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Abstract
Vertical transmission has become the most common 
mode of transmission of hepatitis C virus (HCV) in chil-
dren. The rate of perinatal transmission from an HCV-
infected mother to her child ranges from 2% to 5% and 
the prevalence of HCV in children in developed countries 
ranges between 0.1% and 0.4%. Spontaneous viral 
clearance seems to be dependent on the genotype and 
has been reported between 2.4%-25%. For chronically 
infected patients, treatment with recombinant polyethyl-
ene glycol (PEG)-interferon α-2b and daily ribavirin has 
now been approved as standard treatment for children 
2-17 years of age. In five large prospective studies, a 
total of 318 children and adolescents aged 3-17 years 
were treated either with subcutaneous PEG-interferon 
α-2b at a dose of 1-1.5 μg/kg or 60 μg/m² once a week 
in combination with oral ribavirin (15 mg/kg per day) or 
PEG-interferon α-2a with ribavirin. Subjects with geno-
type 1 and 4 received the medication for 48 wk and 
individuals with genotype 2 and 3 mainly for 24 wk. 
Overall sustained viral response (SVR) was achieved 
in 193/318 (60.7%) of treated patients. Stratified for 
genotype; 120/234 (51%) with genotype 1, 68/73 
(93%) with genotype 2/3, and 6/11 (55%) with geno-
type 4 showed SVR. Relapse rate was between 7.7% 
and 17%. Overall, treatment was well tolerated; how-

ever, notable side effects were present in approximately 
20%. According to recent experiences in the treatment 
of chronic hepatitis C in children and adolescents, a 
combination of PEG-interferon α with ribavirin has been 
found to be well tolerated and highly efficacious, partic-
ularly in individuals with genotype 2/3. Thus, this treat-
ment can be recommended as standard of care until 
more effective treatment options will become available 
for genotype 1 patients.
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INTRODUCTION
Combination therapy of  polyethylene glycol (PEG)-in-
terferon α-2a or α-2b with ribavirin is standard of  care 
for adults with chronic hepatitis C. Clear benefits in terms 
of  sustained viral response (SVR) and side effect profile 
have been documented with PEG-interferon α compared 
with recombinant interferon α with and without ribavirin. 
An additional advantage of  the pegylated form of  inter-
feron is the extended serum half-life, which allows a once-
weekly administration regimen. Until recently, only re-
combinant interferon α-2b in combination with ribavirin 
had been approved by the Food and Drug Administration 
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(FDA) and European Medicines Agency (EMA) for use in 
children and adolescents. Since December 2008 and Sep-
tember 2009, respectively, the FDA and EMA approved 
PEG-interferon α-2b in combination with ribavirin in 
the United States and Europe for children aged 3 years 
and older[1]. Although most experts believe treatment is 
beneficial, due to several factors associated with treating 
young patients with chronic hepatitis C, this topic remains 
controversial[2-4]. However, there is no doubt that chronic 
hepatitis C remains an epidemiologically important health 
care issue in children and adolescents. Associated costs 
in the United States are estimated between $17 and $40 
million annually[5]. Effective treatment of  chronic hepa-
titis C virus (HCV) at an early age would help to prevent 
the long-term sequelae of  chronic infection, improve the 
prognosis of  patients, and reduce health care expenditure.

The prevalence of  HCV in children in developed 
countries ranges between 0.1% and 0.4% but may even 
exceed 10% in some regions of  Saudi Arabia and Af-
rica[6-8]. The rate of  perinatal HCV transmission from an 
infected mother to her child ranges from 2% to 5%. Clin-
ically most relevant are genotypes 1, 2 and 3; considerably 
less spread is genotype 4[2]. It is estimated that there are 1 
million individuals aged less than 18 years infected with 
chronic hepatitis C worldwide[9]. 

Since the early 1990s, transmission of  HCV infection 
has occurred predominantly by parenteral transfusion 
of  blood products or by non-use of  disposable syringes. 
However, transfusion-associated hepatitis C has now be-
come extremely rare in countries with adequate hygienic 
facilities. Subjects who were particularly at risk such as 
premature infants, hemophiliacs, patients with thalas-
semia, and children with malignant diseases or organ 
transplantations have now reached adulthood and vertical 
transmission from HCV-infected mothers to their off-
spring has become the most common cause of  chronic 
hepatitis C in children. Importantly, in the case of  vertical 
infection, the chronicity rate is very high[10].

Children chronically infected with HCV may be at risk 
for social disintegration and impaired quality of  life. A 
possible psychological burden may be present and some 
physical impairment has been described. To date, only 
two rather small studies have been published reporting 
significantly lower physical and psychosocial scores and 
worse cognitive functioning compared with non-infected 
controls[11,12].

NATURAL COURSE
Spontaneous viral clearance in vertically infected children 
seems to be dependent on genotype and was found to 
range from 2.4%-25%[13,14]. It may be higher in paren-
terally infected individuals and was reported to reach 
35%-45% by adolescence[15,16]. Children infected with 
genotype 3 have a higher spontaneous clearance rate 
than those infected with genotype 1. Beyond the age of  
4 years, spontaneous viral clearance seems to become 
rather unlikely[13]. Patients who do not clear the virus 
within the first years of  life will develop chronic hepatitis 

C. Overall, the cumulative probability of  progression to 
chronicity is approximately 80%[17,18]. Most children are 
clinically asymptomatic or show only mild unspecific 
symptoms. In roughly 10% of  patients, hepatomegaly 
may be present[17]. During the chronic course, alanine 
aminotransferase (ALT) levels may be normal or inter-
mittently elevated. Only few patients show persistent 
markedly elevated ALT levels. Inflammatory activity in 
liver tissue is usually mild and the risk of  severe compli-
cations is low. However, despite the favourable prognosis 
during the first and second decade of  life, approximately 
4%-6% of  children will develop evidence of  advanced 
liver fibrosis or cirrhosis[19,20]. A recently published study 
in pediatric patients with chronic hepatitis C cured of  
malignancy reported liver cirrhosis in 5% after three de-
cades of  observation[21]. Progression of  fibrosis depends 
on age and additional risk factors such as obesity and 
alcohol consumption. Thus, progression usually starts be-
yond the second life decade and there is evidence that it 
seems to proceed more rapidly in patients with genotype 
3[22]. Large liver transplantation units have reported on 
children who needed liver transplantation due to progres-
sive HCV infection[23].

TREATMENT OPTIONS
Many years ago, treatment started in adults with the use 
of  interferons, yielding SVR rates in the 10%-15% range. 
According to the use of  different treatment regimens 
and small numbers of  treated children, it was difficult to 
compare the response rates in children to those in adults. 
Overall, SVR seemed to be better in children. Nineteen 
studies using recombinant α-interferon were published 
between 1992 and 2003[24]. A meta-analysis of  trials with 
interferon-α monotherapy revealed a wide range (0%-76%, 
mean 27%) of  SVR. Subjects infected with genotype 2 
and 3 clearly responded better than patients harbouring 
genotype 1. Based on an increasing number of  random-
ized controlled trials in adults, ribavirin was added to 
interferon-α in treatment trials for children. Between 2000 
and 2005, six studies were published all demonstrating an 
SVR from 27% to 64%[25]. The stratification according to 
genotypes showed a very good response (> 80%) in pa-
tients with genotype 2 and 3 and an SVR of  approximately 
36%-53% in those with genotype 1. Results of  an exten-
sive trial in children published by Gonzalez-Peralta led to 
the approval of  recombinant interferon α-2b in combina-
tion with ribavirin[26].

However, when PEG-interferon in combination with 
ribavirin became the standard of  care for adults with 
chronic hepatitis C, trials in children promptly started. 
Some advantages were present such as a reduced injec-
tion frequency to once per week, better SVR, and better 
interferon tolerance. Interestingly, the sole controlled 
randomized trial, comparing a pegylated interferon α 
(PEG-interferon α-2a) with and without additional riba-
virin, was only published in 2011. It clearly demonstrated 
that in the pediatric age group, the addition of  ribavirin 
was necessary to obtain significantly better treatment re-
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sults[27]. Specifically, in genotype 1 patients, SVR rate was 
17% with PEG-interferon monotherapy compared with 
47% in individuals with combination treatment. The dif-
ference was also striking in subjects infected with geno-
type 2 and 3 (36% vs 80%).

Up to now, results of  seven trials using PEG-
interferon α in combination with ribavirin have been re-
ported[27-32]. SVR rates in patients with genotype 1 from 
5 trials with more than 30 patients ranged from 44% to 
59%. Achieving SVR in children with genotype 2 and 3 
was very successful and yielded rates of  more than 90%. 
The relapse rate was between 7.7% and 17%. Four trials 
used PEG-interferon α-2b and two used PEG-interferon 
α-2a in combination with ribavirin. An additional report 
presented the retrospective data in 33 treated Japanese chil-
dren and young adults[33]. SVR rate in these patients was 
approximately 82%. Unfortunately, no information regard-
ing genotypes was provided. Table 1 and Figure 1 summa-

rize the characteristics of  the five prospective studies. Peg-
interferon α-2b and ribavirin were approved for patients 
aged 3 to 17 years of  age by the FDA in December 2008 
and the EMA in September 2009. 

Baseline viral load
Two studies stratified the results in genotype 1 patients ac-
cording to the viral load before treatment. In the first study, 
the cut-off  level was 600  000 IU/mL: 32% of  children 
with genotype 1 and high viral load (> 600  000 IU/mL)  
and 73% with low viral load (< 600  000 IU/mL) achieved 
SVR[32]. In the second trial, the cut-off  value was 500  000 
IU/mL: 45% of  children with genotype 1 and > 500  000 
IU/mL and 62% with < 500  000 IU/mL achieved SVR[30].

Figure 2 summarizes the SVR in relevant pediatric tri-
als using PEG-interferon in combination with ribavirin. 
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Table 1  Sustained viral response in five representative prospective trials using polyethylene glycol-interferon alpha-2b and 
polyethylene glycol-interferon alpha-2a in combination with ribavirin and stratified for different clinical and laboratory parameters 
and genotypes, published between 2005 and 2011
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Figure 2  Sustained viral response in five large prospective trials with poly-
ethylene glycol-interferon α-2b1/α-2a2 and ribavirin stratified for genotype 
and viral load[27,28,30-32]. G: Genotype; HVL: High viral load, > 600  000 U/mL, (Wirth 
et al [32]), > 500  000 U/mL (Sokal et al [30]); LVL: Low viral load, < 600  000 U/mL (Wirth 
et al [32]), < 500  000 U/mL (Sokal et al [30]).
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Wirth 20051 Jara 20081 Wirth 20101 Total PEG-interferon 
a-2b trials

Schwarz 20112 Sokal 20102 Total all trials

Dosage 1.5 μg/kg per 
week

1.0 μg/kg per 
week

60 μg/m² per 
week

180 μg/1.73 m²
per week

100 μg/m² per 
week

Total (%) 36/61 (59) 15/30 (50)  70/107 (65.4)  121/198 (61.1) 29/55 (53)    43/65 (66.1)    193/318 (60.7)
Genotype (%)
   1 22/46 (48) 12/26 (46) 38/72 (53) 72/144 (50) 21/45 (47) 27/47 (59) 120/236 (51)
   2/3   13/13 (100)       3/3 (100) 28/30 (93)   44/46 (96)   8/10 (80) 16/17 (94)     68/73 (93)
   4 1/2 0/1     4/5 (80)       5/8 (62) Included in G1
ALT-levels (%)
   Elevated 12/25 (48) 27/44 (61) 19/33 (58)   58/102 (57)
   Normal 24/36 (67) 42/63 (67) 24/30 (80)   90/129 (70)
Mode of infection (%)
   Parenteral 19/27 (70)     7/9 (78)       5/5 (100)    31/41(76)
   Genotype 1 13/21 (62) 1/1
   Vertical 12/25 (48)   8/21 (38) 46/75 (61) 66/121 (55)
   Genotype 1   7/20 (35) 26/52 (50)   33/72 (46)
Break through 9.8%   6/41 (15)
Relapse 7.7% 8%   6/35 (17)

ALT: Alanine aminotransferase; PEG: Polyethylene glycol. 1PEG-interferon α-2b; 2PEG-interferon α-2a.

Genotype 1
Genotype 2/3
Genotype 4

Figure 1  Distribution of genotypes in the five representative prospective trials 
using polyethylene glycol-interferon α-2b and polyethylene glycol-interferon 
α-2a in combination with ribavirin, published between 2005 and 2011. 
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Table 2  Most frequent adverse events during polyethylene 
glycol-interferon treatment in combination with ribavirin and 
its appraisal of clinical significance
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regimen. Individuals with previous interferon α mono-
therapy or recombinant α-interferon in combination 
with ribavirin may achieve a higher response rate. There 
are no studies specifically addressing re-treatment except 
for the trial by Gerner et al[34], which has been performed 
with a natural interferon α in combination with ribavirin. 
Previously published reports have only included small 
numbers of  children with failed response, demonstrat-
ing a re-treatment response rate of  40%-50% in those 
with previous interferon α monotherapy. Gerner et al[34] 
reported SVR in only 2/18 patients. Thus, re-treatment, 
particularly in individuals who have been primarily treated 
with PEG-interferon and ribavirin, remains prognosti-
cally difficult and cannot be recommended until new 
combination treatment options including directly acting 
antivirals such as protease inhibitors become available.

ADVERSE EVENTS
The majority of  treated children and adolescents will 
tolerate PEG-interferon and ribavirin well. Nevertheless, 
almost all patients will experience at least one side effect. 
The clinical significance of  adverse events is summarized 
in Table 2. Most adverse events are mild to moderate, 
such as flu-like symptoms including fever, anorexia, fa-
tigue, dry skin and moderate hair loss. In some patients, 
dose reduction of  PEG-interferon may be necessary due 
to decreased white blood cell counts. Severe anemia is 
very rare; hence, the need for dose reduction of  ribavi-
rin is extremely infrequent. The rates of  discontinuation 
of  treatment due to adverse events were low in all trials 
published. Severe psychiatric side effects were rare in pre-
pubertal individuals, but may be of  significance in affected 
individuals. Appearance of  thyroid autoantibodies and 
thyroid dysfunction during long-term treatment (> 24 wk) 
has to be considered and carefully monitored. Up to 20% 
of  treated patients, particularly with genotype 1, may have 
abnormal thyroid stimulating hormone levels or other 
signs of  thyroid dysfunction[31,35]. Another notable side ef-
fect is transient growth impairment. Inhibited growth can 
be observed in 50%-70% with decrease of  growth veloc-
ity below the 3rd percentile. Shortly after the end of  treat-
ment, catch-up growth usually starts with an increased 
growth velocity followed by achievement of  previous 
growth velocity levels, which can be observed during the 
follow-up period. Nevertheless, if  possible, treatment 
during pubertal growth spurt should be avoided[36]. In ad-
dition, weight loss is very common during the treatment 
phase; however, most patients experience compensatory 
weight gain after treatment ends[32]. Regarding quality of  
life, and behavioral, emotional and cognitive outcomes 
during and after treatment, no significant impairment has 
been detected in the PEDS-C trial[37]. More follow-up 
studies are in progress to evaluate long-term sequelae.

NEW DEVELOPMENTS
There is no doubt that treatment response in patients with 
genotype 1 is not entirely satisfactory and improved treat-

Baseline aminotransferases
It is remarkable that the level of  aminotransferases or 
histological findings by liver biopsy do not significantly 
correlate with SVR. However, interestingly, there was a 
trend towards a slightly better SVR in patients with nor-
mal aminotransferases.

Mode of infection
There is no significant correlation between SVR and the 
mode of  infection. Nevertheless, it seems that individuals 
with parenteral infection may have a slightly higher prob-
ability to obtain SVR. However, the overall response rate 
in vertically infected subjects was 55% and in genotype 1 
patients 46%, which is comparable to the SVR in adults 
who are mainly parenterally infected (Table 1).

Standard of care
According to approval, in principle, treatment with inter-
feron α-2b and ribavirin administering injections thrice 
per week can be performed. However, the majority of  ex-
perts will prefer once weekly dosing using PEG-interfer-
on. To date in America and Europe, only PEG-interferon 
α-2b (60 μg/m² per week) in combination with ribavirin 
(15 mg/kg per day) is approved by the FDA and EMA[1]. 
Patients with genotypes 1 and 4 should be treated for 48 wk, 
with treatment discontinued at 4-6 mo if  there has been 
no viral response. Patients with genotypes 2 and 3 should 
be treated for 24 wk irrespective of  pre-treatment viral 
load. In routine clinical practice, there is no need to per-
form liver biopsy before initiating treatment. In addition, 
pre-treatment levels of  aminotransferases and mode of  
infection are not predictive for SVR. A five-year follow-
up study of  children with SVR treated with interferon α 
and ribavirin showed permanent viral elimination in 98% 
(Kelly D, personal communication).

Re-treatment
Response rates in patients retreated with a standard of  
care protocol are dependent on the primary treatment 

Interferon α-treatment:
   Leukopenia, thrombocytopenia: Frequent, not really significant; 
   if necessary dose reduction
   Flu-like symptoms: In all treated patients, not significant
   Alopecia: Not significant 
   Autoimmune thyroiditis: At least 15 %, significant, mostly reversible
   Acute psychosis, depression: Very seldom before puberty (< 1 %), 
   rare in adolescents, significant in cases with manifestation; 
   should be under investigation in future trials
   Growth delay: Clinically not significant, catch-up growth, 
   but under investigation with relative high priority 
   Anorexia, weight loss: Mostly not significant with exceptions, 
   normalisation after therapy stop
Ribavirin:
   Anemia: Mostly clinically not significant with exceptions, reversible

Most side effects’ intensity is decreasing after some weeks of treatment. 
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ment regimens are desirable. A number of  directly acting 
antiviral agents, designed to target viral encoded proteins 
essential to the HCV life cycle, are currently under devel-
opment. Phase Ⅲ trials in adults have been completed for 
two protease inhibitors (telaprevir and boceprevir) and 
have shown a significantly increased viral elimination rate 
in combination with PEG-interferon and ribavirin[38-40]. 
Brand new data indicate that in a considerable number of  
patients with rapid response, exposure to PEG-interferon 
and ribavirin may be shortened and response-guided 
therapy will become the treatment of  choice[41]. Approval 
of  telaprevir and boceprevir has been sanctioned by the 
FDA and EMA in 2011, and pediatric trials will follow in 
the near future. In adults, genotype 1 non-responders have 
also demonstrated SVR rates ranging between 59% and 
66%, depending on the duration of  boceprevir treatment, 
compared to 20% with standard of  care[42]. Given that ef-
ficacy data could be extrapolated from adults to children, 
an approved triple therapy regimen should be expected 
for non-responders. Nevertheless, they should definitely 
be included in future pediatric trials[36].

CONCLUSION
In children and adolescents, PEG-interferon treatment 
in combination with ribavirin for 48 wk produces a 
sustained viral response rate in approximately 50% of  
adequately treated individuals. Thus, this option can be 
offered to all patients irrespective of  the level of  ami-
notransferases or mode of  infection. There is evidence 
that subjects with low viral load may respond better than 
patients with high viral load. In patients infected with 
genotype 2 or 3, a 90% or even better SVR rate can be 
achieved. Thus, treatment for 24 wk should be admin-
istered in all patients with genotype 2 and 3. According 
to the approval of  the drugs, treatment start is possible 
beyond three years of  age. However, because spontane-
ous viral elimination may occur within the first 4-5 years 
of  life in vertically infected individuals, watchful waiting 
for up to five years of  age is a justified alternative to an 
early treatment start. Additionally, different individual and 
family variables may influence the appropriate time to ini-

tiate therapy. An experienced pediatric gastroenterologist 
should supervise the management of  treating these pa-
tients. Mid-childhood age before pubertal growth spurt is 
preferable. Table 3 summarizes pros and cons to indicate 
or possibly to defer treatment. Adverse events are usually 
well tolerated, but severe side effects may occur in a small 
number of  patients making dose adjustment necessary. 
Overall, the encouraging results, particularly in patients 
with relatively low viral load and/or favourable genotypes 
and in line with an appropriate consideration of  early 
stopping rules, endorse application of  treatment in eligi-
ble patients. Re-treatment in non-responding genotype 1 
patients should be deferred until a combination of  stand-
ard care with direct acting antivirals has become available.
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