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Characteristics of Patients With Chronic 
Hepatitis B Virus Infection With 
Genotype E Predominance in Burkina 
Faso
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Serge Theophile Soubeiga,2 Isabelle Kiendrebeogo,2 Mahamoudou Sanou,2 Birama Diarra,2 Hwai-I Yang,4 Chien-Jen Chen,4  
Abdoul K. Ouattara,2 Théodora M. Zohoncon,2 Jeremy J. Martinson,5 Kenneth Buetow,6 Jean Christopher Chamcheu,7  
Samuel O. Antwi,8 Mitesh J. Borad,3 Jacques Simpore,2 and Lewis R. Roberts 1

Hepatitis B virus (HBV) genotype E (HBV-E) accounts for the majority of chronic hepatitis B (CHB) infections in 
West Africa. We aimed to determine factors associated with HBV-E-induced hepatocellular carcinoma (HCC) in West 
Africa. Data on patients from Burkina Faso who were hepatitis B surface antigen positive (HBsAg+) and had CHB 
were analyzed. HBV viral load and hepatitis B e antigen (HBeAg) status were measured in 3,885 individuals with 
CHB without HCC (CHB HCC−) and 59 individuals with CHB with HCC (CHB HCC+). HBV genotyping was 
performed for 364 subjects with CHB HCC− and 41 subjects with CHB HCC+. Overall, 2.5% of the CHB HCC− 
group was HBeAg+ compared with 0% of the CHB HCC+ group. Of the 364 patients who were CHB HCC− with 
available genotyping, the frequencies of HBV genotypes E and C/E were 70.3% and 12.9%, respectively. Age (odds 
ratio [OR] for older age, 1.08; 95% confidence interval [CI], 1.06-1.10 per 1-year increase in age), male sex (OR, 2.03; 
95% CI, 1.11-3.69), and HBV viremia (OR, 1.48; 95% CI, 1.31-1.67 per 1 log10  IU/mL) were each associated with 
HCC diagnosis. Patients with genotype E had a lower HBeAg prevalence (6.3% vs. 14.9%), lower HBV viral load, and 
higher prevalence of cirrhosis (14.5% vs. 4.8%) than patients with genotype C/E. Conclusion: HBV-E is the most com-
mon circulating strain (70.3%) in West African patients. HCC was associated with older age, male sex, and high HBV 
viral load. It is expected that these results will further inform guidance on clinical management of HBV infection in 
West Africa. (Hepatology Communications 2020;4:1781-1792).

Chronic hepatitis B (CHB) virus infection is 
among the major causes of hepatocellular 
carcinoma (HCC), the fourth leading cause 

of cancer-related mortality in Africa.(1-3) The risk of 
HCC development among persons with CHB is exac-
erbated by dietary exposure to aflatoxin B1 and heavy 
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alcohol consumption.(1,2) The prevalence of hepatitis 
B virus (HBV) in sub-Saharan Africa is approxi-
mately 6%, which is well above the global prevalence 
of 4%.(1,4) We and others have reported a high prev-
alence of HBV in Burkina Faso, ranging from 9% to 
15%.(5-7) Furthermore, it has been shown that HCC 
is the third leading cause of cancer-related mortal-
ity in Burkina Faso.(8) The high HBV prevalence in 
Burkina Faso, as in many other African countries, is 
due mainly to the relatively recent introduction of 
HBV vaccination and the failure to identify high-risk 
groups with active HBV infection, resulting in dra-
matically high rates of transmission in the perinatal 
period or early childhood.(5-7,9-19)

HBV genotype E (HBV-E) is the most common 
strain of HBV in West Africa, whereas genotype A is 
prevalent in East Africa, and genotypes B, C, and D 
are frequently detected in patients in East Asia and 
South Asia.(20-23) Although it is now well established 
that HBV-C is associated with a higher incidence 
of HCC than genotype B in Asia,(24) little is known 
about the natural history and HCC risk of patients 
with CHB induced by HBV-E.(22,25) HBV-E infec-
tion is almost exclusively restricted to West Africa, 

and HCC risk among patients with HBV-E versus 
other genotypes remains poorly studied.

Several studies on CHB infections have demon-
strated that high HBV viral load is associated with a 
higher risk of developing HCC.(26-28) Current guide-
lines for HBV treatment have set the threshold for 
initiating therapy for patients who are hepatitis B e 
antigen (HBeAg) positive with CHB infections and 
elevated alanine aminotransferase (ALT) levels at an 
HBV DNA level of ≥20,000 IU/mL and the thresh-
old for patients who are HBeAg negative at a level 
of ≥2,000  IU/mL.(29,30) These treatment recommen-
dations are based on data from the Risk Evaluation of 
Viral Load Elevation and Associated Liver Disease/
Cancer-Hepatitis B Virus (REVEAL-HBV) study, 
which reported results and natural history for a large 
prospective cohort of patients with CHB infection in 
Taiwan.(31) However, the optimal cut-off values for 
treatment of CHB infections may differ by viral gen-
otype and host factors, which may vary in different 
geographic regions.

Therefore, to address the scarcity of data on patients 
infected with HBV-E in West Africa, we conducted 
a cross-sectional study in a large cohort of patients 
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from Burkina Faso who were hepatitis B surface anti-
gen positive (HBsAg+) to determine their clinical and 
serologic characteristics, such as HBV DNA level and 
HBV genotype, and the associations of these charac-
teristics with HCC.

Patients and Methods
stuDy population anD Data 
aBstRaCtion

This study was approved by the Institutional Review 
Board of the Burkina Faso National Ethics Committee 
for Health Research (reference no. 2015-01-006; 
January 14, 2015). Patients were recruited and tested 
for HBV viral load from October 1, 2014, through 
August 30, 2017, at Pietro Annigoni Biomedical 
Research Center (CERBA) in Ouagadougou, Burkina 
Faso, West Africa. CERBA provides free HBV viral 
load testing as well as affordable medical care for 
low-income patient populations. The protocol for 
referring patients for HBV viral load testing required 
that all patients be diagnosed with CHB, confirmed 
by at least two HBsAg tests at 6-month intervals. A 
total of 4,163 patients who were HBsAg+ were iden-
tified from the CERBA database. Excluded patients 
included 17 without viral load data and 202 who 
received treatment before the viral load assay. In total, 
3,944 patients with CHB infection (HBsAg+) were 
included, comprising 3,885 patients without HCC 
(CHB HCC−) and 59 with HCC (CHB HCC+) 
(Fig. 1).

Characteristics of patients with CHB, such as age 
at diagnosis of CHB and HCC, sex, and cirrhosis sta-
tus, were collected at the time of serologic testing.(26) 
Clinical data on HCC status and HBV treatment 
were obtained from electronic health records of the 
Department of Gastroenterology and Hepatology 
of the Yalgado Ouedraogo National Hospital in 
Ouagadougou. Cirrhosis and HCC were diagnosed 
based on radiologic findings. Patients did not rou-
tinely have imaging for surveillance because of its 
limited availability. They were seen by local provid-
ers once every 6 to 12 months after the diagnosis of 
CHB to monitor their clinical symptoms. Patients 
were referred for ultrasonography or cross-sectional 
imaging only if cirrhosis was suspected due to jaun-
dice, abnormal liver size, ascites, dilated superficial 

abdominal veins, or elevated liver enzymes; HCC was 
suspected due to elevated liver enzymes or a palpable 
mass; or they had decompensated liver disease.

speCimen ColleCtion anD 
HBV Dna eXtRaCtion

Blood samples were collected aseptically into 
10  mL ethylenediaminetetraacetic tubes and centri-
fuged for 15 minutes at 2,000g. HBV viral DNA was 
extracted from 200  μL of plasma, using a QIAamp 
DNA Blood Mini Kit (QIAGEN GmbH, Hilden, 
Germany).

HBV, Hepatitis C ViRus, anD 
Human immunoDeFiCienCy 
ViRus seRologiC maRKeRs

Laboratory assays, including HBsAg, HBeAg, hep-
atitis B e antibody (HBeAb), hepatitis B core antibody 
(HBcAb), aspartate aminotransferase (AST), ALT, 
human immunodeficiency virus (HIV) antibody, and 
antibody to hepatitis C virus, were performed. HBV 
serologic testing for HBsAg, HBeAg, HBeAb, and 
HBcAb was performed by immunoassay (bioMérieux, 
Boxtel, the Netherlands).

HBV ViRal loaD
HBV DNA was quantified in 20-µL reactions 

containing 5  μL of HBV-infected patient DNA 

Fig. 1. Patient flow chart.
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sample using an Oasig 2X quantitative polymerase 
chain reaction (PCR) Mastermix (Primerdesign 
Ltd., United Kingdom). An ABI 7500 real-time 
PCR system (Applied Biosystems, Foster City, CA) 
was used with the following thermocycling condi-
tions: 95°C for 10 minutes, followed by 50 cycles of 
95°C for 10  seconds and 60°C for 1 minute. HBV-
specific primers used in this reaction targeted a 
highly conserved region of the HBV surface gene, 
which provides accurate detection of genotypes A 
to H. For these reactions, HBV-plasmid DNA with 
10-fold serial dilution was used to generate a stan-
dard curve. The data were analyzed using the 7500 
Fast Software version 2.1 (Applied Biosystems), and 
HBV viral load was expressed in IU/mL. The detec-
tion limit was set to 20 IU/mL (sensitivity and spec-
ificity >95%). The quantitative HBV-specific PCR 
assays were routinely standardized using the World 
Health Organization standards for HBV DNA 
(National Institute for Biological Standards and 
Control code 97/750).

HBV genotypes anD 
suBgenotypes

HBV genotyping is not routinely performed for 
patients in Burkina Faso and was performed on a 
randomly selected subset in our study. HBV DNA 
was used in a multiplex PCR to identify HBV gen-
otypes A to F based on the method described by 
Chen et al.(32) The GeneAmp PCR System 9700 
(Applied Biosystems) was used to amplify HBsAg 
gene sequences with the following PCR conditions: 
activation (95°C, 15  minutes), 35 cycles of dena-
turation (94°C, 1  minute), primer annealing (58°C, 
1  minute), and extension (72°C, 1  minute), followed 
by a final extension (72°C, 10  minutes). PCR prod-
ucts were separated by electrophoresis in 2% agarose 
gels, and DNA was visualized under ultraviolet light. 
We sequentially first  used primers specific for geno-
types A, B, and C, followed by a second  PCR with 
primers specific for genotypes D, E, and F. A result 
of two or more genotypes, for example, C/E, indicates 
that genotype C was found in the first PCR and E in 
the second PCR and is reported as having recombi-
nant genotypes E and C. Our group has successfully 
used this approach and analysis of HBV pre-S1/S2 
regions using Sanger sequencing to confirm the pre-
dominance of HBV-E in Burkina Faso.(22,23)

statistiCal analysis
Baseline characteristics were compared between 

patients with and without HCC and reported as 
percentages for categorical variables and median 
(interquartile range [IQR]) for continuous variables. 
Continuous data, including age, AST, ALT, HBV 
DNA viral load, and log10 viral load, were compared 
using the Mann-Whitney U test. Categorical data, 
including sex, HBV serology, cirrhosis status, and 
coinfection status, were compared using the χ2 or 
Fisher’s exact test. The associations of baseline char-
acteristics with cirrhosis, HCC, and HBV viral load 
were analyzed by univariate and multivariable logistic 
regression. All analyses were performed using JMP 
version 10 software (SAS Institute Inc., Cary, NC). 
P < 0.05 was considered statistically significant.

Results
CHaRaCteRistiCs oF BuRKina 
Faso patients WHo WeRe CHB 
HCC+ oR CHB HCC−

There were 59 patients who were CHB HCC+ and 
3,885 patients who were CHB HCC−. Patients who 
were CHB HCC+ were significantly older (median, 
43; IQR, 34-50; range, 25-73 years) than patients who 
were CHB HCC− (median, 32; IQR, 26-39; range, 
1-85  years; P  <  0.001) (Table 1). The percentage of 
male patients was higher in the CHB HCC+ cohort 
(n  =  39; 66.1%) than in the CHB HCC− cohort 
(n  =  1,717; 44.2%; P  <  0.001). In the CHB HCC− 
cohort, 10 patients had multiple infections, including 
5 with HBV/HCV (0.13%) and 5 with HBV/HIV 
(0.13%). No coinfections were found in the CHB 
HCC+ cohort. Fifty-four of the 3,885 (1.4%) CHB 
HCC- patients had cirrhosis, while 17 of 33 (51.5%) 
CHB HCC+ patients with available cirrhosis status 
had cirrhosis (P < 0.001).

The median serum aminotransferase levels (AST 
and ALT) reflective of active hepatitis were signifi-
cantly higher in the CHB HCC+ group in than the 
CHB HCC− group (median AST, 90.5; IQR, 39.2-
197.5 vs. median, 25.0; IQR, 19.0-34.0; P  <  0.001, 
respectively, and median ALT, 59.5; IQR, 36.0-102.8 
vs. median, 21.0; IQR, 14.0-31.0; P  <  0.001, respec-
tively). The median AST/ALT ratio was 1.4 (IQR, 
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1.1-2.7) in the CHB HCC+ group and 1.2 (IQR, 
0.9-1.6) in the CHB HCC− group (P = 0.002).

Of the patients who were CHB HCC−, 2.5% 
(96/3,807) were HBeAg+ and 95.8% (3,593/3,752) 

were HBeAb+. The distribution of HBeAg+ by 
age was 4% (9/225), <20  years; 4.1% (54/1,317), 
20-29  years; 1.9% (26/1,398), 30-39  years; 1.2% 
(7/569), 40-49  years; and 0% (0/298), ≥50  years. All 

taBle 1. CHaRaCteRistiCs oF patients WitH CHB inFeCtion (HBsag+) WitH anD WitHout HCC 
in tHe BuRKina Faso CoHoRt

Clinical Characteristics*

HBsAg+

P Value

Patients With Available Data

No HCC (n = 3,885) HCC (n = 59) (CHB HCC‒/CHB HCC+)

Age (years) at HBV diagnosis, median (IQR) 32 (26-39) 43 (34-50) <0.001 3,843/59

Age, years NA 3,843/59

<20 227 (5.9) 0

20-29 1,326 (34.5) 5 (8.5)

30-39 1,410 (36.7) 16 (27.1)

40-49 574 (15.0) 17 (28.8)

50-59 217 (5.6) 14 (23.7)

≥60 89 (2.3) 7 (11.9)

Male sex 1,717 (44.2) 39 (66.1) <0.001 3,885/59

Cirrhosis 54 (1.4) 17 (51.5) <0.001 3,885/33

Liver enzyme levels, median (IQR)

AST, IU/L 25 (19-34) 90.5 (39.2-197.5) <0.001 2,168/58

AST ≥30 IU/L 770 (35.5) 54 (93.1) <0.001

ALT, IU/L 21 (14-31) 59.5 (36.0-102.8) <0.001 2,190/58

ALT ≥30 IU/L 615 (28.1) 48 (82.8) <0.001

AST/ALT ratio, median (IQR) 1.2 (0.9-1.6) 1.4 (1.1-2.7) 0.002 2,161/58

AST/ALT <1.0 603 (27.9) 11 (19.0) <0.001 (for all classes)

AST/ALT 1.0-<1.5 927 (42.9) 22 (37.9)

AST/ALT 1.5-<2.0 365 (16.9) 5 (8.6)

AST/ALT ≥2.0 266 (12.3) 20 (34.5)

Serologic testing

HBcAb+ 3,280 (99.6) 59 (100) 1.00 3,294/59

HBeAg+ 96 (2.5) 0 (0) 0.40 3,807/58

HBeAb+ 3,593 (95.8) 58 (100) 0.52 3,752/58

Genotypes 364/41

A 1 (0.3) 0 NA

B 0 0 NA

C 21 (5.8) 1 (2.4) 0.36

A/B/C 2 (0.5) 0 NA

B/C 8 (2.2) 0 NA

E 256 (70.3) 32 (78.0) 0.83

A/E 4 (1.1) 2 (4.9) 0.60

B/E 1 (0.3) 0 NA

C/E 47 (12.9) 5 (12.2) 0.76

D/E 1 (0.3) 0 NA

A/C/E 4 (1.1) 1 (2.4) 0.32

B/C/E 14 (3.8) 0 NA

C/D/E 2 (0.5) 0 NA

C/D/E/F 3 (0.8) 0 NA

HBV viral load, IU/mL, median (IQR) 502 (0-6,475) 83,593 (1,405-830,902) <0.001 3,885/59

*Values are numbers (%) unless otherwise indicated.
Abbreviation: NA, not applicable.
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58 patients who were CHB HCC+ with available 
data were HBeAg− and HBeAb+. There was no sig-
nificant difference in HBeAg or HBeAb serologic 
status between patients who were CHB HCC− and 
CHB HCC+ (P = 0.40 and 0.53, respectively).

FaCtoRs assoCiateD WitH 
CiRRHosis in patients WHo 
WeRe CHB HCC−

Of the CHB HCC- patients, the 54 patients with 
cirrhosis were significantly older and had significantly 
higher HBV viral loads than the 3,831 patients with-
out cirrhosis, with an odds ratio (OR) of 1.08 (95% 
confidence interval [CI], 1.06-1.11; P  <  0.001) per 
1-year increase in age and 1.26 (95% CI, 1.12-1.43; 
P  <  0.001) per 1 log10  IU/mL increase in viral load 
(Table 2). Male sex was not significantly associated 
with cirrhosis status (OR, 1.26; 95% CI, 0.71-2.28; 
P = 0.44).

FaCtoRs assoCiateD WitH HCC 
in patients WitH CHB 

Comparing CHB HCC+ and CHB HCC- 
patients, older age, male sex, and higher HBV viral 
load were significantly associated with HCC (OR, 
1.08; 95% CI, 1.06-1.10; P < 0.001 per 1-year increase 
in age; OR, 2.03; 95% CI, 1.11-3.69; P  =  0.02 for 
male sex; and OR, 1.48; 95% CI, 1.31-1.67; P < 0.001 
per 1 log10 IU/mL increase in viral load) (Table 2).

HBV ViRal loaD oF patients 
WHo WeRe CHB HCC+ oR CHB 
HCC−

The median HBV viral load of patients 
who were CHB HCC+ (median, 83,593; IQR, 

1,405-830,902  IU/mL) was significantly higher than 
that of patients who were CHB HCC− (median, 502; 
IQR, 0-6,475 IU/mL; P < 0.001) (Fig. 2).

Comparing patients who were CHB HCC− and 
those who were CHB HCC+, we found a significantly 
higher percentage of patients with HBV viral load 
≥2,000 IU/mL (73.3% vs. 34.4%) and ≥20,000 IU/mL  
(60.0% vs. 18.7%) in the CHB HCC+ group than 
the CHB HCC− group (P  <  0.001 and P  <  0.001, 
respectively).

Among the CHB HCC− cohort, there were  
1,337 patients (34.4%) with an HBV viral load 
≥2,000  IU/mL, 728 patients (18.7%) with an HBV 
viral load ≥20,000  IU/mL, and 946 (24.4%) patients 
with undetectable viral DNA.

Among the CHB HCC+ cohort, there were  
44 patients (73.3%) with an HBV viral load 
≥2,000 IU/mL, 36 patients (60%) with an HBV viral 
load ≥20,000  IU/mL, and 4 patients (6.8%) with 
undetectable viral DNA.

Among the age groups, HBV viral loads of patients 
with HCC were significantly higher than those in 
patients without HCC, except in patients from 20 to 
29 years of age. When patients in different age groups 
were classified by viral load, we found that individuals 
<20  years of age had the highest percentage of viral 
load ≥20,000  IU/mL (n  =  80, 35.2%). Patients from 
20 to 29 years of age had the second highest percent-
age of viral load ≥20,000  IU/mL (n  =  272, 20.5%) 
compared with <15% of patients in the other age 
groups. Most patients had viral loads of 60  IU/mL  
or less (30.4%-35.3% across all age groups). There 
were significant differences in viral load among age 
groups (P  =  0.004). We also observed similar trends 
of differential viral loads among different age groups 
between male and female patients (Fig. 3). However, 
with regression analysis, HBV viral load was not cor-
related with age (r = −0.028; 95% CI, −0.059-0.003).

taBle 2. uniVaRiate RegRession analysis FoR CiRRHosis anD HCC

Clinical Characteristics OR (95% CI) for Cirrhosis* P Value OR (95% CI) for HCC P Value

Age increase, per 1 year 1.08 (1.06-1.11) <0.001 1.08 (1.06-1.10) <0.001

Male sex 1.26 (0.71-2.28) 0.44 2.03 (1.11-3.69) 0.02

HBV viral load, per increase of 
log10 (log IU/mL)

1.26 (1.12-1.43) <0.001 1.48 (1.31-1.67) <0.001

*Among patients without HCC.
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CHaRaCteRistiCs oF CHB in 
patients WitH DiFFeRent HBV 
genotypes

We performed HBV genotyping in 364 patients 
who were CHB HCC− and 41 patients who were 
CHB HCC+. Characteristics of patients with geno-
type E, other genotypes excluding genotype E, and 
nongenotyped patients are shown in Table 3. Of the 
364 patients who were CHB HCC−, 256 (70.3%) had 
genotype E, 47 (12.9%) had genotype C/E, 21 (5.8%) 
had genotype C, and 14 (3.8%) had genotype B/C/E. 
Among 41 patients with HCC with genotyping, gen-
otype E was found in 32 patients (78.0%). The other 

less common genotypes are shown in Table 1. There 
was no difference in numbers of patients with geno-
type E, C, or C/E among patients who were CHB 
HCC‒ and CHB HCC+ (P  =  0.83, 0.36, and 0.76, 
respectively).

Among the patients who were CHB HCC−, we 
compared the 256 patients with genotype E to the 47 
patients with genotype C/E and the 21 patients with 
genotype C (Table 3). There were fewer patients who 
were HbeAg+ in the genotype E group (6.3%) than the 
genotype C/E (14.9%) or genotype C (9.5%) groups 
(P  =  0.06 and P  =  0.58, respectively). More patients 
with genotype E (14.5%) than patients with geno-
types C/E (10.6%) or C (4.8%) had cirrhosis (P = 0.47 

Fig. 2. Dot plot of viral load (log10) of patients with CHB virus infection with and without HCC by age group.
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Fig. 3. HBV viral load classification by age and sex for patients without HCC.

taBle 3. CHaRaCteRistiCs oF patients WHo WeRe CHB HCC‒ By genotype

Clinical Characteristics*

Patients Who Were HBsAg+, CHB HCC‒ P Value P Value

Genotype E (n = 256) Genotype C/E (n = 47) Genotype C (n = 21) For E vs. C/E For E vs. C

Age (years) at HBV diagnosis, 
median (IQR)

33 (27-41) (missing 3) 28 (25-38) (missing 0) 34 (24-29) (missing 0) 0.021 0.634

Age, years 0.143 0.923

<20 5 (2.0) 4 (8.5) 0

20-29 89 (35.2) 21 (44.7) 8 (38.1)

30-39 92 (36.4) 13 (27.7) 8 (38.1)

≥40 67 (26.5) (missing 3) 9 (19.1) (missing 0) 5 (23.8) (missing 0 )

Male sex 126 (49.2) (missing 0) 25 (53.2) (missing 0) 11 (52.4) (missing 0) 0.617 0.781

Cirrhosis 37 (14.5) (missing 0) 5 (10.6) (missing 0) 1 (4.8) (missing 0) 0.474 0.163

HBeAg+ 16 (6.3) (missing 1) 7 (14.9) (missing 0) 2 (9.5) (missing 0) 0.061 0.584

HBeAb+ 232 (92.1) (missing 4) 39 (83.0) (missing 0) 18 (85.7) (missing 0) 0.069 0.352

Liver enzyme levels, median (IQR)

AST, IU/L 28 (21-39) 30 (20-47) 28 (21-39) 0.569 0.196

AST ≥30 IU/L 121 (47.5) (missing 1) 24 (51.1) (missing 0) 11 (52.4) (missing 0) 0.649 0.664

ALT, IU/L 24 (16-38) 34 (16-52) 31 (19-61) 0.141 0.050

ALT ≥30 IU/L 99 (38.8) (missing 1) 25 (53.2) (missing 0) 13 (61.9) (missing 0) 0.066 0.041

AST/ALT ratio, median (IQR) 1.17 (0.92-1.49) (miss-
ing 1)

1.09 (0.85-1.30) (miss-
ing 0)

1.29 (0.87-1.54) (miss-
ing 0)

0.236 0.629

AST/ALT <1.0 77 (30.2) 18 (38.3) 77 (30.2) 0.551 (for all 
classes)

0.792 (for all 
classes)

AST/ALT 1.0-<1.5 115 (45.1) 21 (44.7) 8 (38.1)

AST/ALT 1.5-<2.0 42 (16.5) 6 (12.8) 3 (14.3)

AST/ALT ≥2.0 21 (8.2) 2 (4.3) 3 (14.3)

HBV viral load, IU/mL, median (IQR) 13,424 (1,463-310,013) 19,496,410 (1,248,321-
80,494,145)

939,129 
(9,800-2,795,475)

<0.001 0.003

* Values are numbers (%) unless otherwise indicated. 
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and P  =  0.16, respectively). The HBV viral load was 
lower in the genotype E group (median, 13,424; IQR, 
1,463-310,013 IU/mL) than the C/E group (median, 
19,496,410; IQR, 1,248,321-80,494,145  IU/mL; 
P  <  0.001) or the C group (median, 939,129; IQR, 
9,800-2,795,475 IU/mL; P = 0.003).

CHaRaCteRistiCs oF CHB 
WitH genotype e WitH anD 
WitHout HCC

Of the 256 patients who were CHB HCC− with 
exclusively genotype E, there were 16 (6.3%, 1 miss-
ing) patients who were HBeAg+ and 232 (92.1%, 4 
missing) who were HBeAb+. None of the 32 patients 
with HCC were HBeAg+ (Supporting Table S1). 
Patients with HCC had significantly elevated lev-
els of AST and ALT and a higher AST/ALT ratio 
compared with the patients without HCC (P < 0.001, 
P  <  0.001, and P  =  0.004, respectively; Supporting 

Table S1). HBV viral load was not significantly dif-
ferent between patients with and without HCC 
(P = 0.107).

patient ClassiFiCation By 
pHase oF CHB inFeCtion

Patients were classified into four phases of chronic 
HBV infection according to the 2016 American 
Association for the Study of Liver Diseases (AASLD) 
guidelines: (1) immunotolerance, (2) HBeAg+ 
immune active, (3) inactive CHB viral infection, and 
(4) HBeAg− immune reactivation.(31) When strictly 
classified according to AASLD criteria, only 1,317 
(33.9%) patients could be categorized. Patients who 
did not meet the inclusion requirements of any spe-
cific group were categorized on the basis of pres-
ence of HBeAg, elevated ALT level, and viral load, 
respectively. The number of patients in each phase 
by age group is shown in Fig. 4, with most patients 

Fig. 4. CHB phase by age group. The number at the top of each bar is the total for that column.
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categorized in the inactive CHB and HBeAg− 
immune reactivation phases.

Discussion
This study reports one of the largest cohorts of 

patients with CHB infection in Africa and identi-
fies HBV-E as the most prevalent circulating HBV 
genotype. The next most commonly prevalent strains 
were HBV-C and recombinant genotypes C/E. 
Additionally, these genotypes were associated with 
low frequencies of HBeAg+ and relatively low HBV 
viral load, particularly HBV-E. Of patients who were 
CHB HCC−, 2.5% were HBeAg+, whereas none of 
the patients who were CHB HCC+ were HBeAg+. 
Previous studies of CHB genotype E infection in 
sub-Saharan Africa showed HBeAg+ prevalence rang-
ing between 8% and 19%.(33,34) This large variability 
between countries could be potentially explained by 
differences in modes of transmission and/or the nat-
ural history of different genotypes. The clearance of 
HBeAg strongly correlates to mode of transmission 
as the risk of mother-to-child HBV transmission is 
much lower in mothers who are HBeAg− than those 
who are HBeAg+ in sub-Saharan Africa, with a risk 
of 38% in HBeAg+ versus 5% in HBeAg− for mothers 
who did not use HBV prophylaxis.(33,35) Patients with 
CHB genotype E who have a high HBV viral load 
also have a higher rate of vertical transmission.(36) It 
is now generally accepted that horizontal transmission 
within the household during childhood is the primary 
mode of HBV transmission in sub-Saharan Africa.(37) 
The predominance of this mode of HBV transmission 
could be due to the natural history of CHB genotype 
E as we also found that genotype E has a lower prev-
alence of HBeAg+ than other genotypes, including 
genotypes C and C/E.

We showed that HCC was associated with older 
age, male sex, and high HBV viral load in patients 
with CHB infection, findings that have been reported 
in the literature.(16-19,26-28) In contrast to studies that 
showed HBeAg+ to be a risk factor for patients with 
CHB to develop HCC, none of the patients who 
were CHB HCC+ in our study were HBeAg+.(26,27,38) 
However, in this study, HBeAg positivity was deter-
mined mainly at diagnosis of HCC and only infre-
quently when patients were diagnosed with CHB. In 
addition, HBeAg seroconversion beyond the fourth 

decade of life has been associated with increased 
HBV viral load, liver cirrhosis, and HCC.(39) We were 
unable to confirm whether HCC was diagnosed after 
a late-onset seroconversion or if the patients had been 
HBeAg− since childhood.

Genotypes E, C/E, and C, respectively, were pre-
dominant in our study. Patients with genotype E 
had significantly more cirrhosis. However, only a few 
patients with HBV-E were HBeAg+, and patients with 
HBV-E had lower HBV viral loads than patients with 
genotypes C/E or C. This indicates the existence of dif-
ferent characteristics of HBV infection among patients 
with different genotypes. Nonetheless, the clinical sig-
nificance of either the lower viral load or the correla-
tion with cirrhosis or HCC development will require 
further longitudinal study. Because of the geographic 
distribution of CHB genotype E, available comparisons 
of genotype E to other genotypes are limited. A small 
study in Sudan compared CHB genotypes C and D 
with genotype E and found that patients with genotype 
E had higher HBeAg+ levels and higher HBV viral 
loads than those with genotype D.(40)

Current guidelines use HBeAg status, HBV viral 
load, and elevated ALT level as indications for treat-
ment of patients with HBV without cirrhosis.(29,31) 
Interestingly, our patients presented with a lower prev-
alence of HBeAg+ and lower HBV viral loads when 
compared with patients enrolled in the REVEAL-
HBV study.(31) This suggests that the current classifi-
cation of CHB infection based on viral load, HBeAg 
status, and liver enzyme levels may have limited 
applicability to patients from West Africa, particularly 
Burkina Faso.

This is the first large study of patients with CHB 
infection from West Africa, an area uniquely known 
to have HBV-E. Although HBV-E was predominant 
in our cohort, we do not have extensive genotyping 
results, and genotyping was performed on samples 
with high HBV viral loads; thus, further studies are 
crucial for identifying HBV genotypes and recom-
binant strains circulating in the country. Moreover, 
cirrhosis and HCC in this cohort were likely under-
reported because of the limited availability of surveil-
lance imaging modalities for screening. The actual 
cirrhosis and HCC status of the patients with CHB is 
likely higher than the numbers we reported. Complete 
clinical data for patients with CHB and HCC were 
limited, including data for other risk factors, such 
as cirrhosis, dietary aflatoxin B1 exposure, alcohol 
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consumption, and smoking status. Longitudinal follow- 
up of patients from the time of HBV diagnosis to 
the development of HCC will be needed to provide 
sufficient clinical and genomic information to conclu-
sively determine the factors associated with the risk 
of developing HCC. Importantly, this study provides 
for the first time useful data on the characteristics of 
patients with CHB with and without HCC at the 
time of diagnosis in an HBV-endemic area of West 
Africa.

In Burkina Faso, CHB genotype E was the most 
common circulating strain (70.3%); HBeAg preva-
lence was low (2.5%). HCC was associated with older 
age, male sex, elevated liver enzyme levels, and high 
viral load. Patients with genotype E had relatively 
lower HBeAg positivity, higher cirrhosis prevalence, 
and lower HBV viral load compared with genotypes 
C/E and C. This study once again highlighted the 
need for more studies to characterize the strains of 
HBV circulating in West Africa and their associa-
tion to chronic HBV, cirrhosis, and the early onset of 
HCC in sub-Saharan Africa.

Acknowledgment: We thank Dr. Murray H. Brilliant for 
critical review of this manuscript.

ReFeRenCes
 1) Yang JD, Mohamed EA, Aziz AO, Shousha HI, Hashem MB, 

Nabeel MM, et al.; Africa Network for Gastrointestinal and Liver 
Diseases. Characteristics, management, and outcomes of patients 
with hepatocellular carcinoma in Africa: a multicountry observa-
tional study from the Africa Liver Cancer Consortium. Lancet 
Gastroenterol Hepatol 2017;2:103-111.

 2) Zakharia K, Luther CA, Alsabbak H, Roberts LR. Hepatocellular 
carcinoma: epidemiology, pathogenesis and surveillance— 
implications for sub-Saharan Africa. S Afr Med J 2018;108:35-40.

 3) Chan AJ, Balderramo D, Kikuchi L, Ballerga EG, Prieto JE, 
Tapias M, et al. Early age hepatocellular carcinoma associated 
with hepatitis B infection in South America. Clin Gastroenterol 
Hepatol 2017;15:1631-1632.

 4) Nelson NP, Easterbrook PJ, McMahon BJ. Epidemiology of hep-
atitis B virus infection and impact of vaccination on disease. Clin 
Liver Dis 2016;20:607-628.

 5) Tao I, Compaore TR, Diarra B, Djigma F, Zohoncon TM, 
Assih M, et al. Seroepidemiology of hepatitis B and C viruses 
in the general population of Burkina Faso. Hepat Res Treat 
2014;2014:781843. https://doi.org/10.1155/2014/781843.

 6) Nagalo BM, Bisseye C, Sanou M, Kienou K, Nebie YK, Kiba A, 
et al. Seroprevalence and incidence of transfusion-transmitted in-
fectious diseases among blood donors from regional blood trans-
fusion centres in Burkina Faso, West Africa. Trop Med Int Health 
2012;17:247-253.

 7) Ilboudo D, Sawadogo A, Simpore J. Mother-to-child transmission 
of hepatitis B virus, in Ouagadougou, Burkina Faso. [in French] 
Med Trop (Mars) 2002;62:99-101.

 8) International Agency for Research on Cancer. Global cancer observa-
tory. https://gco.iarc.fr/. Regularly updated. Accessed July 26, 2019.

 9) Zeba MT, Sanou M, Bisseye C, Kiba A, Nagalo BM, Djigma FW, 
et al. Characterisation of hepatitis C virus genotype among blood 
donors at the regional blood transfusion centre of Ouagadougou, 
Burkina Faso. Blood Transfus 2014;12(Suppl. 1):S54-S57.

 10) Lingani M, Akita T, Ouoba S, Sanou AM, Sugiyama A, Tarnagda 
Z, et al. High prevalence of hepatitis B infections in Burkina Faso 
(1996-2017): a systematic review with meta-analysis of epidemio-
logical studies. BMC Public Health 2018;18:551.

 11) Simpore J, Granato M, Santarelli R, Nsme RA, Coluzzi M, 
Pietra V, et al. Prevalence of infection by HHV-8, HIV, HCV 
and HBV among pregnant women in Burkina Faso. J Clin Virol 
2004;31:78-80.

 12) Spearman CW, Afihene M, Ally R, Apica B, Awuku Y, Cunha L, 
et al.; Gastroenterology and Hepatology Association of sub-Saha-
ran Africa (GHASSA). Hepatitis B in sub-Saharan Africa: strate-
gies to achieve the 2030 elimination targets. Lancet Gastroenterol 
Hepatol 2017;2:900-909.

 13) Allain JP, Opare-Sem O. Screening and diagnosis of HBV in 
low-income and middle-income countries. Nat Rev Gastroenterol 
Hepatol 2016;13:643-653.

 14) Yin WJ, Shen LP, Wang FZ, Zhang GM, Zheng H, Wang F,  
et al. Hepatitis B immunoprophylactic failure and characteristics 
of the hepatitis B virus gene in mother-infant pairs in parts of 
China. Biomed Environ Sci 2016;29:790-801.

 15) Mathet VL, Cuestas ML, Ruiz V, Minassian ML, Rivero C, Trinks 
J, et al. Detection of hepatitis B virus (HBV) genotype E carried— 
even in the presence of high titers of anti-HBs antibodies—by an 
Argentinean patient of African descent who had received vaccina-
tion against HBV. J Clin Microbiol 2006;44:3435-3439.

 16) Karthigesu VD, Allison LM, Ferguson M, Howard CR. A hepati-
tis B virus variant found in the sera of immunised children induces 
a conformational change in the HBsAg “a” determinant. J Med 
Virol 1999;58:346-352.

 17) Gerlich WH. Do we need better hepatitis B vaccines? Indian  
J Med Res 2017;145:414-419.

 18) Schlabe S, van Bremen K, Aldabbagh S, Glebe D, Bremer CM, 
Marsen T, et al. Hepatitis B virus subgenotype F3 reactivation 
with vaccine escape mutations: a case report and review of the lit-
erature. World J Hepatol 2018;10:509-516.

 19) Mokaya J, McNaughton AL, Hadley MJ, Beloukas A, Geretti 
AM, Goedhals D, et al. A systematic review of hepatitis B virus 
(HBV) drug and vaccine escape mutations in Africa: a call for ur-
gent action. PLoS Negl Trop Dis 2018;12:e0006629.

 20) Sunbul M. Hepatitis B virus genotypes: global distribution and 
clinical importance. World J Gastroenterol 2014;20:5427-5434.

 21) Kramvis A. Molecular characteristics and clinical relevance of 
African genotypes and subgenotypes of hepatitis B virus. S Afr 
Med J 2018;108:17-21.

 22) Candotti D, Diarra B, Bisseye C, Tao I, Pham Quang K, Sanou M, 
et al. Molecular characterization of hepatitis B virus in blood do-
nors from Burkina Faso: prevalence of quasi-subgenotype A3, gen-
otype E, and mixed infections. J Med Virol 2016;88:2145-2156.

 23) Diarra B, Yonli AT, Sorgho PA, Compaore TR, Ouattara AK, 
Zongo WA, et al. Occult hepatitis B virus infection and associ-
ated genotypes among HBsAg-negative subjects in Burkina Faso. 
Mediterr J Hematol Infect Dis 2018;10:e2018007.

 24) Yang H-I, Yeh S-H, Chen P-J, Iloeje UH, Jen C-L, Su J, et al.; 
REVEAL-HBV Study Group. Associations between hepatitis B 
virus genotype and mutants and the risk of hepatocellular carci-
noma. J Natl Cancer Inst 2008;100:1134-1143.

 25) malagnino V, salpini R, Maffongelli G, Battisti A, Fabeni 
L, Piermatteo L, et al. High rates of chronic HBV genotype E 

https://doi.org/10.1155/2014/781843
https://gco.iarc.fr/


Hepatology CommuniCations, December 2020WONGJARUPONG, YONLI, ET AL.

1792

infection in a group of migrants in Italy from West Africa: vi-
rological characteristics associated with poor immune clearance. 
PLoS One 2018;13:e0195045.

 26) Chen CJ, Yang HI, Su J, Jen CL, You SL, Lu SN, et al.; 
REVEAL-HBV Study Group. Risk of hepatocellular carcinoma 
across a biological gradient of serum hepatitis B virus DNA level. 
JAMA 2006;295:65-73.

 27) Mendy ME, Welzel T, Lesi OA, Hainaut P, Hall AJ, Kuniholm 
MH, et al. Hepatitis B viral load and risk for liver cirrhosis and 
hepatocellular carcinoma in The Gambia, West Africa. J Viral 
Hepat 2010;17:115-122.

 28) Viana R, Wang R, Yu MC, Welschinger R, Chen CY, Kew MC. 
Hepatitis B viral loads in southern African Blacks with hepatocel-
lular carcinoma. J Med Virol 2009;81:1525-1530.

 29) European Association for the Study of the Liver. EASL 2017 
Clinical Practice Guidelines on the management of hepatitis B 
virus infection. J Hepatol 2017;67:370-398.

 30) Nakaya A, Fujita S, Satake A, Nakanishi T, Azuma Y, Tsubokura 
Y, et al. Delayed HBV reactivation in rituximab-containing che-
motherapy: how long should we continue anti-virus prophylaxis or 
monitoring HBV-DNA? Leuk Res 2016;50:46-49.

 31) Terrault NA, Bzowej NH, Chang KM, Hwang JP, Jonas MM, 
Murad MH; American Association for the Study of Liver 
Diseases. AASLD guidelines for treatment of chronic hepatitis B. 
Hepatology 2016;63:261-283.

 32) Chen J, Yin J, Tan X, Zhang H, Zhang H, Chen B, et al. Improved 
multiplex-PCR to identify hepatitis B virus genotypes A-F 
and subgenotypes B1, B2, C1 and C2. J Clin Virol 2007;38: 
238-243.

 33) Keane e, Funk al, Shimakawa Y. Systematic review with meta- 
analysis: the risk of mother-to-child transmission of hepatitis B 
virus infection in sub-Saharan Africa. Aliment Pharmacol Ther 
2016;44:1005-1017.

 34) Forbi JC, Iperepolu OH, Zungwe T, Agwale SM. Prevalence of 
hepatitis B e antigen in chronic HBV carriers in North-central 
Nigeria. J Health Popul Nutr 2012;30:377-382.

 35) Sangare L, Sombie R, Combassere AW, Kouanda A, Kania D, 
Zerbo O, et al. Antenatal transmission of hepatitis B virus in an 
area of HIV moderate prevalence, Burkina Faso. [in French] Bull 
Soc Pathol Exot 2009;102:226-229.

 36) Candotti D, Danso K, Allain JP. Maternofetal transmission of 
hepatitis B virus genotype E in Ghana, West Africa. J Gen Virol 
2007;88:2686-2695.

 37) Martinson FE, Weigle KA, Royce RA, Weber DJ, Suchindran CM, 
Lemon SM. Risk factors for horizontal transmission of hepatitis B 
virus in a rural district in Ghana. Am J Epidemiol 1998;147:478-487.

 38) Yang HI, Lu SN, Liaw YF, You SL, Sun CA, Wang LY, et al.; 
Taiwan Community-Based Cancer Screening Project Group. 
Hepatitis B e antigen and the risk of hepatocellular carcinoma. N 
Engl J Med 2002;347:168-174.

 39) Liaw YF. HBeAg seroconversion as an important end point in the 
treatment of chronic hepatitis B. Hepatol Int 2009;3:425-433.

 40) Yousif M, Mudawi H, Bakhiet S, Glebe D, Kramvis A. Molecular 
characterization of hepatitis B virus in liver disease patients and 
asymptomatic carriers of the virus in Sudan. BMC Infect Dis 
2013;13:328.

Author names in bold designate shared co-first 
authorship.

Supporting Information
Additional Supporting Information may be found at 

onlinelibrary.wiley.com/doi/10.1002/hep4.1595/suppinfo.

http://onlinelibrary.wiley.com/doi/10.1002/hep4.1595/suppinfo

