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Abstract  Objective: Purpose: to establish the frequency and clinical significance of mutant variations of the HFE gene 

polymorphism in chronic hepatitis B (CHB) in children with iron overload syndrome (IOS). Materials and methods: 60 

children with chronic hepatitis B with iron overload syndrome (IOS) were examined. When distributing children into groups, 

we took into account the criteria we developed for assessing the degree of life expectancy in children with CHB: CST>0.5 - 

mild degree of life expectancy (43.3% of children), CST <0.5 - moderate severity of life expectancy (31.7% of children) and 

CST <0.2 - severe degree of SPL (25.0%). Virological verification of HBV was performed by ELISA and PCR. Using PCR 

Real Time and molecular genetic analysis, HFE gene C282Y, H63D, S65C mutations were detected from amplified DNA 

using the PRONTO Hemochromatosis reagent kit (Israel). The transferrin saturation coefficient (CST) was calculated using 

the formula CST = sTfR / log10. Ft. Results: Results: The study of the hemochromatosis gene HFE showed that the 

overwhelming majority (84.0%) of children with CHB with IOS were carriers of heterozygous, phenotypically different, 

mutant types. And only 16.0% of sick children were homozites of the wild (normal) HFE gene. Analysis of the phenotypic 

polymorphism of the hemochromatosis gene HFE revealed the presence of three point heterozygous mutations: H63D, S65C 

and combined variations in H63D / S65C, the latter of which is associated with severe forms of CHB and severe IOS. 

Conclusion. Children with CHB with IOS are characterized by a high incidence of heterozygous mutations in the HFE gene, 

the phenotypic manifestations of which were S65C, H63D, H63D / S65C. The comparability of the heterozygous combined 

mutation H63D / S65C with severe forms of CHB and a severe degree of IOS gives grounds to consider this phenotype of the 

HFE gene as a factor in the progression of the disease. 
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1. Introduction 

Among the multifactorial causes (social and biomedical) 

of the progression of liver damage, it is the viral etiology that 

is often complicated by various pathological conditions that 

occur in the perspective of concomitant diseases, cause the 

development of two or more mutually reinforcing processes. 

The fact of the association of chronic hepatitis B (CHB) and 

anemia of inflammation (up to 78% among other anemias) is 

beyond doubt, especially in cases when the process is 

accompanied by iron overload syndrome (IOS), considered 

as a promoter of necro-inflammatory activity, fibrosis and 

progression of the pathological process in the liver 

[1,2,3,4,5,31]. In 40-65% of cases, anemia of inflammation 

is expressed as refractory to ferrotherapy, the determining 

factor of which is iron overload of the body [6,7,8,9,10].  

 

Received: Mar. 1, 2022; Accepted: Mar. 18, 2022; Published: Apr. 15, 2022 

Published online at http://journal.sapub.org/ajmms 

In our studies, a high incidence of anemia of inflammation 

was established, where the percentage representation 

corresponded to 95.6%, of which in 60.7% of cases the 

course of anemia was designated as refractory (tolerance to 

ferro therapy), the cause of which was iron overload of the 

body. It is important to note that the IOS in children is 

formed slowly and depends on the duration of the disease. 

Therefore, in patients with liver pathology, it is impossible to 

be absolutely sure that there is no excessive accumulation of 

iron even when transferrin is saturated with iron <45% 

[11,12,13,14,30]. Considering from the standpoint of the 

development of IOS, the genetic factor HFE-transmembrane 

protein, which belongs to the family of the main 

histocompatibility complex of class 1, responsible for 

limiting iron absorption in the intestine, is of great 

importance [15,16,17,29].  

The priority of the HFE gene in iron homeostasis is 

confirmed by a mutation of this protein (C282U, H63D and 

S65C), which leads to severe iron overload of the body and 

hemochromatosis due to the unlimited interaction of 
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transferrin with its receptor and the constant accumulation of 

iron in tissues [18,19,20,21].  

The presence of a combination of factors in patients with 

liver pathology: violation of synthetic liver function, carriage 

of minor (heterozygous) mutations of the HFE gene allows 

us to assess the risk of secondary IOS formation as high 

[21,22,23]. In evidence of this, the results of other scientists 

showed that in patients with rapid progression of liver 

fibrosis, the frequency of mutation of the HFE gene reached 

up to 64.2% [24,25]. At the same time, this problem has   

not been studied in children with CHB, where the results   

of mutation of the HFE gene may manifest themselves 

ambiguously in different conditions and populations, which 

requires study.  

2. Aim of the Study 

In this regard, the aim of the study was to establish the 

frequency and clinical significance of mutant variations   

of the HFE gene polymorphism in chronic hepatitis B in 

children with iron overload syndrome. 

3. Materials and Methods 

60 children with chronic hepatitis B with iron overload 

syndrome aged from 4 to 18 years were examined. Of these, 

76.8% are boys, 23.2% are girls. The diagnosis of CHB was 

established on the basis of anamnestic, clinical, laboratory 

and instrumental studies in accordance with the criteria for 

diagnosing the degree of activity of the pathological process 

in the liver in children [26,30].  

When diagnosing iron overload syndrome, the Algorithm 

for the Differential Diagnosis of Inflammatory Anemia in 

Children with CHB was also used [27,31]. The transferrin 

saturation coefficient (TSC) was calculated using the 

formula TSC= sTfR/log10. Ft. When distributing children 

into groups, the developed criteria for assessing the degree of 

IOS in children with CHB were taken into account: TSC>0.5 

- mild degree of IOS (43.3% of children), TSC<0.5 - 

moderate degree of IOS (31.7% of children) and TSC<0.2 - 

severe degree of IOS (25.0%). The control group consisted 

of 30 practically healthy children. 

Virological verification was carried out based on the 

detection of HBsAg, HBsAb, HBeAg, HBeAb, HCVAb, 

HDVAb by the ELISA method using "HUMAN" kits 

(Germany) on the "MULTISKAN FC" device. A blood test 

for the detection of HBV-DNA was performed by PCR with 

hybridization-fluorescence detection in "real time" mode on 

the BIO-RAD iQ5 amplifier (USA) using the sets "HBV-FL, 

HCV-FL, HDV-FL AmpliCensR" (Russia) in the clinical 

and experimental laboratory of the RSSPMC Pediatrics.  

The ELISA method was used to determine: sTfR (soluble 

transferrin receptors), FR (ferritin) in blood serum using 

Accu Bing ELISA Microwells (USA) kits. The transferrin 

saturation coefficient (TSC) was calculated using the 

formula sTfR/Log ferritin. Real-Time PCR and molecular 

genetic analysis were used to detect mutations of C282Y, 

H63D, S65C of the HFE gene from amplified DNA using a 

set of reagents "PRONTO Hemochromatosis" (Israel).  

Statistical data processing was carried out by the method 

of variational statistics using an Excel program and 

calculating the Student's t-test. 

4. Results and Discussion 

The molecular genetic analysis made it possible to 

exclude the hereditary nature and confirm the secondary 

nature of IOS in children with CHB. No homozygous point 

mutations of the C282Y HFE gene have been identified in 

any case, where C282Y leads to the replacement of cysteine 

with tyrosine, making it impossible to form a disulfide bond 

by altering protein folding [12,13]. The study of the HFE 

gene showed (Table 1) that the majority (84.0%) of children 

with CHB with IOS were carriers of heterozygous, 

phenotypically different, mutant types (p<0.001 to control). 

Table 1.  Frequency of HFE genotypes in children with CHB with IOS 

Contingent 

Genotype HFE 

Mutant type 

heterozygous 

Wild type 

homozygous 

Children with CHB 84,0±5,1% * 16,0±5,1% * 

Practically healthy children 6,2±6,0% 93,8±6,0% 

Note: The reliability of the differences * - to the control group (p<0.001). 

And only 16.0% of the sick children were homozygotes 

of the wild (normal) type of HFE. In the group of 

practically healthy children, the reverse pattern was 

observed – 93.8% had homozygous wild type HFE and only 

one child (6.2%) had heterozygous mutation S65C. Our 

data coincided with the literature data, where the frequency 

of isolated heterozygous mutations of S65C varies within 

5.6%-10.4% of cases and is not a basis for the diagnosis of 

hemachromatosis [16,17]. 

Analysis of the phenotypic polymorphism of the HFE 

gene (Fig. 1) the presence of three heterozygous mutations 

in children with CHB with IOS was revealed: H63D 

(33.3%), S65C (28.6%) and combined variations of 

H63D/S65C (32.0%). 

 

Figure 1.  Phenotypic polymorphism of the HFE gene in children with 

CHB with IOS 
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activity of CHB in children (Table 2). Thus, only two 

variations of heterozygous mutations were found in children 

with moderate CHB activity: H63D (15.3%) and S65C 

(46.1%). The combined genotype H63D/S65C was not 

detected in any case. In contrast, the combined heterozygous 

type H63D/S65C (61.5%) and heterozygous H63D (38.4%) 

type of point mutation were often registered in children with 

pronounced disease activity, which was significant for the 

group of children with moderate activity (p<0.05). 

Along with this, the analysis of the frequency of 

occurrence of mutations of the HFE gene depending on the 

severity of the course of IOS confirmed the fact of the 

association of the severity of the course of the disease with 

the H63D/S65C mutation, where in children with CHB with 

severe IOS, its occurrence was noted in 100% of cases 

(p<0.001). All phenotypic manifestations of HFE gene 

mutations were recorded in children with moderate severity 

of IOS: H63D-47.0%, H63D/S65C-26.0% and S65C-17.6%. 

On the contrary, in the group of children with a mild degree, 

the characteristic variant was the phenotype of the S65C 

mutation (39.1%), the relatively rare phenotype of H63D 

(26.0%) and the absence of detection of the complex 

H63D/S65C phenotype. 

The comparability of heterozygous H63D mutations and 

complex H63D/S65C mutations with pronounced forms of 

CHB and severe IOS in children allows us to consider these 

phenotypes of the HFE gene as factors of disease progression 

[18,28,29]. 

The analysis of the clinical course of CHB in children  

(Fig. 2) against the background of IOS also established the 

dependence on the carrier genotypes of the HFE gene. The 

most severe course of the disease with a high incidence of 

progressive forms (61.9%) and a persistent predominance  

of asthenovegetative (100%) in the form of complaints    

of fatigue, weakness, sleep disorders and headaches; 

hemorrhagic (81.2%) in the form of nosebleeds, bleeding 

gums and ecchymosis; cholestatic (78.1%) in the form     

of ictericity of the sclera and skin and pronounced 

hepatosplenomegaly (100%) was observed in children with a 

complex H63D/S65C mutation (p<0.05 - 0.001 to the groups 

of children with H64D and S65C mutations).  

Table 2.  The frequency of HFE genotypes in children depending on the activity of CHB 

Moderate n=24 Expressed n=26 

Mutations of the HFE gene n=16 (66,6%) Mutations of the HFE gene n=26 (100%) 

H63D 

n=4 

S65C 

n=12 

H63D/S65C 

n=0 

H63D 

n=10 

S65C 

n=0 

H63D/S65C 

n=16 

15,3±7,3% 46,1±10,1% - 0,0±0,0% 38,4±7,5% - 0,0±0,0%* 61,5±9,5%* 

Note: The reliability of the differences * - to the control group (p<0.001). 

Table 3.  Distribution of HFE gene phenotypes depending on the degree of IOS in children with CHB 

Easy 

TSC>0,5 

n=26(I) 

Medium 

TSC<0,5 

n=19 (II) 

Severe 

TSC<0,2 

n=15 (III) 

H63D 

 

S65C 

 

H63D/ 

S65C 
H63D S65C 

H63D/ 

S65C 
H63D 

S65C 

 

H63D/ 

S65C 

26±9,1 39,1±10,1 0,0±0,0 а 47,0±10,6с 17,6±9,2 26,0±10,1с 0,0±0,0 b 0,0±0,0 b 100±0,0 b 

Note: The reliability of differences * - between groups of mutations of the same name: 

a-I and II; b-I and III; c-II-III groups (p<0.05-0.001). 

 

Notes: - 
a
-I-II; 

b
-I-III; 

c
-II-III - the significance of differences between groups of children H63D/S65C, H63D and S65C (p<0.05-0.001).

 

Figure 2.  Clinical syndromes of CHB depending on the degree of IOS in children 
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Note - 
a, b, c

 - the reliability of differences between the studied groups 
a
 - I/II; 

b
- I/III; 

c
 - II/III (p<0.05-0.01). 

Figure 3.  Marker profile of CHB in children with IOS depending on HFE phenotypes, % 

 

In the course of the study, we were able to identify 

conditionally specific symptoms characteristic of IOS, 

which prevailed in children depending on the severity of 

IOS. Thus, in children with combined heterozygous type 

H63D/S65C, such complaints as frequent palpitations 

(75.0%), orthostatic dizziness and the appearance of "flies" 

before the eyes (85.7%), abnormal taste changes in the form 

of picacism (50.0%), pagophagia (43.7%), and addiction to 

unpleasant odors (56.3%) dominated (p<0.005). As well as 

symptoms of epithelial syndrome in the form of fragility 

(81.2%), nail acrocyanosis (85.7%) and hair loss (68.7%). 

The leading biochemical indicators of liver dysfunction in 

children with a complex H63D/S65C mutation were such 

syndromes as cytolytic (100%) with the development of 

prolonged hyperfermentemia (75.0%), cholestatic (62.5%) 

and mesenchymal-inflammatory (68.8%), p<0.05-0.001 to 

groups of children with H63D and S65C mutations.  

Dynamics of the marker profile of CHB (Fig. 3) testified 

to the most pronounced viral aggression of CHB in children 

with a combined H63D/S65C mutation, where the frequency 

of HBV-DNA was 100% with a quantitative indicator 

(2*106 IU/ml -2*107 IU/ml). In the second place were 

patients with H63D mutation with a frequency of HBV-DNA 

in 64.3% of cases and a viral load of 2*105 IU/ml and in the 

last place - S65C mutations (16.7%) with viremia below 

2*102 IU/ml (p<0.05-0.001 between groups). At the same 

time, HBeAg, a marker of virus virulence, was detected in 

the majority (87.5%) of children with a combined 

H63D/S65C mutation. 

Thus, children with CHB with IOS are characterized    

by a high incidence of heterozygous mutations of the HFE 

gene, the phenotypic manifestation of which were S65C, 

H63D, H63D/S65C. The comparability of heterozygous 

combinations of the H63D/S65C mutation with pronounced 

forms of CHB and severe IOS characterizes the 

interdependence of the severity of pathological processes in 

the liver with molecular genetic mechanisms that determine 

the nature of the course of the disease. 

5. Conclusions 

1.  For children with CHB with IOS, the analysis of the 

phenotypic polymorphism of the HFE gene revealed 

the presence of three point heterozygous mutations: 

H63D, S65C and combined variations of H63D/S65C. 

The comparability of heterozygous combined 

H63D/S65C mutations of the HFE gene with 

pronounced forms of CHB and severe IOS gives 

reason to consider this phenotype of the HFE gene as 

a factor of disease progression. 

2.  In children with CHB with IOS, the replicative phase 

of HBV viral infection depends on the carrier of the 

HFE phenotype, where the most pronounced viral 

aggression is observed with a combined H63D/S65C 

mutation with a high viral load of HBV-DNA and 

high persistence of HBeAg. 

3.  The features of the clinical course of CHB with   

IOS in children with a complex H63D/S65C  

mutation of the HFE gene are the prevalence of 

pronounced and progressive forms of the disease  

with a persistent predominance of syndromes: 

asthenovegetative, hemorrhagic, cholestatic and 

pronounced hepatosplenomegaly. Such conditionally 

specific symptoms as orthostatic vertigo and 

epithelial syndrome are informative in the diagnosis 

of IOS in children with CHB. At the same time, the 

leading biochemical indicators of liver dysfunction in 

children with a complex H63D/S65C mutation were 

such syndromes as cytolytic with the development  

of prolonged hyperfermentemia, cholestatic and 

mesenchymal inflammatory. 
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