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INTRODUCTION
Egypt has the highest prevalence of  hepatitis C virus (HCV) 
infection in the world, averaging 12%-24% in the general 
population[1]. HCV Genotype 4 is the prevailing genotype 
in Egypt (90%)[2].

Worldwide, the major clinical consequence of  chronic 
hepatitis C infection is the progression to cirrhosis and its 
potential complications: hemorrhage, hepatic insufficiency, 
and primary liver cancer[3]. The current understanding of  
HCV infection has been advanced by the concept of  liver 
fibrosis progression[4].

A main characteristic of  HCV infection is the highly 
variable course of  its natural history[5]. A major challenge is 
to distinguish the disease progression in patients according 
to those possessing specific risk factors[6]. Higher risk 
of  disease progression is associated with older age, male 
gender, excessive alcohol consumption, overweight and 
immunodeficiency[7]. The role of  the liver biopsy in chronic 
hepatitis C would seem, at first, to be unquestioned. 
After all, a liver biopsy provides much information in 
such a small package. It provides confirmation of  the 
diagnosis, exclusion of  other liver diseases, and assessment 
of  the grade and stage of  the disease[8]. Furthermore, 
the usefulness of  the liver biopsy in chronic hepatitis C 
has received the endorsement of  several national and 
international consensus conferences on the diagnosis and 
treatment of  hepatitis C[9,10].

The outcome of  HCV infection acquired in childhood 
is uncertain as a result of  the variation of  clinical course 
of  infection and disease in children[11]. HCV infection is 
not always benign in the childhood period, a recent study 
in Egypt showed that, ALT levels were elevated in half  of  
the subjects and histological abnormalities were detected in 
three quarters of  HCV-RNA positive cases[12]. Because of  
the major long-term complications of  chronic HCV, and 
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Abstract
AIM: To assess hepatic fibrosis and factors associated 
with its progression in children with HCV infection.

METHODS: At the Hepatology Unit, Cairo University 
Children’s Hospital, a single liver biopsy was performed 
to 43 children with HCV infection after an informed 
consent between 1998-2004. Their mean age at liver 
biopsy was 8.67 ± 4.3 years.

RESULTS: Among the 43 patients’ biopsies, 12 (27.9%) 
were having no fibrosis, 20 (46.5%) mild fibrosis and 
11 (25.6%) moderate to severe fibrosis. The median 
time for development of fibrosis was estimated to be 5.5 
years. Developing fibrosis was significantly associated 
with shorter duration from first detected ALT elevation to 
biopsy (12 mo vs  1.2 mo, P  = 0.015) and having higher 
levels of direct serum bilirubin (0.3 mg/dL vs  0.5 mg/dL, 
P  = 0.048). No association was found between fibrosis 
stage and the presence of co-morbid conditions (P  = 
0.33). 

CONCLUSION: Hepatic fibrosis was present in 72.1% 
of children with HCV infection. The development of 
fibrosis was associated with higher levels of direct serum 
bilirubin. There was no significant association between 
fibrosis and age, duration of infection, risk factors, co-
morbid conditions and most biochemical parameters.
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the development of  cirrhosis and end-stage liver disease, 
the degree of  fibrosis on liver biopsy would seem to be an 
appropriate surrogate marker[13]. Liver biopsy remains the 
gold standard in assessing the stage and progression of  
HCV infection[14].

The aim of  this work was to assess hepatic fibrosis 
and identify factors associated with its progression in liver 
biopsies from a group of  Egyptian children with HCV 
infection. To achieve this goal, we studied factors related 
to HCV acquisition, co-morbid conditions, demographic 
factors and biochemical variables related to disease course 
and finally findings of  liver biopsy.

MATERIALS AND METHODS
The study was carried out at the Pediatric Hepatology 
Unit, Cairo University Children’s Hospital, Egypt, between 
1998 and 2004. HCV genotype in Egypt is mostly (> 90%) 
genotype 4[2]. Among a total of  105 HCV infected children, 
on regular follow-up every 3 mo, 43 cases were fit and 
consented to do liver biopsy. Twenty children had blood 
diseases; 18 thalassemics, 1 sickle cell anemia and 1 pure red 
cell aplasia. Seven were treated in the past for malignancies; 
4 Hodgkin lymphoma and 3 acute lymphocytic leukemia 
(ALL). None of  the children received any therapy for HCV.

Study population
Inclusion criteria: Age below 18 years, both sexes included, 
HCV antibody and HCV-RNA positive, elevation of  ALT, 
at least 1.5 folds, at least once throughout the disease course, 
informed consent signed by the parent of  each patient.

Exclusion criteria: Co-infection with HBV or HIV, 
coagulopathy, or thrombocytopenia, to a degree which 
precludes the safe performance of  a percutaneous biopsy, 
therapy for HCV infection, biopsies less than 10 mm long, 
biopsies including less than 5 portal tracts.

All parents completed a survey regarding possible risk 
factors for HCV acquisition.

Biochemical assessment of  liver function tests (total and 
direct serum bilirubin, AST, ALT, albumin and prothrombin 
time and concentration) was done on the same day of  liver 
biopsy which was performed only once for each patient, in 
addition to a complete blood count. No fresh frozen plasma 
or blood transfusion was offered to correct these tests prior 
to biopsy.

Percutaneous liver biopsy was obtained with the 
Menghini technique using a secure cut biopsy needle 
1.6-mm-diameter needle [Hospital Service S.p.A.Via Naro, 
81-00040 Pomezia (RM) Italia.

Histological evaluation
Percutaneous liver biopsies were fixed in formalin, em-
bedded in paraffin and cut at 4 microns thickness and 
stained with haematoxylin and eosin and mason trichrome. 
Liver sections were evaluated by a single pathologist who 
was blinded of  the patient’s clinical and laboratory data. 
The grade of  activity and stage of  fibrosis were scored 
according to Knodell et al [15]. The HAI system scores 
necroinflammatory activity from 0 to 18 assessing periportal 
necrosis and inflammation (0 to 10), lobular necrosis and 

inflammation (0 to 4), and portal inflammation (0 to 4). 
Fibrosis is staged as 0, 1, 3, or 4, with 1 indicating portal 
fibrosis only (mild), 3 indicating bridging fibrosis (moderate), 
and 4 cirrhosis (extensive). The discontinuous scale allows 
for clear separation of  mild (1+) from extensive (3+). 
The HAI system is simple and has been widely used. We 
considered moderate and extensive fibrosis as one group 
because of  their small numbers. Liver iron deposition was 
evaluated by using the scale developed by Deugnier et al[16]. 
This scoring system was defined as the sum of  three scores: 
hepatocytic iron score (0-36), sinusoidal iron score (0-12), 
and portal iron score (0-12). The sum of  these scores 
defines the total iron score (TIS; range: 0-60). According to 
Halonen et al[17], liver TIS is classified into mild iron overload 
(TIS 0-14), moderate iron overload (TIS 15-29) and severe 
iron overload (TIS 30-60). Steatosis was graded based on 
percent of  hepatocytes involved; mild (< 33%), moderate 
(33%-66%) and severe (> 66%)[18].

Statistical analysis
Frequency analysis of  categorical variables was presented 
as numbers and percentages. Chi square or Fischer’s exact 
tests were used to assess the association between hepatic 
fibrosis and various categorical factors. Descriptive analysis 
of  continuous variables was presented by median and 
range. Kruskal Wallis test was used to compare groups of  
no, moderate and marked fibrosis. Kendall's tau test was 
used to assess the correlation between fibrosis stage and 
other continuous variables. Cumulative hazard function for 
developing fibrosis among patients was done. In all tests, P 
< 0.05 was considered significant.

RESULTS
The present study included 43 HCV infected infants and 
children (24 boys and 19 girls); their mean age at liver 
biopsy was 8.67 ± 4.3 years (median age 9 years, range 2 
mo-18 years). The estimated median duration of  infection 
was 36 mo.

Twelve biopsies showed no fibrosis, 20 showed mild 
fibrosis and 11 had moderate to severe fibrosis. Iron 
staining was not detected in 19 cases, 15 had mild TIS, 9 
had moderate TIS and no cases had severe TIS. Steatosis 
was absent in 30 cases, mild in 5 cases, moderate in 6 cases 
and severe in 2 cases.

According to the parents’ responses to a survey re-
garding risk factors for HCV acquisition, risk factors 
were identified in 39 cases (90.7%). Risk factors included 
blood transfusion (37 cases), injections (11 cases), surgical 
procedures (8 cases) and (1 case) household contact in-
fected with HCV. Among the 39 patients with known risk 
factors, a reliable estimate of  the duration of  infection was 
possible in only 29 cases.

Analysis of  factors that could be associated with 
development of  fibrosis in these patients was performed. 
Development of  fibrosis was not associated with gender, 
elevated ALT and AST, blood transfusion, injections, 
surgical procedures, having a family member with HCV or 
having blood disease. The analysis revealed that all 7 cases 
that had past malignant disease had fibrosis in their liver 



biopsies (Table 1).
The higher grade of  fibrosis was associated with 

shorter duration from first detected ALT elevation to 
biopsy (P = 0.015) and higher levels of  direct bilirubin (P 
= 0.048) (Table 2).

There was no association between the fibrosis stage 
and the presence of  co-morbid condition (having blood 
disease or previous malignancies) (P = 0.33) (Table 3).

The risk for development of  fibrosis, from the time of  
exposure to infection to the time of  biopsy, was estimated 
in only 29 cases with a reliable duration of  infection (1-10 
years) and was expressed in a hazard function curve. Ac-
cordingly, liver biopsy was performed in 9 patients after an 
estimated duration of  infection of  one year. 8 of  them had 
fibrosis, which was extensive in 3 patients. Similarly, when 6 
of  the 29 patients had liver biopsy ten years after exposure 
to infection, 4 of  them had fibrosis (which was extensive in 
3 cases, mild in one) and two had no fibrosis. The median 
time for fibrosis development in liver biopsy was estimated 
to be 63.7 mo (5.5 years) (Figure 1).

DISCUSSION
This is one of  few studies to assess factors associated with 
fibrosis progression using liver biopsies from HCV infected 
children. The purpose of  the study was to determine 
whether any baseline demographic, clinical, biochemical or 
histological factors could be associated with fibrosis stage.

Seventy-two percent of  our cases showed some degree 
of  fibrosis, 47% mild fibrosis and 25% moderate to ex-
tensive. Guido et al[19] reported a similar proportion of  
fibrosis in their HCV infected children.

Analysis of  the risk factors for acquisition of  HCV 
revealed no association with fibrosis. El-Shorbagy et al[20] 

reported that liver fibrosis progression is related to the 
mechanism of  transmission. In contrast, Kage et al[21] and 
Vogt et al[22] described a relatively benign course for trans-

fusion associated hepatitis C. Although the studies presented 
earlier may suggest that the route of  transmission may be 
a contributing factor in the course (mother-to-infant vs 
transfusional), it is not known which patients are most likely 
to develop end-stage liver disease.

Although we noticed that there was a steady increase 
in age with increasing fibrosis, the difference did not reach 
statistical significance. Similar results were reported by 
Marcellin et al[7] where age was not a statistically significant 
feature associated with progression of  fibrosis in patients 
with chronic HCV. Alternatively, some studies reported 
age to be an important factor in prediction of  fibrosis but 
were predominantly reported in adults[4,23].

Only three cases had cirrhosis in our study. These 
results are similar to those reported by Guido et al[24] and 
Badizadegan et al[25]. However, 44% of  the cases in the latter 
study had moderate to severe fibrosis as compared to 25% 
in our series. This might be explained by the older mean age 
of  their cases compared to ours (11.4 vs 8.7 years). Kage  
et al[21] reported that 97% of  their cases had mild fibrosis 
and none had cirrhosis. The mean age of  their patients was 
3.7 years.

Although the hazard of  development of  fibrosis 
increased with the duration of  the disease (Figure 1), a 
longer duration of  infection does not necessarily mean 
more extensive fibrosis. Overall, it is thought that hepatic 
inflammation drives the progression of  fibrosis to cirrhosis 
in a relatively linear manner. However, progression is not 
linear in all patients[26]. In historical studies, approximately 
20% of  patients who developed post-transfusion non-A 
non-B hepatitis, now known to have been HCV, developed 
cirrhosis within 20 years of  infection[27], but these data 
may have been skewed by selection of  those with more 
severe disease at presentation. More recently large cross-
sectional studies have assessed the rate of  progression of  
HCV related hepatic fibrosis retrospectively using a ratio 
of  the stage of  hepatic fibrosis to the estimated duration 
of  infection, such as the time from initial exposure to 
intravenous drugs or from transfusion[4,28]. A median time 
to cirrhosis of  30 years was observed[4]. However this 
finding obscured the observation that the median time to 
cirrhosis was 13 years in those infected over the age of  
40. These had consumed alcohol to excess, while those 
infected at an earlier age and did not abuse alcohol had a 
median time to cirrhosis of  42 years. Notably, 32% were 
thought unlikely to develop progressive disease. These 
findings were based on a single liver biopsy and the rate 
of  fibrosis was calculated assuming a uniform rate of  
progression, although no data exists to indicate whether 
progression occurs in a linear fashion or more erratically[29]. 
Poynard et al[30] observed that fibrosis progression was not 
normally distributed. The distribution suggested at least 
3 populations: “rapid fibrosers”, “intermediate fibrosers” 
and “slow fibrosers”.

Male gender was not associated with fibrosis in this 
study. In adults, male gender seems to be associated with 
fibrosis, particularly in those above 40 years of  age who 
had history of  drinking > 50 g alcohol/day[4].Other studies 
failed to demonstrate the association of  male gender with 
fibrosis stage[31].

Our observation determined that direct serum bilirubin 

Table 1  Characteristic features of studied patients  n  = 43

No Fibrosis Fibrosis P  value
(n  = 12) (n  = 31)

Sex
   Boys   8 16 0.37 (NS)
   Girls   4 15
High ALT (n = 28)   7 21 0.72 (NS)
Injections (n = 11)   2   9 0.41 (NS)
Blood transfusion (n = 37) 12 25 0.10 (NS)
Frequency of transfusion
   Once   2   6 0.61 (NS)
   Multiple 10 19
Surgical procedures (n = 8)   4   4 0.19 (NS)
Household contact infected with
HCV (n = 1)

  0   1 0.53 (NS)

No risk factor (n = 4)   1   3 0.86 (NS)
Blood disease (n = 20)
   Red cell aplasia   1   0 0.14 (NS)
   Sickle cell anemia   0   1
   Thalassemia   8 10
Malignancy (n = 7)
   ALL   0   3 NA
   Lymphoma   0   4

NA: not applicable (as P value cannot be calculated).
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correlated significantly with higher grades of  fibrosis as 
was also reported by Ghany et al[13].

The relationship between serum ALT and liver disease 
progression remains controversial. Although the mean 
value of  ALT appeared to increase hand in hand with 
degree of  fibrosis, yet the results did not reach statistical 
significance (Table 2). Ghany et al [13] found that the 
magnitude of  elevated ALT and AST levels were most 
predictive of  more rapid fibrosis progression. In cross-
sectional studies, serum ALT levels have correlated weakly 
with disease activity and little or not at all with hepatic 
fibrosis[7]. Recent reports state that it is recognized that 
even patients with normal ALT do not necessarily have 
inactive disease by histopathological evaluations. This 
confirms the value of  liver biopsy prior to initiation of  
antiviral therapy to identify those who will benefit from 
therapy[10].

What was interesting in our results was the duration 

from 1st detected ALT elevation to development of  
fibrosis. This duration was significantly shorter in those 
developing moderate to extensive fibrosis. This signifies 
that the earlier the ALT elevation in the course of  hepatitis 
C, the more extensive fibrosis will be. This indirectly 
points to the importance of  ALT elevation in association 

No fibrosis (n  = 12) Mild fibrosis (n = 20) Moderate to extensive fibrosis (n  = 11) P  
Median (min-max) Median (min-max) Median (min-max)

Age at biopsy     9 (3.5 yr-13 yr)     7.3 (1 yr-19 yr)   11 (2 mo-18 yr) 0.394 (NS)
Duration from exposure to biopsy (mo) (n = 29)   43.8   36   12 0.627 (NS)

(12-144) (12-120) (2.4-144)
Duration from first detected ALT elevation to biopsy (mo)   12     6     1.2 0.015 (S)

(0-24) (0-24) (0-7.2)
Duration from exposure to first detected ALT elevation (mo)   30   18   12 0.411 (NS)
(n = 29) (12-132) (0-119) (1.2-141)
Total bilirubin (mg/dL)     1.65     0.8     1.5 0.270 (NS)

(0.-5.2) (0.3-4.3) (0.4-11)
Direct bilirubin (mg/dL)      0.3     0.2     0.5 0.048 (S)

(0.1-2.5) (0.1-1.3) (0.1-10)
ALT (IU/L)   77   88   97 0.649 (NS)

(17-367) (16-432) (30-1200)
AST (IU/L)   69   84   96 0.912 (NS)

(27-273) (28-415) (26-927)
Albumin (mg/dL)     3.6     4.2 3.1 0.119 (NS)

(2.9-4.7) (3.1-5.3) (2.8-4.7)
Prothrombin Concentration (%)   80   87   80 0.458 (NS)

(66-100) (60-100) (55-97)
Platelets count (thousands/mm3) 333 266 306 0.329 (NS)

(110-284) (138-396) (95-302)
HAI     5     5     4 0.574 (NS)

(0-11) (0-10) (0-9)
TIS     9     3     9 0.49 (NS)

(0-27) (0-18) (0-18)
Steatosis n = 12 n = 20 n = 11
None (n = 30)   10   13     7 0.61 (NS)
Mild (n = 5)     0     4     1
Moderate (n = 6)     2     2     2
Severe (n = 2)     0     1     1

Table 2  Analysis of data among patients with no, mild and moderate to extensive fibrosis (Kruskal Wallis test)

P = 0.33 (NS).

Table 3  Association of fibrosis stage with co-morbid condition 

Fibrosis groups Total
No

fibrosis
Minimal
fibrosis

Extensive
fibrosis

n  = 12 n  = 20 n  = 11
Without co-morbid condition 3   7 6 16
With co-morbid condition 9 13 5 27

0.0         2.0         4.0         6.0        8.0        10.0       12.0

3.0

2.5

2.0

1.5

1.0

0.5

0.0

Duration from exp to biopsy (yr)

Cu
m

 h
az

ar
d

Hazard function
No fibrosis
Fibrosis

Figure 1  Cumulative hazard of fibrosis development.
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with fibrosis. In addition, liver fibrosis was reported to be 
considerably slower in HCV-infected patients with normal, 
as compared with elevated, ALT levels[32,33].

In the present study, we could not find an association 
between fibrosis and necro-inflammation. Similarly, other 
studies did not show an association between inflammation 
and fibrosis progression[34,35]. On a single liver biopsy, 
there is little or no correlation between severity of  the 
necroinflammatory activity and degree of  fibrosis[4,36]. In a 
cohort of  123 patients, Ghany et al[13] identified age, ALT, 
and periportal inflammation as independent predictors 
of  fibrosis progression from a dataset that included viral, 
demographic, biochemical, and histologic factors.

Poynard et al[30] found that although fibrosis stage and 
inflammatory grade were correlated, however, there was 
discordance in 36% of  their patients. Accordingly, they 
reported that activity grade, which represents necrosis is 
not a good predictor of  fibrosis progression, but fibrosis 
alone is the best marker of  ongoing fibrogenesis.

We reported positive iron staining in 55% of  our 
cases. Iron accumulation was less frequently reported 
by Badizadegan et al[25] and Guido et al[24] (22% and 8.7% 
respectively). Forty percent of  our cases were thalassemics 
which explains the high incidence of  iron staining in our 
study. The role of  hepatic iron stores in hepatic damage 
caused by HCV infection is unclear. Transfusional hemo-
siderosis has been recognized to play a significant role in 
the development of  chronic liver disease, as liver fibrosis 
and cirrhosis are well-known complications in thalassemia 
and sickle cell anemia[37]. Among our studied cases, mean 
TIS showed no statistically significant difference between 
the various fibrosis groups as previously reported by 
Haque et al[38] and Boucher et al[39].

Steatosis was present in nearly one-third of  our cases, 
but was severe in only 2 cases one with mild and the other 
with moderate to extensive fibrosis. Steatosis is a frequent 
finding in chronic hepatitis C, with between 40% and 70% 
(mean 55.9%) of  such biopsies showing some degree of  
fibrosis[8,40,41]. It was suggested that the concurrence of  
steatosis and chronic HCV may be synergistic in causing 
hepatic fibrosis[7]. Perumalswami et al[42] reported that initial 
hepatic steatosis did not predict the degree of  fibrosis 
progression on follow up.

Presence of  co-morbid condition (blood disease or 
malignancy) did not affect the grade of  fibrosis. Although 
during treatment of  malignancies patients are exposed 
to periods of  immune deficiency, the most pronounced 
immune deficient state that was reported to be associated 
with fibrosis progression was co-infection with HIV[4,43] 
and liver transplant recipients[44,45]. None of  our patients 
was HIV positive.

In conclusion, 72.1% of  children with HCV infection 
have hepatic fibrosis. The development of  fibrosis was 
associated with higher levels of  direct serum bilirubin. 
There was no significant association between fibrosis 
and age, duration of  infection, risk factors, co-morbid 
conditions and most biochemical parameters.
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