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Abstract: Previous studies reported that the hepatitis C virus (HCV) could help disseminate the
hepatitis D virus (HDV) in vivo through hepatitis B virus (HBV)-unrelated ways, but with essentially
inconclusive results. To try to shed light on this still-debated topic, 146 anti-HCV-positive subjects (of
whom 91 HCV/HIV co-infected, and 43 with prior HCV eradication) were screened for anti-HDV
antibodies (anti-HD), after careful selection for negativity to any serologic or virologic marker
of current or past HBV infection. One single HCV/HIV co-infected patient (0.7%) tested highly
positive for anti-HD, but with no positive HDV-RNA. Her husband, in turn, was a HCV/HIV
co-infected subject with a previous contact with HBV. While conducting a thorough review of
the relevant literature, the authors attempted to exhaustively describe the medical history of both
the anti-HD-positive patient and her partner, believing it to be the key to dissecting the possible
complex mechanisms of HDV transmission from one subject to another, and speculating that in the
present case, it may have been HCV itself that behaved as an HDV helper virus. In conclusion, this
preliminary research, while needing further validation in large prospective studies, provided some
further evidence of a role of HCV in HDV dissemination in humans.

Keywords: hepatitis C virus; hepatitis D virus; hepatitis B virus; human immunodeficiency virus;
propagation; anti-HBc; HDV-RNA; helper virus; co-infection; superinfection

1. Introduction

Hepatitis delta virus (HDV) is a defective human virus that lacks the ability to pro-
duce its own envelope proteins and, thus, depends on the presence of a helper virus,
which induces its surface proteins to produce infectious particles. Until now, hepatitis
B virus (HBV) was thought to be the only helper virus associated with HDV [1]. How-
ever, recent evidence has shown that divergent HDV-like viruses can be detected in fishes,
birds, amphibians and invertebrates without evidence of any HBV-like agent to support
co-infection [2]. Another recent study showed that HDV can be transmitted and dissemi-
nated in experimental ex vivo and in vivo infections by several enveloped viruses unrelated
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to HBV, which possess surface glycoproteins (GPs) able to package HDV ribonucleopro-
teins (RNPs). This allows the efficient exit of HDV particles into the extracellular milieu
of co-infected cells and subsequent entry into the cells expressing the respective receptors.
Mechanisms of this sort have, so far, been demonstrated for flaviviruses (such as dengue
and West Nile virus), vesiculovirus and hepatitis C virus (HCV) [3]. Taken together, these
results suggest that hepatitis D infection could, in theory, occur in patients who carry either
virus. Further confirmation in that sense comes from research demonstrating that snake
HDV can efficiently utilize co-infecting reptarena- and hartmaniviruses to form infectious
particles; even the expression alone of the envelope proteins of each virus was sufficient to
induce the production of infectious HDV particles [4].

As for in vivo studies, there is very little evidence in the literature so far. The first
survey available in the literature specifically analyzing HDV co-infection in human subjects
with no apparent concomitant HBV infection was conducted in South America (Venezuela),
where a series of HCV-RNA-positive patients was analyzed for HDV infection prior to
initiation of any antiviral treatment for HCV. Sera from 2 of 160 subjects (1.25%) were
positive for HDV antibodies (anti-HD), tested by enzyme-linked immunosorbent assay
and further confirmed by LIAISON-XL immunoassay, but were negative for HBV sero-
logic or molecular markers [e.g., hepatitis B surface antigen (HBsAg), anti-hepatitis B
core (HBc) antibodies and HBV-DNA assessed by quantitative real-time PCR (qPCR) and
digital droplet PCR (ddPCR)]. One of these two samples was also HDV-RNA detectable at
nested PCR; the PCR-purified fragments were then sequenced and revealed HDV-RNA
of genotype 1, which is frequently found in that country. These observations provided
preliminary evidence that HDV infection can occur in the absence of HBV infection and
that HDV spread might happen in humans without HBV acting as a helper virus. Instead,
HCV might have been responsible for the diffusion of HDV, although the precise temporal
correlation between HDV and HCV co-infections cannot be deduced from the clinical data
provided by the authors. Another possible explanation for this unusual pattern of HDV
infection could have been co-infection with an occult HBV; however, in the cited study, a
confirmatory liver biopsy was not performed in these two positive subjects [5].

No similar study has ever been conducted in Italy. Yet, this country has been central
to the monitoring of the epidemiology of HDV infection throughout the last four decades.
This is because it was the first among industrialized countries to introduce universal HBV
vaccination for neonates and 12-year-old adolescents in 1991, so that by 2020, almost all
40-year-old Italians were protected from HBV and, by default, from hepatitis D. However,
no epidemiological data on the presence of possible HDV co-infection (inferred through
anti-HD detection) are available outside the setting of hepatitis B (in which case rates
are reported decreasing from 24.6% in 1983 to 8.9% in 2022 for HBV-positive subjects,
and from 28.1% in 1997 to 8.4% in 2022 for HBV/human immunodeficiency virus (HIV)
positive patients) [6–8].

The aforementioned preliminary results and the lack of reliable epidemiological data
prompted us to search for HDV co-infection in a series of Italian HCV-infected subjects.

2. Materials and Methods

In this observational multicenter retrospective case series, all available consecutive
sera of anti-HCV-positive subjects were considered that had been collected in the Hep-
atology or Infectious Diseases outpatient departments of four hospitals located in an
Italian region (Piedmont) and then stocked at −80 ◦C at a centralized virology laboratory
(Novara University Hospital) for molecular HCV viral load testing. The recruitment period
for this study was from January 2022 to July 2023. In order to intercept subjects at higher
risk for parenterally transmitted viral infections also HCV patients co-infected with HIV
were considered. Specifically, inclusion criteria were: (a) positivity for markers of HCV
infection (anti-HCV antibodies ± HCV-RNA) in the presence or absence of HIV infection
(i.e., anti-HIV antibodies ± HIV-RNA); (b) patient age ≥ 18 years and written informed con-
sent to participation in the study, (c) available medical records containing thorough clinical
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and laboratory information. Exclusion criteria were: (a) positivity of any markers of current
or past HBV infection [i.e., HBsAg, hepatitis B e antigen (HBeAg), anti-HBc antibodies,
anti-hepatitis e antigen (HBe) antibodies, HBV-DNA]; (b) any current anti-HCV treatment;
(c) lack of a sufficient amount of sample; and (d) first diagnosis of known HCV positivity
from less than a year before the sample collection used for this study. In HCV-positive sub-
jects in whom HBV serology was not known, the latter one was performed on the sample
selected for this study, prior to any patient enrollment. HCV-RNA-positive patients who did
not have a liver elastography (Fibroscan®) performed within six months of blood collection
were recalled for testing. All subjects gave written informed consent to their participation
in the protocol, which was conducted in strict adherence to the principles of the Declaration
of Helsinki of 1975, as revised in 2000. Researchers decided to investigate also a further
patient, originally not included in the protocol (being HBV-positive) as better detailed in
the Results section, deeming it crucial to draw further conclusions on the present inves-
tigation; since this subject was already deceased when the study was conducted, written
consent for publication of his anonymized clinical details was collected by next of kin (wife).
The study protocol was approved by the local institutional Ethics Committee (Comitato
Etico Interaziendale Novara, https://comitatoetico.maggioreosp.novara.it/, (accessed on
1 June 2024), IRB code CE033/2023). Concerning the aforementioned additional patient,
ethical approval was granted exemption both because it was considered as a case report
and all the procedures being performed were part of the routine care and not a formal
research protocol.

The test used for anti-HD detection was HDV Ab—ELISA (Dia.pro Diagnostic
Bioprobes, Sesto San Giovanni, Italy), a competitive enzyme immunoassay with the semi-
quantitative concentration of anti-HD specific IgG antibodies determined by means of
the ratio between a cut-off value (Co)—obtained with the following formula: [optical
density (OD) of the negative control/OD of the positive control]/5—and the sample OD at
450 nm (S). This Co/S ratio was interpreted as follows: <0.9 (negative: patient not consid-
ered infected from HDV); 0.9–1.1 (equivocal: patient needing to be retested on a second
independent sample 1–2 weeks after first blood test); and >1.1 (positive: patient considered
to have previous or present HDV infection). The other main serological and molecu-
lar assays employed in this study were: for HDV-RNA detection, HDV Real-TM Quant
(Sacace Biotechnologies, Como, Italy) with a lower limit of quantitation of 30 copies/mL;
for HCV-RNA detection, Alinity m HCV (Abbott Laboratories, Abbott Park, IL, USA) with
a lower limit of quantitation of 12 IU/mL; for anti-HCV antibody detection, LIAISON®

XL MUREX HCV Ab (DiaSorin, Saluggia, Italy); for HBV-DNA detection, Alinity m HBV
(Abbott Laboratories) with a lower limit of quantitation of 10 IU/mL; for HBsAg detection,
LIAISON® XL MUREX HBsAg Quant (DiaSorin); for anti-HBsAg antibody (anti-HBs)
detection, LIAISON® XL MUREX Anti-HBs & Plus (DiaSorin); for HBc antibody detection,
LIAISON® Anti-HBc (DiaSorin); for HBeAg detection, LIAISON® HBeAg (DiaSorin); for
HBe antibody detection, LIAISON® Anti-HBe (DiaSorin); for HIV-RNA detection, Alinity
m HIV-1 (Abbott) with a lower limit of quantitation of 20 copies/mL; and for anti-HIV
antibody detection, LIAISON® XL MUREX HIV Ab/Ag (DiaSorin).

For what concerns statistical analysis, continuous variables were expressed as means,
medians and ranges, and categorical variables as percentages. The Mann–Whitney, Wilcoxon,
and Kruskal–Wallis tests were used to compare continuous non-parametric variables,
as appropriate. Pearson’s chi-squared test was used to determine whether there was a
significant difference between the expected and the observed frequencies in one or more
categories. A p value of <0.05 was considered to be significant. All analyses were performed
using Statistica 10.0 statistical software (Statsoft, Palo Alto, CA, USA).

3. Results
3.1. Whole Study Population

For this study, 705 anti-HCV subjects were screened; of these, 251 were tested also
for HBV serology because it was lacking or incomplete. The following patients were ex-
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cluded from the study after applying the aforementioned criteria: known positivity for
any markers of current or past HBV infection (n = 272); positivity for one or more HBV
markers found after screening test for subjects with not known or incomplete HBV serology
(n = 105); current anti-HCV treatment with direct-acting antiviral agents (DAA) (n = 18);
first HCV diagnosis from less than one year before study entry (n = 9); lack of a sufficient
amount of plasma sample (n = 112); and lack of available complete medical records (n = 43).
Ultimately, 146 anti-HCV patients (73 M, 73 F) with a median age of 59 years [interquartile
range (IQR) 54–71 years] were selected for this study: 55 were HCV mono-infected, while
the remaining 91 were HCV/HIV co-infected. No significant demographic differences were
found between the two subgroups, except for age and risk factors for HIV co-infection [the
latter ones being more frequently younger and intravenous drug users (IVDUs)]. The two
subpopulations were also comparable for what concerns the main clinical parameters, even
though HCV mono-infected persons showed a trend towards some more liver damage,
possibly due to the fact that there was a trend for a lower proportion of subjects in this
subpopulation who had already achieved a sustained virological response (SVR) at the
study entry. Specifically, HCV mono-infected patients generally showed higher levels
of aminotransferases and bilirubin, coupled with a somewhat worse liver biosynthetic
capacity as assessed by serum albumin and international normalized ratio for prothrombin
time (INR). However, a median model for end-stage liver disease (MELD) score—the
most validated chronic liver disease severity scoring system that uses patient laboratory
values for serum bilirubin, creatinine and INR—was perfectly comparable between the two
subpopulations. Concerning SVR, in the whole studied population of 43 subjects (out of
45 treated, a success rate of 96%) had eradicated HCV during previous antiviral treat-
ments [i.e., pegylated (PEG) interferon ± ribavirin and/or DAA], consequently resulting
HCV-RNA negative when tested for this study. Of the anti-HIV-positive subjects, all were
under antiretroviral treatment (HAART) when recruited in this study. The main character-
istics of the studied population are presented in Table 1. All patients were tested for IgG
anti-HD, and resulted negative except one.

Table 1. Baseline characteristics of the studied population. Data are presented as median (range) for
continuous variables and as frequency (%) for categorical variables. Bold values denote statistical
significance at the p < 0.05 level.

All Subjects
(n = 146)

HCV
Mono-Infected

(n = 55)

HCV/HIV
Co-Infected

(n = 91)

HCV vs.
HCV/HIV

P

Local
Laboratory NR

Sex, n (M, F) 73 (50), 73 (50) 22 (40), 33 (60) 51 (56), 40 (44) 0.060 -

Ethnicity, n (Caucasian, other) 143 (98), 3 (2) 1 55 (100), 0 (0) 88 (97), 3 (3) 1 0.317 -

Risk factor for HCV ± HIV
acquisition, n (IVDU, sex,
transfusion, other/not known)

73 (50), 4 (19), 3 (2),
33 (29)

15 (27), 4 (7), 3 (6),
33 (60)

58 (64), 24 (26), 0
(0), 9 (10) <0.001 -

Age, years 59 (54–71) 71 (57–80) 57 (53–62) <0.001 -

Liver elastography, KPa 2 7.6 (5.9–13.1) 8.5 (5.8–15.4) 7.3 (5.9–10.0) 0.522 <5.0

HCV RNA, ×103 IU/mL 2 868 (320–2396) 782 (272–2912) 885 (385–2235) 0.841 negative

HCV genotype,
n (1a, 1b, 2, 3, 4) 3

52 (36), 25 (17), 37
(25), 21 (14), 11 (8)

20 (36), 8 (15), 13
(24), 10 (18), 4 (7)

32 (35), 17 (19), 24
(26), 11 (12), 7 (8) 0.853 -

HIV RNA, copies/mL 4 - - 0 (0–0) N/A negative

White blood cells, n × 109/L 5.18 (4.23–6.28) 5.11 (4.08–6.05) 5.78 (4.69–7.55) 0.134 4.50–11.00

CD4+ lymphocytes, n × 109/L 4 - - 0.37 (0.27–0.86) N/A 0.49–1.70

Platelets, n × 109/L 199 (83–233) 182 (85–179) 202 (161–233) <0.001 150–450
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Table 1. Cont.

All Subjects
(n = 146)

HCV
Mono-Infected

(n = 55)

HCV/HIV
Co-Infected

(n = 91)

HCV vs.
HCV/HIV

P

Local
Laboratory NR

AST, IU/L 45 (26–98) 60 (37–140) 15 (13–18) <0.001 0–40

ALT, IU/L 43 (22–103) 69 (33–119) 20 (16–23) <0.001 0–40

Total bilirubin, mg/dL 0.8 (0.6–1.1) 0.8 (0.6–1.1) 0.5 (0.4–0.9) 0.003 0.30–1.20

Creatinine, mg/dL 0.77 (0.64–0.90) 0.80 (0.70–0.90) 0.77 (0.64–0.90) 0.992 0.60–1.10

INR, Units 0.9 (0.9–1.1) 1.1 (1.0–1.2) 1.0 (0.9–1.1) <0.001 0.80–1.20

Albumin, g/L 39 (36–43) 38 (35–41) 45 (42–47) <0.001 34–48

MELD, score 7 (6–8) 7 (6–8) 6 (6–7) 0.059 -

SVR after previous HCV
treatments, n 43 (29) 13 (23) 30 (33) 0.231 -

Current HIV therapy, n 4,5 - - 91 (100) N/A -

Current or past HIV therapies
with concomitant anti-HBV
effect, n 4,6

- - 91 (100) N/A -

Abbreviations: alanine transaminase (ALT); aspartate transaminase (AST); bictegravir (BIC); cabotegravir (CAB);
cobicistat booster (COBI); darunavir (DRV); dolutegravir (DTG); emtricitabine (FTC); hepatitis B virus (HBV);
hepatitis C virus (HCV); human immunodeficiency virus (HIV); international normalized ratio (INR); intravenous
drug user (IVDU); lamivudine (3TC); model for end-stage liver disease (MELD); normal range (NR); not applicable
(N/A); raltegravir (RAL); rilpivirine (RPV); ritonavir booster (r); sustained virological response (SVR); tenofovir
alafenamide (TAF); tenofovir disoproxil fumarate (TDF). 1 1 Black, 1 Asian, 1 Hispanic subject. 2 For the
103 patients who were HCV-RNA positive when entering the study. 3 For all patients, including the 43 subjects
who achieved SVR before entering the study. 4 For the 91 HCV/HIV positive patients. 5 BIC/FTC/TAF (n = 24),
3TC/DTG (n = 18), RAL/DRV/COBI (n = 13), DTG/DRVr (n = 8), TAF/FTC/DRV/COBI (n = 7), DTG/RPV
(n = 6), DTG/DRV/COBI (n = 6), CAB/RPV (n = 5), TDF/FTC/RPV (n = 4). 6 Including one or more of the
following ones: 3TC, TDF, TAF, FTC.

3.2. Subanalysis of the Subject Found Positive for Anti-HDV Antibodies

The only anti-HD positive subject in our population was a HCV/HIV co-infected
Caucasian 56-year-old female; HDV strong positivity (S: 0.062, Co/S ratio: 9.484) was then
confirmed in a second independent sample obtained two weeks after the first blood test
(S: 0.075, Co/S ratio: 8.120). She was also tested for HBV-DNA, which resulted negative
both at qualitative and quantitative detection. In addition, the sample was also checked for
the presence and quantification of HDV-RNA, which turned out to be negative.

The subject was a previous IVDU, specifically heroin from 1982 to 1999, with also
a persistent moderate alcohol consumption (3 drinks/day) and a history of smoking
(30 packs/year). Her HIV diagnosis dated back to 1993, following the discovery of the
infection in her husband. In the following year, during her first pregnancy, she was also
found to be HCV-positive (with high viral load, HCV genotype 1a and interleukin (IL)-28b
genotype C/T) [9]. Her other relevant comorbidities were obesity (BMI 30 kg/m2) and
hypertension medically treated. For what concerns chronic hepatitis C, she was always
demonstrated to have mild liver fibrosis (METAVIR stage 1 to repeated liver elastog-
raphy examinations), and she eventually reached SVR with a DAA antiviral treatment
(i.e., sofosbuvir/velpatasvir) after a previous failure with a three-month regimen with
PEG α2a + ribavirin (stopped because of a virological null response). As expected, for
her HIV disease, she was given a variety of HAARTs. Specifically, she decided to start
antiviral treatment at the end of 1999, during her second pregnancy; at that time, her
HIV-RNA setpoint was 60,000 copies/mL. Since then, she was almost always on therapy,
but, especially in the first years, with problems of poor compliance, partially motivated by
drug side effects (e.g., allergy to abacavir and intolerance to ritonavir) and number of pills.
This resulted in the development of resistance to some compounds and stably detectable
HIV viremias. After that, in the last 14 years (since the second half of 2009), she finally
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achieved excellent compliance and stable virological suppression. Her current antiviral
therapy (which was already present when she was recruited for this study) consists of
dolutegravir plus darunavir/cobicistat (started three years ago), but in the past, some
regimens included drugs, alone or in combination with known anti-HBV activity, such
as lamivudine, tenofovir or emtricitabine. In any case, her HBV markers (both complete
serology and viremia) have always been completely negative from her first diagnosis of
HIV infection more than 30 years ago. A deeper analysis of the demographic and clinical
features of this patient is presented in Table 2 panel a, while a timetable reporting the
whole scheme of her anti-HIV and anti-HCV treatments, as well as HBV screening tests, is
reported in Figure 1.

Table 2. Main laboratory findings of the anti-HDV positive subject (a) and of her husband (b). Local
laboratory normal ranges are reported in (c): values outside those ranges are reported in bold.

(a) (b) (c)

HCV RNA, IU/mL Negative 1 Negative 2 negative

HIV RNA, copies/mL <20 negative negative

HBV DNA, IU/mL negative negative negative

HDV RNA, copies/mL negative N/A negative

HCV-Ab positive positive negative

HIV-Ab positive positive negative

HBsAg/HBsAb/HBcAb IgG/
HBcAb IgM/HBeAg/HBeAb neg/neg/neg/neg/neg/neg <0.0 IU/mL 3/73

IU/mL/pos/neg/neg/weakly pos 4 all negative

anti-HDV IgG positive N/A negative

Liver stiffness at Fibroscan, Kpa 6.5 5 15.6 5 <5.0

Liver steatosis at Fibroscan (CAP),
db/sq m 277 5 211 5 <214

White blood cells, n × 109/L 5.20 6.01 4.50–11.00

Neutrophil/lymphocyte count,
n × 109/L 2.82/1.90 3.73/1.56 1.80–7.70/1.00–4.50

CD4+ T lymphocytes, n × 109/L 0.72 0.44 0.49–1.70

Hemoglobin, g/L 123 137 117–157

Platelets, n × 109/L 215 264 150–450

AST, IU/L 19 19 0–40

ALT, IU/L 12 30 0–40

GGT, IU/L 13 164 0–50

ALP, IU/L 220 338 90–360

Total bilirubin, mg/dL 0.50 0.80 0.30–1.20

Creatinine, mg/dL 0.59 0.60 0.60–1.10

eGFR, mL/min 104 112 >90

Na+, mEq/L 138 141 134–146

Glucose, mg/dL 106 92 70–100

INR, Units 1.02 0.98 0.80–1.20

Albumin, g/L 47 42 34–48
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Table 2. Cont.

(a) (b) (c)

Total cholesterol, mg/dL 232 282 0–200

Triglycerides, mg/dL 241 138 45–170

Abbreviations: alanine aminotransferase (ALT); alkaline phosphatase (ALP); anti-hepatitis B core antibodies
(HBcAb); antibodies (Ab); anti-hepatitis e antigen antibodies (HBeAb); aspartate transaminase (AST); controlled
attenuation parameter (CAP); direct-acting antiviral agents (DAA); estimated glomerular filtration rate (eGFR);
gamma-glutamyltransferase (GGT); hepatitis B virus (HBV); hepatitis B e antigen (HBeAg); anti-hepatitis B surface
antibodies (HBsAb); hepatitis B surface antigen (HBsAg); hepatitis C virus (HCV); hepatitis D virus (HDV); interna-
tional normalized ratio (INR); liver stiffness (LS); not available (N/A); sodium (Na+). 1 data before DAA treatment:
HCV RNA 2,216,000 IU/mL, HCV genotype 1a. 2 data before DAA treatment: HCV RNA 1,665,000 IU/mL, HCV
genotype 1a. 3 quantitative detection. 4 available previous determinations: August 2008 HBV-DNA neg, HBsAg
neg, HBcAb IgG pos, HBsAb 5 IU/mL, HBeAg neg, HBeAb neg; March 2012 HBV DNA neg, HBsAg neg, HBcAb
IgG pos, HbsAb 0 IU/mL, HBeAg neg, HBeAb neg. 5 measured before DAA treatment.
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Figure 1. Timeline with relevant data from the clinical history of the patient, which resulted anti-HD
positive. The upper part of the figure depicts data with respect to HIV-RNA (blue line) and HCV-RNA
(orange line) trends; the purple asterisks represent the serialized controls of virological tests for HBV
(HBV-DNA and complete serology, which were always completely negative). The lower part of the
figure depicts the treatment regimens she underwent for both HIV (in green) and HCV (in orange)
infections. The arrow refers to the time when the patient was sampled for the present study (April
2023), as reported in Table 1. Abbreviations: abacavir (ABC); atazanavir (ATV); cobicistat (COBI);
darunavir (DRV); dolutegravir (DTG); emtricitabine (FTC); hepatitis B virus (HBV); hepatitis C virus
(HCV); human immunodeficiency virus (HIV); lamivudine (3TC); nevirapine (NVP); pegylated inter-
feron (PEG-IFN); ribavirin (RBV); ritonavir (RTV); sofosbuvir (SOF); tenofovir disoproxil fumarate
(TDF); velpatasvir (VEL); zidovudine (ZDV).

3.3. Subanalysis of the Anti-HDV Positive Patient’s Partner

In order to better understand the possible source of her HDV transmission, we decided
to study also her husband, who was initially excluded from this study protocol as he had
known previous contact with HBV (in other words, a main exclusion criterion). He,
too, was a former IVDU (heroin from 1983 to 1999), with a known HIV infection from
1986 and persistent moderate alcohol consumption (4 drinks/day) and a history of heavy
smoking (40 packs/year). Since 1996, he had been treated with several antiviral treatments
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(pre-therapy HIV-RNA setpoint: 60,000 copies/mL), the last of which was analogous
to his partner (i.e., dolutegravir plus darunavir/cobicistat). During the first years of
treatment, he experienced severe problems of compliance, partially due to social problems
(he was a prisoner for a number of years), leading to the emergence of multiple resistances
and stably positive HIV-RNA. However, in the last eight years, he achieved excellent
immunovirological compensation (with CD4+ T-cell count greater than 0.60 × 109/L and
persistently undetectable viremias). As a major comorbidity, the patient in 1985 had a
non-A non-B acute hepatitis, followed by a diagnosis of a genotype 1a chronic hepatis C
(likewise his partner, with high viral load and IL-28b genotype C/T), which evolved to
well-compensated cirrhosis [on average, Child–Pugh score: A5, model for end-stage liver
disease-sodium (MELD Na) score: 7]. He finally achieved an SVR after a DAA treatment
with sofosbuvir/ledipasvir plus ribavirin, following a failure with a six-month regimen
with PEG α2a + ribavirin. Different from his partner, as previously reported, he also had
a history of previous contact with HBV. Since we were able to retrieve blood test results
from the electronic archive of our hospital laboratory (mid-2006) he was always anti-HBc
positive, with both HBsAg and circulating HBV-DNA negative [thus to be considered,
until proven otherwise, as a subject with a seropositive occult HBV infection (OBI)] [10,11].
In this respect, it must be said that this subject, like his wife, experienced multiple past
antiretroviral therapies with concomitant anti-HBV activity, such as lamivudine, tenofovir
and emtricitabine. Interestingly, seroconversion to both anti-HBs and anti-HBe was detected
at the last available HBV test (late 2020), without any concomitant liver enzyme elevation,
as already reported by others during prolonged HAARTs [12,13]. He eventually died one
year before the beginning of the present study (mid-2021) as a result of a locally advanced
lung adenocarcinoma treated with various lines of chemotherapy and immunotherapy.
Regarding hepatitis D, he was never tested for the presence of delta antigen, anti-HD, or
HDV-RNA. Table 2 panel b reports a thorough analysis of the last available demographic
and clinical features of this subject before the cancer diagnosis (late 2020, when he was
57 years old), while a scheme of his anti-HIV and anti-HCV treatments, as well as HBV
tests, is reported in Figure 2.
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and complete serology); color code: purple means completely negative serology, red means serocon-
version to both anti-HBs (73 IU/mL) and anti-HBe (weak positivity). The lower part of the figure
depicts the treatment regimens he underwent for both HIV (in green) and HCV (in orange) infections.
The blue arrow refers to the last blood biochemical workup immediately prior to the diagnosis
of lung cancer and that was considered for this research as reported in Table 1 (September 2020),
while the red arrow refers to the patient’s date of death (July 2021). Abbreviations: anti-hepatitis e
antigen antibodies (anti-HBe); anti-HBsAg antibodies (anti-HBs); cobicistat (COBI); darunavir (DRV);
dolutegravir (DTG); efavirenz (EFV); emtricitabine (FTC); hepatitis B virus (HBV); hepatitis C virus
(HCV); human immunodeficiency virus (HIV); indinavir (IDV); lamivudine (3TC); ledipasvir (LDV);
pegylated interferon (PEG-IFN); ribavirin (RBV); ritonavir (RTV); tenofovir disoproxil fumarate (TDF);
zidovudine (ZDV).

4. Discussion

Hepatitis delta is the most aggressive form of viral hepatitis and is caused by HDV,
the smallest human RNA virus. It is well known that HDV usually requires the simul-
taneous presence of HBV to complete its life cycle. As a consequence, infection by HDV
occurs through two main modes, namely as simultaneous infection (co-infection) with
both HBV and HDV or as a superinfection by HDV of a chronic HBV carrier [14]. A third
possible mode of HDV infection refers to HDV mono-infection of hepatocytes, with host
RNA polymerases replicating HDV-RNA in the absence of HBV infection, which is not
productive but can be maintained by HBV helper virus at a later stage [14–20]. In humans,
HBV-independent HDV replication has so far exclusively been demonstrated in the salivary
glands of patients affected by Sjögren’s syndrome (suggesting, incidentally, a possible
non-hepatic reservoir for chronic HDV persistence) [21,22] and, for a short period, in the
context of liver transplantation [23,24].

HDV causes more severe liver disease than HBV alone and is associated with acceler-
ated liver fibrosis, liver cancer and liver failure. It is a condition with a significant impact
on global health, potentially affecting up to about 15–20 million people worldwide. The
prevalence of HDV varies in different parts of the world, with the highest reports in the
Mediterranean basin, the Middle East, Central and North Asia, West and Central Africa,
the Amazon basin, the Pacific islands, and Vietnam [25,26]. Regardless of geographic areas,
amongst HBsAg-positive persons, higher anti-HD rates are found in IVDUs, hemodialysis
recipients, men who have sex with men, commercial sex workers, and those with HCV or
HIV co-infections [27–30]. Despite its severity, HDV infection screening remains inadequate.
Detection of anti-HD antibodies should be the first step in the diagnosis, as they can be
detected at high titers in superinfected patients and at lower levels in co-infections. How-
ever, two main limitations must be kept in mind, which justify the need for complementary
approaches to confirm the diagnosis. First, total anti-HDV antibodies may be undetectable
in the first weeks of acute infection. Second, anti-HDV IgG may persist after HDV infec-
tion, not allowing to distinguish between active and resolved infection. Confirmation of
infection is thus based on the detection of HDV-RNA by quantitative reverse transcriptase
(RT)-PCR, which—together with the positivity of anti-HDV antibodies—makes it possi-
ble to distinguish between chronic and previous infections and to follow the response
to treatments [31].

In this study we investigated if an enveloped virus distinct from HBV, namely HCV,
may induce dissemination of HDV in vivo. Our research, which has the merit of being
conducted in a real-world setting, enabled us to confirm previous preliminary evidence for
HDV exposure in HCV patients who were apparently not infected with HBV. In our popu-
lation the prevalence of anti-HD was 0.7%, comparable to the very few in vivo experiences
so far reported in the Literature, both dating to 2021.

The first one is the South American study described above (anti-HD prevalence around
1%) [5]. Nevertheless, this investigation also includes many potential biases, aside from the
lack of histological confirmation already reported. First of all, it did not test for all HBV
serological markers; furthermore, the precise methodology of the study and why patients
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were collected in two non-consecutive periods (2004–2005 and 2014–2015) are unclear;
finally, the study is very poor in terms of clinical and demographic characterization of the
tested subjects (e.g., key variables such as gender, age, comorbidities are not provided;
HIV co-infection status is not clearly stated, even though it was presumably negative).
However, the research has undoubted merits, such as that of having been conducted on
subjects all with active HCV infection (i.e., HCV-RNA positive) and having found at least
one individual with positive HDV-RNA.

To the best of our knowledge, there is currently only one other comparable study,
which was published a few months later, but in another area of the world (France).
This is a research study on 2123 anti-HCV antibody-positive (and HIV-negative) plasma
samples, reporting a higher prevalence of anti-HD positivity (1.9%). However, of the
41 anti-HD-positive subjects, 27 (65.9%) were anti-HBc positive. As a consequence, anti-HD
was significantly more present in samples positive for anti-HBc (6.21% vs. 0.8%; p < 0.001).
Focusing on the 14 anti-HD positive but anti-HBc negative subjects, they were mainly
HCV-RNA negative (9 vs. 5). Interestingly, the anti-HD Co/S ratios observed were much
higher in anti-HBc positive (median: 4.40) than in anti-HBc negative samples (median: 1.48,
p < 0.01). In comparison, in our research, the only anti-HD positive patient had an even
greater C0/S ratio (though obtained with a different laboratory method), even if she was
anti-HBc negative. Similar to our study, in the French cohort, no anti-HD positive samples
were also found with detectable HDV-RNA (but this investigation could be conducted on
only 28/41 anti-HD positive subjects). Although this study is intriguing and has a good
sample size, again, it incorporates some big methodological problems, the main being that
is was centered on the anti-HBc status. In this regard, the Methods section reports that HBV
active co-infections (i.e., HBV-DNA or HBsAg positive subjects) were excluded, but no
clear mention is made of the other HBV serological markers (such as anti-HBs or anti-HBe).
Moreover, being research conducted on blood donors, there was obviously no possibility of
histological liver investigations that could have ruled out an OBI [32].

In any case, all these findings, together with our results, confirm the possibility of
HCV as a new helper virus for HDV in vivo. It must be said that in the literature, there
is also a third study on HCV-infected subjects negative for HBsAg, which found an even
higher prevalence (8/323, 2.5%) of anti-HD positive subjects (again, none with positive
HDV-RNA). The problem is that all the anti-HD positive subjects were also found positive
for anti-HBc. So, as this is an obvious sign of previous HBV infection, this study, unlike the
previous ones, cannot give any additional information on a hypothetical role of HCV as a
helper virus independent of HBV [33].

Focusing on our analysis, some additional considerations deserve to be made, the
most important being that, as reported in the Methods section, we looked for possi-
ble HDV infection not only in mono-infected HCV-positive patients but also in subjects
co-infected with HIV, the latter ones in order to investigate persons presumably at higher
risk for parenterally transmitted infections. Moreover, we aimed to investigate a model
(i.e., HIV/HDV co-infected patients) in which, notoriously, liver disease can progress
more rapidly than in HIV mono-infected individuals, regardless of the use of successful
HAART [34,35]. Now—as far as we know—there is no study that formally investigated
the real burden of HDV superinfection or co-infection in the subset of HCV/HIV-positive
patients, so our research is unprecedented in literature. As a matter of fact, the few available
data concerning the prevalence and epidemiology of hepatitis D amongst HIV-positive
subjects refer to subjects with known HBV co-infection. Specifically, in the large EuroSIDA
cohort of HIV-infected individuals, the overall prevalence of anti-HD antibodies was
14.5% [28]. Reported new rates in Europe were higher in Southern and Eastern coun-
tries than in Central and Northern ones, with most new diagnoses among immigrants
from HDV-endemic regions, while in the 1980s IVDUs were the most prevalent category
anywhere [36–38]. In other areas, such as Taiwan, the rate of delta hepatitis was also higher
in the HIV/HBV co-infected population than among individual HBsAg carriers [30].
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Coming back to HCV/HIV co-infections, it is noteworthy that our only HDV-positive
case belonged to this specific category. From the elements we have available, it can be
assumed that the patient contracted HDV without concurrent HBV infection. Clinical
data show instead that her partner was positive for both HBV and HCV. We can thus
speculate that the anti-HBV therapy given in this latter patient may have reduced HBV
viral replication for a time while maintaining the possible replication of any associated
HDV; he would then have had the possibility of transmitting HDV independently of HBV.
The recipient of the infection (in this case, our patient who resulted HDV-positive) may
have supported HDV replication precisely because of her HCV-positive status (i.e., with
circulating HCV-RNA). The rationale for that comes from an elegant in vitro model by
Perez-Vargas, where the co-transfection of the Huh-7 cell line with two plasmids (one
coding for HDV RNPs—which in turn are in close association with HDV-RNA— and
the other for HCV GPs) allowed the packaging of HDV RNPs in the HCV-envelope GPs
(i.e., E1E2). This, in turn, prompted the release of HDV particles into the extracellular
milieu by the infected cells. In addition, the same group provided in vivo evidence that
HCV could continue to spread HDV infection in the liver of co-infected humanized mice for
several months. The authors demonstrated that in these animals -as in the case of envelop-
ing with HBsAg-it was the farnesylation of HDV RNPs that was necessary for assembling
HDV particles with the HCV coat [3]. These results indicate that farnesyl-mediated tar-
geting to endoplasmic reticulum or other cell membranes is required for assembly of the
HCV-induced HDV particles (HCV-∆p), suggesting that they share with HDV the same
early steps and lead to the production of infectious particles [3,39,40]. As a further con-
firmation, when inhibiting this pathway by lonafarnib, a farnesyltransferase inhibitor,
the production and transmission of both HDV and HCV-∆p were promptly reduced [41].
In other words, there is some robust experimental evidence that HCV may be respon-
sible for the spread of HDV, although it was not possible to infer from our available
clinical data whether HDV infection preceded, was simultaneous with, or occurred after
HCV co-infection.

It must be said that in our sample, despite the high positive anti-HD titer, HDV-RNA
could not be detected, which means that HDV, at the time of collection, was not in an
active replicative phase [42]. This situation may be explained by the previous eradication
of HCV as a result of the antiviral therapy with DAA; in other words, SVR in this situation
would imply the simultaneous total suppression of HDV replication as well. All that would
remain of this infection, therefore, would be IgG anti-HD. From a speculative point of view,
there would also be another possible explanation for this unusual pattern of HDV infection,
that is, a co-infection with a seronegative OBI, with both serological markers and circulating
HBV-DNA being negative [11,43–45]. However, this event is extremely rare: to rule out this
chance, the only known way would be to perform an HBV-DNA test on a liver biopsy. As it
was not possible to perform this investigation, this represents the obvious most important
limitation of our research. However, it must be said that the few comparable studies with
ours share the same defect [5,32]. Another possible drawback may be that the patient’s
partner was not tested for HDV markers, which makes the aforementioned hypothesis of
infectious transmission plausible, but not definitely confirmed.

A theoretical alternative explanation could also be HIV-HDV co-infection. In this
regard it must be said that the patient had detectable HIV viremia for many years, both
due to her delay in starting HAART and subsequent problems of poor compliance, as
described above. However, it is the authors’ opinion that this is a speculation, which at the
moment seems very unlikely. First of all, to the best of our knowledge, there is currently
no experimental evidence that HIV could favor the replication of HDV, as demonstrated
for other viruses. Although there is some recent preliminary evidence that the two viruses,
though very different, may share some common molecular pathways. As a matter of fact,
an unexpected proviral activity of JAK1 was reported both in the context of infections from
HIV (using a JAK1-specific small interfering RNA (siRNA) in HeLa-derived cell lines) and
HDV (using various in vitro models, including primary human hepatocytes). Yet, while
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during HIV infection the proviral role of JAK1 was associated with the activation of signal
transducer and activator of transcription (STAT) 1 and STAT3 proteins, promoting enhanced
inflammation and viral replication, in HDV models JAK1 promoted replication independent
of STAT3 activation [46–48]. In any case, it must be said that currently there is no evidence
that an enveloped virus like HIV may induce any dissemination of HDV in vitro, operating
as a helper virus. Specifically, when applying the same model previously cited, HDV-RNA
replication was not prevented, but no secretion of HDV particles could be detected in the
cell culture supernatants, which, consequently, did not show any infectivity on target cells
(i.e., Huh-106 cells) [3]. So, unlike other enveloped viruses that were demonstrated to be
able to induce an efficient release of HDV particles by forming nucleocapsid-free subviral
particles (SVPs) coated with envelope GPs (e.g., as previously mentioned, vesiculovirus,
arenavirus, metapneumovirus and flaviviridae such as dengue virus, West Nile virus and
HCV), the GPs of retroviruses such as HIV are indeed released from the plasma membrane
or late endosomes upon incorporation onto the surface of infectious virions, but have not
been demonstrated to form SVPs, which may precisely explain their failure to assemble
viable HDV particles [3,49].

5. Conclusions

Given the worldwide endemicity of HCV, the obvious question is whether HDV-RNA
can be transmitted to humans via HCV envelope GPs. Moreover, HDV and HCV share
similar routes of transmission, mainly through parenteral and sexual exposure, increas-
ing the at least theoretical likelihood that the two viruses may infect—simultaneously
or sequentially—a proportion of patients with complex viral replication patterns and
immune responses.

Our observation provides preliminary proof of HDV exposure in patients who were
chronically HCV-infected without evidence of ongoing or past HBV infection, suggest-
ing that the transmission of HDV through HBV-unrelated viruses in humans may be
possible, albeit rare. Belonging to groups known to be at increased risk of acquiring par-
enterally transmitted infections (such as HIV-positive individuals) could possibly increase
that chance, although large prospective confirmatory studies are needed before system-
atic screening for HDV might be recommended, at least in this very specific subset of
HCV-positive individuals.

Author Contributions: Conceptualization, M.G.C. and P.R.; methodology, C.S.; software, C.S.; val-
idation, M.G.C., P.R. and C.S.; formal analysis, M.G.C., P.R. and C.S.; investigation, M.G.C., P.R.,
C.I., C.M., C.D.D., G.F., P.M., A.M., M.R., V.Q., S.A., O.B., M.P. and C.S.; resources, C.S.; data cura-
tion, C.I, C.S., M.G.C., P.R. and O.B.; writing—original draft preparation, M.G.C., P.R. and C.S.;
writing—review and editing, M.G.C., P.R. and C.S.; visualization, C.S.; supervision, M.P. and
S.A.; project administration, C.S. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in strict accordance with the
Declaration of Helsinki, and approved by the Ethics Committee of Novara, Italy (protocol codes
CE033/2023, date of approval: 24 February 2023).

Informed Consent Statement: Written informed consent to publish this paper was obtained from all
subjects involved in the study. For the only deceased individual at the time of this study, consent was
obtained from next of kin (wife).

Data Availability Statement: All data generated or analyzed during this study are included in this
published article.

Acknowledgments: C.S. would like to thank Gino Amisano and the Fondazione Valenza Anziani
(Valenza, Italy) for partially funding his researcher position for studies in internal medicine/geriatric medicine.

Conflicts of Interest: The authors declare no conflicts of interest.



Viruses 2024, 16, 992 13 of 14

References
1. Tseligka, E.D.; Clément, S.; Negro, F. HDV Pathogenesis: Unravelling Ariadne’s Thread. Viruses 2021, 13, 778. [CrossRef]

[PubMed]
2. Maya, S.; Ploss, A. Master of Disguise: Hepatitis Delta Virus Packaging and Spread Facilitated by Diverse Viral Envelope Proteins.

Hepatology 2020, 71, 380–382. [CrossRef] [PubMed]
3. Perez-Vargas, J.; Amirache, F.; Boson, B.; Mialon, C.; Freitas, N.; Sureau, C.; Fusil, F.; Cosset, F.L. Enveloped Viruses Distinct from

HBV Induce Dissemination of Hepatitis D Virus in Vivo. Nat. Commun. 2019, 10, 2098. [CrossRef] [PubMed]
4. Szirovicza, L.; Hetzel, U.; Kipar, A.; Martinez-Sobrido, L.; Vapalahti, O.; Hepojoki, J. Snake Deltavirus Utilizes Envelope Proteins

of Different Viruses to Generate Infectious Particles. mBio 2020, 11, se03250-19. [CrossRef] [PubMed]
5. Chemin, I.; Pujol, F.H.; Scholtès, C.; Loureiro, C.L.; Amirache, F.; Levrero, M.; Zoulim, F.; Pérez-Vargas, J.; Cosset, F.L. Preliminary

Evidence for Hepatitis Delta Virus Exposure in Patients Who Are Apparently Not Infected with Hepatitis B Virus. Hepatology
2021, 73, 861–864. [CrossRef]

6. Caviglia, G.P.; Martini, S.; Ciancio, A.; Niro, G.A.; Olivero, A.; Fontana, R.; Tandoi, F.; Rosso, C.; Romagnoli, R.;
Saracco, G.M.; et al. The Hepatitis D Virus in Italy. A Vanishing Infection, not yet a Vanished Disease. J. Adv. Res.
2021, 33, 183–187. [CrossRef]

7. Salpini, R.; Piermatteo, L.; Torre, G.; D’Anna, S.; Khan, S.; Duca, L.; Bertoli, A.; La Frazia, S.; Malagnino, V.; Teti, E.; et al.
Prevalence of Hepatitis D Virus Infection in Central Italy Has Remained Stable across the Last 2 Decades with Dominance of
Subgenotypes 1 and Characterized by Elevated Viral Replication. Int. J. Infect. Dis. 2024, 138, 1–9. [CrossRef]

8. Brancaccio, G.; Shanyinde, M.; Puoti, M.; Gaeta, G.B.; Monforte, A.D.; Vergori, A.; Rusconi, S.; Mazzarelli, A.; Castagna, A.;
Antinori, A.; et al. Hepatitis Delta Coinfection in Persons with HIV: Misdiagnosis and Disease Burden in Italy. Pathog. Glob.
Health 2023, 117, 181–189. [CrossRef] [PubMed]

9. Burlone, M.E.; Cerutti, A.; Minisini, R.; Smirne, C.; Boccato, E.; Ceriani, E.; Rizzo, G.; Bargiacchi, O.; Bocchetta, S.;
Occhino, G.; et al. IL28B Polymorphism, Blood Interferon-Alpha Concentration, and Disease Stage of HCV Mono-Infected and
HCV-HIV Co-Infected Patients. Curr. HIV Res. 2013, 11, 50–55. [CrossRef]

10. Fasano, M.; Poliseno, M.C.; Fiore, J.R.; Lo Caputo, S.; D’Arminio Monforte, A.; Santantonio, T.A. Management of Chronic
Hepatitis B in HIV-Coinfected Patients. Viruses 2022, 14, 2022. [CrossRef]

11. Saitta, C.; Pollicino, T.; Raimondo, G. Occult Hepatitis B Virus Infection: An Update. Viruses 2022, 14, 1504. [CrossRef] [PubMed]
12. Miailhes, P.; Trabaud, M.A.; Pradat, P.; Lebouché, B.; Chevallier, M.; Chevallier, P.; Zoulim, F.; Trepo, C. Impact of Highly Active

Antiretroviral Therapy (HAART) on the Natural History of Hepatitis B Virus (HBV) and HIV Coinfection: Relationship between
Prolonged Efficacy of HAART and HBV Surface and Early Antigen Seroconversion. Clin. Infect. Dis. 2007, 45, 624–632. [CrossRef]
[PubMed]

13. Gantner, P.; Cotte, L.; Allavena, C.; Bani-Sadr, F.; Huleux, T.; Duvivier, C.; Valantin, M.A.; Jacomet, C.; Joly, V.; Chéret, A.; et al.
Higher Rates of HBsAg Clearance with Tenofovir-Containing Therapy in HBV/HIV Co-Infection. PLoS ONE 2019, 14, e0215464.
[CrossRef] [PubMed]

14. Negro, F. Hepatitis D Virus Coinfection and Superinfection. Cold Spring Harb. Perspect. Med. 2014, 4, a021550. [CrossRef]
15. Giersch, K.; Helbig, M.; Volz, T.; Allweiss, L.; Mancke, L.V.; Lohse, A.W.; Polywka, S.; Pollok, J.M.; Petersen, J.; Taylor, J.; et al.

Persistent Hepatitis D Virus Mono-Infection in Humanized Mice Is Efficiently Converted by Hepatitis B Virus to a Productive
Co-Infection. J. Hepatol. 2014, 60, 538–544. [CrossRef] [PubMed]

16. Farci, P.; Niro, G. Clinical Features of Hepatitis D. Semin. Liver Dis. 2012, 32, 228–236. [CrossRef] [PubMed]
17. Kuo, M.Y.; Chao, M.; Taylor, J. Initiation of Replication of the Human Hepatitis Delta Virus Genome from Cloned DNA: Role of

Delta Antigen. J. Virol. 1989, 63, 1945–1950. [CrossRef] [PubMed]
18. Chang, J.; Sigal, L.J.; Lerro, A.; Taylor, J. Replication of the Human Hepatitis Delta Virus Genome Is Initiated in Mouse Hepatocytes

Following Intravenous Injection of Naked DNA or RNA Sequences. J. Virol. 2001, 75, 3469–3473. [CrossRef] [PubMed]
19. Dandri, M.; Lütgehetmann, M. Mouse Models of Hepatitis B and Delta Virus Infection. J. Immunol. Methods 2014, 410, 39–49.

[CrossRef]
20. Taylor, J.M. Infection by Hepatitis Delta Virus. Viruses 2020, 12, 648. [CrossRef]
21. Weller, M.L.; Gardener, M.R.; Bogus, Z.C.; Smith, M.A.; Astorri, E.; Michael, D.G.; Michael, D.A.; Zheng, C.; Burbelo, P.D.;

Lai, Z.; et al. Hepatitis Delta Virus Detected in Salivary Glands of Sjögren’s Syndrome Patients and Recapitulates a Sjögren’s
Syndrome-like Phenotype in Vivo. Pathog. Immun. 2016, 1, 12–40. [CrossRef]

22. Hesterman, M.C.; Furrer, S.V.; Fallon, B.S.; Weller, M.L. Analysis of Hepatitis D Virus in Minor Salivary Gland of Sjögren’s Disease.
J. Dent. Res. 2023, 102, 1272–1279. [CrossRef]

23. Martini, S.; Tandoi, F.; Romagnoli, R.; Rizzetto, M. Liver Transplantation in Hepatitis B/Hepatitis D (Delta) Virus Coinfected
Recipients. Transplantation 2022, 106, 1935–1939. [CrossRef]

24. Ottobrelli, A.; Marzano, A.; Smedile, A.; Recchia, S.; Salizzoni, M.; Cornu, C.; Lamy, M.E.; Otte, J.B.; De Hemptinne, B.;
Geubel, A.; et al. Patterns of Hepatitis Delta Virus Reinfection and Disease in Liver Transplantation. Gastroenterology 1991,
101, 1649–1655. [CrossRef]

25. Sulkowski, M.S. Hepatitis D Virus Infection: Progress on the Path toward Disease Control and Cure. J. Viral Hepat. 2023, 30, 39–42.
[CrossRef]

https://doi.org/10.3390/v13050778
https://www.ncbi.nlm.nih.gov/pubmed/33924806
https://doi.org/10.1002/hep.30922
https://www.ncbi.nlm.nih.gov/pubmed/31465549
https://doi.org/10.1038/s41467-019-10117-z
https://www.ncbi.nlm.nih.gov/pubmed/31068585
https://doi.org/10.1128/mBio.03250-19
https://www.ncbi.nlm.nih.gov/pubmed/32184255
https://doi.org/10.1002/hep.31453
https://doi.org/10.1016/j.jare.2021.02.009
https://doi.org/10.1016/j.ijid.2023.11.005
https://doi.org/10.1080/20477724.2022.2047551
https://www.ncbi.nlm.nih.gov/pubmed/35249472
https://doi.org/10.2174/1570162x11311010007
https://doi.org/10.3390/v14092022
https://doi.org/10.3390/v14071504
https://www.ncbi.nlm.nih.gov/pubmed/35891484
https://doi.org/10.1086/520752
https://www.ncbi.nlm.nih.gov/pubmed/17682999
https://doi.org/10.1371/journal.pone.0215464
https://www.ncbi.nlm.nih.gov/pubmed/30998789
https://doi.org/10.1101/cshperspect.a021550
https://doi.org/10.1016/j.jhep.2013.11.010
https://www.ncbi.nlm.nih.gov/pubmed/24280293
https://doi.org/10.1055/s-0032-1323628
https://www.ncbi.nlm.nih.gov/pubmed/22932971
https://doi.org/10.1128/jvi.63.5.1945-1950.1989
https://www.ncbi.nlm.nih.gov/pubmed/2649689
https://doi.org/10.1128/jvi.75.7.3469-3473.2001
https://www.ncbi.nlm.nih.gov/pubmed/11238873
https://doi.org/10.1016/j.jim.2014.03.002
https://doi.org/10.3390/v12060648
https://doi.org/10.20411/pai.v1i1.72
https://doi.org/10.1177/00220345231186394
https://doi.org/10.1097/TP.0000000000004138
https://doi.org/10.1016/0016-5085(91)90404-9
https://doi.org/10.1111/jvh.13825


Viruses 2024, 16, 992 14 of 14

26. Khattak, A.; Vongsavath, T.; Haque, L.; Narwan, A.; Gish, R.G. The Forgotten Virus, Hepatitis D: A Review of Epidemiology,
Diagnosis, and Current Treatment Strategies. J. Clin. Exp. Hepatol. 2024, 14, 101395. [CrossRef]

27. Stockdale, A.J.; Kreuels, B.; Henrion, M.Y.R.; Giorgi, E.; Kyomuhangi, I.; de Martel, C.; Hutin, Y.; Geretti, A.M. The Global
Prevalence of Hepatitis D Virus Infection: Systematic Review and Meta-Analysis. J. Hepatol. 2020, 73, 523–532. [CrossRef]

28. Soriano, V.; Grint, D.; D’Arminio Monforte, A.; Horban, A.; Leen, C.; Poveda, E.; Antunes, F.; De Wit, S.; Lundgren, J.;
Rockstroh, J.; et al. Hepatitis Delta in HIV-Infected Individuals in Europe. AIDS 2011, 25, 1987–1992. [CrossRef]

29. Fernández-Montero, J.V.; Vispo, E.; Barreiro, P.; Sierra-Enguita, R.; De Mendoza, C.; Labarga, P.; Soriano, V. Hepatitis Delta Is a
Major Determinant of Liver Decompensation Events and Death in HIV-Infected Patients. Clin. Infect. Dis. 2014, 58, 1549–1553.
[CrossRef]

30. Lin, H.H.; Lee, S.S.J.; Yu, M.L.; Chang, T.T.; Su, C.W.; Hu, B.S.; Chen, Y.S.; Huang, C.K.; Lai, C.H.; Lin, J.N.; et al. Changing
Hepatitis D Virus Epidemiology in a Hepatitis B Virus Endemic Area with a National Vaccination Program. Hepatology 2015,
61, 1870–1879. [CrossRef]

31. Mentha, N.; Clément, S.; Negro, F.; Alfaiate, D. A Review on Hepatitis D: From Virology to New Therapies. J. Adv. Res. 2019,
17, 3–15. [CrossRef]

32. Cappy, P.; Lucas, Q.; Kankarafou, N.; Sureau, C.; Laperche, S. No Evidence of Hepatitis C Virus (HCV)-Assisted Hepatitis D Virus
Propagation in a Large Cohort of HCV-Positive Blood Donors. J. Infect. Dis. 2021, 223, 1376–1380. [CrossRef]

33. Pflüger, L.S.; Schulze zur Wiesch, J.; Polywka, S.; Lütgehetmann, M. Hepatitis Delta Virus Propagation Enabled by Hepatitis C
Virus—Scientifically Intriguing, but Is It Relevant to Clinical Practice? J. Viral Hepat. 2021, 28, 213–216. [CrossRef]

34. Castellares, C.; Barreiro, P.; Martín-Carbonero, L.; Labarga, P.; Vispo, M.E.; Casado, R.; Galindo, L.; García-Gascó, P.;
García-Samaniego, J.; Soriano, V. Liver Cirrhosis in HIV-Infected Patients: Prevalence, Aetiology and Clinical Outcome. J. Viral
Hepat. 2008, 15, 165–172. [CrossRef]

35. Soriano, V.; Sherman, K.E.; Barreiro, P. Hepatitis Delta and HIV Infection. AIDS 2017, 31, 875–884. [CrossRef]
36. Soriano, V.; Barreiro, P.; Sherman, K.E. The Changing Epidemiology of Liver Disease in HIV Patients. AIDS Rev. 2013, 15, 25–31.
37. Ordieres, C.; Rodríguez, M.; Navascués, C.A.; González-Diéguez, M.L.; Rodríguez, M.; Cadahía, V.; Varela, M.; Rodrigo, L.

Prevalence and Epidemiology of Hepatitis D among Patients with Chronic Hepatitis B Virus Infection: A Report from Northern
Spain. Eur. J. Gastroenterol. Hepatol. 2017, 29, 277–283. [CrossRef]

38. Aguilera, A.; Trastoy, R.; Barreiro, P.; Costa, J.J.; De Mendoza, C.; Peña, J.M.; Soriano, V. Decline and Changing Profile of Hepatitis
Delta among Injection Drug Users in Spain. Antivir. Ther. 2018, 23, 87–90. [CrossRef]

39. Caviglia, G.P.; Ciancio, A.; Rizzetto, M. A Review of HDV Infection. Viruses 2022, 14, 1749. [CrossRef]
40. O’Malley, B.; Lazinski, D.W. Roles of Carboxyl-Terminal and Farnesylated Residues in the Functions of the Large Hepatitis Delta

Antigen. J. Virol. 2005, 79, 1142–1153. [CrossRef]
41. Koh, C.; Canini, L.; Dahari, H.; Zhao, X.; Uprichard, S.L.; Haynes-Williams, V.; Winters, M.A.; Subramanya, G.; Cooper, S.L.;

Pinto, P.; et al. Oral Prenylation Inhibition with Lonafarnib in Chronic Hepatitis D Infection: A Proof-of-Concept Randomised,
Double-Blind, Placebo-Controlled Phase 2A Trial. Lancet Infect. Dis. 2015, 15, 1167–1174. [CrossRef]

42. Gopalakrishna, H.; Mironova, M.; Dahari, H.; Koh, C.; Heller, T. Advances and Challenges in Managing Hepatitis D Virus:
Evolving Strategies. Curr. Hepatol. Rep. 2024, 23, 32–44. [CrossRef] [PubMed]

43. Raimondo, G.; Locarnini, S.; Pollicino, T.; Levrero, M.; Zoulim, F.; Lok, A.S.; Allain, J.P.; Berg, T.; Bertoletti, A.;
Brunetto, M.R.; et al. Update of the Statements on Biology and Clinical Impact of Occult Hepatitis B Virus Infection.
J. Hepatol. 2019, 71, 397–408. [CrossRef]

44. Hollinger, F.B. Hepatitis B Virus Infection and Transfusion Medicine: Science and the Occult. Transfusion 2008, 48, 1001–1026.
[CrossRef] [PubMed]

45. Mulrooney-Cousins, P.M.; Michalak, T.I. Asymptomatic Hepadnaviral Persistence and Its Consequences in the Woodchuck Model
of Occult Hepatitis B Virus Infection. J. Clin. Transl. Hepatol. 2015, 3, 211–219. [CrossRef] [PubMed]

46. Heuschkel, M.J.; Bach, C.; Meiss-Heydmann, L.; Gerges, E.; Felli, E.; Giannone, F.; Pessaux, P.; Schuster, C.; Lucifora, J.;
Baumert, T.F.; et al. JAK1 Promotes HDV Replication and Is a Potential Target for Antiviral Therapy. J. Hepatol. 2024, 80, 220–231.
[CrossRef]

47. Brass, A.L.; Dykxhoorn, D.M.; Benita, Y.; Yan, N.; Engelman, A.; Xavier, R.J.; Lieberman, J.; Elledge, S.J. Identification of Host
Proteins Required for HIV Infection through a Functional Genomic Screen. Science 2008, 319, 921–926. [CrossRef]

48. Zhou, H.; Xu, M.; Huang, Q.; Gates, A.T.; Zhang, X.D.; Castle, J.C.; Stec, E.; Ferrer, M.; Strulovici, B.; Hazuda, D.J.; et al.
Genome-Scale RNAi Screen for Host Factors Required for HIV Replication. Cell Host Microbe 2008, 4, 495–504. [CrossRef]

49. Sandrin, V.; Cosset, F.L. Intracellular versus Cell Surface Assembly of Retroviral Pseudotypes Is Determined by the Cellular
Localization of the Viral Glycoprotein, Its Capacity to Interact with Gag, and the Expression of the Nef Protein. J. Biol. Chem. 2006,
281, 528–542. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.jceh.2024.101395
https://doi.org/10.1016/j.jhep.2020.04.008
https://doi.org/10.1097/QAD.0b013e32834babb3
https://doi.org/10.1093/cid/ciu167
https://doi.org/10.1002/hep.27742
https://doi.org/10.1016/j.jare.2019.03.009
https://doi.org/10.1093/infdis/jiaa517
https://doi.org/10.1111/jvh.13385
https://doi.org/10.1111/j.1365-2893.2007.00903.x
https://doi.org/10.1097/QAD.0000000000001424
https://doi.org/10.1097/MEG.0000000000000795
https://doi.org/10.3851/IMP3161
https://doi.org/10.3390/v14081749
https://doi.org/10.1128/jvi.79.2.1142-1153.2005
https://doi.org/10.1016/S1473-3099(15)00074-2
https://doi.org/10.1007/s11901-024-00643-w
https://www.ncbi.nlm.nih.gov/pubmed/38533303
https://doi.org/10.1016/j.jhep.2019.03.034
https://doi.org/10.1111/j.1537-2995.2008.01701.x
https://www.ncbi.nlm.nih.gov/pubmed/18454738
https://doi.org/10.14218/JCTH.2015.00020
https://www.ncbi.nlm.nih.gov/pubmed/26623268
https://doi.org/10.1016/j.jhep.2023.10.030
https://doi.org/10.1126/science.1152725
https://doi.org/10.1016/j.chom.2008.10.004
https://doi.org/10.1074/jbc.M506070200

	Introduction 
	Materials and Methods 
	Results 
	Whole Study Population 
	Subanalysis of the Subject Found Positive for Anti-HDV Antibodies 
	Subanalysis of the Anti-HDV Positive Patient’s Partner 

	Discussion 
	Conclusions 
	References

