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Abstract

This Study was carried out on 40 patients with chronic hepatitis C virus who were
selected with special inclusion criteria. All cases were subjected to evaluation by liver
function tests (especially transaminases), HCV RNA (by PCR quantitative method),
serum iron and serum ferritin. Liver biopsy was taken for histopathological study and
detection of iron content. According to hepatic iron staining in liver biopsies of the 40
patients, the patients were classified into 4 groups (0, I, I, 1l hepatic iron grade) (20,
10, 8, 2 cases) respectively. All the patients were subjected to combined therapy
(ribavirin and interferon alpha 2b) for 6 ms. then the patients were evaluated for the
biochemical response (AST, ALT) virological response (HCV RNA viraemia) and
histopathological response. Also serum iron, Serum ferritin and hepatic changes were
estimated.

This study revealed that there was a statistical significant difference in hepatic iron
grade 0, I and Il with no statistical significant difference in grade Il hepatic iron as
regards AST and ALT before and after the therapy. Also there was statistical significant
difference in serum ferritin before and after therapy only in grade 0 and | hepatic iron
although there was no significant difference found as regard serum iron level changes in
all grades of hepatic iron before and after therapy.

For the virological response there was a statistical significant difference as regards
undetectable viraemia after therapy in total patients (30%) and in patients with hepatic
iron grade 0 (45%) while no significant difference found in patients with grade | hepatic
iron (30%), although no patients were found to have undetectable viraemia after therapy
in grade Il and 111 hepatic iron.

For the histopathological response there was a statistical significant improvement
of necroinflammatory activity score in hepatic iron grades 0, I and Il while no
significant improvement found in hepatic iron grade 11 after the course of the treatment
compared to baseline biopsies (before the treatment)

Also for the changes of fibrosis stages after therapy, there was no significant
improvement in total cases and in patients with different hepatic iron grades.

Out of 20 patients with hepatic iron staining (grades I, 11, I11) before therapy, only
in 4 cases improved the hepatic iron staining after therapy with no statistical significant
change.
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Introduction

Chronic hepatitis C virus infection
is @ major cause of chronic liver disease
with increasing mortality throughout the
world. Egypt has higher rates of HCV
infection (18.1% of the Egyptians) than
other countries (W.H.O. 1999). Degree
of hepatitis C viraemia (HCV RNA) is
one of the most predictive factors for
the outcome of therapy (Chayama et al.,
2001).

Liver biopsy is a very important
indicator for necroinflammatory activity
and fibrosis which are two major
histological features of chronic hepatitis
C, and which provides useful inform -
ation for selection of patients with hep -
atitis C for interferon therapy (Kaserer
et al., 1998).

Hepatic iron content is related to
biochemical and histological markers of
liver inflammation in patients with
hepatitis C. Also those patients have
evidence of enhanced hepatic iron
accumulation. Fabris et al. (2001) said
that the serum iron and ferritin are
believed to be elevated in patients with
hepatitis C virus infection in connection
to the presence of hepatic inflammation.
Also they stated that the serum iron
reflects the degree of current hepatic
inflammation and necrosis, where as the
extent of progressive deposition of
hepatic iron in sites of fibrosis is best
reflected by serum ferritin.

The combination of interferon alfa
2b and ribavirin is one of the main lines
of treatment for chronic hepatitis C.
There is significant improvement in
activity grades and fibrosis progression
rates when biopsies performed 24
weeks after the end of the treatment
compared with the baseline biopsies
(Poynard et al., 1998) also to test HCV-
RNA at this time (Schalm et al., 1997).
Aim of the work
This study aimed to detect the relation
between serum iron, serum ferritin and
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hepatic iron content with the response to
interferon  alfa-2b  and  ribavirin
combined therapy in patients with
chronic hepatitis C virus infection.
Subjects and Methods

Forty patients were selected from
the patients attending Tropical Medicine
Department of Al Zahraa hospital, Al
Azhar University and from Hepatology
Department of National Liver Institute,
Menofeya University. The selected
cases were already diagnosed as having
chronic hepatitis C (with no evidence of
cirrhosis) and fulfilling the following
criteria (inclusion criteria):

Positive HCV antibody by ELISA
second generation, negative hepatitis B
surface antigen (Hbs Ag), persistent
elevation of serum ALT and AST
(nearly twice normal) for 6 months prior
to entry to the study while normal other
Liver function tests e.g. (serum
bilirubinalkaline phosphatase) normal
prothrombine tlme and concentration.
Also never treated by interferon or
ribavirin before and negative for active
schistosomiasis by urine and by
sigmoidoscopy as well as rectal snip
examination. As regards the blood
picture, haemoglobin level not less than
10 gm/dl, red blood cell count not less
than 3 millions /mm®, white blood cell
count not less than 3000/mm® and
platelet count not less than 15,000/mm?°.
All patients had normal kidney function
tests. On the other hand, the selected
female patients must not be pregnant
before or during the therapy, and not
receiving contraceptive pills.

The selected cases were treated
with recombinant interferon alpha-2b at
a dose of 3 million units subcutaneous
injections, 3 times weekly plus ribavirin
at a dose of 1200 gm every day (2
capsules 3 times daily) for 6 months.

All the cases were subjected to the
following: before treatment complete
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history taking, full clinical examination,
laboratory investigation (liver function
tests, prothrombin  concentration,
complete blood picture, serum iron and
serum ferritin levels), quantitative HCV
RNA (by quantitative PCR technique),
abdominal  ultrasonography.  Liver
biopsy was taken for histopathological
study (Knodell et al, 1981) and
detection of iron content (Rowe et al.,
1977) by formalin-fixed paraffin-
embedded sections of liver tissue which

was stained by hematoxlin and eosin
and with Prussian blue stain for trivalent
iron.

Monthly follow up of cases during
therapy, and evaluation of patients after
6 months therapy for any recent
complaint were done. Laboratory
investigations (as before the treatment),
and liver biopsy for histological study
and detection of hepatic iron content
changes after the treatment were done.

Table I: Levels of HCV RNA viraemia (Roche Molecular Systems)

HCV RNA count/IlU ml

Levels

Less than 600 IU/ml
600-250,000 IU/mi
250,000-2,500,000 IU/mi
2,500,000-5,000,000 1U/ml
More than 5,000,000 IU/ml

Undetectable
Low viraemia
Moderate viraemia
High viraemia
Very high viraemia

Table I1: Hepatic iron grades (Rowe et al., 1977)

Grade of hepatic iron

Hepatic iron staining

Grade 0 No detectable hepatic iron

Grade | Granules of iron resolved only at 400x magnification
Grade 11 Granules of iron resolved only at 100x magnification
Grade 111 Discrete iron granules resolved at 25x magnification
Grade IV Masses of iron visible to the naked eye or 10x

magnification

Statistical Analysis:

It was done by using mean X,
standard deviation (S.D.). Student’s test
(t) chi-square test (X2) P was
considered significant if P<0.05, highly
significant if P<0.001 and non
significant if P>0.05.

Results

The 40 studied cases’ age ranged
from 23-60 years. They were 33 male
and 7 female. Out of 40 cases there
were 14 patients farmers while 3 were
medical personal and the rest were
employee. On examination 34 (85%)
cases had hepatomegaly with no
splenomegaly, ascitis nor other organo -
megally. As regards ultrasonographic

findings 36 (90%) had hepatomegaly
with bright echopattern while all the rest
had normal echopattern. No cases with
coarse or heterogeneous echopattern
were selected. There were 24 (60%)
patients with periportal fibrosis with no
portal hypertension.

According to the results of hepatic
iron staining in the Liver biopsies the
patients were classified into grade O
hepatic iron (20 cases) grade | hepatic
iron (10 cases), grade Il hepatic iron (8
cases) and grade Ill hepatic iron (2
cases) while there were no cases had
grade 1V hepatic iron. All the results
will be illustrated and analyzed in the
following tables (1-7) and figures (1-6).
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Table (1): Comparison between liver function tests before and after treatment in
different groups of hepatic iron grades

Total Cases GO Gl Gll G Il
N =40 N =20 N =10 N=8 N=2
Before | After | Before | After | Before | After | Before | After | Before | After

177.2 | 54.9* | 139.8 |39.03* | 158.4 | 61.2* | 268.3 | 78.6* | 280 87.5
+ + + + + + + + + +
SD 124.3 . 66.7 14.02 62.2 315 217 21.3 | 185.2 24.7

Normal values 38
1u/dl:

ALT:
Mean

SD
Normal values 41

1u/dl:
S. Albumin level:
Mean

SD
Normal values
3.5-5 mg/dl:
Total S.
Bilirubin:
Mean

SD
Normal values up
to 1.1 mg/dl:

* Significant difference P < 0.05
AST Aspartate transaminase
ALT Alanine transaminase
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Table (2): Comparison between blood picture before and after treatment in
different groups of hepatic iron grades

Total Cases GO Gl Gl Gl
N =40 N =20 N =10 N=8 N=2

Before After Before After Before After Before After Before | After
RBCs 4.745 4.17* 4.83 4.27* 4.78 4.20* 4.43 4.01 4.90 3.70

+ + t t * t + + + +
Million/cm?® 4.986 3.58 4.41 3.34 5.11 3.7 5.28 3.39 8.48 0.00
Haemoglobin 14.06 | 12.942* | 13.92 12.99* 14.56 12.88* | 13.77 12.9* 14.15 | 12.95

+ + + t t + + + + +

Gms/dl 0.83 0.811 0.89 1.04 0.72 0.56 0.67 0.5 0.91 7.07
W.B Cells 1592 | 10.744* | 18.596 | 11.009* | 10.934 | 12.094* | 9.192 | 10.081* | 2.192 | 6.363

+ + + * + + + + + +

Thousands/cm®| 2.517 1.698 4.158 2.461 3.457 3.824 3.250 3.564 1.550 | 0.450
Platelet Count 204.7 183.8* 216.7 188.9* 206.7 180.0* 188.2 177.1 186.0 | 183.0

+ + + t t + + + +

Thousands/cm?® | 48.08 23.8 55.15 27.64 45.8 15.03 : 25.09 70.7 | 2.828

Table (3): Comparison between serum iron and serum ferritin levels
before and after the treatment in the studied groups

Total Cases
N =40
Before | After

1479 | 134.5*

+ +
45.01 | 44.9

S. ferritin 311 2%
level '
+
206.3
* Significant p < 0.05 Serum iron level normal range:
** Highly significant p < Male=65-175 ug/dl and Female=50-170 ug/dl
0.001 Serum ferritin level normal range:

Male 20-250 ng/ml and Female 20-120 ng/ml
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Fig. (1): Serum lIron Level in Different Fig. (2): Serum Ferritin Level in Different
Studied Groups Studied Groups

Table (4): Relation between degree of HCV viraemia by quantitative PCR before
and after treatment in different groups

Total Cases GO Gll
N =40 N =20 N=8
Before After Before | After After | Before | After
L 5 14 4 9 0 2 1 3
ow (12.5%) | (35%) | (20%) | (45%) (20%) | (12.5%) | (37.5%)
22 13 13 2 6 5 3 5
(55%) (32.5%) | (65%) | (10%) | (60%) | (50%) | (37.5%) | (62.5%) (50%)
11 1 3 0 4 0 2 0 2 1
(27.5%) | (25%) | (15%) (40%) (25%) (100%) | (50%)
2 2

V. High (5%) 0 0 0 0 0 (25%) 0 0 0

Grades of
Viraemia

Moderate

High

Table (5): Effect of the combined therapy on the absence of HCV viraemia and
AST and ALT normalization in different studied groups

Total Cases GO
N =40 N =20
Undetectable HCV 12 9
viraemia (30%)* (45%)* (30%)
. 18 15 2
Normalized AST (45%) (75%) (20%) 1 (12.5%)
17 13 4 0
(42.5%) (65%) (40%) 0

Normalized ALT
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Fig. (3): Effect of the treatment on the absence of HCV viraemia
and AST and ALT normalization in different studied groups

Table (6): The effect of the treatment on the liver biopsy changes in different
studied groups

Total Cases
N =40

Before After

Changein
Necroinfl.
activity score:

Mean

SD
Necorinfl.
Grade

Group O 0 (0%) 1(2.5%) 0 (0%) 1 (5%) 0 (0%) | 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Group | 3(7.5%) | 10(25%) | 1(5%) | 7(35%) | 2(20%) | 3(30%) | 0 (0%) | 0(0%) | O (0%) | O (0%)

Group Il | 12 (30%) | 17(42.5%) | 10(50%) | 9 (45%) | 1(10%) | 6(60%) | 1(12.5%) | 2 (25%)

Group Il | 15(37.5%) | 12 (30%) | 17(35%) | 3 (15%) | 6(60%) | 1(10%) | 1(12.5%) | 6 (60%) | 1(50%) | 2(100%)

Group IV 10 (25%) 0 (0%) 2(10%) | 0(0%) | 1(10%) | O (0%) | 6 (75%) 0 (0%) | 1(50%) 0
Changein
Fibrosis:
Stage 0 6 (15%) 6 (15%) 6 (30%) | 6(30%) | 0(0%) | O (0%) 0 (0%) 0 (0%) 0 (0%) | 0 (0%)

Stage | 16(40%) | 19(47.5%) | 9 (45%) | 11(55%) | 5(50%) | 6(60%) | 2 (25%) | 2 (25%) | 0(0%) | 0 (0%)
Stage Il | 13(32.5%) | 12 (30%) | 5 (25%) | 3 (15%) | 3(30%) | 3(30%) | 4 (50%) | 5(62.5%) | 1(50%) | 1(50%)

Stagelll | 5(12.5%) | 3(7.5%) | 0(0%) | 0(0%) | 2(20%) | 1(10%) | 2 (25%) | 1(12.5%) | 1(50%) | 1(50%)

Stage IV 0 (0%) 0(0%) | 0(0%) | 0(0%) | 0(0%) | 0(0%) | 0(0%) | 0(0%) | 0(0%) | 0(0%)
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Table (7): Effect of combined therapy on the change of hepatic iron grading in
total cases

Total Cases GO Gl Gl G Il
n=40 Before Before Before Before
Number of cases 10 8 2

25 . 5

A s . %4 I &
Y i 32 ¢
3 g -

Figure ():"Gfaid I o Figure (5) Grade Il h atic iron
(Prussian blue stain for iron) (Prussian blue stain for iron) x 100
x 400 magpnification magnification

Figure (6): Grade Il1 hepatic iron
(Prussian blue stain for iron) x 25 magnification
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Discussion

The liver plays a crucial role in
iron homeostasis. It is the major tissue
repository of iron and is the site of
synthesis of transferring, the plasma
iron transporter, and ferritin, which is
the major tissue iron storage protein.
Therefore, processes that lead to chronic
hepatic inflammation or necrosis could
result in alterations in iron metabolism.
Lysis of damaged hepatocytes might
result in release of stored ferritin into
the circulation leading to elevated
ferritin levels. Chronic inflammation
could alter normal regulation of transf -
erring receptor expression by hepato -
cytes, leading to increased iron uptake
and resulting in increased hepatic iron
concentration (Kris, 1997).

The panel of National Institutes of
Health Consensus Development
Conference on ‘“Management of hepat-
itis C” set four standard indications for
treatment of patients with chronic hep-
atitis C. Criteria include elevations in
serum aminotransferase levels. Presence
of HCV RNA in serum, chronic hepa-
tictis on liver biopsy and no contr-
aindications  (National Institutes of
Health Consensus, 1997).

In our study the selected cases had
persistent elevations of ALT and AST
nearly twice the normal for 6 months
with positive HCV antibodies and diff -
erent degrees of HCV viraemia by PCR
with confirmation of the diagnosis of
chronic hepatitis by the liver biopsy.
The response to therapy in chronic hep -
atitis C can be categorized biochem -
ically as shown by normal ALT and
AST levels, virologically as shown by
absence of detectable HCV RNA or
histologically as shown by improve -
ments in liver biopsy results.

So the patients who did not show
biochemical response to the therapy
were more likely to have stainable

hepatic iron than those who had a
response (Barton et al., 1995)

In our study there was statistical
significant decrease in the AST and
ALT level before and after the therapy
in total cases and in patients with
hepatic iron grades 0, | and Il. While
there was no significant decrease in
hepatic iron grades Il1l. Similar results
were obtained by Kageyama et al.,
(1998) who found that the non
responders had a significantly higher
hepatic iron grade compared with the
responders.

Also we studied the degree of
HCV viraemia by quantitative PCR
before and after treatment we found that
there were statistical significant decree-
ase in its levels in total patients and in
patients with hepatic iron grade 0, | and
I1 while there was no significant change
in the degree of viraemia in patients
with hepatic iron grade IlI.

Also there was a statistically signi-
ficant difference as regards undetectable
viraemia after therapy in total patients
[12 cases (30%)] and in patients with
grade 0 [9 cases (45%)] while there was
no significant decrease in patients with
grade | hepatic iron [3 cases (30%)]
while there is no cases found in grade 11
and I11.

Also out of 9 patients have
undetectable HCV  viraemia after
therapy in patients with grade O hepatic
iron, we found that 6 patients with
normal AST and ALT at the end of
treatment (complete end of treatment
response). While in patients with grade
| hepatic iron no patients were found to
have complete end of treatment
response (undetectable HCV viraemia
with normal transaminases).

These results were explained by
poor response to combined therapy
(biochemically and virologically) with
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the increase of hepatic iron grade.
Olynyk et al. (1994) studied the hepatic
iron concentration and the response to
interferon therapy in patients with
chronic hepatitis C and concluded that
the hepatic iron concentration was
higher in non-responders to interferon.

Also these results are similar to
what obtained by Kageyama et al.
(1998) who reported that there were
poor responses to interferon therapy
with the increased hepatic iron levels or
stores. Olynyk and Clarke (1998) expl -
ained that by the effect of chronic iron
overloads on Kupffer cell cytokine
production. Kupffer cells exhibit redu -
ced proinflammatory cytokine produ -
ction compared with its actions in
controls. Thus iron loading could impair
immune clearance mechanisms via
impaired macrophage function.

Another explanation that iron may
also substrate for viral replication and
patients with iron overload may have
enhanced viral replication in the sitting
of chronic hepatitis C (Litwin and
Colderwood 1993). On the other hand,
Boucher et al. (1997) and Sievert et al.
(2002) conflict that with their reports
about the long term response to
interferon is unrelated to hepatic iron in
chronic hepatitis C patients.

As regards the serum iron level
before and after therapy in our study we
found that there was a statistically sign -
ificant decrease in their levels in total
patients while there was no statistical
significant change with different hepatic
iron grades. Although it was elevated in
the elevated grades of hepatic iron
grades. This was agreed with that
reported by Walker (2000) who stated
that the hyperferremia with hepatic iron
overload is associated with suppressed
functions of the complement system.

As regards serum ferritin level it
was elevated in 26 patients out of 40
(65%) before therapy while it was
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elevated in 23 (57.3%) after therapy.
Out of 20 patients with elevated hepatic
iron (grades I, II, 1) of them
(90%)have also elevated serum ferritin
before therapy and become 15 (15%)
after therapy. So we found that there
was statistical significant difference
between serum ferritin level before and
after therapy in total cases and in
patients with hepatic iron grade 0 and
grade | while there was no significant
difference in patients with hepatic iron
grade Il and Ill. Fabris et al. (2001)
reported that serum iron and ferritin are
believed to be elevated in patients with
HCV infection in connection to the
presence of hepatic inflammation. Also
they stated that serum iron reflect the
degree of current hepatic inflammation
and necrosis, whereas the extent of
progressive deposition of hepatic iron in
sites of fibrosis is best reflected by
serum ferritin level. While Piperno et
al., (1992) noted that serum ferritin in
patients with chronic hepatitis C was
higher in those with normal histology
but lower in those with fibrosis or
cirrhosis.

It is of our interest to note that in
contrast to previous studies on hepatic
iron, serum iron and serum ferritin in
our study there was elevated hepatic
iron with increased serum ferritin (90%
of patients with increased hepatic iron).
Still there was no parallel increase in
serum iron (35% of patients with
increased hepatic iron). Further studies
are still needed in order to elucidate this
issue.

As regards histopathological resp-
onse to treatment in different hepatic
iron grades. In our study the
necroinflammatory score was improved
significantly in total cases and in grade
0, 1 and Il hepatic iron versus to what
found in fibrosis staging. This was in
agreement to the results done by
Poynard et al. (1998) and Rigamonti et
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al. (2002) who explained those results
by the hepatic iron which could play a
role in the activation of hepatic stellate
cells and in the progression of fibrosis.
Also Beinker et al. (1996) concluded
that the increased iron may have been
raised from damaged hepatocytes while
Boucher et al. (1997) identified relation
between hepatic iron concentration and
inflammatory activity as the iron load
was higher in those patients with
greatest degree of histological activity.
Increased iron stores in those patients
may be a result of the degree of
inflammatory activity.

Although in this study out of 20
Patients have hepatic iron staining
(grade 1, 11, 111) before therapy, only 4
cases improved their hepatic iron
staining after therapy but still with no
significant value.

Kakizaki et al. (2000) concluded
that the hepatic iron decreased signify -
cantly following treatment with interf -
eron therapy even in patients without
successful treatment suggesting that an
antiinflammatory effect of interferon is
likely to contribute to iron depletion.

Fiel et al. (2000) and Van et al.
(2002) reported an increased hepatic
iron deposition through the course of
ribavirin therapy due to associated
hemolytic deposits of iron in hepato -
cytes. This increased deposition of
hepatic iron does not seem to affect the
biochemical of histological response to
ribavirin therapy but may have implic -
ations for hepatocyte susceptibility to
future injury.

In this study similar effect of
therapy on hepatic iron was not obser -
ved in chronic HCV patients without
successful treatment. This discrepancy
may possibly be explained by adding of
ribavirin to interferon, which may cou -
nteract the significant decrease in
hepatic iron as in interferon therapy
alone.

We concluded that the hepatic iron
overload in chronic HCV patients is an
important  factor guarding  against
biochemical response (normalization of
AST and ALT). Virological response
(undetectable quantitative HCV RNA)
and improvement of histopathological
activity index after combined therapy,
also it has to be distinguished from the
states of elevated serum iron and serum
ferritin, as there may be hepatic iron
overload with normal serum iron and/or
ferritin and also the reverse is possible.
More studies in this direction are
needed to clarify the exact relation
between them.

As there was not yet detectable
clear relation that combined therapy
affect the degree of hepatic iron but
repeated venesections must be done
before combined therapy for those who
have elevated hepatic iron.
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