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ABSTRACT
Chronic hepatitis C virus infection is a 
health problem worldwide, both in children 
and adults. Its spontaneous resolution may 
occur during early childhood, and then it 
becomes uncommon. Although most cases 
are asymptomatic during childhood and 
adolescence, as adults, patients may progress to 
cirrhosis and develop complications, including 
hepatocellular carcinoma. The goal of an effective 
treatment should be virus elimination, i.e., 
disease cure. Recently, the emergence of several 
direct-acting antivirals has enabled a high rate 
of infection resolution in 97-100 % of cases. To 
achieve this cost-effective objective, it is critical 
to raise awareness among pediatricians so that 
they can detect infected patients and refer them 
to a pediatric liver specialist for an adequate 
management.
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INTRODUCTION
According to the World Health 

Organization (WHO), the prevalence 
of chronic hepatitis C virus (HCV) 
infection is  approximately 130-
170 million individuals, i.e., 2-3 % 
of the world population.1,2 Based 
on Argentina’s blood banks, out of 
370 000 samples, 0.29 % were positive 
for HCV in 2017.3-8

The incidence and prevalence 
of  HCV infection in children is 
unknown, especially because of the 
lack of symptoms and a generally 
benign clinical course. Recent data 
have reported an estimated world 
prevalence of 0-15 %, corresponding to 
3.5-5 million children and adolescents 
aged 1-19 years.2 A strict collection of 
these data in Argentina, by screening 
for viral markers in children with 
risk factors, would facilitate the 
planning of different strategies to 

eradicate HCV infection. Disease 
cure sounded like an utopia until the 
recent emergence of highly effective 
treatments with practically no adverse 
events.

Hepatitis C virus
HCV is a ribonucleic acid (RNA) 

virus of the Flaviviridae family. RNA 
is expressed as a single polypeptide 
of approximately 3000 amino acids, 
which encompass the nucleocapsid 
p r o t e i n ,  t w o  v i r u s  s u r f a c e 
glycoproteins, and non-structural 
proteins, which are responsible for 
viral replication.

There are at least seven HCV 
genotypes and,  due to  i ts  high 
mutability, there are many subtypes. 
Genotype 1 is prevalent in Argentina, 
as well as in the rest of America and 
Europe (62-71%).1-5 Depending on the 
treatment implemented, the patient’s 
genotype may affect the response.

Modes of transmission
HCV may be disseminated from 

infected mothers to newborn infants 
or via parenteral, sexual, and intra-
familial  transmission, although 
the latter are uncommon. Personal 
hygiene items that have been in 
contact with contaminated blood 
should always be considered a source 
of transmission.

Currently, vertical transmission is 
the most common mode of infection 
in pediatrics; it is approximately 
5 % among posit ive mothers or 
1 6  %  f r o m  m o t h e r  w i t h  H C V -
human immunodeficiency virus 
(HIV) co-infection. The possibility 
of transmission is directly related 
to the maternal viral load (HCV 
RNA > 6 log10 IU/mL). Antenatal 
invasive procedures on the fetus 
should be avoided. A C-section 
delivery does not reduce the risk 
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for vertical transmission. Breastfeeding should 
be allowed because it is not a mode of HCV 
transmission.9-12

During adolescence,  the possibil ity of 
parenteral transmission should be considered as 
a consequence of sharing personal hygiene items 
(toothbrushes, razor blades), intravenous drug 
use or cocaine snorting, tattoos, and piercings. A 
fundamental element in the fight against HCV is 
the detection of infected patients. In all children 
born from HCV positive mothers, a viral RNA test 
is indicated in the first months of life or an anti-
HCV antibody test after 18 months old. Drug-
using adolescents, children with chronic increased 
serum transaminase levels, and immigrants from 
endemic areas should be screened for anti-HCV 
antibodies.1,2,13 Currently, transmission from 
infected blood products is very uncommon due 
to blood bank controls.

Natural history of hepatitis C
HCV infection may be acute in 15-30 % of 

patients, after an incubation period of 2 weeks 
to 6 months, and symptoms may last between 2 
and 12 weeks. Approximately 15 % of patients 
may have mild and non-specific symptoms, 
such as fatigue. In these patients, increased 
serum transaminase levels should prompt 
virus screening. Antibodies appear between 6 
and 8 weeks after becoming infected. The virus 
disappears spontaneously in 25 % of cases, 
whereas the remaining 75 % develops a chronic 
infection.4,12

When the infection is vertically transmitted, 
the clinical course is similar. Between 20 % 

and 25 % of children eliminate the virus 
spontaneously before 4 years old,13 and the 
remaining 75-80 % develop a chronic infection 
that may last until adulthood. Patients with an 
increased transaminase level that is five times 
the normal value manage to eliminate the virus 
in 66 % of cases. The only factor associated with 
spontaneous virus elimination is a polymorphism 
in the IL28B gene, which codes for interferon-
delta 3. The rs12979860 CT and TT genotypes 
are unfavorable, whereas the CC genotype is 
favorable.14

The follow-up of patients with chronic 
hepatitis C infection showed that some factors are 
related to a poor prognosis with progression to 
liver fibrosis, including: age older than 40 years, 
immunosuppressive therapy, co-infection with 
hepatitis B virus, and alcohol use.12

In children, especially those infected at birth, 
hepatitis C has a chronic course which is generally 
benign, with cirrhosis (1-4 %) and liver failure 
occurring as an exception (Figure 1).4,14-16 The 
presence of co-infection with HIV or in patients 
with cancer and chemotherapy requirement may 
increase the risk for liver complications.

Treatments for chronic hepatitis C virus 
infection

An effective treatment should be aimed at 
completely eliminating the virus, that is to say, 
disease cure, because HCV is a RNA virus that 
has no possibility of remaining in the cell nucleus 
episomally or of becoming integrated into the 
genomic deoxyribonucleic acid (DNA). The final 
goal of treatment is to achieve a sustained viral 

Figure 1. Summary of the natural history of hepatitis C in pediatrics
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response, defined as the absence of HCV RNA in 
blood 12 weeks after treatment ending.12

Early effective treatments for chronic HCV 
infection consisted in combined interferon and 
ribavirin. Later, to reduce the adverse events 
caused by interferon, slow release pegylated 
interferon (peg-interferon) was used, which 
required a single weekly injection. The results 
of this treatment schedule were encouraging, 
especially in children with genotypes 2 or 3, who 
became HCV negative in 80-93 % of cases. It 
showed fewer benefits in those with genotype 1, 
the most common one in Argentina, and the 
infection disappeared only in 53 % of cases.11,17,18

With the emergence of new direct-acting 
antivirals (DAAs), which achieve high rates 
of cure, without resistance mutations, the 
management of hepatitis C has changed. It is 
critical to identify asymptomatic children so 
that they can receive treatment, considering 
that i ts  high cost  is  a l imitation in many 
countries. Although DAAs are very effective 
for virus elimination, re-infections may occur in 
populations with risk factors.3,12

Different combinations, such as sofosbuvir 
and ledipasvir, velpatasvir or daclatasvir, have 
been successful in patients younger than 18 years. 
Sofosbuvir is a nucleotide analogue that strongly 
inhibits the virus RNA polymerase (NS5B region 
of the polypeptide). Ledipasvir inhibits the 
hyperphosphorylation of the NS5A protein, 
which plays a major role in viral replication. This 
protein has no enzymatic function. Velpatasvir 
acts as a defective substrate for the NS5A protein. 
Likewise, daclatasvir inhibits NS5A interaction 
with other cellular proteins.

Initially, the sofosbuvir and ledipasvir 
combination was tested in children aged 12-
17 years infected with genotype 1, and it was 
successful in 98 % of patients. Since then, the 
combination has been approved for its use in 
this age group.19 Murray et al. and Schwarz 
et al., confirmed virus elimination in 97-99 % of 
cases after the administration of the sofosbuvir 
and ledipasvir combination to children aged 
6-12 years and 3-6 years.17-21

Patients who were previously treated 
with peg-interferon and ribavirin and those 
with cirrhosis (aged 3-12 years) received this 
combination for 12 weeks if they were infected 
with genotype 2 or for 24 weeks if they had 
genotype 3. In both groups, a positive response 
of 98 % was observed. The IL28B gene did not 
affect treatment response. In children between 

3 and 12 years, treatment with sofosbuvir and 
ribavirin led to virus elimination, similarly to the 
treatments mentioned before.22 The sofosbuvir 
and daclatasvir combination administered 
to adolescents for 12 weeks led to infection 
resolution in all patients. In subsequent studies, 
treatment duration was reduced to 8 weeks and 
results were the same.23,24

Recently, a new combination was administered 
to a population of adolescents, which was again 
100 % effective after 8 weeks of treatment. Such 
combination was glecaprevir and pibrentasvir. 
The former is a protease NS3-4A inhibitor, and 
the latter, a NS5A protein inhibitor. Patients who 
had genotypes 1a, 1b, 2, 3, and 4 were treated with 
this protocol.25,26

Other very important  aspect  of  using 
these drugs is the absence of serious adverse 
events. It is worth noting that both the peg-
interferon and ribavirin combination and that 
with the nucleotide analogues described here, 
treatment response is not correlated with serum 
transaminase levels. The availability of treatments 
mentioned here (Table 1), which are highly-
effective, regardless of fibrosis stage, allows their 
administration without the requirement of a 
previous liver biopsy.

Chronic hepatitis C in children, although it is 
usually asymptomatic and rarely progresses to 
cirrhosis before 18 years old, is associated with 
a poor quality of life in both patients and their 
families, who have to live with the stigma of the 
disease.

Recently, it has been demonstrated that HCV 
treatment in young children is cost-effective 
compared to its indication in adults.27,28

T h e  U n i t e d  S t a t e s  F o o d  a n d  D r u g 
Administration (FDA), a government agency 
responsible for regulating foods and drugs, 
and the European Medicines Agency (EMA) 
approved, for patients aged 12-18 years (or for 
those who with a weight of 35 kg or more), a fixed 
ledipasvir/sofosbuvir dose for those infected with 
genotypes 1 and 4-6 or the sofosbuvir and ribavirin 
combination for those with genotypes 2 or 3.

T h e  N a t i o n a l  M i n i s t r y  o f  H e a l t h  o f 
Argentina, with the support of hepatologists, 
should make every necessary effort to achieve 
the early diagnosis of HCV cases at a national 
level. The National Drug, Food and Technology 
Administration of Argentina (Administración 
Nacional de Medicamentos,  Alimentos y 
Tecnología Médica, ANMAT) may help with 
the approval, in our country, of the drugs which 
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have proven effective in the treatment of HCV 
infection. A collective effort may lead to virus 
eradication.

CONCLUSIONS
The eradication of chronic HCV infection 

calls for the detection of infected people and 
treatment availability. It is very important to 
note that treatment with nucleotide analogues 
is effective in patients with normal or increased 
serum transaminases. The presence of liver 
inflammation and its severity do not affect the 
response to these treatments. Therefore, they may 
be initiated as soon as diagnosis is confirmed, 
with a high level of effectiveness in infections 
from any known genotype.

The cost of the treatments described here 
is extremely high on any health care system. 
However, they are cost-effective in adults; for this 
reason, based on the same analysis, they will be 
even more so in pediatric patients. These reasons 
are grounded on the reduced number of follow-
up years, reduced lab test and x-ray costs, a better 
quality of life with the complete and permanent 
virus eradication, and the prevention of cirrhosis, 
hepatocellular carcinoma, and, eventually, liver 
transplantation requirement.

In other terms, each health care system should 
implement the necessary conditions so that 
children with chronic HCV infection can receive 
an effective treatment as of 6 years old because, 
from that moment on, vertical spontaneous virus 
elimination in infected patients is rare. HCV 
eradication in Argentina calls for a collective 
effort. n
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