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Abstract
Background. Children and adolescents with infection caused by the hepatitis C virus (HCV) have not been given 
sufficient attention due to mild forms of HCV and delays in approval of antiviral treatment regimens. Omissions in 
the studies of pediatric cohorts and shortcomings of management policies aimed at children should be eliminated 
by improving screening coverage and access to treatment. 
The aim of the study was to present the results of the cascade sequence of diagnostic testing, care and treatment 
of children with HCV in the Moscow Region (MR). 
Materials and methods. The study included all HCV seropositive children of MR (n = 175), who underwent 
screening tests, and it did not include patients living with HIV/HCV coinfection. Children were observed from 
2017 to 2022. The HCV RNA was detected in 164 children and HCV genotypes were identified in 99 children. 
The stage of liver fibrosis was assessed in 73 children by transient elastography and by FIB-4 index calculation.
Results. In MR, 93.7% of seropositive children were tested for HCV RNA; 71.2% of adolescents over 12 years of 
age received treatment. The prevalence of HCV seropositivity was estimated at 0.113/1,000 children population; 
the prevalence of chronic HCV infection was at least 0.059/1,000. The dominant HCV subtypes were GT 1b 
(43.4% [the 95% confidence interval, 33.5–53.8%]), GT 3a (23.2% [15.3–32.8%]) and GT 3a/3b (20.2% [12.8–
29.5%]). The incidence of viremic HCV infection per 100,000 children was 3.3 among children under 3 years of 
age; 7.0 – among children aged 3–6 years; 7.7 – among children aged 7–11 years, 4.4 – among adolescents 
older than 12 years. Natural HCV clearance was reported at the frequency of 19.5% [13.8–26.4%]. Extrahepatic 
manifestations were of rare occasion – 2.9% [0.9–6.5%]. Vertical transmission was the primary route of HCV 
transmission (78.3% [71.4–84.2%]); infection is assumed to occur during medical invasive procedures — 7.4% 
[4.0–12.4%], drug using — 0.6% [0.01–3.10%], in the family household – 0.6% [0.01–3.10%]. New cases of 
HCV infection were more frequently detected during routine examination of children prior to hospitalization or 
children born to mothers with HCV. Viremic HCV was confirmed in 90.2% [84.6–94.3%], including HCV infection 
– in 53.4% [45.0–61.6%], chronic liver disease – in 35.8% [28.1–44.1%] having low activity and occasional
consequences (the fibrosis METAVIR score of F1 and F1-2 – 17.8% [9.8–28.5%]). No significant clinical and
epidemiological differences between the natural course of chronic HCV infection and the liver disease caused by
HCV have been found. The burden of pediatric HCV in MR is aggravated by a significant proportion of socially
vulnerable patients and patients with comorbid conditions.
Conclusion. One of the solutions for detection of new pediatric cases of HCV infection in MR can be offered
by improvement of collaboration and continuity of care among healthcare organizations and early treatment
of women of childbearing age. Further research is required to evaluate the effectiveness of routine testing of
all socially vulnerable pediatric groups. Early application of pan-genotypic antiviral treatment regimens can
contribute significantly to control of the HCV infection incidence in children.
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Аннотация
Актуальность. Детям и подросткам с инфекцией, вызванной вирусом гепатита С (ВГС), уделялось недо-
статочно внимания из-за более лёгкого течения и отставания одобрения схем противовирусной терапии. 
Следует устранить пробелы исследований в педиатрических когортах и недостатки политики ведения де-
тей, обеспечив организацию доступа к тестированию и лечению. 
Цель исследования — представить результаты каскадной последовательности мер оказания медицин-
ской помощи детям с ВГС в Московской области (МО). 
Материалы и методы. Включены все серопозитивные к ВГС дети МО (n = 175), прошедшие скринин-
говое тестирование, и не включены пациенты, живущие с коинфекцией ВИЧ/ВГС. Дети наблюдались в 
2017–2022 гг. РНК ВГС определена у 164 и его генотипирование — у 99. Стадия фиброза печени оценена 
у 73 детей с помощью транзиторной эластографии и расчёта индекса FIB-4. 
Результаты. В МО охват тестированием на РНК ВГС-серопозитивных детей составил 93,7%, пролечено 
71,2% подростков старше 12 лет. Распространённость серопозитивности к ВГС оценивается как не менее 
0,113/1000 детского населения, хронической ВГС-инфекции — как не менее 0,059/1000. Доминировали суб-
типы G1b (43,4% [95% доверительный интервал 33,5–53,8%]), G3a (23,2% [15,3–32,8%]) и G3a/3b (20,2% 
[12,8–29,5%]). Заболеваемость виремической ВГС на 100 тыс. детей составила 3,3 у детей младше 3 лет; 
7,0 — у детей 3–6 лет; 7,7 — у детей 7–11 лет, 4,4 — у подростков старше 12 лет. Естественный клиренс 
ВГС зарегистрирован с частотой 19,5% [13,8–26,4%]. Внепечёночные проявления встречались редко — 
2,9% [0,9–6,5%]. Основной путь передачи ВГС — вертикальный (78,3% [71,4–84,2%]), предполагаемое за-
ражение при медицинских инвазивных процедурах — 7,4% [4,0–12,4%], употреблении наркотиков — 0,6% 
[0,01–3,10%], в семейном очаге — 0,6% [0,01–3,10%]. Новые случаи ВГС-инфекции выявлялись чаще при 
плановом обследовании детей перед госпитализацией или у рождённых от матерей с ВГС. Виремическая 
ВГС подтверждена у 90,2% [84,6–94,3%], в том числе ВГС-инфекция — у 53,4% [45,0–61,6%], хроническая 
болезнь печени — у 35,8% [28,1–44,1%] с низкой степенью активности и редкими последствиями (фиброз 
по шкале METAVIR F1 и F1-2 — 17,8% [9,8–28,5%]). Не установлено существенных клинико-эпидемиологи-
ческих отличий между естественным течением хронической ВГС-инфекции и болезни печени, вызванной 
ВГС. Бремя педиатрической ВГС в МО утяжелено значительной долей социально уязвимых и коморбид-
ных пациентов. 
Заключение. Резервом для выявления новых случаев ВГС-инфекции в МО у детей может быть укрепле-
ние преемственности между медицинскими организациями и раннее лечение женщин детородного воз-
раста. Необходимы исследования, чтобы оценить эффективность рутинного тестирования всех социаль-
но уязвимых педиатрических групп. Раннее применение пангенотипных схем противовирусной терапии, 
вероятно, быстро позволяет контролировать заболеваемость ВГС-инфекцией у детей.

Ключевые слова: каскад медицинской помощи, дети, вирус гепатита С, ВГС-инфекция, болезнь пе-
чени, вызванная вирусным гепатитом С, хронический гепатит С, генотипы ВГС, пути передачи ВГС, 
результаты скринингового тестирования
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Chronic infection caused by the hepatitis C virus 
(HCV infection) poses a serious threat to public health, 
which is comparable with that of HIV and tuberculosis. 
The World Health Assembly defined HCV as a public 
health priority in 2016 and approved the Global Health 
Sector Strategy aimed to achieve a 90% reduction in 
new cases by 2030.1 Considering the scope of efforts 
required to achieve this ambitious goal, the concept of 
micro-elimination, as a stage of HCV global elimina-
tion, can be used in target groups of patients, including 
children and adolescents living in a specific region or 
country [1].

Until recently, children and adolescents have not 
been given sufficient attention, mainly, due to mild 
forms of HCV and delays in approval of antiviral treat-
ment (AVT) regimens in pediatric healthcare [2]. The 
global prevalence of HCV in pediatric population varies 
widely across countries; it can reach 0.13% and tends to 
increase with age throughout the world [3]. Some coun-
tries report an increase in the HCV incidence among 
adolescents, which is associated with tattooing, body 
piercing and high-risk behavior that are becoming in-
creasingly common [4]. According to some data, Rus-
sia represents the largest pool of HCV infected children 
in Europe (and ranks sixth globally) [3] with adoles-
cents accounting for the highest percentage [5, 6]. 

The data show that in Russia, a quarter of children 
who are regular patients are infected during medical 
procedures; their average age is 2 years or younger [7]; 
these numbers differ significantly from the European 
statistics, demonstrating the insufficient attention to the 
early detection of HCV in adolescents. During 2016–
2020, the incidence rates among children and adults 
in Russia decreased gradually [6], though the reported 
number of new cases may not represent the real picture 
[8], as many infected adolescents did not have indica-
tions for testing [9]. According to published data, half 
of the children with chronic HCV infection  in Russia 
live with liver disease, and liver fibrosis (LF) progres
ses by the age of 15 [7]. 

The care cascade (CC) for HCV infection (routine 
testing, diagnostics, dynamic monitoring and the begin-
ning of treatment) is not sufficiently effective both in 
Russia [10, 11] and other countries [9]. The presently 
available new technologies that reduce the complexity 
of the CC complex and facilitate its implementation can 
be essential for successful HCV elimination. 

The principal measures aimed at elimination of 
existing omissions in the management of children and 
adolescents with HCV infection compared to adult 
management must include campaigns promoting the 
accessibility of tests and treatment intended for chil-
dren and adolescents; fast evaluation of pan-genotypic 

1 WHO. Global Health Sector Strategy for Viral Hepatitis for 
2016–2021: Toward Ending Viral Hepatitis; 2016. URL: https://
apps.who.int/iris/handle/10665/250042

treatment regimens and expedited approval of pediatric 
formulations of antivirals [4]. Special attention should 
be given to elimination of omissions in studies of pedi-
atric cohorts and to studies of the prevalence of HCV 
viremia in age groups in priority countries, to the fur-
ther validation of non-invasive tests for evaluation of 
the liver disease stage in children, to creating pediatric 
treatment registries and international consortiums for 
promotion of joint research programs. 

As the reported HCV prevalence rates vary sig-
nificantly across regions, an accurate clinical and epi-
demiological profile of HCV infection among children 
in the Moscow Region (MR) is required to assess its 
actual burden. The resulting data can be used for select-
ing priority methodological approaches and can be of 
critical importance for the public health system imple-
menting its policy aimed at elimination of HCV among 
children and adolescents in MR. 

The aim of the study is to present the results of the 
cascade sequence of diagnostic testing, care and treat-
ment of children with HCV infection in MR. 

Materials and methods 
The type of study was a longitudinal observational 

clinical and epidemiological (non-interventional) study. 
The study was approved by the MR Health Ministry as 
the research within the program commissioned to the 
Vladimirsky Moscow Regional Research Clinical Insti-
tute by the Government for 2020–2024 as of 15/1/2020.

CC for patients with HCV includes routine test-
ing of population and target cohorts to detect antibod-
ies to HCV (anti-HCV), involvement of the centrally 
controlled healthcare system in MR, diagnostic tests for 
viremic infection and liver disease, monitoring for ear-
ly detection of HCV consequences, complications, co-
morbidities and concurrent conditions, early treatment, 
monitoring of the response to treatment. 

The anti-HCV tests were conducted in compliance 
with the requirements of epidemiological hepatitis B 
and C surveillance, which are specified in the Sanitary 
Regulations and Standards of the Russian Federation 
[12]. The study included results of routine and specific 
tests for HCV. 

The study covered all tested HCV-seropositive 
children and adolescents of MR, including children 
who were perinatally exposed to HCV, who had con-
firmed viremic infection or had antiHCV antibodies 
persisting for more than 18 months. During 2017–2022, 
a total of 175 children and adolescents with positive 
screening tests were qualified for observation. The in-
formation about patients was obtained from medical 
records of the patients who received medical treat-
ment at outpatient clinics (Form No. 112/у), extracts 
from medical records of outpatients or inpatients (Form  
No. 027/у), from our own patient record database, 
and from the health information collected from lawful 
guardians of children. The standard parent or guardian 
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interview procedure was used to collect data on perina-
tal exposure to HCV or any other routes of HCV trans-
mission, time of infection, existing comorbidities, so-
cial factors (including any family members with HCV 
and coinfection), which could affect the HCV course 
in the patients under observation. The study included 
results of the anamnestic study conducted among the 
patients. 

The study does not include patients living with 
human immunodeficiency virus (HIV) + HCV coinfec-
tion, who are assigned to the Center for Prevention and 
Control of AIDS and Infectious Diseases.

The quantification of HCV RNA (n = 164) and its 
genotyping (n = 99) were performed in children with 
the reverse transcriptase polymerase chain reaction us-
ing quantitative RTHEPATOGENC realtime detec-
tion and RT HEPATOGENC GENOTYPE kits (OOO 
NPO DNATechnology) at the laboratory for AIDS and 
viral hepatitis of the Vladimirsky Moscow Regional 
Research Clinical Institute. Serum bilirubin levels as 
well as the alanine aminotransferase (ALT) and aspar-
tate aminotransferase (AST) activity were measured in 
152 (86.9%) patients. Normal levels of ALT and AST 
are age dependent. To compare the results with the pub-
lished data, the upper limit of the reference range equal 
to 40 IU/L was used. 

Recommended non-invasive methods commonly 
used in pediatrics were used for assessment of conse-
quences of HCV infection (the LF stage) [13]. Liver 
stiffness measurement by transient elastography was 
conducted in 43 (24.6%) patients, primarily in children 
with liver disease, using the FibroScan 502 TOUCH 
device with an ultrasound transducer (ECHOSENS) for 
noninvasive detection of LF. The results of the tran-
sient elastography were classified as normal (< 5.0 kPa, 
METAVIR score 0), mild scarring on the liver (from 
5.0 to < 7.0 kPa, METAVIR score 1), moderate scar-
ring (from 7.0 to < 9.0 kPa, METAVIR score 2), se-
vere scarring (≥ 9.0 kPa); severe LF predictor (≥F3)  
(≥ 9 kPa) [13, 14]. In 30 (17.1%) patients, the LF stage 
was estimated using the FIB4 index and the following 
formula: FIB4 = age (years) × AST/(platelets (109/L) × 
sqrt(ALT). The FIB4 value < 1.45 showed the absence 
of significant LF; the value of FIB4 > 3.25 indicated 
the high probability of existence of LF with Ishak stage 
4 to 6, demonstrating sufficient sensitivity and speci-
ficity [15]. As medically indicated, 55 (31.4%) patients 
were examined through abdominal ultrasound tests.

Lawful guardians of the children signed the in-
formed consent permitting the personal data to be used 
for analysis, compilation and publishing of results, pro-
vided that confidentiality is observed.

The study report uses the following terms and 
definitions.

Chronic infection caused by hepatitis C virus 
(CHCV) was defined as HCV RNA detected in 2 or 
more blood samples spaced at least 6 months apart. For 

the children, who were not infected through a vertical 
route, the length of the diagnosed infection was calcu-
lated as the time from the date of the diagnosis verifi-
cation.

Liver disease caused by HCV was diag nosed by 
elevated ALT and AST levels in a child with detected 
HCV RNA and with or without LF. 

Infection transmission routes: the vertical route 
of transmission (the mother is diagnosed with HCV), 
suspected infection associated with medical treatment 
(receiving blood products or invasive procedures at 
healthcare centers and absence of HCV in the mother 
and other family members), use of injecting drugs or 
the route is unknown.

The successful outcome of treatment with di-
rectacting antivirals (DAA) was defined as a sustained 
virologic response (absence of HCV RNA) 12 weeks 
(SVR12) and 24 weeks (SVR24) after completion of 
the treatment2.

The statistical analysis of the study results was 
performed with Microsoft Exсel 2011 and Statistica 
6.0 (StatSoft Inc.). Discrete data are presented as fre-
quency distribution expressed as percentage of the total 
number of patients in the group. The HCV prevalence 
was calculated as the number of cases per 1,000 chil-
dren population, including respective age groups, and 
is expressed as permille. Incidence is calculated as the 
number of cases per 100,000 children population. Qual-
itative variables were compared using Pearson’s χ2 test 
or Fisher’s exact test when the number of observations 
in one of the cells of the four-fold table is less than 5, or 
χ2 for contingency tables. Differences at p < 0.05 were 
considered statistically significant. The significance of 
statistical differences was assessed using a 95% confi-
dence interval (CI) for proportions.

To assess the effect size, we used criteria, risk ra-
tios in the compared groups, reduction in the relative 
risk, reduction in the absolute risk, odds ratios (OR) 
representing the odds of outcome occurrence compared 
to the odds of its absence in compared groups, includ-
ing calculation of confidence intervals. OR < 1 indi-
cates risk reduction, OR = 1 – absence of effect, OR > 
1 – increased risk. 

Results

Testing and treatment coverage of children  
with HCV infection in Moscow Region 

As of 1/6/2022, a total of 175 children who tested 
positive with an antiHCV test were identified in MR; 
HCV RNA was detected in 164 (93.7%) patients. By 
the time of this publication, the HCV status had not 

2 WHO Monitoring and evaluation for viral hepatitis B and 
C: recommended indicators and framework. Technical re-
port. Geneva; 2016. URL: http://apps.who.int/iris/bitstre
am/10665/204790/1/9789241510288_eng.pdf
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been identified in 11 children, including 9 children 
under observation and 2 adolescents who were no lon-
ger observed when they turned 18. Viremic HCV was 
confirmed in 148 children (90.2% [84.6–94.3%] of the 
children tested for HCV RNA); HCV infection was ini-
tially confirmed in 16 children (9.8% [5.7–16.4%]) as 
the infection of their past medical history with spon-
taneous clearance of the virus (2 negative HCV RNA 
tests spaced 6 months apart). During 2017–2022, spon-
taneous clearance of the virus was confirmed in another 
16 patients, and in the total population of children (be-
fore they were CC covered or during the observation) 
its frequency was 19.5% [13.8–26.4%]. 

Before their engagement in CC organized in MR, 
3 adolescents had been receiving the dasabuvir + om-
bitasvir + paritaprevir + ritonavir (HCV genotype 1) 
combination treatment; sofosbuvir was administered to 
another 3 adolescents reaching SVR24, the pegylated 
interferon alpha2b + ribavirin treatment was received 
by 8 children, including 4 children with SVR24 (50% 
of cases). Currently, CHCV treatment with pan-geno-
typic DAA regimens has been approved in Russia and 
is available to adolescents over the age of 12. During 
the observation period, 52 adolescents received treat-
ment, and the treatment with glecaprevir + pibrentas-
vir was administered to 37 children (71.2%, including 
2 patients treated unsuccessfully with interferons) with 
SVR24 reached in 97.3% of cases. 

By the time of this publication, 91 children out 
of 100 children engaged in CC had CHCV infection  
(9 children were not tested for HCV RNA). The obser-
vation status for HCV infected children during 2017–
2020 is presented in Table 1.

As shown in Table 1, the largest number of new 
and previously confirmed cases of HCV infection was 
reported by the centrally-controlled pediatric MR CC 
during the third year of its operation. During 2020–
2022, the proportion of newly detected cases monitored 
by CC gradually increased (42.9, 51.6 and 85.1%, re-
spectively; p = 0.029), though, as previously, children 

with a long HCV history entered the annual lists to be 
monitored for 5 years. 

Epidemiology of HCV infection among pediatric 
population of MR

The prevalence of HCV infection (based on the 
available data) among children and adolescents in MR 
is not less than 0.113/1,000 children population; the 
prevalence of the confirmed pediatric CHCV in MR 
was around 0.059/1,000 by the time of this publication. 

The prevalence rates of anti-HCV (virus exposed) 
and viremic CHCV among children aged 3–12 years 
are almost identical and are higher than the rates among 
children of the younger age (Fig. 1). The infection 
prevalence (based on the available data) among adoles-
cents is twice as high as the prevalence among children 
of younger age groups. However, based on the data for 
1/6/2022, the prevalence of CHCV infection among 
adolescents is significantly lower due to the treatment 
availability for this category of patients in Russia and 
the reached levels of treatment coverage. 

All the present and past HCV cases reported in 
20172022 were analyzed for detailed assessment of 
the epidemiological profile of pediatric HCV infection 
in MR. Adolescents accounted for the largest propor-
tion of the observed patients (Table 2), as DAA-based 
treatment of HCV was approved in Russia only in 2019. 
Girls made up the largest percentage. A quarter of pa-
tients with HCV (26.3%) were true orphans and social 
orphans living in institutions or with adoptive families, 
twice as often with guardians as with adoptive parents 
(Table 2).

In most of the cases among the pediatric popula-
tion, anti-HCV antibodies were detected during routine 
tests prior to the scheduled hospitalization, during hos-
pitalization through the emergency department (one 
third of cases) or during examination of infants born 
to mothers with HCV (one third of cases; Table 3). 
The proportion of target groups with anti-HCV anti-
bodies detected during scheduled tests was not large. 

Table 1. Dynamics of the observation status for children with anti-HCV antibodies in MR during 2017–2022 (n = 175)

Year

Revealed The observation was completed on 01.06.2022

total cases including those identified 
for the first time

including previously 
registered

natural  
clearance

recovery  
after treatment

upon reaching  
the age of 18*

n % n % n % n % n % n %

2017 7 4,0 3 1,7 4 2,3 1 0,6 3 1,8 1 0,6

2018 25 14,3 7 4,0 18 10,3 3 1,8 8 4,6 1 0,6

2019 50 28,6 22 12,6 28 16,0 13 7,3 14 8,0 4 2,3

2020 21 12,0 12 6,9 9 5,2 4 2,3 7 4,0 2 1,1

2021 31 17,7 15 8,6 16 9,1 4 2,3 10 5,6 1 0,6

2022 41 23,4 6 3,3 35 20,0 7 4,0 1 0,6 – –

Total 175 100 65 37,1 110 62,9 32 18,3 43 24,6 9 5,2

Note. *All adolescents with CHCV who reached the age of 18, but did not receive any antiviral treatment.
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AntiHCV antibodies in one fifth (21.9%) of children 
among 137 children with perinatal exposure to HCV 
were detected late, during the examination for other 
reasons. The HCV transmission route was not identi-
fied in 5 parentless children, as there were not enough 
data (Table 3). 

In MR, most of the children were infected perina-
tally (Table 4); children exposed to HIV + HCV coin-
fection accounted for 30% in the transmission route 
structure. Other routes of virus transmission included 
invasive medical procedures (surgeries, dental care), 
blood product transfusion, injecting drugs use, which 
were of rare occurrence. In one case, HCV was de-
tected in a child having a household contact with the 
grandfather who had HCV, though the other family 
members tested negative for anti-HCV. In addition to 
the mothers, in 4 (2.3%) households, HCV was also di-
agnosed in the child’s father, and in 1 household, it was 
diagnosed in the grandfather (the vertical route of the 
child’s infection was confirmed in all the above cases). 
The transmission route remained unidentified in 13% of 
the observed cases. HCV seropositive children having 
tattoos or piercing were absent in MR.

The main shortcoming of the measures aimed 
at HCV detection results from the delayed testing in 
children born to mothers with HCV. According to the 
Federal Statistical Monitoring Form No. 32 “Data on 
Medical Assistance to Pregnant Women, Women in La-
bor and New Mothers for 2021” (Form No. 64 was ap-
proved by the Federal Statistics Service on 7/2/2019), 
a total of 66,241 pregnant women were examined at 
medical centers of MR in 2021, or 92.9% of the total 
number of deliveries in MR (starting from 22 weeks). 
Among them, 809 (1.2%) pregnant women were iden-
tified as seropositive for HCV. Based on the data from 
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Table 2. Some demographic and social factors typical  
of children with anti-HCV in MR (n = 175)

Indicator
Frequency of indicators

n % 95% CI

Age, years: 

< 3 10 5,7 2,8–10,2

3–7 45 25,7 19,4–32,9

7–12 47 26,9 20,4–34,1

≥ 12 73 41,7 34,3–49,4

Gender:

female 104 59,4 51,8–66,8

male 71 40,6 33,2–48,2

Рupils of social institutions 7 4,0 1,6–8,4

Аccommodation:

with parents 129 73,7 66,5–80,1

with guardians 26 14,9 9,9–21,0

with adoptive parents 13 7,4 4,0–12,4

Fig. 1. Age-specific prevalence of anti-HCV (over the entire observation period) and CHCV (as of 1/6/2022) per 1,000 children 
in the pediatric population of MR.

the MR Department of the Federal Service for Surveil-
lance over Consumer Rights Protection and Human 
Wellbeing (Rospotrebnadzor), in the same year, a to-
tal of 422 (52%) infants under 12 months of age who 
were born to seropositive women were examined, and 
44 (10.4%) children were assigned to the centrally-con-
trolled CC in MR. In 29.5% of the mothers of the ob-
served infants, anti-HCV antibodies were detected for 
the first time during their pregnancy. 

Nearly 10% of cases became infected in other 
regions of Russia (Nizhny Novgorod, Ekaterinburg, 
Orenburg, Bashkortostan, the Republic of Crimea) and 
neighboring countries (Uzbekistan, Turkmenistan).
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Table 3. Detection frequency (%) of anti-HCV antibodies among tested pediatric groups (n = 175)

Contingents
Detection frequency

n % 95% CI

Routine testing:

the entire population (planned hospitalization) 52 29,7 23,1–37,1

including children born to mothers with HCV 25 14,3 9,5–20,4

conscripts 2 1,1 0,14–4,10

including children born to mothers with HCV 1 0,6 0,01–3,10

upon admission to an educational institution 9 5,1 2,4–9,5

including children born to mothers with HCV 1 0,6 0,01–3,10

Vulnerable groups:

children born to mothers with HCV 66 37,7 30,5–45,3

including children born to mothers with HCV/HBV 1 0,6 0,01–3,10

children born to mothers with HCV/HIV 53 30,3 23,6–37,7

foster/adopted children* 39 22,3 16,4–29,2

including children born to mothers with HCV 39 22,3 16,4–29,2

children without parental care 7 4,0 1,6–8,4

including children born to mothers with HCV 2 1,1 0,14–4,10

Target contingents:

patients with liver disease – – –

contact in HCV foci 1 0,6 0,01–3,10

recipients of blood products 6 3,4 1,3–7,3

oncological diseases 4 2,3 0,63–5,80

including children born to mothers with HCV 1 0,6 0,01–3,10

injecting drug users 1 0,6 0,01–3,10

tuberculosis 3 1,7 0,35–4,90

including children born to mothers with HCV 2 1,1 0,14–4,10

Note. *Foster/adopted children were initially examined due to their perinatal exposure to HCV.

Table 4. Structure of HCV transmission routes and the region of infection (n = 175)

Transmission paths
Number of cases

n % 95% CI

Vertical: 137 78,3 71,4–84,2

including perinatal contact with:

HCV 82 46,9 39,3–54,5

HCV + HIV 53 30,3 23,6–37,7

HCV + HBV 1 0,6 0,01–3,10

HCV + tuberculosis 1 0,6 0,01–3,10

HCV + syphilis 1 0,6 0,01–3,10

Invasive medical procedures 7 4,0 1,6–8,4

Transfusion of blood products 6 3,4 1,3–7,3

Injecting drug use 1 0,6 0,01–3,1

Contact in the HCV focus 1 0,6 0,01–3,1

Unknown 23 13,1 8,5–19,1

The region of infection:

Moscow region 158 90,3 84,9–94,1

other regions of the Russian Federation 12 6,9 3,6–11,7

neighboring countries 5 2,9 0,93–6,50
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HCV genotypes (GT) were identified in 99 
(56.6%) patients. GT 1 (51.5%) and GT3 (45.5%) were 
dominant, though GT 1 was characterized by slightly 
more frequent occurrence (Fig. 2). GT 2 was of rare oc-
currence. The decreasing sequence of dominance was 
demonstrated by subtypes GT 1b, GT 3а and GT 3а/3b. 

Clinical epidemiology of HCV infection  
in the pediatric population of MR

Among 148 children tested positive for HCV 
RNA, viremic CHCV infection was diagnosed in 79 
(53.4% [45.0–61.6%]), chronic liver disease caused by 
HCV - in 53 (35.8% [28.1–44.1%]); moderately active 
hepatitis occurred rarely (in 5 (5.4%) out of 148 pa-
tients, while the other had mild hepatitis). Conjugation 
jaundice was diagnosed only in 3 children with Gil-
bert’s syndrome. During the 5-year period, 16 (10.8% 
[6.3–17.0%]) children had natural virus clearance. 

Ultrasonography signs of changes in internal or-
gans were detected in most of the observed patients 
(65.5% of the total number of patients), including 
enlarged liver (12.7%) and spleen (10.9%), diffuse 
changes in the liver parenchyma (12.7%) and pancreas 
(22.2%), deformation of the gallbladder (32.7%), en-
larged mesenteric lymph nodes (1.9%). Combination of 
signs was found in 12 (21.8%) patients. 

The LF stage was generally assessed at the age 
of 8.9 [1–16] years after viremic CHCV had been con-
firmed. In most of the cases, LF was absent (METAVIR 
score F0, Fig. 3); mild LF (F1 and F1–2) was of rare 
occurrence (17.8% [9.8–28.5%] cases). Based on the 
available data, unfavorable consequences of CHCV 
(LF METAVIR score F1 and F1–2) were caused by in-
fection with dominant subtypes GT 1b (n = 3), GT 3a  
(n = 2) and GT 3a/3b (n = 2).

Diseases seen as extrahepatic manifestations of 
HCV infection [16, 17] were diagnosed in 2.9% [0.9–

6.5%] of patients (polyneuropathy, thyroiditis, obesity 
of the 2nd degree, hemorrhagic vasculitis and iridocycli-
tis), including 3 children with a vertical route of HCV 
infection.

Comorbidities were diagnosed nearly in half of 
the cases (70–40.0%), including combination of 2 or 3 
diagnoses in 8 (10.1%) cases. The most frequently oc-
curred diseases were gastrointestinal diseases (Table 5).  
Allergic diseases (atopic dermatitis – in 7 children, al-
lergic rhinitis – in 5 children, reported hives caused by 
an allergic reaction to food allergens – in 2 children) 
and neurological disorders (psychomotor retardation – 
in 4 children, infantile cerebral palsy, Down syndrome, 
functional disorders of the autonomic nervous system, 
epilepsy, autism) had an identical frequency of occur-
rence. Neoplasms (acute lymphoblastic leukemia, os-
teosarcoma, nephroblastoma, pancreatic tumor) were 
diagnosed in 5.1% of patients, and one child with ver-
tical HCV infection had surgery for congenital nephro-
blastoma. Type 1 diabetes and unspecified hypogly-
cemia were diagnosed prior to the diagnosis of HCV 
infection. Four children had congenital anomalies, 3 of 
them had vertically transmitted HCV. 

The comparison of symptoms and signs of HCV 
liver disease and CHCV infection showed that abdom-
inal pain, enlarged liver (for those who received AVT, 
the analysis included only the pre-treatment data), en-
larged spleen and Gilbert’s syndrome were observed 
only in children having liver disease (Table 6). How-
ever, the qualitative assessment of the variables did 
not reveal any significant difference in the frequency 
of symptoms and clinical signs between children with 
viremic CHCV, having or not having liver disease, ex-
cept for abdominal pain. The frequency of intermittent 
moderate abdominal pain was higher by 11.9% [7.0–
23.1%] in patients with liver disease; the relative risk 
was 3.35 [1.09–10.33], relative risk reduction was 2.35 
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Fig. 2. Distribution of HCV genotypes in the pediatric 
population of MR (n = 99).
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Fig. 3. METAVIR scores for LF stages in the pediatric HCV 
population of MR (n = 73).
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[0.09–9.35] and odds ratio (OR) was 3.84 [1.12–13.21], 
sensitivity was 69.2%, specificity was 63.0%. Based on 
other variables, the confidence interval for the differ-
ence in proportions contains zero, and no differences 
were found, though the analysis revealed the tendency 
toward more frequent diffuse liver changes and active 
hepatocytic cytolysis. No significant effect of the age 
or HCV genotype on viremic HCV development was 
found. The frequency of extrahepatic manifestations of 
CHCV also did not depend on the activity of the inflam-
matory process in the liver.

Discussion
For the first time, clinical and epidemiological 

data have been summarized to give a clear picture of 
the pediatric HCV infection in MR. One of the most 
likely reasons for insufficient or low frequency of HCV 
diagnostic tests among children and adolescents is the 
absence of approved treatment for children under 18 
years of age before 2017; only few countries have rec-
ommendations for systematic testing and treatment of 
adolescents [2, 8]. 

Cohorts that are subject to testing are clearly de-
fined in Russia, though uptodate and objective infor-
mation about the situation in different regions is criti-
cally important. 

Table 5. Distribution of comorbidities in children with HCV in MR (n = 175)

Diseases
Number of cases 

n % 95% CI

Total 70 40,0 32,7–47,7
Diseases of the digestive system 25 14,3 9,5–20,4

including:
functional disorders of the gastrointestinal tract 10 5,7 2,8–10,3
biliary tract dysfunction 5 2,9 0,93–6,50
chronic gastritis and gastroduodenitis 10 5,7 2,8–10,3

Allergic diseases 14 8,0 4,4–13,1
Diseases of the nervous system 12 6,9 3,6–11,7
Neoplasms 4 2,3 0,63–5,8
Diseases of the endocrine system and metabolism 6 3,4 1,3–7,3

including:
type 1 diabetes mellitus 1 0,6 0,01–3,10
mucopolysaccharidosis type 2 1 0,6 0,01–3,10
Gilbert 's syndrome 3 1,7 0,35–4,90
hypoglycemia unidentified 1 0,6 0,01–3,10

Tuberculosis of the lungs 3 1,7 0,35–4,9
Congenital cytomegalovirus infection

2 1,1 0,14–4,1
Congenital malformations 4 2,3 0,63–5,80

including:
esophagus 1 0,6 0,01–3,10
hearts 2 1,1 0,14–4,10
cleft of hard and soft palate 1 0,6 0,01–3,10

The global burden of HCV infection among chil-
dren and adolescents is estimated at 0.15% [4]. In Rus-
sia, the prevalence of HCV infection among children 
has not been studied thoroughly enough. It is assumed 
that for children and adolescents aged 1–14 years and 
15–19 years it can reach 14 and 80 per 100,000 children 
population, respectively [5] or its rates can be slightly 
lower [6]. Based on the previously published data, the 
frequency of seropositive samples among children in 
MR reaches 0.4–2.1% depending on the age [18]. Our 
own results demonstrate lower rates – 5.88 per 100,000 
(0.0588‰) compared to the estimate given by Indolfi еt 
al. [4] or S. Mukomolov et al. [5] or show higher levels 
compared to the statistical data collected across Russia 
[6]. The pooled prevalence of previous or current infec-
tion in MR is comparable with the projected rate – 11.3 
per 100,000 (0.113‰). N. V. Soboleva et al. who detect-
ed high prevalence of anti-HCV antibodies in MR [18] 
do not rule out the possibility of statistical bias associ-
ated with the methods used for collection of biological 
samples for their further testing and analysis. The lower 
rates of infection prevalence compared to the projected 
rates may have been associated with the decreasing in-
cidence rates observed lately in Russia, fluctuations in 
the rates in different regions [6], and the launch of active 
DAA treatment administered to adolescents. 
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Table 6. Characteristics of HCV liver disease and CHCV infection

Symptoms and signs
 HCV liver disease

(n = 53)
Сhronic hepatitis C  

virus infection
(n = 79) р χ2

n % n %

Age, years: 0,119
df = 3< 3 4 7,5 4 5,1

3–7 18 34,0 15 19,0

7–12 10 18,9 27 34,2

≥ 12 21 39,6 33 41,8

Abdominal pain 9 17,0 4 5,1 0,024

Fatigue 1 1,9 – – –

An increase in the size of the liver 7 13,2 3 3,8 0,045

Increase in the size of the spleen 4 7,5 – – –

Extrahepatic manifestations of HCV 3 5,7 2 2,5 0,356

Diseases of the digestive system 9 17,0 10 12,7 0,488

Gilbert 's syndrome 3 5,7 – – –

The stage of fibrosis according to the METAVIR scale F1–2 5 17,2 2 5,4 0,122

Ultrasonography signs of changes from the abdominal organs 16 80,0 11 55,0 0,092

including:

an increase in the size of the liver 3 15 2 10 0,633

an increase in the size of the spleen 4 20 1 2 0,152

diffuse changes in the liver 5 25 1 2 0,077

diffuse changes in the pancreas 5 25 4 20 0,705

deformation of the gallbladder 5 25 10 50 0,103

GТ1а 3 7,1 5 10 р > 0,05
df = 5GТ1b 19 45,2 19 38

GТ2 2 4,8 1 2

GТ3а 9 21,4 14 28

GТ3b 1 2,4 1 2

GТ3а/3b 8 19,0 10 20

Note. Distribution of LF stages is given for n = 29 and n = 37; ultrasonography signs of changes in abdominal organs — for n = 20 and  
n = 20; HCV genotypes — for n = 42 and n = 50 in the compared groups, respectively; patients with natural virus clearance are not included in 
the table.

ta [5, 7, 11] and being almost approximate to European 
rates (90%) [20]. The main shortcoming of imperfect 
verification of HCV infection among children in MR 
can result from incomplete or delayed testing coverage 
of children born to infected mothers and can be also 
associated with insufficiency of the data provided by 
patients. The improved collaboration and continuity 
of care among healthcare organizations should be seen 
as an option in solving the problem. Another problem 
in implementing measures aimed at HCV detection is 
posed by frequently absent clinical and epidemiological 
data, which are important for identification of infection 
transmission routes in parentless children. The problem 
of routine examination of children from dysfunctional 
families has not been addressed by laws and regulations 
of Russia. Further studies are required to evaluate the 
efficiency of their routine testing, though they can be 
difficult to perform. Although the detection frequency 

Indeed, the prevalence of HCV infection increa-
ses with increasing age [19], and higher incidence rates 
among adolescents are reported everywhere [6, 8, 11]. 
Adolescents prevailed in the studied cohort (41.7% 
[34.3–49.4%]), but by the time of this publication, 
the prevalence of viremic HCV among adolescents 
(0.0435‰) was significantly lower than the prevalence 
among children aged 3–6 years or 7–11 years (0.070–
0.077‰, respectively) due to AVT.

Most frequently, anti-HCV antibodies were detect-
ed by routine screening tests or during examination of 
children born to mothers with HCV. However, in 21.9% 
of children having perinatal exposure to HCV, viremic 
infection was detected late, when they were examined 
for other reasons. 

In MR, most of the cases have a vertical route of 
HCV transmission — 78.3% [71.4–84.2%], showing 
higher numbers compared to the published Russian da-
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of the assumed route of HCV transition during medical 
procedures was low, the detection of HCV infection in 
each oncological patient or blood product recipient has 
not only clinical, but also social significance. We have 
not found any tattooing or body piercing habits among 
adolescents of MR; the routine testing of this pediatric 
category in MR may not be as urgent as it is currently 
in Europe [4]. 

Therefore, the existing capabilities of HCV infec-
tion detection in children and adolescents of MR can 
be seen as limitations of the study. Further studies are 
required in this field. 

Among 164 children tested for HCV RNA during 
the fiveyear period, the ongoing viremic HCV was 
confirmed in 90.2% [84.6–94.3%]. CHCV infection 
was diagnosed in half of the children, and chronic liver 
disease caused by HCV, being usually mild, was diag-
nosed in more than one third of patients, demonstrating 
slightly lower rates compared to the published Russian 
data [7]. During its natural course, liver disease slowly 
progresses by the age of adolescence, and a quarter of 
patients who already received treatment or started it 
have different LF stages depending on the length of 
infection [21]. However, we have not found any ap-
parent relationship between the age and the frequency 
of liver disease or the LF stage, though LF was not 
confirmed in any child under 7 years of age. The low 
detection frequency of LF in the examined population 
may have affected the results. The obtained data can 
be seen as trustworthy, as the used diagnostic meth-
ods are reliable enough to exclude severe LF [15]. In 
total (before and during the observation), the sponta-
neous virus clearance was identified in 19.5% [13.8–
26.4%]) of children. Its frequency is comparable to the 
reported international frequency rates [22, 23]. The 
distribution of HCV genotypes circulating in MR was 
similar to the previously published data on genotypes; 
subtype GT 1b dominated significantly, though GT 3 
occurred fairly often [6, 7, 11]. Both in MR and other 
regions [23], extrahepatic manifestations have been 
rarely diagnosed. 

Although mild HCV infection is of common oc-
currence in pediatric population, its social aspect cannot 
be neglected. One quarter of the children were under 
guardianship/adopted or left without parental support; 
one third of children were born to mothers with coin-
fection (HIV/tuberculosis/syphilis); 15.4% of children 
had significant comorbidities (oncological diseases, 
endocrine and metabolic disorders, including genetic 
disorders or congenital anomalies, congenital cytomeg-
alovirus infection, tuberculosis). In addition, HCV in-
fection is associated with social stigma in pediatrics [4]. 

Therefore, the problem of effective detection of 
HCV and early treatment acquires not only medical, but 
also social significance. At present, treatment of HCV 
infection is recommended regardless of the level of 
hepatocytic cytolysis. However, at the local level, rec-

ommendations for universal treatment of adolescents 
with HCV infection tend to lag behind3. Adolescents 
receive attention only in 20 out of 122 countries main-
taining a national policy addressing HCV treatment using 
pan-genotypic DAA regimens [25]. Pan-genotypic AVT 
regimens have been recently approved in Russia [11].  
Based on the published data, in the United States, only 
1.6% of children with confirmed CHC received treat-
ment [25]. Until recently, around 30–40% of European 
children have had access to treatment [4]. 

The treatment coverage of the target cohort 
(71.2%) in MR during the fiveyear period resulted in 
a twofold reduction in the prevalence of HCV infec-
tion among adolescents of MR compared to children of 
 other age groups. 

The main advantage of the study is its medical 
and social practical significance for MR, as it address-
es most urgent challenges and tasks aimed at provision 
of access to medical care and treatment as well as at 
achievement of the long-range goal — elimination of 
HCV among children in MR. The representative selec-
tion was used to identify main characteristics of HCV 
infection in children and adolescents. The quality of 
medical services provided to children with HCV has 
improved significantly.

Conclusions 
1. Among the children with HCV infection, who 

were engaged in CC in MR, the testing coverage was 
93.7% and the treatment coverage in the target cohort 
(adolescents over 12 years of age) was 71.2%, demon-
strating higher levels compared to the international  
levels.

2. The prevalence of seropositivity for HCV in the 
pediatric population of MR is estimated at 0.113 per 
1,000 children; the prevalence of confirmed CHCV is 
estimated at 0.059. The dominant subtypes were GT 1b 
(43.4% [33.5–53.8%]), GT 3a (23.2% [15.3–32.8%]) 
and GT 3a/3b (20.2% [12.8–29.5%]) shown in de-
scending order.

3. In MR, on 01.06.2022, the CHCV infection in-
cidence per 100,000 children of the respective age is 
3.3 among children under 3 years of age; 7.0 — among 
children aged 3–6 years; 7.7 — among children aged 
7–11 years; 4.4 — among adolescents over 12 years of 
age. 

3. Viremic HCV was confirmed in 90.2% [84.6–
94.3%] of the examined children, including CHCV 
infection – in 53.4% [45.0–61.6%], chronic liver dis-
ease caused by HCV was confirmed in 35.8% [28.1–
44.1%], being mostly mild and having occasional 
consequences caused by infection with dominant gen-
otypes (LF METAVIR score F1 and F1–2 — in 17.2%  

3 WHO. Guidelines for the care and treatment of persons diagnosed 
with chronic hepatitis C virus infection. Geneva; 2018. URL: 
https://www.ncbi.nlm.nih.gov/books/NBK531733



536 537JOURNAL OF MICROBIOLOGY, EPIDEMIOLOGY AND IMMUNOBIOLOGY. 2022; 99(5) 
DOI: https://doi.org/10.36233/0372-9311-330

ORIGINAL RESEARCHES

[9.8–28.5%]). No significant clinical and epidemiolog-
ical differences between the natural course of CHCV 
infection and liver disease were found.

4. The frequency of spontaneous clearance of 
HCV (at the time of the clinical encounter or during the 
observation) was 19.5% [13.8–26.4%]. 

5. Extrahepatic manifestations of HCV infection 
were diagnosed at a frequency rate of 2.9% [0.9–6.5%]. 

6. The provisional data demonstrate that the spread 
of CHCV infection can be reduced through improved 
treatment coverage (71.2%). Although adolescents 
prevailed in the infected pediatric population (41.7% 
[34.3–49.4%]), the prevalence of viremic HCV among 
them in 2021–2022 (0.0435‰) was significantly low-
er than among children aged 3–6 years or 7–11 years 
(0.070–0.077‰, respectively) due to AVT.

7. The burden of pediatric HCV infection in MR is 
aggravated by a significant proportion of socially vul-
nerable patients and patients with comorbidities. 

8. The vertical HCV transmission route was iden-
tified in 78.3% [71.4–84.2%] of patients; the presumed 
infection acquired during medical invasive procedures 
was identified in 7.4% [4,0–12,4%]; infection associat-
ed with drug use was identified in 0.6% [0.01–3.10%]; 
infection acquired through HCV household contacts 
was identified in 0.6% [0.01–3.10%] of patients.

9. New cases of HCV infection were detected 
most frequently during routine examination prior to 
hospitalization or during examination of children peri-
natally exposed to HCV. 

10. A solution for effective detection of new cas-
es of HCV infection can be found in measures aimed 
at improvement of collaboration and continuity of care 
among healthcare organizations and early treatment of 
women of childbearing age. Further studies are required 
to evaluate the efficiency of routine tests involving all 
socially vulnerable groups of children.
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