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Occult hepatitis B virus among patients with chronic hepatitis

and hepatocellular carcinoma

Khodeir A. Naeima®®, Abd-El-Samae M. Eman®®, Aly R. Dina®®,

El-Moatassem M. Ola®®

Background Hepatitis B virus (HBV) infection is diagnosed
when the circulating HBV surface antigen (HBsAg) is
serologically detected. Occult HBV infection is defined as the
infection state negative for HBsAg serology, but it has shown
viral genome persistence in infected individuals. The aim of
the study is to determine the prevalence of occult HBV among
patients with chronic hepatitis negative to HBsAg in the
presence or absence of hepatitis C virus (HCV) infection.

Patients and methods This study was conducted on a total
number of 55 patients with chronic hepatitis (liver cirrhosis in
44 cases, nonalcoholic fatty liver in six cases) and
hepatocellular carcinoma in five cases. All studied cases were
subjected to routine liver function tests, HBsAg, HBsAD,
hepatitis ¢ virus immunoglobulin G (HbclgG), a-fetoprotein,
HCV RNA, and HBV DNA detection.

Result All cases were negative to HBsAg and HBsADb in the
presence or absence of HCV infection. HBV DNA detection by
real-time RT-PCR confirmed the positivity of HBV infection
[occult hepatitis b infection (OBI)] in two (4.5%) out of 44
cases of cirrhotic liver and represented 3.6% of the total cases
studied with a viral DNA of 116 and 159 copies/ml,
respectively. One case of OBl had a high level of a-fetoprotein
(392 lu/ml) and the second case had high copies of HCV RNA
127 000 copies/ml, that is coinfection. HbclgG was positive in

Introduction

Hepatitis B virus (HBV) infection is a global health
problem, and more than 400 million people worldwide
are chronic carriers of the virus, where Egypt is
considered as an area of intermediate endemicity [1].
The infection is associated with a large spectrum of
clinical manifestations ranging from acute or fulminant
hepatitis to various forms of chronic infection,
including asymptomatic carriers, chronic hepatitis,
cirrhosis, and hepatocellular carcinoma (Said ez al.,
2013; [2,3]).

In general, HBV infection is diagnosed when the
circulating  HBV  surface antigen (HBsAg) is
serologically detected [4]. Occult HBV infection is
manifested by the presence of very low levels (<200
1U/ml) of HBV DNA in the blood and the liver while
exhibiting undetectable HBsAg (Martinez ez al., [5]).
It is important to detect high-risk groups for occult
HBYV infection to prevent transmission. The detection
of viral DNA reservoir in hepatocytes provides the best
evaluation of occult HBV prevalence in a defined set of
patients. However, this diagnostic approach is
obviously unsuitable; blood detection of occult

31.8% in cirrhotic patients (including one out of the two
positive OBI). HCV RNA was negative in 100.0% of
nonalcoholic fatty liver, positive in 39 (one was positive OBI)
cases with cirrhosis with a median value of 45 000 copies and
in four out of the five hepatocellular carcinoma cases with a
median value of 1.85E+08. This is statistically significant
(P=0.01). We come to the conclusion that occult HBV do exist
in our community. The diagnosis of OBI should be based on
high sensitivity of HBsAg and HBV DNA testing.
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hepatitis B requires assays of the highest sensitivity
and specificity with a lower limit of detection less than
10 IU/ml for HBV DNA and less than 0.1 ng/ml for
HBsAg (Ocana et al., [6]).

Occult hepatitis B is an independent risk factor in
hepatocellular carcinoma (HCC) development in
anti-hepatitis C virus (HCV)-negative patients. A
synergistic or additive role in the occurrence of
HCC in HCV-coinfected patients is more
problematic due to the HCC risk attributable to
HCV alone, especially in patients with advanced
fibrosis and cirrhosis [7].

On the other hand, patients with chronic hepatitis C,
patients with cryptogenetic liver disease, and patients
undergoing hemodialysis, and immunosuppressed
patients, must be investigated for occult hepatitis b
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infection (OBI) because of its possible influence on the
development of these diseases (Ocana ez al., [6]).

Mutation of HBsAg are known to contribute to HBV
occult infections via the reduction of virion secretion
[8,9]. So other reports have highlighted the importance
of ‘a’ determinant mutations such as G145R as a major
mechanism underlying occult infection [4].

Patients and methods

Ethical consideration: the purpose, nature and
potential risk of the study will be explained to all
patients. This study was conducted on a total
number of 55 patients with chronic hepatitis (liver
cirrhosis in 44 cases, nonalcoholic fatty liver in six
cases) and hepatocellular carcinoma in five cases:

(1) All studied cases were subjected to routine liver
function tests hepatitis ¢ virus immunoglobulin G
(HbclgG) HBsAg, HBsAb, and a-fetoprotein
(AFP) detection using Cobas e 411 device
(Roch, Germany) (using ELISA based on
electrochemiluminescence technology.

(2) HBV DNA extraction and PCR amplification
using real-time PCR (RT-PCR). Viral DNA
was extracted from serum using QIAamp Viral
DNA Mini Kit (Qiagen, Dusseldorf, Germany),
and then the extract was added to Brilliant QRT-
PCR 1-step Master Mix, which is based on
TagMan technology (Stratagene, La Jolla,

Figure 1

California, USA) and real-time RT-PCR was
done by Stratagene Mx3000P device.

(3) HCV RNA extraction and PCR amplification
were done using RT-PCR. Viral RNA was

extracted from serum using QIAamp Viral

DNA Mini Kit (Qiagen).

Results

This study was conducted on 55 patients with chronic
hepatitis (liver cirrhosis in 44 cases, nonalcoholic fatty
liver in six cases) and hepatocellular carcinoma in five
cases attending at El-Menoufia University and Ain
Shams hospitals.

(1) They were 38 men (32 cirrhotic cases including the
two positive OBI, five cases of HCC, one of
nonalcoholic fatty liver) and 17 women (12
cirrhotic cases and five of nonalcoholic fatty
liver). The median value of age ranged from
58.5 to 70 years.

(2) HBsAg, HBsAb were negative in all studied cases
(100.0%).

(3) HBV DNA detection by RT-PCR confirmed
positivity of HBV infection (OBI) in two that
represent 4.5% out of 44 cases with liver
cirrhosis 3.6% of the total cases studied and
confirmed negativity in 95.5% of cirrhotic
patients, and 96.4% of all cases studied as shown
in Fig. 1. The viral load was 116 copies/ml in one

95.50% 97.40%

4,507

HBV DNA and HCV RNA detection by

Real-time PCR
Ep.HBV EN.HBV mn.HCV mp.HCY

96.40% 97.70%

cirrhosis

total

Number and percent of patient with positive and negative OBI.




of them that was also positive for HCV, and was
159 copies/ml in the other positive case.

Results of liver function test, HBsAg, HBsAb,
HbclgG, HCV RNA, and AFP in the different
studied groups showed the following:

(1) Alanine aminotransferase (ALT), aspartate
aminotransferase (AST), and bilirubin median
values increased in the studied cases and their
marked increase was in HCC cases while the
hemoglobin level was decreased in HCC cases.

(2) AFP level was increased in 10 of cirrhotic cases
with a median serum value of 1860 IU/ml and in
the five HCC cases with a median value of 1000
IU/ml. The obtained previous results were
statistically insignificant (P>0.05) (Table 1).

(3) HCV RNA was negative in 100.0% of
nonalcoholic fatty liver. It was detected in 39 of
cirrhotic cases (88.6%) with a median value of
45 000 copies/ml. One case was positive OBI,
that is, coinfection with HBV; it represents 2.6%
of the total 39 positive HCV cirrhotic patients
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(4)

and 2.3% of the total positive HCV cases (Fig. 1).
It was also detected in four (80%) cases of HCC
patients with a median value of 1.85E+08. This
was statistically highly significant (P=0.01)
(Tables 1 and 2).

Hbec.IgG was negative in 100.0% in nonalcoholic
fatty liver patients and positive in 31.8% in
cirrhotic patients and in 40.0% HCC patients.
This was statistically insignificant (P=0.234)
(Table 3).

Comparing the result of routine liver function
tests, Hb, AFP, and HCV-PCR among positive
and negative OBI are shown in Table 4.

The obtained result revealed that the median value
of ALT, AST, and bilirubin was higher in positive.
OBI was statistically insignificant (P=0.857, 0.418,
0.2) subsequently. There was also no statistically
significant difference in hemoglobin level between
positive and negative OBI (P= 0.857).

Also AFP was high in one case and HCV RNA was
highin the other positive OBI cases (3921U/ml) and in
127 000 copies subsequently. But this was statistically
insignificant (P=0.102, 0.809) subsequently.

Table 1 Comparison of the results of liver function tests, hemoglobin, a-fetoprotein, and hepatitis C virus RNA in the studied cases

Median 25% 75% H P Significance
AST (1U/ml)
Cirrhosis (n=44) 83.5 63.5 128
HCC (n=5) 178 51.5 214
Nonalcoholic fatty liver (n=6) 72.5 63.5 108.75
0.996 0.608 NS
ALT (IU/ml)
Cirrhosis (n=44) 79 55.75 104.75
HCC (n=5) 120 51.5 137.5
Nonalcoholic fatty liver (n=6) 94.5 64 112.25
1.041 0.594 NS
Bilirubin (ml/dl)
Cirrhosis (n=44) 2.15 1.3 3.375
HCC (n=5) 3.9 0.8 4.2
Nonalcoholic fatty liver (n=6) 1.05 0.875 1.375
598.90% 0.05 NS
Hb (g/dl)
Cirrhosis (n=44) 10.6 9.4 11.65
HCC (n=5) 9.3 8.85 11.3
Nonalcoholic fatty liver (n=6) 10.95 9.825 11.55
1.19 0.552 NS
AFP (1U/ml)
Cirrhosis (n=10) 1860 879.5 6130.25
HCC (n=5) 1000 1000 50 500
0.137 0.711 NS
HCV RNA
Cirrhosis (n=39) 45 000 1700 530 000
HCC (n=4) 1.85E+08 1.45E+08 2.25E+08
6.72 0.01 S

AFP, o-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Hb, hemoglobin; HCC, hepatocellular carcinoma;

HCV, hepatitis C virus.
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Table 2 Comparison of the result of hepatitis C virus RNA in
the studied patients

Cirrhosis  HCC  Nonalcoholic fatty liver  Total
HCV-PCR

N

Count 5 1 6 12

% 11.4 20.0 100.0 21.8
P

Count 39 4 0 43

% 88.6 80.0 0.0 78.2
Total

Count 44 5 6 55

% 100.0 100.0 100.0 100.0

HCC, hepatocellular carcinoma; HCV, hepatitis C virus.

Table 3 Comparison of the result of HbclgG in the studied patients

Cirrhosis HCC  Nonalcoholic fatty liver  Total
HbclgG
N
Count 30 3 6 39
% 68.2 60.0 100.0 70.9
#9619;P
Count 14 2 0 16
% 31.8 40.0 0.0 29.1
Total
Count 44 5 6 55
% 100.0 100.0 100.0 100.0
Value P=0.234

HCC, hepatocellular carcinoma, HbclgG, hepatitis ¢ virus
immunoglobulin G.

Table 4 Comparison between negative and positive OBI as regards liver function tests, hemoglobin, a-fetoprotein, and hepatitis

C virus PCR among the studied cases

HBV-PCR n Median 25% 75% z P Significance
Age Negative 53 61 53 67
Positive 2 55.5 43 —-0.563 0.574 NS
AST (IU/ml) Negative 53 81 62.5 128
Positive 2 167.5 71 -0.809 0.418 NS
ALT (1U/ml) Negative 53 81 56.5 109
Positive 2 168.5 36 -0.18 0.857 NS
Bilirubin Negative 53 1.9 1.15 3.35
Positive 2 3.7 2.50 -1.28 0.2 NS
Hb (g/dl) Negative 53 10.6 9.35 11.50
Positive 2 10.4 8.50 -0.18 0.857 NS
AFP (1U/ml) Negative 14 1533 1000.00 6130.25
Positive (159 1U/ml) 1 392 392.00 392.00 -1.64 0.102 NS
HCV-PCR (copies/ml) Negative 42 68 500 3162.50 747 500.00
Positive (116 1U/ml) 1 127 000 127 000.00 127 000.00 -0.24 0.809 NS

AFP, o-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Hb, hemoglobin; HCC, hepatocellular carcinoma;

HCV, hepatitis C virus; OBI, occult hepatitis b infection.

Discussion

HBYV infection is a global health problem, and more
than 400 million people worldwide are chronic carriers
of the virus, where Egypt is considered as an area of
intermediate endemicity [1].

Occult hepatitis B infection is one of the most
challenging topics in the field of viral hepatitis.
Occult HBV infection is defined as the infection
state negative for HBsAg serology, but it has
shown viral genome persistence in infected

individuals [10].

A large body of evidence has demonstrated that HBV
occult infection is highly prevalent, particularly in
HBV endemic areas, and also it was reported in
healthy blood donors, in viral reactivation following
immunosuppression, and accidental transmission
through transplantation. In particular, it is
significantly related to severe forms of liver disease,
such as cirrhosis and as a risk factor in HCC [2,11].

Although the exact mechanism of occult HBV has not
been proved recently it is contributed to the persistent
synthesis of minute undetectable amounts of virus by
HBV covalently closed to circular DNA or other viral
transcript which maintains the HBV-specific memory

T-cell response [12].

The prevalence of OBI varies from region to region
worldwide (1-87%) [10]. This wvariability relies
on the sensitivity of HBV DNA detection assays,
the sample size, and the detection of HBV DNA in
liver tissue or serum [14]. It also relies on the
endemicity of HBV infection, geographical
variations, power of the study, and composition of

study population [15].

Occult HBV infection diagnosis is based on the
detection of HBV DNA when HBsAg is absent.
It is important to define the optimal methodology
to test this marker to prevent false positive results,

depending on the HBsAg assay sensitivity. The virus



can express many different viable HBsAg mutants
(the so-called escape mutants). Some mutants might
lead to a loss of detection in commercially available
HBsAg assays. The electrochemiluminescence
immunoassay HBsAg assay was especially
developed in order to detect a multitude of these
mutants. The cutoff sensitivity of this technique is
less than 0.1 IU/ml. The 1 IU is equivalent to 0.43 ng
(Ocana et al., 2011).

Occult HBV infection was detected in this study in two
out of 44 cases with cirrhosis representing 4.5% of
cirrhotic patients and 3.6% of total cases studied. This
result is more than that has been found in the US and
some other western countries where only 0.1-2.4% of
HBsAg negative, anti-HBc-positive blood donors
were found to have HBV DNA [16]. Also it is
higher than in Iran where the prevalence of OBI has
been reported to be two in 50 000 blood donors [17].

However, our result is consistent with other studies
done in Egypt, where it varied from a low 4.1% to high
26.8% in hemodialysis patients [18]. This wide range
of OBI may be related to different study designs as well
as different HBV DNA detection methods. Moreover,
it may relate to the liver disease severity and the
immunity of the studied patients. Also in our study
the prevalence is much less most likely because of the
small number (55) of patients with chronic liver disease
in whom we detected HBV DNA. In Italy HBsAg-
negative/anti-HBc-positive donors were assayed for
antibodies to HBsAg (anti-HBs) and for HBV-
DNA using COBAS Ampliscreen HBV (Roche) on
individual blood donations. The prevalence of anti-
HBc positive subjects was 4.85% which is nearly similar
to what we found (Manzini e a/. [19]).

The current study did not show significant difference
between the studied groups as regards age. For patients
with negative OBI the median age is 61 and for
patients with positive OBI it is 55.5. This is
consistent with the result observed by Said [20].
This was also reported by Allian and Cox (2011)
who found that OBI donors were generally older
than 45 years [21].

Considering the fact that concurrent detection of anti-
HBc and anti-HBs might be assessed as an indicator of
past exposure and recovery, it has been reported that
OBI is associated with the presence of HBcAb or
HBsAb. In some cases, neither HBcAb nor HBsAb
can be detected. So the data did not suggest HBcAb
test as a screening tool in the study setting [15]. The
detection of serum anti-HBc has been used as a
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surrogate marker for the presence of liver HBV
DNA to detect OBI in numerous investigations
exploring the correlation between OBI and liver
fibrosis in patients with HBV. The prevalence of
cirrhosis in the anti-HBc-positive subgroup was
significantly higher than in the anti-HBc-negative
patients suggesting the role of OBI in fibrosis
progression [22].

We found that Hbc.IgG was positive in 31.8% in
cirrhotic patients including one of the two positive
OBI, which may reflect the role of hepatitis B
infection in the progression of fibrosis. Also it was
positive in 40.0% of HCC patients, but these
percentages were statistically insignificant due to
the low number of cases studied for reliable

statistical analysis.

Liver enzyme alterations may signal liver damage as
well as alterations in bile flow. It may either be the
accompanying biochemical picture in a patient with
symptoms or signs of liver disease or in patients with
OBI. In healthy people, conjugated bilirubin is virtually
absent from the serum mainly because of the rapid
process of bile secretion. Levels increase when the liver
has lost at least half of its excretory capacity. Therefore,
evaluation of alteration in bilirubin levels is a useful test
for monitoring liver synthetic activity and as a sign of
liver disease [23]. In our study, the median levels of
ALT, AST, and bilirubin were higher in positive OBI
than in negative OBI. (168.5 vs. 81), (167.5 vs. 81), and
(3.7 vs. 1.9), respectively (Table 4). An increase in
ALT serum levels is more specific for liver damage
since AST is also diffusely represented in the heart,
skeletal muscle, kidneys, brain, and red blood cells [24].
In our study these increase in transaminases and total
bilirubin was statistically insignificant due to the low
number of cases. The determination of bilirubin is very
useful in the diagnosis of hepatopathies.

Inour study, HBV DNA was (116 and 159 copies/ml) by
RT- PCR. Current technologies used for DNA
nested-PCR, real-time PCR, and
transcription-based mediated amplification. Using
these assays, it is possible to decrease the lower
detection limit (<5 IU/ml of HBV DNA). This is
particularly important in OBI, because the HBV
DNA levels vary from less than 200 copies/ml.
However, the false negative and positive rates are
around the cutoff level due to the Poisson distribution
of the virions and blank specimens [16]. This assay
(RT-PCR) has been used to lower the detection limit
(<5 IU/ml of HBV DNA). This is particularly
important in OBI, because HBV DNA levels vary

detection are:
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fromless than 10 to 425 copies/ml. Usually, whenablood
sample is positive for HBV DNA, the liver sample is also
positive; however, HBV DNA from the liver can be
detected even when HBV cannot be detected in the
serum. Patients with undetectable HBV DNA in the
liver has also undetectable levels of HBV DNA in
peripheral blood. However, there are no standardized
assays and liver specimens are not routinely obtained.
Commercial assays use serum or plasma to determine the
presence and the amount of HBV DNA (Ocana ez /.,
2011). The detection of HCV RNA in 42 patients out of
the 55 studied cases is not surprising, since HCV
infection is high in Egyptian people (14.7%.) [25].
Occult HBV infection in chronically HCV-infected
patients has been associated with an increased

incidence of fibrosis [26].

In our study, OBI that associate HCV infection
represented 2.3% of the HCV infection and 2.6%
of HCV cirrhotic patients. OBI prevalence in
Egyptian HCV-positive patients is 1.85-38.3%
according to the available data [10,27]. Also one
case of OBI in our study had high level of AFP
(392 Iu/ml) and this patient must be followed up.
Serum concentration of AFP is increased in most
patients with HCC so this increase is considered a
risk factor in patients with chronic liver lesions for

HCC development [28-30].

Conclusion and recommendations

(1) We come to the conclusion that occult HBV do
exist in our community.
(2) The problem of contamination and false positives in
nucleic acid amplification assays is eliminated in
automated real-time PCR assays, which is
sufficiently sensitive, specific, accurate,
reproducible, and cost-effective for the detection of
HBV DNA.
It is important to screen for OBI in patients with
chronic liver disease.
(4) ALT elevations may be also important in the
diagnosis and follow-up of patients with OBI
Further work on alarge number of cases is needed to
clarify the clinical significance of OBI, infectivity,
possible  transmission and its  pathogenic
consequences, reactivation, and progression to
chronic liver disease or hepatocellular carcinoma
in the presence or absence of HCV infection.

3)

(5)

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References

1

10

1

12

13

14

15

16

17

18

19

20

21

22

Ismail SA, Cuadros DF, Benova L. Hepatitis B in Egypt: a cross-sectional
analysis of prevalence and risk factors for active infection from a
nationwide survey. Liver Int 2017; 37:1814-1822.

Huang YW, Yang SS, Fu SC, Wang TC, Hsu CK, Chen DS, et al.
Increased risk of cirrhosis and its decompensation in chronic hepatitis
C patients with new-onset diabetes: a nationwide cohort study. Hepatology
2014; 60:807-814.

Said ZN, Sayed MH, Salama Il, Aboel-Magd EK, Mahmoud MH, Setouhy
ME, et al. Occult hepatitis B virus infection among Egyptian blood donors.
World J Hepatol 2013; 5:64-73.

Hong K, Seoung-Ae L, You-Sub W, Hyun-Joo L, Bum-Joon K. Occult
infection related hepatitis B surface antigen variants showing lowered
secretion capacity. World J Gastroenterol 2015; 21:1794-1803.

Martinez MC, Kok CC, Baleriola C, Peter R, Rawlinson WD. Investigation
of Occult Hepatitis B Virus Infection in Anti-HBc Positive Patients from a
Liver Clinic. PLoS One 2015; 10:e0117275.

Ocana S, Casas ML, Buhigas |, Lledo JL. Diagnostic strategy for occult
hepatitis B virus infection. World J Gastroenterol 2011; 17:1553-1557.

Levicnik-Stezinar S, Rahne-Potokar U, Candotti D, Lelie N, Allain JP. Anti-
HBs positive occult hepatitis B virus carrier blood infectious in two
transfusion recipients. J Hepatol 2008; 48:1022—1025.

Kwei K, Tang X, Lok AS, Sureau C, Garcia T, Li J, et al. Impaired virion
secretion by hepatitis B virus immune escape mutants and its rescue by
wild-type envelope proteins or a second-site mutation. J Virol 2013;
87:2352-2357.

Samal J, Kandpal M, Vivekanandan P. Molecular mechanisms underlying
occult hepatitis B virus infection. Clin Microbiol 2012; 25:142—-1631.

Kishk R, Atta HA, Ragheb M, Kamel M, Metwally L, Nemr N. Genotype
characterization of occult hepatitis B virus strains among Egyptian chronic
hepatitis C patients. East Mediterr Health J 2014; 20:130-138.

Squadrito G, Cacciola I, Alibrandi A, Pollicino T, Raimondo G. Impact of
occult hepatitis B virus infection on the outcome of chronic hepatitis C. J
Hepatol 2013; 59:696—700.

Li G, Zhu Y, Shao D, Chang H, Zhang X, Zhou D, et al. Recombinant
covalently closed circular DNA of hepatitis B virus induces long-term viral
persistence with chronic hepatitis in a mouse model. Hepatology 2018;
67:56-70.

Escobedo-Melendez G, Panduro A, Fierro NA, Roman S. High
prevalence of occult hepatitis B virus genotype H infection among
children with clinical hepatitis in west Mexico. Mem Inst Oswaldo
Cruz 2014; 109:728-737.

Makvandi M. Update on occult hepatitis B virus infection. World J
Gastroenterol 2016; 22:8720-8734.

Gharib K, Maryam Z, Nasrin V, Zohreh S, Mohammad F. Prevalence of
antibody to hepatitis B core antigen and Hepatitis B virus DNA in HBsAg
negative healthy blood donors. Virol J 2016; 13:36.

Hollinger FB, Sood GJ. Occult hepatitis B virus infection: a covert
operation. Viral Hepat 2010; 17:1-15.

Alizadeh Z, Milani S, Sharifi Z. Occult hepatitis B virus infection among
Iranian blood donors: a preliminary study. Arch Iran Med 2014;
17:106-107.

Abu El Makarem MA, Abdel Hamid M, Abdel Aleem A, Ali A, Shatat M,
Sayed D, et al. Prevalence of occult hepatitis B virus infection in
hemodialysis patients from egypt with or without hepatitis C virus
infection. Hepat 2012; 12:253-258.

Manzini P, Mauro G, Raffaele B, Osvaldo G, Roberto G, Maurizio L, etal.
Italian blood donors with anti-HBc and occult hepatitis B virus infection.
Hematol J 2007; 92:1664—1670.

Said ZN. An overview of occult hepatitis B virus infection. World J
Gastroenterol 2011; 17:1927—-1938.

Olotu AA, Adesola OO, Lateef S, RA Audu, Azuka PO, Aaron OA. Occult
hepatitis B virus infection in previously screened, blood donors in lle-Ife,
Nigeria: implications for blood transfusion and stem cell transplantation.
Virol J 2016; 13:76.

Nicola C, Lorenzo O, Mariantonietta P, Margherita M, Caterina S,
Salvatore M, Evangelista S. Role of occult hepatitis B virus infection in
chronic hepatitis C. World J Gastroenterol 2015; 21:11931-11940.



23

24

25

26

Green RM, Flamm S. AGA technical review on the evaluation of liver
chemistry tests. Gastroenterology 2002; 123:1367—-1384.

Edoardo GG, Testa R, Savarino V. Liver enzyme alteration: a guide for
clinicians. CMAJ 2005; 172:367-379.

Mohamoud YA, Mumtaz GR, Riome S, Miller D, Abu-Raddad LJ. The
epidemiology of hepatitis C virus in Egypt: a systematic review and data
synthesis. BMC Infect Dis 2013; 13:288.

Matsuoka S, Nirei K, Tamura A, Nakamura H, Matsumura H, Oshiro S,
et al. Influence of occult hepatitis B virus coinfection on the incidence of
fibrosis and hepatocellular carcinoma in chronic hepatitis C. Intervirology
2008; 51:352-361.

Occult HBV in chronic hepatitis and HCC Naeima et al.

27

28

29

30

211

Selim HS, Abou-Donia HA, Taha HA, El Azab GI, Bakry AF. Role of occult
hepatitis B virus in chronic hepatitis C patients with flare of liver enzymes.
Eur J Intern Med 2011; 22:187—-190.

Giannini EG, Giorgio S, Fabio F, Francesca C, Anna P, Gian LR, et al.
Determinants of alpha-fetoprotein levels in patients with hepatocellular
carcinoma: implications for its clinical use. Cancer 2014; 120:2150-2157.
Allain JP, Cox L. Challenges in hepatitis B detection among blood donors.
Curr Opin Hematol 2011; 18:461-466.

Kosinska AD, Pishraft-Sabet L, Wu W, Fang Z, Lenart M, Chen J, et al.
Low hepatitis B virus-specific T-cell response in males correlates with high
regulatory T-cell numbers in murine models. Hepatology 2017; 66:69—-83.



