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Abstract 

Hepatitis B virus (HBV) infection is a potentially life-threatening infection 
that attacks the liver and can cause both acute and chronic disease. This 
creates a high risk of death from cirrhosis and liver cancer. Hepatitis B infec-
tion poses a major health concern globally. It is estimated that 257 million 
people are infected globally with 780,000 deaths reported annually. In Kenya, 
HBV prevalence stands at chronic states of intermediate range (5% - 7%) and 
high (≥8%) with regional variations. Garissa County carries a high HBV in-
fection risk with a reported prevalence of 14.1% in pregnant women attend-
ing antenatal care (ANC) clinics. This study was carried out to determine and 
compare the seroprevalence of HBV among in-mates and voluntary blood 
donors at Garissa Main Prison and Garissa County referral hospital respec-
tively in Garissa, Kenya. A total of 130 in-mates and 130 voluntary blood do-
nors were sampled in this study. Serum was tested for Hepatitis B surface an-
tigen (HBsAg) using a rapid test cassette (Amitech Diagnostics Inc.). A ques-
tionnaire was also used to collect socio-demographic factors of the study par-
ticipants. Data were entered and analyzed using SPSS version 20. Majority of 
the study participants were males (86.9% among inmates and 95.4% among 
blood donors). Majority (76.2%) of the in-mates and of the donors (83.1%) 
were aged between 20 - 40 years while majority (51.4% of the donors and 
81.5% of in mates) had only a primary school level of education. HBV sero-
prevalence was significantly higher among in mates compared to blood do-
nors. Out of the total number of in-mates tested, 7 (5.4%) were HBV seropo-
sitive. Conversely, among blood donors 4 (3.1%) were seropositive. There was 
a significant association between HBV seropositivity and gender among both 
the blood donors and in-mates. There was no significant association between 
HBV seropositivity and both level of education and age. No data currently 
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exists on HBV seroprevalence in Kenyan prisons and these study findings may 
be used as a proxy for other prisons within the country. Further studies to de-
termine other predisposing risk factors should be conducted. Additionally, mo-
lecular studies to determine circulating HBV genotypes in this group of people 
and region are required. 
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1. Background 

Hepatitis B is a viral infection that is caused by Hepatitis B virus [1]. It is a po-
tentially life threatening infection that attacks the liver and can cause both acute 
and chronic disease [1]. This creates a high risk of death from cirrhosis and liver 
cancer [1]. Hepatitis B virus (HBV) infection, poses a major health concern glo-
bally. It is estimated that 257 million people are infected globally [2] with 
780,000 deaths reported annually [3]. Global chronic HBV infections stand at 
more than 240 million cases with 100 million HBV affected people living in 
Africa [4]. Africa has varying HBV prevalence rates of intermediate (2% - 7%) to 
high ≥8% [4]. Hepatitis B infection high endemicity of over 8% is shown in de-
veloping regions with surging populations such as China, South-East Asia, 
Amazon basin and Sub-Saharan Africa [5]. Chronic pattern states are evident in 
these regions with majority of them occurring during infancy and portraying 
asymptomatic states.  

Kenya has been categorized with other sub-Saharan African countries with a 
HBV infection burden of chronic states of intermediate range (2% - 7%) and 
high (≥8%) [4]. Studies have shown HBV infection disparity in Kenya among 
various study populations, with 5.1% prevalence in areas near Nairobi among 
rural settler community, 15.3% in Turkana County among pregnant women [6], 
3.46% in Kisumu, Homabay and Siaya Counties [7] and 2.3% in Nairobi [8] 
among blood donors. 

Diagnosis of HBV is routinely done by measurement of various HBV specific 
antigens and antibodies. The most routinely used serological marker is the He-
patitis B virus surface antigen (HBsAg). This is a HBV protein that is found on 
the virion surface that is the first detectable antigen during HBV infections. De-
tection of this antigen is invariably associated with HBV infection. However, it 
can be absent during early infections [9].  

Hepatitis B e antigen (HBeAg) appears shortly after the production of HBsAg. 
The appearance of this antigen, relates to active replication of the virus [10]. The 
detection of HBeAg relates to the infectivity of the patient and also defines acute 
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HBV infection. Hepatitis B core antigen (HBcAg) is used in determination of 
viral replication. Antibodies to these antigens are also useful in determining the 
phase of infection. 

Transmission of HBV infection is associated with certain risk factors such as 
blood transfusions, caring for the sick who are infected, working in healthcare 
settings and living in high-risk prisons. Viral transmission occurs through ex-
posure to body fluids and infectious blood enhanced via intravenous drug use 
and unprotected sex. Exposure can also occur at the time of birth [11]. Signifi-
cant risk to transmission, has been identified through tattooing and acupuncture 
[12]. 

Prisoners are classified as high risk persons in terms of HBV infection [13]. 
Prisons contain populations with higher rates of blood borne infections includ-
ing HBV: people who exchange sex for drugs and those who inject drugs. There 
is need to address these emerging problems because prisoners who might have 
been infected with HBV, join the general population after their jail term, which 
poses a risk of spread of HBV infection to the general population.  

There is a reported prevalence of 14.1% HBV infections amongst pregnant 
women attending ANC clinics in Garissa County [14], which represents a sig-
nificant proportion of the general population. This translates to a high HBV en-
demicity according to the WHO criteria.  

Based on these reports, this study sought to determine and compare the sero-
prevalence of HBV among the high risk in-mates at the Garissa Main Prison and 
the low-risk voluntary blood donors in the general population at Garissa County 
Referral Hospital in Garissa County. 

2. Methodology 

2.1. Study Area 

The study was conducted at Garissa Main Prison and Garissa County Referral 
Hospital (GCRH) within Garissa Township area of Garissa County. Garissa 
County is located in North Eastern region of Kenya. It has six sub Counties; Ba-
lambala, Dadaab, Fafi, Garissa, Hulugho, Ijara and Lagdera. It borders Wajir 
County to the North, Lamu County to the South, Tana River County to the 
West, Isiolo County to the North West and shares an international boundary 
with Somalia to the East (Figure 1). 

2.2. Study Design 

This was a cross-sectional study conducted among in-mates at Garissa Main 
Prison and voluntary blood donors at GCRH. 

2.3. Ethical Considerations and Confidentiality 

The study was approved by the Kenyatta University Ethics and Review Commit-
tee (KU-ERC, PKU/2043/I1190). Clearance was also sought from the Trainings 
Board and Commissioner General for Kenya Prisons Service and the Directorate  
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Figure 1. A map showing the study sites. 

 
of Kenya National Blood Transfusion Services (KNBTS). A research permit to 
conduct the study was obtained from the National Commission for Science, 
Technology & Innovation (NACOSTI) under License No. NACOSTI/P/20/4150.  

In addition, written informed consent was sought from each participating 
in-mate and donor and none was remunerated or coerced to participate. The 
study participants’ identity was coded using special numbers to ensure confiden-
tiality. 

2.4. Inclusion Criteria 

Consenting In-mates of all sexes aged 18 years and above were included. How-
ever, in-mates who were aged between 16 - 18 years and consented were also 
considered. Voluntary blood donors of all sexes aged between 18 to 65 years of 
age and who weighed 50 kg and who met the KNBTS blood donation criteria 
were also included. 

2.5. Exclusion Criteria 

In-mates who did not consent and were aged below 16 years of age were ex-
cluded. Equally, voluntary blood donors weighing less than 50 kg and aged be-
low 18 and above 65 years of age were also excluded. 

GMP

GCRH

KEY
GMP-Garissa Main Prison
GCRH-Garissa County Referral Hospital

N
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2.6. Sample Size Determination 

Minimum sample size for the study was calculated based on a previous formula 
used for comparing two study populations [15]. 

( ) ( ) ( ){ }
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1 /2 1 1 1 2 2
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1 2
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n
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α β− −− + − + −
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where: 
α = Type I error (0.05); 
β = Type II error (0.20a or 0.10b); 
At 95% confidence, 1 2 1.96Z α− = . 
At 80% power, 1 0.842aZ β− = . 

At 90% power, 1 1.28bZ β− = . 

P1 = Assumed/Estimated Proportion of outcome 1 (prevalence of HBV in 
prisoners) = 0.50. 

P2 = Estimated proportion outcome 2 (prevalence of HBV in general popula-
tion) = 0.30. 

{ }
( )

2

2

1.36 0.87

0.50 0.30
n

+
=

−
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2 populations each with 124, rounding up to 130. For both populations: 130 × 
2 = 260. 

2.7. Sampling Technique 

Purposive sampling technique was adopted. 

2.8. Sample Collection and Processing  

Venous blood approximately 4 ml was collected once into plain vacutainer from 
each consenting adult in-mate and voluntary blood donor after sterilizing tho-
roughly the puncture site. Initial laboratory procedures were carried out at 
GCRH laboratories. Serum was prepared by centrifuging blood at 3000 xg for 5 
minutes for serological work.  

Later, aseptic aspiration of serum was done and aliquoted into sterile labelled 
cryotubes which were then archived at −80˚C for future molecular studies. 

2.9. Serological Testing 

All the serum samples underwent serological testing for hepatitis B virus surface 
antigen (HBsAg). This was done using a commercially available rapid test cas-
sette (Amitech Diagnostics Inc.) kit. This is a one-step test for HBsAg in serum, 
plasma or whole blood. It utilizes the principle of immunochromatography, 
which is based on antigen capture or sandwich principle. This method uses mo-
noclonal antibody conjugated to colloidal gold and polyclonal antibodies immo-
bilized on a nitrocellulose strip in a thin line. This kit can detect HBsAg in serum 
in a concentration as low as 1.0 ng/ml. 
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2.10. Data Analysis 

All statistical data and analyses was done using SPSS version 20. This was used 
to generate frequency tables and bivariate logistic regression was used to deter-
mine the association between socio-demographic factors and HBV seropositivi-
ty. Categorical variables (HBV positive and negative cases) were compared using 
Chi-square. The association of the variables with HBV infection was considered 
significant at a P value of <0.05.  

3. Results 

3.1. Socio-Demographic Characteristics of Study Participants 

Socio demographic features among the inmate and donor population differed in 
distribution. Majority (76.2%) of the subjects in the inmate population were 
aged between 20 - 40 years. Out of the 130 respondents 86.9% were male while 
13.1% were female. Out of the total number of respondents in this population 
81.5% had only attained a primary school level of education (Table 1). 

Out of the 130 respondents in the donor population 108 (83.1%) were aged 
between 20 - 40 years. Majority (95.4%) were male while 6 (4.6%) were female. 
In regard to education attained, 67 (51.4%) had attained a primary school level 
of education while 11 (8.5%) had not attended school (Table 2). 

 
Table 1. Socio-demographic features of inmates. 

VARIABLES CATEGORIES N % 

Age 

<20 4 3.1 

20 - 40 99 76.2 

>40 27 20.8 

Sex 
Male 113 86.9 

Female 17 13.1 

Education 

No Education 6 4.6 

Primary 106 81.5 

Secondary 14 10.8 

Tertiary 4 3.1 

 
Table 2. Socio-demographic features of blood donors. 

VARIABLES CATEGORIES N % 

Age Groups 

<20 12 9.2 

20 - 40 108 83.1 

>40 10 7.7 

Gender 
Male 124 95.4 

Female 6 4.6 

Level of Education 

No Education 11 8.5 

Primary 67 51.5 

Secondary 39 30.0 

Tertiary 13 10.0 
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3.2. Seroprevalence of HBV in both in-Mates and Blood Donors 

There was a difference in HBV seroprevalence between the two study popula-
tions. Among the inmates study population, 7 (5.4%) were HBV seropositive 
while among the blood donor study population 4 (3.1%) were seropositive 
(Table 3). 

3.3. Socio-Demographic Factors and Their Association with HBV 

Among the blood donor population who were seropositive for HBV 3 (75%) 
were aged between 20 - 40 while none (0%) of those who were aged below 20 
years of age were HBV seropositive. These results did not differ greatly with 
those of the inmate population where among the seropositive cases, 5 (71.4%) 
were reported in the age group 20 - 40 years. Similarly none of the inmates aged 
below 20 years of age showed seropositivity to HBV. There was a statistically 
significant association between HBV seroprevalence and gender. More males 
than females were seropositive irrespective of the study population (Table 4).  
 

Table 3. HBV seroprevalence among in mates and blood donors. 

HBV Seropositivity Donors Inmates 

 Frequency Percent (%) Frequency Percent (%) 

NEGATIVE 126 96.9 123 94.6 

POSITIVE 4 3.1 7 5.4 

Total 130 100.0 130 100.0 

Std. Error of Mean 0.02   0.02 

Std. Deviation 0.17   0.22 

Range 1.00   1.00 

 
Table 4. Sero-positivity rates distributions among donors and inmates based on variables. 

VARIABLES 

DONORS INMATES   

Categories Negative Positive  P-Value Negative  Positive  P Value 

 n = 126 % n = 4 %  n = 123 % n = 7 %  

Age Group 

<20 12 9 0 0 0.36 4 3.3 0 0 O.46 

20 - 40 105 83 3 75  94 77.2 5 71.4  

>40 9 7 1 25  25 20.3 2 28.6  

Sex 
Male 120 95 4 100 0.04 107 86.9 6 85.7 0.01 

Female 6 4.7 0 0  16 13 1 14.3  

Level Of Education 

None 10 7.9 1 25 0.32 6 4.9 0 0 0.67 

Primary 65 51 2 50  100 81.3 6 85.7  

Secondary 39 30 0 0  13 10.5 1 14.3  

Tertiary 12 9.5 1 25  4 3.3 0 0  
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4. Discussion 

Despite the availability of a safe and prophylactic vaccine, HBV continues to be a 
global public health problem. The prevalence of the Hepatitis B surface antigen 
(HBsAg), the hallmark of HBV infection varies significantly worldwide with sub 
Saharan Africa reporting the highest rates. Transmission of HBV infection is as-
sociated with certain risk factors. This can occur through exposure to body fluids 
and infectious blood enhanced via intravenous drug use and unprotected sex. 
Exposure can also occur at the time of birth [11]. Significant risk to transmis-
sion, has been identified through tattooing and acupuncture [12]. This puts reci-
pients of blood transfusions and in-mates at a greater risk of HBV infection. 

In the current study, the seroprevalence of HBV in the two study populations, 
differed significantly with in-mates having a higher seroprevalence than volun-
tary blood donors as shown in Table 3. These findings showed a higher seropo-
sitivity rate in the in-mates which are classified as high risk [13] compared to 
voluntary blood donors who are considered as low risk. This could be attributed 
to a higher risk of HBV transmission in prisons due to the lack of knowledge 
about HBV transmission modes [16]. Other risk factors associated with HBV 
transmission in prisons include frequent and unprotected sexual intercourse, in-
jection drug use (IDU), tattooing and other forms of skin piercing [12] and 
trauma.  

The HBV seroprevalence in voluntary blood donors was marginally higher 
compared to the 2.3% seroprevalence recorded in the same group in a study car-
ried out in Nairobi, Kenya using the chemiluminescent microparticle immu-
noassay (CMIA) [8] and similar to (3.46%) seroprevalence from a study carried 
out in Kisumu, Homabay and Siaya Counties, Kenya using ELISA and con-
firmed by CMIA [7].  

These variations in HBV seroprevalence could be attributed to differences in 
geographical regions within the country as noted previously [6] and in differ-
ences in sensitivity of the screening methods used for the detection of HBsAg.  

Consequently, the 5.4% seroprevalence of HBV from in-mates in this study 
was higher compared to the 3.3% recorded in a study among in-mates in Iran 
[17]. However, these findings are consistent with those from a study in Pakistan 
which showed HBV seropositivity of 5.6% among prisoners and (3.1%) in a con-
trol group that was comprised of blood donors [18]. These variations could still 
be attributed to differences in geographical locations and differences in the sen-
sitivity of the testing kits used. 

There was a significant association between HBV seropositivity and gender in 
the current study irrespective of the study group. More males were HBV seropo-
sitive compared to females in both study populations. A study in Pakistan on 
HBV infection among different sex and age groups, depicted the same trend of 
more males than females being infected with HBV [19]. Men are more exposed 
to risk factors associated with HBV infection than women especially use of in-
tra-venous drugs and alcoholism that exposes them to unprotected sex com-
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pared to women. However, it is important to note that more males were sampled 
in this study than females in both populations. Majority (95.4%) of the donors 
were male while only 6 (4.6%) were females compared to (86.9%) male and 
(13.1%) female in the in-mate population (Table 1 and Table 2). 

Even though, there was no significant association of HBV seropositivity with 
age among both in-mates and donors, there were differences in seropositivity 
observed. Age was stratified into three sets (<20, 20 - 40 and >40) years. The 
middle age set recorded majority of the respondents.  

Out of the 130 respondents in the donor population, 108 (83.1%) were aged 
between 20 - 40 years of age compared to in-mates where 76.2% were aged be-
tween 20 - 40 years. Comparing HBV seropositivity in both study populations in 
this particular age set, 3 (75%) out of 4 blood donors and 5 (71.4%) out of 7 
in-mates were seropositive (Table 3). This therefore, translated to higher sero-
positivity rate in the 20 - 40 years age group compared to other two age groups 
which had lower HBV seropositivity rates in both populations. This could be at-
tributed to much social activity and experimental behavior harbored by the 
youths in this age group. Consequently, there is a risk of exposure to the HBV 
risk factors from the said behaviors. However, the other two age groups with 
lower seropositivity also had fewer study participants. Maybe any further in-
crease on their recruitment could have altered the results. 

5. Conclusions 

In conclusion, the study findings depicted HBV seroprevalence of 5.4% from the 
in-mates and 3.1% in voluntary blood donors. Consistent with other studies that 
show prison in mates as HBV high risk populations, this study has shown a sig-
nificantly higher seroprevalence of HBV compared to low risk voluntary blood 
donors. This is because in-mates are more exposed to HBV infection risk factors 
than the general population.  

Additionally, 100% seropositivity for donors and 85.7% for the in-mates were 
males. Males therefore had a significantly higher HBV seroprevalence compared 
with females irrespective of the study group. Men tend to get more exposed to 
HBV infection risk factors due to their more active behavior compared to wom-
en. 

Age of the participants in both study populations influenced results to a cer-
tain degree. Out of the 130 respondents in the donor population, 83.1% were 
aged between 20 - 40 years of age compared to in-mates where 76.2% were aged 
between 20 - 40 years. Comparing HBV seropositivity in both study populations 
in this particular age set, 75% of blood donors and 71.4% of in-mates were sero-
positive. This could be attributed to much social activity and experimental beha-
vior harbored by the youths in this age group. 

These findings particularly among prisoners, can serve as a proxy for other 
prisons within the country due to similarities shared in the set-ups since no data 
exists regarding HBV infection in Kenyan prisons. Further studies to determine 
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other predisposing risk factors should be conducted in the study area. Moreover, 
molecular studies to determine circulating HBV genotypes in this group of 
people and region are required. 
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