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Abstract
AIM: To study current treatment options for pediatric 
hepatitis C infection and their associated success rates.

METHODS: We retrospectively reviewed charts of 
thirty children who had been treated with combination 
therapy of pegylated interferon alfa plus ribavirin for 
chronic hepatitis C infection. Patients had been treated 
with ribavirin (15 mg/kg per day) and either pegylated 
interferon alfa 2a (180 mg/m2 once weekly) or pe-
gylated interferon alfa 2b (1.5 mg/kg once weekly). 
Patients’ follow-up included subjective assessment of 
complaints, physical examination including weight and 
height, as well as laboratory evaluations for viral load 
[before treatment, at 12 wk, and 6 mo following treat-
ment completion, as determined by sustained viral 
response (SVR)], complete blood count, liver enzymes, 
alkaline phosphatase, bilirubin, renal function tests, 

and thyroid function tests. For patients not achieving 
a two log decrease in viral load at treatment week 12, 
treatment was discontinued and the patient was con-
sidered a treatment non-responder.

RESULTS: Thirty children aged 3-18 years were in-
cluded in the study. Twenty patients (11 males, 9 
females) received pegylated interferon alfa 2b and 
ten patients (6 males, 4 females) received pegylated 
interferon alfa 2a. Twenty-three patients were infected 
with genotype 1, six patients were infected with geno-
type 3, and one patient was infected with genotype 2. 
Twenty patients (67%) achieved SVR. Treatment suc-
cess rates were 90% with pegylated interferon alfa 2a 
vs  55% with pegylated interferon alfa 2b. Although a 
trend was noted for improved outcomes in the group 
receiving pegylated interferon alfa 2a, there were no 
statistically significant outcome differences between 
the two treatment groups (P  = 0.1). Treatment suc-
cess was 56.5% for patients infected with genotype 
1 virus, compared to 100% for patients infected with 
other genotypes (P  = 0.064). There was no difference 
in treatment response between males and females. A 
cut-off age of twelve years was used to dichotomize 
younger vs  older participants; however, no differ-
ence in treatment response was observed between 
these groups. Using multivariate regression analysis, 
we could not determine predictors for achieving SVR 
from among the variables we examined (age, sex, and 
viral genotype). Although we noted a trend toward 
SVR with peginterferon alfa-2a, there was no statisti-
cal difference between the two peginterferons. A high 
incidence of adverse reactions to treatment was noted. 
Twenty-five patients (83%) suffered from at least one 
adverse reaction, but most experienced more than one 
adverse reaction. All patients except one became leu-
kopenic (white blood cell count less than 5500 leuko-
cytes/μL), six (20%) became anemic (hemoglobin less 
than 110 g/L), and one (3.3%) became thrombocyto-
penic (platelets less than 100 000/μL). 

CONCLUSION: Combination therapy to treat hepatitis 
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C in children is as effective as in adults. There may be a 
benefit for treatment with pegylated interferon alfa 2a.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
Hepatitis C virus (HCV) infection is relatively uncom-
mon in the pediatric population. Populations at risk of  
HCV infection are infants born to infected mothers who 
acquire the infection vertically, and children with chronic 
diseases who acquire the virus through infected blood 
products[1]. Vertical transmission is the predominant 
source for new pediatric HCV infections. Estimated 
transmission rates are 2%-5% when the mother is vire-
mic during pregnancy[1,2]. Mothers with greater than 106 
copies/mL of  HCV RNA are more likely to transmit the 
infection to their infants compared to mothers with low-
er levels of  viremia. Chronic hepatitis C (CHC) develops 
in 55%-80% of  infected children[2,3]. The prevalence of  
HCV in children in developed countries ranges from 0.1% 
to 0.4%[4-6]. Treatment is contraindicated for patients less 
than three years of  age because of  safety concerns and 
to allow for spontaneous viral clearance. After age four, 
spontaneous viral clearance is unlikely[7]. The rate of  viral 
clearance in children with CHC who acquired the infec-
tion vertically is 20%[8]. Most children who clear the virus 
do so during the first five years of  follow-up.

In most cases, HCV infection in children is asymp-
tomatic. Histological findings are minor and severe com
plications are uncommon. However, chronic hepatic 
inflammation from HCV infection can progress to ad-
vanced liver fibrosis and cirrhosis in four percent to six 
percent of  infected children[9,10]. The risk of  developing 
cirrhosis is approximately 20% and the risk of  develop-
ing hepatocellular carcinoma is 2%-5%[11]. Hepatocellular 
carcinoma has been reported in adolescents with CHC[12].

The current treatment of  choice for CHC in children, 
as in the adult population[13,14], is combination pegylated 
interferon alfa plus ribavirin. We have been prescribing 
this treatment regimen for the last seven years. We ret-
rospectively reviewed charts of  patients who had been 
treated for CHC with pegylated interferon alfa plus riba-
virin in several Israeli Pediatric Gastroenterology Centers.

MATERIALS AND METHODS
Patient selection
Complete data were available for a total of  thirty children 

with chronic HCV infection who were treated between 
2003 and 2010. Chronic HCV infection was diagnosed 
by the presence of  anti-HCV antibodies and HCV RNA 
positivity. Additional available information included: ala-
nine aminotransferase (ALT) levels during the three mo 
prior to treatment, laboratory studies during follow-up, 
and, for some patients, liver biopsy specimens showing 
evidence of  CHC or Actitest and Fibrotest results.

Ten patients were treated with pegylated interferon 
alfa 2a (180 mg/m2 once weekly) plus ribavirin 15 mg/kg 
per day and 20 patients were treated with pegylated inter-
feron alfa 2b (1.5 mg/kg once weekly) plus ribavirin (15 
mg/kg per day). The decision for which peginterferon 
was prescribed depended on the patient’s medical insur-
ance. Length of  treatment was 24 wk for patients with 
genotypes 2 or 3 (seven patients) and 48 wk for patients 
with genotype 1 (twenty-three patients). Patient follow-
up included assessment of  subjective complaints, physi-
cal examination with weight and height, and laboratory 
workup which included viral load [before treatment, at 
12 wk, and 6 mo following treatment completion, as de-
termined by sustained viral response (SVR)], complete 
blood count, liver enzymes, alkaline phosphatase, biliru-
bin, renal function tests, and thyroid function tests. In pa-
tients not achieving a two log10 IU/mL decrease in their 
viral loads at week 12, treatment was discontinued and 
the patient was considered a treatment non-responder.

Statistical analysis
Statistical analysis was performed using the SPSS soft-
ware package version 15 (SPSS, Chicago, IL, United 
States).The normality of  quantitative variables was tested 
using the Kolmogorov-Smirnov test. Because most of  
the quantitative variables were not normally distributed, 
the Mann-Whitney U test was used to analyze differenc-
es between SVR groups. Fisher’s exact test was used to 
determine the relationship between SVR groups and cat-
egorical variables (gender, treatment type, genotype). Lo-
gistic regression was performed to predict relationships 
between SVR groups and several independent variables. 
A P value < 0.05 was considered statistically significant.

RESULTS
Patient characteristics
Thirty patients (13 girls and 17 boys) aged three to eigh-
teen years were included in this study. Patients’ character-
istics and results are shown in Table 1. Twelve acquired 
HCV vertically, eleven through blood products, one by 
needle stick, and six patients had no identifiable source 
of  infection.

It should be noted that several patients had under-
lying comorbidities: one patient had Becker Muscular 
Dystrophy, one patient had proctitis, one had Congenital 
Adrenal Hyperplasia, one had human immunodeficiency 
virus infection, and one had Obstructive Sleep Apnea. 
Twenty-three patients were infected with HCV genotype 
1 (genotype 1b in twenty patients and genotype 1a in 
three patients). Six patients had genotype 3a, and one 



Table 1  Characteristics and results for non-responders and 
those who achieved a sustained virologic response  n  (%)
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patient had genotype 2. Viral loads prior to treatment 
ranged from 134 000 to 26 200 000 copies/mL. ALT lev-
els prior to treatment ranged from 24 to 183 U/L (mean 
69.93 ± 37.64 U/L).

Liver histology ranged from mild chronic portal in
flammation to moderate portal inflammation with fib
rous expansion. Fibrotest scores ranged from 0 to 3 and 
activity ranged from 0 to 3 on the Actitest. Twenty-six 
patients were interferon-naïve, three patients were non-
responders to previous interferon monotherapy, and one 
patient was a non-responder to previous pegylated in-
terferon alfa 2a therapy (and had also been treated with 
pegylated interferon alfa 2b).

Treatment response
Viral load at 12 wk was undetectable in twenty-two pa-
tients, slightly positive in one patient, and positive in six 
patients. For one patient, viral load examination was de-
layed and was not tested until six months after treatment 
initiation, at which time it was negative (Figure 1). SVR 
six months following treatment completion was achieved 
in twenty patients, for an overall treatment success rate 
of  67%.

Among twenty-three patients with undetectable HCV 
RNA [as measured by polymerase chain reaction (PCR)] 
following 12 wk of  treatment, 19 achieved SVR. Only 
one of  seven patients who were positive for HCV RNA 
at 12 wk achieved SVR. This patient’s viral load had 
decreased greater than two log10 IU/mL at 12 wk com-
pared to baseline (Figure 1).

Forty-three percent (10/23) of  those with genotype 1 
did not achieve SVR; of  those, four responded to treat-
ment after twelve weeks, and six were non-responders. 
One patient who failed to respond was non-compliant 
with ribavirin, and another patient stopped ribavirin due 
to serious headaches and rash.

Twenty patients (eleven males, nine females) received 
pegylated interferon alfa 2b and ten patients (six males, 
four females) received pegylated interferon alfa 2a. The 
success rate was 90% (9/10) for those receiving pegylat-
ed interferon 2a combined with ribavirin (six patients 

with genotype 1b, three with genotype 1a, and one with 
genotype 3a). The success rate for those with genotype 
1b was 83% (5/6).

Fifty-five percent (11/20) of  patients receiving pegy
lated interferon alfa 2b and ribavirin treatment (fourteen 
patients with genotype 1b, five patients with genotype 
3a, and one patient with genotype 2) achieved SVR. 
Only 36% (5/14) of  patients with genotype 1b achieved 
SVR with this treatment. Although a trend was noted in 
favor of  pegylated interferon alfa 2a, there were no sig-
nificant differences between the two treatment groups (P 
= 0.1). The treatment success rate was 56.5% in patients 
infected with genotype 1 virus, compared to 100% in 
patients infected with non-1 genotypes (P = 0.064).

There was no statistical difference in response to 
treatment between males and females. A cut-off  age of  
twelve years was used to compare response to treatment 
between younger and older patients; no statistical dif-
ference was observed. Treatment failure occurred only 
among those infected with genotype 1 HCV. 

We could not determine predictors for achieving 
SVR from among the variables examined (age, sex, and 
viral genotype) in our multivariate regression analysis. 
We did observe a trend toward greater SVR when using 
peginterferon alfa-2a, but this difference between the 
two peginterferons was not statistically significant, most 
likely due to our small sample. 

Adverse reactions
Adverse events were common, occurring in 83% of  pa-
tients (25/30) and including flu-like symptoms, malaise, 
headaches, fever, lymphadenopathy, anorexia, weight 
loss, hair loss, myalgia, fat necrosis, somnolence, sleep 
disturbance, anemia, neutropenia, thrombocytopenia, 
oral aphthae and aseptic meningitis (following treatment 
completion). No patient experienced severe bone mar-
row suppression (Table 2).

Leukocyte counts before treatment ranged from 3630 
to 11400 cells/μL (mean ± SD, 7540.69 ± 1950.3 cells/
μL) and from 1750 to 5770 cells/μL (mean ± SD, 3335.5 
± 823 cells/μL) during treatment. The Mann-Whitney 
U test showed a significant difference between leukocyte 
levels before and during treatment (P < 0.001). Hemoglo-
bin levels also decreased, from 116 to 169 g/L (mean ± 

Non-responders 
(n  = 10)

Gained SVR 
(n  = 20)

P  
value

Male 6 (60) 11 (55) 1.00
Age ≥ 12 yr 7 (70) 14 (70) 1.00
Peginterferon alfa-2a 
treatment

1 (10) 9 (45)    0.1

Genotype 1 10 (100) 13 (65)   0.065
WBC (cells/μL)1    3422.22 ± 839.47  3296.500 ± 834.57 0.39
HGB (g/L)1      110.99 ± 9.1      110.26 ± 10 0.07
ALT (U/L)1 52.33 ± 16.42 77.85 ± 41.98 0.08
AST (U/L)1 43.90 ± 19.31 55.65 ± 31.39 0.54
Weight (kg)1 48.66 ± 23.76 51.62 ± 21.96 0.66
Median viral load 747 000 332 500 0.49

1Data are presented mean ± SD. SVR: Sustained virologic response; WBC: 
White blood cells; HGB: Hemoglobin level; ALT: Alanine aminotransfer-
ase; AST: Aspartate aminotransferase.

Figure 1  Hepatitis C virus RNA polymerase chain reaction results 12 
wk after treatment and outcomes 6 mo after treatment completion. HCV: 
Hepatitis C virus; SVR: Sustained viral response.
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SD, 135.3 ± 12.8 g/L) before treatment to 95 to 139 g/L 
(mean ± SD, 115 ± 10.2 g/L) during treatment, as deter-
mined by t-test (P < 0.001).

Only one patient experienced direct hyperbilirubine-
mia of  15 mg/L, with a total bilirubin level of  18 mg/L. 
Another patient had indirect hyperbilirubinemia of  26 
mg/L during treatment. All patients had normal gamma-
glutamyl transferase levels and renal function throughout 
treatment. One patient developed hypothyroidism which 
subsequently resolved.

DISCUSSION
Combination therapy of  pegylated interferon alfa plus 
ribavirin for chronic HCV infection in children was 
found to be as effective as in adults. Fifty-seven percent 
of  children infected with genotype 1 achieved SVR and 
children infected with other HCV genotypes achieved 
100% SVR. The success rates are similar to success rates 
reported in other pediatric studies[13,15].

Treatment strategies for CHC have evolved over the 
years, from interferon monotherapy to combination in-
terferon alfa plus ribavirin[16] to combination pegylated 
interferon alfa plus ribavirin[14,15,17,18]. This latter combi-
nation is currently the treatment of  choice for CHC in 
children, as in adults[13,14]. Schwarz et al[15] reported that 
combination ribavirin plus peginterferon alfa is superior 
to peginterferon alfa and placebo for children and ado-
lescents with CHC. Two options exist for pegylated in-
terferon alfa therapy: pegylated interferon alfa 2a and pe-
gylated interferon alfa 2b[19-23]. The main treatment goal is 
to achieve an SVR, defined as undetectable serum HCV 
RNA for six months following cessation of  treatment. 
Treatment outcomes depend on HCV genotype and viral 

load at the beginning of  treatment[13,17,24]. The genotype 
is a key predictor of  treatment response[24]. Wirth et al[14] 
found that patients infected with genotype 1 experienced 
53% SVR, compared to patients with genotypes 2 or 3 
who had 93% SVR, and patients with genotype 4 who 
had 80% SVR. Baseline viral load is the main response 
predictor for patients infected with HCV genotype 1. 
SVR may be more likely in patients who have lower viral 
loads[14]. In a systematic review, Hu et al[13] reported that 
SVR rates in children with CHC ranged from 30% to 
100%, comparable to those seen among adults.

Combination treatment causes high rates of  adverse 
reactions, with almost all children suffering from tran-
sient flu-like symptoms. Other adverse reactions are 
diverse. In our study, 83% of  patients suffered from ad-
verse reactions, but almost all patients remained compli-
ant with therapy. Indeed, in most studies, the treatment 
is tolerated and compliance is good[24,25]. The treatment 
protocol has been associated with significant changes in 
body weight, linear growth and body composition (loss 
of  fat mass); however, these effects seem reversible[26].

In adults, HCV RNA PCR results after twelve weeks 
of  treatment predict treatment outcomes. Failure to re-
spond (a less than two log10 drop from baseline HCV 
RNA levels) is associated with non-response to treatment, 
and the therapy should be discontinued. It is unknown 
whether this rule applies to pediatric patients as well[13]. 
However, this rule does fit with our current findings.

All treatment failures in our study occurred in pa-
tients infected with genotype 1, which was also the most 
frequent genotype among our patients. SVR rates depend 
on genotype, as in the adult population, and success rates 
are significantly better (greater than 90%) in patients 
infected with genotypes 2 and 3 compared to patients in-
fected with genotype 1 or 4 (approximately 50%)[14].

Although both pegylated interferon alfa regimens 
have similar safety profiles, success rates differ. In a sys-
tematic review of  twelve randomized clinical trials in-
cluding 5008 patients, Awad et al[20] concluded that pegin-
terferon alfa-2a is associated with higher SVR than pe-
ginterferon alfa-2b. We have also noted different success 
rates between the two pegylated interferon alfa products, 
as reported in previous studies[19,20,22,23]. With caution and 
consideration of  our small sample size, our results show 
the trend by which combination treatment with pegylated 
interferon alfa 2a may be superior to pegylated interferon 
alfa 2b. Such a trend has been shown previously only in 
adult studies[19,20,22].

The main weakness of  the study is its retrospective 
nature and relatively small number of  patients. Never-
theless, our results are consistent with previous studies 
in children and adults and our study is the first to com-
pare the two pegylated interferon products in children. 
Further prospective studies are highly encouraged.

COMMENTS
Background
Hepatitis C virus (HCV) is a virus that chronically infects the liver. Infection by 

Table 2  Comparison of adverse reactions between those re-
ceiving peginterferon-alfa 2a and those receiving peginterfer-
on-alfa 2b

Adverse reaction Peginterferon-
alfa 2a 

(n = 10)

Peginterferon-
alfa 2b 

(n = 20)

Total

None 0 5 5
Flu-like symptoms 4 5 9
Weight loss 1 3 4
Hair loss 1 3 4
Headache 2 2 4
Aseptic meningitis 1 0 1
GI symptoms 1 4 5
Oral aphthae 1 0 1
Pruritus 1 0 1
Fat necrosis 1 1 2
Sleep disturbance 2 0 2
Lymphadenopathy 1 0 1
Absolute neutropenia 0 2 2
Anemia (HGB < 110 g/L) 2 4 6
Thrombocytopenia 
(platelets < 100 000 cells/μL)

1 0 1

Direct hyperbilirubinemia (mg/dL) 1 0 1
Indirect hyperbilirubinemia (mg/dL) 0 1 1

GI: Gastrointestinal; HGB: Hemoglobin level.
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this virus is a known risk factor for liver disease, liver failure and its complica-
tions, and even cases of liver tumors (hepatocellular carcinoma). There are 
limited publications about experience in treating children, recommendations for 
a preferred regimen, and data on treatment success rates. In this study, thirty 
children with chronic hepatitis C had been treated with combination therapy of 
peginterferon alfa plus ribavirin (as is recommended in adults). Ten of them had 
been given peginterferon alfa 2a, twenty of them had been given peginterferon 
alfa 2b, since there is no accepted preference of either of these drugs.
Research frontiers
This paper introduces the Israeli experience in treatment of children with chron-
ic HCV infection, including success rates and adverse reactions.
Innovations and breakthroughs
The study found that success rates in children are very similar to those reported 
in adults. Although no significant superiority of either of the drugs was found, 
(most probably due to small group size), a trend for better results was noted 
with peginterferon alfa 2a. Even though side effects were very common during 
the treatment regimen, children were found to be very compliant, and most of 
them completed the treatment course.
Applications
The study results suggest that success rates of treatment are similar to those 
noted in adults, and that treatment with combination peginterferon alfa 2a plus 
ribavirin may be superior.
Terminology
Peginterferon alfa: A pegylated interferon drug that is given in a subcutaneous 
manner once a week, as opposed to previous treatment with interferon, which 
was given by injections 3 times a week. Treatment success: Achieving sus-
tained viral response means that six months after treatment completion there is 
no detectable HCV RNA in the blood.
Peer review
Data on HCV therapy in pediatric patients are limited, thus this paper adds im-
portant information.
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