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Abstract

Aim
To determine serological markers and genotypes pro�les of HBV isolates in Central Eritrea.

Materials & methods
A total of 191 HBsAg sero-positive samples were randomly selected for the study from 23,232 screened
blood donors from 2015 to 2017. Enzyme-linked immunosorbent assay was used to perform HBV
serological markers screening, while genotypes were determined using type-speci�c primer-based
multiplex-nested PCR.

Results
The median age of infected blood donors was 28.9 ± 10.26 years. Of 191 HBsAg reactive serum samples,
77.5% (148/191) were sero-positive for HBcAb-total, among which 99.3% (147/148) and 0.7% (1/148)
were sero-positive for HBsAg and HBsAb, respectively. Interestingly, among 147 HBcAb-total/HBsAg
reactive samples, 16 (10.9%) and 131 (77.9%) were sero-positive for HBeAg and HBeAb, respectively. For
genotyping, 73 HBV isolates were successfully ampli�ed and genotyped, with 59 (80.8%) had a mono-
genotype and 14 (19.2%) had a mixed-genotype infection. Among HBV isolates with mono-genotypes: 39
(53.4%) D; 10 (13.7%) E; 6 (8.2%) A and 4 (5.5%) C. While �ve mixed-genotypes comprised: 6 (8.2%) C/D; 3
(4.1%) C/D/E; 2 (2.7%) each with genotype A/D and D/E; and 1 (1.4%) genotype B/D.

Conclusion
HBV genotype D is the predominant genotype, either as a HBV mono- or mixed-genotype infection, among
blood donors in Eritrea.

Introduction
Hepatitis B virus (HBV) is a global epidemic and chronically affecting more than 250 million people,
among which 65 million live in Africa [1, 2]. Globally, the mortality rate of HBV is alarmingly increased,
with 500,000 to 1.2 million deaths reported annually [3, 4]. A substantial proportion of this �gure (87890
deaths) are is contributed by Sub-Saharan African (SSA) [2]. SSA is a HBV infection endemic region, with
an intermediate to high prevalence [5]. The median overall risk of HBV transfusion-transmission in SSA is
4.3 per 1,000 units of blood [6]. Eritrea is an East African multi-ethnic country, where HBV infection
remains as one of the major public health burdens. Previous studies conducted among Eritrean blood
donors have indicated that the positivity rates of HBsAg, which is the widely accepted HBV serological
marker, are intermediate endemicity, between  2.0% [7] to  5% [8].
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Generally, HBV belongs to the Hepadnaviridae family and contains a partially double-stranded circular
DNA genome, approximately 3.2 kb length. It presents four partially overlapping open reading frames
encoding polymerase, surface core and X proteins [9-11]. To date, multiple techniques for genotype
characterisation are available, including

Different HBV genotypes have different geographic distributions, with genotypes A, D and E are
particularly distributed in diverse geographical locale of SSA covering Eastern Africa, Central Africa,
Southern Africa and Western Africa. However,  information on genotype prevalence in many African
countries is still scarce [2]. It has been widely reported that genotype A is found predominantly distributed
in North-Western Europe and North America compared to genotypes B and C are observed mainly in Asia.
While genotype D is discovered to be highly prevalent in Mediterranean regions [15]. Genotype F is
localised mainly in South and Central America [16], and USA and France residents is prevailed with [17],
while genotype H is found in Central America [18]. Lastly, genotypes I and J are found predominantly
observed in Laos and Vietnam, and Japan, respectively [19].

As previously described, the lack of reliable health information or statistics on HBV prevalence or the
frequency of speci�c genotypes has imposed a limit on public health efforts. In Eritrea, for instance,
genotyping and sero-virological characterisation data is extremely hard to gather. Thus, this situation
presents an urgent need to identify the genotypes pro�le among HBV patients as such information of
genotypes prevailing in Eritrea is important in treatment management and prognosis. In this study, we
identi�ed and characterised HBV isolates among infected blood donors using a panel of serological
markers, followed by evaluated genetic diversity using genotyping. We demonstrated 191 HBsAg infected
blood donors were sero-positive for Hepatitis B core antibody-total (HBcAb)-total, among which Hepatitis
B envelop antibody (HBeAb) contributed predominantly compared to Hepatitis B envelop antigen
(HBeAg). Furthermore, we identi�ed that four mono-genotypes and �ve mixed-genotypes in tested HBV
isolates, with genotype D was prevailed in both groups. Our results indicate that genotype D is prevalent
in HBV patients in Eritrea through which targeting it speci�cally may improve the clinical outcome.

Materials And Methods
Study design and population

This was a descriptive cross-sectional, laboratory based study conducted at National Blood Transfusion
Service (NBTS) in Asmara, which is the capital city of Eritrea and serves about 20 referral hospitals [20]. It
supplies blood and blood products and serves hospitals from six administrative regions (Zobas),
including Maekel, Debub, Anseba, Gash-Barka, Semienawi Keiyh Bahri and Debubawi Keiyh Bahri.

A total of 23,232 infected blood donors were screened for serological status of HBV, Hepatitis C Virus
(HCV), Human Immunode�ciency virus (HIV) and syphilis (Treponema pallidum) between January 2015
and December 2017 as part of routine blood donation requirement. Of 395 blood donors tested positive
for HBsAg. Considering availability of resources 191 samples ful�lling a pre-set criteria (aged between 16
and 65 years and a body weight greater than 50 kg), were randomly selected for inclusion in the study.
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HBsAg serum reactive samples were labelled with unique identi�er code and stored at -20˚C until further
investigation.

Serological assays

Enzyme Linked Immuno-Sorbent Assay [21] kits were used to screen for HBsAg (SD Standard Diagnostic,
Republic of Korea), anti-HCV (SD Standard Diagnostic, Republic of Korea) and anti-T. pallidum (MEDDIFF,
France). While HIV screening was done using an AccuDiag™ HIV 1&2 Ag/Ab (Diagnostic
Automation/Cortez Diagnostic, California, USA). HBV-positive serum samples (n = 191) were re-tested for
HBcAb. Those with detectable HBcAb were further tested for hepatitis B surface antigen (HBsAg) and
hepatitis B surface antibody (HBsAb) using ELISA kits (Fortress Diagnostics, UK). Only those with HBcAb-
total and HBsAg were then processed for DNA extraction and screened for other HBV serological markers,
including HBeAg and HBeAb using ELISA kits (Fortress Diagnostics, UK).

HBV DNA extraction

HBV DNA was extracted from 200 μl of serum using an Analytik Jena DNA mini-extraction kit (Analytik
Jena, Germany) according to the manufacturer’s instructions. The extracted DNA was then eluted in 60 µl
of pre-heat RNase-free water before storing at -20˚C until use.

Ampli�cation of HBV S-gene for genotyping

A genotyping system based on multiplex-nested PCR with type-speci�c primers (Macrogen company,
Seoul, Korea) was used. This process was undertaken for HBV genotypes A to F. Based on pre-S1 region
in  S genes of the HBV genome were targeted as described previously by Naito et al. (2001) [22]. The �rst-
round PCR was performed using two universal outer primer pairs: P1 (sense) - 5'-
TCACCATATTCTTGGGAACAAGA-3') and S1-2 (antisense) - 5’CGAACCACTGAACAAATGGC-3’. For second-
round PCR, B2 was used as the inner primer (sense) (5’ - GGCTCMAGTTCMGGAACAGT-3’), with a
combination of antisense primers called mix A for genotypes A, B and C. The antisense primers used
were: BA1R (genotype A speci�c, 68 bp) (5’-CTCGCGGAGATTGACGAGATGT-3’); BB1R (genotype B
speci�c, 281bp) (5’-CAGGTTGGTGAGTGACTGGAGA-3’); BC1R (genotype C speci�c, 122bp) (5’-
GGTCCTAGGAATCCTGATGTTG-3’). While B2R was used as the inner primer (antisense) (5’-
GGAGGCGGATYTGCTGGCAA-3’), with a combination of antisense primers called mix B for genotypes D, E
and F. The antisense primers used were: BD1 (genotype D speci�c, 119 bp) (5’-GCCAACAAGGTAGGAGCT-
3’); BE1 (genotype E speci�c, 167 bp) (5’-CACCAGAAATCCAGATTGGGACCA-3’); BF1(genotype F speci�c,
97bp) (5’-GYTACGGTCCAGGGTTACCA-3’).

The total volume of the reaction mixture was 20 µl. The mixture contained 16 µl of nuclease-free water, 1
µl (10 pmol) each of P1 and S1-2 primers and 2 µl of DNA sample, all of which were added to the tube of
the ready mix containing 2.5 mM dNTP mix, 2.5 U Taq DNA Polymerase, 1x reaction buffer, and 1x gel
loading buffer (iNtRON, Biotechnology, Korea). The mixture was centrifuged at 5,000 rpm for 15 seconds.
The master cycler gradient (Eppendorf, Germany) was programmed as follows: incubation at 94°C for 5
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min, followed by 40 cycles of denaturation at 94°C for 1 min, annealing at 60°C for 1 min and elongation
at 72°C for 2 min. The �nal elongation step was performed at 72°C for 5 min.

Two second-round PCRs were performed for each �rst-round PCR product using either
B2 and mix A group for genotypes A to C or B2R and mix B group for genotypes D to F. Firstly, 3-ml aliquot
of the �rst PCR product was added to mix A and mix B. The reaction mixture of mix A or B (iNtRON,
Biotechnology, Korea) contained 15 µl of nuclease-free water and 2 µl (10 pmol) of respective primers.
Ampli�cation conditions composed of 40 cycles of preheating at 95°C for 5 min, followed by 20 cycles of
ampli�cation at 95°C for 20 s, 60°C for 20 s and 72°C for 30 s and an additional 20 cycles of 95°C for 20
s, 62°C for 20 s and 72°C for 30 s.

Detection of HBV Genotypes

HBV genotypes for each serum sample were determined by identifying genotype-speci�c DNA bands.
Two different second-round PCR products from one sample were separately electrophoresed for 1 h and
10 min at 100 V in 1.5% agarose gel D-1Low EEO (Eppendorf, Italy) stained with gel red (Biotium, USA).
The gel was then observed and evaluated in UV light transilluminator (UVP, UK). The size of PCR products
were estimated by comparing them to the migration pattern of a 50-bp DNA ladder (iNtRON,
Biotechnology, Korea).

Data collection and analysis

The data of HBV infected blood donors were retrieved from the NBTS Delphyn Blood Bank Data
Management version 7.6.10.0 database and transferred to Excel Spreadsheet (Microsoft Inc.). Meanwhile,
the records of speci�c demographic information of all blood donors (age, sex, occupation, marital status,
educational status, regions (Zobas) and blood group types (e.g., ABO and Rh) were retrieved with the
assistance from the authorised staff of blood bank data center. Statistical analysis was analysed using
the SPSS version 25.0 (IBM Corporation, Chicago, IL, USA). Basic statistics, such as percentages and
mean ± standard deviations (SD) were used to summarise the data, where appropriate. The baseline
characteristics of blood donors were analysed using the Chi-square (χ2) test or Fishers exact test
(categorical variables). A two-tailed p-value less than 0.05 was considered statistically signi�cant.

Results
HBV detection and socio-demographic characteristics of 191 infected blood donors

Of 23,232 blood donors were screened, ELISA analysis indicated that 395 (1.7%), 352 (1.5%), 100 (0.4%)
and 126 (0.5%) were sero-positive for HBV, HCV, HIV and syphilis, respectively. Among 395 HBV sero-
positive samples, 191 samples were randomly selected and used for further laboratory analyses.
According to the socio-demographic information (Table 1), most HBV/HBsAg blood donors were single (n
= 123; 64.4%) and male (n = 141; 73.8%) compared to female (n = 50; 26.2%). The age of the blood
donors was ranged from 16 to 60 years old, with the mean was 28.9 ± 10.3 years. Speci�cally, the aged
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less than 20 was the predominant group (n = 48; 25.1%) Besides, we found that 66% (n = 34.6) of them
were student, among which 50.8% (n = 97) were from Zoba Maekel. A signi�cantly number of them had
blood group type O (n = 92; 48.2%) and Rh-positive (n = 175; 91.6%).

Table 1: Socio-demographic characteristics of the blood donors with HBV (n= 191) strati�ed by gender in
Eritrea.
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Variable Gender** (χ2)

P
value

Total *

n (%)

Male n (%) Female
n (%)

Age [M±SD (28.9±10.3), Md±IQR (26.0±15.0), Min.=16and
Max.=60]

Less than 20 28 (58.3) 20
(41.7)

(15.40)
0.004

48
(25.1)

21 to 23 21 (61.8) 13
(38.2)

34
(17.8)

24 to 29 31 (81.6) 7
(18.4)

38
(19.9)

30 to 39 32 (88.9) 4
(11.1)

36
(18.8)

40 or above 29 (82.9) 6
(17.1)

35
(18.3)

Government workers 28 (84.8) 5
(15.2)

(7.74)  
0.052

33
(17.3)

Unemployed 31 (79.5) 8
(20.5)

39
(20.4)

Private workers 41 (77.4) 12
(22.6)

53
(27.7)

Student 41 (62.1) 25
(37.9)

66
(34.6)

Marital Status

Single 85 (69.1) 38
(30.9)

(5.03)    
0.08

123
(64.4)

Married 50 (80.6) 12
(19.4)

62
(32.5)

Divorced 6 (100) 0
(0.0)

6 (3.2)

Zoba

Anseba 6 (50.0) 6
(50.0)

(7.40)  
0.192

12
(6.3)

Debub 41 (74.5) 14
(25.5)

55
(28.8)

Gash Barka 9 (81.8) 2
(18.2)

11 (5.8)
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Maekel 70 (72.2) 27
(27.8)

97
(50.8)

Semienawi Keiyh Bahri 12 (92.3) 1
(7.7)

13 (6.8)

Debubawi Keiyh Bahri 3 (100) 0
(0.0)

3 (1.6)

Blood type

A 30 (76.2) 10
(23.8)

(2.30)
  0.512

42
(22.0)

B 35 (81.4) 8
(18.6)

43
(22.5)

AB 10 (71.4) 4
(28.6)

14 (7.3)

O 64 (69.6) 28
(30.4)

92
(48.2)

Rh type

Positive 132
(75.4)

43
(24.6)

(2.79)
0.134

175
(91.6)

Negative 9 (56.3) 7
(43.8)

16 (8.4)

Total 141
(73.8)

50
(26.2)

191
(100)

M = mean, SD = standard deviation, Md = median, IQR =
interquartile range, Min. = minimum and Max. = maximum

*Percentage is computed from the row total,

**Percentage is computed from total HBV-infected blood
donors.

HBV serological markers

The HBV serology test using ELISA kits showed that 77.5% (n = 148) were reactive for HBcAb-total in 191
HBV sero-positive samples. These 148 serum samples we then tested for HBsAg. Interestingly, 147 serum
samples (99.3%) were for HBsAg reactive and one serum sample (0.7%) was HBsAg non-reactive. The
additional serology test for HBeAb and HBeAg was done on 147 HBcAb-total/HBsAg sero-positive
samples. HBeAb were reactive in 113 samples (77.9%), and 16 samples (10.9%) were reactive for HBeAg.
Only 18 samples were non-reactive for both HBeAb and HBeAg. Additional information on the analysis of
HBcAb-total/HBsAg-positive (n=147) samples is summarised in Figure 1.

HBV genotype
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To identify the genotype pro�le of 147 HBcAb-total/HBsAg sero-positive samples, their DNA was detected
and genotyped. Only HBV DNA from 73 samples (49.7%) were detected successfully, while others had a
very low or undetectable levels. Among positive HBV DNA samples, 55 samples (75.3%) were HBeAb
positive and only 10 (13.7%) were HBeAg positive. HBV genotypes analysis was summarised in Table 2.
The genotyping results indicated that 59 samples (80.8%) were detected with mono-HBV genotype
infection compared with 14 samples (19.2%) had mixed-HBV genotypes.

The results further showed that the age of the extracted HBV DNA from 73 infected blood donors was
ranged from 19 to 31 years old. The mean age was 30.01 ± 10.6 years, with 51 males (69.9%) and 22
females (30.1%). Four mono-HBV genotypes (e.g., A, B, D and E) and �ve mixed-HBV genotypes (e.g., A/D,
B/D, C/D, D/E and C/D/E) were detected. Among mono-HBV genotypes, genotype D (n = 39; 53.4%) was
the predominant circulating genotype, followed by genotype E (n = 10; 13.7 %) (Figure 2), genotype A (n =
6, 8.2%) and genotype C (n = 4; 5.5 %). Six mixed-HBV genotypes detected were genotype C/D (n=6; 8.2%)
(Figure 3) contributed the highest number, followed by genotype C/D/E (n = 3; 4.1%), genotype A/D and
genotype D/E (each with n = 2; 2.7%) and genotype B/D (n = 1; 1.4%). The age of these groups was
ranged from 25 to 33 years old.

Table 2: Distribution of genotypes among 73 HBV DNA-positive blood donors in Eritrea.
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Variable n

(%)

Age

(M±SD)

HBeAb
Positive
(%)

HBeAg
Positive
(%)

Gender

Male

n (%)

Female

n (%)

HBV mono-genotype

Genotype A 6 (8.2) 29.2 ± 8.1 6 (10.9) 0 5 (9.8) 1
(4.5)

Genotype C 4 (5.5) 29.3±10.3 2 (3.6) 0 3 (5.9) 1
(4.5)

Genotype D 39
(53.4)

31.2±10.4 29
(52.7)

6 (8.2) 25
(49.0)

14
(63.6)

Genotype E 10
(13.7)

19.9±11.8 10
(18.2)

0 6
(11.8)

4
(18.2)

HBV mixed genotypes 

Genotype A/D 2 (2.7) 33.5±17.7 2 (3.6) 0 2 (3.9) 0
(0.0)

Genotype B/D 1 (1.4) - 1 (1.8) 0 0 (0.0) 1
(4.5)

Genotype C/D 6 (8.2) 28.5±15.9 3 (5.5) 1 (1.4) 6
(11.8)

0
(0.0)

Genotype D/E 2 (2.7) 33.5±7.8 0 2 (2.7) 2 (3.9) 0
(0.0)

Genotype C/D/E 3 (4.1) 25.3±7.8 2 (3.6) 1 (1.4) 2 (3.9) 1
(4.5)

Total 73
(100)

 30.0±10.6 55
(75.3)

10
(13.7)

51
(69.9)

22
(30.1)

(-): Mean and SD cannot be
computed because only one
person had genotype B/D.

Geographical distribution of genotypes among 73 HBV DNA-positive
blood donors in Eritrea
We then compared geographical distribution of genotypes among 73 HBV DNA-positive blood donors.
Based on the results shown in Table 3, 35 of them (47.9%) resided in Zoba Maekel, followed by Debub (n
= 23; 31.5%), Semienawi Keiyh Bahri (n = 6; 8.2%), Gash Barka (n = 5; 6.8%) and Anseba (n = 4; 5.5%), with
no contribution from Zoba Debubawi Keiyh Bahri. In comparison, genotype D was the predominant mono-
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HBV genotype, from which the majority resided in Maekel (n = 15) and Debub (n = 14). Among mixed-HBV
genotypes from 14 HBV DNA, six were detected for genotype C/D, which were distributed equally in
Maekel, Debub and Semienawi Keiyh Bahri. While no HBV DNA extracted from blood donors resided in
Anseba and Debubawi Keiyh Bahri. Besides, it was found that all �ve mixed-HBV genotypes contained
genotype D. Insigni�cant difference of isolated genotype among six Zoba regions (P=079).

Table 3: Distribution of different mono- and mixed HBV genotypes isolated among 73 HBV DNA-positive
blood donors across six Zoba regions in Eritrea.

HBV Genotype Zoba
(p=0.79)

N

Anseba Debub Gash
Barka

Maekel SKB* DKB**

(n= 4),5.5% (n=
23),31.5%

(n=
5),6.8%

(n=
35),47.9%

(n=
6),8.2%

(n=
0),%

HBV mono- genotype

Genotype A 0 (0.0) 3 (13.0) 0 3 (8.6) 0 0 6

Genotype C 0 (0.0) 2 (8.7) 0 2 (5.7) 0 0 4

Genotype D 3(75.5) 14
(60.9)

3 (60.0) 15
(42.9)

4
(66.7)

0 39

Genotype E 1 (25.0) 1 (4.3) 1 (20.0) 7
(20.0)

0 0 10

HBV mixed genotypes 

Genotype A/D 0 0 0 2 (5.7) 0 0 2

Genotype B/D 0 1 (4.3) 0 0 0 0 1

Genotype C/D 0 2 (8.7) 0 2 (5.7) 2
(33.3)

0 6

Genotype D/E 0 0 0 2 (5.7) 0 0 2

Genotype C/D/E 0 0 1 (20.0) 2 (5.7) 0 0 3

*SKB= Semienawi Keiyh Bahri
(Northern Red Sea)

**DKB= Debubawi Keiyh Bahri
(Southern Red Sea)

Discussion
HBV infection affects millions of people worldwide, cutting across gender and all ages [23]. The current
study demonstrated the prevalence of serological markers and genotype distribution for the �rst time
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among HBV-infected blood donors in Eritrea. In the present study, 191 blood donors with HBsAg-positive
with the mean age of 28.9 ± 10.3 years were included. Similarly, the mean age of the �rst-time blood
donor with HBsAg-positive in a study conducted in Gabon, Central Africa was 28.5 ± 7.8 years [23], and
33.4 ± 8.3 years for Egyptian blood donors [24]. Our study showed that majority HBV-infected blood
donors were students (25.1%) with aged below 20 (34.6%). This age group might be preferable for blood
transfusion due to having good �tness, their higher HBV prevalence may be linked to their lifestyle and
unique behavioural characteristics like acquiring piercings or tattoos. Overall, the socio-professional
categories of blood donors in this study coincide with the earlier studies [23, 25].

It has been widely reported that knowledge about serological markers of HBV patients plays an important
role in characterising the nature of the disease. In endemic regions, approximately one-third of the
population have a previous HBV infection, as indicated by an isolated HBcAb serology [26]. In this study,
99.3% of the HBV-infected blood donors were in chronic phase with positivity for both HBcAb-total and
HBsAg, suggesting that the proportion of them exhibiting previous exposure or recovery from HBV
infection (tested positive for HBsAb) was low (0.7%). These �ndings are in line with a recent study in
Eritrea among pregnant women where only 14.2% tested positive for HBsAb [27].

In a separate analysis of this study, HBeAg positivity among 147 blood donors was 10.9%, and 76.9%
were HBeAb-positive. Nonetheless, HBeAg seropositivity for HBV-infected blood donors in our study was
lower than those reported from Ethiopia [28], Egypt [29] and Tanzania [30]. HBeAg, a marker of active viral
replication and higher infectiousness, is associated with higher risk for liver cirrhosis and hepatocellular
carcinoma [31]. Sero-conversion to HBeAb frequently concurs with a considerable decline of viral DNA
replication rate and clinical status [32].The higher prevalence of HBeAb in 147 HBcAb-total/HBsAg blood
donors is consistent with a previous study conducted among pregnant women in Eritrea [27] . A similar
pattern has also been observed in other regions like Egypt and Saudi Arabia [29, 33].

Furthermore, this study also evaluated the HBV genotypes among blood donors in Eritrea. We focused on
six major HBV genotypes (A–F) using multiplex-nested PCR with type-speci�c primers. This method
appears to generate higher sensitivity for detecting mixed genotypes, and it is simple and cost-effective
for large population studies with more than 90% accuracy rate [14]. Of 147 HBcAb-total/HBsAg-positive
samples, 49.7% (n=73) were shown to have HBV DNA. This percentage is nearly similar to that obtained
in an earlier study conducted in Angola (53%) that genotype E was circulating [34] and lower than those
similar studies in Iraq, Côte d’Ivoire and India [35-37]. This observation may be explained due to the
differences in methodologies, viral loads and HBeAg positivity rates. Additionally, 80.8% of 73 HBV DNA-
positive blood donors had mono-HBV genotype infection, and the remaining 19.2% had mixed-HBV
genotypes. In fact, a higher prevalence of mono-HBV genotypes has also reported in other studies [38-40].
Our result also found a disparity in the regional distribution of HBV DNA-positive blood donors that most
of them resided in Zoba Maekel (47.9%) registering the highest frequency compared to other Zoba
regions. This condition is probably due to that NBTS is located in Zoba Maekel, which is the place of
having the highest number of blood donors.
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In terms of HBV genotypes, our results identi�ed that genotype D, irrespective of the occurrence of mixed
or single infection, was the predominant circulating genotype, followed by genotypes E, A, C/D, C, C/D/E,
A/D, D/E and B/D. Some investigators have also suggested that patient’s fulminant hepatitis is more
frequent in patients with genotype D infection [41], with higher HBeAg positivity seen in patients infected
with genotype D adds credence to this assertion. Interestingly, HBV mono-genotype infection was shown
to dominate over mixed genotype infection that  opposed to a study conducted in  speci�c parts of Africa
in which HBV mixed-genotype infections are predominant [42]. The observed HBV mixed‐ genotypes
infection in this study may be due to possible recombination between genotypes or migration �ows.
Therefore, the high prevalence of genotype D in the population of Eritrea should raise concern.

The pattern of genotype distribution observed in this study is supported by several studies from Sudan
[43, 44] and Côte d'Ivoire [36] using the same research methods. For instance, genotype D is the dominant
genotype in Northern Africa, Mediterranean and Middle East regions [29, 45, 46]. Comparatively, genotype
E, the second prevalence HBV mono-genotype in our study, is the most recent genotype originating in
Africa and highly prevalence in Western and Central Africa [34, 36]. The prevalence of genotype D and E in
Eritrea (Table 1) may be explained by the fact that the country is in close proximity to Central Africa where
genotype E prevails, while genotype E is prevalent in North Africa and the Middle East. Our result also
indicated that the presence of genotype A, which is dominant in East Africa, was also signi�cant.

Among mono-HBV genotypes infection distributed in Eritrea as reported in this study, genotype D was
predominant in Maekel (42.9%), Debub (60.9%), Semienawi Keiyh Bahri (66.7%), Gash Barka (60%) and
Anseba (75.5%). Geographical distribution of HBV genotypes may play an important role in the extent of
viral transmission. For example, genotypes B and C are more common in endemic regions of perinatal or
vertical exposure, while genotypes A, D and E are primarily observed in regions of horizontal exposure
[47]. Differences in natural history and, possibly, a different response to antiviral treatment may also
explain the observed disparity [48]. Regarding this issue, some investigators have noted in SSA that the
predominant HBV transmission route is horizontal and high probability of acquiring the infection during
earlier childhood. Besides, differences in the distribution of HBV mixed-genotype infections were also
observed. In fact, HBV mixed-genotype infection has been reported in disparate parts of the world [44, 49,
50]. However, the implication of the observed results is hard to uncover and may be subject to a range of
biases and confounding factors, including the fact that most of the blood processed in this facility are
from Zoba Maekel, differences in population densities and socio-cultural differences of attitudes towards
blood donations across six regions. Overall, the regional variations in the distribution of mono-HBV and
mixed-HBV genotypes has been observed by researchers in other regions [51-53].

Conclusion
In summary, the current study demonstrated a relatively low HBeAg positivity among blood donors.
Genotype D is the predominant circulating genotype, either as a HBV mono- or mixed-genotypes infection,
among blood donors across six Zoba regions in Eritrea. Therefore, this study has provided an insight in
narrowing the existing knowledge gap of HBV molecular epidemiology in Eritrea and can be used as a
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reference for similar studies worldwide. Future studies should evaluate the relationships between clinical
relevance of speci�c genotypes and treatment response, as well as programmatic and/or opportunistic
screening for HBV in the general population. Effective education on HBV transmission control, antiviral
treatment and vaccination should also be implemented.  

Future perspective

This study represents the �rst attempt to present data on the serological and genotypical characteristics
of HBV isolates among blood donors in Eritrea. Multiplex-nested PCR method is a useful tool for
prediction of HBV genotypes in Eritrea, providing a simple tool for laboratories to screen the circulating
genotypes. Nevertheless, some limitations in the current study are worth mentioning. It is known that all
HBV isolates were obtained from ‘healthy’ individuals in blood donor settings, and HBV screening was
done for safe blood transfusion. Therefore, future studies should explore the clinical settings with
patients if the situation is different to further disease management. Sequencing studies are also needed
for further HBV genotypes and sub-genotype con�rmation. Additional large-scale studies are required as
genotype D is more common in horizontal rather than vertical transmission.

Summary Points
Hepatitis B virus (HBV) is highly endemic in sub-Saharan African, including Eritrea.

HBV genotypes have distinct geographical distributions in Africa that affect the course of infection,
clinical outcome and treatment e�cacy.

However, the information about HBV genotype distribution and prevalence in Eritrea is still elusive.

This study aimed to determine serological markers and genotypes pro�les of HBV isolates in Central
Eritrea.

Cross-sectional, laboratory-based study recruited 23,232 screened blood donors from 2015 to 2017,
with 191 HBsAg sero-positive samples were randomly selected for the study.

Enzyme-linked immunosorbent assay was used to perform HBV serological markers screening, while
genotypes were determined using type-speci�c primer-based multiplex-nested PCR.

The median age of infected blood donors was 9± 10.26 years.

Of 191 HBsAg reactive serum samples, 5% (148/191) were sero-positive for HBcAb-total, among
which 99.3% (147/148) and 0.7% (1/148) were sero-positive for HBsAg and HBsAb, respectively.

Interestingly, among 147 HBcAb-total/HBsAg reactive samples, 16 (10.9%) and 131 (77.9%) were
sero-positive for HBeAg and HBeAb, respectively.

For genotyping, 73 HBV isolates were successfully ampli�ed and genotyped, with 59 (80.8%) had a
mono-genotype and 14 (19.2%) had a mixed-genotype infection.

Among 60 HBV isolates with mono-genotypes, genotype D was predominant (n = 39; 53.4%),
followed by genotype E (n = 10; 13.7 %), genotype A (n=6, 8.2%) and genotype C (n = 4; 5 %).
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While �ve mixed-genotypes comprised genotype C/D (n=6, 8.2%), genotype C/D/E (n = 3; 1%),
genotype A/D and genotype D/E (each with n = 2; 2.7%) and genotype B/D (n = 1; 1.4%).

HBV genotype D is the predominant genotype, either as a HBV mono- or mixed-genotype infection,
among blood donors in Eritrea.

This study enhances the understanding of genotype prevalence and improves the knowledge on HBV
molecular studiesin Eritrea.

Population-based studies with sequencing of HBV genotypes are recommended for further
con�rmation. 
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Figure 1

Cumulative results of HBV serological markers among blood donors recruited from NBTS, Asmara,
Eritrea.
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Figure 2

Second PCR products showing single HBV genotype D (119 bp) in lanes 1,2,3,4, mixed genotypes C (122
bp) and D (119) in line 6 and 7, and genotypes C (122 bp), D (119) and E (167 bp) in lane 8. Lanes 5
showing negative genotype, (Full gel image has been provided). M, molecular size standards; 50- 2,000 bp
DNA ladder (Sigma-Aldrich, USA).

Figure 3

Second PCR products showing single HBV genotype D (119 bp) in lanes 1,3,4, 5, 6 and 8. Lanes 2 and 7
showing negative genotype, (Full gel image has been provided). M, molecular size standards; 50- 2,000 bp
DNA ladder (Sigma-Aldrich, USA).


