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Abstract
Aim: To identify the clinical status and immunological profile of a cohort of children with chronic hepatitis B virus (HBV) 

infection to assess the short-term consequences of this infection.
Material and methods: This prospective case-control study included 30 children in the age range 1–15 years with positive  

HBsAg attending the Hepatology clinic of Alexandria University Children’s Hospital. Twenty children received lamivudine (3 mg/kg,  
oral, once a day), and 10 children were lamivudine-resistant and received entecavir treatment (10–11 kg/0.3 mg to > 30 kg/ 
1 mg). They were followed up every 3 months for 1 year.

Results: The study showed that 97% of the studied cases were discovered accidentally during routine investigations and 
only 3% presented by acute hepatitis. Ninety percent of them had family member infection with HBV, of which 70% were the 
mother. Eighty-seven percent of cases had no clinical signs, and only 13% of cases had hepatomegaly. All of the cases were HBsAg 
positive, 50% were HBeAg positive, 56.7% were HBeAb positive, 33.3% were HBcAb positive, and 100% were HBsAb negative. 

Conclusions: Most of children with HBV infection had associated family member infection and were accidentally discovered. 
Despite a marked decrease in HBV DNA level after treatment, there was no clearance of HBsAg and no HBsAb seroconversion. 
Screening for the HBsAb level in children with family members with HBV is recommended.

Introduction
Hepatitis B virus (HBV) infection remains a global 

public health problem, with changing epidemiology due 
to many factors such as vaccination policies and migra-
tion [1]. An estimated 240 million persons worldwide are 
chronic HBV surface antigen carriers [2]. The prevalence 
of chronic HBV infection varies geographically, from high 
(> 8%), through intermediate (2–7%), to low (< 2%) prev-
alence [3]. The predominant routes of transmission vary 
according to the endemicity of the HBV infection. In ar-
eas with high HBV endemicity, the perinatal transmis-
sion is the main route of transmission [3, 4].

Although the incidence of HBV infection has dra-
matically declined since the implementation of uni-

versal immunisation programs in many countries and 
blood-donor screening, a significant number of children 
are still infected every year, often developing chronic in-
fection and requiring appropriate follow-up [4–6]. Most 
infected children are asymptomatic. Despite a rather 
benign course of chronic hepatitis B (CHB) during child-
hood and adolescence, 3–5% and 0.01–0.03% of chron-
ic carriers develop cirrhosis or hepatocellular carcinoma, 
respectively, before adulthood [7, 8].

Failure of passive and active immunoprophylaxis 
in this setting may be the result of in utero transmis-
sion of HBV infection, perinatal transmission related to 
a high inoculum, and/or the presence of surface gene 
escape mutants [5, 6]. Vaccination is the most effective 
measure to prevent hepatitis B transmission. In highly 
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endemic areas, it is also the most cost-effective medical 
intervention, offering a higher benefit-cost ratio, where-
as in low-endemicity countries such cost-effectiveness 
is not as clear [3, 8].

Aim
The aim of the present work was to determine the 

clinical status and immunological profile of a cohort of 
Egyptian children with chronic hepatitis B viral infec-
tion, in order to assess the magnitude of this serious 
infection among the study group in the era of mass 
vaccination.

Material and methods
Study design: prospective study. Study type: 

case-control study. Study setting: Hepatology Unit of 
Alexandria University Children’s Hospital. Target popu-
lation: Thirty HBsAg-positive children in the age range 
1–15 years attending the liver clinic of Alexandria Uni-
versity Children’s Hospital. Thirty apparently healthy 
children (age and sex matching) served as the control 
group. 

Data collection: Both case and control groups were 
evaluated as follows:

Demographic data
All patients were subjected to history taking using 

the questionnaire.

Clinical examination
General examination:

•	 Anthropometric measurements (weight, height, 
body mass index – BMI) for both groups;

•	 Signs of liver disease for cases (jaundice, pruritis, 
haematemesis, ascites);
Abdominal examination (liver span, size of the 

spleen, ascites).

Laboratory investigations
The following investigations were carried out for the 

cases:
•	 Routine investigations:

– �Complete blood count.
– �Tests of synthetic liver capacity including the se-

rum level of albumin, prothrombin time (PT), par-
tial thromboplastin time (PTT), and international 
normalised ratio (INR) [9].

– �Tests of liver excretory functions based on mea-
surement of serum concentrations of substances 
metabolised and transported by the liver, including 
endogenously produced compounds such as total 

serum bilirubin (TSB) and direct serum bilirubin 
(DSB) [10].

– �Tests that detect liver injury based on measure-
ment of serum levels of endogenous substances 
released from damaged hepatocytes, including al-
anine aminotransferase (ALT) and aspartate ami-
notransferase (AST) [11]. 

– �Tests that detect impaired bile flow or cholestasis 
based on measurement of serum levels of endog-
enous substances released from damaged tissue, 
such as alkaline phosphatase (AP) [12] and g-glu-
tamyltransferase (GGT) [13]. 

•	 Specific investigations for HBV infection:
– �Hepatitis B virus surface antigen (HBsAg) titre; the 

envelop protein of the virus [14]. 
– �HBeAg titre; the major viral nucleocapsid core 

polypeptide, HBeAg is a marker for transmissibility 
and active viral load [15].

– �Quantitative HBV-DNA by PCR [16].
•	 Investigations to determine the immunological state 

of chronic HBV infection:
– �Quantitative hepatitis B surface antibodies 

(HBsAb) – an indicator for HBV immunity [17].
– �Hepatitis B virus e antibody HBeAb [18].
– �Hepatitis B virus core antibody (HBcAb) total [18].
The following investigations were done for the con-

trol group:
•	 CBC;
•	 Hepatitis B virus surface antigen (HBsAg) titre [14];
•	 Quantitative hepatitis B surface antibodies (HBsAb) 

[17].
All tests were done at the Clinical Pathology Depart-

ment, Alexandria University Children’s Hospital.

Imaging study
Abdominal ultrasonography was performed to all 

cases focusing on: the size and echogenicity of the liver, 
presence of hepatic steatosis, cirrhosis, hepatic fibrosis, 
splenomegaly, and ascites.

Treatment
All patients were given an antiviral drug. Twenty  

children received lamivudine (3 mg/kg, oral, once 
a day), 10 children were lamivudine resistant and re-
ceived entecavir treatment (> 2 years and > 10 kg) at 
a dosage based on their weight; (10–11 kg/0.3 mg to 
> 30 kg/1 mg) according to the American Association 
for The Study of Liver diseases (AASLD) guidelines [4].

Follow-up
The studied cases were followed up every 6 months 

for 1 year for imaging study and all laboratory investi-
gations.
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Results
Thirty children with positive HBsAg aged from 1 to 

15 years were enrolled in this study (66.7% males and 
33.3% females). As for the age of the studied popula-
tion, 63.3% were in the age group 10–15 years, median 
11 years. Clinically, 87% of the studied cases had no 
clinical signs and only 13% had hepatomegaly; 96.7% 
of the cases were discovered accidentally during routine 
investigations, and only 3% were presented by acute 
hepatitis. The results of measuring ALT activity showed 
that 46.7% of the studied cases had elevated levels, 
40% had ALT in the upper level of normal, and 13.3% 
had normal ALT. Regarding AST activity, 63.3% of the 
studied cases had elevated AST, 23.3% had normal AST, 
and only 13.3% had AST in the upper level of normal. 
All studied cases had normal GGT.

Ultrasound examination showed that 76.6% of 
the studied cases had no sonographic abnormalities, 
while 20% had hepatomegaly and increased echo-
genicity, and 3.3% had cirrhosis. We found that the 
90% of the studied cases had a family member infec-
tion with HBV, mainly the mother, and 66.6% of the 
cases with maternal risk presented in the age group 
10–15 years versus 28.5% in the age group 5–10 years.  
HBVeAg detection showed that 40% of the studied cas-
es had HBVeAg-negative chronic hepatitis while 36.7% 
had HBVeAg-positive chronic hepatitis, only 10% had 
HBVeAg-negative chronic infection (inactive carrier) 
and 13% had HBVeAg-positive chronic infection (im-
munotolerant phase). Studying the HBV immunological 
stage showed that all the studied cases were HBsAg 
positive with negative HBsAb (Table I). Viral load varied 
widely among the studies cases. Many of the studied 
cases had initially very high viral load while 33.3% had 
initially very low DNA level (Table II). Ninety-seven per-
cent of the studied cases were discovered accidentally 
during routine investigations, and only 3% presented by 

acute hepatitis. The HBsAb level was very low (< 2) in 
93.3% of the studied cases. Although the lowest level 
of HBsAb was found in the age group 10–15 years, this 
was not significantly different (Table III).

HBeAg was present in 50% of the cases. Although 
HBeAg was negative in 52.6% of cases in the age group 
10–15 years and HBeAg was positive in 47.4% of cases 
in the age group 10–15 years, it was not a significant 
difference. 

When measuring the viral load, 50% of the studied 
cases in the age group 5–10 years had higher levels 
of viraemia (high and very high level) versus 47% in 
the age group 10–15 years, but it was not statistically 

Table I. HBV immunological stage of the studied cases 
(n = 30)

Parameter Positive Negative

N % N %

HBsAg 30 100.0 0 0.0

HBeAg 15 50.0 15 50.0

HBcAb 10 33.3 20 66.7

HBeAb 17 56.7 13 43.3

HBsAb 0 0.0 30 100.0

Table II. Levels of viraemia in the studied cases (n = 30)

Levels of viraemia [IU/ml] N %

Very low < 10,000 10 33.3

Low level 10,000–100,000 2 6.7

Intermediate level 100,000–1,000,000 3 10.0

High level 1,000,000–10,000,000 1 3.3

Very high level > 10,000,000 14 46.7

Table III. Correlation between age groups and HBsAb level

Parameter HBsAb level [mIU/ml] c2 MCp

< 2
(n = 28)

2–4.9
(n = 1)

5–10
(n = 1)

N % N % N %

Age [years]:

1 1 3.3 0 0.0 0 0.0 4.567 1.000

5 10 33.3 0 0.0 0 0.0

10–15 17 56.7 1 3.3 1 3.3

Total 28 93.3 1 3.3 1 3.3

c2 – chi-square test for comparison between the three categories, MCp – p-value for Monte Carlo for c2 test for comparison between the three categories.
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significant. Studying the risk factors in relation to the 
level of viremia, 51.8% of the studied cases with fam-
ily member infection had significantly higher levels of 
viral load (high and very high levels), versus 33.3% of 
the studied cases with other risk factors (Table IV). As 
for liver enzymes, 44.4% of the studied cases with an 
infected family member showed elevated ALT (versus 
66.6% of the studied cases with other risk), and 40.7% 
of the cases with family member infection had ALT in 
the upper limit of normal (versus 33.3% of  the studied 
cases with other risk factors). Studying cases with risk 
factors other than family history, 33.3% of them showed 
higher levels of viraemia (high and very high levels) to-
gether with ALT in ULN, while 66.6% of them had lower 
levels of viral load (very low, low, and intermediate lev-
els) associated with elevated ALT, suggesting an inverse 
relation between levels of viraemia and ALT level. When 
studying the association between HBeAg and ALT, 53.3% 
of the studied cases who were HBeAg-positive had ele-
vated ALT versus 40% of the HBeAg-negative cases that 
showed ALT elevation, though no significant difference 
was observed. Also, there was a marked decrease in ALT 
level after 1 year of treatment with NA therapy, where 
46.6% of the studied cases showed an initially elevated 
ALT; that percentage dropped to 23.3% after 1 year of 
treatment. In 13.3% the studied cases who initially had 
normal ALT, that percentage increased to 33.3% after  
1 year of treatment. In summary, ALT showed a median 
of 18.5 IU/L (one-fold increase above normal) initially, 
versus 11 IU/L (ULN) after 1 year of treatment.

Viral loads showed a significant decrease after  
1 year of treatment. The median viremia value was 
5215 × 103 before treatment versus 10 × 103 after 1 year 
of treatment. 

All the studied cases remain HBsAg positive after  
1 year of treatment. Only one HBeAg-negative case be-
came HBeAg positive upon follow-up, and none of the 
studied cases who was initially HBeAg positive cleared 
HBeAg on follow-up. 83.3% of the studied cases be-
came HBcAb positive on follow-up after 1 year.

Discussion
The chance of chronicity of HBV infection depends 

on the age of primary HBV infection [2]. Chronic HBV 
infection occurs in more than 90% of infants who are 
infected perinatally. Among children exposed to HBV 
before 5 years of age, 25–50% develop chronic HBV 
infection. In individuals with primary HBV infection in 
adulthood, 5–10% will develop chronic HBV infection [8].

Three main strategies have been proven to be ef-
fective in preventing HBV infection. They are behaviour 
modification, passive immunoprophylaxis, and active 
immunisation [19]. The implementation of a mass HBV 
immunisation program has been recommended by the 
WHO since 1991, and has dramatically decreased the 
prevalence of HBV infection in many countries [4].

The clinical course of chronic HBV infection is influ-
enced by age at primary infection, gender, transmission 
route, HBV genotype, and environmental factors. Chron-
ic HBV infection is classified into four immunological 
phases: (I) the immune-tolerant phase; (II) immune-re-
active phase (HBeAg-positive chronic hepatitis B);  
(III) low replicative phase; and (IV) reactivation phase 
(HBeAg-negative chronic hepatitis B) [20].

In this study most of the patients were male 
(66.7%), more than 10 years old (63%), and from urban 
areas (83%). A similar result was found by Lok and Lai 
[21]. The source of infection was identified in 29 cases  

Table IV. Correlation between different risk factors and level of viraemia

Parameter Level of viraemia

Very low  
< 10,000
(n = 10)

Low level  
10,000–100,000

(n = 2)

Intermediate level  
100,000–
1,000,000

(n = 3)

High level  
1,000,000–
10,000,000

(n = 1)

Very high level   
> 10,000,000 

(n = 14)

N % N % N % N % N %

Risk factors:

Family member infection 9 33.3 2 7.4 2 7.4 1 3,7 13 48.1

Unknown 0 0.0 0 0.0 1 33.3 0 0.0 0 0.0

Operation 1 33.3 0 0.0 0 0.0 0 0.0 0 0.0

Transfusion 0 0.0 0 0.0 0 0.0 0 0.0 1 33.3

c2 (MXp) 40.491* (0.008*)

c2 – chi-square test for comparison between the different categories, MCp – p-value for Monte Carlo for c2 test for comparison between the different 
categories, *statistically significant at p ≤ 0.05.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Lok AS%5BAuthor%5D&cauthor=true&cauthor_uid=3417235
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lok AS%5BAuthor%5D&cauthor=true&cauthor_uid=3417235
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(27 cases had an infected family member, the mother in 
21 cases, 1 case had history of blood transfusion, and 
one case had a surgical history) while 1 case had no 
evident source of infection. Family history of hepatitis 
B is the commonest risk factor in acquiring infection 
in the studied children (90%). Similarly to the present 
study Bortolotti et al. [22] found that 36 cases had fam-
ily member infection (of those, eight cases were the 
mother during delivery), 3 cases had a history of trans-
fusion, and 37 cases had no evident source of infection.

Contradictory to our result, Rukunuzzaman and 
Afroza [23], in their study on risk factors of hepatitis 
B virus infection in children, considered maternal risk 
factor as one (but not the commonest) cause. In the 
present study, the family risk factor was via direct con-
tact, not only through vertical transmission.

Almost all patients had no clinical signs, except  
4 patients who presented with hepatomegaly (13.3%), 
which was accidentally discovered in 96.7% of them. 
Lok and Lai [21] in their study also revealed that hep-
atomegaly was the only abnormal finding upon exam-
ination, being present in 5 children initially. Also, Boxall  
et al. [24], in their studies on the natural history of 
hepatitis B in infected carriers, demonstrated that 
all children were asymptomatic with normal physical 
examination, growth, and development, probably be-
cause their studied cases were carriers. On the other 
hand, Maggiore et al. [25], in their study on chronic 
HBV hepatitis in children, found that all patients were 
anicteric, and hepatomegaly was detected in 15 pa-
tients, and this was associated with splenomegaly in 
2 patients.

Similarly, Bosch et al. [26], in their study on chronic 
viral hepatitis B in childhood, found hepatomegaly in 
50% of their 26 studied cases and splenomegaly in 25% 
of them.

The difference between our study and previous 
studies may be due to our classification of the studied 
cases into four categories; HBeAg-negative chronic hep-
atitis (40%), HBeAg-positive chronic hepatitis (36.7%), 
inactive carrier (10%), and immunotolerant (13%).

Initial laboratory investigations of the studied cas-
es revealed that 26 patients had elevated ALT (86.6%) 
and AST while GGT albumin, PT, and INR were normal 
in all the studied cases. In contrast to our findings, Lok 
and Lai [21] in their study found that serum ALT levels 
were normal in 80% of the children at presentation and 
remained within the normal range during the study in 
60% of the cases. This finding may be due to the fact 
that all cases studied by Lok and Lai [21] were carriers 
with low level of viraemia.

After evaluation of the hepatitis B profile of the 
studied population, all patients had HBsAg and 50% 

were positive for HBeAg with different levels of virae-
mia. Lok and Lai [21] stated that 84% of their studied 
population were initially positive for HBeAg, and Lok 
and Lai [21]  and Maggiore et al. [25] in their study on 
29 children showed evidence of complete viral replica-
tion (HBeAg positive) in 24 cases, and incomplete rep-
lication (HBeAb positive) in five cases. The large num-
ber of HBeAg-positive patients in the previous studies 
could be attributed to the young age of the patients at 
presentation, so there was no seroconversion. Infection 
with hepatitis B virus (HBV) remains an important glob-
al public health problem. Children with HBV infection 
need follow-up for several years, treatment when in-
dicated, and follow-up for viral profile after treatment.

Conclusions
From the present study we concluded that HBV in-

fection is present in the paediatric age group despite 
the application of compulsory HBV vaccination. Most 
children with HBV infection have associated family 
member infection. The majority of children with HBV 
infection are accidentally discovered due to the absence 
of clinical features. Despite a marked decrease in ALT 
levels and HBV DNA levels after treatment, no clearance 
of HBsAg and no HBsAb seroconversion was observed.

Recommendation: Screening of HBV infection is im-
portant in high-risk children, especially those with an 
infected family member. Vaccine should be given if lev-
els of HBsAb are not protective.

A national program for screening for HBV infection 
in pregnant women is a mandate in Egypt. Most risk 
factors for maternal HBV acquisition were related to 
medical care, which calls for a re-enforcement of infec-
tion control practices in medical facilities.
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