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Abstract
Hepatitis B virus (HBV) (sub)genotypes A1, D3 and E circulate in sub-Saharan 
Africa, the region with one of the highest incidences of HBV-associated hepato-
cellular carcinoma globally. Although genotype E was identified more than 20 
years ago, and is the most widespread genotype in Africa, it has not been 
extensively studied. The current knowledge status and gaps in its origin and 
evolution, natural history of infection, disease progression, response to antiviral 
therapy and vaccination are discussed. Genotype E is an African genotype, with 
unique molecular characteristics that is found mainly in Western and Central 
Africa and rarely outside Africa except in individuals of African descent. The low 
prevalence of this genotype in the African descendant populations in the New 
World, phylogeographic analyses, the low genetic diversity and evidence of 
remnants of genotype E in ancient HBV samples suggests the relatively recent re-
introduction into the population. There is scarcity of information on the clinical 
and virological characteristics of genotype E-infected patients, disease progression 
and outcomes and efficacy of anti-HBV drugs. Individuals infected with genotype 
E have been characterised with high hepatitis B e antigen-positivity and high viral 
load with a lower end of treatment response to interferon-alpha. A minority of 
genotype E-infected participants have been included in studies in which 
treatment response was monitored. Of concern is that current guidelines do not 
consider patients infected with genotype E. Thus, there is an urgent need for 
further large-scale investigations into genotype E, the neglected genotype of HBV.

Key Words: Hepatitis B virus; Genotype E; Evolution; Clinical significance; Antiviral 
therapy; Vaccination
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Core Tip: Although genotype E was identified more than 20 years ago, and is the most 
widespread genotype in Africa, it has not been extensively studied. The current 
knowledge status and gaps in its origin and evolution, natural history of infection, 
disease progression, response to antiviral therapy and vaccination discussed in this 
review highlight the urgent need for further more in-depth and large-scale investig-
ations into genotype E, the neglected genotype of hepatitis B virus.
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INTRODUCTION
Hepatitis B virus (HBV), a common cause of liver disease, is the prototype member of 
the family Hepadnaviridae. Despite the availability of vaccines, HBV infection remains a 
public health concern causing high morbidity and mortality rates, as a result of the 
serious clinical consequences of cirrhosis and hepatocellular carcinoma (HCC)[1]. It is 
estimated that a third of the world’s population is or has been infected with HBV at 
some point in their lives[1]. As a result of its unusual mechanism of replication by 
reverse transcription through an RNA intermediate, and lack of proof reading ability 
of its viral polymerase[2], HBV displays sequence heterogeneity, which leads to the 
existence of at least 9 genotypes. Four genotypes, A to D, were recognized initially, 
with genotypes E to I being recognized subsequently[3]. A putative 10th genotype J, 
has been proposed[4]. All genotypes, except E and G, are further subdivided into 
subgenotypes. Most HBV genotypes and, in some cases subgenotypes have a distinct 
geographical distribution. HBV genotypes A and D have global distributions while 
genotypes B and C are predominantly found in East and Southeast Asia. Genotype E is 
found in West and Central Africa, genotypes F and H are found among various 
population groups, including indigenous peoples in Central and South America[5,6], 
while genotype G is found in the Americas and Europe[6]. Genotype I was reported in 
Vietnam and Laos[6], with the most recent putative genotype J identified in a Japanese 
patient living in Borneo island[4].

GENOTYPE E IN AFRICA AND ITS ORIGINS
Together with south-east Asia, Africa is one of the two regions in the world where 
HBV remains endemic. West Africa is the only major region in the world where HBV 
is still hyperendemic[5] — [> 8% of hepatitis B surface antigen (HBsAg) chronic 
carriers in the general population] and there is a correspondingly high incidence of 
HCC[7]. Genotype E was first described in 1992 from a HBsAg-positive Cameroonian 
blood donor[8]. It predominates in sub-Saharan Africa (SSA) accounting for 97% of 
individual infections and 17.6% of all HBV infections globally[9-11]. It is found almost 
exclusively throughout the vast expanses of the Western and Central Africa crescent 
including Angola, Liberia, Senegal[12,13], Ivory Coast[14], the Gambia, Nigeria[15], 
Mali, Burkina Faso, Togo, Guinea, Benin, Democratic Republic of Congo, Cameroon
[16] and Namibia. The prevalence of genotype E decreases in proportions towards 
Eastern Africa, where, with the exception of Madagascar (genotype E), mainly 
genotype A has been found[5,9,11].

Genotype E has been found only in Africa, with some rare exceptions on other 
continents mainly in persons with a link to Africa[17,18]. Nonetheless, two cases, 
where no link to Africa could be established, have been documented, one in India[19] 
and another in Colombia[20]. Genotype A, on the other hand, circulates on every 
continent, including Africa, where it has the highest genetic diversity of 4% over the 
complete genome compared to 3% outside Africa[21]. Despite its high genetic diversity 
in Africa, genotype A is rarely found in West Africa. The dispersal routes of genotype 
A have previously been described to coincide with the slave trade leading to the 
dispersal of this genotype to the Americas and the Indian subcontinent[19,21-23]. 
Despite the forced migrations of slaves from West Africa to the New world[3,17], only 

http://creativecommons.org/Licenses/by-nc/4.0/
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sporadic cases of genotype E have been reported in the Americas[17,24], Northern 
Europe[25] including Belgium[26] and the Netherlands[27]. This may suggest that 
genotype E was not in circulation before and during the slave trade (9th to 19th century) 
and has only been introduced into the West African population after the end of the 
slave trade in the late 1800s[23].

The conspicuously low genetic diversity of genotype E ranging between 1.2% and 
1.95%[11,16,23,28,29] further supports a short natural history in Africa[16] and 
relatively recent introduction into the general population[16,30]. Various times from 
the most recent common ancestor (tMRCA) of genotype E have been calculated using 
Bayesian inference, with a median tMRCA of 130 years[30] whereas in Nigeria, a more 
recent tMRCA was estimated to be year 1948 [95% higher posterior density (HPD): 
1924-1966] (73 years), with an increase in the genotype E-infected population over the 
last approximately 40 years to 50 years[31]. A recent study focusing on ancient HBV 
estimated a median MRCA to be year 1016 (95% HPD: 712-1358)[32]. These times 
differ from the estimated tMRCA of 6000 years[33]. Differences in the calculation of 
the nucleotide substitution rate of HBV are responsible for the variance of the 
estimated age of genotype E. Our recent study describing the phylogeography of full 
genomes of genotype E showed localized transmission, and limited movements within 
West and Central Africa. The study showed West Africa to be the most probable origin 
of the genotype E epidemic, with strains dispersing to the European region from there, 
whereas the strains dispersed to the Americas originated in Central Africa[29].

Studies on HBV-infected mummies from the 16th century revealed a very close 
relationship between the ancient and modern HBV genomes dating 400-500 years[34,
35]. Furthermore, studies conducted by Krause-Kyora et al[36] reported ancient HBV 
sequences in the Neolithic age, while studies by Mühlemann et al[32] reported 
archeological ancient HBV and predicted recombination breakpoints in the 
polymerase gene leading to the formation of genotype A with similar recombination 
events involved in the creation of genotypes E and G[32,36-38] in the Bronze age[32]. 
Concurring with Mühlemann et al[32]’s study, Krause showed recombination events 
over time and similarity between the earliest ancient HBV sequences of the Neolithic 
era and modern HBV genotypes E and G[36]. By comparing the sequences from the 
above two studies, Datta et al[39] was able to confirm the previous findings of the 
presence of remnants of genotype E in ancient sequences from the Neolithic and 
Bronze age[32,36,39].

At first glance, the widespread prevalence and extensive geographic distribution of 
genotype E[17,28,29] may be difficult to reconcile with the long natural history of 
genotype A in Africa. However, isolation of genotype E in indigenous isolated tribes of 
Africa; Pygmies[37] and Khoi San (Kramvis unpublished data), believed to be direct 
descendants of earliest human lineages[6,37,40], and the recent discovery of the 
ancient HBV sequences in the Neolithic and Bronze era from skeletal remains of 
humans with remnants of genotype E[32,36,39], may support the theory that genotype 
E pre-existed but has been re-introduced into the population thus replacing genotype 
A. Similarly, the presence of recombinant sequences similar to extant genotypes D 
(subgenotype D6) and E, which are presently endemic in certain regions of Africa[6], 
together with the co-existence of genotypes E/A/D in SSA, including Sudan and 
Cameroon, also support the aforesaid possibility[37,41,42]. Possible mechanisms of 
introduction and routes of transmission include mass vaccination programmes carried 
out in Western Africa and a high frequency of hepatitis B e antigen (HBeAg)-positivity 
in mothers infected with genotype E [mother to child transmission (MTCT)][43,44] 
leading to chronicity due to HBe/HBcAg-specific T helper cell tolerance in utero[44]. In 
constrast to genotype E, the two subgenotypes of A, A1 and A3, circulating in Africa, 
are characterized by early loss of HBeAg seroconversion and a high frequency of 
HBeAg-negativity[10].

Genotype E, closely related to human strains, has also been isolated from captive 
and wild born chimpanzees originating from West and Central Africa[12,41,45]. The 
direction of transmission was not established[17] although, it was suggested that the 
practice of injecting human serum into chimpanzees after their capture in Africa was 
the most probable explanation[41,42,46]. Thus, chimpanzees may be a possible source 
of separate primate to human transmission events of HBV in West Africa[41,42,46]. 
Moreover, a closer relationship between the Neolithic and the African non-human 
primate strains compared to other human strains suggests African origin of extinct 
HBV genotypes and reciprocal cross-species transmission in the past[38,47] supporting 
preceding suppositions[48].
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MOLECULAR STRUCTURE OF GENOTYPE E
Genotype E is the most prevalent genotype of HBV in Africa estimated to have 
infected close to 20% of chronic HBV carriers globally. However, due to limited studies 
and the lack of surveillance data in Africa, this estimate may be higher[17]. Genotype E 
is the second shortest genotype after D with a complete genome length of 3212 bp 
(Figure 1). It has a unique three-nucleotide deletion in the preS1 that can differentiate 
it from other genotypes (Figure 1) and a signature pattern of amino acids in the preS1. 
In addition, genotype E has a putative additional start codon in the preS1, which may 
lead to an elongated middle hepatitis B surface protein (317 amino acids in length 
instead of 281 amino acids)[11]. This elongated middle HBsAg has not been detected 
to date. The amino acids of the preS1, preS2 and S genes are well conserved, with 
signature motifs Leu3SerTrpThrValProLeuGluTrp11 in the preS1 specific to genotype E
[11]. Additional signature amino acids are also found at Thr18, Arg38, His44, Thr52, Met83, 
Lys85 and Thr108 in the preS1. All genotype E strains have a His at amino acid position 
15 of the preS1 but no known unique signature motifs in the pre-S2 region. Arg122, 
Lys160 and Leu127 residues are a characteristic of the S gene in this genotype and 
encodes for a unique serological subtype ayw4[11,12]. Although the reactivity to 
different diagnostic assays has been determined for genotypes A to D[49], it has not 
been tested for genotype E. The L209V substitution in the HBsAg was described as a 
unique feature among all genotype E sequences deposited in GenBank to date[50]. The 
spacer region of the polymerase (POL) has eight amino acids unique to genotype E: 
Met64, Glu16, His21, Arg52, Asp55, Lys88, Asn110 and His111. Within the reverse transcriptase, 
Met164 is the only unique amino acid substitution in this genotype[11]. This introduces 
a start codon that theoretically could be translated into a protein of 344 amino acids. 
Although genotype E has the T1858 mutation in the precore (preC) region it does not 
frequently develop the G1896A mutation[44,51], which has been shown to stabilize the 
encapsidation signal (ε) converting the wobble to a stable Watson-Crick T-A pair[52]. 
This introduces a stop codon in the HBeAg precursor leading to no expression of the 
mature HBeAg[10,44,51]. As a result of its unique molecular structure, genotype E has 
a restriction map that differentiates it from other genotypes of HBV (Figure 1).

VARIANTS AND MUTANTS OF GENOTYPE E
Variants can play a critical role in HBV epidemics. From the limited studies on 
genotype E, a number of variants and mutants that can hypothetically affect detection, 
vaccination response and pathogenicity of HBV, have been described. Within the ‛a’ 
determinant of HBsAg, the vaccine and immune escape mutations R48T, P120T and 
G145R have been reported in genotype E HBV isolated from infected individuals[3,
53]. The preS2 F22L mutation, associated with cirrhosis, and a risk factor for the 
development of HCC, was found in genotype E isolates from Sudanese HCC patients
[54].

Variants can also be generated through recombination[38] within an individual co-
infected, with more than one genotype, resulting in drug resistant or diverse HBV 
strains. Recombinants can only occur when the various genotypes co-circulate in a 
population. Genotype E presents high chances of recombination, with A/E and D/E 
recombinants found in Ghana, A/E recombinant has been reported in Cameroon[37], 
Guinea, Burkina Faso and Nigeria[31] while D/E recombinant has been found in 
Gabon, Sudan, South Africa, Niger and Guinea[55,56].

Table 1, summarizes the different recombination events of genotype E with either D 
or A, mostly reported within Africa with different breakpoints within the HBV 
genome[37,54-61].

The F22L mutation and various deletions in the preS2 and the 1753V and 
1762T/1764A mutations in the basic core promoter (BCP), are mostly found in HBV 
strains isolated from HCC patients[62] than in those from non-HCC controls[54,63]. 
Deletions in the core region have been reported in HBsAg-positive genotype E 
asymptomatic blood donors in Guinea. Another study conducted by Yousif et al[54] 
found preS2 deletion mutations in HBV from patients infected with either genotypes D 
or E in Sudan. The preS deletions in genotype E were found in the HBV isolated from 
HCC patients, while genotype D deletion mutants were detected in non-HCC patients
[54]. The significance of this difference remains to be determined. On the other hand 
subgenotype A1, which is mostly found in SSA[5], has been shown to have a higher 
carcinogenic potential compared to other (sub)genotypes[64]. A meta-analysis study 
associated the preS deletion mutants with a 3.77-fold increased risk of HCC[65]. 
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Table 1 Recombination events of genotype E with breakpoints across the genome

Parental genotype Region Genome position (from the EcoRI 
site) Country

D/E preS1 Niger, Ghana, Gabon, and Sudan[53-58]

D/E preC/C Ireland[59] and South Africa[60]

Pol 978, 1230

X 1643

C/Pol overlapping region 2384

Pol 2756

D/E

preS1/Pol overlapping region 3000

Sudan[56]

X/preC overlapping region 1649, 1932

C/Pol overlapping region 2392, 2385

Pol 2831, 2836

D/E

Pol/preS1 overlapping region 3075, 3083

Niger[58]

X 1651

C/Pol overlapping region 2406

Pol 2823

D/E

Pol/preS1 overlapping region 3081

Ghana[57]

preS 85-505E/D

S-Pol overlapping region 796-1306

Niger[58]

A/E C Ghana[57]

Pol 874-1062A/E

X

Pol 908-1026E/A

X-C

Cameroon[37]

A/E preC/C

E/A X

Guinea[57] and France[61]

The precore/core (preC/C) encodes the e antigen (HBeAg) and core protein (HBcAg); Pol for polymerase (reverse transcriptase), preS1 encodes the large 
surface protein and X is a transcriptional transactivator protein.

Furthermore, a prospective study revealed the predictive value of a combination of the 
preS and BCP mutants in the development of HCC and pro-oncogenic role of mutated 
envelope proteins through their intracellular accumulation[66]. These mutations may 
be used as biomarkers for screening high-risk individuals in resource limited regions 
such as SSA, who may potentially develop HCC[67].

TRANSMISSION OF GENOTYPE E
The prevalence of chronic HBV infection varies widely according to geographic area 
and is closely linked with the predominant routes of HBV transmission. In regions of 
Africa, where genotype E prevails, transmission can occur horizontally or vertically in 
utero, intrapartum or via breast-feeding[68] from mother to child[69]. However, about 
50% of the infection in children cannot be accounted for by MTCT and in many 
endemic regions, prior to the introduction of neonatal vaccination, the prevalence 
peaked among children aged between 7 years to 14 years[70]. In the pre-vaccine era, 
most chronic carriers were infected horizontally in SSA and only 10% were infected 
through MTCT compared to 40% in Asia[71,72]. Horizontal transmission can occur 
early in life mainly from HBeAg-positive family members/household contacts, 
playmates or by unsafe medical interventions. Very few studies have been carried out 
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Figure 1 Organizational structure of hepatitis B virus genotype E genome. The hepatitis B virus genome consists of a partially double stranded DNA 
with the complete minus strand and the incomplete strand. The four open reading frames are shown: precore/core (preC/C) that encodes the e antigen (HBeAg) and 
core protein (HBcAg); POL for polymerase (reverse transcriptase), preS1/preS2/S for surface proteins (three forms of HBsAg, small, middle and large) and X for a 
transcriptional trans-activator protein. The promoters, enhancers and the unique restriction enzymes are shown.

in terms of identifying routes of transmission for genotype E. In the Gambia, MTCT is 
responsible for 16% of chronic infections and increases the risk of persistent viral 
replication and severe liver disease[73]. Strong evidence from a phylogenetic analysis 
showed intrafamilial transmission of HBV[73]. A study conducted in Ghana also 
concluded that the HBV is predominantly transmitted through horizontal transmission 
in childhood with intrafamilial, rather than interfamilial environment being the 
primary place of transmission[74]. However, a study conducted in Nigeria in two 
semi-isolated rural communities suggested that HBV transmission between siblings 
was not the major route of transmission with a complex pattern of transmission among 
the residents of the two communities[31]. So it appears that other factors may be at 
play in the transmission of genotype E in various communities. As has been shown in 
Burkina Faso, co-infection with human immunodeficiency virus (HIV), which leads to 
an increase in HBV viral load and frequency of HBeAg-positivity, can increase the risk 
of HBV transmission by as much as 2.5-fold[75,76]. Traditional cultural practices such 
as scarification and tattooing have been shown to be responsible for the transmission 
of HBV[77].

NATURAL HISTORY OF HBV GENOTYPE E INFECTION
Genotypes and subgenotypes can influence the natural history of infection. Comparing 
different (sub)genotypes is often difficult because the (sub)genotypes do not circulate 
in the same populations. The majority of the studies have compared genotypes B and 
C as well as A and D and have shown different clinical manifestations and the serious 
outcomes of disease [cirrhosis (LC) and HCC][78-81]. The natural history of infection 
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in individuals infected with genotype E has not been extensively studied, and has 
mostly been derived from anecdotal evidence. Genotype E has clinically been charac-
terized, with high viral loads and the patients infected with this genotype are more 
likely to be HBeAg-positive than the patients infected with genotype D[5,10,53,54,56]. 
A higher HBeAg-positivity of this genotype has been shown to confer tolerance, with a 
milder clinical manifestation[10]. This could be the reason for the higher prevalence of 
genotype E in Sudanese blood donors, whereas genotype D is more prevalent in those 
patients with liver disease[28,54,56]. In addition, infection with genotype E has 
previously been linked to higher chronicity rates than other genotypes[10,54,56].

Table 2, which was compiled from limited data comparing genotype E to D in 
Sudan (Yousif et al[53,54]) and studies in the Gambia (Shimakawa et al[72]), sum-
marizes the clinical manifestation of genotype E relative to other genotypes[53,54,72,
82]. As is evident from this table most aspects of clinical characteristics of genotype E 
have not been formally studied.

In their study, Yousif et al[54] observed that genotype E infected liver disease 
patients and blood donors[56] had a higher frequency of HBeAg-positivity and higher 
viral loads compared to patients infected with genotype D (Table 2)[53,54]. Both 
genotype D and E have the 1858T, and thus can develop the G1896A mutation, 
however, what is puzzling is that G1896A is positively associated with genotype D 
and negatively associated with genotype E[51].

This lack of association may be the reason for the high frequency of HBeAg-
positivity in individuals infected with genotype E compared to genotype D. A study 
focusing on chronic hepatitis B (CHB) and HCC in Burkina Faso showed patients 
infected with genotype E had lower viral loads, lower frequency of HBeAg-positivity 
and higher prevalence of cirrhosis than those infected with genotype C or C/E 
recombinants. With the majority of HCC, infected with genotype E (78%), HCC-
associated risk factors were old age, male with high HBV viral load when comparing 
CHB in HCC patients to non-HCC patients[83]. Another longitudinal study conducted 
in Gambia showed that a majority of the genotyped CHB carriers were infected with 
genotype E[72]. Although the mean viral load and alanine aminotransferase levels 
were higher in carriers with HBsAg-positive mothers, a majority (47%) had 
undetectable viral loads with 22% of all chronic HBV infections having viral loads 
ranging between 50 and 200 IU/mL. HBV viral load has been used to predict 
progression from cirrhosis to HCC[84]. From this study, the rate at which the HBV 
DNA cleared was faster when compared to age progression making it difficult to 
predict HCC[72]. What should be noted from this study is that, the samples that were 
assayed for viral loads were from a different time frame (2012-2013), while the 
genotyped samples were from 2003. Successful genotyping would require viral loads 
high enough to allow amplification of the DNA and thus higher viral loads may be a 
factor that biases genotyping making it hard to draw any conclusion on the infecting 
genotype for the chronic carriers who had undetectable or low HBV DNA.

African regions in which genotype E is endemic are characterized by a higher 
incidence of HCC[85] and epidemiological studies have suggested the carcinogenic 
potential of genotype E[86]. Although the mechanisms underlying this oncogenic 
potential have not yet been clarified for genotype E, they could be related to immune 
escape phenomena[87], as well as to other possible cofounders that may be involved, 
such as HIV co-infection, dietary iron overload or aflatoxin consumption[85,88,89].

HBV-HIV CO-INFECTION AND OCCULT INFECTION
Globally, an estimated 10% of the 37 million HIV infected individuals are co-infected 
with HBV[90]. HBV/HIV co-infection in SSA accounts for 36% (2-4 million) with the 
highest rates reported in West- and Southern Africa[90]. Epidemiological and 
virological characteristics of HIV-infected individuals in West Africa showed an 
average of 13% prevalence of HBsAg-positivity, ranging between 1.1% in blood donors 
and 35.7% in pregnant women attending antenatal care[76,91-93], while 4.75% of HBV-
HIV infected individuals were HBeAg-positive with the prevalence ranging between 
3.2% and 7.2% in adults and anti-retroviral (ART) naïve adults, respectively[94,95]. An 
average HBV exposure rate of 74% (64%-81.7%) in ART naïve and adults initiating 
ART[90,94,96,97] has been documented. A high rate of morbidity has been reported in 
HBV/HIV co-infected individuals, while the progression of CHB to HCC is more 
rapid in genotype E HIV-positive individuals than in those with HBV alone[98]. In a 
study of Senegalese children, 47% who were HBV genotype E-HIV co-infected had 
elevated levels of drug resistance mutations (L180M, M204V/I, and S202N) to both 
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Table 2 Comparison of the virological and clinical characteristics of genotype E with other genotypes

Genotypes

E A B C D F G H

HBV DNA level Increased Decreased Decreased Increased Not studied Not 
studied

Not 
studied

Not 
studied

Frequency of precore G1896A mutation Increased1 Decreased Increased Decreased Increased Not 
studied

Not 
studied

Not 
studied

Frequency of basic core promoter 
T1762A/A1764G mutation

Not studied Increased Decreased Increased Decreased Not 
studied

Not 
studied

Not 
studied

Frequency of preS deletion mutation Not studied Increased Decreased Increased Not studied Not 
studied

Not 
studied

Not 
studied

Tendency of chronicity

High + +

Low + +

Not studied + + + +

HBeAg positivity

High + +

Low + + +

Not studied + + +

HBeAg seroconversion

Early + +

Late + +

Not studied + + + +

HBsAg seroconversion

More + +

Less + +

Not studied + + + +

1Relative to D3.
+: Classification of category; preS: Surface protein; HBeAg: Hepatitis B e antigen; HBsAg: Hepatitis B surface antigen. Adapted from Yousif et al[53,54], 
Shimakawa et al[72] and Schaefer et al[82].

HIV and HBV, significant levels of HBsAg escape mutations, HBV DNA persistence 
and HIV virologic failure[99]. This suggests that the use of the Tenofovir Disoproxil 
Fumarate regimen in the management of HBV, HIV and HBV-HIV co-infection is ideal 
in the SSA setting.

Occult HBV infection (OBI) is defined as the presence of replication-competent HBV 
DNA (i.e., episomal HBV covalently closed circular DNA) in the liver and/or HBV 
DNA in the blood of people who test negative for HBsAg by currently available 
assays)[100]. OBI is frequent in HIV-infected individuals and has been described in 
individuals infected with genotype E, with a prevalence 10% and 15% in HIV-positive 
patients from the Ivory Coast and Sudan, respectively[97,101].

Biomarkers are very important in assessing risk factors for the development of 
serious clinical manifestations. As is evident from the above observations the same risk 
biomarkers may not be applicable to all (sub)genotypes and cannot be extrapolated 
from studies on other genotypes. Therefore, it is important that biomarkers are studied 
exclusively in genotype E.

TREATMENT AND RESPONSE TO ANTIVIRAL THERAPY
Current antiviral therapies, which include nucleos(t)ide analogues (NA) and 
interferon-alpha (IFN-α) reduce but do not eliminate the risk of liver cancer. As 
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curative therapies are developed, it will be important to monitor patients for 
progression to liver cancer, even if they have been cured of CHB infection. HBV 
genotype may influence the efficacy of the antiviral therapy but most studies that 
analyzed the role of HBV genotype in the treatment with NA mostly focused on 
genotypes A, B, C and D. Lamivudine (LAM) is the earliest used NA in the world and 
the association between HBV genotype and LAM has been demonstrated both in terms 
of response and the development of resistance mutations. Various response rates have 
been observed for various studies with genotype A being more likely to develop 
resistance mutations[102,103]. Studies have shown that HBeAg-positive patients 
infected with genotype B have a higher response rate to IFN-α than those infected with 
genotype C, while patients infected with genotype A have a higher response rate to 
IFN-α than those infected with genotype D[104].

There is a scarcity of information on the clinical and virological characteristics of 
genotype E-infected patients as well as on the efficacy of anti-HBV drugs[86]. 
However, a few studies have described genotype E’s response to treatment[86,105-108] 
in a variety of scenarios: Treatment-naïve CHB patients initiating treatment with NA 
[entecavir (ETV) or tenofovir][86], HBV-HIV co-infected patients[109], rescued after 
LAM failure[110], adefovir phase III clinical trials[111]; a follow-up study of HBsAg 
decline in ETV-responding patients[107] and response to IFN[106,112]. As is evident 
from the above list, only one study looked at tenofovir the drug recommended by the 
World Health Organization (WHO), American Association for the Study of Liver 
Diseases, and the European Association for the Study of the Liver for antiviral therapy.

The phase III clinical trial of adefovir dipivoxil conducted by Westland et al[111] 
included a total of 6 genotype E patients and reported antiviral efficacy in patients on 
a 48-wk therapy regardless of the HBV genotype. Studies by Boglione et al[107] and 
Cuenca-Gómez et al[86] focused on genotype E treatment-naïve, CHB patients of SSA 
origin, on ETV or tenofovir antiviral therapy. A higher rate of HBsAg loss in patients 
infected with genotype E compared to genotypes A or D was observed. In addition, a 
high response rate to NA was reported with undetectable viral load and loss of HBeAg 
in a median time of 31.8 mo with no cases of HCC[86].

Two different treatment regimens were compared in CHB patients infected with 
genotype E, who had migrated to Italy. In the one arm, CHB patients with low viral 
loads, where given pegIFN for 24 wk, whereas in the second arm, CHB patients with 
high viral loads were treated sequentially with ETV for 12 wk and thereafter pegIFN 
for 24 wk. Those treated with monotherapy did not respond as well as those on dual 
therapy[106]. In a follow-up study, genotype E CHB patients were treated with 
pegIFN for varying lengths of time 48-, 72- and 96-wk. Prolonged treatment was 
beneficial and recommended for individuals infected with genotype E[106,108]. Thus, 
from these limited studies it is evident that genotype E infected individuals are 
unresponsive to conventional pegIFN treatment. However, in concurring with the 
Boglione et al[107] and Cuenca-Gómez et al[86] studies, a retrospective study 
conducted in Europe by Erhardt et al[105], focusing on HBV genotypes E-H the 
response to IFN-α or NAs (LAM, adefovir, ETV) therapy concluded that genotype E 
infected patients treated with IFN-α had lower end of treatment response but overall 
sustained virological response, while the patients on NAs had viral suppression within 
48 wk[105]. It should be noted that the conclusion was reached with only 5 treatment-
naïve genotype E mono-infected patients[103].

Taken together, the current international treatment guidelines do not consider 
patients with genotype E CHB. Thus, better management strategies for HBV infected 
patients are recommended taking into account the genotype in question. In order to 
deliver proper medical care, improve knowledge on the response to treatment, and the 
development of resistance of relatively under-studied genotypes like E, it is critical to 
issue proper and specific recommendations that could differ from those issued for 
other genotypes. Moreover, all gathered information on response to treatment of 
genotype E in Africa is useful, especially considering that the development of immune 
escape mutations[87] can have an epidemiological impact in other parts of the world 
with the dispersal of these strains via increased migration from Africa. As new finite 
cure strategies are developed it is important that the clinical trials include CHB 
patients infected with genotype E.

RESPONSE TO VACCINATION
The risk of developing chronic infection is about 90% following perinatal infection up 
to 6 mo but decreases to about 20%-60% between the ages of 6 mo to 5 years[68,73]. 
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Thus, prevention of HBV infection by vaccination is very important and is most 
successful when it targets infants, and when prevention begins with administration of 
the first dose of HBV vaccine soon after birth. The HBV vaccine is about 80%-100% 
effective in managing HBV infection or clinical hepatitis following completion of the 
dose. However, inoculation will not help those chronically infected[1]. The two 
commonly used efficacious vaccines are either plasma-derived vaccines prepared from 
purified HBsAg obtained from chronic HBV patients or recombinant vaccines from 
synthesized HBsAg[113]. As of 2020, more than 190 WHO member states immunized 
infants against HBV as part of their routine vaccination schedule, and 84% of children 
received HBV vaccines[1]. Even with the vaccine roll out, the burden of HBV infections 
in SSA remains of concern attributed to the delay in the implementation, lack of birth 
doses and low coverage of the vaccine programme[114-117]. The high HBeAg 
positivity in mothers infected with genotype E is a risk factor for MTCT[118] (one in 
ten infants vaccinated at birth) suggesting that vertical/perinatal infection is still 
present in African countries[119-122]. Antenatal HBV screening is hardly performed in 
SSA (0%-20%)[123], with only 33% of countries having official guidelines[124]. HBV 
was first classified on the basis of the amino acid substitution on the HBsAg at 
positions 122, 127, 134 and 160. The serological subtypes contain the common ‛a’ 
determinant and one of each of the mutually exclusive determinants d/y and w/r
[125]. Additional serological specificities, originally designated as subdeterminants of 
‛a’ and subsequently as subdeterminants of w, have allowed the identification of ten 
serological subtypes ayw1, ayw2, ayw3, ayw4, ayr, adw2, adw3 adw4, adrq- and adrq+[6,8,
126]. The humoral immune response following vaccination with HBV vaccines is 
largely directed against the common ‛a’ determinant, with a lesser response directed 
against the d/y and r/w subdeterminant epitopes[113,127].

All currently available genetically engineered HBV vaccines are produced with the 
subgenotype A2, serotype adw, which differs from the genotype E subtype ayw4. 
Available data show that current HBV-A2 vaccines are highly effective at preventing 
infections and clinical disease caused by all known HBV genotypes[128]. However, a 
study conducted on blood donors in the United States[129] questioned the ability of 
subgenotype A2-derived HBV vaccines to protect against non-A2 HBV (sub)geno-
types. It was concluded that while breakthrough infections with non-A2 genotypes 
were recorded following vaccination, which only prevented clinical disease[128]. In 
addition, their findings suggested that the vaccine may be less effective for non-A2 
infections. In view of the global variability in genotype distribution, any gap in the 
efficacy of A2 vaccines has potentially important implications for the ongoing 
protection of populations against HBV infection and its consequences[128]. Therefore, 
more studies need to focus on the response of genotype E to vaccination, especially 
considering that this is the genotype prevailing in the region of the world where the 
virus continues to be hyperendemic and all preventive measures should be optimized.

The emergence of HBV escape mutants may occur under medically induced 
immune pressure (in association with vaccine or hepatitis B immune globulin) or 
naturally induced immune pressure (as a result of CHB)[130]. These HBV mutants 
may carry multiple amino acid substitutions around- and within the HBsAg ‛a’ 
determinant, which can affect the binding of neutralizing antibodies (anti-HBsAg), 
with some of the former remaining undetectable by certain diagnostic tests, thus 
implying a potential risk in transfusion events[130]. The emergence of S escape 
mutants, raised concerns about the efficacy of the current vaccine on the African 
continent. To this day, very few studies have focused on the genotype E response to 
vaccination, although vaccination began over four decades ago.

CONCLUSION
In conclusion, genotype E has unique molecular and epidemiological characteristics. 
The natural history of genotype E has not been studied and very little is known about 
the virological breakthrough as a result of vaccination. Only a few studies that focused 
on the treatment of a limited number of genotype E infected patients exist, making it 
difficult to reach any firm conclusions. In addition, most of these studies have been 
conducted outside of Africa on a small number of individuals that had migrated from 
Africa, with only a minority of studies carried out on the African continent. 
Consequently, it is important that African CHB patients infected with genotype E are 
included in clinical trials focusing on new antiviral therapy, biomarkers and other 
possible preventive methods. There are multiple reasons for this. Western Africa, 
where genotype E prevails, is the only region in the world where HBV continues to be 
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hyperendemic. Although West Africa has a relatively long time span of vaccination 
against HBV, which began in the Gambia in the early 1980s, the infection is still being 
maintained in the community. There is a correspondingly high incidence of HBV-
associated HCC, ranked fourth worldwide and in SSA, the second leading cancer for 
men and the third for women, with average age-standardised incidence rates of 18.9 
and 8.0 per 100000 persons/year, respectively[85]. In this region, HCC presents in 
younger age groups and has a median survival rate of approximately 3-4 mo. 
Genotype E is being dispersed from high to low endemicity regions of the world as a 
result of migration and this may lead to changes in the natural history of HBV 
infection in countries of destination, where different genotypes predominate.

Toward achieving the WHO target for the worldwide elimination of viral hepatitis 
as a public health burden by 2030 there is an urgent need for more in-depth and large-
scale investigations into genotype E, which has been under-represented in studies, 
resulting in the paucity of data on this neglected genotype.
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