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Hepatitis B virus (HBV) is 50-100 times more infectious than HIV, and hepatitis B is en-
demic in Nigeria. In this study, we evaluated the serologic markers of HBV infection and
associated socio-demographic factors in a subset of young people in Central Nigeria. Blood
samples were collected from 350 consenting newly admitted students of the 2016/2017
academic session of Nasarawa State University, and their socio-demographic information
obtained using structured questionnaires. The sera were analysed for HBsAg, HBsAb, HB-
cAb, HBeAg and HBeAb using a 5-panel HBV profiling diagnostic kits (Qingdad High Top
Biotech Co. Ltd, Hangzhou, China). Data was analysed using Smith’s Statistical Package (ver-
sion 2.80, California, USA); and test of significance performed at 95% confidence limit with
P values <0.05 considered significant. Of the 350 participants, 157 (44.9%) were male and
193 (55.1%) were female. Overall, 34 (9.7%) had HBsAg, 134 (38.3%) had HBsAb, 98 (28.0%)
had HBcAb, 13 (3.7%) had HBeAg and 16 (4.6%) had HBeAb. Gender distribution showed
that 20 (12.7%), 78 (49.7%), 59 (37.6%), 9 (5.7%) and 11 (7.0%) of male subjects had HBsAg,
HBsAb, HBcAb, HBeAg and HBeAb respectively. Among female subjects, the distribution of
HBsAg, HBsAb, HBcAb, HBeAg and HBeAb was 14 (7.3%), 56 (29.0%), 39 (20.2%), 4 (2.1%) and
5 (2.6%), respectively. Being male, unmarried and histories of alcohol consumption, blood
transfusion, sharing of sharp objects and multiple sex partners were significant predictors
of infection (p < 0.05). This study reveals high prevalence of HBV and risk of transmission
in the apparently healthy freshmen. Our findings have critical implications for intervention
initiatives especially among students and youths.
© 2019 The Author(s). Published by Elsevier B.V. on behalf of African Institute of
Mathematical Sciences | Next Einstein Initiative.
This is an open access article under the CC BY license.
(http://creativecommons.org/licenses/by/4.0/)

Introduction

Hepatitis B virus is 50-100 times more infectious than HIV; and it is the aetiologic agent of hepatitis B, an infection that
is endemic in Nigeria [1-4]. HBV is a double-stranded DNA virus of a complex structure that causes infection of the liver
[5]. The virus belongs to the Hepadnaviridae family and is the most common cause of chronic liver disease; hepatocellular
carcinoma and necrotizing vasculitis [6]. HBV can cause both acute and chronic infections; and during the acute phase
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of infection, symptoms are not experienced by most people. Nevertheless, certain individuals develop acute illness with
symptoms that last several weeks, including yellowing of the skin and eyes (jaundice), nausea, dark urine, extreme fatigue,
abdominal pain and vomiting [7]. Additionally, in individuals with acute hepatitis, a small subset can develop life-threatening
acute liver failure whereas in certain individuals, HBV establishes a chronic liver infection that progresses to cirrhosis or
cancer of the liver [2,7].

According to the WHO’s 2017 global hepatitis report (the latest and first such report by the WHO), 257 million people
were living with chronic HBV infection in 2015, with African and Western Pacific regions accounting for the highest burden
[8]. In Nigeria, hepatitis B prevalence ranges from 4-32% depending on the subject population [1,2,5,9-11].

Laboratory diagnosis of HBV includes detection of markers such as HBsAg, HBsAb, HBcAb, HBeAg and HBeAD in the serum
[12]. Detection of HBsAg in the serum is indicative of HBV infection and this marker is the most frequently used in testing
for HBV infection [13]. HBsAg is detected within 10 weeks in the serum following exposure to the virus and its persistent
presence for longer than 6 months may depict chronic infection [14]. Additionally, new HBV infection in certain individuals
evolves into chronic infection, whereas there’s a spontaneous clearance of the virus in others, with the risk of developing
chronic infection being highest in children [8]. As such, the focus of prevention of HBV infection is on children below five
years of age, and children five years of age who test positive for HBsAg have chronic infection [8].

The presence of antibody to hepatitis B surface antigen (HBsAb), a neutralizing antibody, suggests recovery and protective
immunity against the viral infection. It is the only detectable marker in those who respond to hepatitis B vaccine success-
fully [15]. On the other hand, serum hepatitis B envelope antigen (HBeAg) is associated with active HBV replication and
transmission of infection [16].

Moreover, an individual may harbour HBV infection for 30 years or more before the manifestation of clinical symptoms
[8]. Remission of disease is associated with sero-conversion from HBeAg to HBeAb and serum disappearance of HBV DNA
[17]. Although hepatitis B core antigen (HBcAg) is not found in serum because it is an intracellular antigen, the serum
antibody to hepatitis B core antigen (HBcAb) symbolizes an earlier contact with the virus [18,19]. During early HBV infection,
the IgM anti-HBc first appears in the serum; and this is usually detected within one month after appearance of HBsAg
[20,21]. The presence of IgG anti-HBc, which is not a neutralizing antibody, remains for life in both acute and chronic cases
of infection. However, in the absence of circulating HBsAg, the presence of IgG anti-HBc in the serum may suggest an occult
HBV infection in persons positive for serum HBV DNA irrespective of other HBV serologic markers [20].

Although HBV infection is endemic in Nigeria, the epidemiology of the virus among young people and student popula-
tions is poorly understood across the country in spite of the significance of this in designing effective intervention initiatives.
In this study, we therefore, identified the serologic markers of HBV infection and analysed associated socio-demographic fac-
tors in a subset of young individuals in Central Nigeria. We found that the prevalence of HBsAg was high and the risk of
transmission, denoted by the prevalence of HBeAg, was significant in this population. Our findings will bolster understanding
of the epidemiology of the virus especially in Nigeria, with implications for intervention initiatives that include designing
effective treatment and prevention policies.

Materials and methods
Study area and population

This study was conducted in Nasarawa State University, Keffi (NSUK), Nasarawa State, Nigeria. NSUK is a higher educa-
tional institution with a student population that is well above twenty thousand. The institution offers both undergraduate
and postgraduate programmes with a blend of both local and foreign students. Keffi city is approximately 68 km from Abuja,
the capital city of Nigeria and 128 km from Lafia, the capital city of Nasarawa State. It is located between Latitude 8°5N of
the equator and Longitude 7°8 E and situated on an altitude of 850 m above sea level [21]. The study recruited 350 newly
admitted undergraduate students of the 2016/2017 academic session who gave informed consent for their participation. A
representative sample size was determined using the formula propounded by Naing [22]. Socio-demographic information
was obtained by administering a structured questionnaire.

Sample collection

Three mls of blood was obtained from each participant by venepuncture and placed in an appropriately labelled plain
tube. This was allowed to clot at room temperature and spun for 5 min at 3000 rpm. The resultant sera were harvested into
well-labelled cryovials and stored at —20 °C until use.

Laboratory analysis

Detection of HBV serologic markers

To detect HBV serologic markers (HBsAg, HBsAb, HBeAg, HBeAb and HBcAb), a 5-panel HBV test kit (Qingdad High Top
Biotech Co. Ltd, Hangzhou, China) was used. Test and result interpretations were carried out according to the manufacturer’s
instructions.
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Fig. 1. Distribution of HBV serologic markers among a subset of apparently healthy young people in Central Nigeria.

Table 1
Pattern of serologic markers for HBV infection in a subset of apparently healthy young people in central Nigeria.

Pattern of HBV serologic markers Interpretation Prevalence (%)

HBsAg", HBsAb~, HBcAb*, HBeAg*, HBeAb~  Chronic infection with high viral replication 4 (1.1)
HBsAg*, HBsAb~, HBcAb~, HBeAg*, HBeAb~  Acute infection with high viral replication 9 (2.6)

HBsAg*, HBsAb~, HBcAb*, HBeAg~, HBeAb™ Carrier with low viral replication 16 (4.6)
HBsAg*, HBsAb~, HBcAb~, HBeAg~, HBeAb~  Recently vaccinated 5(1.4)
HBsAg~, HBsAb+*, HBcAb~, HBeAg~, HBeAb~  Immune due to vaccination 56 (16.0)
HBsAg~, HBsAb+*, HBcAb*, HBeAg~, HBeAb~ Immune due to previous natural exposure 78 (22.3)
HBsAg~, HBsAb-, HBcAb-, HBeAg~, HBeAb~  Unexposed 182 (52.0)
Total 350

Ethical clearance

Ethical approval for this study (Ref: FMC/KF/HREC/171/17) was obtained from the Health Research Ethics Committee (Reg.
No. NHREC/21/12/2012) at the Federal Medical Centre, Keffi, Nasarawa State, Nigeria.

Statistical analysis

Data obtained was subjected to descriptive statistical analysis using the Smith’s Statistical Package Version 2.80 (Clare-
mont, California, USA). Chi-squares (x2) were calculated and P values obtained at 95% confidence interval; with P values
<0.05 considered statistically significant.

Results and discussion

A total of 350 newly admitted undergraduate students of Nasarawa State University, Keffi, with a mean age of 22.2 years
voluntarily participated in this study. Of these, 34 (9.7%) were positive for HBsAg, 134 (38.3%) had HBsAb, 98 (28.0%) showed
evidence of HBcAb, 13 (3.7%) were positive for HBeAg and 16 (4.6%) had HBeAb (Fig. 1).

The patterns of infection markers among the participants (Table 1) show that 4 subjects (1.1%) had chronic infection with
high viral replication, 9 (2.6%) had acute infection, 16 (4.6%) were carriers with low viral replication, 5 (1.4%) were recently
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Table 2
Socio-demographic factors associated with serologic markers for HBV infection in a subset of apparently healthy
young people in central Nigeria.

Age (Years) No. examined Prevalence (%)

HBsAg HBsAb HBcADb HBeAg HBeAb
15-19 83 9(10.8) 20(24.1) 17(20.5) 2(2.4) 2(2.4)
20-24 186 17(9.1) 59(31.7) 42(22.6) 6(3.2) 8(4.3)
25-29 63 7(11.1) 46(73.0) 29(46.0) 4(6.3) 5(7.9)
>30 18 1(5.6) 9(50.0) 10(55.6) 1(5.6) 1(5.6)
P value 0.1239 1.0000 0.9617 0.5509 0.2793
Gender
Male 157 20(12.7) 78(49.7) 59(37.6) 9(5.7) 11(7.0)
Female 193 14(7.3) 56(29.0) 39(20.2) 4(2.1) 5(2.6)
P value 0.0044* 0.9123 0.9124 0.0594 0.0067*
Marital status
Unmarried 304 30(9.9) 115(37.8) 84(27.6) 12(3.9) 14(4.6)
Married 46 4(8.7) 19(41.3) 14(30.4) 1(2.2) 2(4.4)
P value 0.0203* 1.0000 0.1972 0.0594 0.1090
History of blood transfusion
Yes 47 5(10.6) 19(40.4) 11(23.4) 1(2.1) 2(4.3)
No 303 29(9.6) 115(37.9) 87(28.7) 12(3.9) 14(4.6)
P value 0.0052* 1.0000 0.7634 0.0594 0.0076*
Multiple sex partners
Yes 15 3(20.0) 2(13.3) 3(20.0) 1(6.7) 1(6.7)
No 335 31(9.3) 132(39.4) 95(28.4) 12(3.6) 15(4.5)
P value 0.0044* 0.7806 0.9101 0.0594 0.0071*
Scarification mark
Yes 126 14(11.1) 53(42.1) 40(31.8) 5(3.9) 6(4.8)
No 224 20(8.9) 81(36.2) 58(25.9) 8(3.6) 10(4.5)
P value 0.0045* 0.9724 0.9671 0.2058 0.0067*
Alcohol Consumption
Yes 81 6(7.4) 32(39.5) 20(24.7) 2(2.5) 1(1.2)
No 269 28(10.4) 102(37.9) 78(29.3) 11(4.1) 15(5.6)
P 0.0044* 0.9701 0.9724 0.0606 0.0071*
Sharing of sharp objects
Yes 39 4(10.3) 15(38.5) 14(35.9) 1(2.6) 1(2.6)
No 311 30(9.7) 119(38.3) 84(27.0) 12(3.9) 15(4.8)
P value 0.0017* 0.9735 0.9723 0.0594 0.0071*
Sharing of clothes and bed space
Yes 8 8(8.9) 28(31.5) 25(28.1) 2(2.3) 0(0.0)
No 261 26(9.9) 106(40.6) 73(27.9) 11(4.2) 16(6.1)
P value 0.1573 0.9748 0.9712 0.0606 -
History of HBV infection in the family
Yes 30 4(13.3) 13(43.3) 14(46.7) 2(6.7) 4(13.3)
No 261 25(9.6) 99(37.9) 71(27.2) 9(3.5) 11(4.2)
Unaware 59 5(8.5) 22(37.3) 13(22.0) 2(3.4) 1(1.7)
P value 0.1861 0.9991 0.8493 0.0694

vaccinated, 56 (16.0%) were immune due to vaccination, 78 (22.3%) were immune due to natural exposure to the virus while
182 (52.0%) have never had any exposure to the virus.

Table 2 shows the socio-demographic factors associated with serologic markers for HBV infection among the apparently
healthy young participants. Of the 350 participants, 157 (44.9%) were male and 193 (55.1%) were female. Overall, 34 (9.7%)
had HBsAg, 134 (38.3%) had HBsAD, 98 (28.0%) had HBcADb, 13 (3.7%) had HBeAg and 16 (4.6%) had HBeAb. Gender distribu-
tion showed that 20 (12.7%), 78 (49.7%), 59 (37.6%), 9 (5.7%) and 11 (7.0%) of male subjects had HBsAg, HBsAb, HBcAb, HBeAg
and HBeAb respectively. Among female subjects, the distribution of HBsAg, HBsAb, HBcAb, HBeAg and HBeAb was 14 (7.3%),
56 (29.0%), 39 (20.2%), 4 (2.1%) and 5 (2.6%) respectively. Being male, unmarried and histories of alcohol consumption, blood
transfusion, sharing of sharp objects and multiple sex partners (Table 2) were significant predictors of infection (p < 0.05).

The 9.7% proportion of individuals who had HBsAg as our findings reveal, demonstrates that the prevalence of HBV in the
population was high based on the World Health Organization’s classification of prevalence into low (<2%), moderate (2-8%)
and high (>8%). Previous studies in Nigeria have illustrated similarly high prevalence in student populations. For example,
reported prevalence have included 9.2% among students of a tertiary institution in North Western Nigeria; 11.5% among
students of Nasarawa State University, Nigeria; 12.0% among asymptomatic students of Ahmadu Bello University, Nigeria;
15.5% among medical students of Usman Danfodio University, Nigeria; and 31.5% among apparently healthy students of a
tertiary institution in North Eastern Nigeria [10,23-26]. Obviously, these findings suggest that hepatitis B is endemic in
Nigeria. However, it is likely that the reported varying rates from the different studies were impacted by sample size and
study population type.
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In contrast, some other studies have reported relatively low prevalence of 4.1%, 4.7%, 6.5% and 8.0% in varying populations
of adolescents, university students, school children and pregnant women respectively, in certain parts of Nigeria [5,9,27,28].
Sample size, sample population and the varying levels of engagement in risk predisposing practices across populations and
communities might account for the variations in findings [23].

Our evaluation further reveals that 134 (38.3%) of the participants had HBsAb (and as a result were HBsAg negative)
either due to vaccination or previous natural exposure to the virus (Table 1), with 78 (22.3%) of them belonging to the
latter category; indicating that 22.3% of the study subjects had their infections resolved after natural exposure to the virus.
These findings are consistent with the 22.7% prevalence of HBsAb reported among healthy individuals in Benue, Nigeria;
22.2% among surgeons in Lagos, Nigeria; and 28% among hospital personnel in Cairo, Egypt [29-31].

The detection of HBcAb in 28.0% of the participants implies earlier exposure to the virus by this proportion of the partic-
ipants. However, some studies have reported higher prevalence of HBcAb in certain populations [20,29,30,32]. Differences in
sample populations between the studies may account for the variation in findings. Additionally, a study reported by Sadoh
and colleagues in 2013 found an 11.4% HBcAb prevalence in a population of infants in Benin [33]. It is instructive that the
Benin study was among an infant population in contrast to ours that was among a population of teenagers and young adults.
Therefore, the comparatively lower prevalence in the Benin study might be attributed to the age differences between the
two populations.

We found that 3.7% of the participants had HBeAg. Since this marker is indicative of active replication and transmission,
there was a significant risk of transmission in this population with a potential impact on the incidence of the disease and a
concomitant challenge to control initiatives. It has been established that HBsAg-positive individuals, who are as well HBeAg
positive, have 70-90% chances of transmitting the virus to their contacts in addition to being at high risk of developing
persistent liver disease leading to cirrhosis and primary liver cancer if not treated [17,32,34]. Moreover, studies in other
populations have found higher HBeAg prevalence of 6.5% and 4.7% among pregnant Nigerian women and a set of individuals
who were HBsAg positive [12,32]. However, a lower rate of 2.7% was reported in one study in Benue State, Nigeria [29]. The
reason for these differences may not be unrelated to the fact that the studies were conducted in different populations and
as such population differences should understandably impact the outcome. As a further support to this explanation, while
the study by Odimayo and colleagues included only individuals who were seropositive for HBsAg [12], our study consisted
of apparently healthy individuals.

HBeAD is the antibody produced against HBeAg and its presence denotes low infectivity and transmission of the virus or
remission of disease [17]. In other words, just like the HBsAb, its presence most likely indicates recovery from HBV infection
[19]. We found a prevalence of 4.7% of HBeAb among the participants. This is lower than the 8.0% reported in 2016 by
Odimayo and colleagues among HBsAg seropositive individuals, 13.0% by Mbaawuaga and colleagues and 51.6% by Abah and
Aminu among a population of pregnant women in Nigeria [12,29,32]. Differences in study populations may account for the
observed differences in findings.

HBV serologic markers say a lot about the prognosis of hepatitis B [35]. Overall, 1.1% of the participants had chronic
HBV infection with high viral replication, 2.6% had acute infection with high viral replication, 4.6% were carriers with low
viral replication, 1.4% were recently vaccinated, 16.0% were immune due to vaccination, 22.3% were immune due to previous
natural exposure to the virus and the remaining 52.0% have never had any exposure to the virus (Table 1). In contrast, one
study in Benue State, Nigeria, reported higher prevalence of 3.8% and 8.7% for chronic and acute infections respectively [29].
The Benue study recruited pregnant women, who should normally have low immunity, and this might have informed the
differences in outcome between the study and ours [36].

There was a significant association between gender and prevalence of HBsAg and HBeAb in this study (p < 0.05). Al-
though differences in the prevalence of HBsAb, HBcAb and HBeAg were not statistically significant (p > 0.05), the preva-
lence of HBsAg, HBsAb, HBcAb, HBeAg and HBeAb were higher in participants who were male than female. These findings
are supported by reports from Isa and colleagues in North Western Nigeria and Pennap et al. in Keffi, Nigeria; but finds
little support from findings by Mustapha and Jibrin among HIV patients in Gombe State, Nigeria [23,24,37]. Since our study
participants were freshmen who had just left their various homes, the common culture that ensures young women spend
most of their times at home on domestic activities with little chances of exposure to risk factors outside of home, while
young men have more freedom of movement and association, might account for the higher prevalence of HBsAg in the male
than female participants in our study.

This study recorded significant association between marital status and prevalence of HBsAg among the participants
(p < 0.05). The prevalence of HBsAg was higher among single participants than their married counterparts. This finding
finds support in reports by Ejele and colleagues among HIV positive patients in Niger Delta, Nigeria; and Isa et al. in a
tertiary institution in North Western Nigeria; the differences in study populations notwithstanding [23,38].

Moreover, history of blood transfusion was significantly associated with the prevalence of HBsAg and HBeAg (p < 0.05).
Higher prevalence of HBsAg was observed among those who had received blood transfusion at some point in their lives.
Until recently in Nigeria, testing of blood donors for hepatitis B virus infection was not a routine practice in most clinical
settings. This finding concurs with a previous finding by Abah and Aminu in Nigeria [32].

The prevalence of HBsAg was significantly higher among participants who had multiple sex partners than those without
(p < 0.05). This finding is supported by previous findings including reports by Adekunle et al. among blood donors in a ter-
tiary hospital in Nigeria, Pennap et al. among students of a Nigerian tertiary institution and Mboto and Edet among students
in University of Uyo, Nigeria [9,24,39]. There was a statistical significant difference between the prevalence of HBsAg and
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HBeAb in relation to scarification mark in this study (p < 0.05). It was observed that participants with scarification marks
were more likely to have HBV infection (HBsAg) than those without. This finding agrees with previous reports [24,28]; and
participants in this category were likely from local homes where knowledge of transmission of the virus through the use
of sharp unsterilized objects in making body-piercing marks is inadequate or lacking. In addition, alcohol consumption was
unexpectedly not significantly associated with infection in this study. This disagrees with previous reports that have desig-
nated alcohol consumption as a transmission risk [40,41]. It was possible that the participants in our study were not sincere
with their alcohol consumption habits, making our data on this not to be a true reflection of the reality.

Moreover, higher prevalence of HBsAg was recorded among those who shared sharp objects than those who did not.
This result is in consonance with other studies done in Nigeria [9,42]; and our findings further confirm that practices such
as sharing of sharp unsterilized objects permit transmission of the virus. Additionally, there was no statistical significant
association between the prevalence of HBV serologic markers in relation to sharing of clothes and bed spaces among the
participants (p > 0.05). This finding is supported by reports from Ndako et al. in North Central Nigeria and Isa et al. in North
Western Nigeria [23,42]. However, this should not preclude the fact that HBV can be transmitted through those means since
the virus can be found in saliva, tears, urine, breast milk and any other body fluid [23].

Although participants who had history of HBV infection in their families had higher prevalence of HBV than those with-
out, this factor was not found to be significantly associated with infection (p > 0.05). However, a more robust study design
that considers two groups of individuals; one with the history and the other (a control group) without the history will pro-
vide a much more reliable result. Generally, our findings and other similar findings [43], raise critical policy questions about
intervention programmes that should be designed for students and young people especially in Nigeria and the rest of Africa.

Conclusions

This study reveals high prevalence of HBV and risk of transmission in the apparently healthy freshmen. This is alarming
and unacceptable for a disease that has had a vaccine available since 1982. Youth and student populations across the country
should be targeted for special, effective intervention initiatives in a comprehensive, holistic intervention programme that
includes all populations and individuals of all ages.
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