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ABSTRACT

Background: Among the various serological markers
employed in the hepatitis B virus (HBV) differential
laboratory diagnosis, serum HBsAg is considered
the most reliable. In order to characterise the HBV
infection, another important diagnostic marker is
employed - the HBc antibody (anti-HBc). There are
three categories of anti-HBc-positive individuals:
patients with HBV immunity, patients with chronic
HBV and individuals with the so-called isolated anti-
HBc pattern. The current study aimed to evaluate
the presence of anti-HBc in patients negative for
HBsAg whose clinical diagnosis was acute viral
hepatitis.

Material and methods: A total of 88 specimens were
examined, of which 75 sera were from prospective
patients diagnosed with acute viral hepatitis, and 13
sera from breast milk donors. Antibodies against the
hepatitis B core antigen were detected by enzyme-
linked immunosorbent assay (ELISA).

Results: Twenty-eight (32%) of all tested samples
were positive for anti-HBc. Nineteen samples
belonged to male and 9 to female patients. One
positive sample was from a breast milk donor. Two
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age groups, namely 46-55 years and 56-65 years,
demonstrated the highest rate of anti-HBc positivity.
Among the other age groups positivity rates varied
from 15% to 36%. The results demonstrated a
linear trend of increasing anti-HBc prevalence with
increasing age.

Conclusions: Considering the highest rate of anti-
HBc positivity being demonstrated in the age range
46-65 years, it could be assumed that a sufficient
number of risk factors accumulate over time
resulting in greater population susceptibility to HBV
infection.
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INTRODUCTION

Hepatitis B virus (HBV) is a causative agent of
acute or chronic viral infection that represents
a major public health problem with significant
morbidity and mortality. More than 500 000 newly
infected cases are reported each year. According
to the World Health Organisation (WHO), about
248 million people are chronically infected, and
approximately 686 million deaths per year are due
to secondary complications of HBV infection such as
hepatocellular carcinoma and cirrhosis (1).

The worldwide distribution of the virus
has traditionally been determined by the
seroprevalence of the surface antigen (HBsAg)
in a given population. Highly endemic countries
demonstrate HBsAg prevalence greater than 8%. In
countries with intermediate endemicity, the HBsAg
prevalence is subdivided into lower-intermediate
(2-4.99%) and higher-intermediate (5-7.99%)
and, finally, in low endemic areas, less than 2% of
the population is affected (2). In hyper-endemic
regions, the vast majority of cases is comprised of
individuals that were infected perinatally or later in
early childhood through horizontal transmission.
Perinatal transmission is also possible in areas with
intermediate endemicity, but the primary mode of
transmission remains horizontal. In hypo-endemic
areas, infections tend to be incidental and are most
commonly the result of unprotected intercourse,
injecting drug use or other unsafe exposure to
blood products (3, 4). In a large multicentre study
on the presence of major HBV markers among the
general population in Bulgaria during the period
1999-2000, HBsAg prevalence was found in 3.87% of
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the total population, i.e. Bulgaria falls into the group
of intermediate endemicity with respect to HBV (5).
In 2017, a total of 3132 cases of viral hepatitis were
reported in Bulgaria, and the rate of viral hepatitis B
was 7.95%, meaning that 249 cases were reported
in 26 districts of the country - Stara Zagora with
12.14%,,, morbidity, followed by the districts

000
of Pernik (9.70% Sliven (6.85% Montana

000)’ OOO)’

(6.68%,,,) and Gabrovo (6.23%,,,). In 22 (8.83%) of
the reported cases, the affected were aged 19 years
or less and 12 (54.55%) of the patients had been
previously immunised against hepatitis B (6). In
accordance with Ordinance No. 21 on the Procedure
for Registration, Reporting and Control of Infectious
Diseases, the acute form of viral hepatitis B is subject
to mandatory registration and reporting (7).

Hepatits B prevalence
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Figure 1. Prevalence of hepatitis B virus infection estimated from data on HBsAg antigenemia. (Source:
Centres for Disease Control and Prevention. Infectious Diseases Related to Travel: Hepatitis B, https://
wwwnc.cdc.gov/travel/yellowbook/2018/infectious-diseases-related-to-travel/hepatitis-b)

Hepatitis B virus can be found in almost all
bodily fluids. However blood, semen and
vaginal secretions have the greatest infectious
potential, and thus, transmission occurs through
percutaneous or mucosal exposure to infective
fluids (8). The virus is not found in urine, sweat
and stool. Serological tests for the detection of
HBV antigens and antibodies are the mainstay
of diagnostic screening and utilise blood with
subsequent serum or plasma isolation. Both HBV
antigens and antibodies are stable for days at room
temperature, for months at -4°C and years if stored
at-20°C to -40°C.

Following infection, the first marker to appear in
the blood circulation is the HBV surface antigen
(HBsAg), which becomes detectable 2-4 weeks
prior to biochemical evidence of liver damage
or the onset of jaundice (9). This is the main
viral protein that induces protective immunity.
The marker becomes negative upon infection
elimination after a period of 1-2 months and its
persistence beyond 6 months is an evidence for
chronic infection (9, 10). The HBsAg loss is marked
by the development of protective antibodies —
anti-HBs. The presence of anti-HBs only is evidence
for vaccination. An anti-HBs serologic test result
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demonstrating more than 10 mlU/mL is indicative
of protective immunity (11). Some patients may
be positive for both HBsAg and anti-HBs implying
ineffective virus neutralisation and a chronic
carrier state. Another specific HBV viral protein
that could be found in serum is the HBV e-antigen
(HBeAg). Since HBeAg is associated with the
acute phase of HBV infection, i.e. with high levels
of viral DNA, it is an indicator of a high degree of
replication and infectivity. Seroconversion to anti-
HBe may occur after years in patients with chronic
HBYV infection. The disappearance of HBeAg, even
without seroconversion, is a sign of a significant
decrease in the viral titre. Some HBV variants
carrying certain mutations do not produce HBeAg
or produce very low levels (pre-core and core
mutants), but continue to have high HBsAg levels
and are associated with poor clinical prognosis, i.e.
prolonged and severe disease with a substantial
risk of cirrhosis (10). Another important diagnostic
marker is the HBV core antigen (HBcAg), which
is essentially a capsid protein. It is not readily
detectable in serum as the antigen is incorporated
into the virion, but it is highly immunogenic and
its antibody (anti-HBc) is detectable in blood with
the onset of clinical symptoms. The IgM class
antibodies against HBcAg (anti-HBc IgM), are the
first to appear approximately 6 weeks after HBV
exposure. The high titre of anti-HBc IgM may be
the only marker detectable in the “window” period
of acute HBV infection prior to seroconversion of
HBsAg to anti-HBs (12).

In recent years, the emphasis has been placed on the
extenttowhich HBsAg tests alone can be relied upon
for acute or chronic HBV infection diagnosis. Serum
HBsAg detection is considered a reliable marker of
HBV infection, but it is insufficient to differentiate
between an inactive carrier state, acute or chronic
HBV infection (13). False-negative results during
the window period, false-positive results, occult
infections, and the presence of HBsAg mutants that
cannot be demonstrated by standard assays have to
be taken into consideration (14). A particular case
is fulminant hepatitis, where HBsAg disappears too
early due to the fulminant course of the disease,
which also delays seroconversion to anti-HBs (15).
Typical example is a study of 27 cases of fulminant
hepatitis, conducted by Shimizu et al., of which 11
patients demonstrated both HBsAg and anti-HBc

IgM but were initially diagnosed by testing for anti-
HBc IgM. For the remaining 9 patients from the
same study, anti-HBc IgM titres were demonstrated
without detecting HBsAg (16).

Detection of HBsAg, anti-HCV, anti-HAV IgM and
before the year 2020 occasionally detection of anti-
HEV IgM, was requested for differential diagnosis of
patients with acute viral hepatitis. In the National
Reference Laboratory (NRL) “Hepatitis viruses”
in case of HBsAg-positive results, samples were
evaluated for the presence of anti-HBc IgM and/or
HBeAg for confirmation of acute HBV infection. The
present study further analysed the prevalence of
anti-HBc total in 75 patients and 13 control subjects
(breast milk donors) with the main aim to evaluate
the presence of anti-HBc in patients negative for
HBsAg whose clinical diagnosis was acute viral
hepatitis.

MATERIAL AND METHODS

Seventy-five sera of prospective patients
diagnosed with acute viral hepatitis as well as 13
sera of breast milk donors (as negative controls)
were investigated in the present study. Samples
collected from January to December 2016 were
selected from sera bank of the NRL “Hepatitis
viruses”. All samples were tested previously in
the NRL “Hepatitis viruses” and met the criteria
to be negative for HBsAg, anti-HBc IgM, anti-HAV
and anti-HCV. For in vitro detection of anti-HBc
total in human sera a qualitative enzyme-linked
immunosorbent assay (ELISA) ANTICORASE
B-96 (TMB) (General Biologicals Corporation)
was employed according to the manufacturer’s
instructions. The diagnostic specificity and
sensitivity of the test are 99.8% and 100%,
respectively. Specimens with absorbance values
greater than 1.1 multiplied by the cutoff value are
considered negative for anti-HBc. Specimens with
absorbance values less than 0.9 multiplied by the
cutoff value are considered positive for anti-HBc.
All positive specimens along with specimens with
absorbance value falling within the retest range,
which is the cutoff value + 10%, were retested and
interpreted as above. The tested samples were
divided into 6 groups depending on the age of the
patient: patients between 15 and 25 years; 26 to 35
years; 36 to 45 years; 45 to 55 years; 56 to 65 years
and patients between 66 and 75 years old.
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RESULTS

For the period January-December 2016 in the NRL
“Hepatitis viruses” 1802 samples were received for
differentiation of viral hepatitis or for screening of
hepatitis markers. From these samples, 1356 (75%)
were tested for the presence of HBsAg and 190
(14%) were positive; 1019 (57%) were tested for
anti-HCV and 127 (12%) were positive; 306 (17%)
were tested for anti-HAV IgM with 84 (27%) positive
results; and 501 (28%) were tested for the presence
of anti-HEV IgM and 162 (32%) were positive.
During a training practice conducted in the NRL
“Hepatitis Viruses”at the National Centre of Infectious
and Parasitic Diseases, within the framework of the
“Student Practices - Phase 1”projectimplemented by
the Ministry of Education and Science in partnership
with higher education institutions and scientific
organisations in Bulgaria, blood serum samples
were screened for the presence of anti-HBc. The
studied patients were from Sofia, Pernik, Gabrovo,

Haskovo and Shumen. The breast milk donors were
from Sofia only. All tested samples met the selected
criteria to be HBsAg-, anti-HBc IgM-, anti-HAV- and
anti-HCV-negative and to be with sufficient quality
and quantity for testing. The mean age was 40 years
+ 15, the youngest individual being 15 and the
eldest — 69 years of age; male to female ratio was
46:42. For 8 patients the age was not recorded in the
medical profile. With regard to anti-HBc presence in
sera, 28 (32%) of all tested samples were positive.
From the positive samples 19 were male and 9
female patients. One positive sample belonged to
a breast milk donor. Eighteen of all positive samples
were from patients from Sofia, 7 from Pernik, and 1
from Gabrovo, Haskovo and Shumen, respectively.
We evaluated the prevalence of anti-HBc total
among the different age groups. Three age groups
demonstrated the highest rate of anti-HBc positivity
- 46% for the age group 46-55 years, 50% for 66-75
years and 55% for 56-65 years (Fig. 2).
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Figure 2. Age distribution of anti-HBc-positive individuals.
Legend: Percentage refers to a proportion of positive individuals for each age group.
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Among the other age groups, positivity varied from
15% to 36%. In the present study, the peak of anti-
HBc positivity is in the active age over 45 years,
with males being predominantly anti-HBc-positive
except for two age groups, namely 36-45 years and
66-75 years.

DISCUSSION

The current study revealed that 32% of the studied
population were positive for the presence of anti-
HBc total with prevalence in male individuals. The
results demonstrated a linear trend of increasing
anti-HBc prevalence with increasing age. Similar
results were reported in the multicentre study
conducted in Bulgaria in the period 1999-2000 (5).
The apparent steady increase in seropositivity with
age confirms the fact that a sufficient number of
risk factors and occasions for exposure accumulate
over time rendering the population susceptible
to HBV infection. Given that anti-HBc antibodies
remain in the serum for a significantly long period
of time and are indicative of HBV exposure, they are
suitable as a screening test for blood donation or
for distinguishing whether a patient has acquired
immunity through exposure or vaccination. These
antibodies may be the only serological marker for
HBV infection and potentially infectious blood.
Individuals who show no sign of liver disease
but are anti-HBc-positive can be divided into
three categories: 1) those with HBV immunity,
i.e. individuals who are anti-HBc- and anti-HBs-
positive and HBsAg-negative; 2) individuals with
chronic HBV that are HBsAg-positive, and 3)
individuals with the so-called isolated anti-HBc
pattern (IAHBc) - they are positive for anti-HBc and
negative for both anti-HBs and HBsAg (17). The
IAHBc patternis notunusual given thatitisreported
in 10-20% of patients with positive serology for
HBV without the presence of other serological
markers for HBV infection (18). This serological
profile is often observed in intravenous drug users,
hepatitis co-infections and pregnant women (18,
19). In HIV-positive patients, IAHBc occurs in 7%
to 40% of the cases (20). In the evaluation of the
IAHBc serological profile, several interpretations
may be considered, of which the most significant
are the window period in the acute infection, a
false-positive result, past or occult HBV infection
(21, 22). During the acute phase of HBV infection,

it is impossible to detect HBsAg and HBeAg and
their corresponding antibodies anti-HBs and anti-
HBe in serum by conventional tests due to the
formation of immune complexes which underlies
the serological profile of isolated anti-HBc (19, 21).
The IAHBc pattern could be observed years after
recovery of the patient owing to a decline in the
anti-HBs titre (21). This profile is also observable
in chronic infections with waning anti-HBs titre or
in the presence of HBsAg escape mutants (19, 23).
Patients who are carriers of anti-HBc alone should
be retested to rule out false-positive results (21).
These cases are more commonly encountered in
low prevalence areas and result from non-specific
cross-reactivity reactions, circumstances related
to the applied detection method and technical
preparation. The primary mechanism that explains
the IAHBc serostatus in HCV co-infected individuals
is inhibition of HBV replication by the direct effect
that the HCV core protein exerts on HBV (19).
Another study suggests an alternative mechanism
in which a stronger immune response to HBV
leads to the formation of anti-HBs with partial
clearance of HBV and partial HCV suppression. The
subsequent loss of anti-HBs due to possible cross-
reactivity and other mechanisms is a prerequisite
forreactivation of HCV causing active HCV infection
with IAHBc serostatus (24). Carriers of isolated anti-
HBc ought to be considered potentially infectious,
as instances of HBV transmission from blood or
grafts from anti-HBc only-positive donors have
been reported (22, 23, 25, 26).

In conclusion, the prevalence of anti-HBc in the
studied population increases with age. It could
be assumed that a sufficient number of risk
factors accumulate over time resulting in greater
population susceptibility to HBV infection. We
should note the main limitation of the study - the
small number of samples tested; however, the
study was carried out in the framework of a project
with the main purpose to familiarise medical
students, under the supervision of a mentor, with
the laboratory differential diagnosis of hepatitis
viruses and the activity of NRL “Hepatitis viruses”.
The primary focus was the acquisition of practical
and analytical skills while working in a laboratory
setting and with scientific literature to design
and conduct a study leading to publication of a
scientific article.

37



PREVALENCE OF ANTI-HBC IN HBSAG-NEGATIVE POPULATION: SCREENING...

ACKNOWLEDGMENTS: This study was carried
out in the context of “Student Practices — Phase 1”
project, implemented by the Ministry of Education
and Science.

REFERENCES

1.

2.

WHO Guidelines on hepatitis B and C testing. Geneva: World
Health Organization; 2017. Licence: CC BY-NC-SA 3.0 IGO.
Schweitzer A, Horn J, Mikolajczyk RT, Krause G, Ott JJ.
Estimations of worldwide prevalence of chronic hepatitis B
virus infection: a systematic review of data published between
1965 and 2013. Lancet. 2015; 386(10003):1546-1555.
MacLachlan JH, Cowie BC. Hepatitis B virus epidemiology.
Cold Spring Harb Perspect Med. 2015; 5(5):a021410.

Alter MJ. Epidemiology of hepatitis B in Europe and worldwide.
J Hepatol. 2003; 39:564-569.

Teoharov P, Kevorkyan A. Principal hepatotropic viruses
in Bulgaria: characteristics, diagnosis, incidence, specific
prophylaxis, Sofia, 2014. [in Bulgarian]

Kurchatova A, Vladimirova N, Minkova A,Kamenov G, Stoitso-
vaS, Parmakova K. Acuteinfectious diseases in Bulgariain 2017
(Key Epidemiological Indicators). https://www.ncipd.org/
index.php?option=com_docman&view=list&slug=analy-
sis-2017&Itemid=1127&lang=bg

Ministry of Health 2006, Ordinance No. 21 on the Procedure
for Registration, Reporting and Control of Infectious
Diseases, http://www.mh.government.bg/media/filer_
public/2015/04/17/naredba-21-ot-2005g-spisak-zarazni-
bolesti-red-registratsia.pdf

Shepard CW, Simard EP, Finelli L, Fiore AE, Bell BP. Hepatitis
B Virus Infection: Epidemiology and Vaccination. Epidemiol
Rev. 2006; 28:112-125.

Elgouhari H, Tamimi T, Carey W. Hepatitis B virus infection:
Understanding its epidemiology, course, and diagnosis. Clev
Clin J Med. 2008; 75(12):881-889.

. Horvat RT. Diagnostic and Clinical Relevance of HBV

Mutations. Lab Med. 2011; 42(8):488-496.

. Schillie S, Vellozzi C, Reingold A, et al. Prevention of Hepatitis

B Virus Infection in the United States: Recommendations of
the Advisory Committee on Immunization Practices. MMWR
Recomm Rep. 2018; 67(No. RR-1):1-31.

. Japhet MO, Adesina OA, Donbraye E, Adewumi MO.

Hepatitis B core IgM antibody (anti-HBclgM) among hepatitis
B surface antigen (HBsAg) negative blood donors in Nigeria.
Virol J. 2011; 8:513.

13.

20.

21.

22.

23.

24,

25.

26.

Karra VK, et al. Clinical Significance of Quantitative HBsAg
Titres and its Correlation with HBY DNA Levels in the Natural
History of Hepatitis B Virus Infection. J Clin Exp Hepatol. 2016;
6(3):209-215.

. Dufour DR. Hepatitis B Surface Antigen (HBsAg) Assays—Are

They Good Enough for Their Current Uses? Clin Chem. 2006;
52(8):1457-1459.

. Trepo CG, et al. Hepatitis B antigen (HBsAg) and/or antibodies

(anti-HBs and anti-HBc) in fulminant hepatitis: pathogenic
and prognostic significance. Gut. 1976; 17(1):10-13.

. Shimizu M, Ohyama M, Takahashi, et al. Immunoglobulin M

antibody against hepatitis B core antigen for the diagnosis of
fulminant type B hepatitis. Gastroenterology. 1983; 84:604-
610.

. Lau GK. How do we handle the anti-HBc positive patient? (in

highly endemic settings). Clin Liver Dis. 2015; 5:29-31.

. Jain M, Chakravarti A, Kar P. Clinical significance of isolated

anti-HBc positivity in cases of chronic liver disease in New
Delhi, India. ) Glob Infect Dis. 2009; 1(1):29-32.

. Pondé RAA, Cardoso DDP, Ferro MO. The underlying

mechanisms for the ‘anti-HBc alone’ serological profile. Arch
Virol. 2010; 155:149-158.

Chang JJ, Mohtashemi N, Bhattacharya D. Significance and
Management of Isolated Hepatitis B Core Antibody (Anti-HBc)
in HIV and HCV: Strategies in the DAA Era. Curr HIV/AIDS Rep.
2018;15:172-181.

Wu T, Kwok RM, Tran TT. Isolated anti-HBc: The Relevance
of Hepatitis B Core Antibody—A Review of New Issues. Am J
Gastroenterol. 2017; 112:1780-1788.

Gerlich WH. Medical virology of hepatitis B: how it began and
where we are now. Virol J. 2013; 10:239.

Gessoni G, Beggio S, Barin P, et al. Significance of anti-HBc
only in blood donors: a serological and virological study after
hepatitis B vaccination. Blood Transfus. 2014; 12(1):563-568.
Wedemeyer H, Cornberg M, Tegtmeyer B, Frank H, Tillmann
HL and Manns MP. Isolated anti-HBV core phenotype in anti-
HCV-positive patients is associated with hepatitis C virus
replication. Clin Microbiol Infect. 2004; 10:70-72.
Mushahwar IK, Dienstag JL, Polesky HF, McGrath LC, Decker
RH, Overby LR. Interpretation of Various Serological Profiles
of Hepatitis B Virus Infection. Am J Clin Pathol. 1981; 76:773-
777.

Ayoub WS, Martin P, Bhamidimarri KR. Hepatitis B Virus
Infection and Organ Transplantation. Gastroenterol Hepatol.
2018; 14(1):33-40.

38



