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Abstract

Background: The causes of cryptogenic cirrhosis, as one of the most important unresolved issues in the management of liver fail-
ure, remains unknown. Hepatitis B virus (HBV) infection with a high impact in Iranian liver graft recipients may have a key role in
introducing and developing cryptogenic cirrhosis, especially in the occult form. Therefore, the prevalence of occult HBV infection
was evaluated in liver transplant recipients with cryptogenic cirrhosis.
Methods: In this cross-sectional study, a total of 127 liver transplant recipients with cryptogenic cirrhosis were recruited. The serum
samples of patients were evaluated for immunological HBV infective markers, using enzyme-linked immune sorbent assay (ELISA)
methods. Moreover, immunohistochemistry (IHC) was used for detection of HBsAg in liver tissue sections. Collected serums and
liver tissue samples were also examined for HBV genomic DNA, using a qualitative polymerase chain reaction (PCR) technique.
Results: HBsAg was not found in any studied liver tissue or serum samples. However, HBV genomic DNA was found in the liver
tissue and serum samples of 35.4% and 36.2% of the liver transplant patients with cryptogenic cirrhosis, respectively. Occult HBV
infection was found in 35.4% of the patients with cryptogenic cirrhosis. Seropositive and seronegative types of occult HBV infection
were found in 82.2% and 17.8% of the patients, respectively.
Conclusions: Findings of the high prevalence of molecular and immunological markers of HBV infection, especially occult ones,
in liver transplanted patients with cryptogenic cirrhosis was re-enforced. These results indicate the important role of occult HBV
infection in the pathogenesis of cryptogenic cirrhosis, which needs to be evaluated in the future through comprehensive studies.
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1. Background

Cryptogenic cirrhosis refers to liver cirrhosis with un-
certain etiology that lacks definitive clinical and histologi-
cal criteria for a specific disease (1). Cryptogenic cirrhosis
represents a significant proportion of end-stage chronic
liver disorders and is currently considered as one of the
most important indications of orthotopic liver transplan-
tation (OLT), worldwide (2, 3). Although recent advances al-
lowed a more clear understanding of the cause of liver dis-
orders, the etiology of cryptogenic cirrhosis remains un-
known, even after improvement of the laboratory, clinical,
and pathologic analyses. It has been estimated that up to
30% of cirrhotic cases and about 10% of liver transplant un-
derlying diseases remained cryptogenic (4, 5). Viral hep-
atitis has been suggested as the potential cause of cryp-
togenic cirrhosis. Hepatitis B virus (HBV) and hepatitis C

virus (HCV) infections were the most common cause of vi-
ral chronic liver diseases, chronic hepatitis, and cirrhosis
in an endemic area (6-11).

Diagnosis and disappearance of hepatitis B surface
antigen (HBsAg) usually indicates the presence or clear-
ance of HBV infection, yet it has been shown that some pa-
tients may have a persistent viral infection, while HBsAg
is negative (12, 13). Occult HBV infection is defined as per-
sistence of HBV genomic DNA in liver tissues with or with-
out serums of patients serologically undetectable for HB-
sAg (14, 15). The reason for the lack of HBsAg in occult HBV
infection is unclear. In other words, about 20% of occult
HBV-infected patients were negative for all of the serum
markers of HBV infection (16). Mechanisms, such as mu-
tations in HBV genomic regulatory regions, integration of
HBV genomic DNA in the host’s chromosomes, infectivity
of peripheral blood mononuclear cells (PBMCs), alteration
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of the host immune response, and the interference of the
other viruses in HBV pathogenesis have been proposed as
the possible reason of occult infections (17-19).

Diagnosis of occult HBV infection was based on sensi-
tive polymerase chain reaction (PCR) assays, which could
be able to detect HBV genomic DNA at less than 104
copies/mL (17, 19, 20). The prevalence of occult HBV infec-
tion in cirrhotic patients was affected with two parame-
ters: The prevalence of HBV infection in the population and
sensitivity of the assays, which were used to detect HBV ge-
nomic DNA (19-21). Occult HBV infection has a worldwide
spread and seems to be found in up to 71% of liver tissues
and 55% of sera from HBsAg negative patients (13, 20, 22).
The prevalence of HBV infection in the Iranian population
varied from 2.7% to 7.2%, yet it decreased to lower than 2%
after the national vaccination program (22, 23).

However, the prevalence of occult HBV infection in Ira-
nian patients with cryptogenic cirrhosis was high (24, 25).
By accepting the fact that HBV infection is common among
Iranian patients with end-stage liver disease, and a pro-
portion of these patients with the cryptogenic liver disor-
der may have occult HBV infection (26), it is reasonable to
screen cryptogenic cirrhotic patients for the occult form of
HBV.

2. Objectives

Therefore, the present study aimed at evaluating the
prevalence of occult types of chronic HBV infection in liver
transplant recipients with cryptogenic cirrhosis.

3. Methods

3.1. Patients and Samples

A total of 127 liver transplant patients, who were admit-
ted to organ transplant unit, Namazi Hospital affiliated to
Shiraz University of Medical Sciences, Shiraz, Iran, were re-
cruited in this cross-sectional study during years 2007 to
2011. The etiology of liver cirrhosis was evaluated and con-
firmed using clinical, laboratory, and histological analysis.
Patients with defined etiology for the underlying disease
of liver cirrhosis were ruled out, and patients labeled with
cryptogenic cirrhosis, especially negative for routine HBV,
HCV, and human immunodeficiency virus (HIV) infections,
were included in this study. The EDTA-treated blood and
paraffin-embedded liver tissue samples that were already
collected form liver transplanted patients and saved in the
sample bank of the Pathology Laboratory of Namzi Hosip-
ital and Shiraz Transplant Research Center, Shiraz Univer-
sity of Medical Sciences Shiraz, Iran, were used for molec-
ular, serological, and pathological evaluations. The study

protocol was approved by the Medical Ethics Committee of
Shiraz University of Medical Sciences.

3.2. Molecular Analysis

The HBV genomic DNA was extracted from the serum
and paraffin-embedded formalin fixed liver tissue samples
using the DNP kit (CinnaGene Inc, Iran), according to the
manufacturer’s instructions. Presence of the HBV genomic
DNA was analyzed using a qualitative HBV-PCR detection
kit (CinnaGene Inc, Iran). The PCR product (353 bp) was an-
alyzed by electrophoresis on 1% agarose gel.

3.3. Immunological Analysis

The HBV antigens and antibodies including HBsAg,
hepatitis B envelope antigen (HBeAg), hepatitis B surface
antigen antibody (HBsAb), hepatitis B core antibody (HB-
cAb), and hepatitis B surface envelope antibody (HBeAb),
were evaluated using third generation enzyme linked im-
munosorbent assay (ELISA) kits (Dia.Pro, Italy), according
to the manufacturer’s instructions.

3.4. Pathological Analysis

Immunohistochemistry was performed for detection
of HBsAg in liver tissue sections using highly specific
anti-HBs mAb (Dako, Denmark) as follows: Serial sections
with 3 µm thicknesses were obtained from each paraffin-
embedded liver tissue specimen and mounted on poly-
L lysine coated slides. Immunohistochemistry was per-
formed on selected paraffin blocks of each case using
streptavidin-biotin-peroxidase complex detection system
(LSAB kit, Dako, Denmark) with the presence of adequate
and appropriate positive and negative controls. For neg-
ative controls, all steps of the procedure were performed
without primary antibodies.

3.5. Statistical Analysis

The possible statistical associations were evaluated us-
ing the Statistical Package for Social Sciences (SPSS), ver-
sion 15. The quantitative data were expressed as mean ±
standard deviation (SD) and comparisons between the cat-
egorical variables were performed using the Pearson chi-
square or Fisher’s exact test. A P value of less than 0.05 was
considered to be statistically significant.

4. Results

A total of 80 (63%) males and 47 (37%) females
(male/female ratio 1.7) with an age range of 4 to 67 years
old (mean 34.9 ± 15.9) were enrolled. The rejection rate
was 8.7% and 10 (7.9%) patients were expired within the
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first months of transplantation. There was a strong associ-
ation (P < 0.0001) between graft rejection and expiration
rate. Among the eleven patients, who experienced acute
rejection, seven (63.6%) patients were dead. Data of blood
grouping, experience of acute rejection, and expiration of
recipient are presented in Table 1.

Table 1. Demographic Characteristics in Liver Transplanted Patients with Crypto-
genic Cirrhosisa

Parameter Values

Blood groups

O+ 41 (32.3)

O- 5 (3.9)

A+ 32 (25.2)

A- 2 (1.6)

B+ 30 (23.6)

B- 3 (2.4)

AB+ 14 (11)

AB- 0 (0)

Acute rejection 11 (8.7)

Expired 10 (7.9)

aValues are expressed as No. (%).

4.1. Hepatitis B Virus Infective Markers in Patients with Crypto-
genic Cirrhosis

The HBV genomic DNA was detected in 45 (35.4%) and
46 (36.2%) liver tissue and serum samples, respectively.
However, HBsAg was not detected in the liver tissue and
serum samples of any studied patient. The results of
other HBV immunological markers were also as follows:
HBeAg (24.4%), anti-HBe (0.8%), anti-HBc (4.7%), and anti-
HBs (61.4%).

4.2. Occult Hepatitis B Virus Infection

Evaluation of the HBsAg negative patients with de-
tectable HBV genomic DNA in liver tissue samples con-
firmed that 35.4% (45 out of 127) of patients had occult HBV
infection. These patients were classified to two groups of
seropositive (37 out of 45, 82.2%) and seronegative (8 of 45,
17.8%) based on the presence or absence of anti-HBc and/or
anti-HBs antibodies in serum samples. In seronegative oc-
cult HBV-infected patients, all of the HBV immunologic
markers were undetectable. The prevalence of HBV infec-
tive markers in patients with seropositive and seronega-
tive occult HBV infection is presented in Table 2.

4.3. Occult Hepatitis C Virus Infection

The liver tissue specimens of cryptogenic patients with
occult HBV infection were also evaluated for occult HCV
infection. Genomic HCV-RNA was found in four out of 45
(8.9%) patients, who were labeled as having seropositive oc-
cult HBV infection.

5. Discussion

Cryptogenic cirrhosis, which is a type of liver cirrhosis
with no readily identifiable cause and etiology, is found in
about 10% of patients on the waiting list for liver transplan-
tation (2-4). When the cause of liver cirrhosis is unknown,
it is very difficult to control progression and treatment of
the liver complicated disorder, leading to decompensation
of liver damage and increased need of transplantation (2).
Hepatitis B virus is an important etiological agent for liver
cirrhosis, ranging between 0.1% to 15% in the healthy popu-
lation reported from different countries (2, 27). It has been
estimated that up to 40% of patients with liver cirrhosis are
HBV-infected individuals (28). In addition, the occult form
of HBV infection, which is a type of HBV infection and suf-
fers from diagnostic complication was found in up to 60%
of cirrhotic patients, worldwide (29).

In the present study, cryptogenic cirrhosis was found
more commonly in male recipients (63%); this is compati-
ble with the findings of previous studies (22, 30, 31) yet in
disagreement with others (32, 33). As expected, HBsAg was
not detected in patients with cryptogenic cirrhosis. In a re-
cent study from Iran, Hashemi et al. (22) detected a lower
rate of anti-HBs (24%) and a higher rate of anti-HBc (20%)
antibodies in the serums of cryptogenic patients. Chan et
al. (13) detected anti-HBs and/or anti-HBc antibodies in 89%
and 92% of patients with cryptogenic liver cirrhosis, re-
spectively. In this study, anti-HBS and anti-HBc antibodies
were found in the serums of 61.4% and 4.7% of patients with
cryptogenic cirrhosis, respectively. Moreover, unexpected
higher frequency of HBeAg (24.4%) and lower frequency of
anti-HBe (0.8%) antibody was found in the studied patients.
The higher rate of HBeAg in patients with cryptogenic cir-
rhosis could be considered as an active infection.

Surprisingly, HBV gnomic DNA was found with higher
prevalence in liver tissue and serum samples of patients
with cryptogenic cirrhosis. Although HBV genome could
be detectable in the serums of 5% to 76% of patients with
cryptogenic cirrhosis (34), in this study, 36.2% of HBsAg
negative patients had detectable HBV genomic DNA in
their serums, which is higher than that reported in a previ-
ous report (14%) from Iran (22) and that reported in Israeli
patients (13).
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Table 2. Hepatitis B Virus Infective Markers in the Seropositive and Seronegative Forms of Occult HBV Infectiona

HBV Infective Markers Patients with Occult HBV Infection

Seropositive, N = 37 Seronegative, N = 8 Total, N = 45

Serum

HBsAg 0 (0) 0 (0) 0 (0)

Anti-HBs 37 (100) 0 (0) 37 (82.2)

Anti-HBc 4 (10.8) 0 (0) 4 (8.9)

HBeAg 9 (24.3) 0 (0) 9 (20)

Anti-HBe 0 (0) 0 (0) 0 (0)

HBV-DNA 16 (43.2) 3 (37.5) 19 (42.2)

Liver

HBsAg 0 (0) 0 (0) 0 (0)

HBV-DNA 37 (100) 8 (100) 45 (100)

Abbreviations: HBV, hepatitis B virus; HBcAb, hepatitis B core antibody; HBeAg, hepatitis B envelope antigen; HBsAg, hepatitis B surface antigen.
aValues are expressed as No. (%).

Occult HBV infection can reactivate in liver recipients
after induction of immunosuppressive regimens, post-
transplantation (29, 35). Occult or silent HBV infection
is classified to seropositive and seronegative forms based
on diagnosis or not finding of the anti-HBc and/or anti-
HBs antibodies, respectively (25, 29). The seropositive and
seronegative forms of occult HBV infection can transmit
from liver organ donors to recipients (29, 36). In this study,
occult HBV infection was also found in 35.4% of the patients
with cryptogenic cirrhosis. Seropositive and seronegative
types of occult HBV infection were found in 82.2% and 17.8%
patients, respectively. In concordance with the results of
this study, earlier reports have shown occult HBV infection
(especially in the seronegative type) in 19% to 30% of pa-
tients with cryptogenic liver cirrhosis (26, 37, 38). In China
and India, occult HBV infection in patients, who were la-
beled with cryptogenic cirrhosis, was reported up to 37%
and 38%, respectively (13, 39). Two recent studies on Ira-
nian patients with cryptogenic cirrhosis also showed oc-
cult HBV infection in 14% and 38% of cases, respectively (22,
25). In addition, Honarkar et al. also found occult HBV in-
fection in 22% of patients with liver cirrhosis (24).

In disagreement with the results of this study, Kaviani
et al. (40) reported that 1.9% of patients with cryptogenic
chronic hepatitis were infected with occult HBV. Moreover,
Ferrari et al. (21) diagnosed occult HBV infection in only
4.4% of Brazilian cirrhotic patients undergoing liver trans-
plantation. Surprisingly, Heringlake et al. (41) did not find
any occult HBV infection among German patients. In con-
trast to a previous report from Iran that showed a higher
rate of occult HBV infection among patients above 40 years
(22), the current study indicated that age of patients did

not alter the rate of occult HBV infection.
In conclusion, the high prevalence of occult HBV infec-

tion, especially the seropositive type, was found in Iranian
liver transplant patients with cryptogenic cirrhosis. The
current report presents the importance and determinative
role of occult HBV infection in the pathogenesis of crypto-
genic cirrhosis that needs to be confirmed in future stud-
ies, including larger populations with longer duration.
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