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(97.7%) originally referred as positive by blood banks. Discrepant samples were also found to be negative by a commercial EIA (Hepanostika; Organon-Teknika). Anti-HBcAg
antibody titers were determined by diluting samples in antiHBcAg-negative plasma. Immunoglobulin M (IgM) anti-HBcAg antibodies were determined in PCR-positive samples by a
commercial EIA (Corzyme-M; Abbott Laboratories, Diagnostics Division). Absence of HBsAg in plasma samples was confirmed by a double sandwich EIA (13). Anti-HBsAg antibody
levels were determined by a commercial EIA (Roche Diagnostic GmbH).
The presence of a conserved region of the HBsAg gene was
assayed by nested PCR (2). Two DNA extraction methods
were used. In the first one, 10 l of plasma was treated with 10
l of NaOH and then neutralized with 20 l of HCl according
to a previously reported procedure (7). Ten microliters of
extracted material (equivalent to 2.5 l of starting material)
was amplified by nested PCR. In the second method, 550 l of
plasma was treated with 25 mg of proteinase K per ml–70 mM
Tris-HCl–35 mM EDTA–3.5% sodium dodecyl sulfate for 3 h
at 50°C. After addition of 10 mg of bovine serum albumin per
ml (8), DNA was extracted with phenol-chloroform and precipitated by ethanol. Half of the original input of plasma (10 l
of extracted material, equivalent to 275 l of starting material)
was used for amplification. Positive controls were HBsAg-positive samples infected with the most divergent genotype (F) of
HBV, highly prevalent in Venezuela (1). A sample was considered positive when repeatedly found positive after amplification of newly extracted material.
Two populations of anti-HBcAg-positive plasma units were
observed: one with low antibody titers in the monoclonal inhibition assay (positive only undiluted, 56% of the total
plasma) and another with titers equal to or greater than 1/100
(31% [Fig. 1]). The same bimodal distribution of anti-HBcAg
antibodies was observed in a Japanese population of blood
donors (9). About half of the anti-HBcAg-positive plasma
units (45%) exhibited anti-HBsAg levels below the limit established as protective (10 IU/liter) (Fig. 1). It has been reported
elsewhere that about half of the anti-HBcAg-positive blood
donor samples from Brazil are not positive for another HBV
marker (19). This prevalence of isolated anti-HBcAg antibodies is higher than the one found among U.S. blood donors (20
to 30%) (15). It is not known whether some HBV genotypes
induce lower degrees of antibody response after a natural
infection. If so, this could account for the low levels of antiHBsAg observed among several Venezuelan and Brazilian

The incidence of posttransfusion hepatitis B virus (HBV)
infection has been significantly reduced with the development
of serological tests for the detection of HBV surface antigen
(HBsAg). It is known, however, that some blood derivatives,
negative for HBsAg but positive for antibodies against hepatitis B core antigen (anti-HBcAg), are able to transmit the
infection, both after transfusion and after transplantation of
organs (6, 17). The presence of anti-HBcAg antibodies without
any other HBV serological marker is frequently found in different population groups. Different situations may account for
this result: (i) a false-positive anti-HBcAg result; (ii) low levels
of HBV replication inside the hepatocyte, without detectable
production of HBsAg; (iii) the window phase of acute HBV
infection; (iv) the loss of anti-HBsAg with time or failure to
develop an antibody response against the antigen after infection; or (v) the presence of a vaccine escape mutant, not detected by most of the currently available HBsAg detection tests
(3, 9, 11, 16).
In some countries with a high prevalence of HBV infection,
such as Japan, exclusion of all anti-HBcAg-positive plasma
units would result in a drastic reduction in the number of units
available for transfusion. Additional testing, like determination
of the level of anti-HBcAg antibody (9), has been included to
enable the transfusion of some of the anti-HBcAg-positive
plasma units. On the other hand, anti-HBcAg testing is not
mandatory in some countries. More rational criteria for discarding HBcAg-positive blood units may help these countries
to adopt this additional testing. The aim of this study was the
molecular and serological characterization of anti-HBcAg-positive, HBsAg-negative plasma units from blood donors, in order to evaluate whether the measures practiced in some Asiatic
countries could be adopted in other settings with a lower prevalence of HBV infection.
The study comprised 171 plasma samples, screened as positive for anti-HBcAg antibodies and negative for HBsAg, from
voluntary blood donors from Banco Municipal de Sangre, Caracas, Venezuela, and from Planta Procesadora de Derivados
Sanguı́neos Quimbiotec, Caracas, Venezuela. Anti-HBcAg
positivity was corroborated, by a monoclonal inhibition enzyme immunoassay (EIA) (14), in 167 of the 171 samples
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Anti-hepatitis B core antigen (HBcAg)-positive hepatitis B surface antigen (HBsAg)-negative plasma samples from blood donors were tested by nested PCR. DNA positivity was more significantly associated with high
levels of anti-HBcAg than with low levels of anti-HBsAg antibodies. Analysis of a dilution of anti-HBcAg
antibodies might result in a more rational exclusion of anti-HBcAg-positive HBsAg-negative samples, reducing
the number of donations discarded and enabling more countries to incorporate anti-HBcAg testing.
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TABLE 1. Viremia in plasma samples positive for anti-HBcAg
antibodies and negative for HBsAg according to the levels of antiHBcAg and anti-HBsAg antibodiesa
No. positive/no. tested (%) for sample group:
Anti-HBc titer

0–30 IU of antiHBsAg/liter
(n ⫽ 122)

⬎30 IU of antiHBsAg/liter
(n ⫽ 45)

All
(n ⫽ 167)

1/1 (n ⫽ 94)
ⱖ1/10 (n ⫽ 73)
All (n ⫽ 167)

0/64
10/58
10/122 (8)

0/30
0/15
0/45 (0)

0/94 (0)
10/73 (14)
10/167 (6)

a
Statistical differences were evaluated by the Fisher exact test according to the
Epi Info program, version 5.01b (Centers for Disease Control and Prevention,
Atlanta, Ga.). Significance of column 1 compared with column 2 is P ⫽ 0.064;
significance of row 1 compared with row 2 is P ⫽ 0.002.

blood plasma units, where the predominant infecting genotype
is the most divergent genotype, F (1, 10). On the other hand,
even if anti-HBcAg false positivity was reduced by an additional immunoassay, false-positive anti-HBcAg results may still
account for some of these low-anti-HBcAg and low-anti-HBsAg plasma units, as suggested earlier (15, 16).
HBV DNA was detected in a low number of anti-HBcAgpositive samples, in agreement with previous reports (4, 16,
20). Viral DNA was detected in 8 of 167 (4.8%) plasma samples by the low-volume extraction procedure. Two additional
positive plasma samples (10 of 167 [6%]) were detected by a
procedure which allowed the analysis of a higher volume of
plasma and reduced the risk of false-negative results by inhibition of PCR (8). The difference in the results obtained with
the two extraction procedures stresses the importance of an
adequate PCR procedure to detect potentially infective blood
and derivatives. HBV DNA has been more frequently found
among anti-HBcAg-positive specimens (5, 21). These differences may be due to the analysis of anti-HBcAg-selected sera
with high levels of antibody and/or to use of a small sample
size. Sample volume tested in PCR is even more critical when
testing viremia in plasma units because of the high volume of
blood and derivatives usually administered to the patient (12).
A good correlation, however, has been found previously between PCR determination and infectivity testing in chimpanzees (18).
No HBV DNA-positive sample was found among the 94 of
167 plasma samples with low levels of anti-HBcAg antibodies.
A significantly higher prevalence of HBV DNA was found
among the samples with anti-HBcAg antibody titers equal to or
higher than 1/10 (10 of 73 [14%] (Table 1). Viremia was also
associated with anti-HBsAg antibody levels lower than 30 IU/
liter. Low anti-HBsAg levels were also present in viremic samples from blood donors associated with posttransfusion hepatitis in a previous study (12). The difference in frequency of
HBV DNA positivity was, however, of borderline significance
among plasma samples with low and high levels of anti-HBsAg
antibodies (Table 1). Applying a quantitative criterion for exclusion of anti-HBcAg-positive plasma and discarding samples
with anti-HBcAg antibody titers equal to or higher than 1/10
would result in the exclusion of only 73 of 167 plasma samples
(44%). In contrast, discarding plasma samples with anti-HBsAg levels lower than 30 IU/liter would result in the exclusion
of 122 of 167 plasma samples (73%). The apparent bimodal

distribution of anti-HBcAg-positive plasma suggests that it
may be relatively easy to incorporate an anti-HBcAg dilution,
or a higher cutoff for the percent inhibition in the anti-HBcAg
inhibition assays, depending on the serological test used, that
could discriminate between these two populations. Only 1 of
the 10 HBV DNA-positive samples was positive for the presence of IgM anti-HBcAg antibodies, and this sample was positive for anti-HBcAg antibodies only at a 1/10 dilution (Fig. 1).
Although IgM antibodies are not frequent among anti-HBcAgpositive blood donor plasma samples (12a), additional studies
are needed to evaluate the possible usefulness of detecting this
acute-phase marker among anti-HBcAg-positive samples in
blood donors, to discard possible donations from patients during the window of infection. In Venezuela, about 4% of blood
donors are positive for anti-HBcAg and negative for HBsAg,
and this marker accounts for at least 50% of the total units
discarded (14a). Upon confirmation in a larger sample size,
these preliminary results suggest that a screening based upon
anti-HBcAg level detection might then result in up to 2.2%
more units available for transfusion in Venezuela. On the
other hand, a more rational exclusion of anti-HBcAg-positive
samples might enable additional countries to incorporate this
testing.
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HBV DNA-positive samples are inside diamonds.
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