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Interferons are a group of cytokines produced
and released by cells in response to viral infection,
under the influence of antigens or polynucleotides.
They play a leading role in antiviral resistance.
Interferons were discovered by Isaacs and
Lindemann in 1957. They display antiviral, anti-pro-
liferative and immunomodulating actions.

There are three subtypes of recombined inter-
feron α2 (IFN-α2): 2a, 2b and 2c, differing by their
amino acid sequence. The efficacy of IFN-α in
chronic hepatitis C (CHC) treatment is limited by
the properties of the protein molecule, including its
instability, short half-life and immunogenicity. The

half-life of IFN-α is 4ñ16 h, and its peak serum level
is obtained within 3ñ8 h after intramuscular or sub-
cutaneous administration; 24 h after intramuscular
administration, the serum level of IFN-a is very low
or undetectable (1). 

In treatment of CHC in children, recombined
IFN-α is routinely administered in three injections
over a week. At the same time, peak concentrations
of the drug are associated with a very common
occurrence of such adverse effects as fever, chills,
headache, muscle pain, dizziness, etc. Pegylation
was another stage aimed at increasing the efficacy of
antiviral treatment. Polyethylene glycol is a stable
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polymer used for modifying molecular properties.
Proteins modified with its use display a number of
therapeutic benefits: half-life prolongation through
lowered renal and cellular clearance, increased pro-
tection against proteolysis, and also reduced toxici-
ty and antigenicity as well as increased thermal and
mechanical stability (2). 

Currently, two types of pegylated IFN-α, with
molecular weights of 40 kD (PEGASYS® Roche)
and 12 kD (PegIntron® Schering-Plough), are used
in CHC treatment. 

Ribavirin combined with IFN-α was recom-
mended for CHC treatment in many countries. This
allowed obtaining a substantially higher number of
sustained treatment responses, 43 to 45%, and in
children even 46 to 59%, with the use of the 48-
week treatment schedule. Ribavirin is a synthetic
nucleoside analog built into viral genome RNA by
viral polymerases. As a result, in subsequent repli-
cation cycles any nucleoside can be introduced into
the viral genome and such mutated viral molecules
are unable to initiate infection (3). 

The results obtained 24 weeks after the treat-
ment depend considerably on the viral genotype.
Children infected with genotype 1 achieve sustained
virological response (SVR) at a level of 36ñ50%,
and children infected with genotype 2 or 3 ñ at a
level of 84% (4ñ7).

To harmonize the viral treatment efficacy
assessment criteria, several definitions were intro-
duced:
* early virological response (EVR), assessed 12
weeks after the treatment initiation and indicating
the absence or reduction of HCV-RNA viremia by ≥
2 log10 with respect to the baseline values;
* end of treatment response (ETR), i.e., absence of
HCV-RNA in the serum immediately after the treat-
ment termination;
* sustained virological response (SVR), i.e., absence
of HCV-RNA viremia in the serum 24 weeks after
the treatment termination.

The use of pegylated IFN-α2a has been estab-
lished in Poland for children (since 2005), calculat-
ed per m2 of body surface area, and the dose is 100
mg/m2 once a week, subcutaneously; ribavirin
dosage is 15 mg/kg in two doses. The length of treat-
ment for patients infected with genotypes 1, 4, 5, 6
is 48 weeks and for patients infected with genotypes
2 and 3 ñ 24 weeks. 

The aim of the study was to examine the influ-
ence of different clinical parameters, assess the
course, efficacy and safety of treatment of chronic
hepatitis C in children with the use of pegylated
IFN-α2a and ribavirin. 

The aim of this study was to examine the influ-
ence of HCV genotype, baseline viral load and ALT
activity, and the degree of liver fibrosis, on the
achievement of SVR in children with chronic HCV
treated with pegylated IFN-α2a and ribavirin. 

MATERIALS AND METHODS

Forty four children aged 4ñ18 years: 24 boys
(54.5%) and 20 girls (45.5%) from five hospitals in
Poland were included in the study.

The diagnosis was based on: medical history,
clinical examination, ALT activity, detection of the
presence of anti-HCV antibodies for at least 6
months, HCV-RNA viral load in IU HCV-RNA/mL
and morphologic examination of biopsy specimen
from the thin needle liver biopsy. Patients with hep-
atitis B virus, cytomegalovirus, Epstein-Barr virus,
herpes viruses, Wilsonís disease and α1-antitrypsin
deficiency were excluded from the study. 

The following tests were performed in all
patients: 
● HCV genotype analysis performed with the use of

HCV II Amplification Procedure LiPA (VER-
SANT).

● HCV RNA viral load (IU/mL) by Amplicor
Monitor Test, Version 2.0 (Roche), sensitivity
level 50 IU/mL (quality assessment) and 600
IU/mL (quantity assessment). 

At the beginning and during the whole treat-
ment the following laboratory tests were done:
ñ ALT activity ñ measured using an enzymatic

method (upper normal limit 40 IU/L).
ñ Cellular blood count ñ normal limits: 

White blood cells ñ WBC (◊ 103/µL) 4.0ñ12.0.
Hemoglobin ñ Hb (g/dL) 12.0ñ15.0.
Platelets count ñ PLT (◊ 103/µL) 130ñ350.

ñ Neutrophil level (◊ 103/µL).
ñ Bilirubin level in blood serum ñ normal limit <

1.0 mg/dL.
Liver biopsy was performed in 42 patients,

with the use of various assessment methods. 
No child had been previously treated with

interferon and ribavirin. Three children had a histo-
ry of inhaled allergy, another nephrolithiasis,
nephritic syndrome, Wolff-Parkinson-White syn-
drome, lymphadenopathy. 

In all patients, two medication therapies were
introduced with pegylated interferon-α2a in the
dose of 100 µg/m2 once a week subcutaneously
(PEGASYS® Roche) and 15 mg/kg of body weight
oral ribavirin (COPEGUS® Roche) during 48 weeks
(genotype 1) and during 24 or 48 weeks genotype 3.
Parents of all children along with children over 12



Treatment of chronic hepatitis C in children with pegylated interferon α2a... 321

years old signed informed consent to the diagnosis
and treatment. The agreement for the treatment of
the local University Ethical Committee was
obtained. Potential conflicts of interest do not exist
in this research. 

In our study, the results of laboratory tests
upon treatment initiation and at 12, 24 and 48 weeks
of treatment were analyzed, along with the adverse
effects. SVR was assessed 24 weeks after the treat-
ment termination (qualitative RNA-HCV measure-
ment without biochemical tests was performed).

To compare the results of subsequent laborato-
ry tests with baseline results, the Studentís t-test for
paired data was used, and when the assumptions for
this test were not met, the non-parametric Wilcoxon
test was used.

RESULTS

Statistical report

The mean age of treated patients was 14 years;
the largest group were children aged 10ñ14 years
with a mean weight of 54 kg and height of 158 cm.
In two children, parents did not give their consent
for liver biopsy. Fibrosis was mostly of grade 0ñ1;
in none of the patients it exceeded more than grade
2. The mean baseline ALT level was 45.8 IU/L, the
mean HCV-RNA viral load was 3.2 ◊ 106 IU/mL;
the largest mean viral load was found in children

aged 15ñ18 years (4.6 ◊ 106 IU/mL) and in boys (3.9
◊ 106 IU/mL). Moreover, a larger viral load was
observed in children with a lower fibrosis grade of
3.7 ◊ 106 IU/mL and in patients with a non-3a viral
genotype (3.4 ◊ 106 IU/mL). Forty children, with
genotype non-3a were treated 48 weeks, two chil-
dren with genotype 3a 48 weeks and two children
with genotype 3a ñ 24 weeks.

Regarding fibrosis, grade 1 was found in 20
patients, grade 2 in 10 patients, and a grade lower than
1 was found in the majority of the remaining patients.

Dosage of studied medications

At the beginning of the study, the mean ± SD
dosage of Pegasys was 152 ± 31 mg, and the mean
± SD dosage of ribavirin was 809 ± 279 mg. 

Two children stopped the treatment after 12
week of treatment.

Laboratory test results 

During the treatment, five patients did not
report to follow-up visits on the designated date, but
the difference was ca. 10 days. Therefore, a decision
was made to treat these deviations as on-schedule
visits. 

Table 3 presents available laboratory test
results for patients treated for 48 weeks. 

The baseline mean activity of ALT in the ana-
lyzed group of children was slightly increased (45.8

Table 1. Patient characteristics at treatment initiation.

Patientsí characteristics Patientsí characteristics

Age (years) n = 44 (mean ± SD, range) HCV- RNA Total (n = 44) (mean ± SD, range)
14 ± 3, (viral load) 3.2◊106 ± 6.8◊106,
4ñ18 149ñ31.0◊106

Age groups n = 44 % (n) HCV- RNA (mean ± SD)
(years) 4ñ9 6.80% (n = 3) (viral load) Girls (n = 20) 2.6◊106 ± 6.4◊106

10ñ14 50.0% (n = 22) Boys (n = 24) 3.9◊106 ± 7.4◊106

15ñ18 43.2% (n = 19)

HCV n = 44 % (mean) HCV- RNA (mean ± SD)
genotype 1 88.6% (39) (viral load) 4ñ9 years 0.1◊106 ± 0.2◊106

3a 9.1% (4) 10ñ14 years 2.5◊106 ± 4.2◊106

4c/4d 2,3% (1)  15ñ18 years 4.6◊106 ± 9.2◊106

ALT  n = 44 (mean ± SD, range) HCV- RNA (mean ± SD)
45.8 ± 21.4, 11ñ95  (viral load) Staging 0ñ1 3.7◊106 ± 7.7◊106

Staging 1/2 ñ 2  2.9◊106 ± 5.6◊106

Staging  Total % (mean) HCV- RNA (mean ± SD)
Staging 0 ñ 1 100.0% (42) (viral load) Genotype non- 3a 3.4◊106 ± 7.1◊106

Staging 1/ 2 ñ 2 71.4% (30) Genotype 3a 1.1◊106 ± 1.5◊106

28,6% (12)  

Anty-HCV Total 100.0% (44) HCV- RNA % (mean)
antibodies  Positive 43 (viral load) Total 100.0% (44)

Negative ñ < = 0.8◊106 IU/mL 61.4% (27)
Missing data 1 > 0.8◊106 IU/mL 38.6% (17)
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IU/L) and normalized during the treatment. A reduc-
tion of the mean WBC versus the baseline was
observed during the treatment; the lowest value was
found after 24 weeks of treatment in one patient
(1.13 ◊ 103/µL). The lowest value of Hb (9.6 g/dL)
was observed at 12 weeks of treatment in one
patient, the mean value changed in some patients in
the treatment period. The mean value of PLT in
patients was within the normal range but in single
cases it was considerably reduced (the lowest value
at 48 weeks of treatment was 36 ◊ 103/µL). 

Statistically significant differences of the mean
values of some analyzed laboratory parameters were
found during the treatment, as compared with the
baseline.

Effectiveness of treatment

SVR was at a level of 77.5%, including 77.8%
in children with a non-3a genotype and 75% in chil-
dren with genotype 3a. A slightly better result was
obtained in girls (78.9% vs. 76.2%) and in children
aged 10ñ14 years (78.9%). A better response was
observed in children with a lower fibrosis grade.
Children with a lower baseline viral load (≤ 0.8 ◊
106 IU/mL) obtained SVR at a level of 87.5% and
children with a viral load of > 0.8 ◊ 106 IU/mL
obtained SVR at a level of 60.0%.

Adverse events 

The most frequent adverse effect was neu-
tropenia and anemia, which required the reduction
of the drug dose or even skipping the dose of med-
ication. No ALT level increase was observed during
treatment. Other symptoms, which are commonly
associated with therapy, were fever (43 events), hair
loss (27 events), headache (23 events), redness at the
injection site (20), poor appetite (13); other symp-
toms occurred less commonly.

DISCUSSION

Initially, IFN-α alone, which is called interfer-
on monotherapy ñ was used in CHC treatment. The
response to this treatment, assessed as viral elimina-
tion and normalization of aminotransferase levels,
was unsatisfactory. This treatment involved admin-
istration of 3 MIU of the drug 3 times a week for 24
weeks. The results obtained, assessed 24 weeks after
the treatment (biochemical normalization and elimi-
nation of HCV RNA from the serum), reached only
6ñ8% (8, 9). A higher rate of positive responses was
noted with respect to biochemical improvement:
23-43%. Treatment prolongation to 48 weeks or 18
months slightly improved the rate of positive bio-
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chemical-virological responses assessed 6 months
after the treatment ñ from 13% to 37.8%. The stud-
ies where treatment with higher doses of IFN-α
were used (6 MIU) for 48 weeks demonstrated the
efficacy at a level of 22% (9), but there are papers
putting these reports into question (11).

Treatment efficacy was improved with com-
bination therapy (IFN-α and ribavirin). Ribavirin
was used for the first time in 1972. It displays
antiviral activity against various families of RNA

viruses. The most important mechanism of action
of ribavirin is ìlethal mutagenesisî or ìerror catas-
tropheî (12). The use of pegylated IFN-α and rib-
avirin contributed to a further significant increase
in the efficacy of combined treatment to 54ñ56%
(13ñ15). 

The use of pegylated IFN-α and ribavirin in
children allows obtaining SVR in 48 to 60% of
patients infected with genotype 1 and 100% of
patients infected with genotype 3 (16ñ19).

Table 3. Laboratory test results for patients.

Baseline 12 week 24 week 48 week
n = 44 n = 42 n = 42 n = 42

Mean 45.8 38.1 35.4 28.1

SD 21.4 28.2 22.2 16.0

Median 41.0 28.0 27.5 21.0
ALT

Min 11.0 11.0 12.0 13.0

Max 95.0 155.0 100.0 67.0

p-value* 0.023 0.003 < 0.001

Mean 5.99 3.50 3.40 3.37

SD 1.13 1.48 1.30 1.22

Median 6.00 3.25 2.70 3.10
WBC

Min 4.20 1.70 1.13 1.58

Max 8.87 10.20 8.10 7.70

p-value** < 0.001 < 0.001 < 0.001

Mean 50.8 48.6 46.8 45.0

SD 9.2 13.2 11.3 12.0

Median 50.5 44.6 46.0 45.0
NEU

Min 34.0 23.0 26.0 20.5

Max 68.0 83.7 76.0 67.7

p-value** NS 0.032 0.003

Mean 13.7 12.02 11.6 11.6

SD 1.4 1.3 1.7 1.1

Median 13.4 12.1 11.6 11.7
HB

Min 11.4 9.6 9.8 9.9

Max 16.8 14.9 15.3 14.0

p-value** < 0.001 < 0.001 < 0.001

Mean 230 163 176 174

SD 65 51 62 58

Median 240 156 172 185
PLT

Min 118 77 42 36

Max 367 299 327 268

p-value** < 0.001 < 0.001 < 0.001        

*) in non-parametric Wilcoxon test for comparisons between baseline and 12, 24, 48 week; **) in paired t-test
for comparisons between baseline and 12, 24, 48 week.
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It is currently difficult, on the basis of available
literature, to determine the factors predicting a posi-
tive response to treatment in children with CHC.
However, on the basis of observations in adult
patients, it can be said that these factors can be clas-
sified as demographic, biochemical, virological and
histological. Nevertheless, it seems that virological
factors ñ above all a low viral load (≤ 800,000
IU/mL) 87.5% vs. 60.0% ñ play the main role,
which was also observed in this study. Genotype 3
is relatively uncommonly detected in the pediatric
population in Poland, and therefore, it is difficult to
formulate any definitive conclusions. The main
observations apply to patients with a non-3 geno-
type. 

As it has been mentioned above, the fibrosis
grade ñ in the analyzed group, did not exceed 2 ñ
and the ALT level ñ mean 45.8 IU/L ñ are important
factors. In adults, a better treatment response was
achieved in patients with a lower body weight, a
lower body surface area, at a younger age, with a
shorter infection history, and in women (13, 14).
Histopathologic changes are generally considered to
be less advanced in children with HCV. This is
thought to be as a consequence of the short period of
time between infection and histopathologic evalua-
tion. However, Garcia-Monzon et al. reported fewer
progressive lesions in children than in adults with
similar duration of infection (20). The limited pro-

gression of fibrotic lesions in children may further
explain the higher SVR than we would have expect-
ed, compared with adults who tend to show greater
progression. 

In the analyzed group of children, these param-
eters were obtained partially. Of importance are the
age of treated children and the related serum viral
load; the younger the child, the lower the viral load.
It is difficult to determine what is the direct cause of
this phenomenon; a shorter duration of infection and
a low fibrosis grade or the phenomenon of immune
tolerance are potential contributing factors.

During the treatment, its final effect may be
initially predicted by assessing the viral load at 12
and, currently it may be postulated, 4 weeks of
treatment. EVR may be a very good prognostic fac-
tor for obtaining SVR ñ EVR absence is associated
with SVR absence in 97 ñ 98% of cases, and only
1.6% of patients without EVR will achieve SVR
(21, 22). 

The correlations between EVR and SVR and
various parameters are shown in Table 6. This
applies, for example, to the gender; girls are more
stable regarding to RNA HCV elimination from the
serum. Also a younger age during treatment, a lower
fibrosis grade and a lower viral load contribute to
this phenomenon. On the other hand, no such corre-
lation with the non-3a or 3a genotype was observed;
it seems that the reason is the size of this group and

Table 4. EVR, ETR and SVR according to qualitative evaluation.

EVR ETR SVR
(n = 44) (n = 42) (n = 42)

% % %

Total  86.8 76.2 77.5

Gender Boys 95.0 81.8 76.2

Girls 77.8 70.0 78.9

Age (years) 4 ñ 9 66.7 66.7 66.7

10 ñ 14 85.7 78.9 78.9

15 ñ 18 92.9 78.9 76.5

Staging Staging  0 ñ 1 88.0 82.1 82.1

Staging 0.5 ñ 2 80.0 60.0 55.6

Genotype Genotype non ñ 3a 86.8 73.7 77.8

Genotype 3a 100.0 100.0 75.0

Baseline HCV RNA < = 0,8x106 IU/mL 90.5 76.9 87.5

> 0,8x106 IU/mL 81.3 73.3 60.0

Treatment group 48 weeks 86.8 75.0 78.9

24 weeks 100.0 100.0 50.0        
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one patientís withdrawal from treatment. No obser-
vations concerning a relationship between the above
parameters and EVR and SVR were found in the
available literature. A very high rate of SVR
(77.5%) was achieved in the whole presented group
(genotypes 3a and non-3a); for the non-3a genotype
ñ 77.8%. No considerably better SVR response was
noticed in correlation with gender. Children aged
10ñ14 years responded best to the treatment, which
is an observation difficult to interpret. Observations
of others that the lower fibrosis grade and viral load,

the better the therapeutic effect, were confirmed (23,
24).

The following side effects were observed dur-
ing the treatment: fever, hair loss, headache, redness
at the injection site and poor appetite. Laboratory
test abnormalities were neutropenia and reduced
hemoglobin levels; much less frequently thrombo-
cytopenia. Drug dose reduction or omission of a sin-
gle drug dose was a positive factor improving the
laboratory parameters. Thyroid dysfunction was
temporary. The side effects were more severe at the

Table 5. Adverse events in treatment of children.

Number Number
Adverse event of children of

(%) events

Neutropenia  12 (27.3) 29  

Trombocytopenia 4 (9.1) 4  

Anemia  7 (15.9) 25  

ALT level increase 0 0  

Other  17 (38.6) 170   

Fever 43   

Hair loss  27   

Muscle pain  6   

Headache  23   

Sleepiness  8   

Redness at injection site  20   

Weakness  4   

Nausea  1   

Poor apetite  13   

Abdominal pain  1   

Increased TSH level  3   

Hashimoto disease  1   

Leucopenia  7   

Adenotomia  1   

Asthenia  1   

Gastroenterocolitis  1   

Irritability  1   

Pain in place of injection  1   

Pharyngitis acuta  1   

Infectio viralis  1   

Hypertermia  1   

Aggression  1   

Flu-like symptoms  2   

Body mass loss  2  

Missing data  2 (4.5) 4
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beginning of the treatment; they gradually disap-
peared with the time of treatment. No other adverse
events were observed. Children went back to school
and got as good scores as other children. These
observations are consistent with other reports (25,
26). 

In conclusion, it appears that lower viral load
and lower fibrosis grade contribute to SVR achieve-
ment. Treatment response does not correlate with
gender. It appears that children, who started the
antiviral therapy, after they attained 10 years of life
responded to the treatment the best. Therapy with
pegylated interferon α2a and ribavirin is well toler-
ated in the pediatric group.
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