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Abstract
Eight genotypes of hepatitis B virus (A-H) and subgenotypes
have been recognized worldwide. However, there is limited
information on prevalent genotypes in many countries in Af-
rica. This study was undertaken to determine the hepatitis B
virus (HBV) genotypes in Kenya. Seropositive HBV blood
samples from a blood donor setting were used in the study.
HBV genotypes were determined in 52 nucleic acid-positive
samples using specific primer in a nested PCR and sequenc-
ing employed in the HBV genotyping. This study shows pres-
ence of HBV variants with genotypes A (88%), E (8%) and D
(4%). In conclusion, we found that HBV genotype A is the
most predominant genotype in Kenya with both subgeno-
type Al and A2 present. Genotype D and E are also present
in our population. This demonstrates that there could be a
high genetic diversity of HBV in Kenya.
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Hepatitis B virus (HBV), a well-known agent of acute
and chronic hepatitis, is endemic in many parts of the
world, especially Asia and Africa. More than 2 billion
people have had contact with the virus and more than 350
million are chronic carriers globally [1, 2], making the
infection a public health problem.

HBYV is the prototype member of the genus Orthohe-
padnaviridae of the family Hepadnaviridae and the viral
genome is about 3.2 kb long. It circulates in the serum as
a Dane particle which is a round structure consisting of
an envelope and an inner core of nucleocapsid protein,
enclosing both a polymerase and the partly double-
stranded circular viral DNA [3].

The highly compact genome contains the four major
open reading frames (ORFs) encoding the envelope
(preS1, preS2 and surface antigen HBsAg), core (preCore
precursor protein, HBeAgand HBcAg), polymerase (HB-
Pol) and X (HBX) proteins, respectively [4]. Earlier, be-
fore the genotype definition, HBV strains were distin-
guished into 9 hepatitis B surface antigen (HBsAg) sub-
types designated aywl, ayw2, ayw3, ayw4, ayr, adw2,
adw4q-, adrq+, and adrg- by serological analysis [3].

The new classification based on a comparison of the
complete genomic sequence classifies HBV into 8 geno-
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Fig. 1. Phylogenetic analysis of HBV strains in Kenya based on preS1 region. Kenyan isolates underlined.

types, A-H, with each genotype differing by more than
8% at the nucleotide level when compared to each other
(1] and less than 4% intragenotype divergence. Some ge-
notypes are further classified into subgenotypes: geno-
types A and F into 2 subgenotypes each, and genotypes
B, C and D into 4 subgenotypes each [5].
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Africa is one of the highly endemic regions of HBV,
with 5 genotypes A-E identified. Genotype D in Tunisia,
genotype A-D in South Africa and genotype E in Nigeria
are the predominantly reported genotypes in these coun-
tries [6, 7]. Little information is available on HBV genet-
ic diversity in Kenya, yet the country is considered among
the endemic countries for HBV infection.
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To determine the HBV genotypes in Kenya, blood
samples positive for HBV were collected from a blood
transfusion center. Plasma from the samples was sepa-
rated by centrifugation and unlinked anonymous testing
carried out for all the samples using ELISA and particle
agglutination tests for HBV surface antigen (HBsAg)
which included; Hepanostica HBsAg test kit (Organon
Technika) and KEMRI HEPCELL II (Kenya Medical Re-
search Institute (KEMRI), Nairobi, Kenya). Viral DNA
was extracted from 100 wl of plasma using SMITEST
R&D RNA/DNA (Genome science Co. Ltd., Tokyo, Ja-
pan) according to the manufacturer’s instructions. The
extracted nucleicacid wasresuspendedin 20 .l of RN Ase/
DNAse free water and stored at —80° till use.

For the detection of HBV DNA, the extracted viral
DNA was subjected to nested PCR with an AmpliTaq
Gold PCR kit (Applied Biosystems, Foster City, Calif.,
USA). A part of preSl gene corresponding to nt 2850-
3246 was amplified with the primers, HBPrl (5'-GGGT-
CACCATATTCTTGGG-3', sense)/ HBPr135 (5'-CA(A/G)
AGACAAAAGAAAATTGG-3', antisense) in the first
round and HBPr2 (5-GAACAAGAGCTACAGCATG-
GG-3', sense)/HBPr3 (5'-CCACTGCATGGCCTGAGG-
ATG-3’, antisense) in the second round [4]. Amplifica-
tion was done with one cycle of 94° for 10 min and 35
cycles of 94° for 30 s, 50° for 30 s and 72° for 30 s with a
final extension of 72° for 10 min in both rounds. PCR
amplification was confirmed by visualization with ethid-
ium bromide staining of the gel.

Parts of the amplified products were cloned with the
TOPO TA cloning kit (Invitrogen, Carlsbad, Calif., USA)
and sequenced as described previously [7]. At least 4
clones per sample were analyzed to obtain a consensus
sequence. The rest of the samples were directly sequenced
in an ABI prism genetic analyzer. The newly analyzed
sequences were aligned with subtype reference sequences
from the Los Alamos database by CLUSTAL W (version
1.81) with subsequent inspection and manual modifica-
tion. The frequency of nucleotide substitution in each
base of the sequences was estimated by the Kimura two-
parameter method [8]. A phylogenetic tree was construct-
ed by the neighbor-joining method [9], and its reliability
was estimated by 1,000 bootstrap replications. The pro-
tile of the tree was visualized with Tree View PPC version
1.6.5.

In this study, of 80 HBsAg seropositive samples, 52
were positive for nuclear acid testing (NAT). The rest of
the samples could not amplify specifically; these were
considered to be either false-positives or had very low
DNA undetectable by PCR. To determine the genotypes,
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Fig. 2. Phylogenetic analysis of HBV strains in Kenya based on
preS1 region. Kenyan isolates bulleted.

the 52 NAT-positive samples were then sequenced and
analyzed phylogenetically. Reference sequences from
Gene Bank including all genotypes reported and espe-
cially those from Africa were included in the analysis.
Upon sequencing, the 52 preSl sequences obtained
segregate HBV strains in Kenya into 3 genotypes, A, D
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and E. The analysis revealed that 12 HBV strains of the
samples that were cloned belonged to genotype A, 2 to
genotype D and 4 to genotype E (fig. 2). Those obtained
through direct sequencing revealed segregation of sub-
types into A genotype, with both subgenotypes Al and
A2 present. 18 of these sequences clustered closely with
reference A2 and Al strain from South Africa, 6 with ref-
erence A from Uganda, 6 with A2 from Zanzibar and 1
with reference A from Somalia and 4 sequences cluster-
ing closely with reference A from Brazil. The nucleotide
sequences of the 52 isolates obtained in this study have
been deposited in the GeneBank. The accession numbers
for the sequences reported are as follows: DQ460641 to
DQ460665 for HBV preSI cloned samples and direct se-
quencing; EU514582 to EU514615.

There are 360 million people in the world with chron-
ic HBV infections, 65 million (18%) of those infected live
in Africa; however, there has been limited information
into the type of HBV genotypes circulating in the region.
In Kenya, particularly, very little information is available
on the molecular epidemiology of HBV. In our study, we
found that HBV genotype A (88.5%) was the dominant
strain in Kenya, followed by genotype E (7.7%) and D
(3.8%). HBV genotype A has been reported to be the most
predominant subtype in sub-Saharan Africa [10], sub-
type E restricted to Africa [11] and subtype D in the Med-
iterranean countries. Our findings in this study suggest
that the majority of infections in Kenya could be of sub-
type A and its variants. The clinical significance of HBV
genotypes is a subject of discussion. It has been suggested
that infection by HBV genotype A could be more fre-
quently associated with chronic infection than genotype
D [12, 13]. While genotype A appears to respond better to
interferon treatment, compared to genotype D, it also
generates a higher rate of viral resistance during treat-
ment [14]. This genotype has also been shown to be the
most prevalent among patients with acute hepatitis B [15].
Thus, the findings of our study suggest that most people
in Kenya may develop chronic HBV infections and high
viral resistance to treatment.

Hepatitis B screening is not a readily available test in
Kenya for routine patients; most testing is done for safety
of blood for transfusion. Normally, donors detected as
positive for HBV infection during blood screening are
not followed up and therefore no management of the in-
fection is sought. Currently, interferon-a (IFN-a), lamiv-
udine and adefovir have been licensed globally for the
treatment of HBV. Thymosin-al has also been approved
in more than 30 countries, mainly in Asia. Peginterferon-
a-2a has been granted approval in some Asian and Euro-
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pean countries and the approval process is underway in
other countries [16]. Thus, even if treatment could be
available, access to the treatment is limited due to lack of
testing.

Most genotype A strains belong to subgroup or sub-
genotype Al; however, in our study 14 isolates (fig. 2)
clustered closely with A2 subgenotype from South Africa
suggesting that subgenotype A2 could be a prevalent sub-
genotype in Kenya. Six isolates clustered closely with sub-
genotype A2 reference from Zanzibar probably reflecting
the effect of the coastal migratory route. Six genotypes
clustered closely with genotype A from Uganda and the
rest of the sequences (fig. 1, 2) could not be immediately
placed to either subgenotype; however, some of these iso-
lates clustered closely with A reference strain from out of
Africa (D, E and some A genotypes). These isolates could
not cluster with references from African countries, thus
suggesting a distant link with Africa.

Genotype D was also detected in our study, this sug-
gests that a significant proportion of this genotype could
be circulating in Kenya. Genotype D is the most widely
distributed genotype and has been found universally [13,
17] with highest prevalence stretching from Southern Eu-
rope and North Africa [18, 19] to India, in West and South
Africa [20] and among intravenous drug users on all con-
tinents [21-23]. Thus, the finding of our study further
seems to confirm this observation. Nevertheless, further
studies are required to highlight HBV subtypes distribu-
tion in Kenya.

In our study 4 isolates were of genotype E as HBV ge-
notype E strains are found exclusively in West and South
Africa [5]. This genotype is restricted to Africa and little
information is available on its clinical significance. How-
ever, our findings suggest that this genotype is also cir-
culating in the eastern parts of Africa. From the results
of this study, it appears that the HBV subtypes circulating
in Kenya reflect the distribution of the genotypes in Af-
rica.

It is important to note that all our isolates were from
self-selected ‘healthy’ individuals in blood donor set-
tings. It would be interesting to find out if the situation is
different within the clinical settings and further elucidate
the impact of diversity in HBV infections and disease
management in Kenya and in this region. Cloned isolates
gave different genotypes while the direct sequencing only
grouped isolates into one genotype, thus cloning could be
required for future work to further understand the com-
plexity of genotypes in Kenya.

In conclusion, we have established the HBV genotypes
and the existence of their variants in Kenya for the first
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time. These findings suggest the existence of different
genotypes and subgenotypes in Kenya. There is need to
further monitor the diversity of HBV in the region since
the cross-border effect, presence of refugees and selective
presence of certain genotypes could have an impact on
viral evolution, transmission and disease management.
Because genotype may impact disease progression and
response to treatment, additional studies are needed to
add to these findings and improve treatment and preven-

Acknowledgements

The authors wish to thank, the Director of the Kenya Medical
Research Institute (KEMRI), the Director of the National Blood
Transfusion Services (NBTS) and National public Health Labora-
tories (NPHLS) and the staff of the National blood Transfusion
Centre for their collaborative efforts. This work was supported by
KEMRI-JICA project, The Research and Control of Infectious
Diseases in Kenya, and in part by Japan Society for the Promotion
of Science (Grant-in-Aid for Scientific Research, grants 14256005).
This work is published with the permission of the Director of

tion in our region.

KEMRI.

References

1 Schaefer S: Hepatitis B virus: significance of 8 Kimura M: A simple method for estimating 17 Kidd-Ljunggren K, Miyakawa Y, Kidd AH:
genotypes. ] Viral Hepat 2005;12:111-124. evolutionary rates of base substitutions Genetic variability in hepatitis B viruses. ]

2 Lavanchy D: Hepatitis B virus epidemiology, through comparative studies of nucleotides Gen Virol 2002;83:1267-1280.
disease burden, treatment, and current and sequences. ] Mol Evol 1980;16:111-120. 18 Norder H, Hammas B, Lee SD, Bile K, Cou-
emerging prevention and control measures. 9 Saitou N, Nei M: The neighbor-joining rouce AM, Mushahwar IK, Magnius LO: Ge-
J Viral Hepat 2004;11:97-107. method: a new method for reconstructing netic relatedness of hepatitis B viral strains

3 Alexopoulou A, Dourakis SP: Genetic het- phylogenetic trees. Mol Biol Evol 1987;4: of diverse geographical origin and natural
erogeneity of hepatitis viruses and its clinical 406-425. variations in the primary structure of the
significance: current drug targets. Inflamm 10 Norder H, Hammas B, Léfdahl S, Couroucé surface antigen. ] Gen Virol 1993;74:1341-
Allergy 2005;4:47-55. AM, Magnius LO: Comparison of the amino 1348.

4 Stuyver L, De Gendt S, Van Geyt C, Zoulim acid sequences of nine different serotypes of 19 Borchani-Chabchoub I, Gargouri A, Mok-
F,Fried M, Schinazi RF, Rossau R: New geno- hepatitis B surface antigen and genomic clas- dad-Gargouri R: Genotyping of Tunisian
type of hepatitis B virus: complete genome sification of the corresponding hepatitis B hepatitis B virus isolates based on the se-
and phylogenetic relatedness. ] Gen Virol virus strains. ] Gen Virol 1992;73:1201- quencing of preS2 and S regions. Microbes
2000;81:67-74. 1208. Infect 2000;2:607-612.

5 Norder H, Couroucé AM, Coursaget P, Eche- 11 Naumann H, Schaefer S, Yoshida CF, Gaspar 20 Bowyer SM, van Staden L, Kew MC, Sim JG:
varria JM, Lee SD, Mushahwar IK, Robert- AM, Repp R, Gerlich WH: Identification of A unique segment of the hepatitis B virus
son BH, Locarnini S, Magnius LO: Genetic anew hepatitis B virus (HBV) genotype from group A genotype identified in isolates from
diversity of hepatitis B virus strains derived Brazil that expresses HBV surface antigen South Africa. ] Gen Virol 1997;78:1719-
worldwide: genotypes, subgenotypes, and subtype adw4. ] Gen Virol 1993;74:1627- 1729.

HBsAg subtypes. Intervirology 2004;47: 1632. 21 Kidd-Ljunggren K, Broman E, Ekvall H,
289-309. 12 Van Steenbergen JE, Niesters HG, Op de Gustavsson O: Nosocomial transmission of

6 Zekri A-RN, Hafez MM, Mohamed NI, Has- Coul EL, et al: Molecular epidemiology of hepatitis B virus infection through multiple
san ZK, El-Sayed MH, Khaled MM, Man- hepatitis B virus in Amsterdam 1992-1997. ] dose vials. ] Hosp Infect 1999;43:57-62.
sour T: Hepatitis B virus (HBV) genotypes in Med Virol 2002;66:159-165. 22 Blackberg J, Braconier JH, Widell A, Kidd-
Egyptian pediatric cancer patients with 13 Suzuki Y, Kobayashi M, Ikeda K, et al: Per- Ljunggren K: Long-term outcome of acute
acute and chronic active HBV infection. Vi- sistence of acute infection with hepatitis B hepatitis B and C in an outbreak of hepatitis
rol ] 2007;4:74. virus genotype A and treatment in Japan. ] in 1969-72. Eur J Clin Microbiol Infect Dis

7 Kurbanov F, Tanaka Y, Fujiwara K, et al: A Med Virol 2005;76:33-39. 2000;19:21-26.
new subtype (subgenotype) Ac (A3) of hep- 14 Kukka C: HBV Journal Review Volume4,Is- 23 FlodgrenE, Bengtsson S, Knutsson M, Streb-
atitis B virus and recombination between sue 8 August 01, 2007. kova EA, Kidd AH, Alexeyev OA, Kidd-
genotypes A and E in Cameroon. ] Gen Virol 15 Lyra AC, Pinho JR, Mello IM, et al: Distribu- Ljunggren, K: Recent high incidence of
2005;86:2047-2056. tion of hepatitis B virus (HBV) genotypes fuminant hepatitis in Samara, Russia: mo-

among patients with acute viral hepatitis. ] lecular analysis of prevailing hepatitis B and
Clin Gastroenterol 2005;39:81-82. D virus strains. J Clin Microbiol 2000;38:
16 Liaw YF, LeungN, Guan R, Lau GK, Merican 3311-3316.

Molecular Diversity of HBV in Kenya

I, McCaughan G, Gane E, Kao JH, Omata M:
Asian-Pacific consensus statement on the
management of chronic hepatitis B: a 2005
update. Liver Int 2005;25:472-489.

Intervirology 2008;51:417-421

421



