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Abstract
Introduction: Occult hepatitis B virus infection is characterized by the presence of the viral genome in serum 
and/or liver tissue from individuals who test negative for the HBsAg surface antigen. Occult infection has been 
associated with the development of cirrhosis and hepatocellular carcinoma. Objective: The objective of this 
study was to identify cases of occult hepatitis B virus infection in patients with cirrhosis and/or hepatocellular 
carcinoma undergoing liver transplantation. Materials and methods: Between February 2013 and March 
2014 hepatic explant samples were obtained from patients with cirrhosis and/or hepatocellular carcinoma. 
The hepatitis B virus genome was detected by amplification of three regions of the viral genome (S, Core 
and X). Positive samples were confirmed by real-time PCR for the S region. Results: Fifteen hepatic tissue 
samples were analyzed. The genome of the hepatitis B virus was detected in two (13.3%) samples by nested 
PCR for the S region and by semi-nested PCR for region X. The results were confirmed by real-time PCR. 
These samples came from patients who had tested negative for anti-HBc and anti-HBs serological markers 
for hepatitis B virus infection. Conclusion: The frequency of occult infection reported in this study is similar 
to that reported in Brazil in biopsy specimens obtained from patients with chronic hepatitis. Additional studies 
are needed to estimate the frequency of occult hepatitis B in patients with end-stage liver disease in Colombia.
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INTRODUCCIÓN

Hepatitis B viral (HBV) infections are a global public 
health problem. The World Health Organization (WHO) 
estimates that there are more than 240 million cases of 
chronic HBV infection worldwide and more than 780,000 
deaths each year due to this infection and due especially to 
the development of terminal liver diseases such as cirrhosis 
and hepatocellular carcinoma (HCC). (1)

The HBV genome is 3,200 bp partial double stranded cir-
cular DNA (rcDNA). It contains four open reading frames 
(ORFs) encoding seven proteins: ORF S for the three forms 
of the surface antigen (HBsAg), the ORF Core for the struc-

tural subunit of the capsid and the e antigen, ORF P for viral 
polymerase, and ORF X for the HBx protein. (2, 3)

In 1979 occult HBV infection (OBI) was described for the 
first time. (4) It is characterized by the presence of the viral 
genome in hepatic tissue of individuals but has only unde-
tectable levels of the surface antigen (HBsAg) serological 
marker, and HBV DNA is not present in the serum. (5, 6) 
In these cases, the viral load is <200 IU/mL or <1000 IU/
mL. (5, 6) About 80% of individuals with occult infections 
have antibodies against the core protein (anti-HBc+) and/or 
against the surface antigen (anti-HBs+). (7) Affected indivi-
duals are identified as negative for HBV infection by ELISA 
for  HBsAg even though they are infected with the virus.
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As various studies have shown, the clinical importance 
of OBI lies in the risk of developing cirrhosis and HCC. 
(8, 9) In addition, the infection can be reactivated in cases 
of immunosuppression and can even cause hepatic insuffi-
ciency and death. (10, 11) Importantly, individuals with 
OBI can transmit the virus through blood transfusions and 
organ transplants, especially liver transplants. (7, 12).

In Colombia, OBI studies have been performed among 
patients with human immunodeficiency virus (HIV) infec-
tion (13-15), blood donors (16-19), patients undergoing 
hemodialysis (20), and university students. (21). Study 
of liver tissue samples is of great importance because OBI 
depends on the persistence of the viral genome in the hepa-
tocytes. (5) Added to this, the low replication rate charac-
teristic of occult infections make it difficult to detect the 
viral genome in serum. (22)

Based on this, and considering that only one single study 
has been carried out in this country, with only preliminary 
results, (23) our objective was to identify cases of occult 
infection in patients who had received liver transplant and 
who had tested negative for the HBsAg serological marker.

MATERIALS AND METHODS

Study Population

This is a descriptive study of liver tissue samples from 
Colombian patients diagnosed with cirrhosis and/or HCC 
who underwent liver transplantations between February 
2013 and March 2014 at the Pablo Tobón Uribe Hospital 
in Medellín, Colombia. All patients had tested negative for 
the HBsAg serologic marker.

The diagnosis of liver cirrhosis was established by clinical 
criteria such as parotid hypertrophy, jaundice, spider nevus, 
gynecomastia, palmar erythema and/or associated compli-
cations such as hepatic encephalopathy, ascites, esophageal 
variceal bleeding, coagulopathy, hepatorenal syndrome 
and spontaneous bacterial peritonitis. Diagnoses were all 
confirmed by imaging, and some were also confirmed by 
histopathology. The diagnosis of HCC was established 
following the criteria of the European Association for the 
Study of the Liver (ESAL) and the American Association 
for the Study of Liver Diseases (AASLD).

Samples

Hepatic explant samples were obtained, stored at 4° C for 
one to twelve days in sterile tubes, and then stored at -70° C 
until analysis. Diagnostic information, serological markers 
and viral loads of HBV, HCV and HIV were obtained from 
medical histories.

DNA Extraction

DNA was extracted with TRIzol® (Invitrogen) according 
to the manufacturer’s instructions. DNA was quantified by 
spectrophotometry (Nanodrop 2000, Thermo Scientific), 
and 260/280 ≥1.80 ratio was considered indicative of good 
quality DNA.

Detection of Hepatitis B Virus

Prior to amplification of the viral genome, PCR was per-
formed for the GADPH gene as quality control of the 
total DNA extracted, adapting the protocol described by 
Pitzurra et al. (24).

To detect HBV, PCR was performed for ORF S, ORF X 
and ORF Cores following the laboratory’s protocols and 
methods described previously. (19, 25-29) The ORF S region 
was amplified by a nested PCR with YS1-YS2 and S3s-S3as 
primers to obtain amplifications of 584 and 336 bp (19, 25, 
26). Semi-randomized PCR with X4F and X3R or X1R pri-
mers was performed for ORF X. The amplification of the first 
round was 425 bp and that of the second round was 139 bp. 
(27, 30) Finally, semi-random PCR with 1101P and 2440n or 
P2 primers was performed for the ORF Core. The sizes of the 
amplifiers were 1333 bp and 747 bp, respectively. (28, 29)

The PCR detection limits for ORF S (50 IU/mL) and for 
ORF X and ORF Core (500 IU/mL) were determined in 
a previous study. (19) All amplifications used 60-80 ng of 
DNA. A 1:10 dilution of the extracted DNA was also inclu-
ded in order to exclude possible inhibitors that could affect 
amplification. All samples were analyzed in duplicate.

In all experiments, DNA extracted from a sample with no 
evidence of HBV was included as a negative control. DNA 
extracted from a sample from an individual diagnosed with 
HBV cirrhosis who had tested positive for the HBsAg sero-
logic marker was used as a positive control. PCR products 
were evaluated by 1.5% agarose gel electrophoresis and 
ethidium bromide staining.

Real-time PCR

Real-time PCR was performed on samples that were posi-
tive for at least one region of the HBV genome by nested or 
semi-nested PCR. The QuantiTect SYBR Green PCR kit 
(QIAgen) and HBV359F and HBV425R primers used for 
real time PCR were donated by Dr. Tonya Mixson-Hayden 
of the Center for Disease Control and Prevention (CDC, 
Atlanta, USA). (19, 31) Serial dilutions of known concen-
trations of plasmid pJetTH24_1.5 which had been pre-
viously constructed in the laboratory, and which contained 
the complete genome of HBV, were used as the standard.
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Ethical Issues

Individuals voluntarily participated in the study after sig-
ning informed consent forms. This project was approved by 
the ethics committees of the University of Antioquia and 
the Hospital Pablo Tobón Uribe.

RESULTS

Sample Characteristics 

In total, 15 samples of liver tissue from patients with cirr-
hosis and/or HCC who underwent liver transplantation 
were obtained. Of these, nine came from men, and six 
came from women. Their average age was 49 years old with 
a range of 20 to 64 years old. All patients except for one 
tested negative for HBsAg and anti-HBc serological mar-
kers. The exception tested positive for anti-HBc IgG. Five 
patients tested positive for anti-HCV antibodies, and the 
viral genome was detected in one of them. Anti-HCV anti-
bodies were detected by chemiluminescent microparticle 
immunoassay (CMIA; ARCHITECT anti-HCV, Abbott), 
and viral load was determined by real-time PCR. The diag-

nosis recorded in the clinical history of patient HT127 
indicated HCV cirrhosis genotype 1B, although there was 
no information on viral load or anti-HCV antibodies. None 
of the individuals tested positive for HIV infections.

All patients had been diagnosed with cirrhosis, and three 
(20%) had HCC. Five patients (33.3%) had HCV infec-
tions, two of which also had HCC while the other three 
(20%) cases were due to chronic alcohol consumption. 
Only one case was diagnosed as cryptogenic cirrhosis. The 
characteristics of the patients are summarized in Table 1.

HBV Detection 

Fragments of the HBV genome were amplified from sam-
ples HT106 and HT126 by PCR for ORF S (Figure 1). 
The ORF X strategy amplified the viral genome from the 
HT106 sample (Figure 2), but the ORF Core strategy 
could not achieve amplification in any sample.

Real-time PCR

Taking into account the recommendation that diagnosis of 
OBI should be made on the basis of amplification of at least 

Table 1. Sociodemographic and clinical characteristics of HBsAg- patients with hepatocellular cirrhosis and/or carcinoma who underwent liver 
transplantation at Hospital Pablo Tobón Uribe in 2013 and 2014

Sample Code Sex Age Diagnosis HBsAg/
Anti-HBs 

anti-HBs 
(IgM/IgG) 

HBeAg HCV

HT105 M 55 Cirrhosis, HCV, HCC - -/+ - -/+
HT106 M 55 Alcohol Cirrhosis - - - -
HT107 M 20 Congenital hepatic fibrosis cirrhosis -/+ - - -
HT109 M 54 Alcohol Cirrhosis -/ /- NA /-
HT110 M 61 Cirrhosis, possible NASH - /- - /+
HT111 M 59 Cirrhosis, HCV, HCC - /- NA /+
HT112 F 55 Cirrhosis, HCV - NA NA /+
HT113 F 45 Biliary cirrhosis secondary to severe hepatolithiasis - - NA /-
HT114 M 30 Cirrhosis, HCV - - - 100.174UI(5log)/+
HT115 F 44 Cirrhosis, portal hypertension, possible primary 

biliary cirrhosis
- - NA /-

HT116 F 56 Cryptogenic cirrhosis, HCC - /- NA -
HT118 F 45 Hepatic cirrhosis due to autoimmune hepatitis - -/ NA /-
HT126 M 39 Alcohol cirrhosis - /- NA /-
HT127 M 64 Cirrhosis, HCV - - NA
HT128 F 55 Primary biliary cirrhosis - - NA -
HT125 (Negative 
Control)

F 9 
months

Hepatic cirrhosis due to bile duct atresia -/+ NA NA /-

NA: information not available in patients’ medical records.
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also conditioned by the methodological approach used to 
detect the HBV genome including the nature of the sample 
(serum or hepatic tissue), pool analysis, and the sensitivity 
and specificity of the technique all of which may affect the 
detection of the viral genome. (33, 34)

Despite the fact that the most recent analysis indicates 
that Colombia has low to moderate endemicity for HBV 
infections, (35, 36) the country’s pattern of prevalence is 
very heterogeneous: there are regions with low, medium 
and high prevalences. According to  National Institute of 
Health statistics for 2015, there were 2,227 cases of hepa-
titis B which computes to a countrywide incidence of 4.67 
cases/100,000 inhabitants (range 0.29-25.20). Incidence 
in the department of Antioquia during this period was 6.60 
which is the eighth highest in the country. (37)

In Colombia, the beginnings of research into OBI study 
were in studies of patients with HIV infections and of blood 
donors. Ramírez Sánchez and Cataño Correa evaluated 
50 HIV-positive patients, twelve of whom tested negative 
for HBsAg but positive for anti-HBc IgG. In one sample, 
viral genome was detected by PCR and accounted for 2% 
of the total sample and 8.3% of the anti-HBc + samples. 
(13) Another study of 103 HIV positive patients by Polo 
et al. found six patients who tested negative for HBsAg but 
positive for anti-HBc, but viral load could only be deter-
mined for one of them (1/103, equivalent to 0.97%). (14) 
In this population, the most recent study was performed 
by Bautista et al. on 275 serum samples: all samples were 
analyzed by nested PCR for ORF S, and OBI was diagno-
sed in 8.7% of the samples. (15)

two regions of the viral genome, and the fact the amplification 
of the HBV genome in the HT126 sample had been achieved 
in only one sample through nested PCR, real-time PCR was 
used to corroborate the presence of the viral genome in this 
sample as well as in sample HT106. The result of the ampli-
fications were both positive. This confirmed the presence 
of the HBV genome in samples HT106 and HT126 which 
were taken from patients who had tested negative for HBsAg 
thus indicating that these are cases of occult infection.

DISCUSSION

This study describes a 13.3% (2/15) frequency of occult 
hepatitis B virus infection in samples from individuals diag-
nosed with cirrhosis and/or HCC who underwent liver 
transplantation. The samples in which the viral genome was 
detected had tested negative for anti-HBc and anti-HBs 
markers, hence they are cases of seronegative OBI which 
are estimated to account for 20% of total cases of OBI. (7) 
This underlines the importance of including individuals 
without serological markers of HBV infection in OBI stu-
dies, since their exclusion may lead to an underestimation 
of the frequency of this type of infection.

It has been proposed that the frequency of OBI is related 
to the endemicity of HBV infections in the study population 
and HBV risk factors in that population. However, because 
there is no clarity regarding the mechanisms of pathogene-
sis of occult infections, factors such as hosts’ immune sys-
tems, viral load and virus genotype may be involved. (32) 
In addition, frequencies of OBI that have been reported are 

MW       106       111        126      125       CN         CP 

500 pb

100 pb

MW       106       111        126      125       CN       CP 

500 pb

300 pb

Figure 1. Amplification of HBV ORF S (nt. 423-759) from hepatic 
tissue samples. Expected size: 336 bp. A weight marker of 100 bp was 
used, and positions corresponding to 300 and 500 bp are indicated. CN: 
negative control; CP: positive control.

Figure 2. Amplification of HBV ORF X (nt. 1411-1549) from hepatic 
tissue samples. Expected size: 139 bp. A 100 bp weight marker was used, 
and positions corresponding to 100 and 500 bp are indicated. CN: 
negative control; CP: positive control.
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study of 33 samples from patients with cryptogenic HCC and 
28 samples from patients with known etiologies were analy-
zed. The frequencies of OBI were 73% and 21.4%, respectively. 
(40) In Italy, 61.2% of 80 patients with cirrhosis and/or HCC 
who tested negative for HBsAg were found to have HBV DNA, 
and most of them were also infected with HCV. Other etiolo-
gies found included NASH, alcohol consumption, and cryp-
togenic disease. (41) This is consistent with a study of a similar 
population that detected HBV DNA in 64% of 14 patients, the 
majority of whom had HCV, who underwent transplantation. 
(42) The OBI frequency reported in this study is within the 
range of 4.4% to 64% that has been reported elsewhere among 
patients with terminal liver disease. Nevertheless, it is lower 
than that found in most studies. As mentioned above, this fre-
quency is related to the prevalence of HBV in the study region 
and the sensitivity of the techniques used.

This is the second Colombia study of occult HBV infec-
tions in patients undergoing transplantation. Although 
the frequency reported in this study is greater than those 
described in other studies conducted in this country, the 
results are not comparable due to differences in the types 
of study populations, inclusion criteria and methodologies. 
In addition, three limitations of the present study should 
be taken into account: the small sample size which was due 
in part to the fact that liver transplantation is not a routine 
procedure; samples were obtained in a single hospital; and 
the study period was only one year.

Implementation and dissemination of these studies con-
tributes to medical personnel’s knowledge of OBI. Even 
though it was first described more than 30 years ago, it is 
still not widely recognized in the clinical setting. This is 
reflected in the lack of guidelines for diagnosis and manage-
ment, although various studies have shown a relationship 
between OBI and the development of cirrhosis and HCC. 
The identification of OBI in patients with chronic liver 
disease allows diagnosis of HBV infections in individuals 
which would otherwise not be possible since the patients 
who tested negative for HBsAg could be identified through 
routine ELISA. In this way, clinical management can be 
adapted and, if necessary, antiviral treatment can be initia-
ted. This would also reduce the risk of transmission.

Additional studies with representative samples from 
medical centers are needed to estimate the frequency of 
OBI in patients with terminal liver disease in Colombia.

Acknowledgements 

This project was possible thanks to grant 2547 of the University 
of Antioquia, to the P10245 project of the Metropolitan 
Technological Institute and to the Sustainability Strategy 
2013-2014 of the University of Antioquia.

Beltrán et al. analyzed 129 serum samples from blood 
donors to blood banks in Bogotá, Cali, Barranquilla and 
Valledupar for total reactive anti-HBc serological profiles 
and anti-HBs titer ≤30 mIU/mL. The analysis was per-
formed by amplification of the pooled viral genome of six 
samples. The authors reported 0% incidence of OBI. (16) 
In Antioquia, Arroyave Ospina et al. analyzed 207 serum 
samples from HBsAg-/anti-HBc + blood donors which 
had tested negative for other infection markers. They used 
two nested PCR strategies for ORF S and reported an OBI 
frequency of 3.4% (7/207). (17) Ríos-Ocampo et al. eva-
luated 302 HBsAg-/anti-HBc + donor serum samples by 
nested PCR for ORF Ss, ORF Cores and ORF Xs. They 
detected the HBV genome in six samples (2%). In addi-
tion, they found mutations in the S and P ORFs was found 
in the study by Ríos-Ocampo et al., And four mutations 
were found to be synonymous and three non-synonymous 
in S, and six non-synonymous mutations in P (19). Finally, 
Castellanos and collaborators analyzed by nested PCR for 
the ORF S 160 sera from blood donors with a HBsAg-/
total anti-HBc + serological profile, from Santander, and 
found an OBI frequency of 8.75% (18).

Other populations in which OBI has been studied are 
patients undergoing hemodialysis in Bogotá (20) and uni-
versity students in Bucaramanga, with a frequency of 0% 
OBI in the two studies (21). In addition, samples of indi-
genous children from the department of Amazonas detec-
ted the viral genome in 2/24 HBsAg-/anti-HBc + samples 
(8.3%) by nested PCR for different regions of the ORF S 
( Jaramillo et al., Manuscript in preparation). These studies 
have reported OBI frequencies ranging between 0% and 
8.75% in several different populations in Colombia.

Only on study of OBI in liver tissue has been conducted 
in Colombia. Sixty three samples from patients with termi-
nal liver pathologies who underwent liver transplantation 
whose blood tests were negative HBsAg and anti-HBc mar-
kers were included in the study. The preliminary results of 
amplification of at least two regions of the viral genome by 
nested and/or semi-nested PCR show that HBV genome 
was detected in 9.5% of the samples (6/63). (23)

A few studies of liver tissue samples from patients with 
terminal liver disease have been performed in other coun-
tries. In Brazil, an OBI frequency of 4.4% was found in a 
sample of 68 cirrhosis patients who underwent liver trans-
plantation. (38). Another study included 17 liver biopsies 
from patients with chronic hepatitis who tested negative 
for HBsAg and positive for anti-HBc. OBI was found in 
17.6% of the samples. (39)

In China, a study analyzed 43 samples from patients with 
alcoholic cirrhosis who underwent transplantation. Viral 
genome was detected in 41.9% of the samples. In Korea, a 
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