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1 As per the Proposal for a REGULATION OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL on standards of quality and 
safety for substances of human origin intended for human application and repealing Directives 2002/98/EC and 2004/23/EC.  
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Foreword 
This document is intended to support the discussions of the ad hoc scientific expert panel convened for the 
development of ECDC technical guidelines on the prevention of donor-derived transmission of communicable 
diseases through substances of human origin (SoHO) (ECDC/AD/2023/20), specifically for the hepatitis B virus. 
These technical guidelines are prepared in the context of Regulation (EU) 2024/1938 of the European Parliament 
and of the Council of 13 June 2024 on standards of quality and safety for substances of human origin intended 
for human application and repealing Directives 2002/98/EC and 2004/23/EC. Solid organs are excluded from the 
definition of SoHOs in the scope of the Regulation as well as from the scope of this document. 

Last major update: 6 September 2024  

Contributors: Flávia Cunha, Erika Duffell, Nina Lagerqvist, Francois-Xavier Lamy, Ndeindo Ndeikoundam 
Ngangro  
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1 Description of the pathogen 
Classification and relevant features 
The classification and cell tropism of the hepatitis B virus (HBV) are described in Table 1. 

Table 1. Hepatitis B virus classification 

Feature Value 

Realm Riboviria 

Family Hepadnaviridae 

Genus Orthohepadnavirus 

Characteristics  Partially double-stranded deoxyribonucleic acid (DNA) virus 

Cell tropism 
− Hepatocytes 
− Peripheral blood mononuclear cells 
− CD34+ hematopoietic stem cellsa 

Receptors on host cell 

Hepatocytes:  
− Heparan sulphate proteoglycan (binding factor only) 
− Sodium taurocholate cotransporting polypeptide 

Peripheral blood mononuclear cells: unknown.  

a in vitro evidence only.  
Source: [1-3]. 
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2 Description of the disease  
Modes of transmission  
HBV is transmitted through exposure to infected bodily fluids, including blood, semen, and vaginal fluids [4]. HBV 
can be transmitted through: 

• Vertical transmission (also called mother-to-child transmission) during pregnancy or delivery. 
• Exposure to contaminated syringes or medical equipment in a healthcare setting. 
• Exposure to contaminated syringes in the context of intravenous drug use. 
• Needle-stick injuries or other injuries occurring outside a healthcare setting (e.g. bites, tattoos, piercings). 
• Unprotected sexual contact with a partner with an infection. 
• Transfusion of infectious blood or blood components and plasma-derived medicinal products. 
• Transplantation of different tissue types or organs from a donor with an infection. 

Documented transmission categories from newly diagnosed hepatitis B cases in the EU/EEA in 2022 are 
described in Table 8. 

Natural history of HBV infection 
HBV infection may present as acute or chronic, with chronic infection resulting from persistence of the infection. 
The likelihood of developing chronic infection is primarily determined by the age of the individual at the time of 
acute infection, with a higher risk of chronic HBV infection in younger age groups: up to 90% of infants with 
infection develop chronic infection, 30% of children with infection after the neonatal period but before the age of 
five years, and up to 5% of adults [5,6]. 

Acute hepatitis B  
Acute HBV infection may have different clinical presentations according to the age at the time of infection. During 
childhood, acute hepatitis B is usually asymptomatic or subclinical. However, in adults, up to 50% may develop 
icteric hepatitis [6].  

Symptomatic cases can be described by considering three clinical phases:  

• A prodromal phase lasting a few days and characterised by flu-like symptoms, nausea, vomiting, loss of 
appetite and upper abdominal discomfort.  

• An icteric phase that can last several weeks and is characterised by jaundice, dark urine, and light-
coloured stools. During this phase, liver enzymes are significantly elevated. Most children and neonates 
do not experience this phase, but it is reported to occur in 30 to 50% of adults [5]. 

• A convalescence phase following the peak of the icteric phase, characterised by recovery of all symptoms.  

The majority of acute hepatitis B cases during adult age (~95%) will not progress to chronic hepatitis B even if 
the virus may persist lifelong in the form of covalently closed circular DNA (cccDNA) [6-8]. Individuals having 
recovered from acute HBV infection may develop lifelong immunisation levels of hepatitis B surface antibodies 
(anti-HBs). Fulminant hepatitis can occur following acute hepatitis B infection, though it is uncommon (0.1 – 
0.5%). Fulminant hepatitis may be due to a heightened immune response causing massive lysis of infected 
hepatocytes [9]. 

During an acute infection, viremia increases with a doubling time of 2.0 to 2.7 days [10] during the ramp-up 
phase and is detectable within 15 – 20 days in the blood [11]. The Hepatitis B surface antigen (HBsAg) increases 
in parallel and is detectable in the blood after four to 10 weeks [12,13]. Shortly afterwards, hepatitis B core 
antibodies (anti-HBc) appear, IgM anti-HBc first and IgG anti-HBc later. The evolution of HBV markers during an 
acute infection is displayed in Figure 1. 
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Chronic hepatitis B  
The onset of chronic HBV infection is implied by the persistence of HBsAg, the hepatitis B e antigen (HBeAg), 
and detectable HBV DNA for a period of more than six months [6,14] 

Chronic HBV infection results from the failure to clear the acute infection and can be divided into five phases 
(Table 2):  

HBeAg-positive chronic HBV infection (previously called immunotolerant disease): usually asymptomatic. 
This phase is characterised by the presence of serum HBsAg, very high levels of HBV DNA and alanine 
transaminase (ALT) levels in the normal range. HBeAg can be detected during this phase, and HBV DNA levels 
are high, with values above 20 000 IU/mL (over 3 600 copies/mL) [12,15]. However, liver inflammation is absent 
or limited. This phase can last several years in children infected perinatally and is thought to usually cease during 
the second or third decade of life [16,17], with a study describing a median age of 30.7 years at the loss of 
immune tolerance [18]. Individuals in this phase are highly infectious. 

HBeAg-positive chronic hepatitis B (previously called immunoreactive disease): characterised by high levels 
of HBV DNA, positive HBeAg, and elevated ALT, with symptoms during this phase ranging from asymptomatic to 
liver failure with jaundice. HBeAg remains detectable during this phase, and HBV DNA levels remain high, though 
not as high as in the HBeAg-positive chronic HBV infection phase. During this phase, immune-mediated liver 
damage will occur and can be identified through necroinflammation on biopsy and varying degrees of fibrosis. 
Spontaneous flares representing an intensification of the immune response are a typical feature of this phase. 
Most flares are asymptomatic, but symptoms of acute hepatitis may accompany some and may even, rarely, 
result in cirrhosis and death. This phase can last several years and varies according to the age of initial HBeAg 
positivity, with shorter durations among those below 30 years old and longer durations among those more than 
40 years old [19].  

HBeAg-negative chronic HBV infection (previously called inactive carrier phase): usually an asymptomatic 
phase. During this phase, HBeAg becomes undetectable and antibodies to HBeAg (anti-HBe) appear, with low 
(<2 000 IU/mL) or undetectable levels of HBV DNA, as well as normalisation of liver transaminase levels, indicating 
clinical remission [12,20]. Individuals in this phase have a low risk of progression to cirrhosis, but progression to 
HBeAg-negative chronic hepatitis B (CHB) is still possible for a minority of patients. The risk of progression 
decreases with time and becomes negligible after 20 years [12,19,21]. During this phase, HBsAg loss may occur 
spontaneously, usually in cases with low levels of HBsAg, typically in around 1% of cases annually [15]. 

HBeAg-negative chronic hepatitis B: symptoms during this phase range from asymptomatic to liver failure 
with jaundice. This stage is characterised by active liver disease, loss of HBeAg and persistent or fluctuating 
moderate to high levels of HBV DNA [12,15]. In this phase, liver damage is evidenced by necroinflammation of 
the liver and fibrosis and is due to the patient's immune response. Patients in this phase have a very low rate of 
spontaneous disease remission [15].  

HBsAg-negative phase or ‘occult HBV infection’ phase: this phase is characterised by negative HBsAg and 
usually positive anti-HBc; there may also be detectable anti-HBs. Patients with an occult HBV infection (OBI) 
usually have low or undetectable serum HBV DNA (DNA levels below 200 IU/mL), but covalently closed circular 
DNA (cccDNA) can be detected in the liver [15,22].  

Chronic HBV infection progresses to liver cirrhosis in up to 40% of untreated patients [14]. Chronic HBV infection 
accounts for at least 50% of hepatocellular carcinoma cases, though this proportion varies by region [23]. 

Table 2. Chronic hepatitis B virus infection markers by disease phase 

Marker 
HBeAg-positive 

chronic HBV 
infection 

HBeAg-positive 
chronic hepatitis B 

HBeAg-negative 
chronic HBV 

infection 
HBeAg-negative 

chronic hepatitis B 
HBsAg-negative 

phase (OBI) 

HBsAg + (high) + + (low) + - 
Anti-HBs - - - - +/- 
HBeAg + + - - - 
Anti-HBe - -/+ + + - 
Anti-HBc 
(total) + + + + + 

HBV DNA >107 IU/mL 104-107 IU/mL <2 000 IU/mL ≥2 000 IU/mL ± Undetectable 

OBI: Occult hepatitis B virus infection.  
Adapted from EASL 2017 [15]. 
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Treatment for hepatitis B 
For patients with acute hepatitis B, the goal of treatment is a reduction in the risk of acute or subacute liver 
failure. The vast majority of adults with acute infection will recover spontaneously and do not require treatment. 
Severe or fulminant acute hepatitis B is a serious complication of acute hepatitis B infection. In these cases, for 
those who develop a coagulopathy or protracted course (persistent jaundice or other symptoms over four 
weeks), there is some evidence that treatment with antiviral therapy (nucleoside/nucleotide analogues) may be 
beneficial. If used, this treatment should be continued until loss of HBsAg. If patients with severe or fulminant 
acute hepatitis B do not recover following treatment with nucleoside/nucleotide analogues, they should be 
considered for liver transplantation [15].  

The management of CHB is complex and aims to improve survival and quality of life by preventing the disease 
progression to cirrhosis and hepatocellular carcinoma. The two main treatment options for CHB are 
nucleoside/nucleotide analogues or pegylated interferon alfa. The long-term suppression of HBV DNA is the main 
endpoint for all treatments, and the normalisation of transaminase levels is considered an additional endpoint. 
While nucleoside/nucleotide analogues have a favourable safety profile, pegylated interferon alfa is associated 
with considerable side effects and an unfavourable safety profile. as The HBV DNA integrates into the hosts’ 
genome and reactivation of HBV replication is possible and a cure for CHB is not achievable with the available 
treatments. 

Patients with infections undergoing immunosuppressive therapies are evaluated for the risk of HBV reactivation. 
The risk depends on the serologic status of the patient and the potency of immunosuppressants. Patients at risk 
for reactivation include those with a resolved infection, those with inactive CHB (detectable HBsAg, undetectable 
HBV DNA), and those with untreated chronic active hepatitis B (detectable HBsAg and HBV DNA). Prophylaxis is 
recommended in patients with a higher risk of HBV reactivation due to immunosuppressive therapies. Similarly, 
prophylaxis is also recommended for women identified as having chronic HBV infection during pregnancy to 
prevent vertical transmission (also known as mother-to-child transmission) [15].  

Infectious dose and viraemia 
The risk of not identifying an HBV infection that could be transmitted through SoHO is related to infectious 
window periods (iWP) for the screening tests applied, i.e. HBsAg serological tests and nucleic acid tests (NAT) 
detecting HBV DNA. For HBV DNA, two potential window periods can be considered: a first initial window period 
(prior to HBsAg appearance) and a possible second window period during occult infection (i.e. after loss of 
HBsAg), where HBV DNA is no longer detectable, but the risk of transmission is still present.  

An analysis of 84 acute viraemic infections in repeat blood donors identified with individual-donation (ID) NAT 
estimated a first iWP pre-HBsAg at 15.3 days using HBV DNA NAT with a 95% limit of detection (LOD) of 98.5 
copies/mL and at 12.6 days with a 95% LOD of 46.9 copies/mL. A second iWP corresponding to the 
disappearance of HBsAg and the decline of HBV DNA was estimated at 1.3 and 0.7 risk-days for 95% LODs of 
98.5 and 46.9 copies/mL, respectively [24]. Relying only on HBsAg detection, the first iWP is estimated at 32.5 
days and the second at 9.9 days; see Figure 1. 

Infectious dose and infectivity during the pre-HBsAg window period 
During this initial pre-HBsAg window period, several reports have shown that HBsAg-negative donors can 
transmit HBV. A review of human transmission cases and experimental animal data published in 2009 by 
Kleinman and colleagues suggested a 50% minimum HBV infectious dose of 8.2 HBV DNA copies [25], a number 
later revised to 3.2 copies (between one and 10 copies) [26]. Transmission events and look-back studies indicate 
the lack of a clear relationship between infectivity and viral load. The immune status of the recipients as well as 
the amount of plasma transfused largely affect this relationship [27]. As a result, the viral load may differ only 
marginally between infectious and non-infectious blood: across 17 samples of anti-HBs negative blood products, 
the viral load transfused leading to infection in nine patients was estimated around 1 500 copies/mL (180 – 
56 000) and around 900 copies/mL (200 – 19 800) to eight patients that were not infected [28]. 

Infectious dose and infectivity after loss of HBsAg 
During this period, reports indicate that donors with negative HBsAg and positive anti-HBs may still transmit HBV. 
The review by Kleinman and colleagues concludes that the likelihood of transmission from donations during this 
period is substantially lower than during the initial window period [25]. Later look-back studies following 
transfusion-transmission infections of HBV led to an estimated 50% minimum HBV infectious dose of 1049 HBV 
DNA copies (range: 117-3441 HBV DNA copies) or 187 IU, considering 1 IU corresponds to 5.6 HBV DNA copies 
[29]. This 50% minimum HBV infectious dose was further revised through mathematical modelling to 316 HBV 
DNA copies. T This model estimated that 3.3% of OBI donations would remain undetected by HBV DNA NAT with 
a 95% LOD of 43.1 copies/mL and could lead to transmission through transfusion of a blood component 
containing 20mL of plasma. This proportion was estimated at 14.0% for a volume of 200 mL of plasma [30].  
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A recent update based on transmissions from OBI donations remaining undetected by highly sensitive NAT led to 
revising the infectious dose of 16 HBV DNA copies in negative anti-HBs donors, similar to the infectious dose in 
the pre-HBsAg phase. This revision was determined by a Probit analysis estimating an infectious HBV DNA 
concentration of 0.8 copies/mL or 0.15 IU/mL [31]. It should be noted this estimation is based on a single 
donation.  

Strong evidence suggests that the infectivity of OBI donations is significantly reduced for donors with anti-HBs 
titres above 300 IU/L [24,31].  
 
Figure 1. Serum markers in HBV infection and length of viraemia and window periods 

 

From Candotti and Laperche, 2018 [32]. 

Survival of HBV in the environment 
HBV has high environmental stability, and virus particles retain infectivity for at least 28 days outside the human 
body at room temperature. Lower temperatures increase this infectivity duration, and HBV has been shown to 
maintain infectivity until at least 180 days at 4°C [33]. 

Organ systems targeted by HBV and HBV presence in different 
tissues  
HBV is primarily hepatotropic, and hepatocytes serve as the reservoir for the virus. In addition to hepatocytes, 
HBV can infect lymphoid cells. Replicative intermediates and proteins of HBV have been detected in the spleen, 
lymph nodes, and bone marrow. In OBI with undetectable HBV DNA in the serum, HBV DNA can still be detected 
in the liver and peripheral blood mononuclear cells [2,34]. 
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HBV-HDV co-infection 
Hepatitis delta virus (HDV) is a small RNA virus that depends on HBV for its propagation. Its viral envelope coat 
is composed of HBsAg, and it shares the same hepatocyte receptor [35,36]. HDV can only be transmitted in the 
presence of an HBV infection, either a simultaneous transmission of both viruses or superinfection of a patient 
with chronic hepatitis B [36]. HDV infection, either due to co-infection or superinfection, is an important cause of 
fulminant viral hepatitis [37].  
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3 Epidemiology 
The surveillance systems for hepatitis B across EU/EEA countries are heterogeneous [38]. These systems are 
based on notifications, representing the screening and testing practices instead of the actual number of 
infections in each country. As a result, the limitations of surveillance data, such as incompleteness and 
underreporting, may be considered in the interpretation of results and comparison between countries within the 
EU/EEA.  

General population 
Acute hepatitis B 
While the exact incidence of acute hepatitis B is not available, it can be approached through the number of newly 
diagnosed acute hepatitis B cases reported per year, as presented in Table 3.  

The overall notification rate for acute hepatitis B declined continuously from 0.7 in 2013 to 0.4 per 100 000 
population in 2019 within the 23 countries that reported consistently during this period. In 2020, the lowest 
notification rate since 2013 was observed: 0.3 cases per 100 000 individuals. This finding is probably in relation 
to the disruption of healthcare and prevention services and behavioural changes due to the COVID-19 pandemic 
[39]. Restrictions in travel and migration may also have impacted these numbers. After 2021, the number of 
notifications of acute hepatitis B has increased to pre-pandemic levels (Table 3 and Figure 2).  

Table 3. Number of reported acute hepatitis B cases and rates per 100 000 population in the 
EU/EEA, by country and year (2018–2022) 

Country 2018 2019 2020 2021 2022 

 N Rate N Rate N Rate N Rate N Rate 

Austria  65 0.7 45 0.5 36 0.4 31 0.3 54 0.6 

Belgium NR NC NR NC NR NC NR NC NR NC 

Bulgaria  NR NC NR NC NR NC NR NC NR NC 

Croatia  10 0.2 17 0.4 0 0.0 0 0.0 2 0.1 

Cyprus  2 0.2 0 0.0 0 0.0 1 0.1 7 0.8 

Czechia  54 0.5 41 0.4 27 0.3 17 0.2 48 0.5 

Denmark  9 0.2 6 0.1 15 0.3 6 0.1 10 0.2 

Estonia  4 0.3 3 0.2 2 0.2 3 0.2 2 0.2 

Finland  4 0.1 5 0.1 4 0.1 40 0.7 99 1.8 

France 84 0.1 88 0.1 61 0.1 82 0.1 94 0.1 

Germany  712 0.9 536 0.6 379 0.5 481 0.6 915 1.1 

Greece 17 0.2 13 0.1 14 0.1 10 0.1 25 0.2 

Hungary  35 0.4 17 0.2 14 0.1 14 0.1 23 0.2 

Iceland  4 1.1 1 0.3 1 0.3 0 0.0 0 0.0 

Ireland  23 0.5 22 0.4 10 0.2 11 0.2 12 0.2 

Italy  NR NC NR NC NR NC NR NC NR NC 

Latvia  29 1.5 35 1.8 16 0.8 12 0.6 17 0.9 

Liechtenstein  NR NC NR NC NR NC NR NC NR NC 

Lithuania 13 0.5 14 0.5 10 0.4 9 0.3 7 0.2 

Luxembourg  0 0.0 NR NC NR NC NR NC NR NC 
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Country 2018 2019 2020 2021 2022 

Malta  4 0.8 0 0.0 0 0.0 0 0.0 0 0.0 

Netherlands  99 0.6 106 0.6 94 0.5 71 0.4 84 0.5 

Norway  12 0.2 23 0.4 4 0.1 4 0.1 4 0.1 

Poland  40 0.1 45 0.1 14 0.0 10 0.0 29 0.1 

Portugal  32 0.3 34 0.3 30 0.3 15 0.1 34 0.3 

Romania  118 0.6 94 0.5 21 0.1 18 0.1 47 0.2 

Slovakia  46 0.8 49 0.9 18 0.3 10 0.2 98 1.8 

Slovenia  9 0.4 9 0.4 2 0.1 6 0.3 15 0.7 

Spain 404 0.9 346 0.7 202 0.4 261 0.6 318 0.7 

Sweden  45 0.4 30 0.3 27 0.3 30 0.3 27 0.3 

United Kingdom (UK) 515 0.8 286 0.5 NR NC NA NA NA NA 

Total EU/EEA 2 389 0.6 1 865 0.4 1 001 0.3 1 142 0.3 1 971 0.5 

NA: Not applicable. NR: not reported. NC: not calculated.  
Adapted from ECDC Surveillance Atlas of Infectious Diseases [40]. 

Chronic hepatitis B 
The prevalence of chronic hepatitis B is often estimated based on the prevalence of HBsAg in the general 
population [41,42]. A recent systematic review of HBV prevalence estimates in the EU/EEA and the UK between 
2005 and 2021 indicated a low HBV prevalence (≤ 2%) among the general population in all regions, with 
exceptions in Bulgaria, Greece, Italy and Romania, as seen in Table 4. Regarding countries reporting more recent 
estimates, a decrease in prevalence was observed when comparing with previous results [42].  
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Table 4. Weighted HBV prevalence in the general population in the EU/EEA, 2005-2021 

Country Number of 
studies Total sample Prevalence (%) 95% CI (%) 

Austria  NR NR NR NR 

Belgium 2 3 326 0.69 0.69-0.69 

Bulgaria  1 865 3.93 3.91-3.94 

Croatia  2 2 268 0.92 0.92- 0.93 

Cyprus  NR NR NR NR 

Czechia  1 2 644 0.34 0.33-0.34 

Denmark  NR NR NR NR 

Estonia  NR NR NR NR 

Finland  NR NR NR NR 

France 4 38 767 987 0.80 0.80-0.80 

Germany  3 30 311 0.47 0.47-0.48 

Greece 4 6 346 2.44 2.44-2.45 

Hungary  1 1 066 0.38 0.37-0.38 

Iceland  NR NR NR NR 

Ireland  2 4 013 0.10 0.10-0.10 

Italy  13 42 263 2.06 2.05-2.06 

Latvia  NR NR NR NR 

Liechtenstein  NR NR NR NR 

Lithuania NR NR NR NR 

Luxembourg  NR NR NR NR 

Malta  NR NR NR NR 

Netherlands  4 10 464 0.25 0.25-0.25 

Norway  NR NR NR NR 

Poland  3 13 601 0.92 0.92-0.92 

Portugal  2 2 158 1.23 1.22-1.23 

Romania  2 14 386 4.49 4.49-4.50 

Slovakia  4 8 503 0.56 0.56-0.56 

Slovenia  NR NR NR NR 

Spain 8 65 529 0.69 0.69-0.69 

Sweden  NR NR NR NR 

Prevalence estimates were weighted by study population size to determine the weighted country prevalence and attenuated for 
the high prevalence reported from smaller population size estimates in each country. NR: not reported.  
Adapted from Bivegete et al., 2023 [42].  

Among the 17 countries that reported consistently between 2013 and 2022, the overall notification rate for 
chronic hepatitis B in the EU/EEA increased from 4.4 in 2013 to 5.6 per 100 000 population in 2015, declining 
from 5.5 to 2.2 per 100 000 population between 2016 and 2020. In 2022, an increase of 13% was observed, up 
to 2.5 per 100 000 population (Table 5 and Figure 2). This increase might be associated with the end of national 
and international restrictions due to the COVID-19 pandemic, the reinstitution of regular contact with healthcare, 
higher migrant inflow in some countries, changes in surveillance and testing, as well as possible increases in 
transmission. Variations in reporting practices, testing strategies, and inherent epidemiological settings may 
explain the differences in notification rates between countries [43].  
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Table 5. Number of reported chronic hepatitis B cases and rates per 100 000 population in the 
EU/EEA, by country and year (2018–2022) 

Country 
2018 2019 2020 2021 2022 

N Rate N Rate N Rate N Rate N Rate 

Austria  714 8.1 591 6.7 329 3.7 324 3.6 343 3.8 

Belgium NR NC NR NC NR NC NR NC NR NC 

Bulgaria  NR NC NR NC NR NC NR NC NR NC 

Croatia  46 1.1 40 1.0 7 0.2 5 0.1 5 0.1 

Cyprus  81 9.4 108 12.3 29 3.3 13 1.5 24 2.7 

Czechia  269 2.5 276 2.6 142 1.3 127 1.2  218 2.07 

Denmark  155 2.7 164 2.8 136 2.3 118 2.0 92 1.6 

Estonia  15 1.1 15 1.1 21 1.6 20 1.5 32 2.4 

Finland  235 4.3 233 4.2 162 2.9 196 3.5 280 5.0 

France NR NC NR NC NR NC NR NC NR NC 

Germany  36 0.0 4 297 5.2 3 146 3.8 3 720 4.5 7 454a 9.0a 

Greece NR NC NR NC 5 0.0 155 1.5 158 1.5 

Hungary  NR NC NR NC NR NC NR NC NR NC 

Iceland  40 11.5 47 13.2 32 8.8 30 8.1 52 13.8 

Ireland  468 9.7 427 8.7 252 5.1 353 7.1 483 9.5 

Italy  NR NC NR NC NR NC NR NC NR NC 

Latvia  299 15.5 260 13.5 206 10.8 133 7.0 174 9.3 

Liechtenstein  NR NC NR NC NR NC 2 5.1 1 2.5 

Lithuania NR NC NR NC 15 0.5 18 0.6 20 0.7 

Luxembourg  47 7.8 52 8.5 0 0.0 0 0.0 0 0.0 

Malta  15 3.2 0 0.0 0 0.0 0 0.0 27 5.2 

Netherlands  1 023 6.0 1 041 6.0 695 4.0 734 4.2 815 4.6 

Norway  353 6.7 370 6.9 221 4.1 253 4.7 363 6.7 

Poland  819 2.2 669 1.8 156 0.4 0 0.0 0 0.0 

Portugal  98 1.0 58 0.6 46 0.4 53 0.5 61 0.6 

Romania  1 0.0 9 0.0 0 0.0 0 0.0  4 0.0 

Slovakia  85 1.6 92 1.7 71 1.3 67 1.2 0 0.0 

Slovenia  69 3.3 51 2.5 26 1.2 32 1.5 36 1.7 

Spain NR NC NR NC NR NC NR NC NR NC 

Sweden  1 053 10.4 1 037 10.1 679 6.6 645 6.2 746 7.1 

UK 6 953 11.4 4 873 8.0 NR NC NA NA NA NA 

Total EU/EEA 12 874 4.5 14 710 5.0 6 376 2.5 6 998 2.8  11388  4.6 

NA: Not applicable. NR: not reported. NC: not calculated. UK: United Kingdom. 
a Increase in Germany's cases may been related to the introduction of HBV and HCV screening for individuals over 35 years old, the 
implementation of electronic laboratory reporting, and the migration from Ukraine (Epidemiologisches Bulletin 31/2023 (rki.de)). 
Adapted from ECDC Surveillance Atlas of Infectious Diseases [40]. 

https://edoc.rki.de/bitstream/handle/176904/11242/EB-31-2023-Hepatitis.pdf?sequence=1&isAllowed=y
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Figure 1. Notification rates of acute and chronic hepatitis B per 100 000 population by year in 
EU/EEA countries reporting consistently, 2013–2022 

 
From ECDC [43]. 
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SoHO donors 
A systematic review of HBV prevalence estimates in the EU/EEA and the UK between 2005 and 2021 reported a 
low HBV prevalence (< 1%) among first-time blood donors in all regions except Bulgaria, Greece and Romania 
(Table 6) [42]. These prevalence estimates were based on the prevalence of HBsAg in this population. 

Table 6. Weighted HBV prevalence in first-time blood donors in the EU/EEA, 2005–2021 

Country Number of 
studies Total sample Prevalence  

per 100 000 population 95% CI (%) 

Austria  7 318 919 80 80.0-80.0 

Belgium 19 1 040 377 70 70.0-70.0 

Bulgaria  5 163 162 3 960 3 960.0-3 960.0 

Croatia  10 132 383 140 140.0-140.0 

Cyprus  4 42 712 150 150.0-150.0 

Czechia  11 487 040 50 50.0-50.0 

Denmark  9 242 993 30 30.0-30.0 

Estonia  9 64 079 140 140.0-150.0 

Finland  14 228 699 70 70.0-70.0 

France 24 9 998 185 30 30.0-30.0 

Germany  11 5 787 918 110 110.0-110.0 

Greece 11 707 697 1 330 1 330.0-1 330.0 

Hungary  9 473 559 100 100.0-100.0 

Iceland  5 9 265 60 60.0-60.0 

Ireland  9 143 912 20 20.0-20.0 

Italy  11 5 972 413 180 180.0-180.0 

Latvia  3 27 644 390 390.0-390.0 

Liechtenstein  NR NR NR NR 

Lithuania 7 446 806 180 180.0-180.0 

Luxembourg  3 3 925 170 170.0-17.0 

Malta  5 11 644 240 240.0-240.0 

Netherlands  10 335 085 40 40.0-40.0 

Norway  9 145 141 30 30.0-30.0 

Poland  6 1 244 841 390 390.0-390.0 

Portugal  5 198 498 100 100.0-100.0 

Romania  6 568 842 2 710 2 710.0-2 710.0 

Slovakia  11 353395 90 90.0-90.0 

Slovenia  5 56 219 90 90.0-90.0 

Spain 9 2 271 299 150 150.0-150.0 

Sweden  8 339 673 30 30.0-30.0 

NR: not reported. Prevalence estimates were weighted by study population size to determine the weighted country prevalence 
and attenuated for the high prevalence reported from smaller population size estimates in each country. 
Adapted from Bivegete et al., 2023 [42].  
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Data reported by countries on positive findings in first-time blood donors (prevalence of HBV infections) and positive 
findings in repeat donors (incidence of HBV infections) and published by the European Directorate for the Quality of 
Medicines & HealthCare of the Council of Europe (EDQM) [44] are presented in Table 7. The interpretation of these 
data should consider that the definition of positive donors may vary across countries depending on the screening 
strategy in each country (see test methods in use as reported to EDQM in 2021 in Table 14).  

Table 7. Prevalence and incidence of HBV per 100 000 blood donors, per country, per year (2017–2019) 

  2017 2018 2019 

Country 
Prevalence in 

1st time 
donors 

Incidence in 
repeat donors 

Prevalence in 
1st time 
donors 

Incidence 
in repeat 
donors 

Prevalence in 
1st time 
donors 

Incidence 
in repeat 
donors 

Austria 24.0 1.0 52.1 1.0 31.7 1.0 

Belgium ND ND ND ND ND ND 

Bulgaria 1247.3 415.0 924.8 81.5 NA 618.6 

Croatia 13.4 0.0 7.8 0.0 25.5 0.0 

Cyprus ND ND ND ND 346.5 9.5 

Czechia 42.1 4.1 28.6 2.4 32.4 1.5 

Denmark ND ND ND ND 12.8 0.5 

Estonia 78.7 3.8 58.9 0.0 68.4 0.0 

Finland 13.4 0.9 13.0 0.0 34.7 0.0 

France ND ND ND ND ND ND 

Germany 71.5 1.0 64.8 0.9 60.2 1.0 

Greece 376.5 33.1 331.4 27.4 347.4 28.5 

Iceland  ND ND ND ND ND ND 

Hungary 66.4 1.9 78.2 2.8 0.0 0.0 

Ireland 24.0 0.0 7.5 1.5 86.4 4.3 

Italy 135.4 2.3 112.6 2.4 97.1 1.8 

Latvia ND ND ND ND ND ND 

Liechtenstein ND ND ND ND ND ND 

Lithuania ND ND ND ND ND ND 

Luxembourg ND ND ND ND ND ND 

Malta ND ND ND ND ND ND 

Netherlands 16.7 0.9 30.1 0.0 ND ND 

Norway 10.5 0.0 24.3 0.0 5.4 0.0 

Poland 140.6 0.0 126.0 0.2 132.9 0.9 

Portugal 108.4 1.1 56.8 1.1 52.0 1.1 

Romania ND ND 1394.3 5.5 ND ND 

Slovakia 74.2 7.3 83.1 3.7 68.0 1.9 

Slovenia 52.6 0.0 30.5 0.0 64.4 0.0 

Spain* 16.8 14.7 13.9 

Sweden 32.1 0.5 37.7 0.0 47.0 0.0 

NA: not applicable. ND: no data reported. Prevalence: positive findings in first-time donors; Incidence: positive findings in 
repeat donors. * Data for Spain are for all donors (first-time and repeat) combined. 
Adapted from EDQM 2022 [44] and Ministerio de Sanidad for Spain [45]. 
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Risk factors and transmission modes 
In 2022, in the EU/EEA, 22% of acute hepatitis B cases and 14% of chronic hepatitis B cases reported in The 
European Surveillance System (TESSy) had data available for documented transmission modes [43]. The most 
frequent modes of transmission are described in Table 8. Among acute hepatitis B, the most common 
transmission mode was sexual, while for chronic hepatitis B, the most common transmission mode was vertical 
(or mother-to-child) transmission; 94% of these were classified as imported, mainly from Asia (51%) and Africa 
(29%). Nosocomial transmission was the third most frequent mode of transmission reported for acute cases, 
being responsible for 15% of acute hepatitis B cases and 2% of chronic hepatitis B cases. The poor 
completeness of transmission data may limit the interpretation. However, this assessment is essential to raise 
awareness of the ongoing transmission modes in the EU/EEA (mostly from acute cases), as well as key groups 
capable of transmission (both acute and chronic cases).  

Reports from EU blood donor populations report that the main characteristic associated with a positive screening 
test for HBV is being born in a highly endemic country [46-48]. A high proportion of individuals born in a highly 
endemic country will have acquired their infection vertically from their mother or via household transmission (i.e. 
horizontal transmission). The overall rate of vertical transmission of HBV during pregnancy is estimated at 40%, 
with higher rates in mothers with positive HBeAg status (up to 90%, compared to those with negative HBeAg 
(10-20%)). Maternal human immunodeficiency virus (HIV)-HBV coinfection also increases vertical transmission of 
HBV due to higher HBV viral loads and increased HBeAg positivity [49]. Horizontal transmission occurs mainly 
within households during childhood, mostly from older children with infections to children without infections [50]. 

HBV can be transmitted through unprotected (condomless) sex from an individual with HBV infection to an 
unvaccinated individual. Sexual transmission is markedly reported among men who have sex with men (MSM), 
heterosexual people with multiple sex partners or contact with sex workers [51,52]. Sexually transmitted 
infections (STIs) are also known to be associated with an increased risk of acquiring HBV [53]. MSM, especially 
those with HIV co-infection, have a higher seroprevalence of HBV infection than the general population [54,55].  

People who inject drugs (PWID) are at high risk, considering the efficient transmission of HBV through unsafe 
injecting drug practices. Among EU/EEA countries with available estimates, national prevalence ranged from 
0.5% in Croatia, Hungary, and Ireland to over 6% in Cyprus and Portugal [55].  

Due to multiple risk behaviours for HBV infection, such as intravenous drug use, tattooing with non-sterilised 
material and unprotected sexual relationships, people in prison often are reported as having a high prevalence of 
HBV infections [54-57].  

Other populations identified to be at elevated risk of exposure to HBV include haemodialysis patients, healthcare 
workers, diabetes mellitus patients (glucose monitoring) and recipients of SoHO [58]. Despite improvements in 
the safety of SoHO supplies, injection-related procedures, infection control measures and implementation of 
vaccination programs, these groups still show a higher prevalence of HBV infection than the general population, 
suggesting ongoing iatrogenic transmission in healthcare settings [58].  
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Table 8. Transmission category of hepatitis B cases by acute and chronic disease status, EU/EEA, 
2022 

Transmission mode 
Acute hepatitis B 

(% among cases with available 
data) 

Chronic hepatitis B 
(% among cases with available 

data) 

Heterosexual transmission 20 7 

Sex between men 16 3 

Nosocomial* 15 2 

Household 7 15 

Sexual transmission (not specified) 7 1 

Non-occupational injuries** 11 0 

Injecting drug use 12 9 

Other 6 18 

Blood and blood products 3 3 

Vertical/mother-to-child transmissiona 1 41 

Sex work 0 0 

Organ and tissues 0 0 

Haemodialysis 1 1 

Needle-stick and other occupational exposure*** 1 0 

Adapted from: ECDC, 2024 [43]. 
*: Nosocomial transmission includes hospitals, nursing homes, psychiatric institutions, and dental services. This category refers 
mainly to patients exposed through healthcare settings, distinct from ’needle-stick and other occupational exposure’, which 
refers to staff. 
**: ‘Non-occupational injuries’ include needle sticks that occur outside a healthcare setting, bites, tattoos, and piercings.  
***: ’Needle-stick and other occupational exposure’ refers to occupational injuries 
a: 90% of vertical transmission cases were classified as imported. 

Other relevant topics  
Prevalence of anti-HBc in healthy populations 
The prevalence of anti-HBc in healthy populations in several EU/EEA countries, from selected published reports, 
is presented in Table 9. The majority of reports include blood donors. The prevalence of this marker shows a 
large range across different countries, from below 1% in several low endemic countries (e.g. Belgium, Germany, 
the Netherlands) to above 25% of the studied population in Romania.  
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Table 9. Prevalence of anti-HBc in healthy populations of EU/EEA countries, from selected published reports 

Country (region) Time 
period Population (n) Positive anti-HBC definition Age, in years Prevalence 

(%) (n) 

Belgium (Flanders) [46] 2010-2018 First-time blood donors (n=209 193) Repeat reactive in duplicate 25 (median) 0.86 (1802) 

Bulgaria [59] 2018-2019 General population sample (n=2 140) Initially reactive 53 (average) 27.10 (582) 

Croatia [60] 2004 Blood donors (all) (n=7 561) Repeat reactive in duplicate (separate 
assays) Not specified 5.24 (396) 

Croatia [60] 2013 Blood donors (all) (n=7 318) Repeat reactive in duplicate (separate 
assays) Not specified 2.56 (187) 

Croatia [60] 2017 Blood donors (all) (n=5 090) Repeat reactive in duplicate (separate 
assays) Not specified 1.32 (67) 

Croatia (Primorje Gorski 
Kotar County) [61] 2014-2018 Hospital samples from routine clinical testing (n=24 900) Repeat reactive in additional separate 

assay Not specified 7.02 (1749) 

Croatia [62] 2010-2011 General population sample (n=1552) Not specified 20-83 (range) 7.00 (109) 

Denmark (County of Funen) 
[63] 1997 Blood donors (all), HBsAg negative (n=10 862) Repeat reactive in duplicate 43 (median, 

estimated) 1.07 (116) 

France [64] 1998 First-time blood donors (n=12 456) Repeat reactive in one additional test Not specified 1.30 (163) 

France [65] 2004 General population sample (n=14 416) Not specified 18-80 (range) 7.30 

Germany [66] 2008-2011 General population sample (n=7 047) Repeat reactive in one additional test 18-79 (range) 5.10 

Germany [67] 2006-2015 Blood donors (all), HBsAg negative (n=31 562 556) Repeat reactive, not specified 49 (median) 0.22 (70671) 

Greece (Epirus) [68] 1995-1997 First-time blood donors (n=6 696) Not specified 36 (median) 14.90 (998) 

Greece (Epirus) [69] 2018-2022 First-time blood donors (n=699) Not specified 61 (median) 20.5 (144) 

Greece (Thessaloniki) [70] 2018 Blood donors (all) (n=620) Repeat reactive in duplicate Not specified 3.9 (24) 

Italy (Piedmont) [71] 2005 First-time blood donors, HCV and HIV negative (n=6 313) Repeat reactive in duplicate (separate 
assays) 34 (average) 4.85 (305) 

Italy [72] 2004-2005 First-time blood donors, non-vaccinated (n=31 190) Not specified Not specified 8.31 (2593) 

Luxembourg [73] 2001-2002 General population sample, anti-HBs positive (n=765) Not specified Not specified 6.40 (49) 

Netherlands [74] 2011-2013 First-time blood donors (n=70 914) Repeat reactive, not specified Not specified 0.79 (559) 

Netherlands [74] 2011-2013 Repeat blood donors (n=311 529) Repeat reactive, not specified Not specified 0.75 (2331) 

Netherlands [75] 2011-2018 First-time blood and plasma donors (n=249 874) Repeat reactive in duplicate Not specified 0.66 (5224) 
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Country (region) Time 
period Population (n) Positive anti-HBC definition Age, in years Prevalence 

(%) (n) 

Netherlands [75] 2011–2018 First-time blood and plasma donors, HBsAg and DNA 
negative (n=249 874) Repeat reactive in duplicate Not specified 0.74 (5224) 

Poland (Kuyavia and West 
Pomerania) [76] 2016–2018 Hospital staff (n=306) Repeat reactive in one additional test 48 (average) 12.09 (36) 

Poland (Krakow) [77] Ca. 2006 Blood donors (n=920), private communication Not specified Not specified 7.00 

Portugal [78] 2001–2002 General population sample (n=1 051) Not specified Not specified 4.90 (51) 

Portugal [79] 2012–2014 General populations sample (n=1 627) Not specified 50 (average) 9.24 

Portugal [80] 2015–2016 General population data (n=2 959) Initially reactive Not specified 3.50 

Romania [81] 2006–2008 General population sample, HBsAg negative (n=12 470) Not specified 45 (median, 
estimated) 27.00 (3370) 

Romania [82] 2013 General population sample (n=3 266) Not specified 34 (median, 
estimated) 27.89 (911) 

Slovenia [83] Ca. 2007 Blood donors, not otherwise specified (n=5 959) Repeat reactive in duplicate 45 (median, 
estimated) 3.00 (179) 

Spain [84] 1999–2007 Living tissue donors (n=3 357) Not specified 65 (average) 17.84 (599) 

Spain [84] 1999–2007 Heart-beating organ donors (n=618) Not specified 42 (average) 12.94 (80) 

Spain [84] 1999–2007 Cord blood donors (n=2 880) Not specified 31 (average) 3.57 (103) 

Spain [85] 2017 Deceased tissue donors, HBsAg negative (n=1 753) Not specified 64 (average) 10.00 (175) 

Sweden (Uppsala and 
Linköping) [86] 2002–2003 Blood donors (all) (n=22 964) Confirmed positive by blood centre Not specified 0.43 (98) 
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HBV-HDV coinfection 
Estimating hepatitis Delta virus (HDV) prevalence or incidence can be challenging due to the large sample sizes 
needed to identify HBsAg-positive individuals, the criteria for HBsAg and HDV testing possibly resulting in non-
representative samples, and variations in methodologies and epidemic patterns [87]. 

A meta-analysis from 2020 reported a global prevalence of antibodies against HDV (anti-HDV) of 4.5% (95% CI 
3.6–5.7) among HBsAg-positive people, with an estimated anti-HDV prevalence of 3.0% for HBsAg-positive 
people in the World Health Organization (WHO) European Region. Prevalence estimates of anti-HDV in HBsAg-
positive general population in some EU/EEA countries ranged from 2.0% in France to 7.0% in Romania [87]. 

A recent study reported the prevalence of HDV based on several publicly available national datasets, with less 
than 2% of HDV infections among people with HBV infections in most countries, except for Norway and Sweden 
(2.47% and 2.78% respectively). Of the seven EU/EEA countries included, a significant increase in the incidence 
of HDV cases was observed in four of them (Bulgaria, the Netherlands, Norway, and Sweden) [88]. 

Up to the end of 2022, nine countries in the EU/EEA had available data on estimated HDV prevalence among 
HBsAg-positive individuals (diagnosed and undiagnosed). Prevalence estimates ranged from 1% in Norway to 
76% in Romania (Figure 3). 

Figure 2. Estimated HDV prevalence among HBsAg-positive individuals, by country, 2022ª 

 
ª2022 or most recent year with available data. 
* Regional data from a sample of 100 HBsAg-positive samples tested for HDV RNA. 
** Indicator could not be calculated due to lack of available data. 
From ECDC [unpublished data].  

Vaccination against hepatitis B virus 
Effective vaccines are available to protect against hepatitis B infection. The long-term effectiveness of hepatitis B 
vaccination is well described, and lifelong protection against hepatitis B is conferred following a full course of 
vaccination. Adequate anti-HBs levels, i.e. above 100 milli-international units per millilitre (mIU/mL), are achieved in 
most vaccinated individuals. Booster vaccination may be necessary for individuals with poor initial responses or 
specific risk factors. In Europe, 27 EU/EEA countries have implemented a universal childhood vaccination 
programme. Three countries have a selective vaccination policy targeting high-risk individuals (Denmark, Finland, 
and Iceland) [89]. Data on vaccine coverage in 2020 are available from 23 countries and are presented in Figure 4. 
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Figure 3. Coverage (%) of three doses of HBV vaccine (HB3) in EU/EEA countries implementing 
universal HBV vaccination, 2022 

 

* Country did not provide data.  
NB. Denmark, Finland and Iceland do not have a national policy for universal childhood vaccination against hepatitis B, and 
Hungary has a universal vaccination programme targeting school-aged children.  
From ECDC [89]. 

The impact of HBV vaccination is reflected in the reduction of new acute hepatitis B cases notified in the EU/EEA 
(56.2% from 2006 to 2014), with a larger reduction in countries that implemented an HBV vaccination 
programme before or in 1995 (-61.1%) compared to the group of countries that started the vaccination after 
1995 (-50.0%). The overall (EU/EEA) acute HBV incidence rate ratio (IRR) decreased by 10% for each 1% 
increase in vaccine coverage (IRR: 0.90; 95% CI: 0.86 to 0.92; p < 0.01) [90]. There is also strong evidence for 
the prevention of vertical transmission of HBV through newborn vaccination and administration of hepatitis B 
immunoglobulin within 12 to 24 hours of birth [91,92].  

However, note that breakthrough infections are possible in vaccinated individuals that may result in HBsAg-
negative and HBV DNA-positive profiles [93].   
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4 Laboratory testing approaches 
Interpretation of hepatitis B virus screening test results 
Donor screening tests include tests detecting HBV DNA, HBsAg, total anti-HBc, and, in specific situations, anti-
HBs. Donor screening algorithms in use rely on a combination of at least two, three, or all four markers. The 
interpretation of the screening test results is described in Table 10.  

Acute HBV infection 
Detection of HBV in a donor with an acute infection may be impacted by the window period (WP) of serological 
tests detecting HBsAg and NAT detecting HBV DNA, as described in Figure 1. The infectious WP before NAT 
detection is estimated to be around 10-15 days for highly sensitive NAT (<20 IU/mL) and around 30 days for 
HBsAg detection [24,94]. 

Occult HBV infection 
Occult HBV infection (OBI) is defined by the presence of cccDNA in the liver and/or HBV DNA in the blood in 
individuals who have cleared HBsAg and test negative for this marker. In individuals with an OBI, HBV DNA and 
total anti-HBc are usually detectable (Figure 1), though viraemia may fluctuate and a short WP of a few days 
may occur for NAT [24]. Donors testing negative for HBsAg and with a low-level viraemia can still transmit HBV 
and transmission cases from donors found to be HBV DNA negative in minipool (MP) testing have been reported 
[24,94,95]. However, the infectivity of OBI is considered lower than for donors with an acute HBV infection [96]. 
Evidence from blood donations suggests that the infectivity of OBI donations is reduced for donors with high 
anti-HBs titres (see Infectious dose and viraemia). A large multicentric study in Spain did not find an association 
of anti-HBs titres (or presence) and circulating HBV DNA in deceased tissue donors and the authors conclude this 
marker should not be considered for decision-making in tissue donation.  

A small proportion of cases with undetectable HBsAg could be due to escape variants of the antigen which are 
sometimes described as ‘false OBI’ due to the high levels of HBV DNA [29].  

Early infection detection is feasible using ID-NAT or 6–16 MP-NAT (Figure 1) during the HBsAg WP. As the 
characteristic of OBI is the negativity of HBsAg with low-level viraemia and the presence of anti-HBc, there are 
questions on the added value of using HBsAg for donor screening in low endemic settings, as it does not appear 
to increase the safety of blood supply compared to the combined use of HBV DNA NAT and anti-HBc testing. The 
reports of donors exclusively HBsAg reactive are rare and most frequently associated with recent vaccination 
[26,32,75,97–100].  

The prevalence of OBI in the general population is uncertain as studies are usually performed in anti-HBc-positive 
individuals [101]. The prevalence of OBI in the general population was estimated at around 0.1–0.3% and less 
than 0.05% in European blood donors. The low prevalence in blood donors is likely impacted by the inclusion of 
repeat donors in studies reporting these values [101,102].  

HBV vaccination 
Detection of transient HBsAg has been reported in cases of recent vaccination against HBV. In these cases, 
HBsAg is unlikely to persist for more than 14 days [103-105]. 
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Table 10. Interpretation of hepatitis B virus screening test results 

Marker Result Interpretation  

HBsAg Positive 

Acute or chronic infection: risk of transmission.  
HBV DNA Positive 

Total anti-HBc Positive 

Anti-HBs Negative 

HBsAg Negative  

Occult HBV infection: risk of transmission.  
HBV DNA Positive, low viraemia 

Total anti-HBc Positive 

Anti-HBs Negative or Positive 

HBsAg Negative 

Breakthrough infection after vaccination: risk of transmission.  
HBV DNA Positive 

Total anti-HBc Positive 

Anti-HBs Positive 

HBsAg Negative 

Resolved infection (immune through infection): possibly not 
infectious if detection of DNA is highly sensitive. Rare cases of 
transmission have occurred.  

HBV DNA Negative 

Total anti-HBc Positive 

Anti-HBs Positive 

HBsAg Negative 

Inconclusive: risk of transmission low but not null. 
Occult HBV infection is possible. 
May indicate past infection with waning of anti-HBs. 
May be due to false positive test results.  

HBV DNA Negative 

Total anti-HBc Positive 

Anti-HBs Negative 

HBsAg Negative 

Prior vaccination: not infectious. 
HBV DNA Negative 

Total anti-HBc Negative 

Anti-HBs Positive 

HBsAg Negative 

Naïve: not infectious.  
HBV DNA Negative 

Total anti-HBc Negative 

Anti-HBs Negative 

DNA: desoxyribonucleic acid. HBsAg: Hepatitis B surface antigen. HBV: hepatitis B virus.  
Adapted from CDC, 2023 [106]. 
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Search results 
This section aims to present the performance characteristics of laboratory tests that are approved and potentially 
used to screen HBV in SoHO donors (living and deceased). The results summarised in this document are based 
on a structured but non-systematic search of Medline from January 2001 to November 2023. Studies were 
included if the test was described as being used or potentially used for screening SoHO donors. This included in-
house (i.e. non-commercial) tests, if they were used in EU/EEA countries. In-house tests used outside the 
EU/EEA were excluded. Studies that only included results for rapid diagnostic tests were excluded as considered 
not relevant for donor screening, and accuracy metrics for rapid diagnostic tests were not extracted from 
included studies that reported on such tests. No other exclusion criteria were applied, and results are 
summarised by test method and by target. For categories with two or fewer results, medians are not reported.  

The search methods are described in detail in Annex 1. 

Five studies were identified that reported results on samples procured post-mortem. These results are described 
separately from those conducted on living donor samples. 

Figure 4. Number of records identified, screened and included for laboratory test methods for HBV 

 

* Including 6 studies on post-mortem testing.  
Note: A joint search and screening process was performed for both hepatitis B virus (HBV) and hepatitis C virus (HCV) 
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Summary of data 
Table 11. Summary of 44 studies on available methods for hepatitis B virus (HBV) laboratory testing in samples from living donors [107-148] 

Test Method 
(n of studies) 

Range clinical 
sensitivity 

Median 
clinical 

sensitivity 

Average 
clinical 

sensitivity 

Range analytic 
sensitivity 
(IU/mL) 

Median analytic 
sensitivity 
(IU/mL) 

Average analytic 
sensitivity 
(IU/mL) 

Range 
specificity Window period reported 

EIA         

HBsAg (8) 43.8% - 100.0% 98.5% 94.7% 0.03 - 0.63 0.13  99.1% - 
100.0% 

 

n reports 13 8 13  

CLIA         

HBsAg (16) 70.0% - 100.0% 100.0% 95.2% 0.01 - 0.10 0.02  99.1% - 
100.0% 

Estimated time to 1st reactive result:  
32.2-36.8 days 

n reports 19 16 31  

Anti-HBc (7) 78.9% - 100.0% 99.8% 95.3% NR NA  99.0% - 
100.0% 

 

n reports 12 0 11  

HBV DNA NAT         

Overall (22) 84.8% - 100.0% 99.5% 97.2% 1.4 - 20.0 5.6 7.6 99.7% - 
100.0% 

 

n reports 8 31 6  

ID (19) 97.7% - 100.0% 99.5% 99.4% 1.4 - 14.7 4.9 6.8 99.7% - 
99.9% 

14-24 days reduction from HBsAg 
Estimated iWP of 8.6-13.8 days 

n reports 6 28 2  

MP6 - MP16 
(4) 98.3% NA NA 11.0 - 15.7 13.3 13.3 100.0% 7 days reduction from HBsAg 

n reports 1 2 1  

Pool >16 (3) 84.8% NA NA 20.0 NA 100.0% 100.0% 4 days reduction from HBsAg 

n reports 1 1 3  

Note: all analytic sensitivity values for HBV DNA in copies/mL have been converted to IU/mL based on the conversion 1 IU = 5.3 copies. All analytic sensitivity values for HBsAg in ng/mL have been 
converted to IU/mL based on the conversion 1 IU = 0.98 ng. CLIA: chemiluminescent immunoassay (includes chemiluminescent microparticle immunoassays [CMIA] and electrochemiluminescence 
immunoassays [ECLIA]). EIA: Enzyme immunoassay (includes enzyme-linked immunosorbent assays [ELISA]). HBc(Ag): HBV core antigen. HBsAg: Hepatitis B surface antigen. ID: individual 
donations. iWP: infectious window period.MP: minipool. NA: not applicable. NAT: nucleic acid test. NR: not reported.  
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Deceased donors 
Five studies evaluating laboratory test methods for the detection of HBV on post-mortem blood samples were 
identified in the search [149-153], of which four studies evaluated chemiluminescent immunoassays (CLIA) for 
the detection of anti-HBc [149,151-153], four studies evaluated CLIA for the detection of HBsAg [149,151-153], 
and two studies evaluated NAT for the detection of HBV DNA [150,151].  

All studies evaluated the performance of the test methods on post-mortem samples relative to their performance 
on samples from living individuals. All studies reported no differences in the sensitivity or specificity of the 
evaluated test methods in samples procured post-mortem compared to those retrieved on living individuals.  

In all but one report, sampling was performed within 24 hours of circulatory death. One study obtained samples 
between 11-54 hours after death (average: 31.5 hours). This study evaluated a NAT detecting HBV DNA and 
concluded on comparable analytical sensitivity in post-mortem samples but found a higher coefficient of variation in 
samples collected more than 24 hours post-mortem, indicating higher variability of results in these samples [150]. 

One study did not evaluate test methods on post-mortem blood samples but aimed to describe the risk of HBV 
transmission associated with different serologic profiles in organs, tissues, and cells donors [154]. This study 
identified two organ and two cornea donors with detectable anti-HBc and HBV DNA but negative for HBsAg, 
concluding that testing for HBV DNA could be a relevant screening test in these donors. The timing of sampling is 
not indicated for these donors.  

Residual risk of HBV  
The residual risk (RR) of HBV infection in SoHO donation is defined as the probability of having a donation from 
an asymptomatic viraemic donor not being detected by the screening assays [155]. The undetected infected 
donation may transmit the infection to a recipient if the blood components are not pathogen-inactivated or the 
inactivation is insufficient to render the donation non-infectious. Non-detection of HBV may be attributed to test 
failures, donors being in the diagnostic window period, or transient antigenemia or low-level viraemia. For 
current modern test methods, the contribution of assay failures to the residual risk is considered negligible and 
usually not considered in the residual risk. Table 12 presents the RR per million blood donations according to 
different incidence rates and test methods. An incidence adjustment factor has been used for HBV to account for 
transient antigenemia or low-level viraemia according to WHO guidelines on the estimation of residual risk [155]. 
It is important to note this adjustment factor is based on data from a dating from the 1990s finding that 25% of 
HBV infections have no detectable HBsAg [156]. Of note, these RRs are based on the incidence rate-window 
period risk day equivalent model, which has been shown to give reliable estimates for the RR of HBV in low 
prevalence regions [157].  

Residual risks calculated in various studies conducted in EU countries are presented in Table 13. These residual 
risks are provided as illustrations for different test methods and are not meant to provide a comprehensive 
overview of the residual risk of HBV transmission in the EU/EEA. The calculation methods differ across studies, 
and comparisons of residual risks between countries should be interpreted cautiously.  
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Table 12. Residual risk (RR) of hepatitis B virus (HBV) transmission per million blood donations, by 
test method and incidence rate (in repeat donors and first-time donors) 

Incidence rate  
per 100 000 donors 

ID-NAT 
WP: 27 

MP-16 NAT 
WP: 37 

HBsAg EIA/CLIA 
WP: 42 

1 
1.36 2.34 3.95 

2.22 3.04 3.45 

5 
6.82 11.72 19.73 

11.09 15.20 17.25 

10 
13.65 23.43 39.45 

22.18 30.39 34.50 

20 
27.30 46.86 78.90 

44.35 60.78 68.99 

30 
40.95 70.29 118.35 

66.53 91.17 103.49 

40 
54.60 93.72 157.80 

88.71 121.56 137.99 

50 
68.25 117.15 197.25 

110.88 151.95 172.48 

60 
81.90 140.58 236.70 

133.06 182.34 206.98 

70 
95.55 164.01 276.15 

155.24 212.73 241.48 

80 
109.19 187.45 315.60 

177.41 243.12 275.98 

EIA/CLIA: enzyme immunoassay/chemiluminescent immunoassay. HBsAg: hepatitis B surface antigen. ID-NAT: individual 
nucleic acid testing. MP-16 NAT: minipool nucleic acid testing of 16 donations. WP: window period.;  
The RR was calculated as the product of the window period and the incidence rate. An HBV incidence adjustment factor was 
used, considering an average of 2.1 donations per repeat donor per year. A first-time donor incidence adjustment factor of 3 
was used.  
The values for window periods were taken from the WHO guidelines on estimation of residual risk using the values for the 
three-fold concentration of the 95% detection probability [155].  
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Table 13. Examples of residual risks of hepatitis B virus transmission calculated in various EU countries, by periods and test methods 

Author, year Country Period Test method Window 
period (days) Type of donation Incidence rate per 

100 000 donations 
Residual risk per million 

donations 

Gonzalez, 2005 
[158] Italy 1999–2001 HBsAg EIA/CLIA 59 Whole blood 44.12 69.16 

do Barrio, 2005 
[159] Spain (7 centres) 2000–2002 HBsAg EIA/CLIA 59 Whole blood 11.55  18.67  

Offergeld, 2005 
[160] Germany 2001–2002 

HBsAg EIA/CLIA 
HBsAg EIA/CLIA + MP-NAT 
HBsAg EIA/CLIA + ID-NAT 

50 
45 
34 

Whole blood 1.31 
4.37 
1.62 
1.22 

Pillonel, 2005 
[161] France 2001–2003 HBsAg EIA/CLIA 56 Whole blood 1.02  1.57 

Hourfar, 2008 
[162] Germany 1997–2005 HBsAg EIA/CLIA + MP-NAT and 

ID-NAT 31.4-42.8* Whole blood 1.37 2.73-2.85* 

López-Menchero, 
2019 [163] Spain (Valencia) 2003–2006 HBsAg EIA/CLIA 42 Whole blood 13.11-13.32* 13.40-13.72* 

Koch, 2013 [164] Portugal (1 centre) 2007–2010 HBsAg EIA/CLIA + MP-NAT 35 Whole blood 1.98  1.9 

Grubyte, 2011 
[165] Lithuania 2004–2011 HBsAg EIA/CLIA 42 Whole blood 20.34-172.96* 13.08-270.09* 

an der Heiden, 
2014 [166] Germany 2006–2012 HBsAg EIA/CLIA + anti-HBc 34 Whole blood 0.46  1.07 

Scheiblauer, 
2020 [94]**  

Germany  2008–2015  

HBsAg EIA/CLIA 
MP-NAT (146 IU/mL) 

ID-NAT 

30.0 / 38.3*** 
26.9 / 35.2*** 
12.2 / 20.5*** 

Whole blood  

7.51 
4.86 
4.17  

0.6 / 0.8*** 
0.4 / 0.5*** 
0.1 / 0.2*** 

Stanic, 2017 
[167] Croatia 2013–2016 ID-NAT + anti-HBc for reactive 

NAT NR Whole blood 9.2 27.1 

López-Menchero, 
2019 [163] Spain (Valencia) 2006–2017 HBsAg EIA/CLIA + ID NAT 17 Whole blood 6.77-21.08* 2.89-8.90* 

Grubyte, 2011 
[165] Lithuania 2012–2018 HBsAg EIA/CLIA + ID-NAT 17 Whole blood 20.34-146.28* 13.08-103.33* 
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Author, year Country Period Test method Window 
period (days) Type of donation Incidence rate per 

100 000 donations 
Residual risk per million 

donations 

Velati, 2019 
[168] ****  

Italy  2009–2018  
HBsAg EIA/CLIA + MP-NAT and 

ID-NAT  
8.6 to 27.9  Whole blood  

FT: 0.11 
RP: 0.41  

Acute Hepatitis B donors: 
 0.17 (0.11–0.25) 

OBI donors:  
0.22 (0.19–0.24) 

Overall HBV:  
0.39 (0.30–0.49) 

Cappy, 2022 [47] France 2018–2020 ID-NAT 10 Whole blood 3.7 0.11 

EIA/CLIA: enzyme immunoassay/chemiluminescent immunoassay. FT: first-time donors. HBsAg: Hepatitis B surface antigen. ID-NAT: individual donation nucleic acid test. MP-NAT: minipool nucleic 
acid tests. NR: not reported. OBI: occult hepatitis B infection. RP: repeat donors. 
* Range over the study period. 
** In those with negative anti-HBc. 
*** The first and second figures are based on infectious doses of 1 and 10 HBV DNA copies, respectively.  
****Residual risk is weighted by the proportion of donations tested by each method. 
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5 Current testing requirements in EU/EEA 
countries  
Testing requirements for blood donation 
Testing practices for blood donation screening are described in Table 14. Information on confirmatory algorithms 
is not provided in this document as it is considered out of the scope of the development of the technical 
guidelines.  

Table 14. Reported testing practices for HBV in the EU/EEA by country for blood donations, 2021 

Country HBsAg Anti-HBc* HBV NAT Comments 

Austria Yes No Yes  

Belgium*** Yes NC Yes 
Anti-HBc testing is performed on first-time donors and on 
the next donation if the donor has not returned to donate 

for two years and depending on other risk factors. 

Bulgaria Yes No Yes  

Croatia Yes No Yes  

Cyprus Yes No Yes  

Czechia Yes Yes Yes 
If ID-NAT is reactive: anti-HBc is added to screening. The 

anti-HBc test is also a part of obligatory confirmatory 
testing for HBV. 

Denmark Yes Yes Yes Anti-HBc testing is performed on first-time donors, and anti-
HBc reactive donors are deferred permanently. 

Estonia Yes No Yes  

Finland Yes Yes Yes Anti-HBc is done on first-time donors in some 
establishments. 

France Yes Yes Yes  

Germany Yes Yes Yes** 
Anti HBc-only positive donations can be used if highly 

sensitive NAT (<5 IU/mL) is negative and anti-HBs is > 100 
IU/mL. 

Greece Yes Yes Yes  

Hungary Yes No Yes  

Iceland Yes NC No  

Ireland Yes No Yes  

Italy Yes No Yes  

Latvia Yes NC Yes  

Lithuania Yes NC Yes  

Luxembourg Yes NC Yes  

Malta  Yes NC Yes  

Netherlands Yes Yes Yes 

All blood donations are tested for anti-HBc; anti-HBc 
reactive donations can be released for clinical or 

manufacturing use if anti-HBs levels >200 mIU/mL. HBV-
HCV-HIV NAT is routinely performed as multiplex real-time 

PCR testing in minipools of six donations. 
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Country HBsAg Anti-HBc* HBV NAT Comments 

Norway Yes Yes No 
Anti-HBc testing is done when it is more than six months 
since the previous donation. Anti-HBc reactive donations 

can be released for clinical or manufacturing use if anti-HBs 
titre is >200 mIU/mL. 

Poland Yes No Yes  

Portugal Yes Yes Yes  

Slovakia Yes Yes Yes  

Slovenia Yes Yes Yes  

Spain Yes No Yes Anti-HBc is performed in some establishments. 

Sweden*** Yes Yes No 
Anti-HBc only for new donors, when registering for blood 

donation. If anti-HBs is > 100 IU/mL, they are approved as 
blood donors. 

HBc(Ag): HBV core antigen. HBsAg: Hepatitis B surface antigen. HBV: hepatitis B virus. HCV: hepatitis C virus. HIV: human 
immunodeficiency virus. ID-NAT: individual donation nucleic acid test. IU: international units. NAT: nucleic acid test. PCR: 
polymerase chain reaction. 
* Data from 2019. 
** HBV-NAT-testing is mandatory for donations from which a plasma for transfusion will be manufactured if not kept in 
quarantine for four months. 
*** Data amended after the initial draft of the guidelines on the prevention of HBV transmission through substances of human 
origin. 
From EDQM, 2021 [169]. 
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Testing requirements for tissues and non-reproductive cells 
donors 
Due to the unavailability of data on testing practices in EU/EEA countries, testing requirements from the mapping 
exercise conducted in 2015 by the European Commission are described in this section.  

Table 15. Testing requirements for HBV in the EU/EEA by country: tissues and non-reproductive 
cells (2015) 

Country Testing requirement 
declared* 

Tissue/cell 
type Donor type Comment 

Austria 
• HBsAg 
• Anti-HBc 
• HBV NAT 

All Living and 
deceased 

If the anti-HBc test is positive and 
the HBsAg test is negative, further 
tests are required (risk evaluation) 

to determine the clinical use. 

Belgium 
• HBsAg 
• Anti-HBc 
• HBV NAT 

All Living and 
deceased 

NAT tests are mandatory unless 
the processing includes an 

inactivation step validated for the 
viruses concerned. For living 

donors, NAT tests may be replaced 
by serology six months after the 
collection/procurement of tissues 

or cells. 

Bulgaria 
• HBsAg 
• Anti-HBc 
• HBV NAT 

All NAT for living 
donors 

Additional testing is needed if anti-
HBc is positive and HBsAg is 

negative. Tests for active 
replication and/or viral load. Anti-

HBs should be > 50 IU/l. 

Croatia 
• HBsAg 
• Anti-HBc 
• HBV NAT 

All Living and 
deceased 

For anti-HBc positive and HBsAg 
negative donors, it is necessary to 
provide evidence of titres of anti-
HBs higher than 100 IU/mL and 

negative NAT to release the 
donation. 

Cyprus 
• HBsAg 
• Anti-HBc 
• HBV NAT 

All Living and 
deceased 

NAT testing is required if tissues or 
cells will be issued without 

retesting of donors after 180 days 
of collection. 

Czechia • HBsAg 
• Anti-HBc All Living and 

deceased  

Denmark 
• HBsAg 
• Anti-HBc 
• HBV NAT 

All HBV NAT for 
deceased donors  

Estonia 
• HBsAg 
• Anti-HBc 
• HBV NAT 

All Living and 
deceased 

Where tissues and cells of 
allogeneic living donors can be 

stored for long periods, repeated 
sampling and testing are required 

after an interval of 180 days, 
except if tested by HBV NAT. 

Finland 
• HBsAg 
• Anti-HBc 
• HBV NAT 

All Living and 
deceased 

All deceased donors need to be 
tested with serological AND NAT 
tests for HIV, HBV and HCV. All 
living donors (allogeneic grafts) 

need to be tested with serological 
AND NAT tests (no quarantine 
applied) or a 180-day test (if 

serology is used). 

France 
• HBsAg 
• Anti-HBc 
• HBV NAT 
• Anti-HBs 

All Living and 
deceased 

Anti-HBs is performed only if anti-
HBc is positive. 
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Country Testing requirement 
declared* 

Tissue/cell 
type Donor type Comment 

Germany 
• HBsAg 
• Anti-HBc 
• HBV NAT 

All  
Except for 

cornea and skin 
for HBV NAT 

Living and 
deceased 

Validation of the serological and 
NAT assays for use in cadaveric 

samples is required. 

Greece 
• HBsAg 
• Anti-HBc 
• Anti-HBs 
• HBV NAT 

All Living and 
deceased 

HBV NAT is performed for living 
donors if requested by the 

Transplant Centre.  

Hungary • HBsAg 
• Anti-HBc All Living and 

deceased  

Ireland • HBsAg 
• Anti-HBc All Living and 

deceased  

Italy 
• HBsAg 
• Anti-HBc 
• Anti-HBs 
• HBV NAT 

All HBV NAT for living 
donors 

HBV NAT is used in living donors of 
tissues if serology is not repeated 

after 180 days. Anti-HBs is 
performed if anti-HBc results are 

positive. 

Latvia • HBsAg 
• Anti-HBc All Living and 

deceased  

Lithuania 
• HBsAg 
• Anti-HBc 
• Anti-HBs 
• HBV NAT 

All Living and 
deceased HBV NAT for deceased donors only. 

Luxembourg • HBsAg 
• Anti-HBc All Living and 

deceased  

Malta • HBsAg 
• Anti-HBc All Living and 

deceased  

Netherlands • HBsAg 
• Anti-HBc All Living and 

deceased  

Norway • HBsAg 
• Anti-HBc All Living and 

deceased  

Poland 
• HBsAg 
• Anti-HBc 
• HBV NAT 

All Living and 
deceased 

HBV NAT can be used as a 
confirmatory test. 

Portugal 
• HBsAg 
• Anti-HBc 
• Anti-HBs 
• HBV NAT 

All Living and 
deceased 

Anti-HBs is performed when anti-
HBc is positive. 

Romania 
• HBsAg 
• Anti-HBc 
• Anti-HBs 

All Living and 
deceased  
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Country Testing requirement 
declared* 

Tissue/cell 
type Donor type Comment 

Slovakia • HBsAg 
• Anti-HBc All Living and 

deceased  

Slovenia 
• HBsAg 
• Anti-HBc 
• HBV NAT 

All HBV NAT for 
deceased donors 

For living donors, NAT is used if 
the sample is taken at the time of 
donation or within seven days post 

donation. 

Spain 
• HBsAg 
• Anti-HBc 
• HBV NAT 

All  
HBV NAT: recommended in 

particular if anti-HBc positive and 
HBsAg negative. 

Sweden 
• HBsAg 
• Anti-HBc 
• HBV NAT 

HBV NAT: bone, 
tendons 

Living and 
deceased 

HBV NAT is recommended for all 
donors. 

HBc(Ag): HBV core antigen. HBsAg: Hepatitis B surface antigen. HBV: hepatitis B virus. HCV: hepatitis C virus. HIV: human 
immunodeficiency virus. NAT: nucleic acid test.  
* Minimum mandatory requirement for tissues and cells is anti-HBc and HBsAg as per directive 2004/23/EC. HBV NAT is 
required for living donors (except stem-cell donors) in case of storage for long periods, if no re-testing is performed or if there 
is no validated inactivation step for viruses.  
Tests are reported as legally binding unless specified otherwise. 
From European Commission [170]. 
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Testing requirements for reproductive cells donors 
Due to the unavailability of data on testing practices in EU/EEA countries, testing requirements from the mapping 
exercise conducted in 2015 by the European Commission are described in this section.  

Table 16. Testing requirements for HBV in the EU/EEA by country: reproductive cells (2015) 

Country 
Testing 

requirement 
declared* 

Donation type Comment 

Austria 
• HBsAg 
• Anti-HBc 
• HBV NAT 

HBV NAT: all non-partner donation  

Belgium 
• HBsAg 
• Anti-HBc 
• HBV NAT 

HBV NAT: all non-partner 
donation 

NAT tests are mandatory unless the processing 
includes an inactivation step validated for the viruses 

concerned. 

Bulgaria 
• HBsAg 
• Anti-HBc 
• HBV NAT 

HBV NAT: all non-partner 
donation 

Oocyte donors are tested at recruitment and on the 
day of donation, and results should be available 

before the transfer of the embryos. Sperm is usually 
quarantined for 180 days and donors retested after 

this period, except if NAT is used. 

Croatia 
• HBsAg 
• Anti-HBc 
• Anti-HBs 
• HBV NAT 

All 
For anti-HBc-positive/HBsAg-negative donors, it is 
necessary to provide evidence of titres of anti-HBs 

higher than 100 IU/mL and negative NAT to release 
the donation for clinical use. 

Cyprus 
• HBsAg 
• Anti-HBc 
• HBV NAT 

All 
NAT testing is required if tissues or cells will be issued 

without retesting of donors after 180 days of 
collection. 

Czechia • HBsAg 
• Anti-HBc All  

Denmark 
• HBsAg 
• Anti-HBc 
• HBV NAT 

All 
HBV NAT is mandatory for oocyte donors. NAT testing 

is required if non-partner donors are not retested 
after 180 days.** 

Estonia 
• HBsAg 
• Anti-HBc 
• HBV NAT 

All NAT testing is required if non-partner donors are not 
retested after 180 days. 

Finland 
• HBsAg 
• Anti-HBc 
• HBV NAT 

HBV NAT: sperm in non-
partner donation 

NAT testing is required if non-partner donors are not 
retested after 180 days. 

France 
• HBsAg 
• Anti-HBc 
• HBV NAT 
• Anti-HBs 

All 
In non-partner sperm donation, NAT testing for HIV, 
HCV and HBV at the last collection will allow to avoid 

the 180 days of quarantine. 

Germany • HBsAg 
• Anti-HBc All  

Greece • HBsAg 
• Anti-HBc All  

Hungary • HBsAg 
• Anti-HBc All  

Ireland • HBsAg 
• Anti-HBc All  

Italy • HBsAg 
• Anti-HBc All  
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Country 
Testing 

requirement 
declared* 

Donation type Comment 

Latvia • HBsAg 
• Anti-HBc All  

Lithuania • HBsAg 
• Anti-HBc All  

Luxembourg • HBsAg 
• Anti-HBc All  

Malta • HBsAg 
• Anti-HBc All  

The 
Netherlands 

• HBsAg 
• Anti-HBc All  

Norway • HBsAg 
• Anti-HBc All  

Poland 
• HBsAg 
• Anti-HBc 
• HBV NAT 

All NAT is used as a confirmatory test.  

Portugal 
• HBsAg 
• Anti-HBc 
• HBV NAT 

All NAT testing is required if non-partner donors are not 
retested after 180 days. 

Romania 
• HBsAg 
• Anti-HBc 
• Anti-HBs 

All  

Slovakia • HBsAg 
• Anti-HBc All  

Slovenia • HBsAg 
• Anti-HBc All  

Spain 
• HBsAg 
• Anti-HBc 
• HBV NAT 

HBV NAT: non-partner 
donation 

NAT testing is required if non-partner donors are not 
retested after 180 days. 

Sweden • HBsAg 
• Anti-HBc All  Non-partner sperm donors should be quarantined for 

180 days and then retested. 

HBc(Ag): HBV core antigen. HBsAg: Hepatitis B surface antigen. HBV: hepatitis B virus. HCV: hepatitis C virus. HIV: human 
immunodeficiency virus. NAT: nucleic acid test.  
* Minimum mandatory requirement for tissues and cells is HBsAg as per directive 2004/23/EC. 
** Sperm donation may take place regularly every week or several times a week over a longer coherent period of time. In such 
cases, the Danish Patient Safety Authority accepts that blood sampling is performed at the time of the first donation and 
subsequently at least every three months.  
Tests are reported as legally binding unless specified otherwise. 
From European Commission [170]. 
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6 Recommendations from other organisations 
Recommendations for blood  
Table 17. Recommendations from selected organisations for HBV testing of blood donations 

Institution Minimum requirements and 
recommended tests Risk groups Additional information 

EU Commission [171-173] 
Directive 2002/98/EC 
Directive 2004/33/EC, Annex III 
Regulation (EU) 2017/746 

Minimum requirements: HBsAg. 
 
Class D devices should be used for the 
detection of the presence of, or exposure 
to, a transmissible agent in blood, blood 
components, or in any of their derivatives, 
to assess their suitability for transfusion. 

Individuals whose sexual behaviour puts 
them at a high risk of acquiring severe 
infectious diseases that can be 
transmitted by blood must be deferred 
permanently.  
Persons who have been in close 
household contact with an individual 
infected by HBV (acute or chronic) must 
be deferred for six months (four months 
if appropriate testing has been 
performed) from the time of contact, 
unless demonstrated to be immune. 

Individuals infected with HBV must be 
deferred permanently, except for HBsAg-
negative persons who are demonstrated 
to be immune. 

European Directorate for the Quality of Medicines & 
HealthCare (EDQM) [174] 
The Guide to the preparation, use and quality 
assurance of blood components, 21st edition 

Minimum requirements: hepatitis B surface 
antigen (HBsAg). 
 
Recommended: anti-HBc and HBV DNA 
NAT are also helpful in defining the 
infection status of the donor.  

Current sexual partners of people with 
HBV should be deferred 
unless demonstrated to be immune.  

Individuals should be deferred for two 
weeks following the administration of 
hepatitis B or a combined hepatitis A and 
hepatitis B vaccine in order to prevent 
vaccine‑related positivity in the HBsAg 
test. 

US Food and Drug Administration (FDA) [175,176] 
Adequate and Appropriate Donor Screening Tests for 
Hepatitis B; Hepatitis B Surface Antigen (HBsAg) 
Assays Used to Test Donors of Whole Blood and Blood 
Components, Including Source Plasma and Source 
Leukocytes 
 
Use of Nucleic Acid Tests on Pooled and Individual 
Samples from Donors of Whole Blood and Blood 
Components, Including Source Plasma, to Reduce the 
Risk of Transmission of Hepatitis B Virus 

We recommend that establishments using 
HBsAg detection assays to test whole Blood 
and blood components […] use assays that 
have a lower limit of detection capability of 
0.5ng HBsAg/mL or less. 
We recommend that you use an FDA-
licensed donor screening test for HBV DNA 
by NAT in addition to testing for HBsAg and 
anti-HBc. If HBsAg and anti-HBc are 
negative or non-reactive, we recommend 
to further test HBV DNA with a lower limit 
of detection of < 100 IU/mL. 
 

 
Individuals infected with HBV must be 
deferred permanently. 
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Institution Minimum requirements and 
recommended tests Risk groups Additional information 

Joint United Kingdom (UK) Blood Transfusion and 
Tissue Transplantation Services Professional Advisory 
Committee (JPAC) [177] 
Guidelines for the Blood Transfusion Services 
Donor Selection Guidelines 

Minimum requirements: HBsAg 0.2 IU/mL, 
anti-HBc and anti-HBs. 
 
HBV DNA NAT is recommended in pools of 
a maximum of 24 donations. 

Current sexual partner or household 
contact with active or recovered HBV 
infection. 
Previous contact with sexual partner (3 
months) or household contact (4 
months) with active or recovered HBV 
infection can donate. 

Donations that are anti-HBc reactive and 
have anti-HBs >100 mIU/mL are 
considered suitable for release if HBsAg 
and ID HBV DNA NAT are negative. 

DNA: desoxyribonucleic acid. HBc(Ag): HBV core antigen. HBsAg: Hepatitis B surface antigen. HBV: hepatitis B virus.ID: individual donation. IU: international units. NAT: nucleic acid test.  
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Recommendations for tissues and cells  
Table 18. Recommendations from selected organisations for testing of tissues and cells donations 

Institution Minimum requirements and 
recommended tests Risk groups Additional information 

EU Commission [173,178] 
Directive 2006/17/EC Regulation (EU) 
2017/746 
 

Tissues and cells (except reproductive 
cells) 
Minimum requirements: HBsAg, anti-
HBc. 
 
Reproductive cells - partner donation 
Minimum requirements: HBsAg, anti-
HBc. 
 
 
Reproductive cells – non-partner 
donation 
Minimum requirements: HBsAg, anti-
HBc. 
 
Class D devices should be used for the 
detection of the presence of, or 
exposure to, a transmissible agent in 
cells, tissues, or in any of their 
derivatives, in order to assess their 
suitability for transplantation or cell 
administration. 

Children aged less than 18 months born from 
mothers with hepatitis B, or at risk of such infection, 
and who have been breastfed by their mothers 
during the previous 12 months, cannot be 
considered as donors regardless of the results of 
the analytical tests. 

Individuals infected with acute or chronic hepatitis B 
must be deferred permanently. 
When anti-HBc is positive and HBsAg is negative, 
further investigations are necessary with a risk 
assessment to determine eligibility for clinical use. 
 
Deceased donors 
General criteria for exclusion: 
History, clinical evidence, or laboratory evidence of 
[…] hepatitis B […]. 
 
Deceased child donors: 
Children aged less than 18 months born from mothers 
with […] hepatitis B […] or at risk of such infection, 
and who have been breastfed by their mothers during 
the previous 12 months, cannot be considered as 
donors regardless of the results of the analytical tests. 
 
Allogenic living donors: 
The same exclusion criteria must be applied as for 
deceased donors […]. 
 

European Directorate for the Quality of 
Medicines & HealthCare (EDQM) [179] 
Guide to the Quality and Safety of 
Tissues and Cells for Human 
Application, 5th edition 

Minimum requirements: HBsAg, Anti-
HBc. If anti-HBc is reactive and HBsAg 
is negative, HBV DNA with a limit of 
detection below 30 IU/mL must be 
used.  
 
Recommended: HBV DNA NAT. 

• Injected drug use for non-medical reasons. 
• Tattoos, ear piercings, body piercings and/or 

acupuncture in non-approved settings. 
• Exposure to someone else’s blood or other body 

fluids (such as needlestick injury or human bite) 
when that person was known to be infected 
with HBV (or of unknown status). 

• Sharing a residence with someone who has 
HBV. 

• Patients on regular haemodialysis. 

Individuals infected with HBV must be deferred 
permanently. 
 
Sampling:  
In the case of a deceased donor, blood samples must 
have been obtained just before cardiocirculatory 
arrest or, if this was not possible, the time of 
sampling must be as soon as possible after death, 
and in any case, within 24 hours after death.  
In the case of living donors, blood sampling must be 
obtained at the time of donation or, if this is not 
possible, within 7 days before or 7 days after 
donation. 
 
Newborns and infants aged under 18 months, or 
children who have been breastfed by their mothers 
during the previous 12 months, who were born to a 
mother with confirmed HBV infection, cannot be 
considered donors, regardless of the results of 
analytical tests of their sample. 
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Institution Minimum requirements and 
recommended tests Risk groups Additional information 

US Food and Drug Administration 
(FDA) [180] 
Guidance for Industry: Eligibility 
Determination for Donors of Human 
Cells, Tissues, and Cellular and Tissue-
Based Products  

[…] We recommend that you test 
HCT/P donors for HBsAg and for total 
anti-HBc (IgG and IgM). In addition, 
FDA recommends that you test HCT/P 
donors for HBV using an FDA-licensed 
NAT donor screening test in accordance 
with the manufacturer’s instructions. 

• Men who have had sex with another man in the 
preceding 5 years. 

• Persons who have injected drugs for a non-
medical reason in the preceding 5 years. 

• Persons who have engaged in sex in exchange 
for money or drugs in the preceding 5 years. 

• Persons who have been in juvenile detention, 
lock up, jail or prison for more than 72 
consecutive hours in the preceding 12 months. 

Any HCT/P donor whose specimen tests positive (or 
reactive) using any of the assays (i.e., HBsAg, total 
anti-HBc (IgG and IgM), or HBV NAT) is considered 
ineligible. 

Human Tissue Authority [181] 
HTA Guide to Quality and Safety 
Assurance for Human Tissues and Cells 
for Patient Treatment 

Minimum requirements: HBsAg and 
anti-HBc. 
 

 

Individuals with acute or chronic hepatitis B must be 
deferred permanently. 
 
If the original sample is additionally tested by NAT for 
HBV, a repeat sample does not need to be taken. 

Joint United Kingdom (UK) Blood 
Transfusion and Tissue Transplantation 
Services Professional Advisory 
Committee (JPAC) [177] 
Guidelines for the Blood Transfusion 
Services 

Minimum requirements: HBsAg 0.2 
IU/mL, HBV DNA, anti-HBc + anti-HBs. 
 
 

Current sexual partner or household contact with 
active or recovered HBV infection. 
Previous contact with sexual partner or household 
contact (3 months) with active or recovered HBV 
infection can donate. 
Less than 7 days after the last immunisation for 
HBV.  

Donations that are anti-HBc reactive and have anti-
HBs ≥100 mIU/mL are considered suitable for 
release. Donations that are anti-HBc reactive and are 
HBsAg and ID HBV DNA negative do not require an 
anti-HBs level of ≥100 mIU/mL to be considered 
suitable for release. 

DA: desoxyribonucleic acid. HBcAg: HBV core antigen. HBsAg: Hepatitis B surface antigen. HBV: hepatitis B virus. HCT/P: human cells, tissues, and cellular and tissue-based products. ID: individual 
donation. IU: international units. NAT: nucleic acid test. 
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7 Transmission through SoHO  
Evidence of transmission of HBV through SoHO 
Evidence of transmission of HBV through different SoHO types is presented in Table 19. This list is intended to 
document evidence of transmission for each SoHO type but is not intended to present comprehensive 
documentation of transmission events. As a reminder, absence of evidence is not evidence of absence. 

Table 19. Evidence of transmission of HBV by type of SoHO 

SoHO type Evidence of transmission 

Blood components: plasma Yes [182,183] 

Blood components: platelets Yes [183,184] 

Blood components: red blood cells Yes [24,183,185] 

Blood components: whole blood Yes [186] 

Cells: human progenitor cells Yes [187] 

Cells: oocytes None. Presence of HBsAg [188] 

Cells: sperm Yes [189] 

Tissues: bone Possible [190] 

Tissues: corneas Yes [191] 

Tissues: heart valve Yes [192] 

Tissues: skin None 

Tissues: tendon or ligaments None 
 
Donor HBV markers for reported transmission events are described in Table 20. Several transmission events with 
blood components were reported with donors presenting with negative HBsAg and HBV DNA using highly 
sensitive NAT, in some cases below 3 IU/mL [31,193]. Some, but not all, of the transmission events could have 
been prevented using anti-HBc screening. 
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Table 20. Transmission events of HBV through SoHO and donor HBV marker profile  

SoHO type 
Donor HBV markers profile 

 HBsAg Anti-HBc 
(IgM) 

Anti-HBc 
(total) Anti-HBs HBeAg Anti-HBe HBV DNA 

Blood components: plasma 
[182] 

At donation (before transfusion): 
 neg / / / / / neg 

Posterior donation (leading to 
lookback procedure): neg neg pos 55 IU/ml neg pos 

57 IU/mL  
Donor and recipient had genotype D HBV virus, with 

identical prenegS/S coding region sequences. 

Blood components: plasma 
[31]* 

Possible transmission neg / pos 14 IU/L / / neg  
95% limit of detection <10 IU/mL 

Confirmed transmission neg / neg neg / / neg 
Confirmed transmission neg / neg / / / / 
Confirmed transmission neg / / / / / / 
Confirmed transmission neg / neg neg / / / 
Probable transmission neg / neg neg / / / 
Probable transmission neg / neg / / / / 

Blood components: red blood 
cells [31]* 

Confirmed transmission neg / / / / / / 
Probable transmission neg / / / / / / 

Blood components: platelets 
[184] 

Case 1 
At donation 

 
Six weeks post-donation 

neg 
 

pos 

/ 
 
/ 

neg 
 

neg 

/ 
 

neg 

/ 
 
/ 

/ 
 
/ 

neg 
 

pos (estimated transfused HBV DNA <10 x 103 qeg) 

Case 2 

At donation 
 
 

Seven weeks post-
donation 

neg 
 
 

pos 

/ 
 
 
/ 

neg 
 
 

pos 

/ 
 
 

neg 

/ 
 
 
/ 

/ 
 
 
/ 

pos (assessed retrospectively; estimated transfused HBV 
DNA 750 x 103 qeq) 

 

Blood components: red blood 
cells [24,185] 

[24] 
Transfused donation  neg / / / / / neg 

Donation 60 days after pos / / / / / pos 
[185] Transfused donation neg / / / / / pos (retrospectively assessed, with 253 IU/ml) 

Blood components: whole 
blood [186] Transfused donation neg / / / / / pos (assessed retrospectively) 

Blood components: platelet 
concentrate [193] 

Confirmed transmission neg / neg 0.3 IU/L / / neg (retrospectively estimated at 0.06 IU/mL) 
Confirmed transmission neg / neg 2.5 IU/L / / neg (retrospectively estimated at 0.10 IU/mL) 
Confirmed transmission neg / neg 0.5 IU/L / / neg (retrospectively estimated at 0.11 IU/mL) 
Confirmed transmission neg / neg 1.2 IU/L / / neg (retrospectively estimated at 2.04 IU/mL) 
Confirmed transmission neg / neg 1.2 IU/L / / neg (retrospectively estimated at 0.02 IU/mL) 
Confirmed transmission neg / neg 0.7 IU/L / / neg (retrospectively estimated at 0.002 IU/mL) 
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SoHO type 
Donor HBV markers profile 

 HBsAg Anti-HBc 
(IgM) 

Anti-HBc 
(total) Anti-HBs HBeAg Anti-HBe HBV DNA 

Blood components: plasma 
[193] Confirmed transmission neg / neg 10.7 IU/L / / neg (95% limit of detection: 3.1 IU/mL) 

Blood components: platelet 
concentrate [27] 

Confirmed transmission neg / neg / / / Weakly pos 
Confirmed transmission neg / neg / / / neg 
Confirmed transmission neg / neg / / / pos (600 IU/L) 
Confirmed transmission neg / neg / / / pos (<25 IU/mL) 
Confirmed transmission neg / neg / / / pos (>500 IU/mL) 
Confirmed transmission neg / neg / / / pos (171 IU/mL) 

Blood components: red blood 
cells [27] 

Confirmed transmission neg / neg / / / Weakly pos 
Confirmed transmission neg / neg / / / pos (<25 IU/mL) 
Confirmed transmission neg / pos 12 IU/L / / pos (180 IU/mL) 
Confirmed transmission neg / neg / / / pos (>500 IU/mL) 

Blood components: plasma 
[27] 

Confirmed transmission neg / neg / / / Weakly pos 
Confirmed transmission neg / neg / / / pos (160 IU/mL) 
Confirmed transmission neg / neg / / / pos (<20 IU/mL) 
Confirmed transmission neg / pos / / / pos (<20 IU/mL) 
Confirmed transmission neg / pos 12 IU/L / / pos (180 IU/mL) 

Cells: human progenitor cells 
[187] 

Leakage from cryopreservation 
bag  pos neg neg neg neg neg pos (assessed retrospectively) 

Cells: sperm [189]  pos / / / pos / pos 
Tissues: bone [190]         

Tissues: corneas [191]  pos / / / / / / 
Tissues: heart valve [192]  pos / / / neg / / 

* Cases presented in this publication were specifically selected due to negative HBsAg and negative or absent HBV DNA tests. 
geq: genomic equivalent quantity



Pathogen data sheet: HBV                                               SUPPLEMENTARY MATERIAL 

43 

Reported transmission events of HBV infections through 
SoHO 
Table 21. Number of SoHO-transmitted HBV infections (imputability 2 or 3*) and number of units 
transfused or distributed in the EU/EEA (2017–2022) 

Year SoHO Number of transmitted 
HBV infections 

Number of transmitted 
unspecified viral 

infections 

Number of units 
transfused or 
distributed** 

2022 Blood 1 0 12 653 949 

 Tissues and cells 0 0 610 725 

 Reproductive cells 0 0 506 429 

2021 Blood 0 0 17 813 542 

 Tissues and cells 0 2 NA 

 Reproductive cells 0 0 NA 

2020 Blood 0 0 18 881 223 

 Tissues and cells 0 0 566 499 

 Reproductive cells 0 0 738 282 

2019 Blood 2 1 19 322 367 

 Tissues and cells 1 1 523 763 

 Reproductive cells 0 0 984 750 

2018 Blood 2 0 19 267 785 

 Tissues and cells 2 0 531 352 

 Reproductive cells 0 0 746 588 

2017 Blood 4 0 20 674 603 

 Tissues and cells 0 0 748 757 

 Reproductive cells 0 0 670 565 

NA: Not available. 
* 2: likely, probable; 3: certain.  
** Not reported by all countries for each year. Units are distributed for tissues and cells and reproductive cells. 
From SARE reporting, European Commission, 2024. 
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8 Pathogen reduction  
Search results 
This section aims to present the published outcomes of pathogen reduction methods regarding HBV, including in 
the context of SoHO processing. The results summarised in this section are based on a structured but non-
systematic search of Medline from January 2001 to March 2024. A combined search for HBV and HCV was 
performed. 

Available commercial pathogen reduction technologies for blood components in the EU/EEA are described in Table 
22. 

Table 22. Available commercial pathogen reduction technologies with CE marking 

Pathogen reduction method Components 

Amotosalen + UVA Light (320-400 nm) Platelets (apheresis or whole blood-derived) 

Amotosalen + UVA Light (320-400 nm) Plasma 
(apheresis or whole blood-derived) 

Riboflavin + UVB Light (280-360 nm) Platelets 
(apheresis or whole blood-derived) 

Riboflavin + UVB Light (280-360 nm) Plasma 
(apheresis or whole blood-derived) 

Riboflavin + UVB Light (280-360 nm) Whole blood 

UVC light Platelets 

Filtration + Methylene Blue + visible light (400-700 nm) Fresh frozen plasma 
(apheresis or whole blood-derived) 

Solvent/Detergent Single donation or mini-pool of plasma 
(apheresis or whole blood-derived) 

Adapted from Drew 2017 [194]. 

A total of 300 reports were screened, among which 26 were included. Individual studies and literature were 
included if they included measures of pathogen reduction following a processing or inactivation step for HBV in 
SoHO. Duplicates were removed. No other exclusion criteria were applied, and results are summarised by SoHO 
type in Table 23.  

For tissues, thermal treatment (above 82°C), peracetic acid/ethanol sterilisation, and gamma irradiation above 35 
kGy, were associated with reduction in the viral load of HBV below detection limits of tests used. For blood 
components, amotosalen and UV-A, methylene-blue and light, solvent/detergent, amustaline and glutathione, 
and PEN-110, were associated with reduction in the viral load of HBV below detection limits of tests used. 
Reports for riboflavin and UV-A or use of UV-C only indicated limited pathogen reduction for HBV with detectable 
viral load after application of the pathogen reduction method.  

None of the studies identified reported results on the inactivation of HBV in the context of processing of 
reproductive cells.  

The search methods are described in detail in Annex 1. 
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Summary of data 
Table 23. Pathogen reduction methods for HBV by substance of human origin (SoHO) [195-207] 

Author, year Country Publication 
type SoHO type Virus Pathogen reduction method Pathogen load 

metric Value Comment 

Moore, 2012 NA Review Bone HBV (PRV model) Gamma irradiation (13 kGy) Log reduction 3.8 Viral above LoD 

Pruss, 2001 Germany Study Bone HBV (PRV model) Gamma irradiation (35 kGy) Log reduction >5.6  

Pruss, 2003  Germany Study Bone HBV (PRV model) Peracetic acid/ethanol Log reduction >4.1  

Pruss, 2001 Germany Study Bone HBV (PRV model) Thermal treatment (82.5C, 15 min) Log reduction >4.1  

Moore, 2004 US Study Musculoskeletal grafts HBV (DHBV model) Terminal ethylene oxide Viral titres <10^0.5 No infectivity 

Allain, 2005 NA Review Plasma HBV Amotosalen + UV-A  Log reduction >4.5  

Bryant, 2007 NA Review Plasma HBV Amotosalen + UV-A  Log reduction >5.5  

Lanteri, 2020 NA Review Plasma HBV (DHBV model) Amotosalen + UV-A  Log reduction 4.4 Viral above LoD 

Seghatchian, 2011 NA Review Plasma HBV (PRV model) Methylene Blue + Light Log reduction >5.5  

Seghatchian, 2011 NA Review Plasma HBV (DHBV model) Methylene Blue + Light Log reduction >6  

Allain, 2005 NA Review Platelets HBV Amotosalen + UV-A  Log reduction >5.5  

Irsch, 2011 NA Review Platelets HBV Amotosalen + UV-A  Log reduction >5.5  

Irsch, 2011 NA Review Platelets HBV (DHBV model) Amotosalen + UV-A  Log reduction >6.2  

Lanteri, 2020 NA Review Platelets HBV Amotosalen + UV-A  Log reduction >5.5  
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Author, year Country Publication 
type SoHO type Virus Pathogen reduction method Pathogen load 

metric Value Comment 

Lanteri, 2020 NA Review Platelets HBV (DHBV model) Amotosalen + UV-A  Log reduction >6.7  

Lanteri, 2020 NA Review Platelets HBV (DHBV model) Amotosalen + UV-A  Log reduction ≥4.8  

Schlenke, 2014 NA Review Platelets HBV (PRV model) Riboflavin + UV-A Log reduction 2.5 Viral above LoD 

Schlenke, 2014 NA Review Platelets HBV (PRV model) UV-C Log reduction 2.8 Viral above LoD 

Kleinman, 2015 NA Review RBC HBV (DHBV model) Amustaline + glutathione Log reduction >5.1  

Aytay, 2004 US Study RBC HBV PEN110 Log reduction >7.2  

Moore, 2012 NA Review Tendons HBV (PRV model) Gamma irradiation (13 kGy) Log reduction 3.8 Viral above LoD 

Schmidt, 2012 Germany Study Tendons HBV (PRV model) Gamma irradiation (35 kGy) Log reduction 4 Modelled value. 

HBV: Hepatitis B Virus; DHBV: Duck Hepatitis B Virus; PRV: Pseudorabies Virus; NA: not applicable; kGy: kiloGray; LoD: limit of detection. 
Note: log reductions with “>” or “≥” indicate viral loads below limit of detection after pathogen reduction.  
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9 Public health resources  
ECDC 

− Hepatitis B 
− Surveillance and disease data for hepatitis B  
− Hepatitis B and C prevalence database 

US Centers for Disease Control (CDC) 
− CDC HBV professional resources 

US Food and Drug Administration (FDA) 
− Complete List of Donor Screening Assays for Infectious Agents and HIV Diagnostic Assays  
− FDA Blood Guidances 
− FDA Tissue Guidances 

European Directorate for the Quality of Medicines & 
HealthCare (EDQM) 

− EDQM Guide to the preparation, use and quality assurance of blood components  
− EDQM Guide to the quality and safety of tissues and cells for human application 

World Health Organization (WHO) 
− Hepatitis  
− Blood transfusion safety 
− Transplantation 

  

https://www.ecdc.europa.eu/en/hepatitis-b
https://www.ecdc.europa.eu/en/hepatitis-b/surveillance-and-disease-data
https://www.ecdc.europa.eu/en/infectious-disease-topics/z-disease-list/hepatitis-b/hepatitis-b-and-c-prevalence-database
https://www.cdc.gov/hepatitis/hbv/profresourcesb.htm
https://www.fda.gov/vaccines-blood-biologics/complete-list-donor-screening-assays-infectious-agents-and-hiv-diagnostic-assays
https://www.fda.gov/vaccines-blood-biologics/biologics-guidances/blood-guidances
https://www.fda.gov/vaccines-blood-biologics/biologics-guidances/tissue-guidances
https://www.edqm.eu/en/blood-guide
https://www.edqm.eu/en/guide-to-the-quality-and-safety-of-tissues-and-cells-for-human-application1
https://www.who.int/health-topics/hepatitis
https://www.who.int/health-topics/blood-transfusion-safety
https://www.who.int/health-topics/transplantation


SUPPLEMENTARY MATERIAL Pathogen data sheet: HBV 

48 

References  
1. International Committee on Taxonomy of Viruses. ICTV https://ictv.global/taxonomy/ (Accessed 22 January 2024).   
2. Coffin CS, Mulrooney-Cousins PM, Michalak TI. Hepadnaviral Lymphotropism and Its Relevance to HBV Persistence and 

Pathogenesis. Front Microbiol. 2021;12:695384. Available at: https://www.ncbi.nlm.nih.gov/pubmed/34421849 
3. Dandri M, Petersen J. Mechanism of Hepatitis B Virus Persistence in Hepatocytes and Its Carcinogenic Potential. Clin 

Infect Dis. 2016 Jun 1;62 Suppl 4(Suppl 4):S281-8. Available at: https://www.ncbi.nlm.nih.gov/pubmed/27190317 
4. European Centre for Disease Prevention and Control (ECDC). Hepatitis B. In: ECDC. Annual epidemiological report for 

2022. Stockholm: ECDC; 2024.  
5. McMahon BJ, Alward WL, Hall DB, Heyward WL, Bender TR, Francis DP, et al. Acute hepatitis B virus infection: relation of 

age to the clinical expression of disease and subsequent development of the carrier state. J Infect Dis. 1985 
Apr;151(4):599-603. Available at: https://academic.oup.com/jid/article-
abstract/151/4/599/942175?redirectedFrom=fulltext 

6. Fattovich G. Natural history of hepatitis B. J Hepatol. 2003;39 Suppl 1:S50-8. Available at: 
https://www.sciencedirect.com/science/article/pii/S0168827803001399?via%3Dihub 

7. Liver. EAftSot. EASL Recommendations on Treatment of Hepatitis C 2018. J Hepatol. 2018 Aug;69(2):461-511. Available 
at: https://www.sciencedirect.com/science/article/pii/S0168827818319688?via%3Dihub 

8. Gerlich WH. Medical virology of hepatitis B: how it began and where we are now. Virol J. 2013 Jul 20;10:239.  
9. Wright TL, Mamish D, Combs C, Kim M, Donegan E, Ferrell L, et al. Hepatitis B virus and apparent fulminant non-A, non-

B hepatitis. Lancet. 1992 Apr 18;339(8799):952-5. Available at: 
https://www.sciencedirect.com/science/article/pii/014067369291530L?via%3Dihub 

10. Kuhns MC, Holzmayer V, McNamara AL, Anderson M, Cloherty GA. Hepatitis B seroconversion revisited: new insights into 
the natural history of acute hepatitis B virus (HBV) infection from quantitative and highly sensitive assays and novel 
biomarkers. Virol J. 2021 Nov 29;18(1):235.  

11. Dutch M, Cheng A, Kiely P, Seed C. Revised nucleic acid test window periods: Applications and limitations in organ 
donation practice. Transpl Infect Dis. 2024 Feb;26(1):e14180. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/37885419 

12. Croagh CM, Lubel JS. Natural history of chronic hepatitis B: phases in a complex relationship. World J Gastroenterol. 2014 
Aug 14;20(30):10395-404. Available at: https://www.ncbi.nlm.nih.gov/pubmed/25132755 

13. Ganem D, Prince AM. Hepatitis B virus infection--natural history and clinical consequences. N Engl J Med. 2004 Mar 
11;350(11):1118-29. Available at: https://www.ncbi.nlm.nih.gov/pubmed/15014185 

14. Tang LSY, Covert E, Wilson E, Kottilil S. Chronic Hepatitis B Infection: A Review. JAMA. 2018 May 1;319(17):1802-13. 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/29715359 

15. Liver. EAftSot. EASL 2017 Clinical Practice Guidelines on the management of hepatitis B virus infection. J Hepatol. 2017 
Aug;67(2):370-98. Available at: https://www.sciencedirect.com/science/article/pii/S016882781730185X?via%3Dihub 

16. Lok AS. Natural history and control of perinatally acquired hepatitis B virus infection. Dig Dis. 1992;10(1):46-52. Available 
at: https://karger.com/ddi/article-abstract/10/1/46/93662/Natural-History-and-Control-of-
Perinatally?redirectedFrom=fulltext 

17. Liaw YF, Brunetto MR, Hadziyannis S. The natural history of chronic HBV infection and geographical differences. Antivir 
Ther. 2010;15 Suppl 3:25-33. Available at: https://www.ncbi.nlm.nih.gov/pubmed/21041901 

18. Andreani T, Serfaty L, Mohand D, Dernaika S, Wendum D, Chazouilleres O, et al. Chronic hepatitis B virus carriers in the 
immunotolerant phase of infection: histologic findings and outcome. Clin Gastroenterol Hepatol. 2007 May;5(5):636-41. 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/17428739 

19. Chen YC, Chu CM, Liaw YF. Age-specific prognosis following spontaneous hepatitis B e antigen seroconversion in chronic 
hepatitis B. Hepatology. 2010 Feb;51(2):435-44. Available at: https://www.ncbi.nlm.nih.gov/pubmed/19918971 

20. Lok AS, McMahon BJ. Chronic hepatitis B: update 2009. Hepatology. 2009 Sep;50(3):661-2. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/19714720 

21. Chu CM, Liaw YF. Spontaneous relapse of hepatitis in inactive HBsAg carriers. Hepatol Int. 2007 Jun;1(2):311-5. Available 
at: https://www.ncbi.nlm.nih.gov/pubmed/19669355 

22. Raimondo G, Allain JP, Brunetto MR, Buendia MA, Chen DS, Colombo M, et al. Statements from the Taormina expert 
meeting on occult hepatitis B virus infection. J Hepatol. 2008 Oct;49(4):652-7. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/18715666 

23. Parkin DM. The global health burden of infection-associated cancers in the year 2002. Int J Cancer. 2006 Jun 
15;118(12):3030-44. Available at: https://www.ncbi.nlm.nih.gov/pubmed/16404738 

24. Vermeulen M, Dickens C, Lelie N, Walker E, Coleman C, Keyter M, et al. Hepatitis B virus transmission by blood 
transfusion during 4 years of individual-donation nucleic acid testing in South Africa: estimated and observed window 
period risk. Transfusion. 2012 Apr;52(4):880-92. Available at: https://www.ncbi.nlm.nih.gov/pubmed/21981386 

25. Kleinman SH, Lelie N, Busch MP. Infectivity of human immunodeficiency virus-1, hepatitis C virus, and hepatitis B virus 
and risk of transmission by transfusion. Transfusion. 2009 Nov;49(11):2454-89. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/19682345 

https://ictv.global/taxonomy/
https://www.ncbi.nlm.nih.gov/pubmed/34421849
https://www.ncbi.nlm.nih.gov/pubmed/27190317
https://academic.oup.com/jid/article-abstract/151/4/599/942175?redirectedFrom=fulltext
https://academic.oup.com/jid/article-abstract/151/4/599/942175?redirectedFrom=fulltext
https://www.sciencedirect.com/science/article/pii/S0168827803001399?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168827818319688?via%3Dihub
https://www.sciencedirect.com/science/article/pii/014067369291530L?via%3Dihub
https://www.ncbi.nlm.nih.gov/pubmed/37885419
https://www.ncbi.nlm.nih.gov/pubmed/25132755
https://www.ncbi.nlm.nih.gov/pubmed/15014185
https://www.ncbi.nlm.nih.gov/pubmed/29715359
https://www.sciencedirect.com/science/article/pii/S016882781730185X?via%3Dihub
https://karger.com/ddi/article-abstract/10/1/46/93662/Natural-History-and-Control-of-Perinatally?redirectedFrom=fulltext
https://karger.com/ddi/article-abstract/10/1/46/93662/Natural-History-and-Control-of-Perinatally?redirectedFrom=fulltext
https://www.ncbi.nlm.nih.gov/pubmed/21041901
https://www.ncbi.nlm.nih.gov/pubmed/17428739
https://www.ncbi.nlm.nih.gov/pubmed/19918971
https://www.ncbi.nlm.nih.gov/pubmed/19714720
https://www.ncbi.nlm.nih.gov/pubmed/19669355
https://www.ncbi.nlm.nih.gov/pubmed/18715666
https://www.ncbi.nlm.nih.gov/pubmed/16404738
https://www.ncbi.nlm.nih.gov/pubmed/21981386
https://www.ncbi.nlm.nih.gov/pubmed/19682345


Pathogen data sheet: HBV                                               SUPPLEMENTARY MATERIAL 

 

49 

26. Lelie N, Busch M, Kleinman S. Efficacy of Different Testing Scenarios in Reducing Transfusion-Transmitted Hepatitis B 
Virus (TT-HBV) Infection Risk. Viruses. 2022 Oct 15;14(10) Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/36298818 

27. Candotti D, Allain JP. Transfusion-transmitted hepatitis B virus infection. J Hepatol. 2009 Oct;51(4):798-809. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/19615780 

28. McCullough J, Alter HJ, Ness PM. Interpretation of pathogen load in relationship to infectivity and pathogen reduction 
efficacy. Transfusion. 2019 Mar;59(3):1132-46. Available at: https://www.ncbi.nlm.nih.gov/pubmed/30592305 

29. Allain JP, Mihaljevic I, Gonzalez-Fraile MI, Gubbe K, Holm-Harritshoj L, Garcia JM, et al. Infectivity of blood products from 
donors with occult hepatitis B virus infection. Transfusion. 2013 Jul;53(7):1405-15. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/23362802 

30. Weusten J, van Drimmelen H, Vermeulen M, Lelie N. A mathematical model for estimating residual transmission risk of 
occult hepatitis B virus infection with different blood safety scenarios. Transfusion. 2017 Mar;57(3pt2):841-9. Available 
at: https://www.ncbi.nlm.nih.gov/pubmed/28244600 

31. Candotti D, Assennato SM, Laperche S, Allain JP, Levicnik-Stezinar S. Multiple HBV transfusion transmissions from 
undetected occult infections: revising the minimal infectious dose. Gut. 2019 Feb;68(2):313-21.  

32. Candotti D, Laperche S. Hepatitis B Virus Blood Screening: Need for Reappraisal of Blood Safety Measures? Front Med 
(Lausanne). 2018;5:29. Available at: https://www.ncbi.nlm.nih.gov/pubmed/29515997 

33. Than TT, Jo E, Todt D, Nguyen PH, Steinmann J, Steinmann E, et al. High Environmental Stability of Hepatitis B Virus and 
Inactivation Requirements for Chemical Biocides. J Infect Dis. 2019 Mar 15;219(7):1044-8. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/30358855 

34. Joshi SS, Coffin CS. Hepatitis B virus lymphotropism: emerging details and challenges. Biotechnol Genet Eng Rev. 2018 
Apr;34(1):139-51. Available at: https://www.ncbi.nlm.nih.gov/pubmed/29785877 

35. Hughes SA, Wedemeyer H, Harrison PM. Hepatitis delta virus. Lancet. 2011 Jul 2;378(9785):73-85. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/21511329 

36. Botelho-Souza LF, Vasconcelos MPA, Dos Santos AO, Salcedo JMV, Vieira DS. Hepatitis delta: virological and clinical 
aspects. Virol J. 2017 Sep 13;14(1):177. Available at: https://www.ncbi.nlm.nih.gov/pubmed/28903779 

37. Farci P, Niro GA. Clinical features of hepatitis D. Semin Liver Dis. 2012 Aug;32(3):228-36. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/22932971 

38. European Centre for Disease Prevention and Control (ECDC). Surveillance systems overview [Internet]. Stockholm: ECDC; 
2022. Available at: https://www.ecdc.europa.eu/en/publications-data/surveillance-systems-overview-2022  

39. Simoes D, Stengaard AR, Combs L, Raben D, Euro TC-iacop. Impact of the COVID-19 pandemic on testing services for 
HIV, viral hepatitis and sexually transmitted infections in the WHO European Region, March to August 2020. Euro Surveill. 
2020 Nov;25(47) Available at: https://www.ncbi.nlm.nih.gov/pubmed/33243354 

40. European Centre for Disease Prevention and Control (ECDC). Surveillance Atlas of Infectious Diseases [Internet]. 
Stockholm: ECDC; 2024 [cited 9 February 2024]. Available at: 
https://atlas.ecdc.europa.eu/public/index.aspx?Dataset=27&HealthTopic=26 

41. B GBDEH, Collaborators C. Hepatitis B and C in Europe: an update from the Global Burden of Disease Study 2019. Lancet 
Public Health. 2023 Sep;8(9):e701-e16. Available at: https://www.ncbi.nlm.nih.gov/pubmed/37633679 

42. Bivegete S, McNaughton AL, Trickey A, Thornton Z, Scanlan B, Lim AG, et al. Estimates of hepatitis B virus prevalence 
among general population and key risk groups in EU/EEA/UK countries: a systematic review. Euro Surveill. 2023 
Jul;28(30) Available at: https://www.ncbi.nlm.nih.gov/pubmed/37498533 

43. European Centre for Disease Prevention and Control (ECDC). Hepatitis B. In: ECDC. Annual epidemiological report for 
2022. Stockholm: ECDC; 2024.   

44. European Directorate for the Quality of Medicines & HealthCare of the Council of Europe (EDQM). The collection, testing 
and use of blood and blood components in Europe, 2017, 2018 and 2019 report. Strasbourg: EDQM 2022.   

45. Ministerio de Sanidad (Spain); Actividad de Centros y Servicios de Transfusión. 2024. Available at: 
https://www.sanidad.gob.es/profesionales/saludPublica/medicinaTransfusional/publicaciones/publicaciones.htm 

46. De Brier N, Koc OM, De Buck E, Muylaert A, Nevens F, Vanbrabant M, et al. Hepatitis B virus prevalence in first-time 
blood donors in Flanders, Belgium: Impact of universal vaccination and migration. Transfusion. 2021 Jul;61(7):2125-36. 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/33955570 

47. Cappy P, Boizeau L, Candotti D, Le Cam S, Martinaud C, Pillonel J, et al. Insights on 21 Years of HBV Surveillance in 
Blood Donors in France. Viruses. 2022 Nov 12;14(11) Available at: https://www.ncbi.nlm.nih.gov/pubmed/36423116 

48. Harvala H, Reynolds C, Gibney Z, Derrick J, Ijaz S, Davison KL, et al. Hepatitis B infections among blood donors in 
England between 2009 and 2018: Is an occult hepatitis B infection a risk for blood safety? Transfusion. 2021 
Aug;61(8):2402-13. Available at: https://www.ncbi.nlm.nih.gov/pubmed/34114670 

49. Matthews PC, Geretti AM, Goulder PJ, Klenerman P. Epidemiology and impact of HIV coinfection with hepatitis B and 
hepatitis C viruses in Sub-Saharan Africa. J Clin Virol. 2014 Sep;61(1):20-33. Available at: 
https://www.sciencedirect.com/science/article/pii/S1386653214002108?via%3Dihub 

50. Dumpis U, Holmes EC, Mendy M, Hill A, Thursz M, Hall A, et al. Transmission of hepatitis B virus infection in Gambian 
families revealed by phylogenetic analysis. J Hepatol. 2001 Jul;35(1):99-104. Available at: 
https://www.sciencedirect.com/science/article/pii/S0168827801000642?via%3Dihub 

https://www.ncbi.nlm.nih.gov/pubmed/36298818
https://www.ncbi.nlm.nih.gov/pubmed/19615780
https://www.ncbi.nlm.nih.gov/pubmed/30592305
https://www.ncbi.nlm.nih.gov/pubmed/23362802
https://www.ncbi.nlm.nih.gov/pubmed/28244600
https://www.ncbi.nlm.nih.gov/pubmed/29515997
https://www.ncbi.nlm.nih.gov/pubmed/30358855
https://www.ncbi.nlm.nih.gov/pubmed/29785877
https://www.ncbi.nlm.nih.gov/pubmed/21511329
https://www.ncbi.nlm.nih.gov/pubmed/28903779
https://www.ncbi.nlm.nih.gov/pubmed/22932971
https://www.ecdc.europa.eu/en/publications-data/surveillance-systems-overview-2022
https://www.ncbi.nlm.nih.gov/pubmed/33243354
https://atlas.ecdc.europa.eu/public/index.aspx?Dataset=27&HealthTopic=26
https://www.ncbi.nlm.nih.gov/pubmed/37633679
https://www.ncbi.nlm.nih.gov/pubmed/37498533
https://www.sanidad.gob.es/profesionales/saludPublica/medicinaTransfusional/publicaciones/publicaciones.htm
https://www.ncbi.nlm.nih.gov/pubmed/33955570
https://www.ncbi.nlm.nih.gov/pubmed/36423116
https://www.ncbi.nlm.nih.gov/pubmed/34114670
https://www.sciencedirect.com/science/article/pii/S1386653214002108?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168827801000642?via%3Dihub


SUPPLEMENTARY MATERIAL Pathogen data sheet: HBV 

50 

51. Roberts H, Jiles R, Harris AM, Gupta N, Teshale E. Incidence and Prevalence of Sexually Transmitted Hepatitis B, United 
States, 2013-2018. Sex Transm Dis. 2021 Apr 1;48(4):305-9. Available at: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9938648/pdf/nihms-1868642.pdf 

52. World Health Organization (WHO) Guidelines for the prevention care and treatment of persons with chronic hepatitis B 
infection. Geneva: WHO; 2015. 

53. Marseille E, Harris AM, Horvath H, Parriott A, Malekinejad M, Nelson NP, et al. Hepatitis B prevalence association with 
sexually transmitted infections: a systematic review and meta-analysis. Sexual Health. 2021 Jul;18(3):269-79. Available 
at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8457403/pdf/nihms-1735992.pdf 

54. Mason LMK, Duffell E, Veldhuijzen IK, Petriti U, Bunge EM, Tavoschi L. Hepatitis B and C prevalence and incidence in key 
population groups with multiple risk factors in the EU/EEA: a systematic review. Eurosurveillance. 2019 Jul;24(30) 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/31362808 

55. Falla AM, Hofstraat SHI, Duffell E, Hahné SJM, Tavoschi L, Veldhuijzen IK. Hepatitis B/C in the countries of the EU/EEA: a 
systematic review of the prevalence among at-risk groups. BMC Infectious Diseases. 2018 Feb 12;18(1):79. Available at: 
https://bmcinfectdis.biomedcentral.com/counter/pdf/10.1186/s12879-018-2988-x.pdf 

56. Jafari S, Buxton JA, Afshar K, Copes R, Baharlou S. Tattooing and risk of hepatitis B: a systematic review and meta-
analysis. Can J Public Health. 2012 May-Jun;103(3):207-12. Available at: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6974244/pdf/41997_2012_Article_BF03403814.pdf 

57. Khan MR, Lim SH, Lee S, Lee YB, Lee CH, Lee JW, et al. Increased prevalence of transfusion-transmitted diseases among 
people with tattoos: A systematic review and meta-analysis. Plos One. 2022;17(1):e0262990. Available at: 
https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0262990&type=printable 

58. Tavoschi L, Mason L, Petriti U, Bunge E, Veldhuijzen I, Duffell E. Hepatitis B and C among healthcare workers and patient 
groups at increased risk of iatrogenic transmission in the European Union/European Economic Area. Journal of Hospital 
Infection. 2019 Aug;102(4):359-68. Available at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6667732/pdf/.pdf 

59. Gotseva A, Naseva E. Prevalence of Hepatitis B in Random Bulgarian Blood Samples – A Single-Site Experience. Acta 
Medica Bulgarica. 2023;50(2):5-9.  

60. Miletić M, Bingulac-Popović J, Stojić Vidović M, Hećimović A, Berendika M, Babić I, et al. Anti-HBc prevalence among 
Croatian blood donors in a 14-year period (2004-2017): Assessment of trends, risks and need for implementing routine 
testing. Transfus Clin Biol. 2019 Nov;26(4):257-62.  

61. Bubonja-Sonje M, Peruc D, Abram M, Mohar-Vitezic B. Prevalence of occult hepatitis B virus infection and characterisation 
of hepatitis B surface antigen mutants among adults in western Croatia. Ann Hepatol. 2024 Jan-Feb;29(1):101156. 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/37758118 

62. Vilibic-Cavlek T, Kucinar J, Ljubin-Sternak S, Kaic B, Lazaric-Stefanovic L, Kolaric B. Prevalence of viral hepatitis in 
Croatian adult population undergoing routine check-up, 2010-2011. Cent Eur J Public Health. 2014 Mar;22(1):29-33. 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/24844103 

63. Christensen PB, Titlestad IL, Homburg KM, Georgsen J, Kristensen T. Hepatitis B core antibodies in Danish blood donors: 
a surrogate marker of risk behaviour. Vox Sang. 2001 Nov;81(4):222-7. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/11903997 

64. Moncharmont P, Bourgeot C, Papon S, Duraffourg M. [Antibodies against hepatitis B virus core antigen among blood 
donors]. Transfus Clin Biol. 2000 Feb;7(1):63-9. Available at: https://www.ncbi.nlm.nih.gov/pubmed/10730347 

65. Meffre C, Le Strat Y, Delarocque-Astagneau E, Dubois F, Antona D, Lemasson JM, et al. Prevalence of hepatitis B and 
hepatitis C virus infections in France in 2004: social factors are important predictors after adjusting for known risk factors. 
J Med Virol. 2010 Apr;82(4):546-55. Available at: https://www.ncbi.nlm.nih.gov/pubmed/20166185 

66. Poethko-Muller C, Zimmermann R, Hamouda O, Faber M, Stark K, Ross RS, et al. [Epidemiology of hepatitis A, B, and C 
among adults in Germany: results of the German Health Interview and Examination Survey for Adults (DEGS1)]. 
Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz. 2013 May;56(5-6):707-15. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/23703489 

67. Houareau C, Offergeld R. Anti-HBc screening - is it worth the effort? Results of a 10-year surveillance programme 
covering more than 30 million donations in Germany. Vox Sang. 2019 Jul;114(5):459-66.  

68. Zervou EK, Dalekos GN, Boumba DS, Tsianos EV. Value of anti-HBc screening of blood donors for prevention of HBV 
infection: results of a 3-year prospective study in Northwestern Greece. Transfusion. 2001 May;41(5):652-8. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/11346702 

69. Leontari M, Mousavere I, Fousekis FS, Kalampoki A, Baltayiannis G. Occult Hepatitis B Infection among Blood Donors in 
Northwestern Greece. Maedica - A Journal of Clinical Medicine. 2024;19(1)  

70. Bakaloudi V, Chatzikirkou M, Pape M, Dinopoulou E, Girtovitis F, Kostandinidou A, et al. ANTI-HBCORE AND ANTI-HBS IN 
BLOOD DONORS – A PILOT STUDY IN NORTHERN GREECE (abstract P-265 presented at: 29th Regional Congress of the 
ISBT, Basel, Switzerland, 22-26 June 2019). Vox Sang. 2019 Jun;114 Suppl 1(Suppl 1):5-240. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/31173375 

71. Manzini P, Girotto M, Borsotti R, Giachino O, Guaschino R, Lanteri M, et al. Italian blood donors with anti-HBc and occult 
hepatitis B virus infection. Haematologica. 2007 Dec;92(12):1664-70. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/18055990 

72. Romano L, Velati C, Cambie G, Fomiatti L, Galli C, Zanetti AR, et al. Hepatitis B virus infection among first-time blood 
donors in Italy: prevalence and correlates between serological patterns and occult infection. Blood Transfus. 2013 
Apr;11(2):281-8. Available at: https://www.ncbi.nlm.nih.gov/pubmed/23399361 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9938648/pdf/nihms-1868642.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8457403/pdf/nihms-1735992.pdf
https://www.ncbi.nlm.nih.gov/pubmed/31362808
https://bmcinfectdis.biomedcentral.com/counter/pdf/10.1186/s12879-018-2988-x.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6974244/pdf/41997_2012_Article_BF03403814.pdf
https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0262990&type=printable
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6667732/pdf/main.pdf
https://www.ncbi.nlm.nih.gov/pubmed/37758118
https://www.ncbi.nlm.nih.gov/pubmed/24844103
https://www.ncbi.nlm.nih.gov/pubmed/11903997
https://www.ncbi.nlm.nih.gov/pubmed/10730347
https://www.ncbi.nlm.nih.gov/pubmed/20166185
https://www.ncbi.nlm.nih.gov/pubmed/23703489
https://www.ncbi.nlm.nih.gov/pubmed/11346702
https://www.ncbi.nlm.nih.gov/pubmed/31173375
https://www.ncbi.nlm.nih.gov/pubmed/18055990
https://www.ncbi.nlm.nih.gov/pubmed/23399361


Pathogen data sheet: HBV                                               SUPPLEMENTARY MATERIAL 

 

51 

73. Mossong J, Putz L, Patiny S, Schneider F. Seroepidemiology of hepatitis A and hepatitis B virus in Luxembourg. Epidemiol 
Infect. 2006 Aug;134(4):808-13. Available at: https://www.ncbi.nlm.nih.gov/pubmed/16436219 

74. van de Laar TJ, Marijt-van der Kreek T, Molenaar-de Backer MW, Hogema BM, Zaaijer HL. The yield of universal antibody 
to hepatitis B core antigen donor screening in the Netherlands, a hepatitis B virus low-endemic country. Transfusion. 
2015 Jun;55(6):1206-13. Available at: https://www.ncbi.nlm.nih.gov/pubmed/25494685 

75. van de Laar TJ, Hogema BM, Molenaar-de Backer MW, Marijt-van der Kreek T, Zaaijer HL. Blood donor screening in the 
Netherlands: Universal anti-HBc screening in combination with HBV nucleic acid amplification testing may allow 
discontinuation of hepatitis B virus antigen testing. Transfusion. 2021 Jul;61(7):2116-24.  

76. Ganczak M, Topczewska K, Budnik-Szymoniuk M, Korzen M. Seroprevalence of anti-HBc, risk factors of occupationally 
acquired HBV infection and HBV vaccination among hospital staff in Poland: a multicenter study. BMC Public Health. 2019 
Mar 12;19(1):298. Available at: https://www.ncbi.nlm.nih.gov/pubmed/30866893 

77. Brojer E, Grabarczyk P, Liszewski G, Mikulska M, Allain JP, Letowska M. Characterization of HBV DNA+/HBsAg- blood 
donors in Poland identified by triplex NAT. Hepatology. 2006 Dec;44(6):1666-74.  

78. Freitas MG, Paixão MT. Evaluation of Nacional Vaccination Program and improvement of its cost-effectiveness 2nd 
national serological enquiry: Continental Portugal 2001-2002. Lisboa, Portugal: Directorate-General of Health; 2004.  
Available at: https://repositorio.insa.pt/bitstream/10400.18/5654/1/2%C2%BA%20Inquerito%20Serologico.pdf 

79. Carvalhana SC, Leitao J, Alves AC, Bourbon M, Cortez-Pinto H. Hepatitis B and C prevalence in Portugal: disparity 
between the general population and high-risk groups. Eur J Gastroenterol Hepatol. 2016 Jun;28(6):640-4. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/26866523 

80. National Institute of Health Dr. Ricardo Jorge. National Serological Enquiry 2015-2016: vaccina-preventable diseases. 
Lisboa: INSA IP; 2017.  Available at: https://www.globalhep.org/sites/default/files/content/resource/files/2021-
12/Inqu%C3%A9rito%20Serol%C3%B3gico%202015_2016_DEV.pdf 

81. Gheorghe L, Csiki IE, Iacob S, Gheorghe C. The prevalence and risk factors of hepatitis B virus infection in an adult 
population in Romania: a nationwide survey. Eur J Gastroenterol Hepatol. 2013 Jan;25(1):56-64. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/22968488 

82. Popovici O, Molnar GB, Popovici F, Janta D, Pistol A, Azoicai D. A Seroprevalence Study of Hepatitis B and C Virus 
Infections in a Hospitalized Population in Romania, an Opportunity for a Better National Prevention and Control Strategy. 
J Gastrointestin Liver Dis. 2016 Mar;25(1):25-32. Available at: https://www.ncbi.nlm.nih.gov/pubmed/27014751 

83. Levičnik Stezinar S, Jovanovič P. PREVALENCE OF ANTI-HBC IN SLOVENIAN BLOOD DONORS AND THE IMPACTON 
BLOOD SCREENING. ZdravVestn [Internet]. 1Apr.2008 [cited 14Jun.2024];77(SUPPI). Available at: 
https://vestnik.szd.si/index.php/ZdravVest/article/view/892.   

84. Solves P, Mirabet V, Alvarez M, Vila E, Quiles F, Villalba JV, et al. Donor screening for hepatitis B virus infection in a cell 
and tissue bank. Transpl Infect Dis. 2008 Dec;10(6):391-5. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/18665905 

85. Sanchez Ibanez J, Vilarrodona Serrat A, Seoane Pillado T, Rodriguez Aierbe C, Villalba Montoro R, Calvo Benito J, et al. 
Evaluation of occult hepatitis B infection in tissue donors: a multicenter analysis in Spain. Cell Tissue Bank. 2019 
Dec;20(4):513-26. Available at: https://www.ncbi.nlm.nih.gov/pubmed/31451994 

86. Tynell E, Norda R, Ekermo B, Sanner M, Andersson S, Bjorkman A. False-reactive microbiologic screening test results in 
Swedish blood donors-how big is the problem? A survey among blood centers and deferred donors. Transfusion. 2007 
Jan;47(1):80-9. Available at: https://www.ncbi.nlm.nih.gov/pubmed/17207234 

87. Stockdale AJ, Kreuels B, Henrion MYR, Giorgi E, Kyomuhangi I, de Martel C, et al. The global prevalence of hepatitis D 
virus infection: Systematic review and meta-analysis. J Hepatol. 2020 Sep;73(3):523-32. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/32335166 

88. Fallon BS, Cooke EM, Hesterman MC, Norseth JS, Akhundjanov SB, Weller ML. A changing landscape: Tracking and 
analysis of the international HDV epidemiology 1999-2020. PLOS Glob Public Health. 2023;3(4):e0000790. Available at: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10129014/pdf/pgph.0000790.pdf 

89. European Centre for Disease Prevention and Control (ECDC). Prevention of hepatitis B and C in the EU/EEA. Stockholm: 
ECDC; 2024. Available at: https://www.ecdc.europa.eu/en/publications-data/prevention-hepatitis-b-and-c-eueea-2024   

90. Miglietta A, Quinten C, Lopalco PL, Duffell E. Impact of hepatitis B vaccination on acute hepatitis B epidemiology in 
European Union/European Economic Area countries, 2006 to 2014. Euro Surveill. 2018 Feb;23(6) Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/29439751 

91. infection/disease EGGoV, Mocanu E, Drakeley A, Kupka MS, Lara-Molina EE, Le Clef N, et al. ESHRE guideline: medically 
assisted reproduction in patients with a viral infection/disease. Hum Reprod Open. 2021;2021(4):hoab037. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/36733615 

92. Schillie S, Vellozzi C, Reingold A, Harris A, Haber P, Ward JW, et al. Prevention of Hepatitis B Virus Infection in the United 
States: Recommendations of the Advisory Committee on Immunization Practices. MMWR Recomm Rep. 2018 Jan 
12;67(1):1-31. Available at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5837403/pdf/rr6701a1.pdf 

93. Lieshout-Krikke RW, Molenaar-de Backer MW, van Swieten P, Zaaijer HL. Surface antigen-negative hepatitis B virus 
infection in Dutch blood donors. Eur J Clin Microbiol Infect Dis. 2014 Jan;33(1):69-77. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/24197437 https://link.springer.com/article/10.1007/s10096-013-1930-9 

94. Scheiblauer H, Heiden M, Funk M, Oberle D, Kress J, Jork C, et al. Detection of hepatitis B virus infection in German blood 
donors 2008-2015. Vox Sang. 2020 Apr;115(3):152-61. Available at: https://www.ncbi.nlm.nih.gov/pubmed/32023664 

https://www.ncbi.nlm.nih.gov/pubmed/16436219
https://www.ncbi.nlm.nih.gov/pubmed/25494685
https://www.ncbi.nlm.nih.gov/pubmed/30866893
https://repositorio.insa.pt/bitstream/10400.18/5654/1/2%C2%BA%20Inquerito%20Serologico.pdf
https://www.ncbi.nlm.nih.gov/pubmed/26866523
https://www.globalhep.org/sites/default/files/content/resource/files/2021-12/Inqu%C3%A9rito%20Serol%C3%B3gico%202015_2016_DEV.pdf
https://www.globalhep.org/sites/default/files/content/resource/files/2021-12/Inqu%C3%A9rito%20Serol%C3%B3gico%202015_2016_DEV.pdf
https://www.ncbi.nlm.nih.gov/pubmed/22968488
https://www.ncbi.nlm.nih.gov/pubmed/27014751
https://vestnik.szd.si/index.php/ZdravVest/article/view/892
https://www.ncbi.nlm.nih.gov/pubmed/18665905
https://www.ncbi.nlm.nih.gov/pubmed/31451994
https://www.ncbi.nlm.nih.gov/pubmed/17207234
https://www.ncbi.nlm.nih.gov/pubmed/32335166
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10129014/pdf/pgph.0000790.pdf
https://www.ncbi.nlm.nih.gov/pubmed/29439751
https://www.ncbi.nlm.nih.gov/pubmed/36733615
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5837403/pdf/rr6701a1.pdf
https://www.ncbi.nlm.nih.gov/pubmed/24197437
https://www.ncbi.nlm.nih.gov/pubmed/32023664


SUPPLEMENTARY MATERIAL Pathogen data sheet: HBV 

52 

95. Spreafico M, Berzuini A, Foglieni B, Candotti D, Raffaele L, Guarnori I, et al. Poor efficacy of nucleic acid testing in 
identifying occult HBV infection and consequences for safety of blood supply in Italy. J Hepatol. 2015 Nov;63(5):1068-76. 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/26116791 

96. Yuen MF, Wong DK, Lee CK, Tanaka Y, Allain JP, Fung J, et al. Transmissibility of hepatitis B virus (HBV) infection 
through blood transfusion from blood donors with occult HBV infection. Clin Infect Dis. 2011 Mar 1;52(5):624-32.  

97. Stramer SL, Notari EP, Krysztof DE, Dodd RY. Hepatitis B virus testing by minipool nucleic acid testing: does it improve 
blood safety? Transfusion. 2013 Oct;53(10 Pt 2):2449-58. Available at: https://www.ncbi.nlm.nih.gov/pubmed/23607261 

98. Dodd RY, Nguyen ML, Krysztof DE, Notari EP, Stramer SL. Blood donor testing for hepatitis B virus in the United States: is 
there a case for continuation of hepatitis B surface antigen detection? Transfusion. 2018 Sep;58(9):2166-70. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/30144082 

99. Scheiblauer H, Heiden M, Funk M, Oberle D, Kreß J, Jork C, et al. Detection of hepatitis B virus infection in German blood 
donors 2008-2015. Vox Sang. 2020 Apr;115(3):152-61. Available at: https://www.ncbi.nlm.nih.gov/pubmed/32023664 

100. Seed CR. Value of retaining HBsAg donor screening where HBV NAT and anti‐HBc donor screening apply. ISBT Science 
Series. 2017;13(1):70-5.  

101. Allain J-P. Global epidemiology of occult HBV infection. Annals of Blood. 2017;2(5)  
102. De Almeida NAA, de Paula VS. Occult Hepatitis B virus (HBV) infection and challenges for hepatitis elimination: A 

literature review. J Appl Microbiol. 2022 Mar;132(3):1616-35. Available at: https://academic.oup.com/jambio/article-
abstract/132/3/1616/6988628?redirectedFrom=fulltext 

103. Kloster B, Kramer R, Eastlund T, Grossman B, Zarvan B. Hepatitis B surface antigenemia in blood donors following 
vaccination. Transfusion. 1995 Jun;35(6):475-7. Available at: https://www.ncbi.nlm.nih.gov/pubmed/7770897 

104. Janzen L, Minuk GY, Fast M, Bernstein KN. Vaccine-induced hepatitis B surface antigen positivity in adult hemodialysis 
patients: incidental and surveillance data. J Am Soc Nephrol. 1996 Aug;7(8):1228-34. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/8866417 

105. Rysgaard CD, Morris CS, Drees D, Bebber T, Davis SR, Kulhavy J, et al. Positive hepatitis B surface antigen tests due to 
recent vaccination: a persistent problem. BMC Clin Pathol. 2012 Sep 24;12:15. Available at: 
https://bmcclinpathol.biomedcentral.com/counter/pdf/10.1186/1472-6890-12-15.pdf 

106. Center for Disease Control and Prevention. Interpretation of Hepatitis B Serologic Test Results. Atlanta: CDC; 2023. 
Accessible online: https://www.cdc.gov/hepatitis/hbv/interpretationOfHepBSerologicResults.htm.   

107. Weber B, Van der Taelem-Brulé N, Berger A, Simon F, Geudin M, Ritter J. Evaluation of a new automated assay for 
hepatitis B surface antigen (HBsAg) detection VIDAS HBsAg Ultra. J Virol Methods. 2006 Jul;135(1):109-17. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/16567005 

108. Weber B, Dengler T, Berger A, Doerr HW, Rabenau H. Evaluation of two new automated assays for hepatitis B virus 
surface antigen (HBsAg) detection: IMMULITE HBsAg and IMMULITE 2000 HBsAg. J Clin Microbiol. 2003 Jan;41(1):135-
43. Available at: https://www.ncbi.nlm.nih.gov/pubmed/12517838 

109. Tiwari AK, Upadhyay AP, Arora D, Wadhwa T, Aggarwal G, Pabbi S, et al. Head-to-head comparison of Enzyme Linked 
Immunosorbent Assay (ELISA) and Enhanced Chemiluminescence Immunoassay (ECLIA) for the detection of Transfusion 
Transmitted Disease (TTD) Markers; HIV, HCV and HBV in blood donors, in India. J Virol Methods. 2020 Nov;285:113962. 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/32860798 

110. Tiwari AK, Setya D, Dara R, Arora D, Mehta SP, Aggarwal G, et al. Comparison of Two Different Serological Viral Marker 
Testing Assays for Screening of Apheresis Donors: Which Assay Provides Optimum Safety for Transfusion? Indian J 
Hematol Blood Transfus. 2023 Apr;39(2):300-7. Available at: https://www.ncbi.nlm.nih.gov/pubmed/37006975 

111. Takeda K, Maruki M, Yamagaito T, Muramatsu M, Sakai Y, Tobimatsu H, et al. Highly sensitive detection of hepatitis B 
virus surface antigen by use of a semiautomated immune complex transfer chemiluminescence enzyme immunoassay. J 
Clin Microbiol. 2013 Jul;51(7):2238-44. Available at: https://www.ncbi.nlm.nih.gov/pubmed/23658266 

112. Stramer SL, Krysztof DE, Brodsky JP, Fickett TA, Reynolds B, Dodd RY, et al. Comparative analysis of triplex nucleic acid 
test assays in United States blood donors. Transfusion. 2013 Oct;53(10 Pt 2):2525-37. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/23550838 

113. Sommese L, Sabia C, Paolillo R, Parente D, Capuano M, Iannone C, et al. Screening tests for hepatitis B virus, hepatitis C 
virus, and human immunodeficiency virus in blood donors: evaluation of two chemiluminescent immunoassay systems. 
Scand J Infect Dis. 2014 Sep;46(9):660-4. Available at: https://www.ncbi.nlm.nih.gov/pubmed/25073538 

114. Sickinger E, Braun HB, Meyer T, Schmid K, Daghfal D, Oer M, et al. Performance characteristics of the high sensitivity 
Alinity i & ARCHITECT HBsAg Next Qualitative/Confirmatory assays. Diagn Microbiol Infect Dis. 2020 Jun;97(2):115033. 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/32317130 

115. Schmidt M, Pichl L, Jork C, Hourfar MK, Schottstedt V, Wagner FF, et al. Blood donor screening with cobas s 201/cobas 
TaqScreen MPX under routine conditions at German Red Cross institutes. Vox Sang. 2010 Jan;98(1):37-46. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/19682348 

116. Schmidt M, Nübling CM, Scheiblauer H, Chudy M, Walch LA, Seifried E, et al. Anti-HBc screening of blood donors: a 
comparison of nine anti-HBc tests. Vox Sang. 2006 Oct;91(3):237-43. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/16958836 

117. Schmidt M, Jimenez A, Mühlbacher A, Oota S, Blanco L, Sakuldamrongpanich T, et al. Head-to-head comparison between 
two screening systems for HBsAG, anti-HBc, anti-HCV and HIV combination immunoassays in an international, 
multicentre evaluation study. Vox Sang. 2015 Aug;109(2):114-21. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/25899479 

https://www.ncbi.nlm.nih.gov/pubmed/26116791
https://www.ncbi.nlm.nih.gov/pubmed/23607261
https://www.ncbi.nlm.nih.gov/pubmed/30144082
https://www.ncbi.nlm.nih.gov/pubmed/32023664
https://academic.oup.com/jambio/article-abstract/132/3/1616/6988628?redirectedFrom=fulltext
https://academic.oup.com/jambio/article-abstract/132/3/1616/6988628?redirectedFrom=fulltext
https://www.ncbi.nlm.nih.gov/pubmed/7770897
https://www.ncbi.nlm.nih.gov/pubmed/8866417
https://bmcclinpathol.biomedcentral.com/counter/pdf/10.1186/1472-6890-12-15.pdf
https://www.cdc.gov/hepatitis/hbv/interpretationOfHepBSerologicResults.htm
https://www.ncbi.nlm.nih.gov/pubmed/16567005
https://www.ncbi.nlm.nih.gov/pubmed/12517838
https://www.ncbi.nlm.nih.gov/pubmed/32860798
https://www.ncbi.nlm.nih.gov/pubmed/37006975
https://www.ncbi.nlm.nih.gov/pubmed/23658266
https://www.ncbi.nlm.nih.gov/pubmed/23550838
https://www.ncbi.nlm.nih.gov/pubmed/25073538
https://www.ncbi.nlm.nih.gov/pubmed/32317130
https://www.ncbi.nlm.nih.gov/pubmed/19682348
https://www.ncbi.nlm.nih.gov/pubmed/16958836
https://www.ncbi.nlm.nih.gov/pubmed/25899479


Pathogen data sheet: HBV                                               SUPPLEMENTARY MATERIAL 

 

53 

118. Sauleda S, Bes M, Piron M, Ong E, Coco SB, Carrió J, et al. Clinical performance of a new multiplex assay for the 
detection of HIV-1, HIV-2, HCV, HBV, and HEV in blood donations in Catalonia (Spain). Transfusion. 2023 
Nov;63(11):2098-105. Available at: https://www.ncbi.nlm.nih.gov/pubmed/37767741 

119. Romanò L, Velati C, Baruffi L, Fomiatti L, Colucci G, Zanetti AR. Multicenter evaluation of a semiautomated, standardized 
assay for detection of hepatitis B virus DNA in blood donations. J Clin Microbiol. 2005 Jun;43(6):2991-3. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/15956441 

120. Phikulsod S, Oota S, Tirawatnapong T, Sakuldamrongpanich T, Chalermchan W, Louisirirotchanakul S, et al. One-year 
experience of nucleic acid technology testing for human immunodeficiency virus Type 1, hepatitis C virus, and hepatitis B 
virus in Thai blood donations. Transfusion. 2009 Jun;49(6):1126-35. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/19392770 

121. Ohhashi Y, Pai A, Halait H, Ziermann R. Analytical and clinical performance evaluation of the cobas TaqScreen MPX Test 
for use on the cobas s 201 system. J Virol Methods. 2010 May;165(2):246-53. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/20152864 

122. Müller MM, Fraile MI, Hourfar MK, Peris LB, Sireis W, Rubin MG, et al. Evaluation of two, commercial, multi-dye, nucleic 
acid amplification technology tests, for HBV/HCV/HIV-1/HIV-2 and B19V/HAV, for screening blood and plasma for further 
manufacture. Vox Sang. 2013 Jan;104(1):19-29. Available at: https://www.ncbi.nlm.nih.gov/pubmed/23252689 

123. Mühlbacher A, Weber B, Bürgisser P, Eiras A, Cabrera J, Louisirirotchanakul S, et al. Multicenter study of a new fully 
automated HBsAg screening assay with enhanced sensitivity for the detection of HBV mutants. Med Microbiol Immunol. 
2008 Mar;197(1):55-64. Available at: https://www.ncbi.nlm.nih.gov/pubmed/17899185 

124. Meng Q, Wong C, Rangachari A, Tamatsukuri S, Sasaki M, Fiss E, et al. Automated multiplex assay system for 
simultaneous detection of hepatitis B virus DNA, hepatitis C virus RNA, and human immunodeficiency virus type 1 RNA. J 
Clin Microbiol. 2001 Aug;39(8):2937-45. Available at: https://www.ncbi.nlm.nih.gov/pubmed/11474017 

125. McCormick MK, Dockter J, Linnen JM, Kolk D, Wu Y, Giachetti C. Evaluation of a new molecular assay for detection of 
human immunodeficiency virus type 1 RNA, hepatitis C virus RNA, and hepatitis B virus DNA. J Clin Virol. 2006 
Jul;36(3):166-76. Available at: https://www.ncbi.nlm.nih.gov/pubmed/16427802 

126. Maugard C, Relave J, Klinkicht M, Fabra C. Clinical performance evaluation of Elecsys HIV Duo, Anti-HCV II, HBsAg II, 
Anti-HBc II, and Syphilis assays for routine screening of first-time blood donor samples at a French blood donation 
center. Transfus Clin Biol. 2022 Feb;29(1):79-83. Available at: https://www.ncbi.nlm.nih.gov/pubmed/34214660 

127. Margaritis AR, Brown SM, Seed CR, Kiely P, D'Agostino B, Keller AJ. Comparison of two automated nucleic acid testing 
systems for simultaneous detection of human immunodeficiency virus and hepatitis C virus RNA and hepatitis B virus 
DNA. Transfusion. 2007 Oct;47(10):1783-93. Available at: https://www.ncbi.nlm.nih.gov/pubmed/17880602 

128. Malm K, Kragsbjerg E, Andersson S. Performance of Liaison XL automated immunoassay platform for blood-borne 
infection screening on hepatitis B, hepatitis C, HIV 1/2, HTLV 1/2 and Treponema pallidum serological markers. Transfus 
Med. 2015 Apr;25(2):101-5. Available at: https://www.ncbi.nlm.nih.gov/pubmed/25779614 

129. Lunel-Fabiani F, Duburcq X, Levayer T, Descamps F, Maniez-Montreuil M, Pivert A, et al. Multi-center evaluation of the 
hepatitis B surface antigen (HBsAg) assay and HbsAg confirmatory assay for the family of Access immunoassay systems. 
Clin Lab. 2010;56(7-8):281-90. Available at: https://www.ncbi.nlm.nih.gov/pubmed/20857892 

130. Louisirirotchanakul S, Kanoksinsombat C, O'Charoen R, Fongsatikul L, Puapairoj C, Lulitanond V, et al. HBsAg diagnostic 
kits in the detection of hepatitis B virus mutation within "a" determinant. Viral Immunol. 2006 Spring;19(1):108-14. 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/16553556 

131. Lou SC, Pearce SK, Lukaszewska TX, Taylor RE, Williams GT, Leary TP. An improved Abbott ARCHITECT assay for the 
detection of hepatitis B virus surface antigen (HBsAg). J Clin Virol. 2011 May;51(1):59-63. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/21367654 

132. Lou S, Taylor R, Pearce S, Kuhns M, Leary T. An ultra-sensitive Abbott ARCHITECT(®) assay for the detection of hepatitis 
B virus surface antigen (HBsAg). J Clin Virol. 2018 Aug;105:18-25. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/29843004 

133. Li L, Chen PJ, Chen MH, Chak KF, Lin KS, Tsai SJ. A pilot study for screening blood donors in Taiwan by nucleic acid 
amplification technology: detecting occult hepatitis B virus infections and closing the serologic window period for hepatitis 
C virus. Transfusion. 2008 Jun;48(6):1198-206. Available at: https://www.ncbi.nlm.nih.gov/pubmed/18422856 

134. Koppelman MH, Sjerps MC, Reesink HW, Cuypers HT. Evaluation of COBAS AmpliPrep nucleic acid extraction in 
conjunction with COBAS AmpliScreen HBV DNA, HCV RNA and HIV-1 RNA amplification and detection. Vox Sang. 2005 
Nov;89(4):193-200. Available at: https://www.ncbi.nlm.nih.gov/pubmed/16262751 

135. Koppelman MH, Assal A, Chudy M, Torres P, de Villaescusa RG, Reesink HW, et al. Multicenter performance evaluation of 
a transcription-mediated amplification assay for screening of human immunodeficiency virus-1 RNA, hepatitis C virus 
RNA, and hepatitis B virus DNA in blood donations. Transfusion. 2005 Aug;45(8):1258-66. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/16078910 

136. Hottenträger B, Hagedorn HJ, Bäcker E, Bleekmann B, Gessner A, Lübke N, et al. Multicenter Performance Evaluation of 
Elecsys Anti-HBc II, Anti-HCV II, HIV combi PT, HBsAg II, and Syphilis Immunoassays. Clin Lab. 2021 Nov 1;67(11) 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/34758213 

137. Ha J, Park Y, Kim HS. Evaluation of clinical sensitivity and specificity of hepatitis B virus (HBV), hepatitis C virus, and 
human immunodeficiency Virus-1 by cobas MPX: Detection of occult HBV infection in an HBV-endemic area. J Clin Virol. 
2017 Nov;96:60-3. Available at: https://www.ncbi.nlm.nih.gov/pubmed/28982042 

138. Grabarczyk P, van Drimmelen H, Kopacz A, Gdowska J, Liszewski G, Piotrowski D, et al. Head-to-head comparison of two 
transcription-mediated amplification assay versions for detection of hepatitis B virus, hepatitis C virus, and human 

https://www.ncbi.nlm.nih.gov/pubmed/37767741
https://www.ncbi.nlm.nih.gov/pubmed/15956441
https://www.ncbi.nlm.nih.gov/pubmed/19392770
https://www.ncbi.nlm.nih.gov/pubmed/20152864
https://www.ncbi.nlm.nih.gov/pubmed/23252689
https://www.ncbi.nlm.nih.gov/pubmed/17899185
https://www.ncbi.nlm.nih.gov/pubmed/11474017
https://www.ncbi.nlm.nih.gov/pubmed/16427802
https://www.ncbi.nlm.nih.gov/pubmed/34214660
https://www.ncbi.nlm.nih.gov/pubmed/17880602
https://www.ncbi.nlm.nih.gov/pubmed/25779614
https://www.ncbi.nlm.nih.gov/pubmed/20857892
https://www.ncbi.nlm.nih.gov/pubmed/16553556
https://www.ncbi.nlm.nih.gov/pubmed/21367654
https://www.ncbi.nlm.nih.gov/pubmed/29843004
https://www.ncbi.nlm.nih.gov/pubmed/18422856
https://www.ncbi.nlm.nih.gov/pubmed/16262751
https://www.ncbi.nlm.nih.gov/pubmed/16078910
https://www.ncbi.nlm.nih.gov/pubmed/34758213
https://www.ncbi.nlm.nih.gov/pubmed/28982042


SUPPLEMENTARY MATERIAL Pathogen data sheet: HBV 

54 

immunodeficiency virus Type 1 in blood donors. Transfusion. 2013 Oct;53(10 Pt 2):2512-24. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/23590145 

139. Grabarczyk P, Koppelman M, Boland F, Sauleda S, Fabra C, Cambie G, et al. Inclusion of human immunodeficiency virus 
Type 2 (HIV-2) in a multiplex transcription-mediated amplification assay does not affect detection of HIV-1 and hepatitis 
B and C virus genotypes: a multicenter performance evaluation study. Transfusion. 2015 Sep;55(9):2246-55. Available 
at: https://www.ncbi.nlm.nih.gov/pubmed/26103564 

140. Galel SA, Simon TL, Williamson PC, AuBuchon JP, Waxman DA, Erickson Y, et al. Sensitivity and specificity of a new 
automated system for the detection of hepatitis B virus, hepatitis C virus, and human immunodeficiency virus nucleic acid 
in blood and plasma donations. Transfusion. 2018 Mar;58(3):649-59. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/29250788 

141. Farooq A, Waheed U, Zaheer HA, Aldakheel F, Alduraywish S, Arshad M. Detection of HBsAg mutants in the blood donor 
population of Pakistan. PLoS One. 2017;12(11):e0188066. Available at: https://www.ncbi.nlm.nih.gov/pubmed/29166662 

142. Dati F, Denoyel G, van Helden J. European performance evaluations of the ADVIA Centaur infectious disease assays: 
requirements for performance evaluation according to the European directive on in vitro diagnostics. J Clin Virol. 2004 
Apr;30 Suppl 1:S6-10. Available at: https://www.ncbi.nlm.nih.gov/pubmed/15062761 

143. Coleman C, Lelie N, Rademeyer R, van Drimmelen H, van den Berg K, Vermeulen M. Comparison of two nucleic acid 
amplification technology systems for detection of human immunodeficiency virus, hepatitis B virus, and hepatitis C virus. 
Transfusion. 2020 Dec;60(12):2929-37. Available at: https://www.ncbi.nlm.nih.gov/pubmed/33064884 

144. Biswas R, Tabor E, Hsia CC, Wright DJ, Laycock ME, Fiebig EW, et al. Comparative sensitivity of HBV NATs and HBsAg 
assays for detection of acute HBV infection. Transfusion. 2003 Jun;43(6):788-98. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/12757531 

145. Baleriola C, Johal H, Robertson P, Jacka B, Whybin R, Taylor P, et al. Infectious disease screening of blood specimens 
collected post-mortem provides comparable results to pre-mortem specimens. Cell Tissue Bank. 2012 Jun;13(2):251-8. 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/21476143 

146. Ba Alawi F, Robertson PW, LePage AK, Jayamaha J, Baleriola C, Rawlinson WD. The reliability of HBV core antibody in 
serological screening for hepatitis B virus. Pathology. 2013 Aug;45(5):501-5. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/23842045 

147. Assal A, Barlet V, Deschaseaux M, Dupont I, Gallian P, Guitton C, et al. Comparison of the analytical and operational 
performance of two viral nucleic acid test blood screening systems: Procleix Tigris and cobas s 201. Transfusion. 2009 
Feb;49(2):289-300. Available at: https://www.ncbi.nlm.nih.gov/pubmed/19000230 

148. Arcot PJ, Pandey HC, Coshic P, Jain P, Kumar S, Chakroborty S. Comparative evaluation of ADVIA Centaur® XP 
chemiluminescence system for screening of HBV, HCV, HIV and syphilis in Indian blood donors. Transfus Apher Sci. 2022 
Apr;61(2):103318. Available at: https://www.ncbi.nlm.nih.gov/pubmed/34782243 

149. Baleriola C, Tu E, Johal H, Gillis J, Ison MG, Law M, et al. Organ donor screening using parallel nucleic acid testing allows 
assessment of transmission risk and assay results in real time. Transpl Infect Dis. 2012 Jun;14(3):278-87. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/22519518 

150. Gubbe K, Scharnagl Y, Grosch S, Tonn T, Schmidt M, Hourfar KM, et al. Validation of Virus NAT for HIV, HCV, HBV and 
HAV Using Post-Mortal Blood Samples. Transfus Med Hemother. 2012 Dec;39(6):381-5. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/23801525 

151. Kohmer N, Kortenbusch M, Berger A, Rühl C, Ciesek S, Salla S, et al. Suitability of Different Diagnostic Platforms for 
Virological Testing of Blood Samples from Cornea Donors. Transfus Med Hemother. 2022 Dec;49(6):379-87. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/36654977 

152. Kok CC, Ramachandran V, Egilmezer E, Ray S, Walker GJ, Rawlinson WD. Serological testing for infectious diseases 
markers of donor specimens from 24 h after death show no significant change in outcomes from other specimens. Cell 
Tissue Bank. 2020 Jun;21(2):171-9. Available at: https://www.ncbi.nlm.nih.gov/pubmed/32052221 

153. Wright TB, Patibandla S, Walsh R, Fonstad R, Gee M, Bitcon V, et al. Serological testing on the ADVIA Centaur system for 
human immunodeficiency virus, hepatitis B virus, and hepatitis C virus in specimens from deceased and living individuals 
demonstrates equivalent results(ƚ). Transpl Infect Dis. 2022 Apr;24(2):e13802. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/35176197 

154. Challine D, Chevaliez S, Pawlotsky JM. Efficacy of serologic marker screening in identifying hepatitis B virus infection in 
organ, tissue, and cell donors. Gastroenterology. 2008 Oct;135(4):1185-91.  

155. World Health Organization (WHO). Guidelines on estimation of residual risk of HIV, HBV or HCV infections via cellular 
blood components and plasma, Annex 4, TRS No 1004. Geneva: WHO. 2013.   

156. Korelitz JJ, Busch MP, Kleinman SH, Williams AE, Gilcher RO, Ownby HE, et al. A method for estimating hepatitis B virus 
incidence rates in volunteer blood donors. National Heart, Lung, and Blood Institute Retrovirus Epidemiology Donor 
Study. Transfusion. 1997 Jun;37(6):634-40. Available at: https://www.ncbi.nlm.nih.gov/pubmed/9191825 

157. Lelie N, Vermeulen M, van Drimmelen H, Coleman C, Bruhn R, Reddy R, et al. Direct comparison of three residual risk 
models for hepatitis B virus window period infections using updated input parameters. Vox Sang. 2020 Apr;115(3):133-
45. Available at: https://www.ncbi.nlm.nih.gov/pubmed/31960480 

158. Gonzalez M, Regine V, Piccinini V, Vulcano F, Giampaolo A, Hassan HJ. Residual risk of transfusion-transmitted human 
immunodeficiency virus, hepatitis C virus, and hepatitis B virus infections in Italy. Transfusion. 2005 Oct;45(10):1670-5. 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/16181219 

159. Alvarez do Barrio M, Gonzalez Diez R, Hernandez Sanchez JM, Oyonarte Gomez S. Residual risk of transfusion-transmitted 
viral infections in Spain, 1997-2002, and impact of nucleic acid testing. Euro Surveill. 2005 Feb;10(2):11-2. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/29183492 

https://www.ncbi.nlm.nih.gov/pubmed/23590145
https://www.ncbi.nlm.nih.gov/pubmed/26103564
https://www.ncbi.nlm.nih.gov/pubmed/29250788
https://www.ncbi.nlm.nih.gov/pubmed/29166662
https://www.ncbi.nlm.nih.gov/pubmed/15062761
https://www.ncbi.nlm.nih.gov/pubmed/33064884
https://www.ncbi.nlm.nih.gov/pubmed/12757531
https://www.ncbi.nlm.nih.gov/pubmed/21476143
https://www.ncbi.nlm.nih.gov/pubmed/23842045
https://www.ncbi.nlm.nih.gov/pubmed/19000230
https://www.ncbi.nlm.nih.gov/pubmed/34782243
https://www.ncbi.nlm.nih.gov/pubmed/22519518
https://www.ncbi.nlm.nih.gov/pubmed/23801525
https://www.ncbi.nlm.nih.gov/pubmed/36654977
https://www.ncbi.nlm.nih.gov/pubmed/32052221
https://www.ncbi.nlm.nih.gov/pubmed/35176197
https://www.ncbi.nlm.nih.gov/pubmed/9191825
https://www.ncbi.nlm.nih.gov/pubmed/31960480
https://www.ncbi.nlm.nih.gov/pubmed/16181219
https://www.ncbi.nlm.nih.gov/pubmed/29183492


Pathogen data sheet: HBV                                               SUPPLEMENTARY MATERIAL 

 

55 

160. Offergeld R, Faensen D, Ritter S, Hamouda O. Human immunodeficiency virus, hepatitis C and hepatitis B infections 
among blood donors in Germany 2000-2002: risk of virus transmission and the impact of nucleic acid amplification 
testing. Euro Surveill. 2005 Feb;10(2):13-4. Available at: https://www.ncbi.nlm.nih.gov/pubmed/29183561 

161. Pillonel J, Laperche S, Etablissement Francais du s. Trends in risk of transfusion-transmitted viral infections (HIV, HCV, 
HBV) in France between 1992 and 2003 and impact of nucleic acid testing (NAT). Euro Surveill. 2005 Feb;10(2):5-8. 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/15735313 

162. Hourfar MK, Jork C, Schottstedt V, Weber-Schehl M, Brixner V, Busch MP, et al. Experience of German Red Cross blood 
donor services with nucleic acid testing: results of screening more than 30 million blood donations for human 
immunodeficiency virus-1, hepatitis C virus, and hepatitis B virus. Transfusion. 2008 Aug;48(8):1558-66. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/18466173 

163. López-Menchero C, Alvarez M, Fernández P, Guzmán M, Ortiz-de-Salazar MI, Arbona C. Evolution of the residual risk of 
HBV, HCV and HIV transmission through blood transfusion in the Region of Valencia, Spain, during a 15-year period 
(2003-2017). Blood Transfus. 2019 Nov;17(6):418-27. Available at: https://www.ncbi.nlm.nih.gov/pubmed/31403928 

164. Koch C, Araújo F. Evolução do Risco Residual Infeccioso para o VIH, VHC e VHB, nas Dádivas de Sangue do Centro 
Hospitalar de S. João, entre os Anos de 1999 e 2010. Acta Médica Portuguesa. 2013;26(4):371-6.  

165. Grubyte S, Urboniene J, Nedzinskiene L, Jelinskaite A, Zagminas K, Ambrozaitis A, et al. Prevalence, incidence and 
residual risk of transfusion transmitted viruses (HBV, HCV and HIV infections) in Lithuanian blood donors from 2004 to 
2018: The incidence/window-period model study. PLoS One. 2021;16(2):e0246704. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/33606700 

166. an der Heiden M, Ritter S, Hamouda O, Offergeld R. Estimating the residual risk for HIV, HCV and HBV in different types 
of platelet concentrates in Germany. Vox Sang. 2015 Feb;108(2):123-30. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/25335096 

167. Safic Stanic H, Babic I, Maslovic M, Dogic V, Bingulac-Popovic J, Miletic M, et al. Three-Year Experience in NAT Screening 
of Blood Donors for Transfusion Transmitted Viruses in Croatia. Transfus Med Hemother. 2017 Nov;44(6):415-20. 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/29344018 

168. Velati C, Romano L, Pati I, Marano G, Piccinini V, Catalano L, et al. Prevalence, incidence and residual risk of transfusion-
transmitted hepatitis B virus infection in Italy from 2009 to 2018. Blood Transfus. 2019 Nov;17(6):409-17. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/31846606 

169. European Directorate for the Quality of Medicines & HealthCare of the Council of Europe (EDQM). The collection, testing 
and use of blood and blood components in Europe, 2020 and 2021 report. Strasbourg: EDQM (unpublished).   

170. European Commission (EC). Mapping of More Stringent Tissues and Cells Donor Testing Requirements - Mapping Exercise 
2015. EC: Brussels. 2016.   

171. European Commission (EC). Directive 2002/98/EC of the European Parliament and of the Council of 27 January 2003 
setting standards of quality and safety for the collection, testing, processing, storage and distribution of human blood and 
blood components and amending Directive 2001/83/EC. Brussels: EC. 2003.   

172. European Commission (EC). Commission Directive 2004/33/EC of 22 March 2004 implementing Directive 2002/98/EC of 
the European Parliament and of the Council as regards certain technical requirements for blood and blood components. 
Brussels: EC. 2004.   

173. European Commission (EC). Regulation (EU) 2017/746 of the European Parliament and of the Council of 5 April 2017 on in vitro 
diagnostic medical devices and repealing Directive 98/79/EC and Commission Decision 2010/227/EU. Brussels: EC. 2017.  

174. European Directorate for the Quality of Medicines & HealthCare of the Council of Europe (EDQM). The Guide to the 
preparation, use and quality assurance of blood components 21st edition. Strasbourg: EDQM. 2023.   

175. United States Food and Drug Administration (FDA). Adequate and Appropriate Donor Screening Tests for Hepatitis B; 
Hepatitis B Surface Antigen (HBsAg) Assays Used to Test Donors of Whole Blood and Blood Components, Including 
Source Plasma and Source Leukocytes. Rockville: FDA; 2007.   

176. United States Food and Drug Administration (FDA). Use of Nucleic Acid Tests on Pooled and Individual Samples From 
Donors of Whole Blood and Blood Components, Including Source Plasma, to Reduce the Risk of Transmission of Hepatitis 
B Virus. Rockville: FDA; 2012.   

177. Joint United Kingdom (UK) Blood Transfusion and Tissue Transplantation Services Professional Advisory Committee 
(JPAC). Guidelines for the Blood Transfusion Services in the UK, 8th edition. JPAC. 2013. In: 

178. European Commission (EC). Commission Directive 2006/17/EC of 8 February 2006 implementing Directive 2004/23/EC of 
the European Parliament and of the Council as regards certain technical requirements for the donation, procurement and 
testing of human tissues and cells. Brussels: EC. 2006.   

179. European Directorate for the Quality of Medicines & HealthCare of the Council of Europe (EDQM). Guide to the Quality 
and Safety of Tissues and Cells for Human Application, 5th edition. Strasbourg: EDQM. 2023.   

180. United States Food and Drug Administration (FDA). Use of Nucleic Acid Tests to Reduce the Risk of Transmission of 
Hepatitis B Virus from Donors of Human Cells, Tissues, and Cellular and Tissue-Based Products. Rockville: FDA; 2016.   

181. Human Tissue Authority (HTA). HTA Guide to Quality and Safety Assurance for Human Tissues and Cells for Patient 
Treatment. HTA. 2001.   

182. Coppola N, Loquercio G, Tonziello G, Azzaro R, Pisaturo M, Di Costanzo G, et al. HBV transmission from an occult carrier 
with five mutations in the major hydrophilic region of HBsAg to an immunosuppressed plasma recipient. J Clin Virol. 2013 
Sep;58(1):315-7. Available at: https://www.sciencedirect.com/science/article/pii/S1386653213002527?via%3Dihub 

https://www.ncbi.nlm.nih.gov/pubmed/29183561
https://www.ncbi.nlm.nih.gov/pubmed/15735313
https://www.ncbi.nlm.nih.gov/pubmed/18466173
https://www.ncbi.nlm.nih.gov/pubmed/31403928
https://www.ncbi.nlm.nih.gov/pubmed/33606700
https://www.ncbi.nlm.nih.gov/pubmed/25335096
https://www.ncbi.nlm.nih.gov/pubmed/29344018
https://www.ncbi.nlm.nih.gov/pubmed/31846606
https://www.sciencedirect.com/science/article/pii/S1386653213002527?via%3Dihub


SUPPLEMENTARY MATERIAL Pathogen data sheet: HBV 

56 

183. Lieshout-Krikke RW, van Kraaij MG, Danovic F, Zaaijer HL. Rare transmission of hepatitis B virus by Dutch donors with 
occult infection. Transfusion. 2016 Mar;56(3):691-8. Available at: https://www.ncbi.nlm.nih.gov/pubmed/26559665 

184. Matsumoto C, Tadokoro K, Fujimura K, Hirakawa S, Mitsunaga S, Juji T. Analysis of HBV infection after blood transfusion 
in Japan through investigation of a comprehensive donor specimen repository. Transfusion. 2001 Jul;41(7):878-84. 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/11452155 

185. Niederhauser C, Candotti D, Weingand T, Maier A, Tinguely C, Stolz M, et al. Reverse vertical transmission of hepatitis B 
virus (HBV) infection from a transfusion-infected newborn to her mother. J Hepatol. 2012 Mar;56(3):734-7. Available at: 
https://www.sciencedirect.com/science/article/pii/S0168827811007781?via%3Dihub 

186. Wang JT, Lee CZ, Chen PJ, Wang TH, Chen DS. Transfusion-transmitted HBV infection in an endemic area: the necessity 
of more sensitive screening for HBV carriers. Transfusion. 2002 Dec;42(12):1592-7. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/12473140 

187. Tedder RS, Zuckerman MA, Goldstone AH, Hawkins AE, Fielding A, Briggs EM, et al. Hepatitis B transmission from 
contaminated cryopreservation tank. Lancet. 1995 Jul 15;346(8968):137-40. Available at: 
https://www.sciencedirect.com/science/article/pii/S014067369591207X?via%3Dihub 

188. Jin L, Nie R, Li Y, Xiao N, Zhu L, Zhu G. Hepatitis B surface antigen in oocytes and embryos may not result in vertical 
transmission to offspring of hepatitis B virus carriers. Fertil Steril. 2016 Apr;105(4):1010-3. Available at: 
https://www.sciencedirect.com/science/article/pii/S0015028215021779?via%3Dihub 

189. Wang S, Peng G, Li M, Xiao H, Jiang P, Zeng N, et al. Identification of hepatitis B virus vertical transmission from father 
to fetus by direct sequencing. Southeast Asian J Trop Med Public Health. 2003 Mar;34(1):106-13. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/12971522 

190. Shutkin NM. Homologous-serum hepatitis following the use of refrigerated bone-bank bone: report of a case. JBJS. 
1954;36(1):160-2.  

191. Hoft RH, Pflugfelder SC, Forster RK, Ullman S, Polack FM, Schiff ER. Clinical Evidence for Hepatitis B Transmission 
Resulting from Corneal Transplantation. Cornea. 1997 Mar;16(2):132-7. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/9071524 

192. Ted E. Viral Infections Transmitted through Tissue Transplantation. In: John FK, Glyn OP, Peter AW, editors. Sterilisation 
of Tissues Using Ionising Radiations: Woodhead Publishing; 2005. p. 255-78. 

193. Tanaka A, Yamagishi N, Hasegawa T, Miyakawa K, Goto N, Matsubayashi K, et al. Marked reduction in the incidence of 
transfusion-transmitted hepatitis B virus infection after the introduction of antibody to hepatitis B core antigen and 
individual donation nucleic acid amplification screening in Japan. Transfusion. 2023 Nov;63(11):2083-97. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/37767806 

194. Drew VJ, Barro L, Seghatchian J, Burnouf T. Towards pathogen inactivation of red blood cells and whole blood targeting 
viral DNA/RNA: design, technologies, and future prospects for developing countries. Blood Transfus. 2017 Oct;15(6):512-
21. Available at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5649960/pdf/btl-15_512.pdf 

195. Allain JP, Bianco C, Blajchman MA, Brecher ME, Busch M, Leiby D, et al. Protecting the blood supply from emerging 
pathogens: the role of pathogen inactivation. Transfus Med Rev. 2005 Apr;19(2):110-26. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/15852240 

196. Aytay S, Ohagen A, Busch MR, Alford B, Chapman JR, Lazo A. Development of a sensitive PCR inhibition method to 
demonstrate HBV nucleic acid inactivation. Transfusion. 2004 Apr;44(4):476-84.  

197. Bryant BJ, Klein HG. Pathogen inactivation: the definitive safeguard for the blood supply. Arch Pathol Lab Med. 2007 
May;131(5):719-33.  

198. Irsch J, Lin L. Pathogen Inactivation of Platelet and Plasma Blood Components for Transfusion Using the INTERCEPT 
Blood System. Transfus Med Hemother. 2011;38(1):19-31. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/21779203 https://www.karger.com/Article/Pdf/323937 

199. Kleinman S, Stassinopoulos A. Risks associated with red blood cell transfusions: potential benefits from application of 
pathogen inactivation. Transfusion. 2015 Dec;55(12):2983-3000. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/26303806 

200. Lanteri MC, Santa-Maria F, Laughhunn A, Girard YA, Picard-Maureau M, Payrat JM, et al. Inactivation of a broad spectrum 
of viruses and parasites by photochemical treatment of plasma and platelets using amotosalen and ultraviolet A light. 
Transfusion. 2020 Jun;60(6):1319-31. Available at: https://www.ncbi.nlm.nih.gov/pubmed/32333396 

201. Moore MA. Inactivation of enveloped and non-enveloped viruses on seeded human tissues by gamma irradiation. Cell 
Tissue Bank. 2012 Aug;13(3):401-7. Available at: https://www.ncbi.nlm.nih.gov/pubmed/21809182 

202. Moore TM, Gendler E, Gendler E. Viruses adsorbed on musculoskeletal allografts are inactivated by terminal ethylene 
oxide disinfection. J Orthop Res. 2004 Nov;22(6):1358-61. Available at: https://www.ncbi.nlm.nih.gov/pubmed/15475221 

203. Pruss A, Gobel UB, Pauli G, Kao M, Seibold M, Monig HJ, et al. Peracetic acid-ethanol treatment of allogeneic avital bone 
tissue transplants--a reliable sterilization method. Ann Transplant. 2003;8(2):34-42. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/14626574 https://annalsoftransplantation.com/abstract/index/idArt/142805 

204. Pruss A, Hansen A, Kao M, Gurtler L, Pauli G, Benedix F, et al. Comparison of the efficacy of virus inactivation methods in 
allogeneic avital bone tissue transplants. Cell Tissue Bank. 2001;2(4):201-15. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/15256903 https://link.springer.com/article/10.1023/A:1021164111246 

205. Schlenke P. Pathogen inactivation technologies for cellular blood components: an update. Transfus Med Hemother. 2014 
Jul;41(4):309-25. Available at: https://www.ncbi.nlm.nih.gov/pubmed/25254027 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4164100/pdf/tmh-0041-0309.pdf 

https://www.ncbi.nlm.nih.gov/pubmed/26559665
https://www.ncbi.nlm.nih.gov/pubmed/11452155
https://www.sciencedirect.com/science/article/pii/S0168827811007781?via%3Dihub
https://www.ncbi.nlm.nih.gov/pubmed/12473140
https://www.sciencedirect.com/science/article/pii/S014067369591207X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0015028215021779?via%3Dihub
https://www.ncbi.nlm.nih.gov/pubmed/12971522
https://www.ncbi.nlm.nih.gov/pubmed/9071524
https://www.ncbi.nlm.nih.gov/pubmed/37767806
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5649960/pdf/btl-15_512.pdf
https://www.ncbi.nlm.nih.gov/pubmed/15852240
https://www.ncbi.nlm.nih.gov/pubmed/21779203
https://www.karger.com/Article/Pdf/323937
https://www.ncbi.nlm.nih.gov/pubmed/26303806
https://www.ncbi.nlm.nih.gov/pubmed/32333396
https://www.ncbi.nlm.nih.gov/pubmed/21809182
https://www.ncbi.nlm.nih.gov/pubmed/15475221
https://www.ncbi.nlm.nih.gov/pubmed/14626574
https://www.ncbi.nlm.nih.gov/pubmed/25254027


Pathogen data sheet: HBV                                               SUPPLEMENTARY MATERIAL 

 

57 

206. Schmidt T, Hoburg AT, Gohs U, Schumann W, Sim-Brandenburg JW, Nitsche A, et al. Inactivation Effect of Standard and 
Fractionated Electron Beam Irradiation on Enveloped and Non-Enveloped Viruses in a Tendon Transplant Model. Transfus 
Med Hemother. 2012 Feb;39(1):29-35. Available at: https://www.ncbi.nlm.nih.gov/pubmed/22896764 

207. Seghatchian J, Struff WG, Reichenberg S. Main Properties of the THERAFLEX MB-Plasma System for Pathogen Reduction. 
Transfus Med Hemother. 2011;38(1):55-64. Available at: https://www.ncbi.nlm.nih.gov/pubmed/21779206 
https://www.karger.com/Article/Pdf/323786 

 
 
  

https://www.ncbi.nlm.nih.gov/pubmed/22896764
https://www.ncbi.nlm.nih.gov/pubmed/21779206
https://www.karger.com/Article/Pdf/323786


SUPPLEMENTARY MATERIAL Pathogen data sheet: HBV 

58 

 

Annex 1. Search strategies 
Available on request. 
 

  



Pathogen data sheet: HBV                                               SUPPLEMENTARY MATERIAL 

 

59 

Annex 2. Laboratory testing approaches and 
pathogen inactivation methods: data 
extraction tables 
Available on request. 
 
 
 


	Pathogen data sheet: HBV
	Abbreviations
	Foreword
	1 Description of the pathogen
	Classification and relevant features
	Table 1. Hepatitis B virus classification


	2 Description of the disease
	Modes of transmission
	Natural history of HBV infection
	Acute hepatitis B
	Chronic hepatitis B
	Table 2. Chronic hepatitis B virus infection markers by disease phase

	Treatment for hepatitis B
	Infectious dose and viraemia
	Infectious dose and infectivity during the pre-HBsAg window period
	Infectious dose and infectivity after loss of HBsAg
	Survival of HBV in the environment
	Organ systems targeted by HBV and HBV presence in different tissues
	HBV-HDV co-infection


	3 Epidemiology
	General population
	Acute hepatitis B
	Table 3. Number of reported acute hepatitis B cases and rates per 100 000 population in the EU/EEA, by country and year (2018–2022)

	Chronic hepatitis B
	Table 4. Weighted HBV prevalence in the general population in the EU/EEA, 2005-2021
	Table 5. Number of reported chronic hepatitis B cases and rates per 100 000 population in the EU/EEA, by country and year (2018–2022)

	SoHO donors
	Table 6. Weighted HBV prevalence in first-time blood donors in the EU/EEA, 2005–2021
	Table 7. Prevalence and incidence of HBV per 100 000 blood donors, per country, per year (2017–2019)

	Risk factors and transmission modes
	Table 8. Transmission category of hepatitis B cases by acute and chronic disease status, EU/EEA, 2022


	Other relevant topics
	Prevalence of anti-HBc in healthy populations
	Table 9. Prevalence of anti-HBc in healthy populations of EU/EEA countries, from selected published reports


	HBV-HDV coinfection
	Vaccination against hepatitis B virus


	4 Laboratory testing approaches
	Interpretation of hepatitis B virus screening test results
	Acute HBV infection
	Occult HBV infection
	HBV vaccination
	Table 10. Interpretation of hepatitis B virus screening test results

	Search results
	Summary of data
	Table 11. Summary of 44 studies on available methods for hepatitis B virus (HBV) laboratory testing in samples from living donors [107-148]

	Deceased donors
	Residual risk of HBV
	Table 12. Residual risk (RR) of hepatitis B virus (HBV) transmission per million blood donations, by test method and incidence rate (in repeat donors and first-time donors)
	Table 13. Examples of residual risks of hepatitis B virus transmission calculated in various EU countries, by periods and test methods


	5 Current testing requirements in EU/EEA countries
	Testing requirements for blood donation
	Table 14. Reported testing practices for HBV in the EU/EEA by country for blood donations, 2021

	Testing requirements for tissues and non-reproductive cells donors
	Table 15. Testing requirements for HBV in the EU/EEA by country: tissues and non-reproductive cells (2015)

	Testing requirements for reproductive cells donors
	Table 16. Testing requirements for HBV in the EU/EEA by country: reproductive cells (2015)


	6 Recommendations from other organisations
	Recommendations for blood
	Table 17. Recommendations from selected organisations for HBV testing of blood donations

	Recommendations for tissues and cells
	Table 18. Recommendations from selected organisations for testing of tissues and cells donations


	7 Transmission through SoHO
	Evidence of transmission of HBV through SoHO
	Table 19. Evidence of transmission of HBV by type of SoHO
	Table 20. Transmission events of HBV through SoHO and donor HBV marker profile

	Reported transmission events of HBV infections through SoHO
	Table 21. Number of SoHO-transmitted HBV infections (imputability 2 or 3*) and number of units transfused or distributed in the EU/EEA (2017–2022)


	8 Pathogen reduction
	Search results
	Table 22. Available commercial pathogen reduction technologies with CE marking
	Summary of data
	Table 23. Pathogen reduction methods for HBV by substance of human origin (SoHO) [195-207]



	9 Public health resources
	ECDC
	US Centers for Disease Control (CDC)
	US Food and Drug Administration (FDA)
	European Directorate for the Quality of Medicines & HealthCare (EDQM)
	World Health Organization (WHO)

	References
	Annex 1. Search strategies
	Annex 2. Laboratory testing approaches and pathogen inactivation methods: data extraction tables

