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1. Introduction

Hepatitis C virus, one of the most common chronic
diseases in the world, also has the potential to lead to
liver failure. Each year, thousands of people die as a
result of various HCV infection-related complications,
such as liver failure, cirrhosis, hepatocellular carcinoma
(HCC), and others [1, 2].

For the first diagnosis of HCV, serological assays
that check a patient's serum for anti-HCV antibodies are
used. Molecular assays that are both qualitative and
quantitative are used to confirm the initial diagnosis [3],
as well as to determine viral load and the dominant
strain's genotype. Because it provides great specificity
and sensitivity, nucleic acid amplification was used in
early experiments [4]. Information about the genotype
and viral load is also used to determine the best course of
treatment [5], [6].

A new family of medications called direct-acting
antivirals (DAAS) targets particular phases of the HCV
life cycle. DAA drugs have transformed HCV treatment
and made it feasible to completely eradicate the disease.
They suppress viral replication and production with a
brief course of treatment has low adverse effects, and a
strong persistent immune response [7].

The US Food and Drug Administration (FDA)
approved Gilead's RNA polymerase inhibitor sofosbuvir
(Sovaldi) in 2013, and it has the potential to
fundamentally alter HCV treatment. As a pan-genotypic
HCV inhibitor, sofosbuvir is effective against the
majority of HCV genotypes while daclatasvir blocks the
function of the NS5A protein, which is necessary for
HCV replication and assembly [8]. Direct-acting
antivirals stop HCV from replicating by targeting the
viral enzyme system that is involved in RNA replication

[9].

A correlation analysis examines the relationships
between different variables. The degree and direction of
the association between two or more variables, or "how
things are related,” are measured using correlation
statistical studies, according to Dodge [10], which are
used to examine relationships between quantitative
variables or categorical variables. A high correlation
indicates a significant association between two or more
variables, whereas a low correlation indicates a minimal
relationship between the variables. A measure of the
strength of the linear relationship between two random
variables is the simple correlation coefficient. Studies on
the association between biomarkers and illness
progression enable monitoring of the effectiveness of
treatment [11]. To make meaningful judgments about the
therapeutic utility of these novel markers, appropriate
statistical measurements are required [12].

Aim of work

The current study investigates the potential
relationships  between several immunobiological
biomarkers, such as a-fetoprotein, ALT, AST, creatinine,
hemoglobin, platelets, leucocyte count, and lymphocyte

percentage, and the quantitatively discovered virus C
load using the gRT-PCR technique.

1. Patients & methods:
1. Study design

1.1- Patients

The recruitment period ran from October 1, 2018, till
April 30, 2019. Patients were initially identified as HCV-
infected utilizing ELISA technology (DIA source,
Belgium), physical examination, blood pressure, full
blood count, ALT, AST, serum creatinine, and serum
AFP. As soon as volunteers were contacted, the study
medication was meant to begin. The study excluded
participants who were pregnant, had a history of
drinking, had hepatitis B virus (HBV), had HIV, or had
any other known liver problems. The study enabled a
longitudinal, prospective analysis based on viral load
measurement of sustained response.

600 ELIZA-HCV-positive patients were confirmed by
an RT-PCR target amplification HCV RNA
quantification assay.

Blood samples were collected and handled by highly
skilled individuals in the laboratories of the Ministry of
Health in Cairo, Egypt. The research team worked with
the information supplied by Cairo, Egypt's Ministry of
Health's Central Laboratories. The protocol was
followed and approved by National Organization for
Drug Control and Research NODCAR Research Ethics
Committee (No. NODCAR/1/26/2021)

1.2-Drugs
Sofosbuvir
Daclatasvir
2. Methods
Test groups:

Patients with hepatitis C who sought care at public
hospitals in Egypt were referred to the central
laboratories, of Egypt’s Ministry of Health. Data was
gathered while patients received medical care for 12
weeks. Participants had their serum samples checked for
HCV positive, and underwent laboratory evaluation.

The studied test groups were:

Virus C untreated-infected patients Group:
Hepatitis C untreated infected patients (female patients
n: 300 and male patients n: 300).

SOF/DAC treated-infected patients (after 12 weeks
therapy) Group: (female patients n: 300 and male
patients n: 300).

One 400 mg tablet of sofosbuvir with one 60 mg
tablet of Daclatasvir taken orally once a day. The
efficacy of double therapy was followed up by
biochemical, immunological, and hematological
parameters.

Parameters data included:

Immunological parameters include: ELISA-based
HCV and HBV antibodies (DIA source, Belgium),
alpha-fetoprotein (Diagnostic Automation, inc AFP-



185

International Journal of Theoretical and Applied Research, 2023,2(2)

ELISA Kit, USA, normal< 8.5 ng/ml), and quantitative
real-time PCR for measuring HCV RNA levels in serum
(Qiagen extraction kit & Abbott real-time HCV test,
RT_PCR, USA, negative or undetected<34 1U/ml).

Biochemical parameters include: alanine transferase
(ALT) (DiaSys Reagent Diagnostic systems ALT FS
(IFCC mod) Germany, ALT in women < 34 U/L and in
men < 45 U/L), aspartate transferase (AST) (DiaSys
Reagent Diagnostic systems AST FS (IFCC mod.)
Germany, and AST in women < 31 U/L and in men < 35
U/L), and serum creatinine (DiaSys Reagent Diagnostic
systems Creatinine FS, Germany, normal in female < 1.1
and in male <1.3mg/dL).

Hematological parameters include: blood hemoglobin,
platelet count, total leucocyte count, and lymphocyte
percentage (BEST-LAB, CBC Diluent, Lyse, Rinse, and
EZ cleaner for (Diagon D-Cell 60 Hematology Analyzer
[Hungary], Cairo, Egypt.

Data collection:

Ten ml of venous blood was drawn from each patient
in stringent aseptic circumstances. Before centrifuging
one portion to separate the serum for clinical
examination, including ALT, AST, creatinine, and alpha-
fetoprotein levels, the other portion was allowed to clot.
Quantitative RT-PCR was used to determine the
concentrations of HCV RNA in serum. In accordance
with the manufacturer's instructions, all assays were
performed. Using EDTA blood, hematological
parameters were calculated.

Statistics

Prism, a computer, was used to analyze the results
(Graph Pad software. Version 5, San Diego, CA).

a-One-Way ANOVA: One-way analysis of variance
(ANOVA) was used to calculate statistical differences
between groups for multiple comparisons before the

Tukey-Kramer test. P values of 0.05 were regarded as the
minimal threshold for significance.

b-Pearson's r correlation coefficient: For a measure of
linear correlation between two variables. It gauges the
degree and nature of the connection between two sets.
The correlation coefficient squared, or r?, is also referred
to as the coefficient of determination. The data must fully
match the linear model to have an r? of 1.0. Any r? score
below 1.0 indicates that at least some of the data
variability cannot be explained by the model. The study's
many parameters were correlated with HCV viral load
using the statistical method r-squared. If the P value was
<0.05, it was deemed significant.

Ethical issues: The protocol used in this study was
according to National Organization for Drug Control

And Research (NODCAR) Ethics Committee,
NODCAR-REC, Ethics Application Form (No.
NODCAR/1/26/2021).

3. Results

Immunological parameters

Both male and female patient’s post-therapeutic serum
HCV viral load were highly significantly correlated to
pre-therapeutic virus load (r> = 0.005 at P = < 0.0001),
(r?=0.323 at P = < 0.0001), respectively (Table 1 & Fig.
1(A &B)).

Male patients’ serum a-fetoprotein was highly
significantly correlated to HCV viral load before and
after therapy ((r> = 0.119 at P = < 0.0001), (r> = 0.094 at
P =<0.0001)), respectively. While, the female patient’s
serum o-fetoprotein was highly significantly positively
correlated to HCV viral load before therapy (r> = 0.012
at P =<0.0001) and only significantly correlated to HCV
viral load after therapy (r? = 0.011 at P 0.0632) (Table 1
& Fig. 2 (A, B, C & D)).

Table (1): Correlation of HCYV viral load and a-fetoprotein across pre- and post-treated HCV infected patients.

HCV viral load AFP
Male Female Male Female
r? P r? P r? P r? p
Pre-therapeutic 0.119 | =<0.0001 | 0.012 | = <
0.0001
Post-therapeutic | 0.005 | =< 0.323 | = < |0.094 | =<0.0001 | 0.011 | = <
0.0001 0.0001 0.0632

r2: correlation coefficient square “coefficient of determination”, P < 0.05 as significant and P < 0.001 as highly significant.
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Pearson r Correlation (XY Pair, 95% confidence interval, P value (two-tailed), correlation significant (p<0.05)).
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Fig (2): Hepatitis C Viral Load Correlation with alpha-fetoprotein in: (A) HCV-infected male patients, (B) post-
therapeutic male patients, (C) HCV-infected female patients, (D) post-therapeutic female patients; Pearson r
Correlation (XY Pair, 95% confidence interval, P value (two-tailed), correlation significant (p<0.05).
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Biochemical parameters

Both male and female patient’s serum ALT results
were highly significantly correlated to HCV viral load
pre-treatment (r> = 0.044 at P = 0.0003), (r> = 0.221 at P
=< 0.0001), respectively; and also post-therapeutic (r?
= 0.041 at P = 0.0005), (r> = 0.025 at P = 0.0063),
respectively (Table 2 & Fig. 3 (A, B, C & D)).

Male and female patients’ serum AST were highly
significantly correlated to HCV viral load before therapy
((r* = 0.121 at P = < 0.0001), (r> = 0.198 at P = <
0.0001)). While results of post-therapy were
significantly correlated in males (r> = 0.011 at P =

0.0907) and highly significantly correlated in the female
group (r? = 0.067 at P = < 0.0001) (Table 2 & Fig. 4 (A,
B, C & D)).

Male patient’s serum Creatinine (Cr) was
significantly correlated to HCV viral load at pre-therapy
(r> = 0.0197 at P = 0.0149), but post-therapeutic serum
Cr was not correlated to post-therapeutic HCV viral load
(r?=0.000 at P = 0.9925). While, female patient’s serum
Cr was highly significantly correlated to HCV viral load
at pre-therapy (r> = 0.049 at P = < 0.0001); and only
significantly correlated to post-therapeutic HCV viral
load (r? = 0.014 at P = 0.043) (Table 2 & Fig. 5 (A, B, C
& D))

Table (2): Correlation of HCV viral load and biochemical parameters across pre- and post-treated HCV infected

patients.
Male Female
r? P r? P
ALT | Pre-therapeutic 0.044 0.0003 0.221 =<0.0001
Post-therapeutic 0.041 0.0005 0.025 0.0063
AST | Pre-therapeutic 0.121 =<0.0001 0.198 =<0.0001
Post-therapeutic 0.011 0.0907 0.067 =<0.0001
Creat. | Pre-therapeutic 0.0197 0.0149 0.049 =<0.0001
Post-therapeutic 0.000 0.9925 0.014 0.043

r2: correlation coefficient square “coefficient of determination”, P < 0.05 as significant and P < 0.001 as highly significant.

Hematological parameters:

Male and female patients’ blood hemoglobin (HB)
were highly significantly correlated to HCV viral load
before therapy ((r? = 0.127 at P = < 0.0001), (r> = 0.239
at P = < 0.0001)), respectively. While, post-therapy
blood hemoglobin was significantly correlated to HCV
viral load in male patients (r> = 0.012 at P = 0.0541), and
weakly correlated in female patients (r> = 0.004 at P =
0.2518) (Table 3 & Fig. 6 (A, B, C & D)).

Male patient’s blood platelet count was highly
significantly correlated to HCV viral load at pre- and
post-therapy ((r?> = 0.089 at P = < 0.0001), (r> = 0.033 at
P = 0.0016)), respectively. Female patient’s blood
platelets count was highly significantly correlated to
HCYV viral load pre-therapy (r? = 0.049 at P = < 0.0001);
while post-therapeutic blood platelets count was
significantly correlated to post-therapeutic HCV viral
load (r> = 0.019 at P = 0.0184) (Table 3 & Fig. 7 (A, B,
C &D)).

Male patients’ total leukocyte count was significantly
not correlated to HCV viral load pre and post-therapy ((r?
= 0.001 at P = < 0.5256), (r? = 0.004 at P = 0.2781)),
respectively. Female patient’s HCV viral load was
weakly significantly correlated to blood total leukocyte
count pre-therapy (r> = 0.009 at P = 0.0989); and
significantly correlated to HCV viral load at post-therapy
(r?=0.013 at P = 0.0516) (Table 3 & Fig. 8 (A,B,C &
D)). Male patient’s blood lymphocyte percent was
significantly correlated to HCV viral load pre-therapy (r?
= 0.025 at P = 0.0061), and highly significant at post-
therapy (r?> = 0.049 at P = < 0.0001). Female patient’s
blood lymphocyte percent was highly significantly
correlated to HCV viral load pre-therapy (r> = 0.035 at P
= 0.0011); while post-therapeutic blood lymphocyte
percent is significantly correlated only to post-
therapeutic HCV viral load (r? = 0.031 at P = 0.0024)
(Table 3 & Fig. 9 (A, B, C & D)).

Table (3): Correlation of HCV viral load and hematological parameters across pre- and post-treated HCV infected

patients.
Male Female
Pre-therapeutic Post-therapeutic Pre-therapeutic Post-therapeutic
r’ P r’ P r’ P r’ P
HB 0.127 =<0.0001 | 0.012 | 0.0541 0.239 =<0.0001 | 0.004 | 0.2518
PLT. 0.089 =<0.0001 | 0.033 | 0.0016 0.049 =<0.0001 | 0.019 | 0.0184
WBCs 0.001 0.5256 0.004 | 0.2781 0.009 0.0989 | 0.013 | 0.0516
L% 0.025 0.0061 0.049 | =<0.0001 0.035 0.0011 [ 0.031 | 0.0024

r2: correlation coefficient square “coefficient of determination”, P < 0.05 as significant and P < 0.001 as highly significant.
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Fig (3): Hepatitis C Viral Load Correlation with ALT in: (A) HCV-infected male patients, (B) post-therapeutic
male patients, (C) HCV-infected female patients, (D) post-therapeutic female patients; Pearson r Correlation (XY
Pair, 95% confidence interval, P value (two-tailed), correlation significant (p<0.05).
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Serum aspartate transferase (AST):
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Serum creatinine:
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Fig (5): Hepatitis C Viral Load Correlation with S. Creatinine in: (A) HCV-infected male patients, (B) post-
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Blood Hemoglobin:
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Fig (6): Hepatitis C Viral Load Correlation with blood hemoglobin in: (A) HCV-infected male patients, (B) post-
therapeutic male patients, (C) HCV-infected female patients, (D) post-therapeutic female patients; Pearson r
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Blood platelets count:
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Fig. (7): Hepatitis C Viral Load Correlation with platelets count (PLT) in: (A) HCV-infected male patients, (B) post-
therapeutic male patients, (C) HCV-infected female patients, (D) post-therapeutic female patients; Pearson r
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Peripheral blood total leucocyte count:
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Peripheral blood lymphocyte percentage:
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1. Discussion with other circulating biomarkers [14]. The purpose of
this study was to assess the circulating
Although HCV viral load in chronic hepatitis is
thought to be a reliable indicator of the course of the biomarkers in patients with chronic HCV infections that
disease [13], it is not known if rising viral loads correlate may play a role in the disease's development. Direct-
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acting antivirals improve the immune response of
individuals with comprised immunity by eradicating
HCV [15].

In the current study, evaluation of serum HCV viral
load revealed a highly significant correlation between
pre-therapeutic and post-therapeutic virus load in both
HCV-infected male and female patients. The comparison
of HCV viral load measurements before and after therapy
is a crucial indicator of the effectiveness of the treatment
and the virus elimination. The decision threshold for high
vs low viremia has been suggested to be 800 000 1U/mL,
according to Pawlotsky et al. [16], who noted that the
criterion for differentiating between HCV low and high
viral loads differed depending on the assay utilized. The
best criterion for assessing whether an infected patient
has a high or low probability of reaching SVR was
subsequently suggested to be a baseline level of 400 000
IU/mL [17]. The ideal pre-treatment viral load cut-off
should be utilized to forecast treatment outcomes in
naive patients with chronic hepatitis C [18].

According to Chua et al. [19], a combination
regimens of DAAs for chronic HCV infection given for
8 or 12 weeks, have high cure rates. Treatment durations
that are reduced while maintaining high cure rates may
reduce treatment barriers related to affordability and
drug adherence. In all patients, plasma HCV RNA levels
rapidly decreased during the first two days of treatment
and were below the lower limit of quantification by the
end of the 6-week treatment period. Also, a novel NNI
(novel non-nucleoside inhibitor) with a fixed-
combination DAA achieved a virologic cure in 8 of 12
treatment-naive patients with chronic genotype 1 HCV
infection without cirrhosis.

In the present study, serum alpha-fetoprotein and
HCV viral load in male patients before and after therapy
were found to be highly significantly positively
correlated. However, the serum alpha-fetoprotein of
female patients showed a highly significant correlation
with HCV viral load pre-therapy and only a significant
connection with HCV viral load post-therapy, back to
SVR, and HCV eradication. Chu et al. [20] and Hu et al.
[21] claim that AFP is substantially associated with the
female gender. This is explained by Ruggieri et al. [22],
who found that innate, humoral, and cellular immune
responses to viral infections and vaccinations are
typically more potent in female participants than in male
ones. Sex hormones, in turn, differentially affect the
immune responses to viruses, by specific binding to the
hormone receptors expressed on the immune cells.

In both pre- and post-treated HCV-infected male and
female patients, correlation analyses between HCV viral
load and serum AST were highly significant. These
results supported those of Shahid et al. [33], who found
a connection between serum HCV RNA titers and AST.
The improvement of ALT and AST is closely correlated
with the removal of HCV RNA. When it comes to the
prognosis of liver illnesses in HCV patients, men had
higher levels of ALT and AST than women [34].

Estrogens have an immune-stimulating effect, while
androgens are immune-suppressing [22]._Patients with
chronic hepatitis C have reported that women have a
higher rate of spontaneous HCV elimination than men
[23]. In addition, Berghdfer et al. [24] observed that
healthy women produce substantially more INF- than
men. These results were corroborated by Leone and
Rizzetto [25], who also noted that there is some debate
regarding the connection between virus load, serum a-
fetoprotein, HCV genotype, and quasi-species diversity,
and the course of liver disease.

In 23.9% of CHC patients, elevated AFP levels were
observed [20]. Studies have suggested a connection
between elevated blood AFP and elevated alanine
aminotransferase (ALT) levels during liver cell
regeneration, particularly following severe hepatic
necrosis or resection [26], [27]. Even in the absence of
HCC, serum AFP levels were shown to be moderately
higher in the HCV and recovered groups and to
positively correlate with the liver enzymes AST, ALP,
and GGT as well as to have a linear positive connection
with the degree of cholestasis and hepatic cytolysis.
Regardless of the clinical response to therapy, AFP may
be a significant outcome measure in hepatitis C patients,
even if they have not yet been diagnosed with HCC [28].
On the other hand, reduced clearance of AFP following
SVR can be suggested [29].

After combination therapy, a higher platelet count,
HCV virus elimination, and a normal AFP was a sign of
effective treatment. It was hypothesized that the most
significant and frequent reasons of high AFP were
necrosis, hepatocellular damage, and inflammation after
antiviral treatment because there was a concurrent
decrease in AFP and ALT [30].

Serum ALT levels and viral load showed a highly
significant relation. Interestingly, there was a significant
association between ALT and AFP levels across the
board in the research sample. Zeuzem et al. [31],
discovered a connection between blood HCV RNA
levels and the severity of liver damage, as HCV damages
the liver through a direct cytopathic effect, abnormal
liver function tests, and liver fibrosis. They also found
that necroinflammatory activity and serum HCV RNA
levels are related. Patients with higher blood ALT levels
exhibited a stronger relationship with this factor. The
pathogenesis of liver injury may be influenced by the
host immunological response, which may reflect viral
load [32].

Although AST increases with age in co-infected
individuals, ALT decreases with age in noninfected
individuals [35]. Hence, eradication could rectify the
impairments in hepatic function. Hepatic inflammation
brought on by HCV replication may cause the liver to
undergo significant stress [36]. Therapy with sofosbuvir
and daclatasvir has been demonstrated to lower HCV
RNA viral load, improving the AST results of the liver
function tests [37].
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According to Babiker et al. review’s [38], HCV
infection considerably modifies serum levels of
inflammatory indicators, which may change in response
to HCV therapy, especially in patients receiving DAA.
Interleukin-6 (IL-6), interleukin-10 (IL-10), tumor
necrosis factor (TNF), TNF receptors (TNFR), soluble
CD163 (sCD163), and soluble CD14 were among the
biomarkers examined [39].

Chemerin is a chemoattractant protein that is thought
of as a biomarker that can be used to predict the severity
of liver disease in HCV patients, according to Peschel et
al. [40]. It has a negative correlation with ALT and AST
measures of hepatic function and a positive correlation
with leukocyte count, both of which are signs of systemic
inflammation. Also, it is negatively correlated with
severe chronic hepatitis C assessed by the model of end-
stage liver disease (MELD) score in HCV-infected
patients undergoing DAA treatment. As measured by the
fibrosis-4 (FIB-4) score, the aspartate
aminotransferase/platelet (AST/PLT) ratio index (APRI)
score, and it did not correlate with viral load, advanced
liver fibrosis and cirrhosis are significantly correlated
with low circulating chemerin levels.

In both male and female HCV patients, this study
discovered a relationship between pre-therapeutic HCV
viral load and serum creatinine levels. As HCV not only
has an effect on the liver but also on the kidney and this
is due to the efficacy of HCV in the kidney without
treatment. And as a result of the eradication of the HCV
virus after treatment, the connection between post-
treatment HCV viral load and serum creatinine is less
significant in female patients and nonexistent in male
patients. These results were corroborated by Abdelhamid
et al. [41], who reported that higher HCV viral load,
along with female sex, older age, lower hemoglobin,
higher international normalized ratio, and higher alanine
transaminase, was a significant predictor of low eGFR
(estimated glomerular filtration rate) in patients with
chronic HCV infection. Serum creatinine and HCV viral
load were reported to be significantly correlated in
people with CKD (chronic renal disease). The
relationship between serum interferons, cytokines, liver
functions, and HCV viral load was also shown by Afify
et al. [42]. The aberrant immunological response in CKD
was blamed for these false correlations [43].

According to Reid et al. [44], oxidative stress,
decreased hepatic blood flow, poor mitochondrial
function, and compromised immunity are all factors that
contribute to impaired renal function in older people.
Kidney mesangial, endothelial, and tubular cells with
HCV RNA and associated proteins may have a direct
cytopathic effect [45], [46]. Hence, chronic HCV
infection was linked to the prevalence of CKD. In
particular, active viral responses may cause renal damage
and impairment of renal function [47]. The risk of
developing chronic kidney disease (CKD) considerably
increased as HCV viral load rose in a dose-dependent
manner [48].

The HCV viral load significantly correlated with
blood hemoglobin, platelet count, and lymphocyte
percentage, but only weakly with total leucocyte count,
according to hematological data from HCV-infected
individuals. Similar findings were reported by Tsai et al.
[49] about predictors for identifying hepatitis C virus
infection.

The negative correlation of hemoglobin return to the
quantity of proinflammatory monocytes which
dramatically decreased by SOF/DCV therapy, this might
have happened as a result of reduced monocyte
activation and maturation, downregulation of CD16,
decreased bone marrow trafficking and/or turnover of
this particular subpopulation of myeloid cells [50]. In the
absence of treatment, HCV infection can cause auto-
immune hemolytic anemia [51], which can be treated to
cure it [52]. Chronic anemia disease is linked to
inflammatory, neoplastic, or chronic infection conditions
that might be mild or severe [53]. Asaduzzaman et al.
[54] claimed that women are more likely than men to
develop anemia.

Hematological alterations were described by Babitt
and Lin [55] as HCV infection-related kidney
dysfunction that resulted in relative erythropoietin
insufficiency, higher hepcidin levels, shorter erythrocyte
life spans, and altered iron metabolism. Moreover,
platelet count and HCV viral load were highly associated
in HCV-infected individuals, suggesting that MICS and
an aberrant immune response may be present [56], [41].
Strict surveillance should be maintained in individuals
with low platelet counts and/or high AFP levels even
after post-therapeutic eradication of HCV due to the
increased risk of HCC in these patients.

Platelets decrease in infected patients by impairment of
thermobocytopoiesis by megakaryocyte maturation
caused by viruses [57] and direct interaction between
viruses and PLT in blood circulation [58]. The virus may
trigger auto-immunogenicity and decrease the
production of thrombopoietin. According to Ong et al.
[59], these alterations to the bone marrow also contribute
to anemia and its main mechanism for inducing
neutropenia and  thrombocytopenia.  Significant
thrombocytopenia may be linked to HCV-related liver
disease, especially cirrhosis.

Hanberg et al. [60] pointed to the importance of
evaluating hematological findings in HCV-infected
patients. Their study concluded that the Neutrophil-to-
lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio
(PLR) were strongly correlated with mortality and
hepatic decompensation (HD) and weakly correlated
with inflammatory biomarkers. However, most of their
association was explained by VACS (veterans aging
cohort study) Index 2.0. Russell et al. [62] found that
longitudinal correlation measurement of lymphocyte-to-
monocyte ratio (LMR) during virus infection is
reflecting disease symptoms as leucocyte cells are the
major target of HCV infection [62].
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According to Degasperi et al. [63], up to 70% of
patients who received antiviral treatment experience a
hematologic reaction, including lymphoproliferative
disorders.

Finally, it should be taken into consideration that it
is unrealistic in correlation statistical studies for
assessment of added usefulness of biomarkers to assume
that all risk factor levels will remain constant during the
follow-up whereas, their trajectories are not known and
not measurable at baseline when risk prediction is made
[64, 12].

2. Conclusion

The current study emphasized the clinical efficacy of
DAA therapy, specifically Sofosbuvir and Daclatasvir
combined therapy in 12 weeks courses of treatment,
highlighting that this combined therapy is quite effective
in curing HCV viral infection and was linked to
improvements in many of the evaluated parameters.
Additionally, the study supported the significance of
correlation associations between HCV RNA viral load
and various study parameters, and up to 70% of patients
who receive antiviral treatment experience a hematologic
reaction, including lymphoproliferative disorders.

References:

1. Ahmad J, Eng FJ and Branch AD. HCV and HCC:
clinical update and a review of HCC-associated viral
mutations in the core gene. Semin Liver Dis. 2011
Nov; 31(4):347-55. doi: 10.1055/5-0031-1297924.
Epub 2011 Dec 21. PMID: 22189975.

2. Shahid I, Gull S, ljaz B, Ahmad W, Ansar M, Asad
S, et al. Stable Huh-7 cell lines expressing non-
structural proteins of genotype la of hepatitis C
virus. J Virol Methods. 2013 Apr; 189(1):65-9. doi:
10.1016/j.jviromet.2013.01.005. Epub 2013 Jan 23.
PMID: 23352716.

3. Lee CH, Shin HP and Lee JI. Predicting Factors of
Present Hepatitis C Virus Infection among Patients
Positive for the Hepatitis C Virus Antibody. Clin.
Molec. Hepatol. 2013, 19, 376-381.

4. Liang, TJ and Ghany MG. Current and Future
Therapies for Hepatitis C Virus Infection. N. Engl.
J. Med. 2013, 368, 1907-1917.].

5. Innes HA, McDonald SA, Dillon JF, Allen S, Hayes
PC, Goldberg D, et al. Towards a more complete
understanding of the association between a hepatitis
C sustained viral response and cause-specific
outcomes. Hepatology. 2015 Feb
26.d0i:10.1002/hep.27766.

6. Kouyoumjian SP, Chemaitelly H and Abu-Raddad
LJ. Characterizing hepatitis C virus epidemiology in
Egypt: systematic reviews, meta-analyses, and
meta- regressions. Sci Rep. 2018 Jan 26; 8(1):1661.
doi: 10.1038/s41598-017-17936-4. PMID:
29374178; PMCID: PMC5785953.

7. Sheridan C. (2014): FDA Approvals Usher in the
Post-Interferon Era in HCV. Nat. Biotechnol. 2014,
32, 3-5.

8. Hezode C, Hirschfield GM, Ghesquiere W, Sievert
W, Rodriguez-Torres M, Shafran SD, et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Daclatasvir plus peginterferonalfa and ribavirin for
treatment-naive chronic hepatitis C genotype 1 or 4
infection: a randomised study. Gut2014.

Muir AJ. Treatment of hepatitis C. In Zakim and
Boyer’s hepatology: a textbook of liver disease
edited by. Boyer TD, Manns MP, Sanyal AJ, 2017;
chapter (30), PP 446:63, seventh edition, Elsevier.
Dodge Y. The Concise Encyclopedia of Statistics,
Ed., New York, Springer, 2008, pp. 115-119. ISBN
978-0-387-31742-7.

Gordillo-Escobar E, Egea-Guerrero JJ, Rodriguez-
Rodriguez A and Murillo-Cabezas F. Utilidad de los
biomarcadores en el prondstico del traumatismo
crancoencefalico grave: Usefulness of biomarkers in
the prognosis of severe head injuries. Med Intensiva.
2016  Mar;  40(2):105-12.  Spanish.  doi:
10.1016/j.medin.2015.11.008. Epub 2016 Jan 25.
PMID: 26823158.

Pencina MJ, D'Agostino RB and Vasan RS.
Statistical methods for assessment of added
usefulness of new biomarkers. Clin Chem Lab Med.
2010 Dec; 48(12):1703-11. doi:
10.1515/CCLM.2010.340. Epub 2010 Aug 18.
PMID: 20716010; PMCID: PMC3155999.

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

Khan S, Bhargava A, Pathak N, Maudar KK,
Vershney S and Mishra PK. Circulating Biomarkers
and their Possible Role in Pathogenesis of Chronic
Hepatitis B and C Viral Infections. Indian J Clin
Biochem. 2011  Apr;  26(2):161-8.  doi:
10.1007/s12291-010-0098-7. Epub 2011 Jan 5.
PMID: 22468043; PMCID: PMC3107408.
Rehermann B. pathogensis of chronic viral hepatitis:
differential roles of T cells and NK cells. Nature
Medicine, 2013; 19(7):859.

Pawlotsky JM, Bouvier-Alias M, Hezode C, Darthuy
F, Remire J and Dhumeaux D. Standardization of
hepatitis C virus RNA quantification. Hepatology.
2000 Sep; 32(3):654-9.

Berg T, von Wagner M, Hinrichsen H, Heintges T,
Buggisch P and Goeser T. Definition of a pre-
treatment viral load cutoff for an optimized
prediction of treatment outcome in patients with
genotype 1 infection receiving either 48 or 72 weeks
of peginterferon alfa-2a plus
ribavirin. Hepatololgy. 2006; 44(Suppl 1):321A.
Martinot-Peignoux M, Ripault MP, Maylin S, Boyer
N, Giuily N, Castelnau C, et al. Optimal pre-
treatment viral load cut-off to predict treatment
outcome in patients with chronic hepatitis C treated
with  peginterferon alfa-2b  plus ribavirin. J
Hepatol. 2007; 46(Suppl 1):5234.

Chua JV, Ntem-Mensah A, Abutaleb A, Husson J,
Mutumbi L, Lam KW, et al. Short-duration
treatment with the novel non-nucleoside inhibitor
CDI-31244 plus sofosbuvir/velpatasvir for chronic
hepatitis C: An open-label study. J Med Virol. 2021
Jun; 93(6):3752-3760. doi: 10.1002/jmv.26652.



199

International Journal of Theoretical and Applied Research, 2023,2(2)

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Epub 2020 Nov 22. PMID: 33150966; PMCID:
PMC8246884.

Chu CW, Hwang SJ, Luo JC, Lai CR, Tsay SH, Li
CP, et al. Clinical, virologic, and pathologic
significance of elevated serum alpha-fetoprotein
levels in patients with chronic hepatitis C. J Clin

Gastroenterol. 2001 Mar; 2(3):240-4. doi:
10.1097/00004836-200103000-00014. PMID:
11246354,

Hu K, Kyulo N, Lim N, Elhazin B, Hillebrand DJ
and Bock T. Clinical significance of elevated alpha-
fetoprotein (AFP) in patients with chronic hepatitis
C, but not hepatocellularcarcinoma. Am J
Gastroenterol. 2004 May; 99(5): 860-865.
DOI:10.1111/j.1572-0241.2004.04152.x.

Ruggieri A, Anticoli S, D'’Ambrosio A, Giordani L
and Viora M. The influence of sex and gender on
immunity, infection and vaccination. Ann Ist Super
Sanita. 2016; 52: 198-204. DOl:
10.4415/ANN_16_02_11.

Fakhir F, Lkhider M, Badre W, Alaoui R, Meurs EF,
Pineau P, et al. Genetic variations in toll-like
receptors 7 and 8 modulate natural hepatitis C
outcomes and liver disease progression. Liver Int.
2018; 38: 432-442. DOI:10.1111/1iv.13533.
Berghofer B, Frommer T, Haley G, Fin k, Bein G
and Hackstein H. TLR7 ligands induce higher IFN-
alpha production in females. J Immunol. 2006;
177:2088-2096.

Leone N and Rizzetto M. Natural history of hepatitis
C virus infection: from chronic hepatitis to cirrhosis,
to hepatocellular carcinoma. Minerva Gastroenterol
Dietol. 2005 Mar; 51(1):31-46. English, Italian.
PMID: 15756144.

Yang SS, Cheng KS, Lai YC, Wu CH, Chen TK, Lee
CL, et al. Decreasing serum alphafetoprotein levels
in predicting poor prognosis of acute hepatic failure
in patients with chronic hepatitis B. J Gastroenterol
2002;37:626-32.

Tai WC, Hu TH, Wang JH, Hung CH, Lu SN,
Changchien CS, et al. Clinical implications of
alpha-fetoprotein in chronic hepatitis C. J Formos
Med Assoc 108: 210-218, 2009.

Isac T, Isac S, loanitescu S, Mihaly E, Tanasescu
MD, Balan DG, et al. Dynamics of serum a-
fetoprotein  in  viral hepatitis C  without
hepatocellular carcinoma. Exp Ther Med. 2021 Jul;
22(1):749. doi: 10.3892/etm.2021.10181. Epub
2021 May 12. PMID: 34035846; PMCID:
PMC8135122.

Chen TM, Huang PT, Tsai MH, Lin LF, Liu CC, Ho
KS, et al. Predictors of alpha-fetoprotein elevation in
patients with chronic hepatitis C, but not
hepatocellular carcinoma, and its normalization after
pegylated interferon alfa 2a-ribavirin combination
therapy. J Gastroenterol Hepatol 22: 669-675, 2007.
Chen TM, Huang PT, Tsai MH, Lin LF, Liu CC, Lin
CC, Chiang JL & Lin WR. Dynamic changes of
serum alpha-fetoprotein and des-gamma-carboxy
prothrombin are predictors of recurrence after
hepatectomy for hepatocellular carcinoma. Journal

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

of Gastroenterology and Hepatology. 2018, 33(7),
1528-1536.

Zeuzem S, Franke A, Lee JH, Herrmann G, Ruster
B and Roth WK. Phylogenetic analysis of hepatitis
C virus isolates and their correlation to viremia, liver
function tests, and histology. Hepatology 1996 Nov;
24(5):1003-1009. doi: 10.1002/hep.510240505.
PMID: 8903367.

Mohamed HR, Abdel-Azziz MY, Zalata KR and
Abdel-Razik AM.: Relation of insulin resistance and
liver fibrosis progression in patients with chronic
hepatitis C virus infection. Int J Health Sci (Qassim).
2009 Jul; 3(2):177-86. PMID: 21475535; PMCID:
PMC3068815.

Shahid M, Idrees M, Nasir B, Raja AJ, Raza SM,
Amin |, et al. Correlation of biochemical markers
and HCV RNA titers with fibrosis stages and grades
in chronic HCV-3a patients. Eur J Gastroenterol

Hepatol. 2014 Jul;  26(7):788-94.  doi:
10.1097/MEG.0000000000000109. PMID:
24781355.

Pendino GM, Marianos A, Surace P, Caserta AC,
Fiorillo MT, Amante A, et al. Prevalence and
etiology of altered liver tests: a population-based
survey in Mediterranean town. Hepatology 2005;
41:1151:9.

Sterling RK, Lissen E, Clumeck N, Sola R, Correa
MC, Montaner J, et al. Development of a simple
noninvasive index to predict significant fibrosis in
patients with HIV/HCV coinfection.
Hepatology. 2006 Jun; 43(6):1317-25. doi:
10.1002/hep.21178. PMID: 16729309.

Macias J, Grandos R, Tellez F, Merino D, Perez M,
Morano LE, et al. similar recovery of liver function
after response to all- oral HCV therapy in patients
with cirrhosis with and without HIV coinfection. J
viral Hepat. 2019; 26(1):16-24.
https://doi.org/10.1111/JVH.12990.

Wyles DL, Ruane PJ, Sulkowski MS, Dieterich D,
Luetkemeyer A, Morgan TR, et al. Daclatasvir plus
sofosbuvir for HCV in patients coinfected with HIV-
1. N Engl J Med. 2015; 373(8):714-725.

Babiker A, Hassan M, Muhammed S, Taylor G,
Poonia B, Shah A, et al. Inflammatory and
cardiovascular diseases biomarkers in chronic
hepatitis C virus infection: A review. Clin Cardiol.
2020 Mar; 43(3):222-234. doi: 10.1002/clc.23299.
Epub 2019 Nov 30. PMID: 31785111; PMCID:
PMC7068107.

Bruno CM, Valenti M, Bertino G, Ardiri A,
Amoroso A, Consolo M, et al. Relationship between
circulating interleukin-10 and histological features
in patients with chronic C hepatitis. Ann Saudi Med.
2011; 31(4):360-364.

Peschel G, Grimm J, Giilow K, Miiller M, Buechler
C and Weigand K. Chemerin Is a Valuable
Biomarker in Patients with HCV Infection and
Correlates with Liver Injury. Diagnostics (Basel).
2020 Nov 19; 10(11):974. doi:
10.3390/diagnostics10110974. PMID: 33228201;
PMCID: PMC7699464.


https://pubmed.ncbi.nlm.nih.gov/?term=Sterling+RK&cauthor_id=16729309
https://pubmed.ncbi.nlm.nih.gov/?term=Lissen+E&cauthor_id=16729309
https://pubmed.ncbi.nlm.nih.gov/?term=Clumeck+N&cauthor_id=16729309
https://pubmed.ncbi.nlm.nih.gov/?term=Sola+R&cauthor_id=16729309
https://pubmed.ncbi.nlm.nih.gov/?term=Correa+MC&cauthor_id=16729309
https://pubmed.ncbi.nlm.nih.gov/?term=Montaner+J&cauthor_id=16729309
https://doi.org/10.1111/JVH.12990

Ibrahim et al.

200

41

42,

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

. Abdelhamid WAR, Alnahal A, zaki A and Elsayed
AF. Impact of Hepatitis C Viral Load in Chronic
Kidney Disease Patients .8, Volume 11, Issue 2,
June 2021, Page 155-160.

Afify M, Hamza AH and Alomari RA. Correlation
between Serum Cytokines, Interferons, and Liver
Functions in Hepatitis C Virus Patients. J Interferon
Cytokine Res 2017; 37: 32-38.

Fabrizi F and Messa P. The epidemiology of HCV
infection in patients with advanced CKD/ESRD: A
global perspective. Semin Dial 2019; 32: 93-98.
Reid M, Price JC and Tien PC. Hepatitis C Virus
Infection in the Older Patient. Infect Dis Clin North
Am 2017; 31: 827-838.

Barsoum RS. Hepatitis C virus from entry to renal
injury—facts and potentials. Nephrol Dial
Transplant. 2007; 22:1840-1848.

Barsoum RS, William EA and Khalil SS. Hepatitis
C and kidney disease: A narrative review. J Adv Res.
2017 Mar;8(2):113-130. doi:
10.1016/j.jare.2016.07.004. Epub 2016 Jul 26.
PMID: 28149647; PMCID: PMC5272932.

Lai TS, Lee MH, Yang HI, You SL, Lu SN, Wang
LY, et al. High hepatitis C viral load and genotype 2
are strong predictors of chronic kidney disease.
Kidney Int. 2017 Sep; 92(3):703-709. doi:
10.1016/j.kint.2017.03.021. Epub 2017 May 20.
PMID: 28532708.

Chowdhury A, Santra A, Chaudhuri S, Dhali GK,
Chaudhuri S, Maity SG, et al. Hepatitis C virus
infection in the general population: a community-
based study in West Bengal, India. Hepatology.
2003 Apr; 37(4):802-9. doi:
10.1053/jhep.2003.50157. PMID: 12668973.

Tsai MH, Lin KH, Li KT, Hung CM, Cheng HS,
Tyan Y, et al. Predictors for Early Identification of
Hepatitis C Virus Infection. Biomed Res Int. 2015;
2015:429290. doi: 10.1155/2015/429290. Epub
2015 Aug 27. PMID: 26413522; PMCID:
PMC4564624.

Fayed HM, Ghweil AA and AbdelMeguid MM.
daclatsvir and sofosbuvir therapy enhance
monocytes phenotypic changes in naive chronic
Heptitis C patients: A prospective cohort study.
Interdisciplinary Perspective on infectious Diseases.
2019; 20109.

Srinivasan R. Autoimmune hemolytic anaemia in
treatment-naive chronic hepatitis C infection. J Clinc
Gastroenterol 2001; 32:245-7.

Chao TC, Chen CY, Yang YH, Chen PM, Chang FY
and Lee SD. Chronic hepatic virus infection
associated with primary warm-type autoimmune
hemolytic anaemia. J Clinc Gastroenterol 2001,
33:232-3.

Spivak JL. The blood in systemic disorders. Lancet
2000; 3555:1707-12.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Asaduzzaman M, Boppy SR, Fatema B, Haque Sh,
Islam MJ, Asaduzzaman Sikder MD, et al. Effect of
hepatitis C virus (HCV) on hemoglobin, blood cells
and random blood glucose levels among
serologically positive HCV patients. IOSR journal of
nursing and health sciences e ISSN: 2320-1959.p-
ISSN: 2320-1940 volume 6, Issue 5 ver. . (sep-
oct.2017), pp: 41-45. www.iosrjournals.org.

Babitt JL and Lin HY. Mechanisms of anemia in
CKD. J Am Soc Nephrol. 2012 Oct; 23(10):1631-4.
doi: 10.1681/ASN.2011111078. Epub 2012 Aug 30.
PMID: 2293483; PMCID: PMC3458456.

Forbes S, Ashman N and Yagoob M. The role of
platelets in the prognosis of renal disease. OA
Nephrology 2013; 1: 17.

Flaujac C, Boukour S and Cramer-Borde E.” PLTs
and virus: an ambivalent relationship”. Cellular and
molecular life Science. Vol. 67, no. 4, pp 545-556,
2010.

Chernesky MA, Larke RPB and Turpie AGG.
“Interaction between viruses and plts: requirement
of heamolotic activity for plt aggregation induced by
paramyxoviruses’’. Journal of General Virology,
vol 21, no. 2, pp. 205-213, 1973.

Ong JP and Younossi ZM.: Managing the
hematologic side effects of antiviral therapy for
chronic hepatitis C: anemia, neutropenia, and
thrombocytopenia. Cleve Clin J Med. 2004 May; 71
Suppl 3:517-21. doi: 10.3949/ccjm.71.suppl_3.517.
PMID: 15468613.

Hanberg JS, Freiberg MS, Goetz MB, Rodriguez-
Barradas MC, Gibert C, Oursler KA, et al.
Neutrophil-to-Lymphocyte and Platelet-to-
Lymphocyte Ratios as Prognostic Inflammatory
Biomarkers in Human Immunodeficiency Virus
(HIV), Hepatitis C Virus (HCV), and HIV/HCV
Coinfection. Open Forum Infect Dis. 2019 Jul 26;
6(10):0fz347. doi: 10.1093/ofid/ofz347. PMID:
31660334; PMCID: PMC6786514.

Russell CD, Parajuli A, Gale HJ, Bulteel NS,
Schuetz P, de Jager CPC, et al. The utility of
peripheral blood leucocyte ratios as biomarkers in
infectious diseases: A systematic review and meta-
analysis. J Infect. 2019 May; 78(5):339-348. doi:
10.1016/j.jinf.2019.02.006. Epub 2019 Feb 22.
PMID: 30802469; PMCID: PMC7173077.

Matsumori A, Shimada M and Obata T. leucocytes
are the major target of hepatitis C virus infection,
possible mechanism of multiorgan involvement
including the heart. CVD preventation and control.
Volume 5, issue 2, june 2010, pages 51-58.

Degasperi E, Aghemo A and Colombo M.
Treatment of extrahepatic manifestations of
hepatitis C virus. Clin Liver Dis 2017; 21: 631-643.
doi: 10.1016/j. cld.2017.03.015.

Hand DJ. Classifier technology and the illusion of
progress. Stat sci. 2006; 21:1-14) in his informative
review makes two important observations.


https://aeji.journals.ekb.eg/issue_22123_25277_.html
http://www.iosr/

