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Hepatitis delta virus (HDV) is the most aggressive form of chronic viral hepatitis, yet substantial
knowledge gaps exist regarding its epidemiology and optimal diagnostic workflows. From February
2019 to March 2022, an HBV screening project was conducted across various healthcare settings

in Valencia, Spain. This included twenty-six primary care centers, six sexual and reproductive

health centers, three mental health centers, three addiction treatment centers, selected hospital
departments, outpatient clinics, and a penitentiary center. A retrospective analysis of HDV diagnostic
and prevalence (2007-2020) was followed by prospective HDV screening using reflex testing from
April to October 2022. Of 31,995 patients screened, 141 were HBsAg-positive (0.44% seroprevalence).
Previously unknown HBYV infection prevalence was 0.36%. Among HBsAg-positive patients, 5.15%
had HDV IgG/IgM antibodies, and 2% had HDV RNA. Reflex single-step HDV testing increased HDV
diagnosis coverage from 24 to 99.4%. This study highlights the effectiveness of reflex HDV testing,
which significantly increased diagnostic coverage and simplified the screening process. Reflex testing
provides a cost-effective and efficient approach, particularly benefiting high-risk populations such

as migrants, who accounted for 77.8% of HBsAg-positive cases. Its implementation is crucial for
improving patient outcomes and addressing gaps in HDV diagnosis and management.
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Hepatitis delta virus (HDV) is classified as the severest form of chronic viral hepatitis'. Approximately 52% of
individuals with acute HDV infection develop a chronic infection, which can result in cirrhosis within five years,
and hepatocellular carcinoma (HCC) within ten years?. It is estimated that 4.5-15% of patients testing positive
for hepatitis B virus (HBV) surface antigen (HBsAg) present HDV co-infection®. Current evidence suggests
that HDV infection significantly contributes to liver-related morbidity and mortality among individuals co-
infected with HBV*. HDV accounts for approximately 18% of all cirrhosis cases and 20% of HCC cases among
HBsAg-positive individuals, markedly elevating the risk of HCC beyond that of HBV mono-infection alone”.
Furthermore, HDV replication has been documented in liver transplant patients who received HBsAg-containing
immunoglobulins, with HDV antibodies remaining detectable for several weeks following transplantation®.

Despite the exacerbation of health issues caused by HDV co-infection in HBV patients, current evidence
indicates that HDV screening among HBV carriers is not routinely performed. A retrospective study in the
Andalusia region of Spain revealed that only 18.5% of HBsAg carriers were tested for HDV between 2018 and
20227. This situation may be attributed to the historical absence of uniform screening guidelines and effective
treatment options. These elements correspond to two of the last ten principles outlined by the World Health
Organization (WHO) for early detection of diseases that warrant routine screening: “There should be an accepted
treatment for patients with recognized disease’ and “There should be an agreed policy on whom to treat as
patients’®. Regarding the agreed policy, both the WHO and the European Association for the Study of the Liver
(EASL) recommend HDV testing for patients with HBV®1. Additionally, in 2023, EASL further strengthened
this guidance by recommending one-step HDV screening for all HBsAg carriers, with additional retesting when
clinically indicated, or annually for those at continued risk of infection!!. Various strategies could be adopted to
enhance screening for HDV. In this context, reflex testing has proven to be effective in enhancing HDV testing
among individuals who test positive for HBsAg!2.
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HDV prevalence across many European nations, including Spain, has experienced a decline due to the
implementation of mandatory HBV vaccination programs'®. Nevertheless, recent trends indicate an uptick
in chronic hepatitis D prevalence in some European countries, predominantly among immigrant groups
originating from areas where the virus is endemic, such as Eastern Europe, Africa, and Turkey'®. Assessing HDV
prevalence and its impact on liver dysfunction across both general and specific demographic segments is crucial
for informing screening strategies, prevention measures, clinical management, policy formulation, public health
initiatives, and the innovation of novel treatments®.

The present study aimed to ascertain the prevalence of HDV diagnosis among people living with HBV in
the largest health department of Valencia, Spain. Additionally, we sought to establish a reflex HDV diagnosis
workflow.

Methods

Project design

The study was performed following the TEST model'¢, which incorporates testing and linkage to care (LTC) into
routine clinical workflows, electronic health record (EHR) modifications for patient eligibility and lab requests,
systemic policy changes, and staff training with quality improvement feedback. The project was structured into
two distinct stages: retrospective and prospective screening.

The prospective screening, implemented between February 2019 and October 2022, included two key phases.
Phase 1 encompassed an initial opportunistic screening (February 2019-March 2022): this phase focused
on integrating opportunistic HBV, HCV, and HIV screening across 26 primary care centers, six sexual and
reproductive health centers, three mental health centers, three addiction treatment centers, selected hospital
departments, outpatient clinics, and a penitentiary center!®. Targeted individuals were>18 years old, had no
prior test records, and could provide oral consent. In phase 2 (April-October 2022): Reflex testing for HDV
was incorporated for HBsAg-positive patients undergoing diagnostic evaluations for hepatitis B. This approach
streamlined the diagnostic process by automatically testing eligible patients for HDV in the same laboratory
workflow.

The retrospective stage (phase 3) analyzed EHRs from HBsAg-positive patients receiving care between 2007
and 2020 in our department. Patients were included if they had previously undergone HDV IgG/IgM antibody
testing. This analysis aimed to assess the prevalence of HDV diagnosis during this period. As a retrospective
phase, the Ethics Committee for Drug Research of the General University Hospital Consortium waived the need
for informed consent.

Testing technology

In this study, we used a range of diagnostic assays for HBV and HDV detection and quantification. The Alinity
I° system (Abbott Laboratories) was employed for HBV detection, specifically the Alinity Anti-HBc II assay
(#06P0660), Alinity i HBeAg assay (#G71188R04), Alinity HBe assay (#G71185R04), anti-HBs (#G72481R04)
and HBV surface antigen (HBsAg, #G71228R03). For HDV antibody detection, we used the LIAISON® XL
MUREX Anti-HDV assay (DiaSorin, # 311260), a reflex one-step immunoassay designed to identify both
Immunoglobulin G (IgG) and Immunoglobulin M (IgM) antibodies, with a sensitivity of 100% and a specificity
of 99.35%"7. Quantification of HDV RNA was conducted using the RealStar® HDV RT-PCR Kit 1.0 (Altona
Diagnostics, #401003). This real-time PCR assay has demonstrated sensitivity of 100% and specificity of 100%
based on manufacturer data'®.

Main outcomes and variables

Variables assessed across the study phases included sex, age (categorized into seven strata: <25, 25-34, 35-44,
45-54, 55-64, 65-74,>75), and country of origin (categorized into three groups: Spanish, non-Spanish, or
unknown). The primary outcomes reported were the number of HBV and HDV tests conducted and the positive
test results obtained. For phase 2, additional variables included the diagnosing hospital department, and the
timing of HDV diagnosis. This parameter was divided into two groups (patients diagnosed between 2007-2017
and 2018-2020), corresponding to periods before and after the publication of the EASL guidelines advocating
HDV screening!!.

Statistical analysis

All data points were analyzed descriptively, with resulting statistics reported as percentages. To assess associations
between categorical variables, Chi-square tests were utilized. Results from the Chi-square tests are presented
wherever applicable. A p-value <0.05 was considered statistically significant.

Ethical and legal aspects

The Ethics Committee of Hospital General Universitari de Valéncia (Valencia, Spain) approved this project on
October 25, 2018 (code reference 10/2018). This research was conducted in accordance with the principles of
the Helsinki Declaration and complied with the European Union’s General Data Protection Regulation (GDPR),
guaranteeing the removal of all personal identifiers from the results.

Results

Phase 1: prospective opportunistic screening

As previously reported, a total of 31,995 individuals were tested for HBsAg!'®. HBsAg positivity was identified
in 0.44% (n=141) of the participants, with 82% (n=115) of these individuals previously unaware of their
infection status, indicating an unknown HBsAg prevalence of 0.36%. An elevated prevalence was noted in male
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participants relative to their female counterparts (Fig. 1A, 0.57% vs. 0.32%, p <0.05). A statistically significantly
higher prevalence of HBsAg was also observed among migrants compared to Spanish nationals (Fig. 1B), with
rates of 1.27% and 0.30%, respectively (p <0.0001). Additionally, a statistically significant variation was detected
across different age groups, with a prevalence rate of 0.65% in the 45-64 age group (p=0.0003).

Phase 2: impact of reflex testing on HDV diagnosis

In this phase, analysis of 15,541 individuals for HBsAg, HDV antibodies, and HDV RNA was conducted
prospectively. An HBsAg prevalence of 2.3% (n=351), which included both newly identified and previously
known infections, was noted. Among the HBsAg-positive individuals, 99.4% (n=349) underwent further HDV
testing, revealing an HDV IgG/IgM antibody prevalence of 5.15%. Among the individuals positive for HDV IgG/
IgM antibodies (n=18), 38.8% (n=7) were identified as viremic, indicative of active HDV infection (Table 1).
Patients with HDV antibodies had a mean age of 48.2 years and 61.1% (n=11) were male. Regarding the country
of origin, 22.2% (n=4) were Spanish and 77.8% (n=14) were migrants: 38.9% (n=7) from Eastern Europe,
27.8% (n=5) from Africa, 5.5% (n=1) Latin-American, and 5.5% (n=1) Asian. Of particular note is an atypical
patient from Mali who had negative HDV viremia with very high HBV viremia (Table 1). Of the 7 HDV viremic
patients, 4 were from Eastern Europe (fibrosis stage: one FO, two F3 and one F4), 2 Spanish (one F2 and one F4)
and 1 African (F3). One patient, accounting for 5.5% (n =1/18), was co-infected with HCV and HIV and at least
22.2% of the patients also had a recorded history of alcohol or drug abuse.

Phase 3: retrospective analysis of HDV

A total of 3663 patient records, positive for HBsAg, were evaluated for subsequent HDV testing (Table 2).
Regarding the analysis of HDV antibody penetration, we found that HDV antibody testing was performed in
about one third (28.4%, n=1041) of HBsAg positive samples. This percentage remains low between the two
analyzed periods: 708/2,286 patients (31.0%) between 2007 and 2017 and 333/1,377 (24.2%) between 2018

A  Sex
Patients tested Prevalence (%)
0.32%
Female 16660 54 HBsAg+ [I—
i 0.05
0.57% P05
Male 7 BsAe | —
0 0.2 0.4 0.6 0.8
B  Nationality
Patients tested Prevalence (%)
0.30%
Spanish 82 HBsAg+ |-
1.23% p<0.0001
5 I
Other 59 HBsAg+
0 0.5 1 15 2

Fig. 1. Number of patients screened for HBV in phase 1 (February 2019 to March 2022) and HBsAg
seroprevalence according to (A) sex and (B) nationality. Adapted from?.
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Delta virus Active HCV
Age Anti-HD | CV (1U/ HBV DNA | coinfection | HIV HBV Alcohol Drug
Sex | (years) | Nationality antibodies | mL) (IU/mL) (HCV-RNA) | coinfection | treatment | abuse abuse Comments
M 27 Equatorial Guinea | Positive 161,648 22 No No Yes No No
M |54 Algeria Positive Negative 74 No No No Unknown | Unknown | Loss to follow-up
M |49 Spain Positive Negative Negative No No Yes Yes Yes Deceased
M |54 Ukraine Positive Negative detected <20 | No No No Unknown | Unknown | Loss to follow-up
M |64 Romania Positive Negative 331 No No No Yes Yes
M |30 Mali Positive Negative 168,000,000 | No No No No No Loss to follow-up
M |35 Latvia Positive 4,307,460 detected<20 | No No No Yes Yes
M |56 Spain Positive Negative Negative Yes Yes Yes Yes Yes
M |50 Pakistan Positive Negative 711 No No No No No
M |27 Equatorial Guinea | Positive Negative detected <20 | No No No Unknown | Unknown
M |67 Romania Positive 19,607 detected <20 | No No No Unknown | Unknown
F 58 Ecuador Positive Negative 147 No No No No No
F 59 Spain Positive 5,585 4,190 No No Yes Unknown | Unknown
F 51 Romania Positive Negative Negative No No No Unknown | Unknown | Loss to follow-up
F 46 Equatorial Guinea | Positive Negative 83 No No No No No
F 51 Romania Positive 201,003 34 No No Yes No No
F 54 Spain Positive 5,083 Negative No No No Unknown | Unknown
F 36 Romania Positive 1,517 detected<20 | No No No No No
Table 1. Hepatitis D Virus screening program results, Study Phase 2 (April to October 2022). F female, HBV

DNA hepatitis B desoxyribonucleic acid, HCV RNA hepatitis C virus ribonucleic acid, HDV hepatitis D virus,
HIV human immunodeficiency virus, M male.

HBsAg-positive patients
HBsAg-positive patients tested for HDV IgG/ testing positive for HDV
HBsAg-positive patients | IgM Ab, n (%) IgG/IgM Ab, n (%)
Total 3663 1,041 (28%) 121 (11.62%)
Time frame X2=15.56, DF=1, P<0.0001 x?=21.63, DF=1, P<0.0001
2007-2017 2286 708 (31%) 105 (14.83%)
2018-2020 1377 333 (24%) 16 (4.80%)
Diagnosing hospital department X?=346.76, DF =6, P <0.0001 x?=6.73, DF=6, P=0.3456
Primary care 745 78 (10%) 7 (8.97%)
Emergency department 90 5 (6%) 0 (0.00%)
Hospital, gastroenterology 465 221 (48%) 22 (9.95%)
Hospital, hepatology 315 140 (44%) 12 (8.57%)
Hospital, infectious diseases 144 78 (54%) 15 (19.23%)
Hospital, other specialties 604 79 (13%) 17 (21.52%)
Prison 233 55 (24%) 12 (21.82%)

Table 2. Retrospective Hepatitis D virus diagnosis and prevalence analysis, study phase 3, 2007 to 2020.
HBsAg hepatitis B surface antigen, HDV IgG/IgM Ab hepatitis D immunoglobulin G or M antibody, x> Chi-
square test of independence, DF degrees of freedom.

and 2020 (p <0.0001). Overall, HDV antibody prevalence was 11.6%, with higher rates of 14.8% (n=105) from
2007 to 2017 compared to 4.8% (n=16) from 2018 to 2020. Data on HDV RNA testing could not be obtained.
Information on the diagnosing hospital department was accessible for 79% (n =2,596) of the patients.

Discussion

Understanding the prevalence of HDV infection, HBV co-infection, and its association with the increased risk
of progressive liver disease is critical for informing viral hepatitis prevention and clinical management strategies.
This study assesses the prevalence of HDV infection within the largest health department in Valencia, Spain,
while establishing a workflow for reflex HDV diagnosis.

A previous seroprevalence study conducted in Spain during 2017-2018 reported an overall weighted
prevalence of active HBV infection (HBsAg positive) in the population aged 20 to 80 years of 0.2%°. Our current
data revealed a higher prevalence of HBsAg-positive cases, with 0.4% in Phase 1 and 2.3% in Phase 2. This
discrepancy can be attributed to the inclusion of high-risk individuals, such as migrants and patients already
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flagged for HBV-related conditions, in Phase 2. In fact, detailed analysis confirmed that migrants constituted
77.8% of the HBsAg-positive cohort in phase 2. This aligns with previous reports showing elevated HBV and
HDV prevalence among migrants due to lower vaccination rates and limited public health infrastructure in their
countries of origin?"?2. Our observation that the prevalence of serum HBsAg +was fourfold greater in foreigners
than native Spaniards has been highlighted in prior studies assessing the rate of HDV in Spain?. These findings
underscore the importance of targeted screening initiatives for high-risk groups, particularly migrants, as a
critical component of public health interventions.

In regard to HDV detection, we observed a 5.15% seroprevalence rate of HDV-positive patients in the HBsAg-
positive population. Among these individuals with HDV antibodies, 38.8% presented viremia, signaling active
HDV infection. These findings align with the only other study we are aware of concerning HCV prevalence in
Spain, which reported HDV Ab and RNA prevalence rates among HBsAg carriers 6.2%, with 39.9% of these
individuals being viremic respectively?%. HIV coinfection has a deleterious impact on patients with HDV?®. We
detected one patient coinfected with HIV (5.5%), which is comparable to the 6.5% reported in another study?’.

Our rates are also consistent with European studies, where HDV antibody prevalence ranges from 5.1 to
16.7% (Supplementary Table 1)%°-3!, However, our RNA positivity rate is at the lower end of the European
spectrum, which ranges from 38.1 to 80.5%!%26-3L, These differences likely reflect variations in population
characteristics, healthcare access, and diagnostic methodologies. For instance, Italy reports notably higher HDV
Ab and RNA rates (10.7-16.7% and 5.7-10.8%, respectively), possibly due to distinct population risk profiles
and broader screening efforts?®?”. Future comprehensive analyses across European regions are needed to clarify
these variations. In our study, 38.8% were migrants from Eastern Europe and 27.7% were Africans. The higher
frequency of genotypes other than 1 in the latter could explain atypical virological patterns such as our patient
from Mali with suppressed HDV viremia and very high HBV?. Fortunately, we also found that not all patients
with active HDV viremia had advanced fibrosis, which is consistent with a recent review that shows that even
over 50% of HDV patients may not present advanced fibrosis*. In our cohort of patients, 28.5% had F0-2 fibrosis
and the rest F3-4.

Economic considerations are central to the implementation of HBV and HDV screening. A study in the
UK demonstrated that HBV screening is cost-effective at a prevalence threshold of 0.25% or higher®*. With
a seroprevalence of 0.44% in Phase 1, our findings confirm that HBV screening in our population meets this
threshold, justifying its implementation as a cost-effective public health measure. Additionally, opportunistic
HBV testing during routine venipuncture further reduces costs, as illustrated by the modest incremental
expense of €1.31 per test in our study. Reflex testing for HDV represents a natural extension of these efforts,
offering significant advantages over traditional multi-step protocols’’. By eliminating the need for additional
blood draws®*, reflex testing increased diagnostic rate from 28.4% in phase 3 to 99.4% in Phase 2%*. This
approach is not only practical but also cost-effective, enabling efficient integration into existing workflows with
minimal financial impact. Although single-step testing benefits are well known?, substantial barriers to the
implementation of HDV reflex testing remain, as evidenced by a survey indicating that only 63% and 28% of
Spanish hospitals are equipped to test for HDV antibodies and RNA, respectively®®. In contrast, while 99%
of these facilities conduct reflex testing for HCV, a mere 44% apply a similar approach to transitioning from
HBV to HDV screening®. Thus, while reflex testing methodology has already proven effective in enhancing
diagnostic coverage for other infections, such as HCV; its application to HDV represents a natural progression
in optimizing viral hepatitis diagnostics.

The findings also highlight the need for routine reflex testing for HDV antibodies and RNA in all HBsAg-
positive patients, regardless of clinical symptoms. Reflex testing simplifies the diagnostic process, making it
particularly beneficial in resource-limited settings. It should prioritize high-risk groups, such as individuals over
50 and migrants from high-prevalence regions, and can mitigate stigma while improving access to preventive
care. In the absence of mandatory HDV reporting, reflex testing addresses critical gaps in data collection and
public health awareness, supporting its adoption as standard practice. This is particularly important in view of
the novel therapeutic opportunities for patients with hepatitis delta, which have been postulated to contribute to
HDV elimination in the future®.

Despite the promising outcomes of reflex testing, adherence to established guidelines, such as the 2017
EASL recommendations for systematic HDV testing among HBV carriers, remains inconsistent!’. In our study,
HDV testing rates varied significantly across hospital departments, with higher rates in infectious disease and
hepatology units (54% and 44%, respectively) compared to primary care (10%). Other European studies have
reported a broad range of diagnostic rate for HDV Ab, varying from 16.4 to 100%2%-3L. This variability highlights
the need for standardized diagnostic protocols and increased clinician education to ensure consistent guideline
implementation across all healthcare settings.

The findings of this study should be interpreted in the context of its limitations. First, Phase 1 encompassed
a period that may have been impacted by the sanitary restrictions imposed during the COVID-19 pandemic™®.
This also implies that the loss of viral hepatitis follow-up during this time frame would reinforce the need to carry
out projects to recapture lost patients®. Secondly, despite its breadth, the comprehensive prospective screening
conducted in Phase 2 was limited by its short duration, potentially not reflecting the long-term effectiveness of
the strategies deployed. Additionally, the reliance on retrospective data in Phase 3, which may introduce biases
related to incomplete documentation. Furthermore, the absence of HDV RNA testing data in this phase likely
led to underestimation of the actual prevalence of active HDV infections during that timeframe, because anti-
HDYV antibody testing alone cannot confirm viremia or differentiate between past exposure and active infection.
Without RNA testing, antibody-positive but RNA-negative cases were excluded, potentially underreporting
the true prevalence of HDV viremia. Moreover, we did not collect data regarding risk factors for hepatitis D
in HBsAg-positive cases, thus difficulting the analysis of whether HDV testing was mainly requested in high-
risk groups. Finally, because the study was performed exclusively in a health department in Valencia, Spain,
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the applicability of our findings may be limited across different demographics and healthcare infrastructures,
reducing their generalizability.

In conclusion, this study supports reflex testing as an essential tool for HDV diagnosis, capable of overcoming
the limitations of traditional multi-step protocols. Its widespread implementation, alongside targeted screening
strategies, is pivotal for reducing the burden of HDV-related liver disease and improving outcomes for high-
risk populations. Future initiatives should focus on expanding reflex testing capabilities, addressing systemic
barriers, and fostering a unified approach to HDV management across healthcare settings.

Data availability
The data that support the findings of this study are available on request from the corresponding author. The data
are not publicly available due to privacy or ethical restrictions.
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