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®
Assessment of the performance Rl

of haematological and non-invasive fibrotic
indices for the monitoring of chronic HBV
infection: a pilot study in a Ghanaian population

Eric N.Y. Nyarko'", Christian Obirikorang®*, W. K. B. A. Owiredu?, Evans Asamoah Adu** and
Emmanuel Acheampong??

Abstract

Objective Haematological and liver fibrotic markers could be appreciably utilized for effective monitoring

of Chronic Hepatitis B viral (HBV) infection, thereby increasing patient’s treatment outcome. The objective of this
study was to assess the applicability of complete blood count (CBC) and non-invasive liver-fibrotic indices as markers
of prognostic outcome and monitoring in HBV infections.

Results Significant differences in levels of white cell and differentials counts, red blood cell count, hemoglobin
indices, and platelet indices were observed between HBV-infected patients (cases) and uninfected persons (controls).
Levels of haemoglobin (Hb), total white blood cells (tWBC), neutrophils, monocytes, platelets, and Platelet Distribution
width (PDW) were significantly lower (p <0.05) in the cases compared to the controls. Total and indirect bilirubin; De-
Ritis ratio, Aspartate transaminase to platelet ratio index (APRI) and RDW-to-platelet ratio (RPR) were elevated in cases
compared with controls (p-value <0.05). In a multivariate adjusted model to test the significance of markers, Hemo-
globin Index (beta coefficient=— 0.876, p-value <0.001), NLR (beta coefficient=— 0.839, p-value <0.001), MPV_10000
(beta coefficient=— 0.333, p-value <0.001) and Albumin (beta coefficient=— 0.059, p-value=0.014), were associated
with HBV infection status. Receiver operative characteristics curve analysis showed Hemoglobin Index (AUC=0.744)
and MPV_10000 (AUC=0.730) as better prognostic markers for HBV-infection.

Keywords Hematological, Biochemical, Fibrotic indices, Ghanaians, HBV infection, Chronic HBV status

Introduction
Africa is a home of two-third of the 257 million HBV
infected individuals [1]. The national prevalence of HBV
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ting them at risk of end stage liver complications such as
cirrhosis and liver cancer (3, 4], after a period of chro-
nicity. Consequently, early detection, treatment and fre-
quent monitoring (especially among persons chronically
infected) are critical components of comprehensive man-
agement of HBV infected persons. Physical examination
and the use of both traditional and novel immunological,
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biochemical, and haematological markers are used to
monitor HBV infections. There are reports on the use
of immunological markers for screening, diagnosis and
monitoring, including HBV profiling of viral antigens
and host antibodies [4-6], however there is paucity
of data with regards to the use of haematological and
fibrotic indices for the monitoring of HBV, espeacially
Chronic HBV infections. Chronic HBV (CHBYV) infec-
tion is the persistence of hepatitis B surface antigen
(HBsAg) for 6 months or more in serum of an infected
person, after acute infection with HBV. The progression
and outcome of CHBYV infection is dependent on viral
pathogenicity, host immune status and host-virus inter-
action [7]. It is characterized by wide biochemical, and
immunological profiles, which differs from one individ-
ual to another with regards to ALT and AST activities,
presence or absence of HBeAg, and hepatic fibrosis—
throughout each of the 4 phases of CHBV infection [8].
The most commonly used tests for HBV monitoring
are the liver function biochemical tests (LFT’s) which
include measuring of the concentrations of serum bili-
rubin’s and some proteins as well as activity of enzymes
like alanine transaminase (ALT), aspartate transaminase
(AST), alkaline transaminase (ALP) and gamma-gluta-
myl transferase (GGT) [9]. However, HBV affects other
parameters, such as haematological indices, in diverse
ways. For instance, liver inflammation caused by HBV
infection leads to the release of hepcidin which inhib-
its iron absorption and recycling, resulting in hypofer-
remia, and consequently restricted erythropoiesis and
low Hb levels [10]. HBV also causes reduced total white
blood cell (tWBC) count by inhibiting the erythropoietic
function of the bone marrow, while conversely, causing
elevated lymphocyte levels due to concerted efforts by
the immune system to eliminate HBV and infected cells
in order to protect the entire liver [11-13]. Beside these,
another important haeamatological parameter affected
by HBV infection is the platelets. Platelet production is
partly ‘controlled’ by thrombopoietin, a hormone made
by the kidneys and largely by the liver. The inflammation
process in the liver by the HBV reduces thrombopoi-
etin synthesis by the liver, and subsequently affects the
levels of thrombocytes produced by the bone marrow.
In chronic HBV infections, the stage of liver fibrosis
is important for clinical assessment and management.
Although the gold standard has been the liver biopsy for
histological investigations, it is an invasive and expensive
procedure, not suitable for resource limited settings and
its very subjective, making its accuracy sometimes ques-
tionable. Moreover, data on the use of haematological
indices and non-invasive liver fibrotic tools for screening,
prognosis and monitoring purposes are few, particularly
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in Ghana—a country with high HBV infection rate and
limited laboratory resources. Hence this pilot study seeks
to bridge the knowledge gap about the levels of haema-
tologic indices among HBV infected individuals and
their application in monitoring HBV infection, especially
CHBY, as well as to assess four (4) non-invasive fibrotic
indices among Ghanaians with HBV infection.

Methods

There were 300 participants in this case—control study,
with 150 HBV infected individuals as cases and 150
apparently healthy HBV non-infected individuals as
controls. 89 of the cases with persistence of the HBsAg
in the blood for more than 6 months were considered to
have chronic HBV (CHBYV) infection, and the rest (61)
acute HBV infection. The study was ethically approved
by Committee of Human Research, Publication and Eth-
ics (CHRPE) of the Kwame Nkrumah University of Sci-
ence and Technology, (KNUST), Kumasi—Ghana (Refs:
CHRPE/RC/053/18, = CHRPE/AP/426/19).  Written
informed consent were obtained from the participants.
The sample size was calculated as described by Charan
& Biswas [14]. Six milliliters (6 ml) of venous blood sam-
ple were collected from each participant—3 ml was put
into serum separator gel tube (SST) and 3 ml into EDTA-
anticoagulated tube. The SST sample was allowed to clot
and centrifuged at 2500 g for 7 min to obtain serum and
preserved below — 20 “C till assayed.

Different biochemical and hematological procedures
and techniques were employed, depending on the target
analyte. Haemoglobin, blood cells and other haemato-
logical indices were measured using the vis-spectropho-
tometry, impedance, and flow cytometry principles, with
Mindray 5-parts hematology analyzer (Mindray, Shen-
zhen-China, 2013), while the HumaStar 200 Clinical
chemistry analyzer (Human Diagnostics, Germany, 2014)
was used to measure the concentrations of the bilirubins
(total and direct), albumin and total protein. The activity
of each of the enzymes: ALP, ALT, GGT and AST were
also measured.

Data were entered into the Statistical Package for the
Social Sciences (SPSS, version 23). The data were coded
and analyzed. The categorical data were presented by
the frequencies of their occurrences. Chi-Square test
was used to make comparisons among the categori-
cal groups. Normality of continuous data was checked
using Gaussian distribution. De-Ritis ratio was calcu-
lated by dividing AST by ALT, APRI by this formulae
{[AST level U /L) /AST(ULN in IU/L)]/[Platelet count
(109)]}, FIB-4 index =[Age(yrs)xAST (IU/L)]/[Platelet
countx/ALT (I /L)] and RPR=RDW (%) /Platelet count
(10°//L). The biochemical, haematological, and fibrotic
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indices were presented as meantstandard deviation
and the T-test was used to compare two groups, while
ANOVA was used to compare the three groups (i.e. Con-
trols, Acute HBV participants, and Chronic HBV Partici-
pants). Statistical significance was defined by P-value of
less than 0.05. Principal component analysis was under-
taken to create uncorrelated components to maximize
variance among highly correlated variables. Overall, a
haemoglobin index (consisting of Hb, Hct and MCH)
was generated. Also, because neutrophils count strongly
negatively correlated with lymphocyte counts, we gener-
ated a neutrophil-to-lymphocyte ratio (NLR), which has
been previously validated to represents systemic inflam-
mation marker [15-17]. A stepwise (forward conditional)
multivariate linear regression analysis, adjusting for age
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and BMI was used to evaluate a linear association of rou-
tine markers with CHB (Table 2). Significant markers
were used in a multivariate logistic regression analysis.
Receiver operative characteristics curve analysis was per-
formed to examine the performance of significant mark-
ers for CHB prognosis.

Results

There was no significant difference between the num-
ber of male participants and the number of female par-
ticipants (p>0.05). Participants within the age bracket
18-36 years were the mode (76.7%) (Table 1). In the
comparison of the haematological indices between
cases and controls, apart from RBC count, MCV, PCT
and haematocrit level (p-value>0.05), cases and con-
trol participants significantly differed in terms of all the
haematological parameters (Table 1).

Table 1 Sociodemographic, Haematological and Fibrotic indices of the Participants

Variable Category Cases (n=150) mean (SD) Controls (N=150) mean (SD) P-value
Gender Male 59 (39.3) 69 (46.0) 0.24

Female 91 (60.7) 81 (54.0)
Age (Yrs)* 18-36 116 (79.5) 111 (74.0) 0.05

37-53 30 (20.5) 33(22.0)

54-64 0(0.0) 6 (4.0)
Hb (12.0-18.0) (g/dl) 12.3(2.1) 129(1.9) 0.01
Total WBC count (4.3-11.5) 10%/L 59(1.8) 6.8 (3.1) <0.001
Neutrophils (50.0-70.0%) 459 (134) 57.6 (15.3) <0.001
Lymphocytes (20.0-40.0%) 44,1 (13.0) 32.8(14.2) <0.001
Monocytes (3.0-12.0%) 58(4.8) 6.9(2.7) 0.01
Eosinophils (0.5-5.0%) 32(3.1) 2.5(2.8) 0.03
Basophils (0.0-1.0%) 1.2(1.6) 0.3 (0.6) <0.001
Platelets (100-300)x 10%/L 195 (53) 222 (70) <0.001
Hematocrit (37.0-54.0%) 36.7(6.7) 35.4(5.9) 0.09
RBC's (3.5-5.5)x 10"%/L) 43(0.7) 42(06) 0.13
MCV (80.0-100.0fL) 83.2(11.1) 83.9(7.5) 047
MCH (27.0-34.0 pg) 28.3(5.5) 30.9(5.7) <0.001
MCHC (32.0-36.0 g/dL) 32.9(3.2) 36.2(3.0) <0.001
RDW-CV (11.0-16.0%) 15.3(4.4) 13.4(1.4) <0.001
RDW-SD (35.0-56.0fL) 46.7 (7.8) 42.8(5.4) <0.001
PDW (9-17) 14.5(3.2) 15.9(2.3) <0.001
PCT (0.20-0.35%) 0.23(0.07) 0.22(0.07) <0.001
MPV (8.0-11.5fL) 12.2(4.3) 9.8(1.3) <0.001
De-Ritis ratio 1.350+1.268 1.094+0.410 0.02
FIB-4 1.082+1.122 0.867+0.658 0.05
APRI 0.431+0.335 0.349+0.268 0.01

Data is presented as mean+SD

p-values < 0.05 were considered statistically significant

Hb hemoglobin, WBC White Blood Cell, RBC’s Red Blood Cells, MCV Mean Cell Volume, MCH Mean Cell hemoglobin, MCHC Mean Cell hemoglobin Concentration,
RDW-CV Red cell Distribution Width -Coefficient of Variation, RDW-SD Red cell Distribution width—Standard Deviation, PDW Platelet Distribution width, PCT
Plateletcrit and MPV Mean Platelet Volume, APRI Aspartate aminotransferase-to-platelet ratio index, FIB-4 fibrosis 4 index, RPR RDW-to-platelet ratio

# 4 Participants did not provide their ages
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Table 2 Stepwise Regression model to examine an association between CHB infection and routine laboratory markers

Model Predictors Beta coefficient Exp(B) 95% C.l. for EXP(B) Sig

Lower Upper

Step 1a Haemoglobin Index -092 0.398 0.299 0.531 <0.0001

Step 2b Haemoglobin Index -0.879 0415 0.306 0.563 <0.0001
MPV_10000 0.332 1.393 1.221 1.59 <0.0001

Step 3¢ Haemoglobin Index -0389 041 0.296 0.57 <0.0001
NLR —0.821 044 0313 0618 <0.0001
MPV_10000 0312 1.366 1.193 1.565 <0.0001

Step 4d Haemoglobin Index —-03876 0416 0.298 0.581 <0.0001
NLR -0.839 0432 0.305 0613 <0.0001
MPV_10000 0333 1.395 1.212 1.606 <0.0001
Albumin —0.059 0.943 0.9 0.988 0.014

Association of CHB infection with routine laboratory markers
MPV Mean Platelet Volume, NLR Neutrophil-to-lymphocyte ratio

The bilirubin (total and indirect, but not direct) was
significantly higher in the case group compared to the
control group (p<0.01). However, albumin level was
significantly lower in cases compared with controls

(39.78 vs 41.58, p-value=0.017). The levels of de -Ritis
ratio, APRI and RPR were statistically higher in the
cases (p <0.05) (Table 1).

Table 3 Comparison of Haematological and Fibrotic indices between the Controls and HBV infected categories

Haematological index Control (n=150) Acute HBV patients (n=61)  Chronic HBV patients (N=89) P-value
mean (SD) mean (SD)
Hb (12.0-18.0) (g/dl) 129(1.9) 123(2.1) 12.2(2.1) 0.021
Total WBC count (4.3-11.5) 10%/L 6.9 (3.1) 59(1.8) 58(1.9) 0.003
Neutrophils (50.0-70.0%) 574 (15.4) 45.8(13.5) 46.1 (13.6) <0.001
Lymphocytes (20.0-40.0%) 33.0(14.2) 46.1 (13.3) 42.8(12.9) <0.001
Monocytes (3.0-12.0%) 6.9 (2.7) 6(2.7) 6.5 (5.6) 0.001
Eosinophils (0.5-5.0%) 2.5(2.8) 25(1.6) 3.7(15) 0.010
Basophils (0.0-1.0%) 0.3(0.6) 9(0.7) 14(1.8) <0.001
Platelets (100-300)x 10%/L 222 (70) 192(46) 188 (58) 0.002
Hematocrit (37.0-54.0%) 35.4(5.9) 37.5(6.9) 37.2(6.2) 0.076
RBC's (3.5-5.5)x 10'%/L) 4.2(06) 43(07) 43(0.7) 0.140
MCV (80.0-100.0fL) 83.9(7.5) 864 (11.7) 85.7 (10.1) 0.490
MCH (27.0-34.0 pg) 30.9(5.7) 283(5.9) 28.1 (5.0 0.010
MCHC (32.0-36.0 g/dL) 36.2(3.0) 32.8(7.0) 328(5.2) 0.026
RDW-CV (11.0-16.0%) 13.4(1.4) 13.5(1.6) 12.8(1.3) <0.010
RDW-SD (35.0-56.0fL) 42.8(5.4) 48.8(9.1) 38.7(7.0) <0.010
PDW (9-17) 15.9(2.3) 14.7 (3.4) 14.9(2.5) <0.010
PCT (0.20-0.35%) 0.22(0.07) 0.25(0.10) 0.26 (0.07) <0.001
MPV (8.0-11.5fL) 9.8(1.3) 13.2(7.3) 12.2 (4.4) <0.001
De-Ritis ratio 1.01+£041 1.09+1.27 1.35£0.84 0.038
FIB-4 0.87+0.66 1.07+1.12 1.16+1.03 0.032
APRI 0.350+027 0.39+0.34 0.38+0.29 0.010
RPR 0.06+0.04 0.07+0.05 0.08+0.05 <0.001

Data is presented as m

ean+SD

p-values < 0.05 were considered statistically significant

Hb hemoglobin, WBC White Blood Cell, RBC’s Red Blood Cells, MCV Mean Cell Volume, MCH Mean Cell hemoglobin, MCHC Mean Cell hemoglobin Concentration,
RDW-CV Red cell Distribution Width -Coefficient of Variation, RDW-SD Red cell Distribution width—Standard Deviation, PDW Platelet Distribution width, PCT

Plateletcrit and MPV Mean Platelet Volume, APRI Aspartate aminotransferase-to-platelet ratio index, FIB-4 fibrosis 4 index, RPR RDW-to-platelet ratio
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Fig. 1 Receiver Operative Characteristics (ROC) curve analysis of routine markers associated with CHB infections. a: Haemoglobin (Hb) index, b:

Neutrophil-lymphocyte-ratio (NLR), ¢: MPV_10000, d:Albumin

The output of the regression model is shown in Addi-
tional file 1: Table S1. Heamoglobin index (Hb-index),
MPV_10000, NLR, albumin, AST, GGT, PDW, and FIB-4
had a significant linear association with CHB. Thus,
were used in a multivariate logistic regression analysis
(Table 2). Overall, haemoglobin index, NLR, and Albu-
min were significantly reduced in CHB infected indi-
viduals, whereas MPV_1000 was significantly increased,
compared to the controls.

The ROC curved analysis found Hb-index, MPV-1000
and Neu-to-Lym ratio (NLR) as the best prognostic
markers of CHB, in the order of significance (Fig. 1).

The study further compared the levels of the haema-
tological and the fibrotic indices between the controls,
cases with acute HBV infection and cases with chronic
HBYV infection (Table 3). The comparison found some
significant differences in both the haematological and
fibrotic indices; however, those differences were stronger
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and mostly between the acute infection group and the
controls or the chronic infection group and the controls.

Discussions

This study aimed to find out if hematological, biochemi-
cal, and liver fibrotic indices in Ghanaians with chronic
hepatitis B (CHB) infection could be helpful, reliable,
and inexpensive markers for HBV infection monitor-
ing and evaluation. Hematological markers, non-inva-
sive fibrotic indices, as well as liver function tests, were
found to be beneficial in the monitoring of Chronic HBV
(CHBV) infection. In CHB infection, both liver enzymes
and blood cell indices were significantly different from
normal controls. The study observed that the total white
blood cell (TWBC) count, neutrophils, and monocytes
in the Chronic HBV infected patients were significantly
lower compared with that of the controls. According to
Sing et al. [18], HBV suppresses the erythropoietic activ-
ity of the bone, lowering the total cell count. That is, the
virus frequently suppresses haematopoiesis and mye-
lopoiesis reducing the number of neutrophils produced.
In addition, HBV has been shown to destroy neutrophils
which generally make up >55% of the TWBC count, and
the virus’s HBsAg has been identified in the nucleus juve-
nile neutrophils, which is thought to inhibit and decrease
neutrophil development [19]. Moreover, Li et al. [20],
found considerably higher amounts of basophils, eosin-
ophils, lymphocytes, and reduced neutrophils in HBV
infected persons than the controls. Asaduzzaman, et al.
[21] made a similar finding in chronic HBV patients,
where higher eosinophil levels were found. Other chronic
HBYV investigations have also observed increased produc-
tion and peripheral blood levels of lymphocytes such as
CD64 and effector CD8+T cells [11, 12]. The increase
in lymphocytes is most likely the immune system’s coor-
dinated attempts to remove HBV infected hepatocytes,
to protect the entire liver. We found the case group had
significantly lower haemoglobin levels than the control
group in this study. Similar to our finding, Francisca et al.
[13], observed that HBV infected patients have decreased
Hb levels compared with HBV non-infected parsons. The
low Hb levels in the HBV infected persons could be due
to increased production and secretion of hepcidin—a
molecule useful in the metabolism of iron- in uncom-
plicated chronic HBV infection [10]. Furthermore, since
globin (the major protein in albumin) production is
required for haemoglobin synthesis, the lower levels seen
in the case group could explain our findings.

In the HBV infected cases, we observed significantly
lower MCH and MCHC compared with the controls.
Mao et al. [22], reported abnormal iron metabolism as a
feature in CHBYV infection. Also, transferrin and ferritin
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production are compromised in CHB infections. Accord-
ingly, iron deficiency anaemia characterized by low MCH
and MCHC is observed in some cases of CHB infections.
The study observed that platelets and PDW were signifi-
cantly decreased in cases compared to the control group.
However, MPV was significantly elevated in the case
group compared with the control group. Other studies
have reported reduced platelet count and PDW among
HBYV infected persons [23, 24]. Also in a number of stud-
ies, elevated MPV has been reported among chronic
HBYV patients [24, 25], which is in agreement to this pre-
sent findings. In a study by Pan et al. [23], reduced throm-
bopoietin production was observed in inflamed liver cells
due to HBV infection. It has also been reported that in
HBYV infected persons, hypersplenism as a result of por-
tal hypertension may lead to increased sequestration of
blood cells including platelets. Also, HBV fibrotic process
is characterized by transport of thrombocytes to the liver
and its vessels thereby reducing the platelets circulat-
ing in the blood. The significance of these haematologi-
cal indices are affirmed by the findings that haemoglobin
index (Hb-index) and NLR were significantly reduced in
CHB infected individuals whereas MPV_10000 was sig-
nificantly increased among same, compared with con-
trols. Besides, all three (3) parameters were found to be
possible prognostic and monitoring markers of chronic
HBYV infection. Similar fi have been reported by Liu et al.
[26].

In chronic HBV infections, the stage of liver fibrosis
is important for clinical assessment and management.
That is, the treatment and prognosis of CHB infection
largely depends on the fibrosis stage. Although the gold
standard procedure has been the liver biopsy for histo-
logical examination, it is an invasive and expensive pro-
cedure, not suitable for resource limited settings and its
very subjective, making its accuracy sometimes ques-
tionable. Thus, we compared the values of de-Ritis ratio,
APRI, FIB-4 and RPR indices in HBV infected individu-
als and healthy controls. Subsequently, we compared the
values of these liver fibrosis indices between the CHBV
patients, the acute HBV patients, and the control groups.
We observed that the de-Ritis ratio, APRI and RPR
fibrotic indicators were significantly elevated in cases (-to
a greater extent in CHB patients than the acute group),
whiles some key liver enzymes (ALT, AST, GGT and
ALP) could not differentiate between cases and healthy
controls. This shows some benefits of fibrotic indices to
LFTs in monitoring HBV associated liver fibrosis, com-
mon (but very mild and slow) in inactive CHB. Similar
studies by Song and Kim [8], Liu et al. [26] and Sebastiani
et al. [27], reported that APRI is one of the accurate and
reliable early non-invasive index for detecting hepatic
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fibrosis in CHB infection. Regarding the RPR, low circu-
lating platelets [28] and high RDW are associated with
severity of hepatic fibrosis or cirrhosis [29, 30] which was
a feature observed among the CHB cases in this study.
Thus, evaluation of all these calculators as predictors of
HBYV -associated fibrosis and cirrhosis among Ghanaians
would be very useful.

The outcomes of this study show that there is a signifi-
cant shift in WBC and its differentials (including NLR),
platelet and platelet derived indices, RBC indices in
Chronic HBV (CHB) infection. However, these haemato-
logical indices are susceptible to many infections, inflam-
mations and other medical conditions, and cannot be
used in isolation for monitoring and evaluation of chronic
or acute HBV infections. APRI, de-Ririts ratio and RPR
were also found to be better indicators to discriminate
CHB infected individuals from healthy patients, and
those with acute infection. Further studies needed to
assess the diagnostic ability of these indices among the
general Ghanaian population as well as focus on HBV
infected subgroups and phases are recommended.

Limitations of the study

Though we have demonstrated the usefulness of these
haematological and non-invasive fibrotic indices for
CHBYV infection monitoring, with some congruence with
previous reports, this study is not without limitations:

1.The study was localized within the Greater Accra
region of Ghana, and generalization of the findings
(to other regions within the country) should be done
with caution.

2.Also, the sample size of the study was small, which
may have affected the power.

Thus, further studies, with larger sample sizes across
the other all 16 regions are recommended.
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NLR Neutrophil-to-lymphocyte ratio

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513104-023-06581-y.

Additional file 1: Table S1. Regression Model. Table S2. Biochemical
Analytes of the Study of the study participants.

Acknowledgements

The authors acknowledge the diverse efforts by the entire staff of Mamprobi
Polyclinic, Ussher Polyclinic, Kaneshie Polyclinic, Ridge Regional Hospital,
and Amasaman Government Hospital. Also, sincere gratitude goes to staff of
Noguchi Memorial Institute for Medical Research (NMIMR), Legon, Accra.

Author contributions

ENYN & CO were involved in conceptualization of the study, software, meth-
odology, Study Supervision, Validation, writing of original manuscript, Review
& editing of same; WKBAO was involved in data curation, formal analysis,
supervision, writing of original draft, review & editing of the manuscript; EAA
& EA contributed in data analysis, conceptualization, data curation, validation,
review & editing. All the authors read and approved the manuscript before
submission.

Funding
This study did not receive any specific grant from funding agencies in the not-
for-profit, public, or commercial institutions.

Availability of data and materials

Two Supplementary tables (Additional file 1: Tables S1, S2) are attached to this
publication. All other datasets used and/or analysed during this study may be
obtained from the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

The ethical approval (Refs: CHRPE/RC/053/18, CHRPE/AP/426/19) of this study
was obtained from CHRPE (Committee of Human Research, Publication and
Ethics (CHRPE) of Kwame Nkrumah University of Science and Technology,
(KNUST), Kumasi, Ghana. A consent form was given to each participant to
sign (or thumbyprint) and confidentiality were assured. Also, written informed
consent was obtained from all participants before they were allowed to par-
ticipate in the study the study. All methods and procedures were performed
in accordance with the relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
We the authors of this manuscript declare that we have no competing
interests.

Received: 16 October 2022 Accepted: 18 October 2023
Published online: 04 November 2023


https://doi.org/10.1186/s13104-023-06581-y
https://doi.org/10.1186/s13104-023-06581-y

Nyarko et al. BMC Research Notes

(2023) 16:312

References

1.

L

20.

21.

22.

23.

Razavi-Shearer D, et al. Global prevalence, treatment, and prevention of
hepatitis B virus infection in 2016: a modelling study. Lancet Gastroen-
terol Hepatol. 2018;3(6):383-403. https://doi.org/10.1016/52468-1253(18)
30056-6.

Ofori-Asenso R, Agyeman AA. Hepatitis B in Ghana: a systematic review
& meta-analysis of prevalence studies (1995-2015). BMC Infect Dis. 2016.
https://doi.org/10.1186/512879-016-1467-5.

Wang J, et al. Association of hepatitis B infection with high-risk complica-
tions in total joint arthroplasty. BMC Musculoskelet Disord. 2019. https://
doi.org/10.1186/512891-019-2535-y.

C. Ceentre for Disease Control and Prevention. Viral Hepatitis and Liver
Cancer. 2016.

W. World Health Organization, Global hepatitis report, 2017. 2017.

Song JE, Kim DY. Diagnosis of hepatitis B. Ann Trans| Med. 2016;4:18.
https://doi.org/10.2103/atm.2016.09.11.

N.1.for H.and C. NICE, Excellence. Hepatitis B (Hepatitis B (chronic): diag-
nosis and chronic): diagnosis and management management Clinical
guideline. 2013.

Seto WK, Lo YR, Pawlotsky JM, Yuen MF. Chronic hepatitis B virus infec-
tion. Lancet. 2018;392(10161):2313-24. https://doi.org/10.1016/S0140-
6736(18)31865-8.

Francisco S, et al. Update on prevention, diagnosis, and treatment and of
chronic hepatitis B: AASLD 2018 hepatitis B guidance. HSS Public Access.
2019;67(4):1560-99. https://doi.org/10.1002/hep.29800.Update.

Munoz M, Villar |, Garcia-Erce JA. An update on iron physiology. World J
Gastroenterol. 2009;15(37):4617-26. https://doi.org/10.3748/wjg.154617.

. Feng H,Yin J,HanY, Zhou X, Zhang G. Lymphocyte CD64 increased

in patients with chronic HBV infection” Int J Clin Exp Med.
2015;8(7):10746-52.

Guidotti LG, et al. Immunosurveillance of the liver by intravascular article
immunosurveillance of the liver. Cell. 2015;161(3):486-500. https://doi.
0rg/10.1016/j.cell.2015.03.005.

Uche Francisca O, JC I, Emmanuel Ifeanyi O, Martin Ol, Patience Ebele N,
Ogochukwu MTBO. Evaluation of some immunological and haematologi-
cal indices of hepatitis B infected subjects in Nnamdi Azikiwe Univer-
sity teaching Hospital, Nnewi, Anambra State, Nigeria. J Biomed Sci.
2017,06(03):1-7. https://doi.org/10.4172/2254-609x.10006 1.

Charan J, Kantharia N. How to calculate sample size in animal studies? J
Pharmacol Pharmacother. 2013;4(4):303-6. https://doi.org/10.4103/0976-
500X.119726.

Shi K, et al. Neutrophil-lymphocyte ratio and the risk of hepatocellular
carcinoma in patients with hepatitis B-caused cirrhosis. Eur J Gastroen-
terol Hepatol. 2021;33(15):e686-92. https://doi.org/10.1097/MEG.00000
00000002217.

Liu CC, et al. Neutrophil-to-lymphocyte ratio as a predictive marker of
metabolic syndrome. Med. 2019;98:43. https://doi.org/10.1097/MD.00000
00000017537.

Gharagozloo M, et al. CLINICAL STUDY immune-mediated cochleoves-
tibular disease. Bratis| Lek??rske List. 2015;116(5):296-301. https://doi.org/
10.4149/BLL.

Sing GK, Prior S, Fernan A, Cooksley G. Hepatitis B virus differentially sup-
presses myelopoiesis and displays tropism for immature hematopoietic
cells. J Virol. 1993;67(6):3454-60. https://doi.org/10.1128/jvi.67.6.3454-
3460.1993.

Hu S, et al. Hepatitis B virus inhibits neutrophil extracellular trap release
by modulating reactive oxygen species production and autophagy. J
Immunol. 2019;202(3):805-15. https://doi.org/10.4049/jimmunol.18008
71.

LiTY,Yang, Zhou G, Tu ZK. Immune suppression in chronic hepatitis

B infection associated liver disease: a review. World J Gastroenterol.
2019;25(27):3527-37. https://doi.org/10.3748/wjg.v25.i27.3527.

M. Asaduzzaman and F. M. Juliana. Impact of chronic HBV infection on
outcomes of ESR, SGPT and important parameters of CBC among HBV
infected patients. 2018.

Mao WL, Hu Y, Lou YF, Chen YM, Zhang JW. Abnormal serum iron markers
in chronic hepatitis B virus infection may be because of liver injury. Eur J
Gastroenterol Hepatol. 2015;27(2):130-6. https://doi.org/10.1097/MEG.
0000000000000247.

Pan Y, Muheremu A, Wu X, Liu J. Relationship between platelet
parameters and hepatic pathology in patients with chronic hepatitis B

24,

25.

26.

27.

28.

29.

30.

Page 8 of 8

infection—a retrospective cohort study of 677 patients. J Int Med Res.
2016. https://doi.org/10.1177/0300060516650076.

Ceylan B, et al. A new model using platelet indices to predict liver fibrosis
in patients with chronic hepatitis B infection. Wien Klin Wochenschr.
2013;125(15):453-60. https://doi.org/10.1007/500508-013-0394-3.

HuY, Lou Y, Chen'Y, Mao W. Evaluation of mean platelet volume

in patients with hepatitis B virus infection. Int J Clin Exp Med.
2014,7(11):4207-13.

Liu X, et al. Association of neutrophil-lymphocyte ratio and T lympho-
cytes with the pathogenesis and progression of HBV-associated primary
liver cancer. PLoS ONE. 2017;12(2):1-12. https://doi.org/10.1371/journal.
pone.0170605.

Sebastiani G, et al. Alimentary pharmacology and therapeutics the
impact of liver disease aetiology and the stages of hepatic fibrosis on the
performance of non-invasive fibrosis biomarkers : an international study
of 2411 cases. Aliment Pharmacol Ther. 2011. https://doi.org/10.1111/j.
1365-2036.2011.04861.x.

Wang H, et al. Comparison of FIB-4 and APRI in Chinese HBV-infected
patients with persistently normal ALT and mildly elevated ALT. J Viral
Hepat. 2013. https://doi.org/10.1111/jvh.12010.

Chen B, Ye B, Zhang J, Ying L, Chen Y. RDW to platelet ratio: a novel
noninvasive index for predicting hepatic fibrosis and cirrhosis in chronic
hepatitis B. PLoS ONE. 2013;8(7):1-8. https://doi.org/10.1371/journal.
pone.0068780.

Kushang Patel WBEV, Luigi Ferrucci JMGL, Longo Dan. Red blood cell
distribution width and the risk of death in middle-aged and older adults.
Arch Intern Med. 2009;169(5):515-23.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/S2468-1253(18)30056-6
https://doi.org/10.1016/S2468-1253(18)30056-6
https://doi.org/10.1186/s12879-016-1467-5
https://doi.org/10.1186/s12891-019-2535-y
https://doi.org/10.1186/s12891-019-2535-y
https://doi.org/10.2103/atm.2016.09.11
https://doi.org/10.1016/S0140-6736(18)31865-8
https://doi.org/10.1016/S0140-6736(18)31865-8
https://doi.org/10.1002/hep.29800.Update
https://doi.org/10.3748/wjg.15.4617
https://doi.org/10.1016/j.cell.2015.03.005
https://doi.org/10.1016/j.cell.2015.03.005
https://doi.org/10.4172/2254-609x.100061
https://doi.org/10.4103/0976-500X.119726
https://doi.org/10.4103/0976-500X.119726
https://doi.org/10.1097/MEG.0000000000002217
https://doi.org/10.1097/MEG.0000000000002217
https://doi.org/10.1097/MD.0000000000017537
https://doi.org/10.1097/MD.0000000000017537
https://doi.org/10.4149/BLL
https://doi.org/10.4149/BLL
https://doi.org/10.1128/jvi.67.6.3454-3460.1993
https://doi.org/10.1128/jvi.67.6.3454-3460.1993
https://doi.org/10.4049/jimmunol.1800871
https://doi.org/10.4049/jimmunol.1800871
https://doi.org/10.3748/wjg.v25.i27.3527
https://doi.org/10.1097/MEG.0000000000000247
https://doi.org/10.1097/MEG.0000000000000247
https://doi.org/10.1177/0300060516650076
https://doi.org/10.1007/s00508-013-0394-3
https://doi.org/10.1371/journal.pone.0170605
https://doi.org/10.1371/journal.pone.0170605
https://doi.org/10.1111/j.1365-2036.2011.04861.x
https://doi.org/10.1111/j.1365-2036.2011.04861.x
https://doi.org/10.1111/jvh.12010
https://doi.org/10.1371/journal.pone.0068780
https://doi.org/10.1371/journal.pone.0068780

	Assessment of the performance of haematological and non-invasive fibrotic indices for the monitoring of chronic HBV infection: A pilot study in a Ghanaian population
	Assessment of the performance of haematological and non-invasive fibrotic indices for the monitoring of chronic HBV infection: a pilot study in a Ghanaian population
	Abstract 
	Objective 
	Results 

	Introduction
	Methods
	Results
	Discussions
	Limitations of the study

	Anchor 10
	Acknowledgements
	References


