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Abstract

Background—Brazil requires the performance of both a test for hepatitis B surface antigen 

(HBsAg) and a test for antibodies to the core of hepatitis B for blood donor screening. Blood 

centres in regions of high HBV endemicity struggle to maintain adequate stocks in face of the high 

discard rates due to anti-HBc reactivity. We evaluated the potential infectivity of donations positive 

for anti-HBc in search of a rational approach for the handling of these collections.

Study Design and Methods—We tested anti-HBc reactive blood donations from the state of 

Amazonas for the presence of HBV DNA and for titres of anti-HBs. The study population consists 

of village-based donors from the interior of Amazonas state.

Results—Among 3600 donations, 799 were anti-HBc reactive (22·2%). We were able to perform 

real-time PCR for the HBV S gene on specimens from 291 of these donors. Eight of these samples 

were negative for HBsAg and positive for HBV DNA and were defined as occult B virus 
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infections (2·7%). Six of those eight specimens had anti-HBs titres above 100 mIU/ml, indicating 

the concomitant presence of the virus with high antibody titres.

Conclusion—A small proportion of anti-HBc reactive donors carry HBV DNA and anti-HBs 

testing is not useful for predicting viremia on them. This finding indicates the possibility of HBV 

transmission from asymptomatic donors, especially in areas of high HBV prevalence. Sensitive 

HBV DNA nucleic acid testing may provide another level of safety, allowing eventual use of anti-

HBc reactive units in critical situations.
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Introduction

Brazilian blood system is organized by state, each having a central co-ordinating blood 

centre. The Amazonas state faces particular challenges due to its geographical features. It is 

the largest Brazilian state (1 577 820 km2) with 3 350 773 inhabitants [1]. Its 62 

municipalities are subdivided into nine subregions according to the main rivers [2] (Fig. 1). 

The Hematology and Hemotherapy State of Amazonas Foundation (FHEMOAM) is the 

institution responsible for co-ordinating the hemotherapy in the state, collecting 

approximately 5000 donations/month. Laboratory screening of all donations is performed in 

a central laboratory at FHEMOAM facilities in Manaus.

A population-based survey of prevalence of hepatitis viruses in urban populations of Brazil 

showed a national prevalence of 0·37% for hepatitis B surface antigen (HBsAg), 7·4% for 

the antibody to the core antigen of hepatitis B (anti-HBc) and 76·7% for the antibody to the 

surface antigen of hepatitis B (anti-HBs) [3, 4]. The northern region, encompassing 

completely the Brazilian state of Amazonas, showed the highest prevalence of both anti-HBc 

(14·7%) and HBsAg (0·6%), a level of endemicity characterized as medium by the World 

Health Organization (WHO). Noticeably, areas of very high endemicity exist across the 

country on two distinct clusters: (i) small villages on the northern region [5] and (ii) cities 

with a strong background of Italian colonization in the states of Santa Catarina and Paraná, 

in the southern region [6]. In recent studies, the prevalence of HBsAg in the general 

population of the state of Amazonas ranged from 2 to 9%, while the prevalence of anti-HBc 

ranged from 5 to 76% [7–9]. The discrepancy between rates observed in the serosurvey cited 

above (0·6%) and the higher rates here cited may be explained by the different populations 

investigated. The serosurvey was conducted in state capitals and represents urban 

populations, while the epidemiological investigations cited were carried out in rural settings. 

Indeed, in some small villages, HBsAg prevalence was very high and was frequently 

accompanied by coinfection with the hepatitis delta virus (HDV), justifying the choice of 

this region to pioneer the HBV immunization programme in Brazil in 1989 [9]. 

Unfortunately, 46% and 4% of the vaccines are nowadays reactive for anti-HBc and HBsAg, 

respectively. More relevant to blood collections is the 89% prevalence of anti-HBc in 

persons above 20 years of age, highlighting the challenge to recruit sero-negative donors.
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According to Brazilian federal law, blood centres must discard donations reactive on any of 

the required infectious disease screening tests, unless the risk of transmission of the 

infectious agent is lower than the risk of death due to lack of blood. FHEMOAM adopted in 

the past 15 years a different criterion for acceptance of donors from areas with high anti-

HBc prevalence, taking into consideration the mentioned legal requirements and the need to 

ensure availability of blood. Essentially, FHEMOAM measured the titre of antibodies to the 

surface antigen of HBV and distributed anti-HBc reactive/HBsAg-negative donations with 

titres of anti-HBs above 100 mIU/ml, a policy similar to that adopted by Japan for many 

years [10].

Many countries with medium and high HBV endemicity such as Italy, Greece, Spain and 

various Asian nations chose not to test donors for anti-HBc [11]. The major risk of HBV 

transmission by transfusion in the absence of screening for anti-HBc stems from carriers of 

occult hepatitis B infection (OBI). OBI is characterized by the presence of HBV DNA in the 

circulation of individuals who are serologically negative for HBsAg and harbour viral loads 

usually below 200 IU/ml or <103 copies/ml [11]. The number of studies of prevalence of 

OBI in regions of high endemicity in Brazil is small. Silva et al. [12] found an OBI 

prevalence of 3·3% among blood donors reactive for anti-HBc in Porto Alegre in southern 

Brazil, while Arraes et al. found 2·7% of OBI [13] among anti-HBc reactive blood donors in 

Recife, a north-eastern city.

We examined the prevalence of HBV DNA among anti-HBc and anti-HBs reactive donors in 

the state of Amazonas, an area of medium to high HBV endemicity in Brazil. To mitigate the 

risk of HBV transmission associated with the use of anti-HBc reactive/HBV DNA-positive 

blood in the Amazonas region, we propose the screening of anti-HBc reactive units by ID-

NAT for HBV as a safer alternative algorithm.

Materials and methods

Study groups

This cross-sectional study was conducted between June 2011 and June 2012 at Collection 

and Transfusion Units co-ordinated by FHEMOAM and included volunteer blood donors 

living in the interior of the state of Amazonas (Amazonas state excluding the state capital 

Manaus) who were negative for HBsAg, were reactive for anti-HBc and were reactive or 

non-reactive for anti-HBs. Donors from Manaus, the state capital, were excluded as they 

may have presented distinct epidemiological characteristics. The ethics committee of 

FHEMOAM approved the study protocol.

Anti-HBc reactive volunteer blood donors provided follow- up samples that were divided 

into two groups: group A (HBsAg-negative/anti-HBc reactive/anti-HBs ≥ 100 mIU/ml) and 

group B (HBsAg-negative/anti-HBc reactive/anti-HBs < 100 mIU/ml). The titre of anti-HBs 

was determined in the sample from the index donation.

Serological tests

According to regulations, all blood donations in Brazil are screened for syphilis, anti-

HIV-1/2, anti-HTLV-I/II, anti-HCV, anti-Trypanosoma cruzi, anti-HBc and HBsAg. Samples 
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found to be reactive on any of these screening tests are retested in duplicate; if both results 

are negative, the corresponding blood unit is released for transfusion, otherwise the unit is 

discarded and the donor invited to provide a follow-up sample for confirmatory testing.

Nucleic acid testing (NAT) for HIV, HCV and less frequently for HBV, is performed on a 

voluntary basis. Public blood banks are currently performing NAT for HIV and HCV RNA 

using a kit produced by Bio-Manguinhos/FIOCRUZ (Rio de Janeiro, Brazil).

During the study period, FHEMOAM utilized ELISA tests for HBsAg and anti-HBc (Murex 

Biotech Limited, ABBOTT, Dartford, UK) and chemiluminescence (CMIA, ARCHITECT, 

ABBOTT, Wiesbaden, Germany), according to the manufacturer’s recommendations. 

Samples found to be serologically reactive for anti-HBc in the absence of HBsAg were 

tested for anti-HBs using CMIA (ARCHITECT, ABBOTT).

Detection of HBV DNA

HBV DNA was extracted from 1 ml of serum using the QIAamp UltraSens Virus Kit 

(Qiagen, Valencia, CA, USA). DNA adequacy was evaluated by real-time PCR targeting the 

human β-actin gene via the SYBR Green method (GoTaq qPCR Master Mix; Promega 

Corporation, Madison, WI, USA) using a StepOne Plus Real-Time PCR equipment (Applied 

Biosystems, Warrington, UK). Cycling conditions were as follows: 10 min at 95°C to 

activate the Taq polymerase; 40 cycles of denaturation at 59°C for 15 s; and annealing and 

extension at 60°C for 60 s. Sequences of the primers for β-actin were as follows: sense (5′ 
TGACAAAACCTAACTTGCGC 3′) and antisense (5′ATAAAGCCATGCCAATCTCA 3′). 

A Ct of 33–36 is normally verified from serum samples submitted to this protocol.

Real-time PCR

A small fragment of the HBV surface antigen gene was amplified using real-time PCR with 

the following oligonucleotides: HBV forward primer (5′-

GTGTCTGCGGCGTTTTATCAT-3′), co-ordinates 225–245; HBV reverse primer (5′-

GGACAAACGGGCAACATACCT-3′), co-ordinates 303–323; and HBVPROBE: (5′FAM-

ATCCTGCTGCTATGCCTC – NFQ 3′) and co-ordinates 256–273, resulting in a product of 

98 bp (GenBank: af129506.1) [14]. PCRs were performed on a StepOne Plus Real-Time 

PCR equipment (Applied Biosystems) using an initial step of 95°C for 10 min, followed by 

three cycles of 95°C for 15 s, 60°C for 1 min and 45 cycles of 94°C for 15 s, and 60°C for 1 

min. The 95% detection rate of this assay was established as 24 IU/ml by probit analysis 

with the HBV DNA WHO standard (data not shown). All samples were tested in duplicate. 

A standard curve allowed the estimation of viral load on HBV DNA reactive samples.

Results

FHEMOAM collected 3600 blood donations in the interior of the state of Amazonas during 

the study period, and 835 (23·2%) of these donors had serological markers for hepatitis B. 

Eight (0·9%) were HBsAg reactive, 799 (95·7%) were only reactive for anti-HBc, and 28 

(3·4%) were reactive for both, anti-HBc and HBsAg. Two hundred and ninety-one donors 

agreed to provide a follow-up sample for serological (anti-HBs) and molecular tests (HBV 

DNA). They were divided into two groups according to their anti-HBs results: group A with 
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216 donors with anti-HBs ≥100 mIU/ml) and group B with 75 donors with anti-HBs < 100 

mIU/ml. Eight samples, six from group A and two from group B, were positive for HBV 

DNA. The overall prevalence of occult hepatitis B among blood donors from the interior of 

the state of Amazonas was 2·7%.

The eight donors identified as OBI were men, with a mean age of 44·1 years; five had been 

previously vaccinated against HBV. Information regarding risk factors, viral load and S/CO 

rate of the serological tests is presented in Table 1.

Discussion

The Brazilian blood system suffers from a chronic shortage of blood components. Several 

reasons contribute to this, among them are the high rate of first-time donors and the discard 

rate for infectious markers, being anti-HBc the most prevalent. While in some areas of the 

country, these factors are well managed; in the HBV endemic regions, an important amount 

of resources are wasted by collecting blood from first-time anti-HBc reactive donors. The 

problem is more prominent in the state of Amazonas interior. This area is scarcely 

populated, but has blood needs that FHEMOAM has to fulfil. Until recently, the risk of 

transmission of HBV by transfusion was lower than the risk of death associated with the 

lack of blood, justifying the decision to transfuse anti-HBc reactive blood with anti-HBs 

titres above 100 mIU/ml. This procedure is controversial because the presence of anti-HBs 

does not assure the absence of HBV DNA. The transfusion risk is particularly important for 

immunocompromised recipients, who may acquire HBV even by donations with anti-HBs 

that contain low levels of HBV DNA [15]. Currently, FHEMOAM discards all collected 

units that are anti-HBc reactive.

The relationship between infectivity and HBV viral load may be related to several factors, 

such as the immune status of the donor and recipient; stage of infection; volume of blood 

products transfused; and the presence of neutralizing antibodies against HBV [15]. In our 

study, no relationship was found between anti-HBs titres and HBV viral load.

Although the Amazon region is endemic for hepatitis B and the epidemiological scenario is 

favourable towards the emergence of OBI, no other study to date has evaluated the risk of 

HBV transmission by OBI in blood banks in the Amazon. The current study showed eight 

cases of HBV DNA presence from 291 anti-HBc reactive blood donors. Among these, six 

donors had anti-HBs titres ≥ 100 mIU/l. OBI was more present in the group displaying anti-

HBs reactivity, a prevalence of 2·1% (6/291), revealing that the policy adopted for the state 

of Amazonas interior did not guarantee the safety of blood transfusion. However, the lack of 

documented cases of HBV transmission associated with blood components sourced from 

donors with anti-HBs levels exceeding 100 IU/l indicates a negligible risk associated with 

this policy [10, 15]. To date, the highest anti-HBs level in a donor implicated in an HBV 

transmission is 29·6 IU/l [16]. A look back study could potentially confirm cases of HBV 

acquired from blood originated from OBIs in the region, but may be blurred by the high 

anti-HBc prevalence in the general population, including recipients.

Moresco et al. Page 5

Vox Sang. Author manuscript; available in PMC 2016 October 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The prevalence of OBI among anti-HBc reactive blood donors in this study (2·7%) proved to 

be below that observed in other regions where hepatitis B is endemic. In Ganjam, India, the 

prevalence of anti-HBc is approximately 30%, while OBI represents 30% of those anti-HBc 

positives or 9% of the overall blood donor population [17]. However, this population is 

considered of high risk for HIV, not representing the situation for most parts of India. For 

example, a rate of OBI of 1·1% was described in southern India [18]. The rate for Amazonas 

resembles those found in other regions with similarly moderate prevalence, such as the 

Egypt with an OBI rate of 1·26% [19] and the two Brazilian state capitals, Porto Alegre 

(3·3%) and Recife (2·7%) above cited, meaning that, in despite of a much higher anti-HBc 

prevalence, the Amazonas OBI rate is similar, suggesting a higher viral clearance in these 

Amazon blood donors.

It was observed in this study that among donors identified as having OBI, five were 

previously immunized against hepatitis B virus, and there was no report of exposure to the 

classical risk factors for infection. The HBV vaccine is known to be effective and is part of 

Brazil’s National Immunization Programme. However, in the first area in Brazil that started 

the immunization programme more than 20 years ago, the county of Lábrea in the Amazon, 

the current prevalence of anti-HBc is 19·8% in children aged 5–9 years and 38·9% among 

adolescents aged between 10 and 14 years [9]. These data clearly indicate either that the 

immunization coverage is lower than required and/or that the previously vaccinated now 

HBsAg carriers represent vaccine breakthroughs. In the US, among nine HBV NAT yield 

cases detected, six were immunized blood donors, and five of them harboured non-A2 HBV 

genotypes [20], suggesting vaccine escape may be caused by partial immune protection in 

persons challenged by HBV genotypes differing from the A2 prototype used in the 

recombinant HBV vaccine.

The prevailing HBV genotypes in Brazil are A, D and F [21]. Genotype F is thought to be 

originally from Amerindian populations [22] and, as expected, is the most prevalent in the 

Amerindian population in the Amazon [23]. It is tempting to speculate that the high rate of 

anti-HBc and HBsAg observed among vaccines in the Amazon studies cited and among 

OBIs here described that were also vaccinated, may be attributed to sequence variability in 

the immunodominant region of the envelope antigen between A and F genotypes, eliciting 

an immune response unable to fully protect against HBV genotype F strains, what has been 

observed by Tacke et al. [24]. Unfortunately, we were unable to genotype the OBIs here 

described, due to very low viremia, but would be important to know whether this group of 

OBI donors is enriched for F isolates.

Our data demonstrate that using anti-HBs levels as a criterion for releasing anti-HBc reactive 

units for transfusion has limitations given that we detected HBV DNA in several donors with 

anti-HBs levels exceeding 100 IU/l – our assumed safe threshold. As noted, there is 

currently an absence of evidence from look-back studies that anti-HBc reactive units with 

anti-HBs > 100 IU/l and detectable DNA lead to HBV transmission. However, given the 

potential infectivity of HBV DNA-positive units, we believe that it would improve safety if 

these units were identified and removed. Our proposal would be to perform highly sensitive 

ID-NAT for HBV DNA on repeat donors displaying isolated anti-HBc reactivity. Individuals 

with this pattern (isolated anti-HBc) comprise an important fraction of the regular blood 
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donors living in the Amazonas interior. Although FHEMOAM policy has changed recently 

to reject all anti-HBc reactive units, the suggested algorithm may prove safe and cost-

effective in some settings of very high HBV endemicity, as the Amazonas state rural area but 

also in other regions of Brazil with similar prevalence. Moreover, it may guarantee the 

availability of the blood supply in those areas with logistic complexity and chronic lack of 

blood. In Brazil, NAT for HBV is currently not widely adopted, its use being limited to 

certain private blood banks [25]. Brazilian government is currently implementing NAT 

screening for hepatitis C and HIV in public blood banks by use of a locally produced kit. 

Priority was given to HCV and HIV, while there is substantial data suggesting that the 

residual risk for HBV transfusional transmission is considerably higher than for HCV and 

HIV [25]. Although South Africa does not include anti-HBc testing in their blood screening, 

after 4 years of ID-NAT introduction, only one HBV transfusion-transmitted case was 

verified, corresponding to approximately 3 million donations, which highlights the 

negligible risk of HBV DNA ID-NAT-negative donations [26]. Including HBV DNA as a 

target will surely provide a high yield of window period cases while allowing the evaluation 

of the above-proposed algorithm in some regions of Brazil.
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Fig. 1. 
Prevalence of isolated anti-HBc positive donors in subregions (excluding Manaus) of the 

Amazon state in the period of June 2011–June 2012. N = 799/3600 (22·2%).
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