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Abstract

Background: Hepatitis A and B causes morbidity and mortality among patients. This
study determined the proportion of hepatitis A, B viruses (HAV, HBV) and genetic diversity of HBV
among jaundice patients at the Coast General Hospital, Mombasa County, Kenya.

Methods: A cross-sectional study was conducted among 222 patients; recruited and
screened for hepatitis B surface antigen (HBsAg) and anti-HAV IgM. Viral deoxyribonucleic acid
(DNA) was extracted from positive samples; partial hepatitis B virus-pol (HBV-pol) gene amplified,
directly sequenced and generated sequences phylogenetically analysed using MEGA X software.
Demographic characteristics were compared in relation to HBV infection using Chi-square.

Results: Forty-seven (21.2%) out of the 222 patients tested positive for HBV while no
HAV was detected. Among those infected, n = 8 (3.6%) were females and n = 39 (17.6%) males.
Forty-five samples amplified and sequenced successfully. However, two samples failed to amplify.
Phylogenetic analysis revealed HBV A1 genotype [n = 35 (74.5%)] was most predominant. A3, B and
C2 genotypes each occurred [n = 1 (0.02%)]. This study revealed co-existence of HBV A3, B and C2
genotypes that have not yet been detected in this region.

Conclusion: HBV A1 genotype remains the predominant genotypes in this region. The
detected HBV prevalence indicates possible high transmission with possibility of increasing trends
of HBV genotypes based on revelation of existence of new genotypes in this region.
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Introduction

Viral hepatitis is a great public health
problem world over with hepatitis B being the
most predominant. Hepatitis A is asymptomatic
at early stages of infection (1, 2) and is majorly
transmitted through faecal-oral route due to
poor water and food hygiene (3). However, in
hepatitis B virus (HBV), the infection is mostly
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through contact with infected blood and body
fluids, hence making it one of the most highly
infectious agents (4, 5). HBV being endemic
in sub-Saharan Africa (6), its prevalence could
range from 2% to 20% (7). Endemicity of these
infections could therefore be categorised as
either low (< 2.0%), low intermediate (2.0%—
4.0%), high intermediate (5.0%—7.0%) or high
(= 8.0%) endemicity (8).
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For instance, in Kenya, the HBV prevalence
is low intermediate endemic (8) while those of
hepatitis A virus (HAV) is high intermediate
which ranges from 2.0% to 9.2% (9, 10).
HBV has A-H genotypes with HBV A, D, D/E
genotypes and A1 and D6 sub-genotypes have
been detected in this region (4, 11—14). However,
there is still little information on distribution
of HBV or HAV genotypes among febrile and
jaundiced patients in Mombasa County. Some
studies have been done in this region but among
high-risk populations of intravenous drug users
(IDUs). Screening for disease burden have
also been evaluated but not among the high-
risk populations like IDUs. Therefore, this
study was conducted in order to determine the
prevalence and genetic diversity of HAV and
HBV among patients presenting with jaundice
and other symptoms at Coast General Hospital in
Mombasa County, Kenya.

Methods

A hospital based cross-sectional study was
done and a total of 222 samples collected among
febrile and jaundiced patients seeking medical
care at the casualty, paediatric clinic, hepatic
clinic of out and in-patient department seeking
medical services at Coast General Hospital,
Mombasa County, Kenya. The study participants,
both in and outpatients, were recruited during
the period between February 2018 and August
2018. Ethical approval was obtained from the
Kenyatta University Ethical Review Committee
and National Ethical Review Committee before
execution. Purposive sampling was used to
recruit study participants. Size of the sample
was determined with an estimated prevalence of
17.3%, using the formula:

Z*P(1-P)
d2

n=

Where;
n = Sample Size
Z = Statistic level of confidence
P = Estimated prevalence of HBV (17.3%, 0.05)
d = level of precision (5%, d = 0.05)
1.9620.173 (1 — 0.173)
0.05°

n=

n = 220 blood sample

The patients consented, a self-structured
questionnaires administered and data on age,
gender and clinical history of jaundiced patients
in relation to HAV and HBV infections and
clinical symptoms were collected. Venous blood
samples were obtained and screened for HAV
and HBV infections.

Serological Analysis

HAV infections were confirmed
by anti-HAV IgM  using International
Immunodiagnostics  anti-HAV ~ Ab  ELISA

kit (International Immunodiagnostics Inc,
Carlifornia, USA) (2, 10) and HBV using hepatitis
B surface antigen (HBsAg) by Hepanostika®
HBsAg Ultra ELISA kit (Biomerieux,
Netherlands) (11, 14). Viral deoxyribonucleic acid
(DNA) was extracted from confirmed positive
samples.

Viral DNA Extraction and Amplifications

Approximately 5.0 mL blood samples were
used and viral DNA extracted using QIAamp
DNA blood mini viral kit (Qiagen GmbH,
Hilden, Germany) according to manufacturer’s
instructions (12), Hepatitis B virus pol (HBV-
pol) gene was amplified by nested polymerase
chain reaction (PCR) wusing primers F,
5-CCTGCTGGTGGCTCCAGTTC-3> and R,
5-CGTCCCGCG (AC) AGGATCCAGTT-3’ in
the first PCR and the second PCR primers were
F, 5-CYTGGCCWAAATTCGCAGTCCC-3* and
R, 5-GCAAANCCCAAAAGACCACAAT-3 (12)
(Table 1). This was performed in 50 pL reaction
volume constituting 20 pL genomic DNA,
10 pL 10x PCR buffer (Qiagen), 4 pL dNTPs
(Thermofisher Scientific), 2.5 uL of each primer
sequence, 0.5 uL hot start Tag DNA polymerase,
(Qiagen GmbH, Hilden, Germany) and 10.5 pL of
2 mM MgClL,. The amplifications conditions were
similar to hot start, initial activation at 95 °C
for 15 min followed by 35 cycles denaturation
at 94 °C for 45 s, annealing at 60 °C for 45 s
and extension at 72 °C for 60 s, followed by
final extension at 72 °C for 10 min were used
in both first and second round PCRs (11, 12,
14). The PCR amplification was confirmed by
visualisation with ethidium bromide staining
of the gel. The confirmed products from second
round PCR were then purified using QIAquick
kit (Qiagen Inc., Valencia, CA) (11, 14) followed
by bidirectional population sequencing using
an automated sequencer ABI 377 (Applied Bio
systems, Foster City, CA) (12).

www.mjms.usm.my



Malays J Med Sci. 2021;28(3):56-64

Table 1. Primer sequences used in the amplification of HBV-pol

Primers Sequence (5'—-3') Base position Polarity Reference

F1 CCTGCTGGTGGCTCCAGTTC nt 56—76 sense (12)

R1 CGTCCCGCG (AC)AGGATCCAGTT nt 1395-1416 antisense (12)

F2 CYTGGCCWAAATTCGCAGTCCC nt 298-320 sense (12)

R2 GCAAANCCCAAAAGACCACAAT nt 997-1019 antisense (12)
Phylogenetic Analysis Kisauni (n = 54 [24.3%]). Most of the study

The generated sequences were phylogenetic
analysed using MEGA X version 10.0.4. The
generated sequences were aligned using
CLUSTAL W version 2.1 together with reference
sequence from the NCBI GenBank. The rate
of occurrence of nucleotide substitution was
measured by Kimura-2 parameter model (12,
14) and phylogenetic tree was constructed
using neighbour-joining method. The tree was
visualised using Tree View Software version 1.6.6
at 1000 bootstrap replicates.

Statistical Analysis

Age, gender, marital status, occupation and
area of residence were compared in relation to
HBYV infection using 5 x 2 Chi-square. Odds ratio
(OR) at 95% confidence interval (CI) for gender
and marital status were compared with respect
to HBV infection. Tukey’s HSD post-hoc test
was used in determining significant differences
between sample means of HBV positive infection
cases at 95% confidence level between the age
groups and gender of patients, respectively. A
P-value of < 0.05 was considered statistically
significant.

Results

Demographic Characteristics of the
Patients

A total of 222 participants were recruited
into the study. Of these, n = 124 (55.9%) were
females and n = 98 (44.1%) were males. Their
ages ranged between 4 months old and 75 years
old with the mean of 23.6 + 17.3 years old and
a standard deviation of 17.3. For females, mean
age was 22.4 + 15.5 years old with a standard
deviation of 15.5. In addition, men had a mean
of 25.1 + 19.2 years old and a standard deviation
of 19.2. More than half of the study participants
were not married (n = 142 [64.0%]) who mostly
resided in Likoni (n = 92 [41.4%]) followed by
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participants were also unemployed (n = 182
[82.0%]) (Table 2).

Prevalence of HAV and HBV

In a total of 222 patients who were
screened, no HAV was detected. However, n = 47
(21.2%) patients tested positive for HBsAg. This
accounted for 21.2% overall HBV prevalence.
Hepatitis B prevalence among the unmarried was
not significantly higher 23.2% or (OR 1.427; 95%
CI: 0.712, 2.862).

We determined if marital status had any
influence on HBV infection. Marital status had
no influence on HBV infection (OR 1.427; 95%
CI: 0.712, 2.862).

From the distribution of infection, area
of residence had no predisposing risk factor to
HBYV infection or significant levels of infection
(P = 0.670). In contrary, occupation was found
to be a risk factor to HBV infection (P = 0.002).
Those unemployed had significant high levels
of participants infected (P = 0.002). Prevalence
of hepatitis B was higher among males than
females with n = 39 (39.8 %) and n = 8 (6.5 %)
prevalence, respectively, (OR 0.104; 95% CI:
0.046, 0.238). Therefore, males had significant
higher infections in comparison to females.
Across ages, those aged between 25.0 years old
and 38.0 years old, 26 (38.2 %) (P < 0.022) were
the most affected while children < 10 years old
were least affected. Age was determined if it was
a risk factor to HBV infection. Age was found to
be a risk factor to HBV infection with significant
variation across ages (P < 0.022) (Table 3).

HBYV Genotypes Analysis

Out of 47 sera samples that were analysed,
45 were successfully amplified and sequenced.
Generated sequences were phylogenetic analysed
using MGEA X version 10.0.4. Phylogenetic
analysis revealed that HBV A1 genotype was 35
(74.5%), followed by HBV A2 genotype (n = 7
[14.9%]) and n = 1 (0.02%) occurrence each for
HBYV genotypes A3, B and C2 (Figure 1).
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Table 2. Demographic characteristics of jaundiced patients at the Coast General Hospital

Gender N = 222
Mean age 23.6+17.3
SD 17.3
Age groups
<10.0 68
11.0—-24.0 42
25.0—-38.0 68
39.0—52.0 28
53.0+ 15
Marital status
Single 142 (64.0)
Married 80 (36.0)
Area of residence
Likoni 92 (41.4)
Kisauni 54 (24.3)
Myvita 41 (18.5)
Mwishomoroni 34 (15.3)
Nyali 1(0.005)
Occupation
Unemployed 182 (82.0)
Government employed 21(9.5)
Self-employed 19 (8.6)
Private sector employed 11 (5.0)
Housewife 37 (16.7)

Female Male

n (124) n (98) P-value
22.4+15.5 25.1+£19.2
15.5 19.2
35 (51.5) 33 (48.5)
31 (73.8) 11 (26.2)
39 (57-4) 29 (42.6) P < 0.022
11(39.3) 17 (60.7)
6 (40.0) 9 (60.0)
78 (54.9) 64 (45.1)
47(58.8) 33 (41.2)
50 (54.3) 42 (45.7)
26 (48.1) 28 (51.9)
24 (58.5) 17 (41.5) P =0.067
13 (38.2) 21 (61.8)
1(100) 0 (100)
85 (46.7) 96 (52.7)
12 (57.1) 9 (42.9)
8 (42.1) 11 (57.9) P =0.002
5(45.5) 6 (54.5)
14 (37.8) 23 (62.2)

Notes: 5 x 2 Chi-square was used in to compare the age, area of residence and occupation in relation to HBV infection.

N represents study population while n denotes sample

Discussion

In the present study, no HAV was detected.
This low HAV prevalence could be linked to
the 2016 outbreak where many people were
infected and could have resolved their infection
to develop long lasting immune responses (IgG)
(3). Also, there is likelihood of public awareness
following the recent outbreak of HAV infections
in the region. This study was conducted
immediately after the 2016 sporadic outbreak.
This study conforms with previous studies
conducted in Ghana [1.3%] (2), Kenya [2%] (9),
Kenya [6.3%] (13) and Tanzania [3.1%] (1) that
indicate low infection rates due to its sporadic
outbreaks associated with poor sanitation
and limited access to clean drinking water.
In contrary, other studies in the country and
other regions revealed high prevalence of 41.7%

(15), India [37.25%] (3) and Nigeria [55.2%]
(15, 3), all these are being associated with
sporadic outbreaks.

Likewise for HBV, the overall prevalence
was found to be higher than those previously
detected in Kenya [2.36%] (16), [3%] (11),
[3.19%] (10), [3.8%] (10), [6.0%] (17), [7.25%]
(12), [13.3%] (18), [14.6%] (6, 19)]; Uganda
[14.9%] (20) and in other African countries
such as Zambia [9.9%]; Malawi [6.7%]; Uganda
[4.9%]; Ethiopia [4.7%] and Rwanda [2.4%]
(17). This high HBYV infection rate in this study is
attributed to high likelihood of study participants
being of HBV high risk groups especially IDUs,
therefore; treatment and management among
this group is of necessity (10). In comparison to
other studies from other regions and countries,
the finding was lower than those of some studies
conducted in Ghana [54.2%] (8) and Kenya

www.mjms.usm.my



Malays J Med Sci. 2021;28(3):56-64

Table 3. Prevalence of HBV by age and gender among jaundiced patients at the Coast General Hospital

Variables

Age group <10.0 (N = 68)

(years old) 11.0—24.0 (N = 42)
25.0—-38.0 (N = 68)
39.0-52.0 (N = 28)
53.0 + (N =15)

Sex Male (N = 98)
Female (N = 124)

HBV positive (M+F)

Marital status Single (N = 142)

Married (IV = 80)

Likoni (N = 92)

Kisauni (N = 54)

Mvita (IV = 41)
Mwishomoroni (IV = 34)
Nyali (V= 1)

Area of residence

Occupation Unemployed (N = 134)
Government employed (N = 21)
Self-employed (IV = 19)
Private sector employed (IV = 11)

Housewives (N = 37)

HBsAg

Positive Negative

J(%) J(%)

1(0.01) 67 (98.5)
10 (23.8) 32 (76.2)
26 (38.2) 42 (61.8) P < 0.022

9(32.1) 19 (67.9)

1(6.7) 14 (93.3)
39 (39.8) 59 (60.2)

8(6.5) 116 (93.5) 0.104; 95% CI:

0.046, 0.238
47 (21.2)

33(23.2) 109 (76.8) 1.427; 95% CI:
14 (17.5) 66 (82.5) 0.712, 2.862
19 (20.7) 73 (79.3)
15 (27.8) 39 (72.2)

7(17.1) 34 (82.9) P=o0.670

6 (17.6) 28 (82.4)

0 (0.0) 1(100.0)
34 (25.4) 100 (74.6)

2(9.5) 19 (90.5)

1(5.3) 18 (94.7) P=o0.002

1(9.1) 10 (90.9)

9 (24.3) 28 (75.7)

Notes: 5 x 2 Chi-square was used to compare age, area of residence and occupation in relation to HBV infection while OR was used to analyse marital

status and sex in relation to HBV infection.

[50.6%] (13). The variations depicted in the
prevalence rates were related to the sample size
and the study populations.

Males were significantly highly infected
than females (OR 0.104; 95% CI: 0.046, 0.238).
This finding confirms previous studies that
have been conducted in Kenya (11, 17). This
observation could be associated with the fact that
most men tend to have multiple sexual partners
and possibly engaging in unprotected sex (12).
In addition, indulging in drugs and alcoholism
could be predisposing factors (11). A high level
of infection was observed in the age group
25.0—38.0 years old across gender (P < 0.022)
followed by age group 39.0-52.0 years (17).
This could be due to a strong association of this
age group to active sexual age, frequency of
sex engagements and sexual experience. The
observed finding was similar to other reports
from some studies carried out in Ethiopia [4.0%]
(21), China [7.21%] (22), Venezuela [8.6%]
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(23), Nigeria [14.3%] (24) and Togo [26.3%]
(25), therefore, affirming the age group as the
vulnerable age group to HBV infections. On
the contrary, this result was different from an
observed finding from a study carried out in
Kenya [2.36%] (16), [7.59%] (26) and Tanzania
[25.4%] (1, 5). This variation could be associated
with varied study design, sample size and study
population. On the other hand, the elderly had
no HBV infection. This could be associated with
their less exposure to HBV high risk behaviours
such as indulgence in unprotected sex,
alcoholism and drug use (17). Also, the elderly
is of sexual inactive age thus less predisposed to
HBYV infections.

Occupation was determined to be a risk
factor in HBV infection since unemployed study
participants were reported to have statistically
significant higher prevalence (P = 0.002).
This higher prevalence could be attributed to
engagement in high-risk behaviours with an aim
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of obtaining cash for a living such as commercial
sex, multiple sexual partners and intravenous
drug use (11). This was similar to findings of a
study in Ethiopia daily labourer [12.5%] and
students [11.1%] (4, 5, 21) and Eritrea [19.6%]
among unemployed women (1). Marital status
and area of residence were found not to be the
predisposing factors to HBV infection. However,
HBYV infection among singles was not statistically
significant higher, this could be attributed to
high tendency of single persons having multiple
sexual partners and engaging unprotected
sex. This finding is similar to a previous study
conducted in Ethiopia (21) and Mexico (19).

The detected HBV sub-genotypes concur
with previous studies that have also shown the
same distribution (12—-14). The phylogenetic
relationship revealed that A1 genotype was the
most predominantly circulating among the
studied subjects. These findings concur with
previous studies that have been conducted in
the country and other surrounding countries
(4, 12—14, 27). HBV A1 sequences clustered
with reference sequences from Kenya and
Uganda (27). This trend indicates possibility
of its East African origin with an implication of
these strains circulating locally among Kenyan
residents. By virtue of population migration
across East African countries could explain this
alignment. Sub-genotype A2 sequences aligned
with those from Martinique and Belgium as an
indication of its possible origins (28, 27). In
addition, sequences of sub-genotypes A3, B and
genotype C2 clustered with references sequences
from Nigeria, China and Japan (7, 27). The
detected viral genotypes confirm the persistent
and stability of this viral strains circulating
within the country. Contrary to previous studies
conducted in the country, this study confirms
possible existing of other HBV genotypes
circulating among Kenyan population. HBV A3,
B and C2 genotypes were detected, even though
at low proportion. Despite low proportion of the
sample used, there are newly detected genotypes
in this study. As a result, there is a likelihood
of existence of possible other genotypes in this
region (4, 12, 14). The D and E genotypes in the
previous studies were detected among patients
who had history of intravenous drug use (4, 12,

14).
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Conclusion

Despite the fact that HAV occurs
sporadically leading to outbreaks, no HAV
was detected from the sampled population.
However, for HBV, the general prevalence of
HBYV was found to be n = 47 [21.2%] with males
and age group 25.0—38.0 years old being the
most affected. In addition, from the detected
HBV infections, phylogenetic analysis, revealed
HBV genotypes A1 as the most predominant
(n = 35 [74.5%]) followed by sub-genotype A2
(n = 7 [14.9%]) with newly detected HBV
genotypes A3, B and C2 (n = 1 [0.02%]) in
this region. Detection of new HBV genotypes
in Kenya calls for continuous surveillance of
HBV infections and circulating trends of HBV

genotypes.
Acknowledgements

The authors are grateful to the study
participants for participating in this study. In
addition, we highly regard the management and
staff of Coast General Hospital for their support
and allowing us to conduct this study.

The sequences in this study have been
deposited in the GenBank under the accession
numbers MK127847-MK127860 and MK834343-
MKS834372.

Ethics of Study

The study was approved before execution
by Kenyatta University Scientific (Ref. KU/
ERC/APPROVAL/VOL.I (104) and Ethical
Review Committee and Coast General Hospital
Ethics Review Committee (Ref ERC-CGH/
MSc/VOL.I/38). The study was conducted as
per the Helsinki Declaration criteria and each
participant signed consent form before collection
of demographic data and blood.

Conflict of Interests
None.

Funds

None.



Original Article | Hepatitis A and B prevalence and genetic diversity

Authors’ Contributions

Conception and design: GOK, AKN

Analysis and interpretation of the data: GOK,
JMM, AKN

Drafting of the article: GOK, KOO

Critical revision of the article for important
intellectual content: GOK, JMM, KOO, AKN
Final approval of the article: GOK, JMM, KOO,
AKN

Provision of study materials or patients: GOK,
JMM, KOO

Statistical expertise: GOK, JMM, AKN
Obtaining funding: GOK

Administrative, technical or logistic support:
AKN

Collection and assembly of data: GOK, KOO

Correspondence

Mr Gordon Ochieng’ Kasera

BSc Ed (Masinde Muliro University of Science
and Technology),

MSc Mirobiology (Kenyatta University)
Department of Biochemistry,
Biotechnology and Microbiology,
Kenyatta University,

P.O. Box 6243844 00100, Nairobi, Kenya.
Tel: +254 020 8710901 ext. 57177

Fax: +254 811575

E-mail: ochiengkaseraog@gmail.com

References

Nagu TJ, Bakari M, Matee, M. Hepatitis A, B
and C viral co-infections among HIV-infected
adults presenting for care and treatment at
Muhimbili National Hospital in Dar es Salaam,
Tanzania. BMC Public Health. 2008;7(16):1—7.
https://doi.org/10.1186/1471-2458-8-416

Oba IT, Spina AMM, Saraceni CP, Lemos
MF, Senhoras RDCFA, Moreira RC, et al.
Detection of hepatitis A antibodies by ELISA
using saliva as clinical samples. Inst Med Trop.
2000;42(4):197—-200. https://doi.org/10.1590/
S0036-46652000000400004

Kotwal A. A study of Hepatitis A and E virus
seropositivity profile amongst young healthy
adults in India. US National Library of Medicine
National Institutes of Health. 2014;70(3):225—
2209, https://doi.org/10.1016/j.mjafi.2014.06.016

10.

11.

12.

Wylie J, Chen C, Ondondo RO. Human
immunodeficiency virus infection predictors and
genetic diversity of hepatitis B virus and hepatitis
C virus co-infections among drug users in three
major Kenyan cities. South African Journal of
HIV Medicine. 2018;1(19):1—9. https://doi.org/
10.4102/sajhivmed.v19i1.737

Zampino R, Boemio A, Sagnelli C, Alessio
L, Adinolfi LE, Sagnelli E, et al. Advances in
hepatitis B virus burden in developing countries.
World J Gastroenterol. 2015;21(42):11941—
11953. https://doi.org/10.3748/wjg.v21.i42.11941

Spearman CW, Afihene M, Ally R, Apica B,
Awuku Y, Cunha L, et al. Series viral hepatitis
in sub-Saharan Africa 1 hepatitis B in sub-
Saharan Africa: strategies to achieve the 2030
elimination targets. Gastroenterol Hepatol.
2017;2(12):900—909.  https://doi.org/10.1016/
S2468-1253(17)30295-9

Sunbul, M. Hepatitis B virus genotypes: global
distribution and clinical importance. World
J  Gastroenterol. 2014;20(18):5427-5434.
https://doi.org/10.3748/wjg.v20.118.5427

Owusu M, Bonney JK, Annan AA, Mawuli G,
Okyere K, Mutocheluh M, et al. Aetiology of
viral hepatitis among jaundiced patients
presenting to a tertiary hospital in Ghana, PLoS
One. 2018;13(9):1—14. https://doi.org/10.1371/
journal.pone.0203699

Muchiri I, Okoth FA, Ngaira J, Tuei S.
Seroprevalence of Hav, Hbv, Hcv, and Hev among
acute hepatitis patients at Kenyatta National
Hospital in Nairobi, Kenya. East Afr Med J. 2012;
89(6):199—205.

Ngaira J, Kimotho J, Mirigi I. Prevalence,
awareness and risk factors associated with
hepatitis B infection among pregnant women
attending the antenatal clinic at Mbagathi District
Hospital in Nairobi, Kenya. Pan Afr Med J.
2016;8688(315):1-7.

Mabeya SN, Ngugi C, Nyamache AK, Lihana R.
Prevalence of hepatitis B virus infections among
HIV infected individuals in Nairobi, Kenya. East
Afr Med J. 2016;93(6):46—50.

Mabeya S, Ngugi C, Lihana RW. Predominance
of hepatitis B virus genotype A. AIDS Res Hum
Retroviruses. 2017:1—4.

www.mjms.usm.my


https://doi.org/10.4102/sajhivmed.v19i1.737
https://doi.org/10.4102/sajhivmed.v19i1.737
https://doi.org/10.3748/wjg.v21.i42.11941
https://doi.org/10.1016/S2468-1253(17)30295-9
https://doi.org/10.1016/S2468-1253(17)30295-9
https://doi.org/10.3748/wjg.v20.i18.5427
https://doi.org/10.1371/journal.pone.0203699
https://doi.org/10.1371/journal.pone.0203699
https://doi.org/10.1186/1471-2458-8-416
https://doi.org/10.1590/S0036-46652000000400004
https://doi.org/10.1590/S0036-46652000000400004
https://doi.org/10.1016/j.mjafi.2014.06.016

Malays J Med Sci. 2021;28(3):56-64

13.

14.

15.

16.

17.

18.

19.

20.

Ochwoto M, Kimotho JH, Oyugi J, Okoth F,
Kioko H, Mining S, et al. Hepatitis B infection
is highly prevalent among patients presenting
with jaundice in Kenya. BMC Infect Dis.
2016;16(1):101-116. https://doi.org/10.1186/
$12879-016-1409-2

Webale MK, Budambula V, Lihana R, Musumba
FO, Nyamache AK, Budambula N LM, et al.
Hepatitis B virus sero-profiles and genotypes
in HIV-1 infected and uninfected injection
and non-injection drug users from coastal
Kenya. BMC Infect Dis. 2015;299(15): 1-8.
https://doi.org/10.1186/s12879-015-1060-3

Atina JO, Ogutu EO, Hardison WG, Mumo
J. Prevalence of hepatitis A, B, C and human
immunodeficiency virus seropositivity among
patients with acute icteric hepatitis at the
Kenyatta National Hospital, Nairobi. East Afr
Med J. 2004;81(4):183-187. https://doi.org/10
.4314/eamj.v81i4.9152

Ly KN, Kim AA, Umuro M, Drobenuic J,
Williamson JM, Montgomery JM, et al
Prevalence of hepatitis B virus infection in Kenya,
2007. Am J Trop Med Hyg. 2016;95(2):348—
353. https://doi.org/10.4269/ajtmh.16-0059

Muriuki BM, Gicheru MM, Wachira D, Nyamache
AK. Prevalence of hepatitis B and C viral
co-infections among HIV-1 infected individuals
in  Nairobi, Kenya. BMC Res Notes.
2013;363(6):1—-6. https://doi.org/10.1186/1756
-0500-6-363

Kerubo G, Khamadi S, Okoth V, Madise N, Ezeh
A. Hepatitis B, hepatitis C and HIV-1 coinfection
in two informal urban settlements in Nairobi,
Kenya. PLoS One. 2015;10(6):1—9. https://doi
.org/10.1371/journal.pone.0129247

Vézquez-Martinez JL, Coreho-Juarez MO,
Montafo-Estrada LF, Attlan M, Goémez-
Dantés H. Seroprevalence of hepatitis B in
pregnant women in Mexico. BMC Infect Dis.
2003;45(3):165—-170.  https://doi.org/10.1590/
S0036-36342003000300005

Bayo P, Ochola E, Oleo C, Mwaka AD. High
prevalence of hepatitis B virus infection among
pregnant women attending antenatal care:
a cross-sectional study in two hospitals in
northern Uganda. Biomed J. 2014;4(3):1-7.
https://doi.org/10.1136/bmjopen-2014-005889

www.mjms.usm.my

21.

22,

23.

24.

25.

26.

27.

28.

Zenebe Y, Mulu W, Yimer M, Abera B. Sero-
prevalence and risk factors of hepatitis B
virus and human immunodeficiency virus
infection among pregnant women in Bahir
Dar city, Northwest Ethiopia: a cross sectional
study. BMC Infect Dis. 2014;14(118):1-7.
https://doi.org/10.1186/1471-2334-14-118

Zhao Z, Jin Y, Gan Y, Zhu Y, Chen T, Wang
J, et al. Novel approach to identifying the
hepatitis B virus pre-S deletions associated with
hepatocellular carcinoma. World J Gastroenterol.
2014;20(37): 13573—-13581. https://doi.org/10
-3748/wjg.v20.137.13573

Loureiro CL, Jaspe RC, Sulbara YF, Devesa M,
Rodn Y, Torres JR, et al. Genetic diversity of
hepatitis B virus and hepatitis C virus in human
immunodeficiency virus type 1-co-infected
patients from Venezuela. J Med Microbiol.
2018;63(1):1099—1104. https://doi.org/10.1099/
jmm.0.067496-0

Grace PR, Victor OB, Gloria AA, Abimiku AS,
Raphael GP. Seroprevalence of hepatitis B and C
viruses among human immunodeficiency virus
infected patients accessing healthcare in Federal
Medical Centre. Ad Microbiol. 2017;3(4):1—6.
https://doi.org/10.9734/JAMB/2017/34284

Kolou M, Katawa G, Salou M, Gozo-akakpo KS.
High prevalence of hepatitis B virus infection in
the age range of 20—39 years old individuals in
Lome. Open Virol J. 2015;11(7):1—7. https://doi
.org/10.2174/1874357901710011001

Kamene M. A comparative study of prevalence of
hepatitis B among HIV positive and HIV negative
pregnant women in Kenyatta National Hospital,
Nairobi. BMC Virol. 2011;16(114):1-6.

Pourkarim MR, Amini-bavil-olyaee S, Kurbanov
F, Ranst MV, Tacke F. Molecular identification of
hepatitis B virus genotypes/subgenotypes: revised
classification hurdles and updated resolutions.
World J Gastroenterol. 2014;20(21):7152—7168.

https://doi.org/10.3748 /wjg.v20.123.7152

Kumar R, Singh J. Genetic diversity of HBV
genotypes/subgenotypes and their correlation
with disease progression. Eurasian J Hepato-
Gastroenterol. 2011;1(2):53—67. https://doi.org/
10.5005/jp-journals-10018-1014


https://doi.org/10.1186/1471-2334-14-118
https://doi.org/10.3748/wjg.v20.i37.13573
https://doi.org/10.3748/wjg.v20.i37.13573
https://doi.org/10.1099/jmm.0.067496-0
https://doi.org/10.1099/jmm.0.067496-0
https://doi.org/10.9734/JAMB/2017/34284
https://doi.org/10.2174/1874357901710011001
https://doi.org/10.2174/1874357901710011001
https://doi.org/10.3748/wjg.v20.i23.7152
https://doi.org/10.5005/jp-journals-10018-1014
https://doi.org/10.5005/jp-journals-10018-1014
https://doi.org/10.1186/s12879-016-1409-2
https://doi.org/10.1186/s12879-016-1409-2
https://doi.org/10.1186/s12879-015-1060-3
https://doi.org/10.4314/eamj.v81i4.9152
https://doi.org/10.4314/eamj.v81i4.9152
https://doi.org/10.4269/ajtmh.16-0059
https://doi.org/10.1186/1756-0500-6-363
https://doi.org/10.1186/1756-0500-6-363
https://doi.org/10.1371/journal.pone.0129247
https://doi.org/10.1371/journal.pone.0129247
https://doi.org/10.1590/S0036-36342003000300005
https://doi.org/10.1590/S0036-36342003000300005
https://doi.org/10.1136/bmjopen-2014-005889

