
Dong Hee Seo, Dong Hee Whang, Eun Young Song, Kyou Sup Han

Dong Hee Seo, Labgenomics Clinical Laboratories, Seongnam-
si 463-400, South Korea 
Dong Hee Whang, Department of Laboratory Medicine, Inje 
University College of Medicine, Seoul Paik Hospital, Seoul 
100-032, South Korea 
Eun Young Song, Kyou Sup Han, Department of Laboratory 
Medicine, Seoul National University College of Medicine, Seoul 
110-744, South Korea
Author contributions: All authors contributed to this paper.
Conflict-of-interest: There are no conflicts of interests.
Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
Correspondence to: Dong Hee Seo, MD, PhD, Labgenomics 
Clinical Laboratories, B-6F, 700, Daewangpangyo-ro, Bundang-gu, 
Seongnam-si 463-400, Gyeonggi-do, 
South Korea. seo2023@nate.com
Telephone: +82-31-6280730 
Fax: +82-31-6280701
Received: August 23, 2014 
Peer-review started: August 24, 2014 
First decision: November 3, 2014
Revised: November 29, 2014 
Accepted: December 16, 2014
Article in press: December 16, 2014
Published online: March 27, 2015

Abstract
Transfusion-transmitted infections including hepatitis B 
virus (HBV) have been a major concern in transfusion 
medicine. Implementation of HBV nucleic acid testing 
(NAT) has revealed occult HBV infection (OBI) in blood 
donors. In the mid-1980s, hepatitis B core antibody 
(HBc) testing was introduced to screen blood donors 
in HBV non-endemic countries to prevent transmission 
of non-A and non-B hepatitis. That test remains in 
use for preventing of potential transmission of HBV 
from hepatitis B surface antigen (HBsAg)-negative 
blood donors, even though anti-hepatitis C virus tests 

have been introduced. Studies of anti-HBc-positive 
donors have revealed an HBV DNA positivity rate of 
0%-15%. As of 2012, 30 countries have implemented 
HBV NAT. The prevalence of OBI in blood donors was 
estimated to be 8.55 per 1 million donations, according 
to a 2008 international survey. OBI is transmissible by 
blood transfusion. The clinical outcome of occult HBV 
transmission primarily depends on recipient immune 
status and the number of HBV DNA copies present in the 
blood products. The presence of donor anti-HBs reduces 
the risk of HBV infection by approximately five-fold. The 
risk of HBV transmission may be lower in endemic areas 
than in non-endemic areas, because most recipients 
have already been exposed to HBV. Blood safety for 
HBV, including OBI, has substantially improved, but the 
possibility for OBI transmission remains.
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Core tip: Hepatitis B surface antigen negative but 
hepatitis B virus (HBV) DNA positive blood products 
can evoke hepatitis in blood recipients. Anti-hepatitis B 
core and HBV nucleic acid testing screening tests are 
necessary to prevent occult HBV infection transmission 
by transfusion. Anti-HBs antibody in donors and 
recipients can protect against hepatitis B infection.
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is a major concern in transfusion medicine[1-4]. 
Screening tests for hepatitis B surface antigens 
(HBsAg) and anti-hepatitis B core (HBc) antibodies 
detect HBV transmissible blood and prevent recipient 
HBV infection. After the introduction of HBV nucleic 
acid tests (NAT) in blood donor screening, the residual 
risk of HBV infection by transfusion decreased[5,6]. 
Implementation of this test revealed occult hepatitis B 
virus infection (OBI) in blood donors. OBI is defined as 
the presence of HBV DNA in the liver (with detectable 
or undetectable HBV DNA in the serum) of individuals 
who tested negative for HBsAg[7]. The amount of viral 
DNA in the serum is typically very low in cases of true 
OBI. Because testing liver tissue is not always practical 
or possible, OBI is often diagnosed through serum HBV 
DNA and viral marker tests[8,9].

A positive OBI test may be found in blood donors 
as a result of various clinical conditions, including: 
(1) the incubation period of acute infections; (2) the 
tail-end stage of chronic hepatitis B; (3) low-level 
viral replication after recovery from hepatitis; and 
(4) escape mutants not detected by current HBsAg 
tests[10,11]. HBV transmission by blood transfusion 
from an OBI donor was first reported in 1978[12]. An 
increasing number of studies on OBI infectivity of 
blood products have recently been published[13,14]. In 
this review, we summarize the role of blood screening 
tests for HBV infections and update the known risks of 
OBI transfusion transmission.

ANTI-HBC ANTIBODY
Hepatitis B core antigen (HBcAg) appears in hepa
tocytes within 2 wk after HBV infection; infectious 
viremia including HBsAg and polymerase are present 
in the blood after 3 wk. Anti-HBc IgG forms during 
the recovery phase of infection and is persistent 
for life, thus, the presence of this antibody in blood 
indicates past HBV infection[15]. The analytic sensitivity 
of HBsAg tests in the 1980s was lower than that of 
current assays. In 1983, Nath et al[16] found that 1 of 
16 samples with anti-HBc in the absence of anti-HBs 
was found to have HBsAg when tested with a more 
sensitive test. Therefore, additional screening for HBV 
and surrogate tests for non-A, non-B hepatitis were 
necessary in the 1980s until the anti-hepatitis C virus 
(HCV) antibody test became available[17]. The anti-HBc 
test was introduced in the mid-1980s for screening 
of blood donors in HBV non-endemic countries, such 
as the United States. Even after the introduction of 
the anti-HCV test in the early 1990s, the anti-HBc 
test continues to be used for donor screening in many 
countries to prevent potential transmission of HBV 
from HBsAg-negative donors[18,19]. Several studies have 
reported effective screening of blood for anti-HBc[20,21]. 
However, HBV endemic countries were unable to 
implement anti-HBc screening because many blood 
products would be discarded due to positive screening 
tests even though most of the blood would be safe 

for transfusion. Cases of posttransfusion hepatitis 
B from positive carrier blood and posttransfusion 
fulminant hepatitis B from blood containing precore-
defective HBV mutants have been reported in Norway 
and Japan, respectively, countries that did not screen 
donors for anti-HBc[22,23]. In 1989, Japan introduced 
anti-HBc testing with a modified algorithm in which 
anti-HBc-reactive blood with titers < 1:32 or ≥ 
1:32 with anti-HBs ≥ 200 mIU/mL were used for 
transfusion[24]. 

Anti-HBc prevalence is related to regional hepatitis 
B prevalence, and both are typically proportional to 
one another. The prevalence rates of anti-HBc in blood 
donors in the United States are 0.23%[25]; United 
Kingdom, 0.56%[21]; Denmark, 0.70%[26]; Japan, 
1.1%[27]; Germany, 1.88%[28]; Italy, 4.85%[29]; India, 
10.82%[30]; South Korea, 13.5%[31]; Egypt, 14.2%[32]; 
Greece, 14.9%[33]; and Pakistan, 17.28%[34] (Figure 
1). O’Brien et al[35] reported 5585 (1.13%) anti-HBc 
repeat-reactive blood donors among 493344 blood 
donors in Canada, of which 29 (0.52%) were HBsAg-
negative but HBV DNA-positive[35]. The anti-HBc test 
lacks specificity and reactivity of the test reagents 
varies by manufacturer. Therefore, comparison of 
anti-HBc positivity should be conducted with caution; 
it is better to describe general features rather than 
directly comparing studies. Efforts to improve test 
specificity have included the addition of reductants 
such as dithiothreitol and cysteine[36]. High donor 
HBsAg antibody (anti-HBs) levels (> 100 mIU/mL) 
are assumed to be putatively protective against the 
transfusion transmission of HBV[37]. Anti-HBc only or 
isolated anti-HBc are defined as anti-HBc positive 
without HBsAg and anti-HBs. An HBV DNA positivity 
of 0%-15% among those donors positive for anti-
HBc only was reported in studies performed in 
Greece, China, Japan, and Germany[10]. Therefore, the 
presence of anti-HBc only does not necessarily indicate 
active viral replication and transmission potential. 

NAT IN BLOOD SERVICE
Improved molecular methods for the detection of viral 
nucleic acids made it possible to introduce NAT for 
donor screening in the late 1990s[38]. By 1997, several 
countries in Europe had initiated voluntary screening 
of pooled plasma donations using NAT, and a directive 
was issued by the EU requiring HCV RNA testing for 
all plasma intended for fractionation in Europe by July 
1, 1999. Routine NAT for HBV was first introduced 
in German blood transfusion services in January of 
1997[39]. The United States began screening source 
plasma pools for HCV and human immunodeficiency 
virus (HIV)-1 RNA in early 1998 under the Food and 
Drug Administration’s Investigational New Drug (IND) 
program. Currently, more than 90% of whole blood 
and nearly all source plasma are screened for HCV 
and HIV by NAT. NAT for blood screening is typically 
conducted using a multiplex polymerase chain reaction  
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method that simultaneously detects the presence of 
HIV, HCV and HBV[40]. And a multiplex reaction positive 
case requires discrimination testing[41]. NAT can be 
performed on pooled samples to reduce running 
costs[42]. In pooling test system, primary NAT positive 
cases require a secondary confirmation procedure 
for identification of positivity of individual donation 
samples. The American Red Cross implemented 
automated triplex NAT for HIV, HCV, and HBV in June 
of 2009[25]. Japan implemented NAT in November 1997 
and all donations have been screened since October 
1999. Japanese Red Cross Blood Centers serologically 
screened 500 samples that were pooled and tested 
for HBV, HCV and HIV-1. To increase HBV detection 
sensitivity in Japan, the sample pooling size was 
reduced to 50 in 2000, and 20 in 2004[43]. 

As of 2012, 30 countries have implemented 
HBV NAT[44,45], as shown in Table 1. According to 
international survey results, there were a total of 
170 HBV NAT-only positive donors among 19887649 
blood donations in 2008, and the prevalence of OBI 
among blood donors was an estimated 8.55 per 1 
million donations[44]. In Taiwan, 8 (0.13%) HBV NAT-
only positive donors were identified among 5,973 
random donor samples[46]. In China, 22 among 165371 
HBsAg-negative plasma samples were identified as 
OBI-positive; their alanine aminotransferase levels 
were normal and their viral loads low, with a median 
of 14 IU/mL[47]. In Iran, 4% of 1000 healthy blood 
donors were anti-HBc- and OBI-positive, and 8.23% 
of 11,240 volunteer donors were anti-HBc positive and 
OBI-positive in Mexico[48,49]. To detect OBI, the HBV 
DNA test is substantial, and minipool NAT can be used 
to reduce the cost of testing in developing countries. 
However, in HBV endemic areas, minipool NAT can 
result in many primary positive cases, which means 
that many blood products must be retained until the 
positivity of individual sample is resolved through a 
secondary confirmation test. Therefore, it is better 
to implement NAT for individual–donations rather 
than minipools for NAT in HBV endemic areas[50-53]. 
HBV replicates more slowly than HIV or HCV, and 

its doubling time during the ramp-up phase was 
estimated to be 2.56 d by Biswas et al[54]. Therefore, 
minipool NAT for HBV detection is less effective 
than for HIV or HCV detection. Each country should 
develop its own blood screening strategy based on 
HBV prevalence, yields of infectious units by different 
screening methods and cost-effectiveness of testing 
methods.

OBI TRANSMISSION BY BLOOD 
TRANSFUSION
Occult HBV is transmissible by blood transfusion, 
although the transmission rate is considered to be 
very low. The clinical outcome of OBI transmission 
mainly depends on the immune status and copies of 
HBV DNA in blood products of the recipient. A look-
back program by the Japanese Red Cross showed 
that window period-derived blood components evoked 
50% (11/22) seroconversion in recipients, but tail-
end chronic hepatitis B infections caused only 3% 
(1/33) seroconversion in recipients[55]. Satake et al[55] 
concluded that the blood infectivity rate during the 
window period was 10-fold higher than the transmission 
rates from occult carriers with low-titer anti-HBc. In 
Canada, a look-back study identified 9.7% anti-HBc-
positive recipients and 4 HBV DNA-positive, HBsAg-
negative, anti-HBc-positive donors[35]. However, 
hepatitis cases were reported to have occurred as the 
result of transfusion of anti-HBc-positive, anti-HBs-
positive (12 IU/L), HBV DNA-positive (180 IU/mL) blood 
product[56].

A study on blood component infectivity by 
Allain et al[14] reported that the presence of anti-
HBs in donors reduces the risk of HBV infection by 
approximately five-fold, while therapeutic fresh frozen 
plasma over platelet concentrate increases the risk 
by approximately three-fold by logistic regression 
analysis[14]. A case of OBI transmission by plasma has 
been reported, but not by red blood cells[57,58]. Because 
the amount of plasma containing viral particles is 
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Figure 1  Prevalence of anti-hepatitis B core in blood 
donors.
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window periods. Therefore, despite higher costs, 
HBV NAT is more suitable for screening in areas with 
endemic HBV.

Although OBI infectivity depends on recipient 
immunity and blood product type, it is transmissible 
by transfusion. One study observed higher genetic 
diversity in occult HBV genotype B and C strains from 
South East Asian blood donors[62]. Epigenetic factors 
have also been identified in HBV cccDNA molecules, 
and studies to understand OBI immunopathogenesis 
are currently underway[63-68]. Even with HBV NAT 
screening, there is a risk of false-negative results. 
NAT using sample pooling systems in particular 
cannot detect low-level viremia. Pathogen inactivation 
technologies that destroy viral DNA or RNA in blood 
products using chemical agents and ultraviolet 
illumination have been introduced as alternatives 
in blood services[69,70]. HBV vaccination of potential 
recipients is also an important preventive measure. In 
conclusion, following the implementation of anti-HBc 
and HBV NAT screening, blood safety for HBV including 
OBI has improved substantially, but the potential for 
OBI transmission remains.
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