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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 logl0 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).

hronic hepatitis B (CHB) virus infection is of cancer-related mortality in Africa. "3 The risk of
among the major causes of hepatocellular HCC development among persons with CHB is exac-
carcinoma (HCC), the fourth leading cause erbated by dietary exposure to aflatoxin B, and heavy
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alcohol consumption.™” The prevalence of hepatitis
B virus (HBV) in sub-Saharan Africa is approxi-
mately 6%, which is well above the global prevalence
of 4%.%% We and others have reported a high prev-
alence of HBV in Burkina Faso, ranging from 9% to
159%.06°7 Furthermore, it has been shown that HCC
is the third leading cause of cancer-related mortal-
ity in Burkina Faso.®) The high HBV prevalence in
Burkina Faso, as in many other African countries, is
due mainly to the relatively recent introduction of
HBYV 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.® 7?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.**?¥ Although it is now well established
that HBV-C is associated with a higher incidence
of HCC than genotype B in Asia,®” little is known
about the natural history and HCC risk of patients
with CHB induced by HBV-E.?**) HBV-E infec-

tion is almost exclusively restricted to West Africa,
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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.%*?® 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 220,000 IU/mL and the thresh-
old for patients who are HBeAg negative at a level
of 22,000 IU/mL.%%3% 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.®? 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
tor 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.*®
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
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Patients with CHB HBsAg+
(N=4,163)

Excluded:
—1 No viral load data (n=17)
Received treatment before viral load assay (n =202)

l

CHB HBsAg+ without HCC CHB HBsAg+ with HCC
(n=3,885) (n=59)
HBYV genotyping HBYV genotyping
(n=1364) (n=41)

FIG. 1. Patient flow chart.

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 pL 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 (HBeADb), hepatitis B core antibody
(HBcAD), 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
HBcAD was performed by immunoassay (bioMérieux,
Boxtel, the Netherlands).

HBV VIRAL LOAD

HBV DNA was quantified in 20-puL reactions
containing 5 pL of HBV-infected patient DNA
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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
HBYV 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.®” 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-51/52
regions using Sanger sequencing to confirm the pre-
dominance of HBV-E in Burkina Faso.?*?
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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, ALI, HBV
DNA viral load, and log,, 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 y* 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; I1QR, 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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TABLE 1. CHARACTERISTICS OF PATIENTS WITH CHB INFECTION (HBSAG+) WITH AND WITHOUT HCC
IN THE BURKINA FASO COHORT

HBsAg+ Patients With Available Data
Clinical Characteristics* No HCC (n = 3,885) HCC (n = 59) PValue (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, IUL 25 (19-34) 90.5 (39.2-197.5) <0.001 2,168/58
AST =30 UL 770 (35.5) 54 (93.1) <0.001
ALT, IUL 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 22.0 266 (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 822 0 NA
E 256 (70.3) 32 (78.0) 0.83
AE 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
AC/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.

1.1-2.7) in the CHB HCC+ group and 1.2 (IQR, were HBeAb+. The distribution of HBeAg+ by
0.9-1.6) in the CHB HCC- group (P = 0.002). age was 4% (9/225), <20 years; 4.1% (54/1,317),

Of the patients who were CHB HCC-, 2.5% 20-29 years; 1.9% (26/1,398), 30-39 vyears; 1.2%
(96/3,807) were HBeAg+ and 95.8% (3,593/3,752) (7/569), 40-49 years; and 0% (0/298), 250 years. All
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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 log,, 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 log,, 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,

HEPATOLOGY COMMUNICATIONS, December 2020

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
22,000 IU/mL (73.3% vs. 34.4%) and 220,000 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
22,000 IU/mL, 728 patients (18.7%) with an HBV
viral load 220,000 IU/mL, and 946 (24.4%) patients
with undetectable viral DNA.

Among the CHB HCC+ cohort, there were
44 vpatients (73.3%) with an HBV viral load
>2,000 IU/mL, 36 patients (60%) with an HBV viral
load 220,000 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 220,000 IU/mL (n = 80, 35.2%). Patients from
20 to 29 years of age had the second highest percent-
age of viral load 220,000 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% Cl) for Cirrhosis* PValue OR (95% Cl) for HCC PValue
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 1.26 (1.12-1.43) <0.001 1.48 (1.31-1.67) <0.001

log,, (log IU/mL)

*Among patients without HCC.
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FIG. 2. Dot plot of viral load (log,,) of patients with CHB virus infection with and without HCC by age group.

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
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TABLE 3. CHARACTERISTICS OF PATIENTS WHO WERE CHB HCC- BY GENOTYPE

Patients Who Were HBsAg+, CHB HCC— PValue PValue
Clinical Characteristics* Genotype E (n=256)  Genotype C/E (n=47)  Genotype C (n =21) For E vs.C/E ForEvs.C
Age (years) at HBV diagnosis, 33 (27-47) (missing 3) 28 (25-38) (missing 0) 34 (24-29) (missing 0) 0.021 0.634
median (1QR)

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 IUL 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- 1.09 (0.85-1.30) (miss-  1.29 (0.87-1.54) (miss- 0.236 0.629

ing 1) ing 0) ing 0)
AST/ALT <1.0 77 (30.2) 18 (38.3) 77 (30.2) 0.551 (for all 0.792 (for all

classes) 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 22.0 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- 939,129 <0.001 0.003
80,494,145) (9.800-2,795,475)

* 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; TQR, 1,248,321-80,494,145 TU/mL;
P < 0.001) or the C group (median, 939,129; IQR,
9,800-2,795,475 TU/mLs; 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

WONGJARUPONG, YONLIL ET AL.

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.®”) 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
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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%.%3** 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.®>**) Patients with
CHB genotype E who have a high HBV viral load
also have a higher rate of vertical transmission.®® Tt
is now generally accepted that horizontal transmission
within the household during childhood is the primary
mode of HBV transmission in sub-Saharan Africa.®”
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. 1192628 Tn 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+.?%73%)
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
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decade of life has been associated with increased
HBYV viral load, liver cirrhosis, and HCC.%? 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 HBYV viral loads than patients with
genotypes C/E or C.This indicates the existence of dif-
terent 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
turther 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.“”

Current guidelines use HBeAg status, HBV viral
load, and elevated ALT level as indications for treat-
ment of patients with HBV without cirrhosis.?*3
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.®" 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 B, 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.
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