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Abstract

Background 
Ascertaining the stage of chronic hepatitis-B infection (CHBI) remains one of the 
major predicaments to effective therapeutic decision. There is pressing need to 
forestall dearth of such reliable biomarker(s). Despite the promising tendency of 
alpha-fetoprotein (AFP), it has not been assessed in staging CHBI.
Objective
This study was to determine the prognosis of serum AFP as a biomarker for staging 
CHBI. 
Methods
Participants were grouped into three based on their hepatitis-B envelope antigen 
(HBeAg) status and alanine aminotransferase (ALT) level. By denoting HbeAg(+) 
as (EP), HbeAg(-) as (EN), elevated ALT as (H) and normal ALT as (I), the stages 
were EPH, ENH and ENI. AFP was assayed, One-way ANOVA, Multivariate linear 
regression and area under curve were adopted for the analysis. 
Results
AFP was significantly elevated, (P < 0.05) in EPH, which equally has the highest 
prevalence of elevated AFP (64.7%). After adjusting for confounding factors, odds 
ratio was 1.438 (95% CI, 0.62–1.948), while area under the curve for predicting 
EPH was (0.828, 95% CI, 0.778 –0.895).
Conclusions
The finding of elevated AFP in CHBI is an independent prognostic marker of EPH. 
It is often associated with necroinflammation; thus, it is a reliable indicator for 
treatment initiation.
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Introduction

Chronic hepatitis B infection (CHBI) is 
a condition of continuous presence of 
hepatitis B virus (HBV) in an individual 
beyond six months.[1] It is the foremost 
causes of liver cirrhosis and accountable for 
approximately 55% cases of hepatocellular 
carcinoma (HCC).[2,3] 

Currently approximately 250 to 300 million 
peoples are chronically infected with HBV 
globally.[4,5] The population of people with 
CHBI in Africa was estimated to be 82 
million, this constitutes almost a quarter 
of the global burden.[6] Unfortunately, 
while the mortality associated with other 
chronic infections such as; Human 
Immunodeficiency Virus, tuberculosis, 
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among others were on decline, death 
attributable to CHBI keep growing.[7] The 
pool prevalence and associated mortality 
of CHBI in Africa was 6.1% and 87,890 
respectively.[6] One of the major contributory 
factors to these alarming figures as well 
as hindrances to effective treatment of 
CHBI is the dearth of biomarker(s) that 
can promptly predict/identify the patients 
who are prone to progression.[8] In order to 
avert the morbidity and death associated 
with liver damage, there is a need for timely 
detection of patients who are predispose 
to HBV complication and early treatment.
[9] Achieving that goal practically involve 
utilization of suitable biomarker(s) that will 
better characterize the infection.

Clinically, the progression of CHBI follow 
multiple stages and varies from one patient 
to another, thus, it is somehow challenging 
to determine its outcome. Currently, the 
biomarkers frequently adopted in staging 
of CHBI include, HBV envelope antigen 
(HBeAg) status, HBV-DNA and serum 
alanine aminotransferase (ALT) levels.
[10] The levels of those biomarkers vary 
as the disease progress, as such, they are 
commonly used to define its stages.[11] 
The two distinguishing features adopted in 
the new nomenclature of CHBI stages are 
HBeAg status and necroinflammation.[10]

HBeAg is an antigenic glycoprotein 
connected with nucleocapsids of HBV. It is 
circulating as soluble proteins during active 
HBV infection only, otherwise it is usually 
absent.[6,12] HBeAg(+) and HBeAg(-) status 
are denoted by EP (envelope positive) and EN 
(envelope negative) respectively. On the other 
hand, the presence of necroinflammation 
and its absence are denoted by H and I 
respectively.[10] Hence, the four stages 
of CHBI are commonly depicted as; 
Envelope-antigen Positive Infection (EPI), 
Envelope-antigen Positive Hepatitis (EPH), 
Envelope-antigen Negative Infection (ENI) 
and Envelope-antigen Negative Hepatitis 
(ENH). Therapeutic decision in CHBI 
is mainly anchored on the presence of 
necroinflammation which occurs during 
EPH and ENH.[9]
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Nevertheless, there is bottleneck associated 
with those classical biomarkers. For HBV-
DNA assay, apart from the fact that its 
availability is posing a great challenge in 
resource-limited settings,[8] its plasma 
levels sometimes inconsistent in the natural 
course of the infection.[9] Though, in the 
absence of HBV-DNA quantification, both 
HBeAg and serum ALT activity can serve as 
alternative biomarkers.[13] Simply because 
the liver has the highest ALT activity (2850 
U/L) and a rise in its plasma activities is 
considered a sensitive indicator of hepatic 
necro-inflammation.[9] Nevertheless, the 
rate of elevation of ALT and AST are often 
disproportionate with that of histological 
finding. More so, the two enzymes level 
sometimes normal in liver cirrhosis.[14] 
Thus, apart from being multiple biomarkers 
and associated high cost of workup, the 
classic biomarkers are also not totally 
reflecting the intricacy of HBV induced liver 
damage.[15]

In view of the challenges associated with 
correct staging of CHBI, which is a condition 
for therapeutic decision.[10] The quest for 
an ideal biomarker(s) for staging CHBI was 
affirmed by the International Coalition to 
Eliminate Hepatitis B Virus (ICE- HBV). 
According to ICE-HBV, the proposed 
biomarker should characterize the stages 
of CHBI better, enhance the identification 
of HCC risk, reveal immune status and 
response to therapy.[16] In addition to the 
above-mentioned features, Biomarkers 
Definitions Working Group also added that 
such biomarker(s) should be sensitive, 
specific, reproducible, simple, rapid, non-
invasive, accessible, inexpensive, correlative 
with disease activity and severity.[17]

Some evolving immunological biomarkers 
are currently under investigation, few 
notables’ ones among them are; intrahepatic 
covalently closed circular DNA (cccDNA) 
and RNA,[17] serum HBsAg isoform,[18] 
HBV core-related antigen (HBcrAg) 
assessment,[19] soluble Program Death 
1 (sPD1), its ligand (sPDL1) level,[20] and 
soluble cluster of derivatives 14 (sCD14).
[21] 



The participants were consecutively 
screened for HBsAg twice with interval of 
at least six months duration between the 
two screenings. The purpose of the first 
screening was to determine the HBV status 
(seropositive or seronegative), while the 
second visit was aiming at determining the 
chronicity of the infection. Participants were 
included if they were persistently remained 
HBsAg seropositive for at least six months. 
Those with other chronic infections, 
malignancy, and pregnancy were excluded. 
Age and sex matched HBsAg(-) individuals 
were recruited as control. 

Data collection/laboratory assessment
Questionnaires were used to gather 
sociodemographic data such as age, gender, 
and marital status. Anthropometric data 
were taken using standard method. At first 
and second visits, approximately 2 mL and 
5mL of blood was collected from eligible 
participants. The serum was screened for 
HBsAg, anti-Hepatitis C using rapid kits 
(Shanghai Eugene Biotech. Co, Shanghai) 
on both occasions. The concentration of ALT 
and AST were measured with commercial 
kit (Agape Diagnostic Switzerland), and that 
of AFP with ELISA (AccuBind, Monobind 
Inc. USA) from the second sample. 

Prognostic evaluation
The prognostic value of serum AFP was 
evaluated at the cut-off point of 11.6 ng/
mL (the upper limit of AFP mean value of 
the control group). To predict diagnosis 
of a patient, his/her AFP value will be 
compared with 11.6 ng/mL. If it is less than 
11.6 ng/mL, the predicted condition (AFP 
prognosis ability in CHBI) is negative. But 
if it is greater than the cut-off value, it will 
be considered as positive. However, it is not 
expected that the prediction will be 100% 
accurate. Thus, there are four possible 
outcomes, some predictions may match the 
patient true status; true positive (TP) or true 
negative (TN), while some other predictions 
are discordant with diagnosis; false positive 
(FP) or false negative (FN) (Table 3).

Statistical analysis 
Statistical analyses were carried out 
using IBM SPSS version 21.0 for window 
software (SPSS Inc. Chicago, IL USA) and 
MedCalc.version 15.2.2 (MedCalc. Software, 
Mariakerke, Belgium). 
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The serum and intrahepatic levels of those 
biomarkers as well as their dynamics under 
treatment varies during the course of CHBI, 
which makes them a promising candidate.
[22] Unfortunately, they are also not flaw-
free, rather they have one shortcoming or 
the others.[15] Among these limitations 
are; invasiveness, sampling bias, lack of 
standardization which usually resulted 
in inter assay conflicting results and high 
cost of reagents.[18] In order to achieve the 
WHO 2030 agenda of reducing incidences 
of HBV associated mortality by 60%, a 
panel of biomarkers are thus required for 
surveillance and to determine treatment 
outcome. 

AFP is an alpha1 globulin, a glycoprotein 
majorly produced by fetal liver cells, yolk 
sac cells, and in trace amounts by the fetal 
gastrointestinal tract.[24] The level of AFP 
is usually elevated in early neonatal stage, 
and later subsides at about three weeks of 
neonatal period.[23] Reappearance of AFP in 
adult serum indicate pathologic conditions, 
such as HCC or germ-cell tumors containing 
yolk sac cell elements.[26] Patients with 
acute and chronic active hepatitis (with 
and without cirrhosis) often showed AFP 
elevations above 150 ng/ml.[27] In spite 
of frequently reported elevation of AFP in 
HBV infection,[24,28,29] its significance 
in staging of the infection has not been 
investigated. More so, the advent of Enzyme 
Linked Immunosorbent Assay and other 
technique has made AFP assay simple, rapid, 
accessible, reproducible and less expensive.
[29, 30] In view of the foregoing, this study 
was embarked on to evaluate the prognostic 
significant of AFP in staging of CHBI. To 
the best of our knowledge, this study is the 
first the report on the involvement of AFP 
as a biomarker in the pathogenesis of CHB 
among Africa population.

Materials and methods 

Study design
This study was carried out among the 
inhabitants of Kisi town, Irepo Local 
Government area of Oyo State, Southwest 
Nigeria between March, 2018 to March, 
2019. 
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 P value of ≤ 0.05 was considered statistically 
significant. Continuous and categorical 
variables were expressed as means ± 
SEM and percentage respectively. The 
Kolmogorov-Smirnov test was used to check 
if variables were normally distributed. One-
Way ANOVA and multivariate regression 
model were adopted for comparing inter 
group differences. The receiver operating 
curve (ROC) and area under curve (AUC) 
were used to determine prognostic value of 
AFP in CHBI

Ethical considerations 
Ethical approval for this study was obtained 
from the ethical review committee of Kwara 
State Ministry of Health, Ilorin (MOH/
KS/EU/777/245). Informed consent was 
obtained from eligible participants prior to 
enrolment. 

Results

Characteristic of the participants
During the period of study, a total of 198 
participants with CHBI were consecutively 
enrolled. Among them 112 (56.6%) were 
male, the female-to-male ratios was similar 
for control and pathological groups (1.3:1). 
Based on their HBeAg status and ALT, 
participants were categorized into stages, the 
resulted prevalence of each stage went thus: 
ENI (n = 140), EPH (n = 17), and ENH (n = 
40). The mean ± SEM values of AFP in ng/
mL in EPH, ENH and ENI were (39.41 ± 8.15), 
(12.83 ± 1.10) and (15.29 ± 1.28) respectively 
(Table 1). The value was significantly higher 
in EPH than both ENH (P < 0.001) and ENI (P 
= 0.003). Though the AFP value was higher 
in ENH and ENI, but the difference was not 
significant. The demographic information of 
the participants was shown in Table 1.  

Table 1. Characteristic of study subjects
Characteristics Control ENI EPH ENH P value

Number (%) 110 140 (71.1) 17 (8.6) 40 (20.3) -

Sex (M/F) 62/48 83/57 11/6 18/22 -

Age (years) 35.0±0.73 32.0±0.69 36.0±1.11 38.0±4.15 0.425

BMI (Kg/m2) 25.65±0.14 24.90±0.13 23.12±0.23 25.02±0.17 0.017

ALT (IU/L) 14.39±0.77 17.33±0.75 143.24±14.96 48.67±4.58 0.000

AST (IU/L) 15.48±0.87 20.72±0.92 76.18±12.34 39.11±3.83 0.000

AST/ALT 1.84±0.11 1.61±0.22 0.64±0.46 1.08±0.10 0.000

AFP (ng/mL) 9.85±0.35 12.83±1.10 39.41±8.15 15.29±0.35 0.000

HBsAg Negative Positive Positive Positive NA

HBeAg Negative Negative Positive Negative NA

Anti-HCV Negative Negative Negative Negative NA
The values are mean ± standard error of mean; Abbreviations: ENI = Envelope-antigen Negative Infection, EPH = En-
velope-antigen Positive Hepatitis, ENH = Envelope-antigen Negative Hepatitis, ALT = Alanine aminotransferase, AST = 
Aspartate aminotransferase, AFP = Alpha-fetoprotein, BMI = Body mass index, HBsAg = Hepatitis B surface antigen, 
HBeAg = Hepatitis B e antigen, Anti-HCV = Hepatitis C virus antibody. NA = not applicable.

Linear regression analysis and scatter 
plot
The outcome of univariate analyses, revealed 
a significant association between AFP and 
the following; BMI, male sex and HBeAg 
status. After adjustment for those variables, 
the association remain significant with 

ALT and AST (odds ratio, 1.438; 95% CI, 
0.626 - 1.948) (Table 2). Scatter plots were 
used to show the relationship between AFP 
and ALT in different stages of CHBI. A very 
weak negative correlation was observed 
between the two parameters in ENI and 
ENH (Figure 1 and 3), while that of EPH was 
a weak positive correlation (Figure 2). 
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Table 2. Odd ratios of CHBI progression risk factors according to AFP as continu-
ous variable

Variables

                        Univariate analysis              Multivariable analysis

OR 95% CI P value OR 95% CI  P value

Age 1.023 0.954–1.196 0.004 - - -

Sex, male 0.931 0.596–1.238 0.013 - - -

BMI 0.623 0.452–1.086 0.094 - - -

HBeAg 1.049 0.592–1.869 0.009 - - -

ALT 1.845 0.734–2.582 0.001 1.438 0.626–1.948 0.011

AST 1.109 0.867–1.879 0.012 0.797 0.701–1.693 0.034

Abbreviation: OR = Odd ratio, CI = confidence interval, ALT = Alanine aminotransferase, AST = Aspartate aminotransferase, 
AFP = Alpha-fetoprotein, BMI = Body mass index, HBeAg = Hepatitis B e antigen

Figure 1. Scatterplot showing a very weak negative correlation between AFP and 
ALT in ENI 
The dotted line represents the line of best fit. Abbreviations: AFP = Alpha-fetoprotein;  
ALT= Alanine aminotransferase; ENI = Envelope-antigen Negative Infection.
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Figure 2. Scatterplot showing a weak positive correlation between AFP and ALT in 
EPH 
The dotted line represents the line of best fit. Abbreviations: AFP = Alpha-fetoprotein;  
ALT = Alanine aminotransferase ; EPH = Envelope-antigen Positive Hepatitis.

Figure 3. Scatterplot showing a very weak negative correlation between AFP and 
ALT in ENH
The dotted line represents the line of best fit. Abbreviations: AFP= Alpha-fetoprotein;  
ALT= Alanine aminotransferase; ENH = Envelope-antigen Negative Hepatitis.
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Prognostic value of AFP 
Table 3. The outcome of receiver operating 
characteristic curve revealed a specificity of 
91.82% in the three groups. The sensitivity, 
positive predictive value (PPV) and negative 
predictive value (NPV)

 in different stages was ENI (19.2%, 33.8% 
and 84.0%), ENH (25.0%, 39.8% and 85.0%) 
and EPH (64.7 63.13% and 85%). The area 
under the curve for AFP in EPH was (0.828, 
95% CI, 0.778 to 0.895) and greater than 
that of ENI and ENH.

Table 3. Performance of serum AFP in staging of chronic hepatitis-B infection
Rates Formula ENI ENH EPH

Sensitivity (%) TP/ (TP + FN) 19.29 25.00 64.71

Specificity (%) TN/ (FP + TN) 98.21 98.21 98.21

Positive likelihood ratio TP/ (TP + FN)/ (1- Specificity) 2.36 3.06 7.91

Negative likelihood ratio FN/ (TP + FN)/ Specificity 0.88 0.82 0.38

Positive Predictive Value (%) TP/ (TP + FP) 33.79 39.82 63.13

Negative Predictive Value (%) TN/ (FN + TN) 84.01 84.97 92.32

Accuracy (%) (TP+TN)/(TP+FP+FN+TN) 78.91 79.92 86.99

Table 3 displayed the formula and performance of elevated AFP in different stages of CHBI 
using 11.6 ng/mL (the upper limit of mean AFP value of the control group) as cut-off value. 
ENI = Envelope-antigen Negative Infection, ENH = Envelope-antigen Negative Hepatitis, 
EPH = Envelope-antigen Positive Hepatitis, TP= true positive, TN= true negative, FP= false 
positive, FN= false negative.

Discussion

The natural progression of CHBI is 
commonly viewed as consisting of multiple 
stages; an infected person can progress 
from a less severe to a severe stage. The 
rate of progression also varied; it could be 
rapid, slow, or sporadic.[10,31] In view of 
its intriguing pathophysiology complexity, 
making accurate diagnosis and subsequent 
therapeutic decision is a herculean task.[9] 
However, with the availability of relevant 
and accurate biochemical or immunological 
biomarkers, clinicians can be appropriately 
guided in deciding on the optimal timing for 
initiating antiviral therapy.[9,12] Previous 
studies have clearly demonstrated that 
the combination HBeAg status, [HBeAg(+) 
or HBeAg(-)] and the new baseline cut-off 
values (30 U/L in men and 19 U/L in women) 
for ALT can be adopted in staging CHBI.
[13,32,33] Based on the results of ALT and 
HBeAg, the participants in this study were 
classified thus; those with elevated ALT and

HBeAg(+) were grouped as EPH, those with 
elevated ALT and HBeAg(-) were grouped as 
ENH. Those with normal ALT and HBeAg(-) 
were grouped as ENI. (Table 1) The prevalence 
of each stage as observed in this study was 
equally shown on the Table. ENI, which is 
otherwise known as inactive constituted 
the highest number of participants (71.1%). 
Other authors as well as WHO has affirmed 
the fact ENI usually constituted more than 
80% of CHBI.[34]
An examination of male/female ratio 
revealed that a little above half of the 
participants were males (approximately 57 
%). This may imply and support the notion 
that HBV affects men and women similarly.
[35] More so, the distribution could be 
attributed to the pattern of exposure to 
risk factors among the population studied. 
However, higher female ratio has also been 
reported in Nigeria.[36]
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The body mass index (BMI) was compared 
between different stages and controls, 
although the pre-morbid weights of the 
study subjects were not known, it was 
observed that ENH had significantly lower 
BMI compared to the control group (23.12± 
0.93) vs. (24.65± 1.4) Kg/m2, (P=0.001). In 
the same vein, the difference between the 
BMI was significantly lower in EPH in relation 
to ENI (P = 0.419) and ENH (P = 0.992). The 
mechanism/environmental factors that 
could responsible for the changes in BMI 
are not understood. However, it could be 
attributed to the severity of the infection, 
as reflect in the concentration of albumin of 
the participants (data not presented). 

Serum AFP level was assayed in CHBI and 
control, the outcome revealed a heterogeneity 
in level and distribution of AFP in different 
stages of CHBI. This was evident by within-
group variability in AFP level (it is reflected 
in the scatter plots). No significant difference 
was observed in AFP level between ENI 
and ENH (P > 0.05), though the value was 
slightly higher in ENH. However, AFP was 
significantly elevated in EPH in relation to 
both ENI and ENH (P < 0.05) (Table 1). This 
outcome is in line with the finding of,[37] 
who reported elevated AFP among over 57% 
of HBeAg(+) studied. However, our finding 
was contrary to what was earlier reported.
[38] Highest AFP was reported in ENH, 
follow by EPH and lowest in ENI. The reason 
for disparity in AFP level in ENH and EPH 
could be attributed to variation in dynamic 
interaction between the virus and the liver 
microenvironment (hepatic parenchymal 
cells, non-parenchymal cells and local 
immune cells).[30] The observed elevation 
in AFP in EPH in this study could be 
attributed to the presence of HBV envelope 
antigen (HBeAg), as it can be seen that the 
other two chronic stages with HBeAg(-) have 
a significantly lower expression of AFP. 
More so, as it is evident from our data, EPH 
has the highest percentage of participants 
with elevated AFP. This further support 
peculiarity of this stage. Of all the stages of 
CHBI, EPH [HBeAg(+)] has been identified 
to be associated with severe course and 
unpredictable spontaneous upsurges of 
hepatic inflammation that swiftly advanced 
to hepatic fibrosis.[32] 

However, the exact mechanism of induction 
of AFP expression by HBeAg remains 
unclear.

The association between AFP and ALT in 
different stages of CHBI has rarely been 
investigated in this part of the world. The 
outcome of correlation analysis between 
ALT and AFP in CHBI was represented with 
scatter plot (Figure 1, 2, and 3). The outcome 
revealed a diverse result in the three stages; 
there was a very weak negative correlation 
between the two parameters in ENI and 
ENH (Figure 1 and 3), and a weak positive 
correlation was observed in EPH (Figure 2). 
These observations were similar to earlier 
finding by [37] who reported a significant 
weak to moderate correlation between 
AFP and liver enzymes (ALT, AST and one 
other) in CHBI. Nevertheless, the positive 
correlation observed in EPH does not 
explain the exact mechanisms involved and 
could not be considered as causative.[39] It 
is most likely that inflammatory activities 
primarily or ALT released responsible for 
the induction of AFP expression in CHBI, 
because significant number of patients with 
elevated AFP had elevated ALT. Another 
interesting finding of our results is that, 
after adjusting for multiple confounding 
factors (Table 2), association between AFP 
and aminotransferases’ in EPH remained 
significant. This indicates that reducing 
necroinflammation may lower the AFP and 
signify reducing risk of liver damage, which 
is consistent with previous study.[37] A 
strong relationship between pathological 
levels of inflammation and fibrosis with 
serum AFP level was reported in CHBI. 

The prognostic performance of AFP in 
respect of the 3 stages of CHBI studied 
is presented on Table 3. As shown on the 
table, the specificity was 98.21%, i.e., the 
true negative rate which is the number of 
control (known negative), whose AFP fell 
within normal range. The specificity was 
the same for the three groups, because they 
were compared with the same cut-off value 
.[40,42] On the other hand, the sensitivity 
(the true positive rate) is the proportion 
of the CHBI participants predicted to be 
positive by having elevated AFP. 
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High sensitivity is a desirable feature of 
an ideal diagnostic test parameter.[41] As 
revealed on the table, EPH has the highest 
sensitivity (64.7) in respect of other two 
stages. Another valuable prognostic rates 
are the positive and negative likelihood 
ratios (LR+ and LR-). Both are considered 
to stretch evidence to affirm or to negate 
diagnoses respectively in most situations 
[43] A LR+ greater than ten is considered as a 
strong indication of presence of the disease, 
and it is favorable feature of diagnostic 
test.[44] For LR- the lesser the value the 
more favorable the new test can perform. 
A LR- below 0.1 is interpreted as providing 
strong indication to rule out disease [43]. 
As reflected on the Table 3, though the two 
values did not yield ideal values of greater 
than 10 and less than 0.1, despite that 
the performance in EPH was encouraging; 
it has the highest LR+, (7.91) and lowest 
LR-, (0.38) of the three stages studied. In 
addition to earlier data, the positive and 
negative predictive value (PPV and NPV), 
are the proportion of the participants who 
are predicted to be positive and negative 
(by having elevated AFP and normal AFP 
respectively), who are in the really sense 
truly having elevated ALT and normal ALT 
respectively.[41] 100% is considered a 
favorable value for both PPV and NPV, thus 
the closer they are to the target, the better.
[44] Going by the outcome of our study, EPH 
has the highest PPV, (63.13 %) as well as 
NPV (92.32%) in relation to the remaining 
two stages. 

Therefore, AFP is appropriate for ruling out 
or ruling in EPH stage. Furthermore, on 
the accuracy, which is otherwise known 
as proportion of participants who were 
correctly predicted or classified.[42] Our 
result revealed that EPH has the highest 
accuracy of approximately 87%, (Table 2). By 
considering the overall prognostic indices, 
it was clear that the outcome of AFP assay 
to a larger extent could predict EPH stage 
in similar manner with the combination of 
HBeAg and ALT. On a final note, the AUC 
for this regression model was 0.828, which 
is very high. This indicates that AFP perform 
outstandingly in predicting whether or not a 
patient is in EPH stage.[44]

It is noteworthy that about 1.79% of 
apparently healthy individual with neither 
common viral infections, nor any liver 
disease also have mildly elevated AFP (data 
not shown). Probably some other factors 
might also stimulate the expression of AFP.

Our study has few advantages. First, it 
was a prospective cohort study of at least 
six months. We also corrected for identified 
confounders, such as age, gender, and BMI. 
These steps made our results relatively 
reliable. This study equally has few 
limitations which include: small sample size, 
particularly EPH which appeared promising. 
Inability to carry out liver histology to 
correlate the extent of necroinflammation 
with AFP in different stages. This would 
have enabled us to classify CHBI better and 
added a further interesting dimension to 
the present study.

Conclusion 

The impact HBV-induced immunopathology 
apparently interferes with the expression 
of AFP in the liver. The effect which is well 
pronounced in EPH stage than others.
More so, a mild association was reported 
between serum AFP and necro-inflammatory 
biomarkers in EPH. It’s also displayed 
significant sensitivity, specificity, predictive 
value and accuracy in EPH stage.
On a final note, since EPH is one of the 
two CHBI stages that warrant treatment, 
therefore, finding of elevated AFP can be 
considered as an indication for initiating 
anti-viral treatment, and as well as an 
additional biochemical parameter to 
characterized the stage. 

Further study
Study design to evaluate which fraction of 
AFP elevated in CHBI is recommended. Also, 
evaluation of AFP performance in CHBI 
treatment monitoring is recommended. 
Further study to reaffirm the potential 
of AFP in EPH in a larger population is 
recommended.

Conflict of interest
There is no conflict of interest among the 
authors.



https://dx.doi.org/10.4314/rjmhs.v6i3.9                                            Rwanda Journal of Medicine and Health Sciences Vol. 6 No. 3, November   2023    
____________________________________________________________________________________________________________________

364

Contributions of authors
OGA, conceived and designed the 
experiments; IES, performed the 
experiments, analyzed and interpreted the 
data; OCA, contributed to tools development 
and data analysis, wrote manuscript.; ALA, 
contributed reagents, other materials, and 
revised the manuscript.

This article is published open access under the Creative 
Commons Attribution-NonCommercial NoDerivatives 
(CC BYNC-ND4.0). People can copy and redistribute the 
article only for noncommercial purposes and as long as 
they give appropriate credit to the authors. They cannot 
distribute any modified material obtained by remixing, 
transforming or building upon this article. See https://
creativecommons.org/licenses/by-nc-nd/4.0/

References

1. WHO. Guidelines for the prevention, care 
and treatment of persons with chronic 
hepatitis B infection. who Geneva: 2015 
http://apps.who.int/iris/bitstream/ 
10665/154590/ 1/9789241549059 _
eng.pdf? Accessed 22  February 2022.

2. Sagnelli E, Macera M, Russo A, Cappola 
N, Sagnelli J. Epidemiological and 
Etiological Variation in Hepatocellular 
Carcinoma. Infection. 2020;48: 7–17. 
Doi: 10.1007/s/5010-019-01345-y

3. Kramvis A, Chang K, Dandri M, Farci 
P, Glebe D, Hu J, et al. A roadmap for 
serum biomarkers for hepatitis B virus: 
current status and future outlook. 
Gastroenterology & Hepatology. 2020;19: 
727–745. https://doi.org/10.1038/ 
s41575-022-00649-z

4. Block TM, Chang K, Guo J. Prospects 
for the Global Elimination of Hepatitis 
B. Annu. Rev. Virol. 2021;8:437–58. 
https://doi.org/10.1146/annurev-
virology-091919- 062728

5. WHO. A63/15 Viral Hepatitis Report by 
Secretariat. who website .2010. https://
apps.who.int/gb/ebwha/pdf_files/ 
WHA63/A63_15-en.pdf.  Accessed 24 
September 2022.

6. WHO Viral Hepatitis Scorecard. who 
website. 2019. https://www.atro.whoint/
publications/hepatitits-scorecard-who-
africa-region-implementing-elimination-
strategy .Accessed 26 October, 2023

7. Thomas DL. Global elimination of 
chronic hepatitis. N. Engl. J. Med. 
2019;380: 2041–2050. Doi: 10.1056/
NEJMra1810477.

8. Nwokediuko SC. Chronic Hepatitis 
B: management Challenges in 
Resource-Poor Countries. Hepat Mon. 
2011;11(10): 786–793. Doi:10.5812/
kowsar.1735143X.757

9. European Association for the Study of 
Liver. EASL Clinical Practice Guidelines 
on the management of hepatitis B virus 
infection. J. Hepatol. 2017;67 (2): 370–
398. Doi: https://doi.org/10.1016/j.
jhep.2017.03.021

10. Wiegand SB, Beggel B, Wranke A, 
Aliabadi E, Jaroszewicz J, Xu C. Soluble 
immune markers in the different phases 
of chronic hepatitis B virus infection. 
2019; 9:14118. Scientific report . https://
doi.org/10.1038/s41598-019-50729-5

11. Daniel G, Robert T, Hubert EB. HBV life 
cycle and novel drug targets. Hepatol 
Int. 2011;5(2): 644-653. doi: 10. 1007/
s12072-011-9261-3

12. Otti J.J, Stevens GA, Groeger J, Wiersma 
ST. Global epidemiology of hepatitis B virus 
infection: new estimates of age-specific 
HBsAg seroprevalence and endemicity. 
Vaccine. 2012;30:2212–9. https://doi.
org/10.1016/j.vaccine.2011.12.116

13. Adedeji AL, Suleiman IE, Ayelagbe 
OG. Distribution of polyclonal hyper-
gammaglobulinemia in different 
phases of chronic hepatitis B infection. 
LymphoSign Journal. 2022. dx.doi.
org/10.14785/lymphosign-2022-0008

14. Fattovich G, Olivari N, Pasino M, 
D'Onofrio M, Martone E, Donato F, Long-
term outcome of chronic hepatitis B in 
Caucasian patients: mortality after 25 
years. Gut.2008;57:84–90. https://doi.
org/10:1136/gut.2007.128496

15. Nayagam S, Maud ES, Easterbrook 
LP, Conteb L, Economic evaluations of 
HBV testing and treatment strategies 
and applicability to low and middle-
income countries. BMC Infectious 
Disease. 2017;17(1): 692. https://doi.
org/10.1186/s12879-017-2778-x



Rwanda Journal of Medicine and Health Sciences Vol. 6 No. 3, November   2023                                              https://dx.doi.org/10.4314/rjmhs.v6i3.9
____________________________________________________________________________________________________________________

365

16. ICE-HBV. ICE-HBV Virtual Workshop 
on HBV serum biomarkers held on the 
5th and 12th October 2020. ICE-HBV 
website. https://ice-hbv.org/ hbv-
serum-biomarkers-workshop/. Accessed 
20 october 2023. 

17. Biomarkers Definitions Working Group. 
Biomarkers and surrogate endpoints: 
preferred definitions and conceptual 
framework. Clin. Pharmacol. Ther. 
2001;69, 89–95.: https://ice-hbv.org/
hbv-serum-biomarkers-workshop/

18. Dusheiko G, Current and future 
directions for the management of 
hepatitis B. S Afr Med J. 2017;108(8 
Suppl 1): S22-S30. DOI:10.7196/ SAMJ. 
2018.v108i8.13497

19. Pfefferkorn M, Bohm S, Schott T, 
Deichsed D, Bremer CM., Schroder K. 
et al. Quantification of large and middle 
proteins of hepatitis B virus surface 
antigen (HBsAg) as a novel tool for the 
identification of inactive HBV carriers. 
Gut.2018;67, 2045–2053. doi: 10. 1136/
gutjnl-2017-313811.

20. Mak LY, Yuen MF. Serum HBcrAg is a 
useful marker for disease monitoring, 
predicting treatment response and 
disease outcome of chronic hepatitis B 
virus infection-authors’ reply. Aliment. 
Pharmacol. Ther. 2018;47: 1720–1721. 
https://doi.org/10.1111/apt.14684

21. Jeng W-J, Yang H-I. Discrepant range 
of sPD-1 in different studies of chronic 
hepatitis B. A letter in response to 
soluble programmed death-1 is a useful 
indicator for inflammatory and fibrosis 
severity in chronic hepatitis B. J. Viral 
Hepat. 2019;26, 930–931.doi: 10. 1111/
jvh.13102

22. Dou Y, Montfoort N, Bosch A, Janssen 
HAL, de Man RA, Buschow S, et al. 
Elevated serum levels of soluble CD14 
in HBeAg-positive chronic HBV patients 
upon Peginterferon treatment are 
associated with treatment response. J. 
Viral Hepat. 2019;26: 1076–1085. doi: 
10. 1111/jyh.13127

23. Coffin CS, Zhou K, Terrault NA. New 
and old biomarkers for diagnosis and 
management of chronic hepatitis B virus 
infection. Gastroenterology. 2019;156, 
355–368 e353. doi: 10. 1053/j.
gastro.2018.11.037

24. Nikulina D, Terentyev A, Galimzyanov 
K, Jurisic V. Fifty years of discovery 
of alpha-fetoprotein as the first tumor 
marker. Srp. Arh. Celok. Lek. 2015;143, 
100–104. doi: 10. 2298/sarh1502100n

25. Li D, Mallory T, Satomura S. AFP-L3: 
A new generation of tumor marker for 
hepatocellular carcinoma. Clin. Chim. 
Acta. 2001;313, 15–19. https://doi.
org/10. 1016/s00009-8981(01)006444-
1

26. Richardson P, Duan Z, Kramer J, Davila 
JA, Tyson GL, El-Serag HB. Determinants 
of serum alpha-fetoprotein levels in 
hepatitis C-infected patients. Clin. 
Gastroenterol. Hepatol. 2012;10: 428–
433. doi: 10. 1016/j.cgh.2011.11.025

27. Tursnudzhyan A, Wu GY. Persistently 
Rising Alpha-fetoprotein in the Diagnosis 
of Hepatocellular Carcinoma: A review. 
Journal of Clinical and Translational 
Hepatology. 2022;10(1): 159-163. 
doi:10.14218/JCTH.2021.00176

28. Gopal P, Yopp A, Waliee AK, Chiang J, 
Nehra M, Kandunoori P. et al. Factors 
that affect accuracy of alpha-fetoprotein 
test in detection of hepatocellular 
carcinoma in patients with cirrhosis. Clin. 
Gastroenterol. Hepatol. 2014;12: 870–
877.doi.10.1016/j.cah.2013.09.053

29. Chun JW, Kim BH, Lee CS, Kim GH, 
Sohn HR, Min BY, et al. Optimizing 
Surveillance Performance of Alpha-
Fetoprotein by Selection of Proper Target 
Population in Chronic Hepatitis B. J. 
Clinical Transl Hepatol.2016;5(6): 270-
280. doi:10. 137/journal.pone.0168189

30. Chen H, Chen S, Li S, Chen Z, Zhu X, 
Dui M, et al., Combining des-gamma-
carboxyprothrombin and alpha-
fetoprotein for hepatocellular carcinoma 
diagnosing: an update meta-analysis 
and validation study. Oncotarget. 
2017;8: 90390 – 401.doi: 10.18632/
oncotarget.20153

31. Bolger Y, Wong RJ, Gish RG. 
Epidemiology and Natural History of 
Chronic Hepatitis B Viral Infection. In 
Kao J.H., Chen D.S, (eds) Hepatitis B 
and Liver Disease. Springer, Singapore. 
https://doi.org/10.1007/978.981-10-
4843-2_4.  2018;63 – 89. ISBN: 978-
981-104842-5



https://dx.doi.org/10.4314/rjmhs.v6i3.9                                            Rwanda Journal of Medicine and Health Sciences Vol. 6 No. 3, November   2023    
____________________________________________________________________________________________________________________

366

32. Nimer A, Zaza B, Agness D, Gattas N, 
Maria G, William N. Lower baseline ALT 
cut-off values and HBV DNA levels better 
differentiate HBeAg(-) chronic hepatitis 
B patients from inactive chronic carriers. 
World J Gastroenterol. 2009;15(24): 
3025-3031. Doi:10.3748/wg.15.3025

33. Mishra K, Naffouj S, Gorgis S, Ibrahim 
H, Gill S, Fadel R, et al. Liver injury as a 
Surrogate for Inflammation in COVID-19. 
Hepatology Communication. 2020;5 
(1): 14 – 32. https://doi.org/10.1002/
hep4.1586

34. World Health Organization (2017) Global 
hepatitis report. who website. 2017. 
(https://www.who.int/publications/i/
item/9789241565455)

35. Jennifer G, Marion GP. Liver Disease 
in Women: The Influence of Gender on 
Epidemiology, Natural History, and 
Patient Outcomes .Gastroenterology & 
Hepatology . 2013;(9), 633-653

36. Okonko IO, Udeze AO. Detection of 
HBsAg among pregnant women attending 
Antenata Clinic at O.I.A. Catholic Hospial, 
Ibadan, Oyo State, South western Nigeria 
.Nature and Science. 2011;9 (11): 54-60. 
Doi:10.4236/ojog.2018.88077

37. Liu Y, Lin B, Zhu DY, Chen J, Zheng Q, 
Dong J, Jiang J. Alpha-fetoprotein level 
as a biomarker of liver fibrosis status: a 
cross-sectional study of 619 consecutive 
patients with chronic hepatitis B. BMC 
Gastroenterology. 2014;14, 145(2014). 
h t tps ://do i . o rg/10 .1186/1471-
230x-14-145. 

38. Yang N, Feng J, Li ZR, Ming KH, Lei XX, 
Xu BL. Evaluation of Serum α-fetoprotein 
Levels During Different Infection Phases 
of CHB Patients. Clinical laboratory. 
2018;64(1), 43-49. Doi:10.7754/Clin.
La.2017.170526.

39. Conn VS. Don’t Rock the Analytical 
Boat: Correlation is not Causation. 
Western Journal of Nursing Research. 
2017; 39(6):731-732. https://doi.
org/10.1177/0193945917701090

40. MedCalc Software Ltd. Diagnostic test 
evaluation calculator. MedCalcwebsite. 
h t tps ://www.medca lc .o rg/ca l c/
diagnostic_test.php (version 20.218). 
Accessed 21 April 2023

41. Raschke RA, Curry SC, Warkentin 
TE, Gerkin RD. Improving clinical 
interpretation of the anti-platelet 
factor 4/heparin enzyme-linked 
immunosorbent assay for the diagnosis 
of heparin-induced thrombocytopenia 
through the use of receiver operating 
characteristic analysis, stratum-specific 
likelihood ratios, and Bayes theorem. 
Chest. 2013;144(4):1269–1275. doi: 
10.1378/chest.12-2712

42. Baduashvili A, Guyatt G. Evans AT, 
ROC Anatomy—Getting the Most Out of 
Your Diagnostic Test.  J Gen Intern Med. 
2019;34(9): 1892–1898. doi: 10.1007/
s11606-019-05125-0

43. Deeks JJ, Altman DG. Diagnostic 
test 4: likelihood ratios. BMJ 
2004;329(7458): 168–169. Doi:10.1136/
bmj.329.7458.168

44. Mandrekar JN. Simple Statistical 
Measures for Diagnostic Accuracy 
Assessment. Biostatistics for Clinicians 
2010;5(6): 763-764, https://doi.
org/10.1097/JTO.0b013e3181dab122


