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SUMMARY. Occult hepatitis B infection is characterized by

the presence of hepatitis B virus (HBV) DNA in the serum

in the absence of hepatitis B surface antigen (HBsAg).

Prevalence of hepatitis C virus (HCV) infections in Egypt is

among the highest in the world. In this study, we aim at

analysing the rates of occult HBV infections among HCV

paediatric cancer patients in Egypt. The prevalence of

occult HBV was assessed in two groups of paediatric can-

cer patients (HCV positive and HCV negative), in addition

to a third group of paediatric noncancer patients, which

was used as a general control. All groups were negative

for HBsAg and positive for HCV antibody. HBV DNA was

detected by nested PCR and real-time PCR. HCV was

detected by real-time PCR. Sequencing was carried out in

order to determine HBV genotypes to all HBV patients as

well as to detect any mutation that might be responsible

for the occult phenotype. Occult hepatitis B infection was

observed in neither the non-HCV paediatric cancer patients

nor the paediatric noncancer patients but was found in

31% of the HCV-positive paediatric cancer patients. All the

detected HBV patients belonged to HBV genotype D, and

mutations were found in the surface genome of HBV lead-

ing to occult HBV. Occult HBV infection seems to be rela-

tively frequent in HCV-positive paediatric cancer patients,

indicating that HBsAg negativity is not sufficient to com-

pletely exclude HBV infection. These findings emphasize

the importance of considering occult HBV infection in

HCV-positive paediatric cancer patients especially in ende-

mic areas as Egypt.

Keywords: cancer, Egypt, HBV, HCV, occult HBV,

paediatric.

INTRODUCTION

Hepatitis B virus (HBV) and hepatitis C virus (HCV) are the

major causes of chronic liver diseases worldwide, particu-

larly cirrhosis and hepatocellular carcinoma (HCC) [1].

About two billion people globally have been infected with

HBV, of whom more than 350 million are chronically

infected with HCV [2,3]. Hepatitis B virus infection ranges

from an asymptomatic state to an active stage of chronic

hepatitis B (CHB), leading to cirrhosis and HCC [4]. HBV-

related end-stage liver disease is responsible for over 0.5–1

million deaths annually and currently denotes to 5–10% of

liver transplantation cases [5].

Nearly two to three million Egyptians are chronic carri-

ers of HBV [6], but a decline in HBV incidence in Egyptian

children is expected as 90% immunization coverage has

been achieved [7]. On the other hand, eight to 10 million

people among a population of 85 million Egyptians have

been exposed to HCV, and five to seven million have active

infections [8]. As HBV and HCV have similar transmission

routes, dual infection may take place [9]. Hepatitis B virus

and HCV coinfection may be associated with a more severe

clinical presentation [10,11]. In most developing countries,

the detection of hepatitis B virus surface antigen (HBsAg)

in serum continues to be the foundation of diagnosis for

the chronic HBV infection and screening for HBV [12].

Occult HBV (OBI) infection is a term used to describe HBV

infection categorized by the existence of the HBV DNA in

the absence of detectable HBsAg.

The gold-standard test for detection of OBI is the amplifi-

cation of HBV DNA [13]. Currently, the optimal standard

for diagnosis is the analysis of HBV DNA extracts from
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plasma performed by real-time and nested polymerase

chain reaction (PCR) techniques [14].

In HBV, the core protein is coded for by gene C (HBcAg),

the DNA polymerase is encoded by gene P and gene S is

the gene that codes for the surface antigen (HBsAg) [15].

The HBV nonstructural X protein (HBx) is considered as

the key regulatory protein of the virus that is at the inter-

section of HBV infection, replication, pathogenesis and pos-

sibly carcinogenesis [16].

The dominant epitopes of HBsAg, which are the targets

of neutralizing B-cell responses, reside in the ‘a’ determi-

nant which is a 2-loop structure that includes amino acids

124 to 147 within the major hydrophilic region (MHR)

[17,18]. Amino acid substitutions in the MHR can cause

reduced binding of anti-HBs antibodies, resulting in

immune escape and consequently OBI [19].

Sequence analysis identified mutations in the surface

gene, core gene and polymerase gene of occult HBV ge-

nomes from patients with chronic liver diseases [20]. Other

studies identified mutations in the X gene which reduced

viral replication in occult HBV OBI cases with chronic hep-

atitis [21]. OBI has also been reported in patients with

nonalcoholic steatohepatitis (NASH) [22] and autoimmune

hepatitis [23].

In this study, we monitor occult HBV infections in paedi-

atric cancer patients who are HCV positive, with the aim

of placing an emphasis upon the possible occurrence of

occult HBV infection associated with HCV in endemic

countries as Egypt.

MATERIALS AND METHODS

Statement of ethical approval

All experiments, involving any samples taken from person-

nel and done in this study, were carried out in accordance

and approval of the Ethical Committee at Cairo University,

Cairo, Egypt. In addition, all children who contributed any

samples did this according to a written informed consent,

from their parents or guardian.

Study design and population

This study was conducted during the period from Septem-

ber 2011 to January 2013 on two groups of 289 patients

each (paediatric cancer and paediatric noncancer patients).

The first group with cancer was from the Children’s Cancer

Hospital (CCHE) and the National Cancer Institute (NCI),

both located in Cairo, Egypt. The second group (control

group) of noncancer paediatric patients was collected and

revised from (Imbaba Fevers Hospital) located in Giza (still

part of the greater Cairo metropolitan area), Egypt. For

both groups, inclusion criteria were age range of 7 month

to 16 years, negativity for HBsAg and presence of HCV

antibody (Ab).

Specimens

Blood samples were drawn from all enrolled patients; sera

were separated and stored at �20 °C. For all the studied

population, information about age, sex and cancer type

was collected. In addition, laboratory diagnosis for hepatitis

B and C was carried out: markers for HBV, hepatitis B sur-

face antigen (HBsAg), antibodies to hepatitis B surface

antigen (HbsAb), antibodies to hepatitis B core antigen

[anti-HBc] and antibodies to HCV were all tested using

AxSYM system (Abbot, Longford, Ireland) according to the

manufacturer’s instructions. Liver function tests such as

serum aspartate aminotransferase (AST), alanine amino-

transferase (ALT), alkaline phosphatase and bilirubin were

also carried out using Synchron CX9 Pro (Beckman, Pasa-

dena, CA, USA). White blood cell level was estimated using

coulter LH750 Analyzer (Beckman).

Nucleic acid extraction

DNA/RNA was extracted from the serum using Ribo virus

Extraction Kit (Sacace, Como, Italy) and RTP Virus Mini

Kit (Stratec Molecular, Berlin, Germany) using 150 lL
of the patient serum following the manufacturer’s

instructions.

Real-time reverse transcription PCR for HCV

Hepatitis C virus RNA was initially determined in all sam-

ples using real-time PCR (Hangzhou Bioer Technology,

Zhejiang, China). The volumes per tube were 25 lL RT-

PCR mix, 2.5 lL Mn2+ and 2.5 lL probe mix. Solutions

were mixed and 30 lL was pipetted into the corresponding

real-time PCR tubes. To each tube, 20 lL of the corre-

sponding HCV RNA templates (specimen, controls) and

20 lL of the four standard controls (1–4) were added, and

tubes were capped and centrifuged at 3000 rpm for 5 s.

Detection of occult HBV DNA by nested PCR

All positive samples, regardless of their viral load levels,

were selected for nested PCR using three primers sets

(Table 1) specific for surface, core and X viral genomic

regions as previously described by Kazemi et al. [24].

The first round of the nested PCR was performed using

Dream Taq Green PCR Master Mix (Fermentas, Thermo

Scientific, St. Leon-Rot, Germany) and the outer primers.

Components for each 50 lL reaction included: DreamT-

aqTM Green PCR Master Mix (2x): 25 lL, forward primer:

10 pmole, reverse primer: 10 pmole, template DNA: 1 ng

and nuclease-free water: 50 lL. Samples were gently vor-

texed and spun down. PCR was performed using the rec-

ommended thermal cycling conditions as follows: initial

denaturation at 95 °C for 5 min, followed by 40 cycles of

denaturation at 94 °C for 1 min, annealing at 55 °C for

1 min and automated fluorescent extension at 72 °C for

© 2014 John Wiley & Sons Ltd
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2 min/kbp followed by a final extension at 72 °C for 5–

15 min. The second round of nested PCR was conducted

by transferring 2 lL of the first PCR product to a second

PCR tube containing the inner primers (Table 1), and the

cycles were repeated.

Real-time PCR for HBV

All the reagents (Hangzhou Bioer Technology Co.) were

centrifuged for a few seconds before preparing PCR

reagents. PCR reagents were prepared per test as follows:

37.7 lL HBV PCR solution, 0.3 lL Taq polymerase and

0.1 lL UDG. After mixing, the PCR reagents were aliquot-

ed into 0.2-mL PCR tubes as 38 lL per tube, the extracted

samples, controls and references were added as per 2 lL
each into PCR tubes above. Thermal cycler profile was set

as follows:

Thirty-seven degree Celsius: 5 min, 94 °C: 2 min, 95 °C:
5 s, 60 °C: 40 s, 40 cycles and 30 °C: on hold in (CFX96;

BioRad, Hercules, CA, USA). The channel of instrument for

testing was selected and (FAM) dye F1 channels were cho-

sen when collecting fluorescence signals and set fluores-

cence signals at 60 °C and before running, the FAM

background was adjusted again to be between 10 and 20.

Sequence analysis of PCR products

DNA sequencing was carried out on PCR products using

the same HBV DNA-specific primers. PCR products were

purified using (QIAquick Purification Kit; Fermentas/

Thermo Scientific, Pittsburgh, PA, USA). Cycle sequencing

PCR was performed as described by Cuchacovich et al. [25]

using Big Dye Terminator v3.1 cycle sequencing kit and

Centri-SepTM spin columns (Applied Biosystems, Foster City,

CA, USA) for purification of cycle sequencing products.

Sample electrophoresis was then carried out using auto-

mated sequencer ABI PRISM 310 Genetic Analyzer

(Applied Biosystems), followed by sequencing analysis by

specific analysis software. Comparative data analysis was

also performed by Basic Local Alignment Search Tool

(BLAST application) to generate alignments between the

PCR nucleotide sequences and nucleotide sequences within

the National Center for Biotechnology Information (NCBI)

database to determine the viral genotype.

Statistical analysis

Data were analysed using IBM SPSS advanced statistics

version 20 (SPSS Inc., Chicago, IL, USA). Numerical data

were expressed as mean, standard deviation and range.

Qualitative data were expressed as frequency and percent-

age. Chi-square test (Fisher’s exact test) was used to exam-

ine the relation between qualitative variables. For

quantitative data, comparison between two groups was

carried out using Student’s t-test. A P-value <0.05 was

considered significant.

RESULTS

Of the 289 paediatric cancer patients enrolled in the pres-

ent study, 193 were men and 96 were women, and among

the 289 noncancer patients, 157 were men and 132 were

women. The mean age within the cancer group was

7.8 � 4.7 years and within the noncancer group (control

group) was 8.6 � 4.5 years.

Detection of HCV infection and its levels among
paediatric patients

Hepatitis C virus quantitative real-time PCR was carried

out to all the studied populations. It was found that in the

caner group, 50 of the 289 patients were HCV positive,

and among the noncancer patients, only three patients

Table 1 Sequences of primer pairs used for HBV PCR detection

Gene Primer sequence Nucleotide position

Core gene C1s: 50CTGGGAGGAGTTGGGGGA30 (1730–1747) (outer)
C2a: 50GTAGAAGAATAAAGCCC30 (2503–2487) (outer)
C3s: 50GGTCTTTGTACTCGGAGGCTG30 (1763–1783) (inner)
C4a: 50ATACTAACATTGACATTCCC30 (2455–2436) (inner)

Surface gene S-1s:50AGAACATCGCATCAGGACTC30 (159–178) (outer)
S-2a: 50CATAGGTATCTTGCGAAAGC30 (642–623) (outer)
S-3s: 50AGGACCCCTGCTCGTGTTAC30 (181–200) (inner)
S-4a: 50AGATGATGGGATGGGAATAC30 (619–600) (inner)

X gene X1s: 50CTAGCCGCTTGTTTTGCTCG30 (1282–1301) (outer)
X2a: 50TTATGCCTACAGCCTCCTAG30 (1666–1647) (outer)
X3s:50GGTCTTACATAAGAGGACTC30 (1518–1537) (inner)
X4a: 50GTTCACGGTGGTCTCCAT30 (1625–1600) (inner)

s: sense; a: antisense.

© 2014 John Wiley & Sons Ltd
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were HCV positive, which indicates that HCV infections are

more prevalent among cancer patients (P-value < 0.01;

Table 2). Quantitative real-time PCR was performed on all

cancer patients to detect HCV levels, and it was found that

of the 50 HCV-positive paediatric cancer patients, 13

patients had low viral load, six patients had a moderate

viral load and 31 patients had a high viral load.

Detection of occult HBV in HCV and non-HCV cancer
patients

Hepatitis B virus DNA PCR was performed by nested PCR

using three primer sets specific for surface, core and X viral

genomic regions (Fig. 1). It was found that among the 50

cancer patients who were HCV positive, 16 patients of the

50 (32%) were HBV positive (Fig. 2).

In order to test the relationship between occult HBV and

HCV, 50 patients from the cancer group who were HCV

negative and matched for sex and age with the HCV-posi-

tive group, were chosen to be tested for HBV. Among these

50 HCV-negative cancer patients, none had HBV DNA.

This result shows a potential association between HCV and

occult HBV among paediatric cancer patients.

According to the cancer type, there was an observed

prevalence of occult HBV DNA in HCV-positive paediatric

patient with acute lymphocytic leukaemia as a total of

eight of 16 (50%) of these children had HBV DNA in their

serum. Tables 3 and 4 show the biochemical, serological

and molecular parameters as well as the cancer types asso-

ciated with the 16 patients who tested positive for HBV

DNA.

DNA sequencing of positive HBV DNA amplified PCR
products

DNA sequencing of the positive PCR products for the sur-

face genome and the core genome was carried out for

eight and five samples, respectively, using the same HBV

DNA-specific primers (forward and reverse), and sequence

alignments were carried out to detect any mutations at the

core genome or the surface genome and to determine the

genotype of HBV.

Out of the sequenced samples with occult HBV, two

patients have retrievable hepatitis B DNA at the surface

genome. There was a point mutation at the surface gen-

ome in patient number 23, at nucleotide 145 (C145T) of

the surface region converting lycine (L) to phenyl alanine

(F) at position 49 (L49F), also in patient number 26, a

deletion at position (A401) was found leading to a frame

shift in the amino acid sequences converting tyrosine (Y)

to phenyl alanine (F) at position 134 (Y134F) (‘a’ determi-

nant region), and consequently, all the following amino

acids were different from the wild-type sequence. These

changes may be responsible for occult HBV. On the other

hand, there was a silent mutation at the surface gene in

patient number 32 at position 475 (A475C) resulting in

no change at the corresponding amino acids. Same patient

(number 32) showed silent mutations in the core gene at

the nucleotides 2050 (T2050C), 2269 (G2269A) and

Table 2 HCV infection incidence among cancer and

noncancer patients

Cancer

patients

Noncancer

patients

P-valueNo. % No. %.

HCV

+ve 50 17.3 3 1.0 *<0.001
�ve 239 82.7 286 99.0

Total 289 289

*P < 0.001 (Highly significant).

Fig. 1 DNA amplification by PCR using conserved nature

of nucleotides sequences in core and surface regions. Lane

1 is the ladder marker, lane 2 represents a positive case for

surface genome (400 bp) and lane 3 represents a positive

case for core genome (800 bp) band.

Fig. 2 Presence of core genome, surface genome and x

genome among HCV-HBV paediatric cancer patients.

© 2014 John Wiley & Sons Ltd
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2370 (A2370G) resulting in no change at the correspond-

ing amino acids. There was also a silent mutation with

patient 27 in the surface genome at nucleotide 71 (C71A)

with no change at the corresponding amino acids.

All HBV patients in this study were infected with HBV D

genotype.

DISCUSSION

Egypt has one of the world’s highest prevalence rates of

hepatitis C. Because it is common for hepatitis C patients

to have dual infection with hepatitis B, we find it essential

to monitor the existence of occult HBV infection in various

Table 3 Biochemical parameters and cancer types associated with the occult HBV cases

Patient

number Sex Age

ALT

(SGPT)

(7–40)
IU/L

AST

(SGOT)

(7–37)
IU/L

ALP

(ALKP)

(45–122)
IU/L

Bilirubin

total

(0.3–1.2)
mg/dL

Bilirubin

Direct

(0–0.2)
mg/dL

WBC’S

(4–11)*103/lL Cancer type

3 M 13 47 34 108 0.8 0.2 10.8 Acute lymphocytic leukaemia

12 F 5 120 240 89 0.6 0.1 8.2 Neuroblastoma

23 M 11 265 190 321 0.3 0.16 7.24 Acute lymphocytic leukaemia

24 M 9 179 173 622 0.7 0.16 2.56 Acute lymphocytic leukaemia

26 M 8 130 170 155 0.6 0.2 5 Wilms’ tumour

27 F 10 40 45 40 0.4 0.2 3.2 Neuroblastoma

28 F 12 87 60 323 0.4 0.2 6.62 Acute lymphocytic leukaemia

29 F 6 63 50 317 0.4 0.2 6.88 Acute lymphocytic leukaemia

32 F 4 210 127 110 1.3 0.02 4.46 Acute lymphocytic leukaemia

33 F 9 613 272 144 1.2 0.32 1.45 Acute lymphocytic leukaemia

36 M 16 87 54 69 1.2 0.17 8.53 Non-Hodgkin’s lymphoma

37 M 9 21 25 231 0.5 0.17 3.73 Hodgkin’s lymphoma

38 F 4 830 327 120 2.4 1.14 4.39 Wilms’ tumour

40 M 12 77 58 294 0.2 0.13 3.65 Acute lymphocytic leukaemia

41 M 7 20 25 220 0.4 0.16 3.5 Hodgkin’s lymphoma

42 M 13 370 173 104 0.7 0.16 6.7 Wilms’ tumour

Table 4 HCV and HBV Viral levels, molecular and serological parameters associated with the occult HBV cases

Patient number

HCV

copies*103/mL

HBV

copies*103/mL

HBV

nested PCR

HBc-Ab HBs-AbCore Surface X

3 21.5 7.5 � + � + +
12 14 000 2.1 + � � � �
23 4.27 8.69 + + � � +
24 1270 27 + � � � �
26 8.7 396 � + � + +
27 291 8.77 + + � + �
28 600 1.49 + + � + �
29 445 0.562 + + � � �
32 35 0.769 + + � � +
33 895 12.6 + � � � �
36 492 8.15 + + + � �
37 0.580 1.22 + + � � �
38 4.482 13.4 + + � + �
40 0.380 14.3 + + � � �
41 2.7 1.22 + + � � �
42 360 1.1 + � � � +

© 2014 John Wiley & Sons Ltd
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segments of the Egyptian population. In this study, we

analyse the prevalence of occult HBV among paediatric

cancer patients who are also HCV positive.

Hepatitis B virus infection in Egypt shows higher preva-

lence among males, with a male/female ratio (9:1). In

addition, there is a high prevalence rate of negative variant

of HBeAg (produced by proteolytic processing of the pre-

core protein) and inactive HBsAg carrier states. HBeAg-

negative variant state accounts for more than 80% among

older age group (22–45 years). Undetectable HBsAg carri-

ers represent nearly 33% of CHB infection [18]. In many

cases, despite the serologic indication of circulating HBV

DNA, HBsAg is undetectable, representing occult hepatitis

B infection (OBI) [26,27].

As for the prevalence of occult HBV in the current study,

it was found that among HBsAg-negative HCV cancer

patients, there were 16 of 50 (31%) who had HBV DNA in

their serum (OBI), and no cases were detected among a

similar population of HCV-negative cancer patients as well

as among the noncancer HCV patients. In a previous

study, OBI prevalence in HCV patients was reported to be

28.1–50% in liver tissue [28–30] and 26.2–43.6% in

serum [31–33]. The study by Fang et al. [34] revealed that

28.3% of cryptogenic chronic liver disease patients and

70.4% of HBsAg-negative HCC patients were positive for

HBV DNA in serum. However, other reports documented

prevalence range for OBI from 6.7 to 14.8% among

chronic HCV patients [35,36], whereas in the study of

Roman et al. [37], OBI was detected in 14.2% of the native

population sample in Mexico. Moreover, De Matos et al.

[38] detected serum occult HBV DNA in 12.7% of injecting

drug users in Brazil.

In accordance with the study of Rossi et al. [39], which

detected OBI in 10% among patients with chronic lympho-

cytic leukaemia, OBI was found in this study to be more

frequent in patients with acute lymphoctic leukaemia

(ALL). This finding may be because ALL is the most com-

mon childhood cancer and has a peak incidence from age

2 to 4 years as reported previously [40]. OBI may be pre-

valent among paediatric leukaemic patients, because blood

transfusion for these patients is an obligatory therapeutic

regime which may cause transmission of hepatotropic

viruses as HCV and HBV.

As HBV and HCV have the same transmission routes,

dual infection may occur [9]. The role of this dual infection

in the pathogenesis of chronic liver disease is still contro-

versial [3,9,24,41].

In this study, among all the sixteen HBV-HCV cancer

patients, who were tested for HBc-Ab and HBs-Ab, only

five patients had HBc-Ab, five patients had HBs-Ab, while

only two patients were positive for both markers. This

means that HBc-Ab and HBs-Ab could not be always taken

as ideal markers for the detection of HBV DNA.

In our study, it was found that the majority of the HCV-

HBV cancer patients (68.8%) had low level of HBV DNA

(low viral load) due to suppression to both viruses; this

matches with what have been reported by previous studies

[25].

Our analyses revealed that there was a deletion at

position (A401) leading to a frame shift in the amino acid

sequences converting tyrosine (Y) to phenyl alanine (F) at

position 134 (Y134F) (‘a’ determinant region), and

consequently, the other amino acids beyond were changed

in a different pattern compared with the wild-type

sequence; this mutation might be leading to occult HBV

infection because it can produce structural modifications in

the S proteins, so that it is not recognized by current

HBsAg immunoassays leading to a false or underestimated

detection results. This result coincides with that found by

Cheng et al. [42]. As reported by Raimondo et al., a muta-

tion in the ‘a’ determinant of the surface antigen was one

of the earliest recognized mechanisms leading to occult

HBV infection. Also, mutations in HBsAg lead to conforma-

tional changes rendering the protein undetectable by some

of the commercially available HBsAg assays [19].

Carman et al. [17] reported the sG145R mutation in the

‘a’ determinant of HBsAg in a child who became infected

with HBV despite active and passive immunoprophylaxis. In

other studies, however, failure to detect HBsAg in OBI

patients was not fully explained by S gene mutations [43,44].

Mutations outside the surface protein may also affect the

HBV replication capacity; it is reported to be less ‘replication

fit’ in comparison with the wild-type virus [45,46].

According to another study [47], the inability of some

but not all commercial assays to detect HBsAg from sam-

ples could be attributed to mutations in the ‘a’ determi-

nant. The emergence of ‘a’ determinant mutants is a

serious health concern not only because they are not

detectable by some commercial HBsAg assays but also

because they can infect both unvaccinated and vaccinated

individuals [47].

Another mutation was found at the surface region of

one patient converting lycine (L) to phenyl alanine (F) at

position 49 (L49F); we suggest that mutation at this posi-

tion can be responsible for the occurrence of occult HBV.

So, we recommend testing for occult HBV at patient with

mutant surface antigen at this domain or region.

Our study showed that all of the occult HBV/HCV

patients studied were infected by the D genotype of HBV.

This result matches those obtained by Katsoulidou et al.

[48] and Van et al. [49] who showed that the D genotype

of HBV was prevalent in OBI patients from Greece, the

Netherlands and Turkey (Europe and the Mediterranean

region). Other HBV genotypes, including the C genotype,

was found in OBI patients from China [50–52], as well as

A genotype which has been identified in South Africa and

G genotype has been found in France [52–54]. In the

study of Hassan et al. [55], it was found that B or D geno-

type may influence the outcome of HBV infection, which

may lead to the development of HCC among Egyptian OBI

© 2014 John Wiley & Sons Ltd
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patients. Previous studies have confirmed that HBV geno-

type D is more common in the Mediterranean area, the

Middle East and India [53]. Consequently, it is not possible

to conclude that the D genotype is the only genotype found

in OBI. Clearly, other factors are to be considered and a

more comprehensive study is needed in this field [56].

Hepatitis B virus occult infections have been reported in

several clinical contexts, including (i) recovery from past

infection indicated by the presence of hepatitis B surface

antibody (anti-HBs); (ii) chronic hepatitis with surface gene

escape mutants that are not recognized by current assays;

(iii) chronic carriage without any marker of HBV infection

other than HBV DNA (referred to as ‘seronegative’); and

(iv) most commonly in endemic areas, chronic carriage

stage with HBsAg too low to be detected and recognized by

the presence of anti-HBc as the only serological marker

(referred to as ‘anti-HBc alone’ or ‘isolated anti-HBc’)[57].

Seropositive occult hepatitis B virus infection is character-

ized by the presence of anti-HBc and/or anti-HBs, while

neither anti-HBc nor anti-HBs is detected in seronegative

occult hepatitis B virus cases [19,58]. A good proportion of

blood donors with occult hepatitis B virus infection have

anti-HBc as the only serological marker of HBV infection

[48,59]. Blood donors with isolated anti-HBc status are

more infectious than those with low titres of anti-HBs [60].

CONCLUSION

We were able to detect occult HBV infection more fre-

quently in HCV positive than in HCV-negative paediatric

cancer patients or HCV paediatric noncancer patients. We

detected the presence of OBI more frequently in leukaemic

paediatric patients. HBsAg negativity is not sufficient to

completely exclude HBV DNA presence. The presence of

mutation in the ‘a’ determinant of the HBsAg genome con-

firmed previous finding that this determinant is highly

likely to contribute to antibody binding in addition to the

surface region where another mutation was found. Our

findings emphasize the importance of considering occult

HBV infection, through HBV DNA testing, in HCV-positive

paediatric cancer patients in endemic areas as Egypt.
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