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Occult Hepatitis B virus infection
among HIV negative and positive
iIsolated anti-HBc individuals

In eastern Ethiopia

Desalegn Admassu Ayana'?*‘, A. Mulu'?, A. Mihret'?, B. Seyoum®?, A. Aseffa2 & R. Howe2

The absence of hepatitis B surface antigen (HBsAg) and the presence of antibody to hepatitis B core
antigen (anti-HBc) in the blood of apparently healthy individuals may not indicate the absence of
circulating hepatitis B virus (HBV) and might be infectious. Despite the risk of HBV transmission, there
has been no report from Ethiopia examining this issue; therefore, this study determined occult HBV
infection (OBI) among isolated anti-HBc (IAHBc) HIV negative and HIV positive individuals on ART

in eastern Ethiopia. A total of 306 IAHBc individuals were included in this study. DNA was extracted,
amplified, and detected from plasma using a commercially available RealTime PCR platform (Abbott
m2000rt) following the manufacturer’s instructions. Data were entered into EPI Data version 3.1,
cleaned, and analyzed using Stata version 13. Descriptive analysis was used to calculate prevalence,
summarize sociodemographic data and other factors. From the 306 IAHBc individuals (184 HIV
positive and 122 HIV negative) included in the study, 183 (59.8%) were female of which 142 (77.6%)
were within the reproductive age group. DNA extraction, amplified and detection was conducted in
224 individuals. The overall OBI prevalence was 5.8% (5.6% in HIV negative and 6% in HIV positive)
among the IAHBc individuals. The HBV DNA concentration among the occult hepatitis B individuals
was <200 IU/mL, indicating a true occult. This study reported the burden of OBI, which pauses a
significant public health problem due to the high burden of HBV infection in the country. OBI may
cause substantial risk of HBV transmission from blood transfusion, organ transplantation as well as
vertical transmission as screening is solely dependent on HBsAg testing.

Background. Anti-HBc is found in individuals who have experienced natural infection with Hepatitis B
virus (HBV), and its presence in the absence of HBsAg is usually interpretable as evidence of past HBV infection’.
Anti-HBc alone; referred to as ‘isolated anti-HBc’ (IAHBc) is the presence of anti-HBc in the absence of HBsAg
and anti-HBs'. Anti-HBc positivity not only provides evidence of prior infections, but also a risk of an ongoing,
occult HBV infection, whereby the word “occult” refers to the apparent lack of HBsAg>.

Occult blood infection (OBI) was defined as the presence of HBV DNA in liver (with detectable or undetect-
able HBV DNA in the serum) of HBsAg negative individuals by currently available assays. In resource limited
environments, OBI is usually detected by the analysis of serum samples as liver biopsy examinations are not
routinely available. When detectable, the amount of HBV DNA in the serum is usually very low (<200 IU/mL).

The prevalence of IAHBc and occult HBV infection varies depending on endemicity of Hepatitis B. In low
HBV endemic areas, IAHBc is found in 10-20% of all individuals with HBV markers'. In the Asia-Pacific Region
where HBV is endemic, the prevalence of IAHBc has been reported in up to one-third of the general population®.
In HBV endemic sub-Saharan countries, the prevalence exceeds over 50% among blood donor population®. An
overall total anti-HBc prevalence of 32.5% in Nigeria®, 7.8% among Egyptian blood donors, 39.1% among HIV
positive individuals in Cameroon has been reported®. In a recent study, we have reported IAHBc prevalence in
one fifth (21%) of the HIV infected individuals on anti-retroviral therapy (ART) in eastern Ethiopia’.

A correlation between levels of HBV DNA and HBV seromarkers among patients with OBI were reported'®!!.
HBV DNA level was lowest in patients who were negative for all seromarkers (seronegative patients), intermedi-
ate in anti-HBc negative and anti-HBs positive patients, and highest (10-80%) in subjects who were anti-HBc
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positive but anti-HBs negative (anti-HBc only)'®!!. This last group is more likely to be infectious, suggesting that
anti-HBc does not result in complete HBV elimination'.

OBI is related to the long-term persistence of viral covalently closed circular DNA (cccDNA) in the nuclei of
hepatocytes'®. Possible explanations include low-copy numbers of HBV DNA, altered host immune response’?,
genetic variations of the S gene, viral DNA integration in the host genome, infection of peripheral blood mononu-
clear cells'®, immune complexes in which HBsAg is hidden'’, and interference of other viruses such as HCV'#1°
and HIV22.,

Blood containing anti-HBc without detectable HBsAg might be infectious®?. Reports indicated evidence of
HBYV transmission through sexual contact, perinatal transmission?® and in blood transfusion?* in the absence
of HBsAg. A report in some European countries demonstrated 99% sequence homology of HBV DNA in 10
donor-recipient pairs, confirming the infectivity of blood products of OBI carriers®.

HBV DNA was detected in about 10% of IAHBc in low HBV endemic areas’. Studies of anti-HBc-positive
donors have revealed an HBV DNA positivity rate of 0-15%%°. Among IAHBc individuals, HBV-DNA was
detected in serum of 8.1% in Germany?, in 1.7% in Korea®, in 13% in Lebanon?®® and in 6.9% of blood donors
in Japan®. In Africa, an OBI prevalence of 8% in south-eastern Nigeria® and 17% in south-western Nigeria®
were reported. Among HIV positive individuals, a prevalence of 5.9%? to 6.9% were reported in Cameroon.

The potential risk for HBV transmission through hemodialysis, blood transfusion and organ transplantation
are among some of the clinical implications of OBI. Furthermore, OBI can cause cryptogenic cirrhosis, acute
exacerbation, or fulminant hepatitis and development of hepatocellular carcinoma®. However, recipient immune
status and the number of HBV DNA copies determine the clinical outcome of occult HBV transmission®.

Even though there was no OBI report in Ethiopia so far, the HBsAg prevalence ranges from 2.1% to 10.9%°
among healthy blood donors, and 2.7°¢ to 11.7%”*” among HIV positive individuals. Ethiopia introduced Hepati-
tis B vaccine in the form of pentavalent to the national immunization program in March 2007*® Though Ethiopia,
the second most populous nation in Africa, considered hyperendemic for HBV infection, there is no data that
indicates the burden of OBI among IAHBc individuals. Thus, this study aimed to determine the magnitude of
OBI among HIV negative and ART experienced HIV positive individuals in eastern Ethiopia.

Materials and methods

Study setting and period. The study was conducted in ART clinics and medical Out Patient Departments
(OPD) in three selected public hospitals (Hiwot Fana Specialized University Hospital, Dilchora General Hos-
pital, and Karamara General Hospital located in Harar, Dire Dawa and Jigjiga towns, respectively), in eastern
Ethiopia. The study was conducted between September 2017 and February 2018.

Study population. HIV positive individuals on ART were recruited from ART clinic in the three public
hospitals. Medical OPD clients were recruited after being tested negative for HIV following the national algo-
rithm. A total of 306 anti-HBc only positive individuals were included for HBV DNA extraction, amplification
and quantification study.

Data collection and processing. DNA extraction, amplification and detection. Standard ELISA pro-
cedures were followed to detect HBV seromarkers using BIORAD kits (Monolisa HBsAg ULTRA, Monolisa
Anti-HBc PLUS, Monolisa Anti-HBs PLUS, BIORAD, France). DNA extraction, amplification and detection
were conducted from 200 pl plasma using ABBOTT m2000sp and m2000rt System ABBOTT RealTime PCR
(Abbott Molecular Inc.). The target sequence for the Abbott RealTime HBV assay is in the Surface gene in the
HBV genome. This region is specific for HBV and is highly conserved. The primers are designed to hybridize to
this region with the fewest possible mismatches among HBV genotypes A through H. Target region is upstream
of all Tyrosine-methionine aspartate-aspartate (YMDD), HBsAg, and drug resistant mutants. The amplification
cycle at which fluorescent signal is detected by the Abbott #2000t is inversely proportional to the log of the
HBV DNA concentration present in the original sample®. In order to check for consistency, 10% of the samples
were retested.

Result calculation. The concentration of HBV DNA in a sample or control was calculated from either a stored
calibration curve, or a calibration curve created by calibrators within a calibration or sample run. The Abbott
m2000rt instrument automatically reports the results on the 120007t workstation. Assay results are reported in
IU/mL or Log IU/mL. Results can also be reported in copies/mL or Log copies/mL using an average conversion
factor of 3.41 (1 IU =3.41 copies). The limit of detection of the RealTime HBV assay is 15 IU/mL with the 0.2 mL
sample preparation procedure®.

Quality control.  Samples were stored at — 80 °C until processed. Standard operating procedures (SOP) and
pre-analytical, analytical and post analytical quality control measures were applied. Enzyme Linked Immuno
Sorbent Assay (ELISA) test results were determined based on the cut-off values following the manufacturer’s
instruction. Internal control kit with HBV negative, HBV low positive and HBV high positive were used with
each run according to the manufacturer’s instruction.

Data management and analysis. Data were cleaned, coded and entered into EPI Data version 3.1 and
analysed using Stata version 13 (StataCorp. 2013. Stata Statistical Software: Release 13. College Station, TX:
StataCorp LP). Descriptive analysis was used to calculate prevalence, summarize sociodemographic and other
factors.
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Characteristics ‘ N (%)
Sex

F 183 (59.8)
M 123 (40.2)
Age (in years)

15-21 21(6.9)
22-34 71 (23.2)
35-49 143 (46.7)
=50 71(23.2)
Residence

Urban 244 (79.7)
Rural 62 (20.3)
Family size

1-5 241 (78.7)
>6 65(21.2)
Marital status

Single 54 (17.6)
Married 158 (51.6)
Divorced 94 (30.7)
Educational status

Can't read and write 95 (31.0)
Read and write 42 (13.7)
Primary and secondary 138 (45.1)
Tertiary 31(10.1)
Occupation

Government employee 39 (12.7)
Private/self 37(12.1)
Farmer 29 (9.5)
Student 18 (5.9)
Merchant 33 (10.8)
House wife 58 (19.0)
Daily laborer 38 (12.4)
Unemployed 37 (12.1)
Sex worker 6(2.0)
Others 11 (3.6)

Table 1. Socio-demographic characteristics of IAHBc individuals in public Hospitals, Eastern Ethiopia,
2017/18 (n=306).

Ethical considerations. This study was reviewed and approved by the Institutional Health Research Eth-
ics Review Committee (IHRERC) of the College of Health and Medical Sciences, Haramaya University (Ref.
No. IHRERC/137/2017) and AHRI/ALERT Ethics Review Committee, Addis Ababa (Ref. No. P019/17). Writ-
ten signed informed consent was obtained before data collection. Laboratory results of HBV seromarkers were
reported to the respective attending clinician for the necessary intervention. To maintain confidentiality, partici-
pants” information was coded and names and personal identifiers were removed. All methods were carried out
in accordance with national research ethics review guideline, Ethiopia*’. Laboratory analysis was carried out in
accordance with the Abbott realtime HBV package insert following manufacturer’s instruction.

Results

Socio-demographic characteristics of study participants. From the 306 IAHBc individuals in the
study, 184 (60.1%) were HIV positive and 122 (39.9%) were HIV negative, 183 (59.8%) were females of which
142 (77.6%) were within the reproductive age group. The median age of the respondents was 40 years (IQR 32,
46 years) (Table 1).

Behavioural and health related characteristics of the study participants
From the total IAHBc individuals, 155 (50.7%) had history of body piercing, 61 (19.9%) had tattoo and 30 (9.8%)
had history of genital discharge. Furthermore, Khat chewing is a common practice in the area (Table 2).
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Characteristics ‘ N (%)
Alcohol consumption

Yes 50 (16.3)
No 256 (83.7)
Khat chewing®

Yes 88 (28.8)
No 218 (71.2)
Hospital admission

Yes 88 (28.8)
No 218 (71.2)
Sharp tools injury

Yes 25(8.2)
No 281 (91.8)
Body piercing

Yes 155 (50.7)
No 151 (49.3)
Tattoo

Yes 61 (19.9)
No 245 (80.1)
Genital discharge

Yes 30(9.8)
No 276 (90.2)
Surgery

Yes 26 (8.5)
No 280 (91.5)
Tooth extraction

Yes 82 (26.8)
No 224 (73.2)
Share sharp tools

Yes 83 (27.1)
No 223 (72.9)
Emigrated

Yes 30(9.8)
No 276 (90.2)
HIV status

Positive 184 (60.1)
Negative 122 (39.9)

Table 2. Behavioral and health related characteristics of IAHBc individuals in public Hospitals, Eastern
Ethiopia, 2017/18 (n=306). *Khat (Catha edulis) is a flowering plant native to Ethiopia. It contains the alkaloid
cathinone, a stimulant, which is said to cause excitement, loss of appetite, and euphoria.

Clinical characteristics of HIV positive IAHBc individuals.  All HIV positive IAHBc individuals had
been receiving treatment for a median duration of 81.0 months (IQR 45, 115). A total of 170 (93.5%) and 12
(6.5%) were taking first and second line ART regimens, respectively. A total of 121 (66.5%) had ART regimen
changed, of which 12 (6.5%) were due to apparent treatment failure. Among IAHBc participants taking second
line drugs due to treatment failure, 8 were in WHO clinical stage I category and had good adherence.

Based on the clinical data record of the study participants, 48 (26.1%) had history of tuberculosis (TB) and
103 (56.0%) had a history of opportunistic infections (OI). The vast majority of the participants, 161 (92.5%)
had good ART adherence, and 175 (96.7%) were in WHO stage I category (Table 3).

HBV DNA among HIV negative and positive IAHBc individuals. From the total of 306 individ-
uals, HBV DNA extraction, amplification and quantification were conducted for 224 (73.2%) individuals, of
which 107 (47.7%) were HIV negative and 117 (52.3%) were HIV positive. Of these 224 IAHBc individuals, 211
(94.2%) had no quantifiable plasma HBV DNA, of which 110 (52.1%) were HIV positive individuals on ART.
Thirteen individuals (6 HIV negative and 7 HIV positive) had quantifiable HBV DNA in their plasma that make
the overall OBI prevalence to be 5.8%. OBI distribution was 5.6% among HIV negative and 6% among HIV posi-
tive individuals on ART. The HBV DNA concentration of each IAHBc individuals was <200 IU/mL.
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Characteristics n (%)
History of TB

Yes 48 (26.1)
No 136 (73.9)
History of OI

Yes 103 (56.0)
No 81 (44.0)
Baseline CD4 T cells/mm?® (n=176)

<200 111 (63.1)
201-350 41(23.3)
351-500 9(5.1)
>501 15(8.5)
Current CD4 T cells/mm? (n=167)

<200 16 (9.6)
201-350 31 (18.6)
351-500 43 (25.7)
>501 77 (46.1)
Current ART with TDF and 3TC (n=170)

Yes 116 (68.2)
No 54 (31.8)
Current ART regimen (n=182)

First line 170 (93.5)
Second line 12 (6.5)
Regimen change

Yes 62 (34.1)
No 120 (65.9)
Reason for regimen change (n=62)

New drug 22 (35.5)
Side effect 20 (32.2)
Treatment failure 12 (19.3)
Others 8(12.9)
Duration on ART (n=184)

<6 months 7 (3.8)
>6 months 177 (96.2)
WHO clinical stage (n=183)

I 177 (96.7)
I 4(2.2)
III 1(0.5)
v 1(0.5)
ART adherence® (n=179)

Good 165 (92.2)
Fair 13 (7.3)
Poor 1(0.6)

Table 3. Clinical characteristics of HIV positive IAHBc individuals on ART in three public hospitals, eastern
Ethiopia 2017/18. Fair = 85-94% adherence, missed 3-5 doses (of 30 doses), missed 3-9 doses (of 60 doses).
Poor = <85% adherence, missed =6 doses (of 30 doses), missed >9 doses (of 60 doses). *Good = >95%
adherence, missed <2 doses (of 30 doses), missed <3 doses (of 60 doses).

The mean HBV DNA load in viremic IAHBc individuals was 98.69 IU/mL (SD £60.19) among the HIV
negative and 62.15 IU/mL (SD * 60.66) among HIV positives on ART.

Four of the HIV positive OBI individuals were taking ART combinations containing TDF (TDF + 3TC + EFV)
for a minimum of 86 months, 4 were female within the reproductive age group and all were in WHO clinical
stage I. The rest three were taking AZT + 3TC + NVP for a minimum of 86 months at the time data collection.
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Discussion

This study reported the prevalence of OBI among HIV negative and positive IAHBc individuals in the horn
of Africa for the first time. The overall occult hepatitis B infection prevalence among IAHBc individuals was
5.8%. The distribution was 5.6% in HIV negative and 6% in HIV positive individuals on ART. The HBV DNA
concentration among the OBI was <200 IU/mL.

The IAHBc proportion varies greatly depending on the risks of the populations such as blood donors and
intravenous drug abusers', gender?”, immigrants*! and HIV infection®*2. Studies in Western countries showed
that a high proportion of IAHBc had co-infection with HIV or HCV, that could lead to down-regulation or
interference with HBsAg production®>*,

In HIV co-infected patients, an OBI prevalence of 15% in Ivory Coast**, 6.9% in Cameroon®, 19.1% in South
Africa and 10-15% in Sudan were reported*®*’. Our study reported a relatively lesser burden of OBI compared
to these reports. The variation may depends on a number of factors that include HBV endemicity, liver disease,
HBV screening method and primers employed for NAT®. Moreover, the true rate in a population may vary
because some patients may demonstrate intermittent HBV DNA positivity*® which may not be detected in a cross
sectional study. OBI is reported to be more common in HIV-positive individuals* and hence known as a risk
factor for the development of OBI*' due to down-regulation of HBsAg synthesis and surface antigen mutation®.

HBsAg negative individuals with serum HBV DNA level <2.3 log10 IU/mL (<200 IU/mL), are considered
true OBI and individuals with serum HBV DNA level similar to HBsAg positive (“overt”) infection, but are
nevertheless HBsAg-negative, have been termed “false” OBI. “False” OBI is usually due to rare infection with
S gene escape mutants, which produce a modified HBsAg that is not recognized by routinely used detection
assays>L. In our study, all the OBI cases have HBV DNA count <200 IU/mL, indicating true OBI. Almost all
OBI cases are infected with replication competent HBV, however, in a small number of OBI cases the low viral
load level revealed a strong suppression of replication and gene expression activity due to mutations in the Pol
gene or defective synthesis of S proteins due to mutations in the S promoter genomic region®.

In this study, four of the OBI individuals in HIV positive group were on ART containing TDF and 3TC for
over 6 months. Even though true OBI was indicated regardless of ART, it is also likely that the lower HBV DNA
load among HIV positive individuals on ART could be due to drugs such as lamivudine or tenofovir, which often
suppress HBV DNA to undetectable levels®?. HBsAg negativity may also be due to the development of diagnostic
escape mutants secondary to the use of ART, as reviewed by Ponde etal®.

Though the number of HBV DNA positive IAHBc cases seems few in our study, the findings have public
health importance because of the possibility of post-transfusion HBV infection in recipients of blood from anti-
HBc alone positive donors®. In females within reproductive age with OBI, the chance of vertical transmission
should not be overlooked during child birth. Research findings indicated Anti-HBc alone is frequently observed
in pregnant women®. Moreover, anti-HBs concentrations are usually lower and may fall below detection level
in individuals who recovered from the infection a long time ago, while anti-HBc persists'. In Ethiopia, where
HBsAg is the only screening test’, problems associated with viral mutations may affect the HBV prevention effort
and also the quality of life among HIV positive individuals on ART.

The absence of a close relationship between OBI prevalence and endemicity of HBV infection in our study
may indicate the role of other factors. Differences in the population studied, the heterogeneity in the sensitiv-
ity and specificity of the methods used and the clinical specimens for the HBVDNA tests®® may also affect OBI
detection.

In the absence of highly sensitive HBV DNA testing, the use of anti-HBc as a possible surrogate marker for
identifying potential seropositive OBI in cases of blood and organ donation?**>*, could be considered as one
of the strategies to improve safety among recipients. Furthermore, anti-HBc screening may be a valuable tool to
identify subjects previously exposed to HBV and potentially bearing significant risk for HBV reactivation due
to immunosuppressive therapies for neoplastic and hematological disorders®. The use of HBsAg and anti-HBc
screening tests has been the basis of HBV screening in many countries, and this has significantly reduced but
did not eliminate transfusion associated HBV (TAHBV)*8. However, in countries like Ethiopia where the sero-
prevalence of anti-HBc antibody is quite high, screening leads to rejection of more than a third of the donated
blood and may not be applicable for donor selection. Moreover, not all anti-HBc positive subjects are HBV DNA-
positive and also the absence of anti-HBc antibody does not exclude sero-negative OBI’. OBI can be seronegative
(negative for all serological markers), which accounts for approximately 22% of all OBI cases, and seropositive
(35% anti-HBs and 42% anti-HBc-positive), which accounts for 78% of OBI*°. High frequencies of HBV-DNA
positivity (10% to 80%) have been observed among anti-HBc only individuals'-#*°,

However, in a country where 200,000 units of blood are needed annually for transfusion®, and the services
are solely based on HBsAg screening, the risk of HBV transmission through OBI has significant public health
implications and should be given the necessary attention. In addition, about 52% of blood transfusions made in
low-income countries are given to under 5 children®?. This fact may further increase the risk of HBV transmis-
sion and development of chronic hepatitis infection in Ethiopia. This data therefore is useful for policy makers to
scale up HBV screening in order to achieve the global health sector strategy (GHSS) of viral hepatitis elimination
target to identify 30% of persons living with HBV by 2020, 90% by 2030 and reducing mortality by 65% in 2030%.
Though the clinical significance of OBI is dependent on many factors®®, HBV transmission may increase due to
the weak immunity of a patient who require hemodialysis, blood transfusion or organ transplant and also the
low HBV on birth vaccination coverage in our setting.
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Limitations

This study assessed only the sero-positive OBI individuals due to resource limitations, that may have affected the
true prevalence of OBI. Additionally, nucleic acid amplification from peripheral blood may not be sufficiently
sensitive because HBV latency within liver cells produces only sporadic HBV DNA in blood. Furthermore, the
lack of HBV sequence data from the occult infections may limit the information generated in terms of genetic
variability and drug resistance.

Conclusions and recommendations
This study reveals the potential but unseen risks of HBV transmission due to OBI for the first time in Ethiopia.
The IAHBc proportion and the burden of occult hepatitis B have a significant public health implication due to
the possibility of HBV transmission through blood and blood products transfusion, organ transplantation and
vertical transmission, as screening is solely dependent on HBsAg testing only. This finding may alarm respon-
sible institutions to upgrade such services in order to reduce the risk of HBV transmission from OBI donors.
In addition to HBsAg, detecting HBV DNA among the IAHBc individuals with affordable technology may
improve the safety of recipients with a reasonable donation deferral and therefore help the HBV prevention
effort in endemic areas.

Data availability

All data supporting the results reported in the article are include in the manuscript.

Received: 1 April 2020; Accepted: 2 December 2020
Published online: 17 December 2020

References

1. Grob, P. et al. Serological pattern “anti-HBc alone”: report on a workshop. J. Med. Virol. 62(4), 450-455 (2000).

2. Gerlich, W. H. Medical virology of hepatitis B: how it began and where we are now. Virol. J. 10(1), 239 (2013).

3. Raimondo, G. et al. Statements from the Taormina expert meeting on occult hepatitis B virus infection. J. Hepatol. 49(4), 652657
(2008).

4. Liang, X. B. S. et al. Epidemiological serosurvey of Hepatitis B in China-declining HBV prevalence due to Hepatitis B vaccination.
Vaccine 31(suppl 9), J21-]28 (2013).

5. Oluyinka, O. O. et al. Occult hepatitis B virus infection in Nigerian blood donors and hepatitis B virus transmission risks. PLoS
ONE 10(7), €0131912 (2015).

6. Ogunfemi, M. K. et al. Prevalence of antibody to hepatitis B core antigen among hepatitis B surface antigen-negative blood donors
in Ilorin, Nigeria: a cross-sectional study. Malawi Med. J. 29(1), 32-36 (2017).

7. Antar, W,, El-Shokry, M., Abd El Hamid, W. & Helmy, M. Significance of detecting anti-HBc among Egyptian male blood donors
negative for HBsAg. Transfus. Med. 20(6), 409-413 (2010).

8. Salpini, R. et al. High burden of HBV-infection and atypical HBV strains among HIV-infected Cameroonians. Curr. HIV Res.
14(2), 165-171 (2016).

9. Ayana, D. A. et al. Hepatitis B virus seromarkers among HIV infected adults on ART: an unmet need for HBV screening in eastern
Ethiopia. PLoS ONE 14(12), €0226922 (2019).

10. Hollinger, E. & Sood, G. Occult hepatitis B virus infection: a covert operation. J. Viral Hepat. 17(1), 1-15 (2010).

11. Sagnelli, E., Stroffolini, T., Mele, A., Imparato, M. & Almasio, P. L. Chronic hepatitis B in Italy: new features of an old disease—
approaching the universal prevalence of hepatitis B e antigen—negative cases and the eradication of hepatitis D infection. Clin.
Infect. Dis. 46(1), 110-113 (2008).

12. Carman, W. E. et al. Hepatitis B virus core protein mutations are concentrated in B cell epitopes in progressive disease and in T
helper cell epitopes during clinical remission. J. Infect. Dis. 175(5), 1093-1100 (1997).

13. Raimondo, G., Pollicino, T., Cacciola, I. & Squadrito, G. Occult hepatitis B virus infection. J. Hepatol. 46(1), 160-170 (2007).

14. Bréchot, C. et al. Persistent hepatitis B virus infection in subjects without hepatitis B surface antigen: clinically significant or purely
“occult”?. Hepatology 34(1), 194-203 (2001).

15. Zerbini, A. et al. The characteristics of the cell-mediated immune response identify different profiles of occult hepatitis B virus
infection. Gastroenterology 134(5), 1470-1481 (2008).

16. Murakami, Y., Minami, M., Daimon, Y. & Okanoue, T. Hepatitis B virus DNA in liver, serum, and peripheral blood mononuclear
cells after the clearance of serum hepatitis B virus surface antigen. J. Med. Virol. 72(2), 203-214 (2004).

17. Yotsuyanagi, H. et al. Frequent presence of HBV in the sera of HBsAg-negative, anti-HBc-positive blood donors. Transfusion 41(9),
1093-1099 (2001).

18. Giannini, E. et al. Previous hepatitis B virus infection is associated with worse disease stage and occult hepatitis B virus infection
has low prevalence and pathogenicity in hepatitis C virus-positive patients. Liver Int. 23(1), 12-18 (2003).

19. Rodriguez-Iiiigo, E. et al. Distribution of hepatitis B virus in the liver of chronic hepatitis C patients with occult hepatitis B virus
infection. J. Med. Virol. 70(4), 571-580 (2003).

20. Filippini, P. et al. Impact of occult hepatitis B virus infection in HIV patients naive for antiretroviral therapy. Aids 20(9), 1253-1260
(2006).

21. Mphabhlele, M. J., Lukhwareni, A., Burnett, R. J., Moropeng, L. M. & Ngobeni, ]. M. High risk of occult hepatitis B virus infection
in HIV-positive patients from South Africa. J. Clin. Virol. 35(1), 14-20 (2006).

22. Shastry, S. & Bhat, S. Prevention of post-transfusion hepatitis by screening of antibody to hepatitis B core antigen in healthy blood
donors. Mediterr. J. Hematol. Infect. Dis. 3(1), 2011062 (2011).

23. Descos, B. S. . et al. Anti-HBc screening for the prevention of perinatal transmission of hepatitis B virus in France. Infection 15,
434-439 (1987).

24. Moore, C. B.]. & Hewitt, P. E. Anti-HBc in blood donors. Vox Sang. 74, 209 (1998).

25. Allain, J. P. et al. Infectivity of blood products from donors with occult hepatitis B virus infection. Transfusion 53(7), 1405-1415
(2013).

26. Seo, D. H., Whang, D. H., Song, E. Y. & Han, K. S. Occult hepatitis B virus infection and blood transfusion. World J. Hepatol. 7(3),
600 (2015).

27. Knoll, A., Hartmann, A., Hamoshi, H., Weislmaier, K. & Jilg, W. Serological pattern “anti-HBc alone”: characterization of 552
individuals and clinical significance. World J. Gastroenterol. WJG 12(8), 1255 (2006).

28. Kang, S. Y., Kim, M. H. & Lee, W. I. The prevalence of “anti-HBc alone” and HBV DNA detection among anti-HBc alone in Korea.
J. Med. Virol. 82(9), 15081514 (2010).

Scientific Reports |

(2020) 10:22182 | https://doi.org/10.1038/s41598-020-79392-x nature research



www.nature.com/scientificreports/

29.

30.

Ramia, S., Ramlawi, E, Kanaan, M., Klayme, S. & Naman, R. Frequency and significance of antibodies against hepatitis B core
(anti-HBc) antigen as the only serological marker for hepatitis B infection in Lebanese blood donors. Epidemiol. Infect. 133(4),
695-699 (2005).
Tizuka, H. et al. Correlation between anti-HBc titers and HBV DNA in blood units without detectable HBsAg. Vox Sang. 63(2),
107-111 (1992).

31. Nna, E., Mbamalu, C. & Ekejindu, I. Occult hepatitis B viral infection among blood donors in South-Eastern Nigeria. Pathog. Glob.
Health 108(5), 223-228 (2014).

32. Gachara, G. et al. Characterization of occult hepatitis B virus infection among HIV positive patients in Cameroon. AIDS Res. Ther.
14(1), 11 (2017).

33. Hu, K. Q. Occult hepatitis B virus infection and its clinical implications. J. Viral Hepat. 9(4), 243-257 (2002).

34. Yami, A., Alemseged, F. & Hassen, A. Hepatitis B and C viruses infections and their association with human immunodeficiency
virus: a cross-sectional study among blood donors in Ethiopia. Ethiop. J. Health Sci. 21(1), 67-75 (2011).

35. Mohammed, Y. & Bekele, A. Seroprevalence of transfusion transmitted infection among blood donors at Jijiga blood bank, Eastern
Ethiopia: retrospective 4 years study. BMC Res. Notes 9, 129 (2016).

36. Manyazewal, T., Sisay, Z., Biadgilign, S. & Abegaz, W. E. Hepatitis B and hepatitis C virus infections among antiretroviral-naive
and -experienced HIV co-infected adults. J. Med. Microbiol. 63(Pt 5), 742-747 (2014).

37. Wondimeneh, Y., Alem, M., Asfaw, F. & Belyhun, Y. HBV and HCV seroprevalence and their correlation with CD4 cells and liver
enzymes among HIV positive individuals at University of Gondar Teaching Hospital, Northwest Ethiopia. Virol J. 10(1), 171
(2013).

38. Health FMo: Ethiopia national expanded programme on immunization. (BM] Publishing Group FMOE, Addis Ababa, 2015).

39. Abbott RealTime HBV (accessed June 2019). https://www.molecular.abbott/sal/en-us/staticAssets/realtime-hbv-package-inser
t.pdf

40. Technology MoSa: National research ethics review guideline. Guideline 2014.

41. Gibney, K., Torresi, J., Lemoh, C. & Biggs, B. Isolated core antibody hepatitis B in sub-Saharan African immigrants. J. Med. Virol.
80(9), 1565-1569 (2008).

42. Pérez-Rodriguez, M. T. et al. Clinical significance of “anti-HBc alone” in human immunodeficiency viruspositive patients. World
J. Gastroenterol. 15, 1237-1241 (2009).

43. Gandhi, R. T. et al. Isolated antibody to Hepatitis B core antigen in human immunodeficiency virus type-1—infected individuals.
Clin. Infect. Dis. 36(12), 1602-1605 (2003).

44. Helmy, A. A-SM: Isolated antibody to hepatitis B core antigen in patients with chronic hepatitis C virus infection. World J. Gas-
troenterol. 12, 4406-4410 (2006).

45. N’Dri-Yoman, T. et al. Short communication Occult HBV infection in untreated HIV-infected adults in Cote d’Ivoire. Antivir.
Ther. 15, 1029-1034 (2010).

46. Mudawi, H. et al. Overt and occult hepatitis B virus infection in adult Sudanese HIV patients. Int. J. Infect. Dis. 29, 65-70 (2014).

47. Bell, T. G. M. E., Martinson, N. A. & Kramvis, A. Hepatitis B virus infection in human immunodeficiency virus infected Southern
African adults: occult or overt-that is the question. PLoS ONE 7(10), 45750 (2012).

48. Nebbia, G. et al. Predictors and kinetics of occult hepatitis B virus infection in HIV-infected persons. J. Med. Virol. 79(10),
1464-1471 (2007).

49. Bell, T. G., Makondo, E., Martinson, N. A. & Kramvis, A. Hepatitis B virus infection in human immunodeficiency virus infected
southern African adults: occult or overt-that is the question. PLoS ONE 7(10), e45750 (2013).

50. El-Zaatari, M. et al. Hepatitis B virus DNA in serum of ‘anti-HBc only’-positive healthy Lebanese blood donors: significance and
possible implications. J. Hosp. Infect. 66(3), 278-282 (2007).

51. Lledo, J. L. E C., Gutierrez, M. L. & Ocana, S. Management of occult hepatitis B virus infection: an update for the clinician. World
] Gastroenterol 17, 1563-1568 (2011).

52. Chadwick, D. et al. Occult hepatitis B virus coinfection in HIV-positive African migrants to the UK: a point prevalence study. HIV
Med. 15(3), 189-192 (2014).

53. Pondé, R., Cardoso, D. & Ferro, M. The underlying mechanisms for the ‘anti-HBc alone’serological profile. Adv. Virol. 155(2),
149-158 (2010).

54. Bernvil, S., Andrews, V., Kuhns, M. & McNamara, A. Hepatitis B core antigen antibody as an indicator of a low grade carrier state
for hepatitis B virus in a Saudi Arabian blood donor population. Transfus. Sci. 18(1), 49-53 (1997).

55. Vitale, E et al. Can the serological status of “anti-HBc alone” be considered a sentinel marker for detection of “occult” HBV infec-
tion?. J. Med. Virol. 80(4), 577-582 (2008).

56. Raimondo, G. P. T., Romano, L. & Zanetti, A. R. A 2010 update on occult hepatitis B infection. Pathol. Biol. (Paris) 58, 254-257
(2010).

57. Urbani, S., Fagnoni, F, Missale, G. & Franchini, M. The role of anti-core antibody response in the detection of occult hepatitis B
virus infection. Clin. Chem. Lab. Med. 48(1), 23-29 (2010).

58. Miihlbacher, A., Zdunek, D., Melchior, W. & Michl, U. Is infective blood donation missed without screening for antibody to hepatitis
B core antigen and/or hepatitis B virus DNA?. Vox Sang. 81(2), 139-139 (2001).

59. Torbenson, M. & Thomas, D. L. Occult hepatitis B. Lancet. Infect. Dis 2(8), 479-486 (2002).

60. Fukuda, R. et al. Serologically silent hepatitis B virus coinfection in patients with hepatitis C virus-associated chronic liver disease:
clinical and virological significance. J. Med. Virol. 58(3), 201-207 (1999).

61. Ethiopia NBBSo: Ethiopia: Blood donation, its use and means to do (accessed December 2019). http://www.benguwomen.gov.
et/-/ethiopia-blood-donation-its-use-and-means-to-do; 2015.

62. WHO: Blood safety and availability. Key facts 2019.

63. WHO: Global hepatitis report (World Health Organization, 2017).

Acknowledgements

We would like to express our gratitude to all study participants. We also like to thank Medical OPD, ART clinic
and Medical Laboratory staff and administration of Dilchora Hospital in Dire Dawa, Hiwot Fana Specialized
University Hospitals, and EPHI for their unreserved support and collaboration during data collection. I would
also like to acknowledge Haramaya University and Armauer Hansen Research Institute for funding this study.

Author contributions

D.A.A.: made substantial contributions to the conception, design of the work; the acquisition, analysis, interpre-
tation of data; have drafted the work, revised it and have approved the submitted version. M.M.A., M.A,, S.B.,
A.A., HR.: made substantial contributions to the conception, design of the work; have substantively revised it
and have approved the submitted version.

Scientific Reports |

(2020) 10:22182 | https://doi.org/10.1038/s41598-020-79392-x nature research


https://www.molecular.abbott/sal/en-us/staticAssets/realtime-hbv-package-insert.pdf
https://www.molecular.abbott/sal/en-us/staticAssets/realtime-hbv-package-insert.pdf
http://www.benguwomen.gov.et/-/ethiopia-blood-donation-its-use-and-means-to-do
http://www.benguwomen.gov.et/-/ethiopia-blood-donation-its-use-and-means-to-do

www.nature.com/scientificreports/

Funding
This study was funded by Amauer Hnasen Research Institute (AHRI) and Haramaya University.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to D.A.A.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2020

Scientific Reports|  (2020) 10:22182 | https://doi.org/10.1038/s41598-020-79392-x natureresearch


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Occult Hepatitis B virus infection among HIV negative and positive isolated anti-HBc individuals in eastern Ethiopia
	Background. 
	Materials and methods
	Study setting and period. 
	Study population. 
	Data collection and processing. 
	DNA extraction, amplification and detection. 
	Result calculation. 

	Quality control. 
	Data management and analysis. 
	Ethical considerations. 

	Results
	Socio-demographic characteristics of study participants. 

	Behavioural and health related characteristics of the study participants
	Clinical characteristics of HIV positive IAHBc individuals. 
	HBV DNA among HIV negative and positive IAHBc individuals. 

	Discussion
	Limitations
	Conclusions and recommendations
	References
	Acknowledgements


