vanishing disease? A multicenter Italian study. Hepatology. 
2000;2000(32):824-827.

	19.	 Beguelin C, Moradpour D, Sahli R, et al. Swiss HIV cohort study. 
Hepatitis delta-associated mortality in HIV/HBV-coinfected pa-
tients. J Hepatol. 2017 Feb;66(2):297-303.

	20.	 Schaper M, Rodriguez-Frias F, Jardi R, et al. Quantitative longitu-
dinal evaluations of hepatitis delta virus RNA and hepatitis B virus 
DNA shows a dynamic, complex replicative profile in chronic hepa-
titis B and D. J Hepatol. 2010;52:658-664.

	21.	 Su C, Huang Y, Huo T, et al. Genotypes and viremia of hepatitis B 
and D viruses are associated with outcomes of chronic hepatitis D 
patients. Gastroenterology. 2006;130(6):1625-1635.

	22.	 Hughes SA, Wedemeyer H, Harrison PM. Hepatitis Delta virus. 
Lancet. 2011;378(9785):73-85.

	23.	 Jeyarajan AJ, Chhung RT. Insights into the pathoplysiology of 
liver disease in HCV/HIV: does it end with HCV cure? J Infect Dis. 
2020;222(suppl 9):S802-S813. doi:10.1093/infdis/jiaa279

	24.	 Yen DW, Soriano V, Barreiro P, Sherman KE. Triple threat: HDV, 
HBV, HIV coinfection. Clin Liver Dis. 2023;27:955-972.

	25.	 Soriano V, Barreiro P, Martín-Carbonero L, Castellares C, Ruiz-
Sancho A, Labarga P, Ramos B, Gonzalez-Lahoz J. Treatment of 
chronic hepatitis B or C in HIV-infected patients with dual viral.

	26.	 Thio C, Seaberg E, Skolasky R, et al. HIV-1, hepatitis B virus, and risk 
of liver-related mortality in the multicenter cohort study (MACS). 
Lancet. 2002;360:1921-1926.

	27.	 Mangia A, Squillante MM, Fraticelli F, et al. HDV RNA levels and 
progression of Hepatitis Delta infection: a 14 year follow up expe-
rience in Italy. Cell. 2023;12(10):1413.

	28.	 Abbas Z, Sadik Memon M, Mithani H, Jafri V, Hamid S. Treatment of 
chronic hepatitis D patients with pegylated interferon: a real-world 
experience. Antivir Ther. 2014;19:463-468. doi:10.3851/IMP2728

	29.	 Degasperi E, Anolli MP, Uceda Renteria SC, et al. Bulevirtide mono-
therapy for 48 weeks in patients with HDV-related compensated 
cirrhosis and clinically significant portal hypertension. J Hepatol. 
2022;77(6):1525-1531.

	30.	 Wedemeye H, Aleman S, Brunetto MR, et al. For the MYR 301 study 
group: a phase 3, randomized trial of Bulevirtide in chronic hepatitis 
D. N Engl J Med. 2023;389:22-32. doi:10.1056/NEJMoa2213429

	31.	 Lampertico P, Roulot D, Wedermeyer H. Bulevirtide with or with-
out pegIFNα for patients with compensated chronic hepatitis delta: 
from clinical trials to real-world studies. J Hepatol. 2022;77(5):1422-
1430. doi:10.1016/j.jhep.2022.06.010

	32.	 European Association for the Study of the liver. EASL clinical prac-
tice guidelines on hepatitis delta virus. J Hepatol. 2023;79:433-460.

	33.	 Le Gal F, Gault E, Ripauit MP, et al. Eight major clade for hepatitis 
delta virus. Emerg Infect Dis. 2006;12:1447-1450.

SUPPORTING INFORMATION
Additional supporting information can be found online in the 
Supporting Information section at the end of this article.

How to cite this article: d’Arminio Monforte A, Tavelli A, 
Salpini R, et al. Determinants of worse liver-related outcome 
according to HDV infection among HBsAg positive persons 
living with HIV: Data from the ICONA cohort. Liver Int. 
2023;00:1-11. doi:10.1111/liv.15804

 14783231, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/liv.15804 by C

ochraneItalia, W
iley O

nline L
ibrary on [20/12/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org//10.1093/infdis/jiaa279
https://doi.org//10.3851/IMP2728
https://doi.org//10.1056/NEJMoa2213429
https://doi.org//10.1016/j.jhep.2022.06.010
https://doi.org/10.1111/liv.15804

	Determinants of worse liver-related outcome according to HDV infection among HBsAg positive persons living with HIV: Data from the ICONA cohort
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Design of the study and setting
	2.2|Objectives
	2.3|End-points
	2.4|Inclusion criteria
	2.5|Data collection
	2.6|Viral markers detection

	3|RESULTS
	3.1|Prevalence of HDV markers among HBsAg positive PLWH in ICONA
	3.2|Clinical outcome according to HDV infection
	3.3|Clinical outcome according to HBV/HDV/HCV infection
	3.4|Role of nadir CD4 on progression to SLRE in HDV positive PLWH
	3.5|SLRE or death as clinical outcome
	3.6|HDV sequencing and assessment of HDV genotype
	3.7|Statistical analyses

	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNO​WLE​DGE​MENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	ETHICAL STATEMENTS
	REFERENCES


