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Running title

Paediatric hepatitis B and C virus infections

Abstract

Aim: The aim of this study was to describe the epidemiological and clinical characteristics in 

children with either chronic hepatitis B virus (HBV) or hepatitis C virus (HCV) infection in Denmark.

Methods: In this observational study children and adolescents with either chronic HBV or HCV 

infection followed at the largest paediatric departments in Denmark between 2001 and 2013 were 

included. Data collection included as well epidemiological data as clinical data like virus genotype, 

viral load, serological markers, liver biochemistry, liver elastography and histology if available. 

Results: One hundred and thirty-one children (122 HBV, 9 HCV) were included. None of the 

patients had decreased liver function or end-stage liver disease during follow-up. Ten of the 18 

children who underwent liver biopsy had signs of fibrosis. Thirteen (11%) children with HBV and 

one (7%) child with HCV received treatment. Different indications and different treatment regimens 

were used.

Conclusion: This study confirms that chronic HBV and HCV infections are often mild diseases 

during childhood. Nevertheless, children are at higher risk of serious liver disease early in life 

because of the early time of infection and probably also because of the high viral loads.

Key Notes

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t

mailto:christoph.norden@regionh.dk


This article is protected by copyright. All rights reserved

This is the first study reporting on the disease course in paediatric hepatitis B virus (HBV) and 

hepatitis C virus (HCV) infection from a low endemicity country.

A large proportion of the patients included in this nation-wide study belonged to low risk patient 

groups.

This study underlines the importance of routine screening in risk patients and national vaccination 

programs to prevent children to be infected by undiagnosed carriers. 

Introduction

Hepatitis B (HBV) and hepatitis C (HCV) are major health burdens with more than 300 million 

infected individuals worldwide. While children with chronic HBV or HCV infection are thought to 

have a benign course (1,2), serious liver disease can develop during childhood underlining the 

importance of exploring the natural disease course in order to optimise timing of treatment. 

Hepatitis B virus (HBV)

Globally, 257 million people suffer from a chronic HBV infection and the estimated global 

prevalence is 3.5% (3). In the European Union, the estimated prevalence of HBV is 0.9% (4) and in 

Denmark even lower with an estimated prevalence of 0.24% in people older than 15 years (5). 

HBV caused an estimated 887,000 deaths worldwide in 2015, mostly from cirrhosis and 

hepatocellular carcinoma (HCC) (3). In children, perinatal transmission is the major route of HBV 

infection. Compared to adults, children are at a higher risk of developing chronic infection with an 

estimated risk ranging from 30-50% (when infected < 6 years) to 80-90% (when infected as an 

infant) (6). 

There are several safe and effective antiviral therapies for adult patients but only a few of these 

have been approved for children. The optimal treatment goal is anti-HBs seroconversion, which 

has been shown to stop disease progression and thereby reduce the risk of HCC (7,8). Untreated, 

it is estimated that 3-5% of children with hepatitis B e antigen (HBeAg) positive chronic HBV 

infection develop cirrhosis during childhood or young adulthood (9,10). A smaller percentage 

(0.03%) of infected children develop HCC before reaching adulthood (11). 

Hepatitis C virus (HCV)

Globally, an estimated 71 million people have a chronic hepatitis C virus infection, including 3.5 

million children (3). Vertical transmission and adolescent high-risk behaviours (e.g. injection drug 
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abuse) are the major routes of transmission in developed countries. Approximately 399,000 people 

die each year from HCV and the number is rising (3). Like in HBV, the main causes of death in 

chronic HCV infection are cirrhosis and HCC (3). 

The prevalence of paediatric HCV infection varies from 0.05%-0.36% in the United States and 

Europe and up to 1.8%-5.8% in some developing countries (2). Chronic HCV infection is usually 

asymptomatic during childhood and children undergoing liver biopsy usually have a near normal 

histology (2). Nevertheless, fibrosis or cirrhosis may occur (12). Individuals with chronic HCV 

infection have a 16% risk of developing cirrhosis within 20 years (13), underlining that cirrhosis can 

develop early in life, especially if infected perinatally (14). The latest ESPGHAN guidelines on 

treatment of chronic HCV in children recommend treatment with a direct acting antiviral (DAA) 

combination dependent on the HCV genotype (15). The goal of therapy in children with chronic 

HCV infection is to cure the infection which is clinically defined by undetectable HCV RNA in blood.

The aim of this study was to describe the epidemiologic and clinical characteristics in a nationwide 

Danish paediatric cohort of patients with either chronic HBV or HCV infection.

Material and Methods

In this Danish multicentre retrospective observational study, we included patients with either HBV 

or HCV followed at one of the four major departments caring for paediatric patients with HBV and 

HCV (Department of Paediatrics, Hvidovre Hospital, Department of Paediatrics, Rigshospitalet, 

Hans Christian Andersen Children's Hospital, Odense, Department of Paediatrics Aarhus 

University Hospital). To identify all possible HBV and HCV patients followed at the 4 participating 

centres, we searched the Danish National Patient Register for all patients with an international 

classification of diseases version 10 (ICD-10) code of B169, B180, B181, B182 or B189. This 

cohort was cross referenced with the local databases and patient charts were reviewed manually 

to ensure the correct diagnosis. Patients were included if the HBV or HCV diagnosis could be 

verified and if they had been diagnosed before their 18th birthday in the study period from 2001 to 

2013. If patient charts could not be located or did not support the hepatitis diagnosis, patients were 

excluded. Clinical and epidemiological data were registered from diagnosis until December 2013. 

Data collection included age, gender, suspected route of transmission (vertical or horizontal), and if 

the children were internationally adopted. At baseline (year of diagnosis) the following clinical data 

was recorded: Virus genotype, viral load, serological markers (HBsAg, anti-HBs, HBeAg, anti-

HBe), ALT, bilirubin and thrombocytes. During follow-up ALT, bilirubin and thrombocytes were 
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registered annually. For everyone who received pharmacologic treatment, we recorded the 

indication for treatment, the type of medication and adverse effects. If available elastography was 

registered and described in kilopascal (kPa). Where liver biopsy was performed, fibrosis was 

graded according to the Metavir score (16). At the end of follow-up (2013 or if patient >18 years 

old) the patient status was recorded as seroconversion (anti-HBe-positive), no seroconversion 

(HBeAg-positive and anti-HBe-negative) or cured (defined as sustained HBsAg clearance in HBV 

and as HCV RNA clearance in blood in HCV).

The study was approved by the Data Protection Agency (journal number 2018-521-0094 and the 

Danish Patient Safety Authority (journal number 3-3013-1530/1)

Statistics:

Means and 95% confidence intervals (CI) or medians and interquartile ranges (IQR) were used to 

estimate the quantitative data. Frequencies and percentage were used to estimate the qualitative 

data. Statistical analyses were performed using SAS Enterprise (version 7.11, SAS institute Inc, 

Cary. NC. USA)

Results: 

We included 131 children in this study (122/9 HBV/HCV). In table 1, patient demographics and 

baseline characteristics are presented. 

Out of the 68 children with congenital HBV infection, 25 were internationally adopted. A majority 

(67%) of the children with hepatitis B were not internationally adopted. At diagnosis, ALT levels 

were normal or mildly elevated (< 60 IU/L) in 72% of the children with hepatitis B (mean ALT: 113 

[95% CI: 43-183]). During follow-up 27% of non-treated patients with HBV experienced episodes of 

ALT elevation above 60 IU/L. Ninety-two (75%) children were HBeAg positive at diagnosis and 30 

(25%) had HBe antibodies at diagnosis. Forty-seven children underwent an elastography at least 

once during follow-up. Six children had slightly elevated measurements (highest result 11 kPa). 

Sixteen patients with HBV underwent liver biopsy. The median METAVIR activity score was 1.0 

(range: 0.0-2.0) and fibrosis score 1.0 (range: 0.0-3.0). The median age for the first liver biopsy 

was 7 years (0-15). In the cohort, 13 patients with HBV received treatment. Twelve of these 

patients were HBeAg positive and eleven had HBeAg positive hepatitis with mean ALT 173 U/L 

(95%CI: 89-257) and a high viral load (mean: 133 x10⁶ [95%CI: 13 x10⁶ - 253 x10⁶]) when 

treatment was initiated. The median age at treatment was 12.5 years (Inter quartile range [IQR]: 5-

17). In Table 2 the treatment modalities and outcomes are presented. One patient who received 
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Interferon had no response and changed to Entecavir. Another patient who received Interferon had 

to change treatment to Lamivudine due to weight loss. Two of the six children receiving Interferon 

experienced autoimmune thyroiditis as a side effect.

Six of the untreated children with HCV experienced elevated ALT levels (>60 IU/L) during follow-

up. The one child with HCV that received treatment had mildly elevated ALT when treatment was 

started. Four children with HCV underwent an elastography and all had normal results (< 7 kPa). 

Two children had a liver biopsy performed. The METAVIR activity and fibrosis score were 1.0 and 

2.0 respectively. Out of the nine patients with HCV, two were registered as cured at the end of 

follow-up. One of them had received treatment with Interferon. None of the included patients 

developed liver cirrhosis or hepatocellular carcinoma during follow-up. The outcomes at the end of 

follow-up for patients with HCV are listed in table 3.

None of the patients (both HBV and HCV) had decreased liver function measured by international 

normalized ratio (INR) during follow-up. All patients had platelet counts and bilirubin levels within 

normal range at the time of diagnosis except for one child with untreated HBV, who was also 

diagnosed with aplastic anaemia.

Discussion:

In this study we present the epidemiological and clinical characteristics of children and adolescents 

infected with either HBV or HCV in Denmark. To the best of our knowledge, it is the first nation-

wide study to describe these characteristics in a low endemicity country. 

The ESPGHAN guidelines on management of chronic HBV in children recommend starting 

treatment based on the patients ALT value, HBeAg positivity, HBV DNA levels, liver histology, 

family history of HCC, co-existing liver diseases and patient’s treatment history. According to the 

guideline, HBeAg positive children with ALT > 1.5 upper limit of normal (ULN) or ALT > 60 IU/L 

over 6 months and HBV DNA levels above 2.000 IU/ml warrant treatment after a liver biopsy is 

performed (7). In our study, 84 (71%) of the children were HBeAg positive and 28 of them had 

HBeAg positive hepatitis (table 2). These findings are similar to those from a recent study from 

Egypt (17). All the 28 individuals with HBeAg positive hepatitis had viral loads above 20.000 IU/ml 

and would have been candidates for treatment according to existing guidelines. However, only 13 

patients with HBV received treatment and only ten of these children underwent liver biopsy before 

treatment was started. These findings reflect the lack of experience in treating children with chronic 

HBV and the lack of guidelines at the time of treatment initiation. The treatment goal of antiviral 
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therapy is to reduce the risk of progressive liver disease, cirrhosis and HCC. None of the 

individuals in our cohort had developed end-stage liver disease at the end of follow-up. However, 

long-term risk of both HCC and cirrhosis is directly correlated to viral replication and serum HBV 

DNA levels (18,19) and children with chronic HBV infection are known to have high virus 

replication levels which we also could confirm with our data. Sustained HBsAg clearance can often 

not be achieved and these patients require follow-up, also after treatment. Prevention is the most 

effective way to reduce end-stage liver disease due to HBV (20,21) and is possible by vaccination. 

The financial burden of periodical lifelong follow-up, the costs of the available drugs, the restricted 

number of medications approved for children with chronic HBV, the partial efficacy of currently 

available drugs and the psychological stress for both the child with chronic HBV and its family 

supports the  inclusion of the hepatitis vaccination in all paediatric vaccination programmes 

worldwide, which is also in line with the recommendation from WHO. In Denmark, however this 

recommendation has not been implemented. Further, we found that a substantial proportion of our 

HBV cohort (32%) did not belong to the established risk groups in which HBV screening and 

vaccination is recommended. In our opinion, this emphasizes the need for the Danish health 

authorities to revise the hepatitis B vaccination programme in accordance with international 

recommendations. 

The limitation of our study is the retrospective design and the end of follow-up when patients 

turned 18. Moreover, end of follow-up in this study was 2013. The strength of this study is the large 

number of patients recorded, especially with HBV, and the nation-wide design of the study. To our 

knowledge, this study is the first study reporting on paediatric HBV and HCV populations in a low-

endemic country. 

In conclusion, we found that HBV and HCV often have mild disease courses in childhood, as 

previously described in the literature. However, children have high viral loads putting them at 

higher risk for severe complications at a young age. Since many children do not belong to risk 

groups of HBV or HCV infection, identifying these patients can be challenging and possibly lead to 

a delay in diagnosis and treatment. Therefore, focus on prevention in terms of a universal 

vaccination programme for HBV is essential. 

List of abbreviations:

HBV = hepatitis B virus
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HCV = hepatitis C virus

ALT = alanine aminotransferase

HBsAg = hepatitis B surface antigen

HBeAg = hepatitis B e antigen

Anti-HBs = hepatitis B surface antibodies

Anti-HBe = hepatitis B e antibodies

HCC = hepatocellular carcinoma

DAA = direct acting antivirals

Conflicts of interest:

The authors have no conflicts of interest to declare.

Funding:

This study did not receive any funding.

References:

1.Paganelli M, Stephenne X, Sokal EM. Chronic hepatitis B in children and adolescents. J Hepatol 

2012; 57: 885–896.

2. El-Shabrawi MH, Kamal NM. Burden of pediatric hepatitis C. World J Gastroenterol 2013; 19: 

7880–7888.

3. WHO Global Hepatitis Report, 2017. Available at https://www.who.int/hepatitis/publications 

/global-hepatitis-report2017/en/ (accessed on February 26, 2020)

4. Hofstraat SHI, Falla AM, Duffell EF, Hahné SJM, Amato-Gauci AJ, Veldhuijzen IK, Tavoschi L. 

Current prevalence of chronic hepatitis B and C virus infection in the general population, blood 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t

https://www.who.int/hepatitis/publications


This article is protected by copyright. All rights reserved

donors and pregnant women in the EU/EEA: a systematic review. Epidemiol Infect 2017; 145: 

2873–2885.

5. Hansen N, Hay G, Cowan S, Jepsen P, Bygum Krarup H, Obel N et al. Hepatitis B prevalence in 

Denmark – an estimate based on nationwide registers and a national screening programme, as on 

31 December 2007. Euro Surveill 2013; 18(47) 

6. McMahon BJ, Alward WL, Hall DB, Heyward WL, Bender TR, Francis DP et al. Acute hepatitis B 

virus infection: relation of age to the clinical expression of disease and subsequent development of 

the carrier state. J Infect Dis 1985; 151: 599–603.

7. Sokal EM, Paganelli M, Wirth S, Socha P, Vajro P, Lacaille F et al. Management of chronic 

hepatitis B in childhood: ESPGHAN clinical practice guidelines: consensus of an expert panel on 

behalf of the European Society of Pediatric Gastroenterology, Hepatology and Nutrition. J Hepatol 

2013; 59: 814–29.

8. Arase Y, Ikeda K, Suzuki F, Suzuki Y, Saitoh S, Kobayashi M et al. Long-term outcome after 

hepatitis B surface antigen seroclearance in patients with chronic hepatitis B. Am J Med 2006;119: 

71.e9–71.e16.

9. Yang H-I, Lu S-N, Liaw Y-F, You S-L, Sun C-A, Wang L-Y et al. Hepatitis B e antigen and the 

risk of hepatocellular carcinoma. N Engl J Med 2002; 347: 168–174.

10. Iorio R, Giannattasio A, Cirillo F, D Alessandro L, Vegnente A. Long-term outcome in children 

with chronic hepatitis B: a 24-year observation period. Clin Infect Dis 2007; 45: 943–949.

11. Bortolotti F, Guido M, Bartolacci S, Cadrobbi P, Crivellaro C, Noventa F et al. Chronic hepatitis 

B in children after e antigen seroclearance: final report of a 29-year longitudinal study. Hepatology 

2006; 43: 556–562

12. Rumbo C, Fawaz RL, Emre SH, Suchy FJ, Kerkar N, Morotti RA et al. Hepatitis C in children: a 

quaternary referral center perspective. J Pediatr Gastroenterol Nutr 2006; 43: 209-21617. 

13.Thein H, Yi Q, Dore G, Krahn M. Estimation of stage-specific fibrosis progression rates in 

chronic hepatitis C virus infection: a meta-analysis and metaregression. Hepatology 2008 

Aug;48(2): 418–31

14. Modin L, Arshad A, Wilkes B et al. Epidemiology and natural history of hepatitis C virus 

infection among children and young people. J Hepatol 2019; 70: 371–378

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved

15. Infolfi G, Hierro L, Dezsofi A, Jahnel J, Debray D, Hadzic N et al. Treatment of Chronic 

Hepatitis C Virus Infection in Children: A Position Paper by the Hepatology Committee of European 

Society of Paediatric Gastroenterology, Hepatology and Nutrition. J Pediatr Gastrol Nut. 2018 Mar; 

66: 505-515

16. Poynard T, Bedossa P, Opolon P. Natural history of liver fibrosis progression in patients with 

chronic hepatitis C. The OBSVIRC, METAVIR, CLINIVIR, and DOSVIRC groups. Lancet Lond Engl 

1997; 349(9055): 825–32.

17. El-Raziky M, Fouad HM, Elkhalak NS, Ghobrial CM, El-Karaksy HM: Paediatric chronic 

hepatitis B virus infection: are children too tolerant to treat? Acta Paediatr 2019 Jun; 108(6): 1144-

1150

18. Iloeje UH, Yang H-I, Su J, Jen C-L, You S-L, Chen C-J. Predicting cirrhosis risk based on the 

level of circulating hepatitis B viral load. Gastroenterology 2006; 130: 678–686.

19. Chen C-J, Yang H-I, Su J, Jen C-L, You S-L, Lu S-N et al. Risk of hepatocellular carcinoma 

across a biological gradient of serum hepatitis B virus DNA level. JAMA 2006; 295: 65–73.

20. McMahon B.J., Bulkow L.R., Singleton R.J., et al: Elimination of hepatocellular carcinoma and 

acute hepatitis B in children 25 years after a hepatitis B newborn and catch-up immunization 

program. Hepatology 2011; 54: 801-807

21. Nelson N, Easterbrook P, McMahon B: Epidemiology of Hepatitis B Virus Infection and Impact 

of Vaccination on Disease. Clin Liver Dis 2016 November; 20(4): 607–628Tables:

Table 1. Patient demographics and characteristics

  Hepatitis B Hepatitis C

Patients (n) 122 9

Sex (n (%))

Female 61 (50) 2 (22)

Male 61 (50) 7 (78)

Age at diagnosis (Yr (IQR)) 6.0 (2.7-11.0) 3.0 (0-5.0)

Median follow-up (IQR)

Adopted (n (%))

Yes 40 (33) 2 (22)

No 80 (66) 7 (78)
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Not registered 2 (1) -

Congenital infection (n (%))

Yes 68 (56) 6 (67)

No 50 (41) 3 (33)

Not registered 4 (3) -

ALT at diagnosis (n (%))

Normal/mildly elevated (<60) 88 (72) 9 (100)

Elevated (>60) 34 (28) -

ALT mean value (U/L (95% CI)) 113 (43-183) 42 (18-66)

HBeAg positive at diagnosis (n (%)) 92 (75) -

Anti-HBe positive at diagnosis (n (%)) 30 (25) -

Patients treated (n (%)) 13 (11) 1 (7)

n, number. IQR, interquartile range. CI, confidence interval. Yr, years.

Table 2. Baseline classification and outcome of the paediatric hepatitis B population

  n (%) median age (IQR) median HBV DNA (IQR) Genotypes (n)

HBeAg positive 

infection* 64 (53) 5.0 (1.2-11.0) 150x10^6 (470x10^3 - 520x10^6) 2 (16), 3 (6), 4 (6), 5 (1)

HBeAg negative 

infection* 20 (16) 11.0 (5.8-14) 110 (33 - 1200) 1 (3), 2 (1), 4 (1), 5 (1)

HBeAg positive 

hepatitis* 28 (23) 5.0 (3.0-9.0) 33x10^6 (150x10^3-533x10^7) 1 (2), 2 (1), 3 (4), 4 (5), 5 (2)

HBeAg negative 

hepatitis* 6 (5) 9.0 (3.0-15.0) 30 (0-5.5x10^6) -

HBeAg unknown 4 (3) 5.0 (8.4-14.5) 500x10^7 (72x10^3-900x10^7) 3 (1), 4 (1)

Patients not treated 

(n=109)

Treated patients 

(n=13) 1st line treatment 2nd line treatment

Outcome (n (%)   

Seroconversion 46 (42) 9 (63) Interferon (5), Entecavir (2), Lamivudine (2)  Entecavir (1), Lamivudine (1)

No seroconversion 57 (52) 3 (23) Interferon (1), Entecavir (1), Lamivudine (1) -

Viral clearance 3 (3) 1 (8) Entecavir (1) -

 Unknown 3 (3) 0  - -

* Hepatitis is defined as ALT≥60 were as infection is defined as ALT<60

ALT, alanine aminotransferase. n, number. IQR, interquartile range. HBV, hepatitis B virus
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Table 3. Baseline classification and outcome of the paediatric hepatitis C population

  N (%) median age (IQR) median HCV DNA (IQR) Genotypes (n)

Anti-HCV hepatitis* 4 (44) 0.5 (0.0-2.0) 91.5x10^3 (19x10^3 - 230x10^3) 1(1), 2(2), 3(0), 4(0), 5(0), 6(0), unknown (1)

Anti-HCV infection* 2 (22) 10.0 (3.0-17.0) 612.5x10^3 (25x10^3 - 1.2x10^6) 1(0), 2(0), 3(2), 4(0), 5(0), 6(0), unknown (0)

ALT status unknown* 3 (34) 5.0 (0.0-8.0) 150x10^6 (0.6x10^3 - 3006x10^6) 1(1), 2(0), 3(0), 4(0), 5(2), 6(0), unknown (0)

Patients not 

treated Treated patients 1st line treatment 2nd line treatment

Outcome (n (%)   

Seroconversion 1 (13) - - -

No seroconversion 6 (74) - - -

 Cured 1 (13) 1 (100) Interferon (1) -

*Hepatitis is defined as ALT≥60 were as infection is defined as ALT<60

ALT, alanine aminotransferase. N, number. IQR, interquartile range. HCV, hepatitis C virus
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