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Children represent only a small proportion of those infected with the hepatitis C virus (HCV) compared to adults.
Nevertheless, a substantial number of children have chronic HCV infection and are at risk of complications
including cirrhosis, portal hypertension, hepatic decompensation with hepatic encephalopathy, and hepatocellular
carcinoma in adulthood. The overall prevalence of the HCV in children was estimated to be 0.87% worldwide. The
HCV spreads through the blood. Children born to women with chronic hepatitis C should be evaluated and tested

for HCV due to the known risk of infection. The course of treatment for hepatitis C depends on the type of HCV.

hepatitis C virus (HCV) NAT nucleic acid test DAAs direct-acting antivirals SVR12

sustained virological response at 12 weeks after treatment

| 1. Introduction

Alter H, Houghton M, and Rice C discovered the hepatitis C virus (HCV) and received the 2020 Nobel prize for
their work. Alter H showed that non-A and non-B hepatitis were caused by a transmissible agent, Houghton M
identified the HCV, and Rice C characterized the viral lifecycle and showed that the HCV caused liver injury. The
HCV is a significant public health burden affecting 58 million people worldwide . The percentage of people who
are seropositive for anti-HCV antibodies worldwide is estimated to have increased from 2.3% to 2.8% between
1990 to 2005 . Most patients (80-85%) cannot clear the virus themselves and progress to chronic infection
including cirrhosis, portal hypertension, hepatic decompensation with hepatic encephalopathy, and hepatocellular
carcinoma. Fortunately, children represent only a small proportion of HCV infections. Nevertheless, there was one
report in 2014 showing that 11 million people with HCV infection worldwide were younger than 15 years of age [2.
In the United States, antibodies to the HCV are found in approximately 0.3% of children under 14 years old and 9%
aged 15-24 years old, according to the CDC database in 2016.

The overall prevalence of the HCV in children was estimated to be 0.87%, ranging from 0.34% in Europe to 3.02%
in Africa Bl. HCV prevalence was significantly higher in children older than 10 years (0.97%) when compared to
those under 10 years old (0.75%, p < 0.001) Bl The global estimate for viremic prevalence in the pediatric
population aged 0-18 years was 0.13% (95% uncertainty interval 0.08—0.16), corresponding to 3.26 million (2.07—
3.90) children with the HCV in 2018 [4l. The prevalence of children infected with the HCV is mostly reported in Asia,
the Middle East, and Africa 4. However, the incidence has been increasing in the United States due to illicit drug

use. During 2021, 43 states reported a total of 107,300 newly identified chronic hepatitis C cases, corresponding to
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39.8 chronic hepatitis C cases per 100,000 people from a recent CDC report . The rate of acute HCV infection
among young people and the prevalence of young adults using illicit substances are increasing in the United
States, especially in suburban areas 4. This could reflect the epidemic of prescription opioid and subsequent
heroin use in young people in suburban areas. Based on a comprehensive literature review from 2000 to 2019 to
determine historical HCV prevalence estimates in children in all 249 countries and territories of the world, HCV
prevalence increased with age in all regions. With that said, the prevalence of HCV in adults was significantly
associated with HCV prevalence in children aged 5-19 years (p < 0.0001), and the proportion of HCV infections in
people who inject drugs was significantly associated with HCV prevalence in children aged 15-19 years (p =
0.036). Moreover, HCV prevalence in women of childbearing age was the strongest predictor of HCV prevalence in
children aged 0-4 years (p < 0.0001). [, Since many children with HCV infection are infected from women of

childbearing age by vertical transmission, pediatric cases are also expected to increase in the future.

| 2. Natural History

The HCV is the most common blood-borne pathogen which leads to morbidity and mortality. HCV infection
generally progresses slowly, so the consequences, including cirrhosis or hepatocellular carcinoma, are rare during
childhood. HCV infection during infancy is most likely to clear spontaneously, with rates ranging from 20 to 45% (8
BIOIL quring the first two years of life. In contrast, HCV acquired later in life is less likely to clear spontaneously.
Infants with perinatal HCV infection may have elevated serum aminotransferases for a few years and then
normalize. Children who remain HCV RNA positive during or after the first year of life are less likely to clear the
infection spontaneously. Interestingly, children presenting with symptomatic acute HCV infection may have a lower
risk of developing chronic HCV infection 2, Children with chronic HCV infection are usually asymptomatic;
however, acute HCV infection may rarely cause malaise, nausea, right upper abdominal pain, jaundice, and dark

urine.

The HCV is detected in plasma within days of exposure, often in 7-28 days. Viremia peaks in the first 8-12 weeks
of infection and then drops to undetectable levels (viral clearance) in cases of spontaneous clearance. Chronic
HCV infection appears to be due to weak CD4+ and CD8+ T-cell responses, which fail to control viral replication
and lead to local inflammation that triggers fibrogenesis. The HCV may drive hepatocarcinogenesis directly via
transmitting signals, and modulates hepatocyte gene expression following engagement with cellular receptors
and/or indirectly through the induction of chronic liver inflammation L. The progression of advanced liver disease is
not common in children and is more likely to occur in adults over 30 years old. However, some studies show
progression to advanced liver disease and cirrhosis during childhood. Currently, it is still unclear what factors are
associated with the disease progression of HCV infection in children. It therefore cannot be predicted who will have
a worse outcome during adulthood and who should be promptly treated to avoid complications such as cirrhosis,
portal hypertension, hepatocellular carcinoma, and death. In the most updated classification, there are seven
genotypes of the HCV based on their nucleotide variability in HCV sequences recovered from multiple geographic
regions 2

- Genotype 1: Most common worldwide, 60-70% in the United States, more severe liver disease.
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- Genotype 2: Most common in central and west Africa.

- Genotype 3: Widely distributed but most common in Asia, related to illicit drug use.
- Genotype 4: Northern Africa and the Middle East.

- Genotype 5: South Africa.

- Genotype 6: Southeast Asia.

- Genotype 7: Central Africa.

| 3. Screening

Proper identification of perinatally infected children, referral to care, and curative treatment are critical to achieving
the goal of hepatitis C elimination. In 2020, the CDC released universal screening recommendations for adults due
to continued increases in HCV infections 131, which included recommendations for screening for pregnant persons

during each pregnancy 4. The CDC also introduced four new recommendations:

(L)HCV testing of all perinatally exposed infants with a nucleic acid test (NAT) for detection of HCV RNA at 2-6

months of age.

(2)Consultation with a health care provider with expertise in pediatric hepatitis C management for all infants and
children with detectable HCV RNA.

(3)Perinatally exposed infants and children with an undetectable HCV RNA result at or after 2 months of age do not

require further follow up unless clinically warranted.

(4)A NAT for HCV RNA is recommended for perinatally exposed infants and children aged 7-17 months who
previously have not been tested, and an anti-HCV antibody test followed by a reflex NAT for HCV RNA (when
anti-HCV is reactive) is recommended for perinatally exposed children aged =18 months who previously have

not been tested.

Selected screening in infants/children is appropriate for some groups who are at high risk of HCV infection, such as
those with evidence of hepatitis, a history of mother’'s HCV infection, international adoptees or refugees, children
with HIV infection, children who are victims of a sexual assault, adolescents with a history of multiple sexual

partners, and adolescents with a history of illicit drug use.

| 4. Diagnosis
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The diagnosis of HCV infection is based on the detection of antibodies to recombinant HCV polypeptides and
assays for HCV RNA. For children aged = 18 months old, the initial evaluation is anti-HCV antibody testing. A
reactive or indeterminate antibody test should be checked by HCV RNA testing. If HCV RNA is detected, indicating
viremia/active disease, these patients should be further evaluated to determine the genotype and monitor for
disease progression or spontaneous clearance. If the anti-HCV antibody test is positive and HCV RNA is not
detected, this means either the patient has cleared the virus spontaneously or there was a false-positive antibody

test.

For children aged < 18 months old, the first step is testing for HCV RNA, ideally at 2 and 6 months of age. If it is
not detected, this can reassure the family that HCV infection is very unlikely 28, If HCV RNA is detected, it
suggests that the infant has an infection, but it does not predict chronic infection because infants can clear HCV
spontaneously. Repeating HCV RNA testing prior to 18 months of age is unnecessary. The next step is to check
anti-HCV antibodies at 18 months of age for all perinatally exposed infants, and those with positive anti-HCV
antibodies should be tested for HCV RNA. Prior to 18 months, anti-HCV antibodies are not specific because a
positive test could reflect passive transfer of the maternal immunoglobulin G antibody (IgG Ab). Passively acquired
maternal HCV antibodies are cleared in 95% of children by 12 months of age 18l The diagram of HCV diagnosis in

children is in Figure 1.

Diagnosis of HCV infection in
perinatally HCV exposed infants

children < 18 months old children > 18 months old
HCV RNA 2-6 months of age Begin with anti-HCV
Negative Positive Negative Positive
X Negative
No HCV Anti-HCV antibody No HCV Test HCV RNA
infection at 18 months old infection
Positive Negative Positive
Test for HCV RNA
. L No HCV Confirm HCV
Negative Positive infection infection and
genotype
No HCV Confirm HCV infection and
infection genotype

Figure 1. Diagnosis of HCV infection in perinatally HCV-exposed infants 12,

| 5. Management
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Fulminant hepatitis or acute liver failure in acute HCV infection is rare in children 22181 A minority of patients clear
the infection spontaneously, but the natural history in children is not well understood. There are no data showing
treatment of acute HCV infection in children. However, adults with acute HCV infection should be treated upon
initial diagnosis without awaiting spontaneous resolution, using a “test and treat” strategy and according to the
simplified approach, if eligible. The duration of treatment may be shortened to 6—8 weeks in acute HCV infection
(291 For those patients who have acquired acute HCV from a liver transplant where the donor was HCV positive,

they would benefit from 12 weeks of pan-genotypic DAA treatment 22,

For chronic HCV infection, the goal of treatment is eradicating HCV RNA by the attainment of a sustained
virological response at 12 weeks after treatment (SVR12), which means checking HCV RNA at 12 weeks after
completing treatment. If HCV RNA is negative at SVR12, chronic HCV infection is considered cured. DAAs are
effective, well tolerated, available in oral form including pellet form for young children, and can be used for children
as young as 3 years old. For some children who have a relapse of HCV infection or who do not respond to pan-
genotypic regimens, sofosbuvir/velpatasvir/voxilaprevir can be offered for patients aged >18 years old 2. For rare
cases of children with decompensated cirrhosis, a combination of sofosbuvir/velpatasvir with ribavirin would be
recommended 22, For children who might have poor compliance due to insurance issues, social instability, or who
are not able to tolerate the granules, the researchers would recommend deferring treatments for several years until

it is appropriate because most children with HCV liver disease have a slow progression.

Ribavirin has no significant effects on HCV RNA levels as a single agent. Prolonging the course of ribavirin
treatment does not add any benefit in terms of virologic clearance (23, Therefore, ribavirin has been used for
treatment of chronic HCV only in combination with IFN-alfa or other anti-HCV treatments. Pregnancy must be
avoided both during and 6 months after treatment to avoid teratogenicity, specifically when considering ribavirin

use 241, Ribavirin should be avoided in childbearing age groups given its teratogenic effect.
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