



Viral Hepatitides in Childhood 
Marcela Galoppoa, Carol Lezama Elecharria, Maria Solaeguia, Sabrina TorreSb, and Cristina Galoppoc

ABSTRACT
Viral hepatitis is a systemic disease whose target organ is the liver. It is enterally or parenterally transmitted.. In this paper, we will re​fer to the hepatitis A (HAV), hepatitis B (HBV), and hepatitis C (HCV) viruses, their epidemiological situation, prevention measures, and treatment. 

HAV infection usually has a benign course and its development into chronicity is not described. However, fulminant hepatitis is its most serious complication and it was the main cause of liver transplantation in children in Ar​gentina until the anti-hepatitis A vaccine was included in the national immunization schedule.

HBV and HCV infections are a global public health problem and  account for over 80 percent of hepatocellular carcinoma cases in adults. The evolu​tion of both diseases in pediatric patients is usually asymptomatic and slow, and it may progress to chronic liver di​sease and its complications, which appear clinically in adulthood. Preven​tion, including the anti-HBV vaccine and new therapeutic options, will modify the epidemiological situation of both the HBV  and HCV infections.
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INTRODUCTION 
Viral hepatitis is a systemic infection whose target organ is the liver.1 Two agents are responsible for enteral infection: the Hepatitis A (HAV) and Hepatitis E (HEV) viruses, whereas three agents are responsible for parenteral transmission: Hepatitis B (HBV), C (HCV), and D (HDV) viruses. In this review, we will refer to the Hepatitis A, B, and C viruses, their possible modes of transmission, clinical presentation, diagnosis, and control of their evolution, as well as their treatment and prevention.
HEPATITIS A Epidemiology 
The Hepatitis A virus is an RNA virus from the Picornaviridae family, it is 27 nm in diameter, non-enveloped, and it has a single serotype.1, 2, 3
It is mainly transmitted by the fecal-oral route, through the consumption of contaminated water or food, or through personal contact. 
From an epidemiological perspective, high, intermediate and low endemicity areas are recognized, depending on the socio-economic level of the population.4
The virus is replicated in the hepatocyte, excreted in the bile and eliminated in the feces. Young children act as a reservoir of the disease, as they suffer from the infection asymptomatically, with a viral elimination comparable to the presentation of common acute jaundice. General prevention measures are essential: supply of drinking water, adequate disposal of excreta, and food free from contamination. When these conditions improve, the viral circulation decreases and the age of susceptible individuals is displaced to adolescence and young adulthood, when the infection has a more serious course, with a higher morbimortality.5
It is vital to supplement environmental sanitation actions with the universal use of the anti-Hepatitis A vaccine in those countries with intermediate and high endemicity, as it confers long-term protection.4, 6, 7
CLINICAL DATA FOR DIAGNOSTIC PURPOSES
The forms of clinical presentation are: anicteric or subclinical, cholestatic, relapsing, subfulminant, and fulminant.1, 2 The infection consists of three periods: incubation, acute, and convalescent phases. The contagious period lasts from incubation to 10 or 15 days after the onset of jaundice.
Hepatitis A usually has a benign course and its development into chronicity is not described. However, the fulminant form (FH) is the most serious complication, with an estimated frequency of about 0.4 percent.1, 4 It results from a severe hepatocellular injury which develops into liver failure with or without encephalopathy within 8 weeks from the onset of jaundice.
In the subfulminant form, encephalopathy occurs after the 8 weeks from the onset of jaundice, but before 6 months from the onset of symptoms.1, 2
Prevention and Control Measures
Every year, HAV infection affects more than 200 million people all over the world.8 HAV infection confers immunity proven by the presence of protective antibodies against HAV. 5 The immunity conferred is not only humoral, but also cellular, which would ensure long-term protection.6
HAV infection has decreased in industrialized countries which have improved their health care systems, environmental sanitation, and vaccination programs.1, 9, 10, 11
Since 1995, hepatitis A has been a preventable disease with the specific vaccine, whose administration strategy has proven to be cost-effective.6, 12 There are two vaccine types: with live-attenuated virus, and with inactivated virus. The latter have proven to be more immunogenic, safer, and better tolerated.13, 14
Published studies have demonstrated the presence of protective antibodies after vaccination for more than 50 years if an antibody level over 10 mlIU/ml is used as a cut-off point, and for more than 45 years if antibody levels over 20 mlIU/ml are used as a cut-off point.15
Even though anti-Hepatitis A vaccines are safe and effective, the high cost of the schedule proposed with two doses may be the reason for the lack of its universal implementation in various countries.9 Considering the high immune response after the first dose of the anti-HAV vaccine and the sustained duration of protective antibodies, using a schedule with a single dose might be an effective strategy applicable to developing countries with intermediate and/or high endemicity rates.9
Hepatitis A does not develop into chronicity, and human beings are the only reservoirs for the virus; a decreased incidence may probably be underpinned by keeping high levels of immunity in the population through vaccination in childhood, as it is unlikely to be attained by applying selective vaccination to groups at risk or by implementing short-term programs as the ones used to control outbreaks.16
The benefits of universal vaccination in childhood are obtained when it is given before the period when there is risk of acquiring the infection, thus interrupting the virus transmission among early school-age children, who, as mentioned above, act as a reservoir of the disease. An immunized child thus protects others of different ages, as well as susceptible adults, eliminating the source of infection; therefore, it may be concluded that it is a vaccine with a herd effect.17
The World Health Organization designed a strategic vaccination program to be applied since 2000. In those countries with high endemicity, where most people acquire the infection during their childhood, vaccination was not recommended at a large scale. In those regions with low endemicity, vaccination was recommended for the population at risk, such as travelers to high-endemicity areas. 
Finally, in countries with intermediate endemicity, where there is a wide proportion of susceptible adults and a significant impact of the HAV infection on Public Health, universal vaccination is recommended for children, in addition to the implementation of sanitation and environmental health actions.1, 18, 19
Epidemiological Situation in Argentina 
It has always been considered that hepatitis A infection has an intermediate to high endemicity in Argentina.9 It is worth pointing out that, in 2003 and 2004, a national-level outbreak was documented. 
In this epidemiological context, the National Hepatology Committees of the Argentine Pediatric Society developed a Consensus in December, 2003, which was submitted to the National Ministry of Health and which sets forth the need to incorporate the vaccine against HAV in the national schedule.1, 18, 20
Until that moment, the National Immunization Program had incorporated the implementation of vaccination campaigns when managing outbreaks.6
In order to reduce the morbimortality associated with this endemic infection in the region, in June, 2005, the National Ministry of Health, according to the experts’ opinion, introduced into the Official Vaccination Schedule the inactivated virus anti-Hepatitis A vaccine, with a single dose at 12 months of age.9, 21
Results of the Universal Vaccination against Hepatitis A in Argentina
The vaccination coverage since 2006 has been greater than 90 percent, with a mean coverage in the entire country of 96.8 percent between 2006 and 2011 (77-100 percent range).1, 9
After implementing the anti-HAV vaccination, an 88.1 percent reduction in the national infection rates was observed. 1, 9
Even though the number of susceptible hosts may be expected to decrease after a national outbreak of this infection, the reduction of the number of hepatitis A infection cases sustained over time suggests that there is a low circulation of the virus associated with the vaccination strategy implemented in the country.9
Introducing the vaccine may not have been the only factor responsible for decreasing the viral infection, as the improved socio-economic and health conditions (supply of drinking water, adequate disposal of excreta) play a major role in the person-to-person transmission of the virus and its infection rate.
Nonetheless, the comparison between the 2001 and 2010 National Censuses in Argentina does not show a significant improvement of such conditions. We may thus assume that the main cause of the reduced circulation of the virus in Argentina was the massive vaccination, with a high coverage throughout the country.1, 9
Before implementing the vaccination program, FH due to hepatitis A was the most frequent indication for liver transplantation in the pediatric population (49.9 percent), 22 with a peak in the number of cases during 2004, coinciding with the national HAV outbreak.6, 23, 24
In recent years, a progressive decrease of the number of cases of FH due to HAV was observed, and in the period between November, 2006 and December, 2008, no new cases of liver transplantation due to Hepatitis A were recorded.22 This situation has remained unchanged thus far.6
It is worth mentioning that 11 countries have incorporated into their national immunization schedules the anti-hepatitis A vaccine with the two-dose strategy, and Argentina is, at present, the only one with the single-dose scheme.6
After a joint work with the National Immunization Program of the National Ministry of Health, in 2011, two multicentric studies were conducted, making it possible to conclude that the administration of a second dose would not be necessary in the national schedule.
However, this strategy must be followed up over time with biannual serological studies and exhaustive epidemiological surveillance of the disease.6, 25, 26
HEPATITIS B Epidemiology
Hepatitis caused by the hepatitis B virus (HBV) is a global public health problem. There are 360 million chronic carriers all over the world, and around a million people die every year due to this virus27. It also accounts for over 80 percent of the hepatocellular carcinoma cases.28, 29, 30 These devastating consequences may be avoided through prevention with the anti-hepatitis B vaccine, which is safe and effective, and has been licensed since 1982.
Globally, Argentina is considered as a country with a low prevalence, as the detection of the surface antigen of the hepatitis B virus (HBsAg) is below 2 percent in blood donors.31
According to data of the CDC, 42 percent of the adult chronic hepatitis B cases were acquired in childhood.30
The Hepatitis B virus is a Hepadna virus which is double-enveloped with a surface lipoprotein or nucleocapsid (HBsAg), which surrounds the core antigen (HBcAg), infectious part of the virus, associated with the DNA polymerase, nucleus enzyme with reverse transcriptase activity. The DNA is circular and double-stranded.32, 33 The B virus may be detected in every humor and physiological or pathological bodily fluid, except for fecal matter, although its highest concentration is found in the blood.32
Transmission may be horizontal (parenteral, sexual, intra-family) or vertical.30, 32, 33 Horizontal transmission through blood, plasma, derivatives or concentrates of contaminated factors was frequent in poly-transfused patients before the compulsory determination of HBsAg in blood banks.
In adolescents, intravenous drug addiction is a major infection route (15 percent).30 In low-prevalence countries, such as Argentina, the most important transmission mode is the sexual one (50 percent).30 In 2 percent or more, the transmission route is given by cohabitants.30 In children, intra-family transmission occurs through an adult chronic carrier due to repeated and long exposure to the B virus, in an environment with a high viral circulation, where everyday utensils and personal hygiene items are shared. This is a major infection route and a parenteral mode of transmission, which is known as “hidden parenteral” mode.
Vertical transmission, mother-to-child, occurs during delivery or in the perinatal period due to the newborn’s (NB) contact with its mother’s HBsAg-carrying blood or secretions. Transmission is greater if the mother is also antigen e (HBeAg) positive, which indicates a high viral replication rate. In this case, the NB has an 80-90 percent chance of infection, similarly to when the mother has suffered from acute HBV infection in the third trimester of pregnancy.32, 33
There is at present a preventive treatment for NBs, with anti-HBV vaccine and hyperimmune gamma globulin, which reverts this situation (see item Prevention below).
The development of the chronic carrier condition in pediatrics is in inverse proportion to the age of infection. In adults, HBV infection resolves in 90-95 percent of the cases. The infection acquired perinatally develops into chronicity in 90 percent of the cases, and between 20 and 30 percent if it is contracted before 5 years of age.30, 34
CLINICAL DATA FOR DIAGNOSTIC PURPOSES

Acute Infection
Most children develop the disease asymptomatically, only 5-15 percent of them have symptoms.27, 33 The presence of acute infection symptoms is directly related to age: the younger the age, the lower the percentage of symptomatic forms. Signs and symptoms are similar to those caused by other hepatitis viruses. Extrahepatic manifestations, described in adults, are infrequent in the pediatric population.

In children, the clinical course is different from that of adults, as the percentage of chronic forms is much higher.

Chronic Infection
In childhood, the absence of symptoms, in general, causes the disease to be a finding, revealed by epidemiologic studies performed due to a relative with HBV, by the presence of hepatomegaly during a routine examination, or by elevated transaminases in an occasional study.

In the chronic form, a small percentage of extrahepatic manifestations can be found, such as membranous or membranoproliferative glomerulonephritis and skin lesions (Gianotti-Crosti Syndrome). 32
Children with a chronic disease left to evolve freely or unresponsive to treatment may develop cirrhosis and hepatocellular carcinoma, at an adult age.

Until adolescence, in general, the disease has a mild course, from the clinical and biochemical points of view. During the first two decades of life, only 1.7 to 4.5 percent of children with chronic hepatitis B have cirrhosis.36 The prognosis is severe, as 30 to 50 percent of these patients may develop hepatocellular carcinoma at a pediatric age.30
Fulminant Form
The fulminant form accounts for approximately 0.1-0.5 percent of the cases.31 The clinical picture is indistinguishable from fulminant hepatitides of any other etiology.

Specific Diagnostic Methodology
The B Virus has 3 antigens: surface antigen (HbsAg), core antigen (HBcAg), and e antigen (HBeAg).

The core antigen is not found in the serum, it is only found in the hepatocyte. Each one of them has their respective antibodies: anti-HBc (IgM and IgG), anti-HBe, and anti-HBs. The IgM-type anti-HBc is a marker for acute phase, together with the HbsAg. If the anti-HBc is of the IgG type, it only indicates that the individual has been in contact with the virus. If both markers are positive, the HBeAg must be tested, which is an index of viral replication. The appearance of anti-HBe indicates that the viral replication has decreased or stopped. The appearance of anti-HBs suggests recovery and acquisition of immunity. This is the sequence in the acute infection which occurs within approximately 6 months of evolution since the onset of the disease.

After this period, the persistence of HBsAg suggests evolution to chronicity. The anti-HBe may take years to appear or never appear at all, which indicates an active disease, viral replication and possibility of infecting others.32, 33 The clearance of HBeAg is infrequent, below 2 percent during the first three years of life, although it increases later on.30, 34
The HBV DNA is determined by means of the polymerase chain reaction (PCR) technique to diagnose an active viral replication.31, 32, 33
It is advisable to refer children who have acute hepatitis B or are in other stages of the disease to a pediatric hepatologist for diagnosis and follow-up.

Recommended Treatments
The hepatitis caused by the B virus must be treated with specialized monitoring in the framework of approved protocols and by pediatric hepatologists.

In pediatrics, the FDA has authorized five drugs to treat chronic HBV infection: interferon alpha (IFN α), lamivudine, adevofir, entecavir, and, more recently, tenofovir.27 IFN α may be used in patients older than 12 months of age, lamivudine for children over 3 years of age, adefovir and tenofovir in patients older than 12 years of age, and entecavir in patients over 16 years of age.27 The only drugs that are currently approved in Argentina to be used in pediatrics are IFN α (first drug of choice) and lamivudine.31
Response to the treatment has been defined in terms of transaminase normalization and absence of viral replication (disappearance of HBeAg, anti-HBe seroconversion, and negative serum HBV-DNA).

PREVENTION AND CONTROL MEASURES 

General Measures
Compulsory detection of HBsAg in blood banks. Compulsory detection of HBsAg in all pregnant women at least once in the third trimester of each pregnancy. Compulsory vaccination of the entire population (Res 52/2014). Use of disposable material. The application of "universal prevention measures" is also recommended, regardless of the patient's pathology.

Active and Passive Immunization
Vaccine
The anti-hepatitis B vaccines that are currently used are recombinant and genetically engineered.

The vaccine is 90-95 percent effective to prevent the HBV infection and clinical hepatitis in children and susceptible adults. The level of protective antibodies is considered to be adequate when anti-HBs levels are above 10 mIU/ml.31
The usual schedule consists of 3 doses: the first two with a 1-month interval, and the third one 6 months after the first one (0-1-6 months).31, 35
Our country has implemented the compulsory vaccination of every NB infant within 12 hours from birth for the purpose of preventing perinatal transmission, the second dose 1‑2 months after the first one, and the third one at 6 months of age (Res. No. 940/00). The neonatal vaccine dose must only be monovalent. The schedule can be completed with a combined quadruple vaccine, sextuple vaccine for infants.

In 2003, the schedule added vaccination for those preadolescent children who had not been given it at birth, at 11 years of age (Res. 175/03).

In 2014, the vaccine was officially incorporated into the National Vaccination Schedule for the entire adult population, free of charge and compulsory (Res. 52/2014).

NB infants with HBsAg (+) mothers must receive hyperimmune gamma globulin for HBV (0.5 ml by IM route) in the first 12 hours after birth together with the vaccine and on different injection sites. The infection transmission can be avoided in about 95 percent of the children with HBsAg positive mothers, through the early active and passive immunoprophylaxis of newborn infants. The vaccine against HBV, applied within 12 hours after birth, is highly effective to avoid perinatal infections —a detail worth taking into account given the difficulties in providing the HBIG.35
Preterm newborns weighing less than 2,000 g must receive 4 vaccine doses, as there is evidence suggesting that post-vaccine seroconversion in these patients is lower than in premature children vaccinated later on.27
In premature newborns weighing less than 1,500 g or with an unstable clinical condition, those mothers with HBsAg must be studied in the first 12 hours after birth. If the result is negative, the newborn must be vaccinated at 2, 4 and 6 months of age. And if it is positive, the newborn must receive the HB vaccine within 12 hours of life and the specific gamma globulin (HBIg) as early as possible, within 7 days postpartum.

Longitudinal studies conducted in adults and children indicate that the immunological memory remains intact for more than 20 years, and protects against the HBV infection even with low (antiHBs <10 mIU/ml) or undetectable antibody titers.27
Antihepatitis B Immune Globulin (HBIG)
Its use associated with the vaccine is advised in the following situations:

· NBs whose mothers are HBsAg (+);

· Family contact with people with HBV acute infection;

· Sexual contact with people with HBV infection;

· Percutaneous or mucosal exposure to HBsAg (+) blood or unknown source.

All candidates to HBIG are at high risk and must be considered for the vaccine application.31, 33
HEPATITIS C
Epidemiology 
Hepatitis C virus (HCV) infection is a global public health problem and it is estimated that over 170 million people are infected.36, 37 Its incidence and prevalence vary according to the different geographical regions.36 Global prevalence in Argentina is estimated to be 2 percent3.This virus is the most frequent cause of chronic hepatitis in the western world and the main agent of non-A, non-B (NANB) parenterally transmitted hepatitides.
The hepatitis C virus is an RNA virus from the Flaviviridae family. Its genome has non-variable regions which are used for the polymerase chain reaction (PCR), and variable regions responsible for the high mutation rate of this virus.32 Up to 6 different genotypes are known, with subtypes whose identification is important to predict the treatment response and duration.36, 38 Predominance of one genotype or the other varies according to the geographical areas, genotype 1 being the most frequent in Argentina, both in children and adults.
HCV is basically transmitted by the parenteral route, transfusions of blood, plasma, and derivatives. These prevalences have decreased in developed countries, as it is mandatory to perform second generation tests for HCV in blood banks.

Since the 1990s, the risk of contracting HCV from blood and its contaminated products has been extremely low in developed countries; intravenous drug addiction and high-risk sexual behavior keep the reservoir of this virus in groups of adolescents and young adults.36
In children, vertical transmission accounts for most of the “new cases”. The risk of contracting the infection vertically is, however, very low, around 5 percent.36, 38, 39 The risk of mother-to-child transmission increases as the mother’s HCV viral load increases, and it is above 22 percent in the cases of co-infection with HIV.36, 38
Probably, both the intrauterine and intrapartum infections are possible, even though the mode of delivery does not affect the risk of HCV transmission. A prolonged membrane rupture of more than 6 hours and internal fetal monitoring were associated, in some papers, with an increased risk of transmission. Suspension of breastfeeding in HCV-infected women without HIV co-infection is not indicated.36, 38, 40
Sexual and intra-family transmission have been proven in a very low percentage of cases.36, 38 A high percentage of infected individuals (15-40 percent) do not present risk factors for contracting this virus. In these cases, sporadic or community-acquired forms are referred to. 
CLINICAL DATA FOR DIAGNOSTIC PURPOSES 
Natural History 
The disease is generally asymptomatic and characterized by a benign course during the first two decades of a person’s life. Only 20 percent of cases display clinical symptoms in childhood, which are mild and non-specific. Advanced liver disease is rare during childhood and no fulminant hepatitis cases have been informed in HCV-infected children.36, 41
Sixty to eighty percent of those infected progress to chronicity, regardless of the age when the infection was acquired.36, 42 Its evolution is insidious and very slow, in spite of which it may progress to cirrhosis and hepatocellular carcinoma.

Chronic infection is defined as the persistence of the HCV RNA for, at least, 6 months. The resolution of the infection is determined by a persistent disappearance of the HCV RNA. PCR for the HCV RNA may be intermittently negative.36
The spontaneous resolution of the infection in children seems to be infrequent: in three large published series, including horizontal and vertical transmission, viral clearance occurred in only 5.6-10 percent of the cases. Patients infected with genotype 3 (81 percent acquired through vertical transmission) had the highest percentage of viral clearance compared to other genotypes.36, 40, 43
Diagnostic Algorithm

Detecting anti-HCV antibodies by ELISA implies that patients have been exposed to this virus. Anti-HCV has 97-100 percent sensitivity. Anti-HCV is not a neutralizing agent, thus its positivity does not make it possible to distinguish whether the disease is acute, chronic, or resolved.
Determining the HCV RNA using the polymerase chain reaction (PCR) makes it possible to detect small amounts of the viral genome in serum and tissues from the early days of the infection, and it is the only technique to diagnose acute hepatitis caused by virus C and vertical infection. It is necessary for the differential diagnosis of an active or resolved HCV infection.36
The genotype and viral load have an effect on the treatment response and duration. 36, 38, 41
The liver biopsy determines the level of liver injury and excludes concurrent diseases.3, 7 In children, inflammation and fibrosis are usually mild. In older patients, progression to cirrhosis is likely.36, 40, 41, 44, 45
The diagnosis of vertical HCV infection in exposed infants must be differentiated from the passive transfer of maternal antibodies during pregnancy, which may persist up to 13-18 months of age. The determination of the HCV RNA by the PCR technique is highly specific for the differential diagnosis, but its sensitivity is low in the early days of life (22 percent), increasing from the first month onwards to 75 percent or more.
An infant born to a seropositive mother is considered to be infected if the serum HCV RNA is positive, in at least two separate determinations, between 2 and 6 months of age, with persistence of anti-HCV antibodies after the first year of age.36, 38, 40
Recommended Treatments
Chronic hepatitis C is slowly progressive during childhood and there is no global consensus about the ideal moment to begin treatment. In the absence of other noxae damaging the liver, the fibrosis progression seems to be related to the duration of the infection. Cirrhosis and its complications in adult life, as well as the universal recurrence of the disease after liver transplantation, justify the medical decision in favor of the treatment. In children, the shorter duration of the infection and the milder histological disease make them ideal candidates for a better response to the treatment.
The treatment aims at attaining the viremia eradication (HCV-RNA in serum below 30-50 IU/ml using the PCR technique), reversion or non-progression of liver fibrosis, avoiding development into cirrhosis and hepatocellular carcinoma, as well as an improved quality of life.36, 41, 46
Recently the FDA and EMEA have approved, in children, a combined treatment with Pegylated IFN α (PEG Interferon) plus ribavirin, which has proven to be more effective at obtaining a sustained virologic response (SVR, undetectable RNA 24 weeks after the treatment completion) than the monotherapy with IFN α.36, 47, 48 The advantage of the Pegylated IFN α is its longer mean life, which enables a weekly administration.
For genotypes 1 and 4, therapy is recommended, at least, for 48 weeks, with an SVR in around 50 percent of the cases. Genotypes 2 and 3 should be treated only for 24 weeks, and the SVR is between 83 and 100 percent.36, 38, 47, 48
The hepatitis C treatment in adults has undergone a paradigm shift due to the introduction of direct-acting antiviral drugs (DAAs), which directly act on the HCV replication cycle, with SVRs which, in many cases, approximate to 100 percent.49 Thus far, there have been no studies proving their effectiveness in children, which is why, in the future, protocols should be considered in this population.50
In all cases, children with chronic hepatitis C must be monitored and treated by a pediatric hepatologist.
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