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Evaluating Responsiveness of Raised Serum Ferritin for Treatment

in Patients with Chronic Hepatitis C Infection

Hassan A Aziz!

Abstract

Background: Hepatitis C virus infection (HCV) is known as a major public health challenge across the
world. There is a positive association between iron accumulation in hepatocytes and increased
concentration of serum markers, including ferritin and transferrin. The study has aimed to investigate the
responsiveness of increased serum ferritin levels among patients suffering HCV infection.

Materials and Methods: The study has recruited 195 patients from the Hamad General Hospital, who
were suffering with HCV infection. The clinical characteristics included HCV viral load, biochemical data,
and parameters of iron status were evaluated among all the patients. The obtained results were quantitatively
analyzed using Microsoft excel 2013.

Results: The results revealed that the correlation between HCV and iron accumulation in hepatocytes
is significantly interfered by the anti-viral treatment. The mean value of iron for positive PCR was calculated
to be 19.93 umol/L; and for negative PCR, the value was estimated to be 24.6 | umol/L before administration
of drug. The iron level was 62.77 umol/L among the patients with positive PCR, which is within normal
range. The decrease in level of ferritin represents negative results after the drug administration. Increased
levels of ALT were observed among 37.62 percent of the patients.

Conclusions: The patients, suffering from chronic HCV, possess significant association with serum iron levels.
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Introduction:

Hepatitis C virus infection (HCV) is considered as a major
public health problem globally. The prevalence of HCV is
estimated to be 3% worldwide; out of which, approximately
170 billion people are affected with the hepatitis C
antibody.!? Around 20% of chronic hepatitis C (CHC) cases
progressed to cirrhosis that is a life-threatening hepatic
condition.? Other risk factors associated with CHC are
decompensated liver disease and hepato-cellular carcinoma,
which ultimately requires liver transplantation. Different viral
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factors (such as genotype and baseline viral load),
comorbidities, and genetic background of the host
characterize the outcomes of HCV infection.

Hepatocytes are responsible for storing approximately 1/3
of total body’s iron; therefore, liver has been known as a
major organ for iron storage.? The main storage protein ferritin
and the major transporting protein transferrin are synthesized
in the liver; therefore, liver plays a significant role in the iron
metabolism. The positive association between increased
concentration of serum iron markers (such as iron, ferritin,
and transferrin) and accumulation of iron in liver among
patients, suffering from CHC, have been reported by few
studies.2*> However, the diagnosis of cirrhosis in CHC is
significant because liver fibrosis at stage Il and I'V is mostly
observed. Therefore, there is a higher risk of liver
decompensation among the patients, suffering from
advanced liver fibrosis.!

Problem Statement
Iron is an important element for the human body. However,
complex association between viral infections and iron
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homeostasis is a critical issue. The prevalence of iron
overload in liver, its interaction with severity of disease, and
its impact on the response to the treatment are not clear.
Some of the patients suffering HCV achieve sustained
elimination from HCV when they are given advanced
treatment therapies. The results of previously published
literature have indicated the association between CHC and
accumulation of iron in liver cells, which significantly
interferes with the anti-viral treatment. Similarly, a study
revealed that severe iron overload is not significantly
associated with HCV infected patients.® Whereas, the
concentration of hepatic iron is decreased among majority
of the patients, affected with HCV infection.” Therefore, this
study would help in the evaluation of the responsiveness of
increased ferritin serum levels for the treatment of patients,
suffering CHC infection.

Aim of the Study

The study has mainly focused on the responsiveness of
raised serum ferritin levels against the treatment of the
patients with CHC infection.

Materials and Methods:

The study has incorporated quantitative analysis and
recruited patients, suffering with CHC infection and positive
anti-HCV. The informed consent of the patients was received.
The investigation was conducted in Qatar University after
the results were obtained from Hamad General Hospital. The
data was obtained over a period of five years from January
2010 till March 2015. The study has taken ethical approval
from Medical Research Center (MRC) of Hamad Medical
Corporation (HMC). Similarly, the statement of ethical
approval acknowledgment was obtained from the
Institutional Review Board of Qatar University (QU-IRB) on
March 10t 2016. One hundred and ninety-five patients (N =
195) with HCV were investigated as participants. All of the
participants were positive for anti-HCV antibodies, detected
by chemiluminescent micro-particle immunoassay (CMIA)
and confirmed by real-time PCR for RNA of the virus. The
clinical characteristics, HCV viral load, biochemical data, and
parameters of iron status were evaluated among all the
patients. The hepatic iron concentration (HIC) was
determined and compared with age, gender, risk factor of
transmission, viral load, and alanine amino-transferase (ALT).
ALT was measured through the automatic analyzer (Roche
Modular P chemistry analyzer). All the recruited patients
received same treatments that are the interferon treatment to
gather accurate results. Interferon treatment is considered
as a common viral intervention. Paired samples t-test was
used to calculate the p-value and correlation co-efficient.
Microsoft Excel 2013 was used to analyze the prevalence of
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HCYV infection among subjects of different sexes, and
nationality.

Results:

The results have indicated association between CHC and
accumulation of iron in liver cells, which significantly
interferes with the anti-viral treatment. The anti-viral treatment
is likely to cure and reduce the risk of developing liver disease
among the HCV infected patients. Majority of the patients
still had undetected viral loads after getting interferon
treatment. The possibility of eliminating HCV with anti-viral
treatment increased the removal of iron by phlebotomy. The
prevalence of HCV among 195 patients depicted that 27%
were females and 73% were males. The results showed that
the mean value of iron for positive PCR before administration
of drug was calculated to be 19.93 umol/L; and for negative
PCR, the value was estimated to be 24.61 pmol/L (Figure 1).
Both these ranges were under normal range that is between
9—31.3 umol/L. Among the patients with positive PCR, the
iron level was 62.77 umol/L, which is within normal range.
However, the patients with positive PCR had iron level of
37.23 umol/L, which is not within the normal range.
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Figure 1: Effect of HCV on iron (umol/L) in positive and
negative PCR patients.

The mean value of ferritin for negative PCR (671.83 pmol/L)
and positive PCR (911.61 pmol/L) were estimated to be above
normal range that is between 221 — 641.35 umol/L (Figure 2).
The decrease in ferritin level depicted negative results after
the drug administration. The results further showed that
30.61% of the participants had ferritin level above normal
range and 69.38% individuals had ferritin level within normal
range, which represented positive PCR. Table 1 has shown
negative PCR as follow-up. This is because the results from
the positive PCR are from the time of initial diagnosis, and
the negative results are followed after the treatment.
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Figure 2: Effect of HCV on Ferritin (umol/L) in positive
and negative PCR patients.
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Figure 3: Effect of HCV on ALT (imol/L) in positive and
negative PCR patients

Table I: Summary of p-values & r-values for Iron, Ferritin, and ALT after the treatment

Parameters PCR Mean SD - value p-value

Iron (umol/L) (Initially/ Positive PCR) 19.93 9.73 0.541 0.001
(Follow up/ Negative PCR) 24.61 1297

Ferritin (umol/L) (Intially/ Positive PCR) 911.61 630.18 0450 0.182
(Follow up / Negative PCR) 671.83 523.81

ALT (imol/L) (Initially/ Positive PCR) 55.82 50.94 0.362 0.812
(Follow up/ Negative PCR) 57.00 3332

N=195

The ALT levels among patients were observed to increase
to 57 pumol/L (positive PCR) from 55.82 imol/L (negative PCR)
after receiving treatment (Figure 3). However, the reference
range is between 6-56 imol/L. Considering the ALT levels,
62.37% of the patients were within normal range with positive
PCR; moreover, increased levels of ALT above normal range
were observed in 37.62% of patients. The ALT levels in
individuals with negative PCR were half among 48.04% of
the patients, which is within the normal range. Table 1 shows
the correlation between liver enzymes and iron markers with
initial HCV load and after its treatment.

Discussion:

The findings have indicated that the prevalence of HCV
infection is higher among male patients as compared to female
patients. Majority of the patients, who received interferon
treatment as a common viral intervention, were not detected
with viral loads. World Health Organization (WHO) has
primarily described complete guidelines for the patients,
suffering from CHC.® The mortal and morbid cases have
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been estimated to be increased at a higher scale across the
globe related to hepatitis C virus (HCV) infection. It has
been identified that approximately 700,000 individuals
generally faced mortal complications annually because of
HCV-related symptoms, which clinically involved cirrhosis
and hepatocellular carcinoma (HCC).?

World Health Organization further identified that the cure of
HCYV infection is possible through antiviral treatment;
however, most of the infected individuals are mostly unaware
about their infection due to the asymptomatic nature of the
disease. World Health Organization (WHO) also issued the
initial guidelines in respect to the screening, care, and
treatment of individuals, having hepatitis C infection during
the year 2014.° Several medicines have been developed by
different organizations and professionals for the treatment
of HCV infection. Among those therapeutic interventions,
ledipasvir, daclatasvir, or combination of paritaprevir,
ombitasvir, and dasabuvir have been added in the WHO
Model List of Essential Medicines. Such medications have
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transformed HCV treatment, which has enabled the usage of
regimens.

Accordingly, such guidelines from World Health Organization
has aimed to provide various recommendations, based on
recent and past evidence, for developing the therapeutic
interventions of hepatitis C infection.” The guidelines have
mostly provided oral combinations of new medications that
are generally known as direct-acting antivirals (DAAs).
Guidelines have also shown certain recommendations related
to the preferred regimens, which were based on patients’
genotype and clinical history. Similarly, the key audience of
these guidelines is policy-makers among the low income
and middle-income countries, which has formulated specified
treatment guidelines.’ Therefore, it is said that the guidelines
are in accordance with the higher therapeutic standards for
all the countries, including lower to higher income countries.

Ruhl & Everhart® have described that non-alcohol-induced
fatty liver (NAFL) usually encompasses the risk of liver injury,
which can be ranged from benign accumulation of fat among
hepatocytes to complex non-alcohol-induced steato-
hepatitis, which can be progressed towards liver failure and
cirrhosis among patients. The study has concluded that the
risk of liver injury is directly associated with the elevated
level of iron and decreased antioxidants, particularly
carotenoids. Thorburn, et al.? has identified different factors,
which were proposed for the observed variation. The factors
have mainly included male gender, HCV genotype 1b, older
age at acquisition of infection, and excess alcohol
consumption. Moreover, the study has also mentioned that
the role of iron is significantly important in chronic HCV
infection.!” It is recognized that iron overload in hepatic
cells has promoted hepatic Gibrosis. Moreover, serum iron is
observed to be frequently increased among patients, having
chronic hepatitis C. It has been further evaluated that
increased rates of liver Gbrosis has been reported among
HCYV infected patients, having stainable iron as compared to
the controls, having no detectable hepatic iron.'?

A process, in which accumulation of iron occurs, has not
been established among patients, suffering from HCV.
However, the results of iron release from damaged
hepatocytes plays a major role in identifying relative
outcomes. Based on the advanced investigation, it is
discovered that the mutations in HFE gene have accounted
for the increased cases of hereditary hemochromatosis.
Moreover, increased interest has been shown towards
identifying the development and progression of other liver
diseases. At the same time, experiments have shown that
two recessively inherited missense mutations of HFE gene
has been resulted in the amino acid substitutions at position
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282 (cysteine to tyrosine, Cys282Tyr) along with the position
of 63 (histidine to aspartic acid, His63Asp). Therefore,
around 90% of the patients from UK with hereditary
hemochromatosis were homozygous-'?

There is a significant association between liver enzymes
and viral load. A similar study revealed that severe iron
overload is not significantly associated with HCV infected
patients.!'! Whereas, the concentration of hepatic iron is
decreased among majority of the patients infected with
HCV.!2 There is a significant correlation between p-value of
serum iron with viral load, reflecting the development of
viral intervention using interferon. A study conducted by
Shan et al.!3 has revealed strong association between HCV
and level of serum iron.

The undetected viral load is associated with the fluctuation
in ferritin levels among the patients before and after receiving
treatment. Although, ferritin levels were increased before
treatment; but after intervention, the ferritin levels were likely
to decrease. It shows that there is a strong association
between ferritin and HCV. Considering the ALT levels, high
borderline results were observed before receiving treatment;
whereas, after treatment, slight increase was observed in the
ferritin levels. HCV load and liver enzyme were not
significantly correlated, but a study conducted by Zechini
et al.!* indicated strong association between ALT levels and
hepatic damage.

The liver enzymes were likely to decrease after treatment, if
they are not back to their normal range. In the current study,
the parameters including iron, ferritin, and ALT were
increased in majority of the HCV patients, after receiving
treatment because the liver might not have recovered. HCV
is likely to cause chronic infection because of decreased
immunity due to rapid mutations and escaping of virus from
the immune system.!® Therefore, the human body requires
considerable time to recover from the infection. There are
many other factors that influence the results of the iron and
ferritin; including inflammations, chronic illnesses, and
certain medications. The results are also affected by increased
intake of milk, running for long distances, and frequent
donation of blood. Previously conducted studies have also
revealed that incidence of HCV infection is increased among
the male patients as compared to the female individuals.!6- 7

A study revealed that majority of HCV infected patients had
normal range of iron makers in blood serum. However, early
markers representing severity of liver disease include;
increased serum levels of ferritin, transferrin, and iron.'° The
increased levels of ferritin, transferrin, and iron initiated
necroin-inflammatory hepatic response, which cause
excessive release of ferritin and iron from the liver cells
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(hepatocytes). Moreover, this process is sustained by
increased serum ALT levels. Oxidative stress followed by
HCV infection resulted in liver damage, which increased the
risk of apoptosis or necrosis of the hepatocytes,
fibrogenesis, and activated hepatic stellate cells.!®!7

A slight increase in the iron levels if combined with
hepatotoxic factors like chronic viral hepatitis may cause
severe damaging effects. The serum iron levels and transferrin
are considered as independent predictors of severe necro-
inflammatory activity. The iron alterations are linked with
mutations occurring in different iron-metabolism related
genes. A study conducted by Cho et al.'® stated that the
iron metabolism markers and HCV viral load are not
significantly correlated. There is an independent association
between development of advanced liver fibrosis and
transferrin and ferritin levels. It serves as predictive markers
to diagnose the patients, suffering from HCV.

The study has not included severity of liver disease among
the affected patients and it is just concerned with the
evaluation of the responsiveness of raised serum ferritin for
treating patients suffering hepatitis C. Moreover, the study
has not provided specific details about the virological and
histological features that are concerned with the condition
of HCV. Other limitations of the study include missing
information about medical and health history of the patients
and multiple factors (controllable and uncontrollable), which
have not inferred the testing results.

Conclusions:

The study has evaluated HCV positive patients, and re-
evaluated them after giving effective interferon treatment.
The increased levels of ferritin and iron were significantly
associated with the condition, leading to advanced liver
fibrosis. There is no significant difference in the iron markers
among the patients with high or low HCV infection. The
severity of disease is easily determined through the
assessment of transferrin and ferritin levels, which are related
to the development of necro-inflammatory activity and liver
fibrosis. The common finding associated with HCV was iron
overload, which plays a significant role in its
pathophysiology. However, serum levels of transferrin and
ferritin were not considered as good indicators to detect
hepatic iron content. There is no evidence for the impact of
hepatic iron on progression of hepatic disease, leading to
cirrhosis and fibrosis. The patients are likely to develop liver
damage due to chronic HCV within the hepatocytes. Ferritin
levels are usually found higher among patients suffering
chronic HCV; and it can be used for the diagnosis of
inflammation grades and liver fibrosis.
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