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Background: The detection of hepatitis B virus surface antigen (HBsAg) in serum remains the mainstay in diagnosing and screening
of hepatitis B virus (HBV) in most developing countries. The absence of HBsAg in the blood may not indicate the absence of
circulating HBV and might be infectious. Thus, this study aimed to estimate the burden and its cryptic transmission risks of occult
hepatitis B infection (OBI) among HBsAg negative healthy individuals in Southern Ethiopia.
Methods: A community-based cross-sectional study was conducted from September 2020 to January 2021. Serum samples were
collected and assayed for HBsAg and HBV core antibody (anti-HBc) seromarkers using enzyme-linked immunosorbent assay
(ELISA). In anti-HBc positive samples, HBV DNA was detected using real-time polymerase chain reaction (RT-PCR). Data were
entered into Epi-Data version 3.1, cleaned, and analyzed using SPSS version 21.0. Descriptive and logistic regression analyses were
employed. Statistical significance was decided at p < 0.05.
Results: A total of 346 were individuals included in this study; 34 (9.8%) were tested positive for HBsAg. The rest 312 (90.2%)
negatively tested were further assayed for anti-HBc, and 115 (36.7%) were found positive implying previous exposure to HBV, and 21
(18.3%) out of 115 anti-HBc positives had HBV DNA signifying OBI. The HBV DNA concentration below 200 IU/mL was 85.7%.
A high rate of OBI was observed among individuals who had multiple sexual contacts, a family history of hepatitis, and tattooing.
Conclusion: In this study, the prevalence of OBI is high. This indicates the burden of HBV is considerable since screening is
exclusively dependent on HBsAg which will not eliminate the possibility of residual cryptic transmission through blood donation,
organ transplantation, perinatal transmission, and other contacts. Our results demonstrate that nucleic acid-based testing (NAT) should
be an essential part of screening to prevent missing OBI.
Keywords: anti-HBc, HBV, HBV DNA, OBI, Southern Ethiopia

Introduction
HBV infection remains the primary cause of liver cirrhosis, and hepatocellular carcinoma (HCC), which are major
contributors to global morbidity and mortality.1,2 The concurrent presence of HBsAg and HBs antibodies (anti- HBs) are
observed in both acute and chronic HBV infection. The persistence of serum HBsAg for more than 6 months after acute
infection is clinically defined as chronic HBV infection.3 Chronically infected individuals potentially have high levels of
anti-HBc in their serum in addition to HBsAg.4 Chronic HBV carriers’ state is characterized by the presence of HBsAg
and anti-HBc, as it produces the hepatitis B envelope antigen (HBeAg) during an active replication phase.5–7 Anti-HBc
occurs in individuals who have experienced natural infection with HBV and its presence in the absence of HBsAg is
usually interpretable as evidence of previous HBV exposure.8,9 The presence of anti-HBc without both HBsAg and anti-
HBs is referred to as isolated anti-HBc (IA HBc).9 The positivity of anti-HBc provides not only evidence of prior
infections but also a risk of an ongoing OBI.10,11

OBI is the presence of HBV DNA in the liver, with detectable or undetectable HBV DNA in the serum, of HBsAg-
negative individuals12,13 and is variably called serologically silent HBV infection or cryptic HBV infection.14 It is
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associated with the long-term persistence of viral covalently closed circular DNA (cccDNA) in the nuclei of
hepatocytes.15 The possible reasons include low-copy numbers of HBV DNA, epigenetic regulation,16 altered host
immune response,17 genetic variations of the S gene,18 viral DNA integration in the host genome,19 immune complexes
in which HBsAg is hidden,17,20 and interference of other viruses such as HCV21,22 and HIV.23,24 In most resource-limited
settings, OBI is commonly detected by the investigation 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).16 About 20% of
all OBIs are negative for all serological HBV markers which are termed as seronegative OBI, with the rest 80% being
seropositive OBI, positive for anti-HBc and/or anti-HBs in the serum.1,25

The prevalence of anti-HBc and OBI varies depending on the endemicity of the HBV. In low endemic areas, anti-HBc
is found in 10–20% of all individuals with HBV markers.26 In high endemic sub-Saharan and Asian regions, the
prevalence of anti-HBc has been reported in up to 50% among the general population.27,28 The correlation levels of HBV
DNA and HBV seromarkers among individuals with OBI, the lowest HBV DNA level was reported in individuals who
were negative for all seromarkers or seronegative, intermediate in anti-HBc negative and anti-HBs positives, and highest
(10–80%) in individuals who were anti-HBc positive but anti-HBs negative or anti-HBc only.29,30 Individuals in this last
group are more likely to be infectious, suggesting that anti-HBc does not result in complete HBV exclusion.31 Blood and
blood products containing anti-HBc without detectable HBsAg might be infectious.32 Reports indicated the evidence of
HBV transmission through sexual contact, perinatal transmission, hemodialysis, blood transfusion, and organ transplan-
tation are among the clinical consequences of OBI in the absence of HBsAg.28,33 Additionally, OBI can cause
cryptogenic cirrhosis, acute exacerbation, or fulminant hepatitis and development of HCC,17 however, an individual’s
immune status and HBV DNA numbers of copies determine the clinical outcome of occult HBV transmission.34,35

Ethiopia is grouped among HBV high endemic countries; however, there is no report on the epidemiology of OBI so
far among the general population. This indicates that the burden of OBI has a significant public health implication due to
the possibility of HBV transmission through blood transfusion, organ transplantation, perinatal transmission, and
transmission due to other contacts in addition to reactivation of liver diseases, as screening is exclusively dependent
on HBsAg testing. Thus, this study aimed to determine the magnitude of OBI among the general population in Southern
Ethiopia.

Materials and Methods
Study Setting and Period
The study was conducted from September 2020 to January 2021 in three zonal districts of Southern Ethiopia: Hadiya,
Kambata, and Silte districts.

Study Design
A community-based cross-sectional study was conducted to identify OBI and its hidden transmission risks among the
general population of Southern Ethiopia.

Study Population
The study participants were all individuals age 5 years and above, residents of the study districts, and volunteered to
participate in the study. The study was carried out in HBsAg negative and anti-HBc positive individuals for HBV DNA
extraction, amplification, and quantification.

Sample Size Estimation and Sampling Method
The sample size was calculated with the assumptions pooled seroprevalence of HBsAg in community-based studies 8.036

with 95% confidence interval, 3% margin of error, and finally by 10% further increased sample size to account for
contingencies such as non-response and recording errors. Accordingly, these resulted in a minimum sample size of 346.
Based on these estimations, 139 individuals from Hadiya, 122 from Kambata, and 85 from Silte districts were involved
by proportional allocation. The households from each district were selected using a systematic random sampling
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technique after getting the Kth value by dividing the total number of households by the sample size. From each selected
household, one participant was randomly recruited using the lottery method of these individuals who were in their houses
during home visits. The study was carried out in 346 individuals for HBsAg, of which 312 individual samples were
HBsAg negative. Finally, 115 anti-HBc positive samples from HBsAg negative individuals were used for HBV DNA
extraction, amplification, and quantification.

Data Processing and Analysis
Data were cleaned and entered using Epi-Data version 3.1 and analyzed using SPSS version 21.0. Descriptive statistics;
mean and standard deviation for continuous, and frequency for categorical variables were used. A binary logistic
regression model was fitted to identify factors associated with seroprevalence for OBI infections. All significant variables
in bivariate logistic analysis were taken as candidates for multivariate analysis. Those independent variables which
indicated association in the binary logistic regression analysis were considered as final predictors of the dependent
variable. The variables that indicated significant associations were reported by using p-value, odds ratios, and 95% CI.
A p-value <0.05 was used statistically significantly.

Data Collection Process and Tools
About 5 mL of blood sample was collected from each individual using a sterile syringe. The serum was separated from
the whole blood sample by centrifuging the blood at 2000 r/min for 5 minutes. Serums were collected and stored in
a refrigerator at a temperature of below – 80°C until the tests were done.

Serological and Molecular Analysis
The serum samples were assayed for HBV using the standard procedure for Wantai AiDTM HBsAg ELISA test kits
(Beijing Wantai Biological Pharmacy Enterprise Co., Ltd. China Laboratory Diagnosis). Reactive samples were retested
in duplicate and considered to be reactive if at least one of the two repetitions also gave a positive result. The result was
interpreted as positive or negative on the basis of the manufacturer’s recommended cut-off values using the mean
absorbance of the positive and negative control values (cut-off value = negative control + 0.06).

The anti-HBc screening test was also performed by using BIORAD kits (Monolisa Anti-HBc PLUS, BIORAD,
France) with 99.9% specificity and 99.5% sensitivity. For Anti-HBc reactive samples DNA extraction, amplification,
and detection were conducted from 200 μL plasma using the ABBOTT m2000sp and m2000rt an automated sample
preparation ABBOTT Real-Time PCR system designed to use magnetic micro-particle-based reagents for the
purification of nucleic acids from samples (Abbott Laboratories, Abbott Park, IL, USA) with the lower quantification
limit or sensitivity of 15 IU/mL for the 0.2 mL serum sample volume following the manufacturer’s instructions. An
internal control DNA was introduced into the sample preparation method and managed along with the calibrators,
controls, and samples. The presence of the amplified HBV DNA and internal control was detected through the
extension and annealing step. The amplification cycle at which a standardized fluorescent signal identified by the
Abbott m2000rt was inversely proportional to the log of the HBV DNA concentration present in the original sample.
Each sample was then quantitated by an external calibration curve. To check for consistency, 10% of the samples were
re-tested.

Result Calculation
The concentration of HBV DNA in a sample and control was measured from either a stored calibration curve or a curve
formed by calibrators in a calibration or sample run. The Abbott m2000rt tool spontaneously reports the results on its
workstation. Assay results were reported in IU/mL which is proportional with an average conversion factor of 3.41 (1 IU
= 3.41 copies).

Quality Assurance
Samples were stored at –80°C until processed. The Manufacturer’s instructions and standard operating procedures were
firmly followed during laboratory tests. ELISA test results were determined based on the manufacturer’s cut-off value
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instruction. Internal control kits with HBV negative, HBV low positive, and HBV high positive were used with each run
to check the quality of reagents according to the manufacturer’s instructions.

Ethics Approval and Consent to Participate
Ethical permission was obtained from the ethical review board of the Aklilu Lemma Institute of Pathobiology, Addis
Ababa University (Reference Number ALIPB IRB/002/2011/2018). Written permission letters were submitted to all the
concerned administrative offices. Informed consent was attained from each participant who participated in the study after
an explanation of the aim, the potential risks, and the importance of the study. The consent for participants’ age less than
18 years was obtained from their parents or legal guardians. The participants were assured that they had full right to take
part or not to take part in the study. To maintain privacy, participants’ information was coded and all personal identifiers
were removed. All methods were carried out in accordance with the Declaration of Helsinki and the national research
ethics review guideline of Ethiopia.

Results
Socio-Demographic Characteristics of the Study Participants
In this study, a total of 346 (60.1% females, age 6–82 years, mean age ± SD = 31.74 ± 9.32 years) study participants were
enrolled. Among the study participants, 139 (40.2%) were from Hadiya, 122 (35.3%) from Kambata, and the remaining
85 (24.5%) were from Silte districts. Majority of the study participants, 250 (72.3) were rural residents, and more than
half (58.4%) of the participants were married (Table 1).

The Distribution of Anti-HBc and HBV DNA in HBsAg Negative Study Participants
In this study, a total of 346 individuals were included, of which 34/346 (9.8%) were sero-positives and the rest 312
(90.2%) were sero-negatives by using the HBsAg ELISA test. From the total of 312 HBsAg sero-negative individuals,
115 (36.9%) were anti-HBc positive by using the anti-HBc ELISA test. Among 115 anti-HBc positive individuals’
samples, HBV DNA detection was observed in 21 (18.3%) samples or 6.1% among total population samples (Table 2).
The HBV DNA concentration observed below 200 IU/mL among the OBI was 18/21 (85.7%). In three individuals, 3/21
(14.3%) of the observed HBV DNA concentration was above 200 IU/mL. The mean HBV DNA load in viremic anti-
HBc positive individuals was 102.42 IU/mL (SD ± 58.29).

The Distribution of Anti-HBc and HBV DNA in Relation to Behavioral and
Health-Characteristics
In this study, a high rate of OBI was observed with some risk factors characteristics of the study participants. Among
participants with a family history of hepatitis infection (n = 6), individuals having multiple sexual contacts (n = 6), alcohol
consumption (n = 7), history of hospital admission (n = 4), and tattooing or piercing (n = 10) the magnitude of OBI was
13.6%, 12.8%, 12.1%, 11.1%, and 10.4%, respectively. Whereas, the magnitude of contact for HBV by the distribution of
anti-HBc was 53.1%, 52.8%, 51.1%, and 47.7% among participants with risk characteristics of tattooing or piercing, history
of hospital admission, multiple sexual contacts, and family history of hepatitis infection, respectively (Table 3).

Factors Associated with OBI
Potential risk factors associated with OBI prevalence in the study district were analyzed. Multivariable analysis was used
to control the possible confounders. In this regard, those individuals who had a family history of hepatitis were 7.6 times
more likely associated with OBI compared to their counterparts (AOR = 7.6; 95% CI: 14.52, 22.84). Individuals who had
multiple sexual contacts, history of tattooing or piercing, and sharing of sharp tools were 5.8, 4.3, and 2.4 times more
likely associated with OBI (AOR = 5.8; 95% CI: 3.72, 8.45), (AOR = 4.3; 95% CI: 4.31, 17.34), (AOR = 2.4; 95% CI:
3.92, 9.48) compared to their counterparts, respectively (Table 4).
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Discussion
HBV virus is prevalent in most African countries; including Ethiopia. In this study, the serological analyses revealed
a high prevalence of HBV infection nearly one in ten individuals (9.52%) were positive with HBsAg. This makes the
study area a high endemic setting for HBV infection according to WHO criteria (≥8.0%).37,38 Thus, this observed
seroprevalence of HBsAg is higher than previous studies like the national pooled prevalence of 7.4% and subgroup meta-
analysis prevalence of 8.0% in community-based studies in Ethiopia,36 and other East-African countries including 6.9%
in Madagascar,39 2.1% in Kenya,40 and 6.1% in the whole African region, and 3.5% worldwide among the general
population.41 Hence, this variation in a relative increase in the prevalence of HBsAg in the district as compared to the
other areas suggests the current study area is one of the focus areas for the prevention and control of HBV in Ethiopia.

The prevalence of OBI varies to a great amount in different countries, depending on a number of reasons that
comprise HBV endemicity, liver disease, HBV screening method,12,13 and primers used for NAT.14 This study
revealed the overall OBI prevalence among previously tested HBsAg negative and anti-HBc positive apparently

Table 1 Socio-Demographic Characteristics of the Study Participants, Southern Ethiopia

Characteristics Category Numbers Percent (%)

Gender Male 138 39.9
Female 208 60.1

Age <18 39 11.3
18–29 112 32.4

30–45 135 39.0
46–65 42 12.0

>65 18 5.3

Resident Rural 250 72.3
Urban 96 27.7

Religion Protestant 153 44.2
Muslims 98 28.3

Orthodox 61 17.6

Catholic 34 9.9

Educational status Illiterate 114 32.9
1–8 106 30.7
9–12 89 25.7

≥college 37 10.7

Marital status Married 202 58.4
Single 133 38.4
Widowed 7 2.0

Divorced 4 1.2

Occupation Farmer 182 52.6
Merchant 39 11.3
Daily laborer 46 13.3

Student 42 12.1

Employed 37 10.7

Family size ≤2 22 6.4
3–4 183 52.9
>5 141 40.7

District Hadiya 139 40.2
Kambata 122 35.3

Silte 85 24.5
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healthy individuals was found to be 18.3% (21/115). The data on OBI prevalence are limited in Ethiopia and sub-
Saharan Africa. This study reported the prevalence of OBI among the general population in Ethiopia for the first time.
Even though the data on OBI prevalence are limited, there are studies conducted shown in Easter region, Harar
6.4%42 and Northern region, Gondar 19.1%43 in HIV positive individuals, and 20.3%44 among antenatal care women
in Ethiopia and other developing countries; 10% in Ivory 48Coast,45 16.48% in Sudan46 among blood donors, 18.7%
in Kenya,47 8% in Nigeria,48 and 6.9% in Cameroon.49 Our study reported slightly a comparable burden of OBI to
some of these reports from Ethiopia and other neighboring East African countries, Kenya and Sudan through the
variations in the other studies. This variation may depend on a number of factors that possibly because of the actual
differences in study design, study population, HBV endemicity, variation in occupation, geographical differences, and
HIV endemicity. As it was identified, OBI has been reported to be more common in HIV-positive individuals50 and
hence a known risk factor for the development of OBI24 due to down-regulation of HBsAg synthesis and surface

Table 2 The Distribution of Anti-HBc and HBV DNA in Study Participants (N = 312), Southern Ethiopia

Characteristics Category Participants N (%) Anti-HBc Positive
N (%)

HBV DNA Positive N (%)

Gender Male 126 (40.4) 43 (33.3) 7 (5.6)
Female 186 (59.6) 72 (38.7) 14 (7.5)

Age <18 37 (11.8) 12 (32.4) 1 (2.7)
18–29 100 (32.1) 35 (35.0) 5 (5.0)
30–45 121 (38.8) 46 (38.0) 9 (7.4)

46–65 39 (12.5) 15 (38.5) 3 (7.7)
>65 15 (4.8) 7 (46.7) 1 (6.7)

Resident Rural 227 (72.8) 78 (34.6) 14 (6.2)
Urban 85 (27.2) 37 (43.5) 7 (8.2)

Religion Protestant 141 (45.2) 50 (35.5) 9 (6.4)
Muslims 85 (27.2) 35 (41.2) 7 (8.2)

Orthodox 56 (17.9) 20 (35.7) 3 (5.4)
Catholic 30 (9.6) 10 (33.3) 2 (6.7)

Educational status Illiterate 101 (32.4) 40 (39.6) 8 (7.9)
1–8 96 (30.8) 36 (37.5) 6 (6.3)

9–12 81 (25.9) 27 (33.3) 5 (6.2)

≥ college 34 (10.9) 12 (35.3) 2 (5.9)

Marital status Married 179 (57.4) 69 (38.4) 15 (8.4)
Single 123 (39.4) 43 (35.0) 6 (4.9)

Divorced 6 (1.9) 2 (33.3) -

Widowed 4 (1.3) 1 (25.0) -

Occupation Farmer 165 (52.8) 59 (35.8) 10 (6.1)
Merchant 34 (10.9) 14 (41.2) 3 (11.8)
Daily laborer 41 (13.2) 15 (36.6) 3 (7.3)

Student 38 (12.2) 14 (36.8) 2 (5.3)
Employed 34 (10.9) 12 (35.3) 2 (5.9)

Family size ≤2 21 (6.7) 7 (33.3) -
3–5 166 (53.2) 58 (34.9) 9 (5.4)

>5 125 (40.1) 51 (40.8) 12 (9.6)

District Hadiya 126 (40.4) 45 (35.7) 8 (6.4)

Kambata 111 (35.6) 37 (35.2) 7 (6.3)

Silte 75 (24.0) 33 (44.0) 6 (8.0)
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antigen mutation.51 Moreover, the prescreening procedures and primers employed for NAT may also play a role in the
observed variations.

HBsAg negative individuals with serum HBV DNA level below 200 IU/mL are considered true OBI,14 and
individuals with serum HBV DNA level similar to HBsAg positive or overt infection, but are, on the other hand, HBsAg-
negative, have been termed false OBI.3 This is commonly due to unusual S gene escape mutant’s infection, which
produces an altered HBsAg that is not recognized by routinely used detection assays.15 In this study, we observed 18/21
(85.7%) OBI cases had HBV DNA count below 200 IU/mL. This indicates true OBI; even though, the true rate in
a population may vary because some individuals can demonstrate intermittent HBV DNA positivity which may not be
detected in a cross-sectional study.14,52

This study reported a total of 312 (90.2%) individuals were HBsAg sero-negatives and 115 (36.9%) were anti-HBc
positive of these HBsAg sero-negatives. Among 115 anti-HBc positive samples, HBV DNA detection was observed in

Table 3 The Distribution of Anti-HBc and HBV DNA in Relation to Behavioral and Health-Characteristics of Study Participants,
Southern Ethiopia

Variables Participants N (%) Anti-HBc+ HBV DNA+

N (%) P-value N (%) P-value

Hospital admission
Yes 36 (11.5) 19 (52.8) 0.432 4 (11.1) 0.037*
No 276 (88.5) 96 (34.8) 17 (6.2)

History of surgery

Yes 21 (6.7) 10 (47.6) 0.471 2 (9.5) 0.295
No 291 (93.3) 105 (36.1) 19 (6.5)

Multiple sexual contact
Yes 47 (15.1) 24 (51.1) 0.042 6 (12.8) 0.002*
No 265 (84.9) 91 (34.3) 15 (5.7)

Alcohol consumption

Yes 58 (18.6) 26 (44.8) 0.064 7 (12.1) 0.016*
No 254 (81.4) 89 (35.0) 14 (5.5)

Share sharp tools
Yes 109 (34.9) 45 (42.3) 0.028 10 (9.2) 0.043*
No 203 (65.1) 70 (34.5) 11 (5.4)

Tooth extraction

Yes 23 (7.4) 10 (43.5) 0.092 2 (8.7) 0.065
No 289 (92.6) 105 (36.3) 19 (6.6)

Contact with jaundiced patients

Yes 41 (13.1) 18 (43.9) 0.085 3 (7.3) 0.051
No 271 (86.9) 97 (35.8) 18 (6.6)

History of tattooing/piercing

Yes 96 (30.8) 51 (53.1) 0.006 10 (10.4) 0.002*
No 216 (69.2) 64 (29.6) 11 (5.1)

Family history of hepatitis

Yes 44 (14.0) 21 (47.7) 0.018 6 (13.6) 0.003*
No 268 (86.0) 94 (35.1) 15 (5.6)

Khat chewing@

Yes 61 (19.6) 27 (44.3) 0.045 5 (8.2) 0.017*
No 251 (80.4) 88 (35.1) 16 (6.4)

Notes: @Khat is a plant native to Ethiopia. It contains the alkaloid cathinone, a stimulant, which causes excitement, and euphoria; *significant at P-value <0.05.
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21/115 (18.3%). Studies suggest optionally in the lack of very sensitive HBV DNA testing, the use of anti-HBc as
a possible surrogate marker for detecting possible seropositive OBI in cases of blood and organ donation.42,52,53 This
could be considered as one of the strategies to reduce transmission risk among recipients. Furthermore, anti-HBc
screening may be a valuable procedure to find individuals earlier exposed to HBV and potentially bearing significant
risk for HBV reactivation due to immunosuppression.42,53 In many countries, using HBsAg and anti-HBc has been the
basis of screening tests for HBV,14,52 and this has significantly reduced but did not exclude transfusion-associated HBV
infection.54 However, in developing countries like Ethiopia, where the prevalence of anti-HBc antibodies is high,
screening leads to the rejection of more than a third of the donated blood and may not be applicable for blood and
organ donor selection. Furthermore, not all anti-HBc positive individual samples are HBV DNA detectable, and anti-HBc
antibody absence also does not exclude seronegative OBI.42

OBI can be seronegative or serologically negative for all markers, which accounts for approximately 20% of all
OBI cases, and 80% seropositive (36% anti-HBs and 44% anti-HBc positive).55 Our study also revealed a high rate of
HBV-DNA (18.3%) positivity among anti-HBc positive individuals, which is slightly comparable with previous
studies elsewhere 10% to 80%.3,56 In our study, the number of HBV DNA positive cases looks high, and the findings
have public health importance because of the possibility of post-transfusion or transplantation HBV infection in
recipients of blood and organs from HBsAg alone negative donors.4 In Ethiopia, where HBsAg is the only screening
test,57 in women within reproductive age with OBI the chance of vertical transmission should not be ignored during
childbirth.

Table 4 The Distribution OBI Among Study Participants in Relation to Different Risk Factors Characteristics

Characteristics HBV DNATest Result COR (95% CI) AOR (95% CI)

Positive Negative

Multiple sexual contact

Yes 6 41 2.4 (5.71, 11.23) 5.8 (3.72, 8.45)*
No 15 250 1.00 1.00

Family history of hepatitis
Yes 6 38 2.7 (6.12, 13.37) 7.6 (14.52, 22.84)*

No 15 253 1.00 1.00

History of tattooing or Piercing

Yes 10 86 2.2 (1.84, 13.21) 4.3 (4.31, 17.34)*

No 11 205 1.00 1.00

Alcohol consumption

Yes 7 51 2.4 (7.86, 13.15) 2.8 (0.72, 11.94)
No 14 240 1.00 1.00

Share sharp tools
Yes 10 99 1.8 (1.53, 8.91) 2.4 (3.92, 9.48)*

No 11 192 1.00 1.00

Khat chewing

Yes 5 56 1.3 (1.2, 9.2) 1.9 (0.16, 21.7)
No 16 235 1.00 1.00

Hospital admission
Yes 4 32 1.9(1.23, 11.14) 3.1 (0.98, 15.35)

No 17 259 1.00 1.00

Note: *Significant at P < 0.05.
Abbreviations: COR, crude odds ratio; AOR, adjusted odds ratio; CI, confidence interval; 1, reference.
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This study revealed a higher rate of OBI in larger family sizes than in small family sizes. Different studies have
shown and suggested similar findings compared with the present study.28,37 Hence, this higher rate of OBI in larger
family sizes could explain the presence of horizontal transmission of HBV infection within the family. In a large family,
there might be increased close contact of family members that could create an increased chance of HBV transmission in
the family environment. This study likewise showed the high rate of OBI infection in less-educated individuals which is
somewhat similar to other studies conducted in Ethiopia43,44 and elsewhere.24 This relatively higher HBV seropositivity
among the less educated might be attributed to poor awareness regarding mode of transmission and increased educational
level might increase the awareness level for prevention practice for HBV infection by the community. It was also
reported a higher rate of OBI among individuals having alcohol than their counterparts. Ethiopian studies indicated an
association between drinking alcohol with unsafe sex more likely to have multiple sexual partners, which may predispose
to infection with viral hepatitis.58,59

In this study, there are study participants who had a family history of hepatitis, practiced multiple sexual contacts, had
a history of body tattooing, and sharing of sharp tools. In multivariable analysis, these variables are also associated with
OBI. In this regard, those individuals who had a family history of hepatitis were 7.6 times more likely associated with
OBI compared to their counterparts, and individuals who had the exposure of having multiple sex partners, history of
body tattooing, and sharing of sharp tools were 5.8, 4.3 and 2.4 times more likely associated with OBI (p < 0.05)
compared to their counterparts, respectively. They were found to be independent risk factors and supported by other
studies conducted in Ethiopia,60,61 and other African countries.62–65 This indicates that the main way of transmission for
HBV is cross-contamination of body fluids during body contact; hence, this could explain possibly the presence of close
contact or sexual contact with hepatitis patients increase the chance of HBV transmission.

Limitations
This study assessed only serological detection of HBV DNA in the peripheral blood of HBsAg negative individuals for
OBI due to resource limitations. Hence, HBV DNA amplification from peripheral blood may not be effectively sensitive
as HBV latency within liver cells produces only sporadic HBV DNA in blood. This may underestimate the OBI cases
and affected the true prevalence of OBI. Additionally, the lack of HBV genotypic sequenced data from occult infections
may limit the information generated in terms of genetic variability.

Conclusions and Recommendations
In this study, we investigated the high prevalence of OBI among the healthy general population of Southern Ethiopia.
This indicates the burden of OBI has a significant public health implication due to the possibility of HBV transmission
through blood and blood products transfusion, organ transplantation, and vertical transmission since screening is
exclusively reliant on HBsAg testing. Our results strongly justify that a complementary sensitive NAT by PCR for
detecting HBV DNA remains a prerequisite to ensure the safety of blood transfusion need, organ recipients and for the
avoidance of HBV vertical transmission risks in HBV endemic areas.
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