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Background: While prevalence of Hepatitis B virus (HBV) in patients with end-stage re-
nal failure (ESRF) who are undergoing dialysis has decreased significantly during the 
past few decades, it still remains a distinct clinical problem. The immunosuppressive 
nature of renal disease often leads to chronicity of the HBV infection and an opportu-
nity for nosocomial spread of the infection among dialysis patients. Egypt is among the 
countries with intermediate endemicity of HBsAg (range, 2%–7%). Large-scale geographic 
heterogeneity in HBV prevalence has been reported worldwide and HBV prevalence is 
especially heterogeneous in Egypt.
Objectives: To assess the prevalence of occult HBV infection (OBI) in hemodialysis pa-
tients with or without chronic hepatitis C (HCV) from Minia and Assuit, Upper Egypt, 
using HBV DNA assays.
Patient and Methods: Sera from 145 hemodialysis patients with negative HbsAg were in-
vestigated for HBV DNA using real-time polymerase chain reaction (RT-PCR). Only serum 
samples with repeatedly detectable HBV DNA were considered positive. Patients were 
divided into 2 groups: HCV RNA positive and HCV RNA negative, based on the results of 
a third generation enzyme linked immunosorbent assay (ELISA) anti-HCV test and HCV 
RNA PCR. 
Results: HBV DNA was detected in 6 of the 145 patients (4.1%) and HBcAb was detected in 
29/145 patients (20%). There were no statistically significant differences in the age, dura-
tion of hemodialysis, biochemical parameters, serological markers of HBV, or HBV DNA 
between patients with and without HCV infection. 
Conclusions: Four percent of the hemodialysis patients had OBI. There was no signifi-
cant difference in the prevalence of OBI between hemodialysis patients with or without 
HCV co-infection.

  Please cite this paper as: 
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 
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 Implication for health policy/practice/research/medical education:
 Exploring  the prevalence of occult HBV infection in hemodialysis patients with or without chronic hepatitis C in Egypt has signifi-
cant clinical implication. Reading this article is recommended to all internists, gastroenterologists and hepatologists.

 c  2012 Kowsar Corp. All rights reserved.

1. Background 

Infections with hepatitis B virus (HBV) and hepatitis 
C virus (HCV) are well-known and important causes of 
liver disease in end-stage renal failure (ESRF) patients on 
hemodialysis (HD) (1-4). Although the prevalence of HBV 
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in patients with ESRF undergoing dialysis has decreased 
significantly during the past few decades (1), it is still a 
distinct clinical problem, as the immunosuppressive na-
ture of renal disease often leads to chronicity of the viral 
infection and results in an opportunity for nosocomial 
spread of the infection among dialysis patients (1-5). Oc-
cult HBV infection (OBI) is defined as the presence of a 
small amount of HBV in patients with serum that tests 
negative for hepatitis B surface antigen (HbsAg). The se-
rum HBV DNA level in these patients is generally lower 
than 104 copies/mL (6). There is a high prevalence of OBI 
in patients with chronic hepatitis C, HCC cryptogenic 
liver disease, and HIV. OBI is also highly prevalent among 
hemodialysis patients, those undergoing frequent blood 
transfusions (as treatment for hemophilia disease, etc.), 
blood donors, and intravenous drug users (7-13).

There is intermediate endemicity of HBsAg in Egypt 
(range, 2%–7%; (14-16). Large-scale geographic heterogene-
ity in HBV prevalence has been reported worldwide, and 
prevalence is especially heterogeneous across Egypt (16). 
Despite the potential clinical importance of OBI, exist-
ing information regarding the prevalence of OBI among 
Egyptian patients undergoing long-term HD is limited. 

2. Objectives

We conducted this study at the 2 main referral centers 
in Upper Egypt (Minia and Assuit) to investigate the prev-
alence of OBI in HD patients. We used a highly sensitive 
and specific PCR method to test for OBI and compared 
OBI prevalence in HCV-positive and HCV negative HD pa-
tients. We also correlated the clinical, epidemiologic, and 
laboratory test characteristics of patients with OBI and 
with or without HCV co-infection. 

3. Patient and Methods

A total of 145 patients with end-stage renal disease 
undergoing regular HD (for at least 6 months) with or 
without HCV RNA positivity by PCR were included in 
this study. Patients were enrolled from 2 of the largest 
nephrology and dialysis units in Upper Egypt (the south-
ern part of Egypt); the dialysis unit of the Department of 
Internal Medicine, Minia University and the dialysis unit 
of the Department of Internal Medicine, Assuit Univer-
sity. We defined chronic HCV infection as the presence 
of anti-HCV antibodies for more than 6 months and 
positive serum HCV RNA (17). We excluded patients with 
acute or chronic HBV infection (as determined by posi-
tive HBsAg), were vaccinated against HBV, other causes of 
liver dysfunction (i.e., primary biliary cirrhosis, autoim-
mune hepatitis, continued alcohol abuse, autoimmune 
hepatitis, and HIV infection), or were being treated with 
interferon and/or ribavirin. We obtained complete medi-
cal history for each patient, including age, location of 
residence, HBV vaccination history, blood transfusion 
history, duration of hemodialysis, etiology of end-stage 

renal disease, and history of schistosomiasis. All patients 
also underwent a complete physical examination. Serum 
samples were collected between May and August 2009 
(before hemodialysis) and then stored at -80C° until 
tested. Serological markers of HBV infection (HBsAg, an-
ti-HBs, anti-HBc, HBeAg, and anti-HBe) were determined 
using standard third generation commercially avail-
able enzyme immunoassays (Abbott GmbH, Wiesbaden-
Delkenheim, Germany).

3.1. Detection of HBV DNA by Polymerase Chain Reaction

Samples from each patient were tested for HBV DNA us-
ing nested PCR (core fragment) techniques, as described 
previously (18). The method uses 4 primers from the X 
region of the HBV genome and has a lower limit of detec-
tion 100 copies/mL. Every sample with HBV DNA detected 
by nested PCR was tested again using a commercially 
available real time PCR kit (COBAS Taqman HBV Test; cut-
off of detection: 6 IU/mL). The COBAS TaqMan HBV Test is 
an in vitro nucleic acid amplification test for quantita-
tion of HBV in human serum or plasma, using the High 
Pure Viral Nucleic Acid kit for manual specimen prepara-
tion and the COBAS TaqMan 48 Analyzer for automated 
amplification and detection. The highly conserved HBV 
precore/core region is amplified for this test. Only serum 
samples with repeatedly detectable HBV DNA were con-
sidered positive for HBV DNA.

3.2. Testing for HCV

Anti-HCV antibody was tested by a third generation en-
zyme-linked immunosorbent assay (ELISA; HCV 3.0 ELISA 
Ortho, Raritan, NJ) according to the manufacturer’s in-
structions. HCV RNA was detected using a qualitative PCR 
assay (COBAS Amplicor HCV Test, v2.0; Roche Diagnostics; 
lower limit of diction; 50 IU/mL). Levels of aspartate ami-
notransferase (AST), alanine aminotransferase (ALT), se-
rum albumin, and bilirubin were determined using stan-
dard techniques. Schistosomal antibodies were assessed 
using an indirect hemagglutination assay with adult 
Schistosoma mansoni worm antigens (Fumouze Laborato-
ries, Levallois-Perret, France) (19). The study protocol was 
approved by the Institutional Ethics Committee at each 
participating center, and all patients gave informed con-
sent prior to participating in this study. The study was 
conducted in accordance with the ethical guidelines of 
the 1975 Declaration of Helsinki and International Con-
ference on Harmonization Guidelines for Good Clinical 
Practice

3.3. Statistical Analysis

Data were analyzed using Sigma Plot software (SPSS, 
version 2). We used Chi-square tests (χ2) to compare quali-
tative variables between groups and Student’s two-tailed 
t-test to compare quantitative variables between groups. 
Data are presented as percentages, means, and standard 
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deviation (SD). P values lower than 0.05 were considered 
significant. 

4. Results 

The baseline demographic characteristics of the pa-
tients are summarized in Table 1. Patients were 47.4 ± 10.4 
years of age (range: 18–69 years), and 82 (56.5%) of the pa-
tients were male. Patients were grouped based on HCV 
PCR status. Group 1 was comprised of 79 patients who 
were HCV RNA-positive. Group 2 consisted of 66 patients 
who were HCV RNA-negative. The mean age of the pa-
tients in groups 1 and 2 was 48.1 ± 10.5 and 46.5 ± 9.8 years, 
respectively. In Group 1, 53.1% of the patients were male, 
while 60.6% of Group 2 patients were male. The mean he-
modialysis duration of groups 1 and 2 were 33.2 ± 11 and 
31.7 ± 10.07 months, respectively. Seventy (88.6%) and 53 
(83.3%) patients in groups 1 and 2, respectively reported 
a history of past blood transfusion (Table 1). We found no 
statistically significant differences between the 2 groups 
based on age, hemodialysis duration or biochemical pa-
rameters, except for serum ALT which was significantly 
higher in group 1 than in group 2 (P = 0.03; Table 1 and 2). 

HBV DNA was detected in 6 of the 145 patients with ESRF 

(4.1%; 95% CI: 2%–6.1%). When these data were stratified 
according HCV RNA positivity; HBV DNA was detected 
through the high-sensitivity PCR study in 4 (5%) and 2 
(3%) of group 1 and group 2 patients, respectively (P = 0.2). 
These 6 patients were considered to have OBI (Table 2). A 
total of 29 (20%) patients tested positive for HBcAb, with 
significantly higher ratio in Group 1 (20 patients (25.3%) 
than in Group 2 patients (29 patients (13.6%)); (P = 0.03) 
(Table 2). There was no significant correlation between 
the presence of HBcAb and age, gender, serum AST, ALT, 
serum albumin, or serum bilirubin. However, in both 
groups there was a significant relationship between HB-
cAb and long duration of hemodialysis, history of blood 
transfusion, and presence of schistosomal antibodies 
(Table 3). The presence of anti-HBc, in the absence of HBV 
DNA, suggests recent recovery from an acute HBV. 

HBV DNA seropositivity was not associated with age, 
sex, history of hepatitis, history of blood transfusion, 
level of schistosomal antibodies, aminotransferase activ-
ity, or serum albumin. As expected, the presence of HBV 
DNA was significantly associated with anti-HBc and anti-
HBe positivity (P = 0.003 and P = 0.002, respectively; Table 
4). While more patients without HBV DNA more patients 

All Patients (n = 145) Group 1 (n = 79) Group 2 (n = 66) P value

Age, y, mean ± SD a 47.4 ± 10.4 48.1 ± 10.5 46.5 ± 9.8 0.3

Sex, No. (%) 0.4

Male 
Female 

82 (56.5)
63 (43.4)

42 (53.1)
37 (46.8)

40 (60.6)
26 (39.3)

Residence, No. (%) 0.4

Rural
Urban

110 (75.8)
35 (24.13)

63 (79.7)
16 (20.2)

48 (72.7)
18 (27.2)

Schistosoma antibodies, No. (%) 0.4

Positive
Negative

87 (60)
58 (40)

51 (64.5)
28 (35.4)

36 (54.5)
30 (45.4)

Duration of hemodialysis, mo, mean ± SD 33.5 ± 10.6 33.2 ± 11 31.7 ± 10.07 0.1

Positive history of transfusion, No. (%) 125 (86.2)/20 (13.7) 70/79 (88.6) 55/66 (83.3) 0.4

AST a, IU/L, mean ± SD 32.7 ± 4.13 32.03 ± 4.28 31.12 ± 2.97 0.1

ALT a, IU/L, mean ± SD 28.63 ± 5.36 29.81 ± 7.28 27.65 ± 3.65 0.03

Albumin, g/dL, mean ± SD 3.4 ± 0.5 3.42 ± 0.4 3.45 ± 0.5 0.4

Bilirubin, mean ± SD 1.9 ± 0.7 1.83 ± 0.6 1.8 ± 0.5 0.1

Table 1. Clinical and Laboratory Characteristics of Hemodialysis Patients Who Were Positive for (Group 1) and Negative for (Group 2) Hepatitis C Virus 
RNA

a Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; SD, standard deviation

All Patients (n = 145) Group 1 (n = 79) Group 2 (n = 66) P value

Anti-HBc b IgG seropositivity 29 (20) 20 (25.3) 9 (13.6) 0.03

Anti-HBs and anti-HBc IgG seropositivity 15 (10.34) 10 (12.6) 5 (7.5) 0.4

Anti-HBc (+), anti-HBe 14 (9.6) 10 (12.6) 4 (6.06) 0.5

HBV DNA c positivity 6 (4.1) 4 (5.06) 2 (3.03) 0.2

Table 2. Prevalence of HBV Serological Markers as Well as HBV DNA in the Study Population a

a Data are Shown as No. (%).
b Abbreviations: Anti-HBc, hepatitis B core antibody. 
c HBV DNA, hepatitis B virus DNA by polymerase chain reaction
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had anti-HBs, the correlation was not statistically signifi-
cant (P = 0.1)

5. Discussion

The present study enrolled HBsAg negative patients, 
regardless their HCV RNA status, and demonstrated that 
4.1% of Egyptian patients with ESRF from Upper Egypt had 
OBI. This prevalence did not differ significantly between 
patients with and without HCV RNA (i.e., 5.06 vs. 3.03 in 
Group 1 and Group 2, respectively). Previous reports from 
studies in dialysis units have indicated that the preva-
lence of OBI ranges from 0% to 58% among patients (2, 
20-22). This wide range of estimates may attributable to 
differences in the sensitivity of the methods used for the 
detection of HBV DNA (23), the patients’ sample investi-
gated in each study, and the level of HBV endemicity in 
the populations of the different geographic areas. The 
most accurate method for OBI testing is the analysis of 
liver DNA extracts and the detection of HBV DNA in se-
rum samples may underestimates the true prevalence of 
OBI (24, 25). However, the performance of liver biopsies 
in patients undergoing HD is often very difficult, and is 
usually contraindicated. A similar prevalence of markers 
of anti-HBc and HBV DNA has recently been found among 
Egyptian blood donations (26).

In this study, HBV DNA seropositivity was not associ-
ated with age, sex, history of hepatitis, history of blood 
transfusions, levels of schistosomal antibodies, amino-
transferase activity, or serum albumin. However, there 
were significant associations between the presence of 
HBV DNA and anti-HBc positivity, and between HBV DNA 
and anti-HBe positivity. The absence of HBV DNA was as-
sociated with the presence of anti-HBs. The prevalence of 
anti-HBc was 20%. As anti-HBc positivity indicates previ-
ous exposure to HBV infection, this finding in our HD pa-
tients in association with negative HBsAg might suggest 
contact with HBV sometime during adulthood. However, 
this cannot be safely assumed for HD patients. Although 
anti-HBc levels were higher in Group 1 (21.9%) than in 
Group 2 (11.5%), this difference was not statistically sig-
nificant. This ratios are in consistent with the available 
data in the literature (2, 21, 27, 28). 

OBI may have an impact in different clinical contexts, 
including possible transmission of the infection (24, 25), 
risk of reactivation (24, 25), contribution to liver disease 
progression (29), and development of hepatocellular 
carcinoma (30). Clinical interactions between HCV and 
OBI are still controversial. Studies performed in differ-
ent geographic areas have shown a significant associa-
tion between OBI and severe liver diseases, particularly 
in patients with HCV infection. This suggests that OBI 
may favor or accelerate the progression toward cirrhosis 
in these individuals (31). Mild necroinflammation can be 
revealed many years after the resolution of acute hepa-
titis Infections. This may explain how a persistent, yet 
suppressed, viral infection may have pathogenic activity. 

As they have similar transmission modes, HBV and HCV 
co-infection are common clinical presentations. Because 
prevention is the first line of defense against viral hepa-
titis infection and is much more cost-effective than treat-
ment, prevention should be the main goal of current ef-
forts to break the vicious cycle of the infection.

In Egypt, HBV vaccination of newborns has been avail-
able for populations at high risk of HBV infection since 
1992. However, neither children nor young adults were 
provided with “catch-up vaccinations” (32). The govern-
ment should provide more support for the vaccine, es-
pecially for the vaccination of high-risk groups, such as 
HD patients and medical staff, as the cost of treatment is 
much higher than the cost of vaccination. The prevalence 
of OBI among high-risk groups, such as HD patients, can 
only be definitively determined from a large, national ep-
idemiological study. As there is no such national sample 
survey in Egypt, our study provides a useful compromise. 
This study demonstrated that greater attention on the 
part of government health authorities is still needed for 
appropriate prevention of viral hepatitis. Our study find-
ings highlight the significance of continuing prevention 
of HBV through vaccination campaigns as well as the de-
velopment of an integrated strategy for primary preven-
tion that focuses on identification of the risk factors that 
may, if addressed, help curtail the spread of HBV infec-
tions in developing countries. 

Acknowledgments

None declared. 

Authors’ Contribution

Mona Abu El Makarem had full access to all of the study 
data and verified the accuracy of the data analysis, study 
concept and design. Mohammed Abd-Elhamid Ashraf 
Abdaleem, Ali Daef, Douaa Sayed, Lamia Hamday, Ahmed 
Ali did the laboratory work, collected the clinical and 
biochemical data, and performed the statistical analysis. 
Mona Abu El Makarem, Ahmed Ali, Mohammed Shatat 
wrote the final version of the paper; all authors have seen 
and approved the final draft of the paper.

Financial Disclosure

None of the authors has an affiliation or conflict of in-
terest. 

Funding/Support

Mona Abu El Makarem was guarantor of the article. 

References
1.  Alavian SM, Bagheri-Lankarani K, Mahdavi-Mazdeh M, Nourozi S. 

Hepatitis B and C in dialysis units in Iran: changing the epidemi-
ology. Hemodial Int. 2008;12(3):378-82.

2.  Fabrizi F, Messa PG, Lunghi G, Aucella F, Bisegna S, Mangano S, et 
al. Occult hepatitis B virus infection in dialysis patients: a multi-
centre survey. Aliment Pharmacol Ther. 2005;21(11):1341-7.



258 Hepat Mon. 2012;12(4)

Abu El Makarem MA et al. Occult Hepatitis B Virus in Hemodialysis Patients

3.  Reddy GA, Dakshinamurthy KV, Neelaprasad P, Gangadhar T, Lak-
shmi V. Prevalence of HBV and HCV dual infection in patients on 
haemodialysis. Indian J Med Microbiol. 2005;23(1):41-3.

4.  Wong PN, Fung TT, Mak SK, Lo KY, Tong GM, Wong Y, et al. Hepa-
titis B virus infection in dialysis patients. J Gastroenterol Hepatol. 
2005;20(11):1641-51.

5.  Fabrizi F, Lunghi G, Martin P. Hepatitis B virus infection in hemodi-
alysis: recent discoveries. J Nephrol. 2002;15(5):463-8.

6.  Hollinger FB, Habibollahi P, Daneshmand A, Alavian SM. Occult 
Hepatitis B Infection in Chronic Hemodialysis Patients: Current 
Concepts and Strategy. Hepat Mon. 2010;10(3):199-204.

7.  Fang Y, Shang QL, Liu JY, Li D, Xu WZ, Teng X, et al. Prevalence of oc-
cult hepatitis B virus infection among hepatopathy patients and 
healthy people in China. J Infect. 2009;58(5):383-8.

8.  Georgiadou SP, Zachou K, Liaskos C, Gabeta S, Rigopoulou EI, Dale-
kos GN. Occult hepatitis B virus infection in patients with autoim-
mune liver diseases. Liver Int. 2009;29(3):434-42.

9.  Ramezani A, Banifazl M, Eslamifar A, Aghakhani A. Serological pat-
tern of anti-HBc alone infers occult hepatitis B virus infection in 
high-risk individuals in Iran. J Infect Dev Ctries. 2010;4(10):658-61.

10 . Shire NJ, Rouster SD, Rajicic N, Sherman KE. Occult hepati-
tis B in HIV-infected patients. J Acquir Immune Defic Syndr. 
2004;36(3):869-75.

11 . Tamori A, Hayashi T, Shinzaki M, Kobayashi S, Iwai S, Enomoto M, 
et al. Frequent detection of hepatitis B virus DNA in hepatocel-
lular carcinoma of patients with sustained virologic response for 
hepatitis C virus. J Med Virol. 2009;81(6):1009-14.

12 . Torbenson M, Kannangai R, Astemborski J, Strathdee SA, Vlahov 
D, Thomas DL. High prevalence of occult hepatitis B in Baltimore 
injection drug users. Hepatology. 2004;39(1):51-7.

13 . Toyoda H, Hayashi K, Murakami Y, Honda T, Katano Y, Nakano I, 
et al. Prevalence and clinical implications of occult hepatitis 
B viral infection in hemophilia patients in Japan. J Med Virol. 
2004;73(2):195-9.

14 . Attia MA. Prevalence of hepatitis B and C in Egypt and Africa. Anti-
vir Ther. 1998;3(Suppl 3):1-9.

15 . Khattab MA, Eslam M, Sharwae MA, Hamdy L. Seroprevalence of 
hepatitis C and B among blood donors in Egypt: Minya Governor-
ate, 2000-2008. Am J Infect Control. 2010;38(8):640-1.

16 . World Health Organization. Hepatitis B. Fact sheet N°204 .  WHO. 
[updated 2008 August ]; Available from: http://www.who.int/me-
diacentre/factsheets/fs204/en/.

17.  Anwar W, Sarwar M, Hussain AB, Tariq WU, Saif M. Significance of 
occult HBV infection in patients with chronic hepatitis C. J Coll 
Physicians Surg Pak. 2006;16(3):192-5.

18.  Kaneko S, Feinstone SM, Miller RH. Rapid and sensitive meth-
od for the detection of serum hepatitis B virus DNA using 
the polymerase chain reaction technique. J Clin Microbiol. 
1989;27(9):1930-3.

19.  Azab Me-S, el Zayat EA. Evaluation of purified antigens in hae-
magglutination test (IHA) for determination of cross reactivities 
in diagnosis of fascioliasis and schistosomiasis. J Egypt Soc Parasitol. 
1996;26(3):677-85.

20.  Goral V, Ozkul H, Tekes S, Sit D, Kadiroglu AK. Prevalence of occult 
HBV infection in haemodialysis patients with chronic HCV. World J 
Gastroenterol. 2006;12(21):3420-4.

21.  Minuk GY, Sun DF, Greenberg R, Zhang M, Hawkins K, Uhanova J, et 
al. Occult hepatitis B virus infection in a North American adult he-
modialysis patient population. Hepatology. 2004;40(5):1072-7.

22.  Yakaryilmaz F, Gurbuz OA, Guliter S, Mert A, Songur Y, Karakan T, et 
al. Prevalence of occult hepatitis B and hepatitis C virus infections in 
Turkish hemodialysis patients. Ren Fail. 2006;28(8):729-35.

23.  Siagris D, Christofidou M, Triga K, Pagoni N, Theocharis GJ, Gou-
menos D, et al. Occult hepatitis B virus infection in hemodialysis 
patients with chronic HCV infection. J Nephrol. 2006;19(3):327-33.

24.  Raimondo G, Allain JP, Brunetto MR, Buendia MA, Chen DS, Co-
lombo M, et al. Statements from the Taormina expert meeting 
on occult hepatitis B virus infection. J Hepatol. 2008;49(4):652-7.

25.  Raimondo G, Pollicino T, Cacciola I, Squadrito G. Occult hepatitis 
B virus infection. J Hepatol. 2007;46(1):160-70.

26.  Raimondo G, Pollicino T, Romano L, Zanetti AR. A 2010 update on 
occult hepatitis B infection. Pathol Biol (Paris). 2010;58(4):254-7.

27.  El-Zayadi AR, Ibrahim EH, Badran HM, Saeid A, Moneib NA, Sh-
emis MA, et al. Anti-HBc screening in Egyptian blood donors 
reduces the risk of hepatitis B virus transmission. Transfus Med. 
2008;18(1):55-61.

28.  Gwak GY, Huh W, Lee DH, Min BH, Koh KC, Kim JJ, et al. Occult 
hepatitis B virus infection in chronic hemodialysis patients in 
Korea. Hepatogastroenterology. 2008;55(86-87):1721-4.

29.  Cabrerizo M, Bartolome J, Caramelo C, Barril G, Carreno V. Mo-
lecular analysis of hepatitis B virus DNA in serum and periph-
eral blood mononuclear cells from hepatitis B surface antigen-
negative cases. Hepatology. 2000;32(1):116-23.

30.  Chemin I, Trepo C. Clinical impact of occult HBV infections. J Clin 
Virol. 2005;34(Suppl 1):S15-21.

31.  Chemin I, Zoulim F. Hepatitis B virus induced hepatocellular car-
cinoma. Cancer Lett. 2009;286:52–9.

32.  Cacciola I, Pollicino T, Squadrito G, Cerenzia G, Orlando ME, 
Raimondo G. Occult hepatitis B virus infection in patients with 
chronic hepatitis C liver disease. N Engl J Med. 1999;341(1):22-6.


