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Abstract: Hepatitis C virus (HCV) infection natural history and manage-
ment in the pediatric population are still debated. We retrospectively eval-
uated the outcome of a HCV pediatric population managed at the Pediatric 
Infectious Disease Unit of Luigi Sacco Hospital (Milan, Italy) from Janu-
ary 1997 to January 2022 (median follow-up 10 years) and we focused on 
the role of new drugs and transient elastography. Fifty-seven patients were 
enrolled: 8 (14%) had a spontaneous clearance, 33 were treated (58%), 7 
(12%) were not treated because they were under 12 years old and 9 were 
lost at follow-up. HCV RNA was undetectable in all treated patients at the 
end of therapy, after 12 weeks (SVR12) and for the rest of their follow-up. 
All patients treated underwent elastography before and 1 year after therapy. 
Median stiffness pretherapy was 5.6 kPa, and 9 patients (16%) had abnor-
mal transient elastography (>7 kPa, median 8.7 kPa). Median stiffness after 
treatment in the abnormal group was 6.8 kPa. Direct-acting antiviral agents 
are a safe and effective therapy for HCV chronic infection in the pediatric 
population. Liver elastography is normal in many vertically infected chil-
dren before 12 years, but, when abnormal, it shows a significant improve-
ment after direct-acting antiviral agent treatment. Further studies are needed 
to evaluate the role of elastography at diagnosis and follow-up in children.
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Hepatitis C virus (HCV) infection is a significant global health 
problem, being a major cause of chronic liver disease and 

associated morbidity and mortality worldwide. It is estimated that 
there are almost 3.26 million children 0–18 years of age with HCV 
infection worldwide (corresponding to 0.13% of the pediatric pop-
ulation).1 However, the true prevalence of HCV in adolescents and 
children might be underestimated since only a small percentage of 
HCV-infected children are identified.2–4 Most epidemiological data 
regarding the pediatric population in Italy are sparse and based on 
outdated studies. Available data showed a decreasing trend in the 
last 13 years with a general decline in newly diagnosed cases while 

there is a rise in the proportion of immigrant children with HCV 
infection.5

Genotype 1a is the most frequent genotype observed in Italy, 
while it has been reported a decrease in the prevalence of genotype 
1b and an increase of genotype 3 and 4.6,7

Vertical transmission represents the most common source of 
HCV infection in children; at major risk are babies born to mothers 
with high HCV viral load, and even greater in the case of mothers 
with HIV–HCV coinfection.8 Between 25% and 40% of infected 
children spontaneously clear the infection in the first 4 years of 
life.9 Chronic HCV infection is usually asymptomatic during child-
hood and has a more indolent course than adulthood: the occur-
rence of cirrhosis and end-stage liver disease due to HCV infection 
is rare (1%–2%).10,11 However, chronic HCV infection can lead to 
severe complications in early adulthood such as cirrhosis, hepatic 
cancer, liver failure11 with a median of 33 years after infection and 
disease outcomes were better in patients treated before the develop-
ment of advanced liver disease.12

In fact, even in the absence of a severe clinical manifestation, 
also in the pediatric population a chronic hepatic rearrangement 
might occur and early treatment could arrest this process and avoid 
future complications. The treatment of chronic HCV infection has 
changed since the development of direct-acting antiviral agents 
(DAAs) and combination drug regimens, which are effective, well 
tolerated, all oral and interferon-free. They have been approved for 
pediatric use in children older than 12 years of age since 2017 and 
recently DAA regimens received FDA and EMA approval for their 
implementation for children between 3 and 11 years of age, without 
delay in all viremic children 3 years old and up.13

Accurate staging of liver involvement, in particular fibrosis, 
is important to define the prognosis and to guide the management 
of patients with chronic C hepatitis.14 Transient elastography (TE) 
is a noninvasive method for staging and monitoring liver fibrosis 
regression after treatment15; nevertheless, there is still lack of evi-
dence of its implementation in the pediatric population, with only 
a few studies available, mostly case reports/series. Moreover, there 
are no univocal cutoff values, with stiffness values for moderate- 
severe fibrosis ranging from 6.9 to 8.6 kPa.14,16,17

The aim of our study was to describe the outcome of a 
pediatric HCV-infected population managed in a tertiary Pediatric 
Infectious Disease Department followed over a 25 years period. We 
also evaluated the role of new drugs and elastography in the man-
agement of chronic HCV infection in children.

METHODS
We performed a single-center retrospective study in a cohort 

of children afferent to the Pediatric Infectious Disease Unit of Luigi 
Sacco Hospital (Milan, Italy) from January 1997 to January 2022 with 
diagnosis of HCV before 18 years old. Medical records were reviewed 
and data about clinical history, HCV diagnosis, comorbidities, diag-
nostic procedures, antiviral therapy, adverse effects and follow-up were 
extracted. Chronic HCV infection was defined in vertically transmitted 

Accepted for publication May 23, 2024
*From the Paediatric Infectious Disease Unit, Department of Paediatrics, Luigi 

Sacco Hospital Milan, University of Milan; †Pediatric Department, Buzzi 
Children’s Hospital and ‡Department of Biosciences, Pediatric Clinical 
Research Center Romeo ed Enrica Invernizzi, University of Milan, Milan, 
Italy.

The authors have no funding or conflicts of interest to disclose.
Address for correspondence: Vania Giacomet, MD, PhD, Paediatric Infectious 

Disease Unit, Department of Paediatrics, Luigi Sacco Hospital Milan, Uni-
versity of Milan, Via Giovanni Battista Grassi, Milan, Italy. E-mail: vania.
giacomet@unimi.it.

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc. This 
is an open access article distributed under the Creative Commons Attribution 
License 4.0 (CCBY), which permits unrestricted use, distribution, and repro-
duction in any medium, provided the original work is properly cited.

https://orcid.org/0000-0002-4965-2689
https://orcid.org/0000-0003-2899-3190
https://orcid.org/0000-0001-6381-4763
https://orcid.org/0000-0002-0892-9039
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


 The Pediatric Infectious Disease Journal • Volume 43, Number 9, September 2024

814 | www.pidj.com © 2024 The Author(s). Published by Wolters Kluwer Health, Inc

Musto et al

patients by the presence of HCV RNA viral load >15 IU/mL in the 
serum twice between 2–6 months and by 2° and 3° generation enzyme-
linked immunosorbent assay anti-HCV antibodies at 18 months10 of 
age, confirmed at 24 months. In suspected horizontally transmitted 
patients, determination of the presence of anti-HCV antibodies using 
second- or third-generation enzyme-linked immunosorbent assay tests 
was confirmed by HCV RNA >15 IU/mL, in the absence of clinical 
features of acute hepatitis. Genotype testing was recorded when avail-
able. Spontaneous clearance of HCV infection was defined by the pres-
ence of anti-HCV antibodies and by negative HCV RNA testing in 2 
consecutive serum samples taken at least 6 months apart and timing of 
spontaneous resolution was calculated by the age at first negative HIV-
RNA test. The follow-up for each patient included clinical and labora-
tory evaluation every 6 months after diagnosis. Alanine transaminase 
(ALT) was considered normal if <35 IU/mL for males and <25 IU/
mL for females.10 In addition, an abdomen ultrasound was performed 
at diagnosis and once a year. Therapy was prescribed according to the 
age-specific indications and based on the available treatment regimens 
during the follow-up, in particular in accordance with EASL Recom-
mendations of Treatment of Hepatitis C of 201618 and treatment was 
started in children of 12 years of age or older. Patients who received 
treatment underwent clinical and laboratory follow-up at baseline, 
2–4–8–12 weeks of treatment, at the end of the therapy and at 12 weeks 
post-treatment to assess sustained virologic response (SVR12). After-
ward, the follow-up continued annually. All patients treated underwent 
elastography 1 month before therapy and 1 year after therapy accord-
ing to our clinical management protocol. Elastography could not be 
performed in children age <10 years with usually an intercostal space 
smaller than fibroscan-probe. The stiffness cutoff used to define altered 
values indicative of possible fibrosis was 7 kPa. Patients with HIV–
HCV coinfection followed the same follow-up protocol in addition to 
the hospital protocol implemented for HIV-infected pediatric patients.

Outcomes
The primary outcomes of our study were to describe the nat-

ural history (rates of spontaneous clearance, chronic infection and 
complicated disease) and the efficacy and safety of treatment (SVR 
at 12 weeks and at the end of the follow-up after treatment, adverse 
events). The secondary outcome was to evaluate the grade of stiff-
ness at TE before and after treatment.

Ethics
All parents/guardians of enrolled children gave their writ-

ten consent to treatment and inclusion in observational studies with 
anonymized data. The data was entered into the study database in 
accordance with international standards for information protection 
and respect for privacy. The study was conducted according to the 
guidelines of the Declaration of Helsinki.

Statistical Analysis
Continuous variables were expressed using median and 

interquartile range or mean and standard deviations. Categorical 
variables were described as frequency and percentages. Groups 
were compared using Student t tests, if variables with normal dis-
tribution, or Wilcoxon test if a variable with no-normal distribution. 
A P < 0.05 was chosen as cutoff for significance. Unadjusted and 
adjusted odds ratios and 95% confidence intervals are presented. 
Data were analyzed with GraphPad Prism 9.

RESULTS
Our cohort consists of 57 patients (M/F = 23/34). Population 

characteristics are listed in Table 1. Median age at diagnosis was 8 (IQ 
2–14). Median follow-up duration was 10 years (range 1–25 years). 

In 90% (n° 51) the transmission was vertically. Horizontal transmis-
sion was incidental and secondary to blood transfusion; 3/6 were 
immigrants. Fifty-two patients (N° 52 = 91%) had an exclusive HCV  
infection and 5 (9%) were HCV–HIV coinfected. Genotype was inves-
tigated for 53/57 patients: the most frequent one was 1B (Table 1).

In our cohort 8 (14%) patients had spontaneous clearance at 
the median age of 2 years and 6 months (range 1–4 years), 33 were 
treated (58%), 7 (12%) were not treated because they were under 12 
years old and 9 were lost at follow-up (Fig. 1).

Among the group vertically infected, 31 (60%) patients were 
diagnosed before 18 months. In this group, 6 patients (20%) under-
went spontaneous clearance, the median age of clearance was 2 
years and 7 months.

All patients were asymptomatic at the time of diagnosis 
except for 1 HCV/HIV coinfected with vertical transmission who 
had cirrhosis and portal hypertension.

Children With Chronic Hepatitis C Not Treated
The group of children who did not receive therapy (n° = 23) 

includes children <12 years old not treated for age (N° = 7), spon-
taneous clearance (N° 7) and patients lost at follow-up (N° 9). In 
the subgroup with <12 years of age (n = 7) median follow-up was 
8.5 years (IQ 5.75–9.75). At the end of follow-up 7/7 showed per-
sistent mild hypertransaminasemia (AST median 54 IU/mL, range 
44–166 IU/mL, ALT median 72 IU/mL, range 59–104 U/I) and 
median viral load was 794.207 IU/mL (range 4020–33,836,060 IU/
mL). Fibroscan was performed in 4/7 patients at a median age of 
9.5 years and the median stiffness value was 4.8 kPa (range 3.3–5.3 
kPa).

Ultrasound was pathological in 2 patients: 1 patient was 6 
years had hyperechogenicity; the other showed hepatomegaly, was 
12 years and was lost at follow-up.

Children With Chronic Hepatitis C Treated
Twenty-nine HCV patients received the treatment. The 

median age of treated patients at baseline was 16 years (IQ 
12–24 years). Therapeutic regimens are reported in Table 2. Mild 
side effects were reported in 8 patients (27%): headache, nausea, 
abdominal pain, diarrhea and asthenia.

TABLE 1. Characteristics of Hepatitis C Virus 
Infected Pediatric Population at Diagnosis

Characteristics of HCV-Infected Pediatric Population (n = 57)

N° %

M 23 40
Median age (years, months) 8 (IQ 2–14)
Genotype (°n 53/57)
Genotype 1 31 58
  1a 15
  1b 16
Genotype 2 8 15
  2a 1
  2a/2c 2
  2b 1
Genotype 3 10 19
  3 10
Genotype 4 4 8
  4a 1
  4a/4d 1
Transmission
  Vertical 51 90
  Horizontal 6 10
Comorbidities
  Coinfection HCV–HIV 5 9
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Laboratory and radiologic data of the 29 patients treated are 
reported in "Table 3A and B. Before starting therapy, the median 
viral load was 390,228 IU/mL (range 37,118–9,481,391 IU/mL); 
100% of patients showed decreasing viral load during treatment 
and undetectable viral load at the end of it. SVR12 was docu-
mented in 27 of 29 patients (the remaining 2 patients were lost at 
follow-up). The viral load persisted undetectable in all of them for 
the rest of their follow-up. In HCV patients treated in the US and 
elastography has been performed at baseline before treatment and 
the median age was 16 years.

Ultrasound before treatment was abnormal in 7 patients 
(24%): 5 had mild-moderate hepatomegaly (17%), 1 (3%) of which 
presenting also nonhomogeneous echo pattern while 2 presented 

with mild steatosis (7%). Patients with hepatomegaly were 70% 
genotype 1 and 30% genotype 3. One patient with steatosis was 
also obese and was genotype 2.

FIGURE 1. HCV pediatric population study cohort.

TABLE 2. Hepatitis C Virus Pediatric Antiviral 
Treatment

Patients Undergoing Treatment (n = 29)—Therapy

n° % Weeks

DAAs therapy
Sofosbuvir/Ledipasvir 13 45 12 (n = 13)
Ombitasvir/paritaprevir/

ritonavir + dasabuvir
4 14 12 (n = 4)

Glecaprevir/pibrentasvir 8 28 8 (n = 7), 12 (n = 1)
Sofosbuvir + Ribavirin 2 7 12 (n = 1), 24 (n = 1)
Sofosbuvir/Velpatasvir/

Voxilaprevir
1 3 8 (n = 1)

No DAA
Interferon + Ribavirin 1 3 24 (n = 1)

Description of antiviral treatment received by HCV pediatric patients: DAA, 
direct-acting antiviral agents; Weeks of treatment: in the brackets is specified the num-
ber of patients who completed the weeks of treatment.

TABLE 3. Laboratory and Radiological Exams Before 
and After Treatment

A. Laboratory Exams of Hepatitis C Virus Treated Group

Laboratory Exams of HCV Treated Group (n° = 29)

Before Therapy After Therapy

Median Range Median Range

ALT (U/L) 42 19–184 20 11–32
AST (U/L) 35 24–92 24 12–44
HCV RNA (IU/mL) 3,900,228 37,118–9,481,391 0 0

B. Radiological Exams of Hepatitis C Virus Treated Group

Abnormal Radiological Exams of HCV Treated Group (n° = 29)

Before Therapy After Therapy

N° %
Median 
(kPa) Range N° %

Median 
(kPa) Range

Abnormal 
abdominal 
ultrasound

7 24 3 (of 
20)

15

Abnormal 
elastogra-
phy

6 23 9 7–15 1 (of 
17)

6 8 3–9

Table A: Median values before and after antiviral treatment of ALT (alanine 
transaminase), AST (aspartate transaminase) and HCV RNA viral load; Table B: Num-
bers of patients with pathologic radiological exams (abdominal US and elastography) 
before and after treatment in patients at the end of the follow-up when available.
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Median age of patients with pathologic US was 14 years; 
among those vertically infected was 14 and among those with hori-
zontal infection (n° 3) milder lower 13.

After treatment, ultrasound was normal in 4/7 patients 
with alterations and when alterations persisted no further pro-
gression was observed (2 cases of mild hepatomegaly and 1 of 
steatosis).

TE before treatment was performed in 26/29 patients: 
median stiffness was 5.4 kPa (range 2.7–14.6 kPa). Abnormal stiff-
ness (N.V. <7 kPa) was found in 9 (23%) (median 9.1 kPa, 7.1–14.6 
kPa). Median age of patients with pathologic fibroscan was 17 ± 5.6 
years for both vertically and horizontally infected subgroups.

Four of them had hepatomegaly and/or nonhomogene-
ous echo patterns. TE after treatment was performed in 17/29 
patients and showed a median stiffness of 5.1 kPa (range 3.3–9.4 
kPa). Among the 6 patients with altered stiffness, median stiffness 
post-therapy was 7.9 kPa (Table 3B).

In exclusive HCV treated patients (n = 29) we also found 
a statistically significant difference in the values of AST and ALT 
pre- and post-therapy [respectively: t (55) = 4.592, P < 0.0001 and t 
(56) = 4.800, P < 0.0001] (Fig. 2A,B) and of HCV RNA viral loads 
[t (56) = 3.240, P < 0.002] (Fig. 2C). Wilcoxon signed-rank test 
shows a significant drop in fibroscan values pre- and post-therapy 
(P < 0.05) (Fig. 2D). A positive correlation between TE pretherapy 

and AST pretherapy [P = 0.003, Pearson correlation coefficient (r) 
= 0.566], (Fig. 2E) was found.

Children With Coinfection HCV–HIV
We described separately the 5 HIV–HCV vertically coin-

fected patients of our cohort. Median age 29.5 years, range 22–34 
years. Four vertically infected.

At the time of treatment, all patients were taking antiretroviral 
therapy: 2 patients raltegravir + atazanavir + ritonavir, 1 patient ralte-
gravir + darunavir + ritonavir and 1 patient abacavir + dolutegravir + 
lamivudine. HIV viral load was undetectable throughout the period of 
treatment and remained undetectable even after treatment for the entire 
period of follow-up (median of 4.5 years, range 2–7 years).

Four of 5 underwent treatment for HCV eradication, 2 
with Ombitasvir/paritaprevir/ritonavir + dasabuvir (for 12 and 24 
weeks, respectively), 1 with Sofosbuvir/Ledipasvir for 12 weeks 
and 1 with Glecaprevir/pibrentasvir for 8 weeks, without reporting 
side effects. One patient was not treated because of spontaneous 
clearance.

Only one of them was symptomatic, with cirrhosis, portal 
hypertension and esophageal varices. Laboratory monitoring before 
HCV therapy showed mild hypertransaminasemia (AST median 40 
U/L, ALT median 54 U/L) in 3 of 4 patients. After treatment, there 
was a resolution of hypertransaminasemia in all of them.

FIGURE 2. Significant modifications after antiviral therapy exams: AST (A), ALT (B) and HCV RNA viral load (C). D: 
Nonparametric Wilcoxon signed-rank test compare fibroscan value pre- and post-therapy. ****extremely significant P < 
0.0001; ** very significant P < 0.01–0.001; * significant 0.05–0.01. E: Linear regression between stiffness pre-TP and AST 
pre-TP (P = 0.003, Pearson correlation coefficient r = 0.5662). 
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Median HCV RNA before treatment was 1,575,035 IU/
mL (range 116,261–2,311,378 IU/mL); at the end of treatment 
all patients achieved HCV eradication, with viral load persistently 
undetectable for the entire follow-up. Abdomen ultrasound was 
altered only in 1 patient, showing cirrhosis, and remained altered 
after treatment. Elastography was performed before treatment in all 
4 treated patients showing an altered stiffness in 3/4 (median 7.6 
kPa, range 7.1–14.6 kPa). After 1 year of treatment an improvement 
in stiffness was observed in all 3 cases (median 6.8, range 6.5–11.8 
kPa). The only patients with complicated cirrhosis was 22 years old 
when he received his first fibroscan detection and was 17.9 kPa; 
after treatment his clinical condition remained stable and after 10 
years his stiffness drop to 12 kPa.

DISCUSSION
Our study described the epidemiological and clinical char-

acteristics of a cohort of chronically infected children evaluated 
over a period of 25 years. Thus far there are only very few stud-
ies with such a long-term follow-up. In our study, the majority of 
patients acquired the infection vertically, in accordance with recent 
literature. Genotype 1B was the most frequent followed by 3, 2 and 
4, according to Italian prevalence data.19,20

Regarding the natural course of infection, the children 
cohort was asymptomatic at the time of diagnosis and the infection 
persisted clinically silent throughout its course. Fifteen percent had 
spontaneous clearance and patients with chronic infection exhibit 
mild disease activity with hyper-transaminases and a low degree of 
fibrosis, in comparison with adults.21

Probably our cohort is enriched in children who would have 
persistent infection, but the percentage of clearance in vertically 
infected is in line with the literature. In our cohort, characterized 
by a long median follow-up, none of our patients have developed 
complications, so far. This could be most likely related to the fact 
that 70% of the patients (excluding patients lost at follow-up) have 
been treated with good responses to treatment. Only one patient, 
which was HIV/HCV coinfected, had cirrhosis at 22 years and 
nevertheless, his hypertransaminasemia resolved after treatment, 
radiological progression was observed and also his hepatic stiffness 
improved with good clinical control of chirrotic complications. 
Treatment was limited to children older than 12 years of age accord-
ing to drug policy at the time. The efficacy of treatment reported 
in our cohort confirms previous excellent data, with undetectable 
viral load at 12 weeks (SVR12) and till the end of the follow-up in 
100% of patients. Moreover, we described an improvement in liver 
damage, based on both laboratory and radiological exams. None of 
the patients underwent to progression of disease or complications. 
In our cohort, we did not perform liver biopsy in any of our patients 
because of the absence of severe cases. To evaluate liver involve-
ment during follow-up in our cohort it was implemented elastogra-
phy. In the absence of pediatric cutoff, we use 7 kPa as a threshold 
for diagnosis of fibrosis and in the subgroup of treated patients 
we observed a significant drop in fibroscan values pre- and post- 
therapy. Patients not treated with <12 years, with a median age of 
9.5 years had a median stiffness of 4.8 kPa, while older patients 
with a median age of 16 years had a median stiffness of 5.4 kPa and 
23% of them had a pathologic fibroscan. Older patients belonging 
to HIV/HCV cohort had a median stiffness of 7.6 kPa at a median 
age of 23 years. It was interesting that in all of them, only 13% had a 
pathologic ultrasound, suggesting standard radiologic exams could 
underestimate liver progression. In our cohort, we also observed a 
statistically significant correlation between fibroscan values with 
laboratory tests such as AST as described in many studies in adult 
population.22,23,24 All these data support the hypothesis that even in 
the absence of a severe clinical and radiological manifestation, also 

in the pediatric population a chronic hepatic rearrangement might 
occur and early treatment could arrest this process and avoid future 
complications. Further study would be necessary to define specific 
elastography parameters for the pediatric population and predictive 
factors.

Concerning the HIV/HCV coinfected population, in the 
pre-DAA era, it was considered one of the most difficult to treat, 
as HCV treatment success rates in real-world settings were low, 
around 30% in adults and 50% in children and young people.10,25-28 
Few reports concerning the use of DAAs in HIV/HCV coinfected 
adolescents and youths are available. In our cohort, 5 patients were 
HIV/HCV coinfected. Our cohort was at a median age of 23.5 years 
with HIV well-suppressed viremia. Four were treated with DAAs 
with a complete response to therapy, no side effects and no progres-
sion of hepatic disease according to Malik et al29 data.

Some limitations of our analysis should be reported. First, 
the sample size was limited: it included patients referred to a single 
center and some of them had been lost during the follow-up.

CONCLUSION
The present study is one of the longest actually available 

describing a cohort of HCV-infected children. It confirms the indolent  
clinical course in the pediatric population even if mild progressive 
chronic hepatic alteration might be observed with elastography also 
in the pediatric and young adult population. Moreover, our real-life 
study confirms and supports previous findings about the prompt 
and sustained efficacy of DAA therapy in HCV eradication in the 
pediatric population with an excellent tolerance and an effective 
improvement on liver involvement thus leading to prevention of 
long-term complications. Our study also shows how HIV/HCV 
coinfected population in the DAA era can be successfully treated.

Furthermore, according to our data, fibroscan might be a 
non-invasive highly informative indicator of the patient’s status and 
liver function that should be implemented in the pediatric popula-
tion.
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