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Summary

A new clinical scenario called Occult Hepatitis C Virus infection has been recently described (HCV-Oc); it can
only be characterized by molecular analysis, due that serological marker by ELISA are not detected.
The aim of the present study was to identify the Hepatitis C Virus infection in a patient re-transplanted by
hepatic failure of unknown etiology. For this, RNA obtained from different sources (Liver tissue, serum, plasma
and buffy coat) was assessed by a RT-PCR protocol that specifically targeted the HCV 5’UTR, showing the
presence of HCV genome just in liver tissue explants. When viral sequences were analyzed, the strains
belonged to HCV genotype 1a.
Our study corresponds to the first report in the world of HCV-Oc due to HCV genotype 1a, in liver retransplantation context. We recommend having in mind this new clinical scenario into the differential diagnosis
of patients with cirrhosis, hepatocellular carcinoma and/or hepatic failure of unknown etiology.

Key words

Hepatic failure, Occult hepatitis C virus, Genotype, RT-PCR.

INTRODUCTION
Infection for Hepatitis C Virus (HCV) is a high impact
public health problem which has wide distribution and a
close relationship with the development of cirrhosis and
hepatocellular carcinoma (HCC). It is estimated that there
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are more than 170 million infected individuals worldwide
(1).
HCV belongs to the hepacivirus genus of the Flaviviridae
family (2, 3). It as a single chain RNA genome with positive
polarity. It is approximately 9600 nucleotides long. It contains an open reading frame, flanked by non-coding regions
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which are known as 5’ UTR (Un-Translated Region) and
3’ UTR. Region 5’UTR has a secondary structure which
contains an internal entrance site to the ribosome (IRES)
which is essential for cap-independent translation from
viral RNA (4). This function explains both the degree of
conservation of this genomic segment among the different
isolates and its usefulness for molecular diagnosis of this
infection (5).
To date, six HCV genotypes, with a divergence of 35%,
and more than 100 subtypes, with a divergence of 15-20%,
have been described (6). The genotype is indicated by
Arabic numbers and a lower case letter to indicate the subtype (Robertson B., 1998). The total genome, Core, NS5b
and the 5’UTR are routinely used for genotyping isolates
with HCV (7, 8). HCV genotypes are more or less specific
to geographic areas of circulation. Genotypes 1, 2, and 3
have worldwide distribution with prevalence varying from
one geographical area to another one. Subtypes 1a and 1b
are the most common in the United States of America (9)
and in Europe (10). In Japan, subtype 1b is responsible for
73% of all HCV cases (11). In Latin America, including
Colombia, genotype 1 is the most prevalent (12-15). On
the other hand, infections produced by other HCV genotypes have important clinical implications. Genotype 1b
is associated with a notorious hepatic deterioration (16)
while genotypes 1 and 4 are associated with poorer responses to antiviral treatment (17-19).
Chronic HCV infection is generally diagnosed through
the ELISA test which detects the total antibodies against
HCV (anti-HCV) (1). Nevertheless, in 2004 a new clinical
entity, occult HCV) was described (20), which registers as
anti-HCV negative in ELISA tests. Whether or not patients
have elevated transaminase it can only be diagnosed
through detection of the viral genome, preferably in hepatic tissue or mononuclear leukocytes (MLs) of peripheral
blood (21).
Different authors have described this type of infection in
patients with cryptogenic hepatic disease (20). It has been
found in up to 57% of these cases. Host factors, such as
immune response, have been associated with the development of occult HCV. Patients with this clinical entity have
shown evidence of greater response to proliferation of CD4
T lymphocytes and of higher recounts of CD8 than have
patients with chronic HCV. Among the viral factors which
have been studied to date, all isolates in patients with occult
HCV have been identified as genotype 1b (21) indicating
the existence of some molecular difference between this
genotype and the other genotypes.
This case study was undertaken because of the high
frequency of occult HCV in patients with cryptogenic
hepatic disease and the absence of studies about this entity
in Colombia. In this study we looked for the presence of

HCV genome in samples from different sources belonging
to a patient who required a hepatic re-transplant for graft
failure. A viral genome was detected in samples of the native
liver tissue and from the first graft. When the molecular
phylogenetic analysis of the detected isolates was done, it
was found that both strains belonged to genotype 1a, thus
showing that the same agent was the trigger for the manifestations of hepatic failure.
The present study is not only the first evidence in
Colombia of occult HCV caused by genotype 1a in the context of an organ transplant, but also in the world. We highly
recommend testing for the presence of HCV genome in
hepatic tissue samples (paraffin-embedded, fresh frozen, or
from fixed pathology sheets or colored) in order to rule out
occult HCV infection in cirrhosis cases, HCC and hepatic
failure of unknown etiology.
PATIENT AND METHODOLOGY
Type of study
Descriptive-retrospective.
Patient
The patient was A 29-year-old man from Barranquilla who
was treated on December 21, 2006 by the hepatic transplant team from Antioquia University at Pablo Tobon Uribe
Hospital. The patient had continuous nausea, diarrhea, and
persistent abdominal pain. During his evaluation he was
diagnosed with mucocutaneous jaundice and ascites, along
with clinical and paraclinical criteria suggestive of encephalopathy and coagulopathy. Liver cirrhosis with Wilson’s

disease or hemochromatosis was initially suspected,
since ELISA (HBsAg, anti-HBc, Anti-HCV; Roche)
testing revealed no serological markers for hepatotropic virus, and there was an absence of autoimmune
markers. In addition, there was no reported consumption of drugs or toxic substances. The ophthalmologic
examination revealed no Kayser-Fleischer ring, and
in subsequent histopathological studies Kuppfer cells
tested positive for iron and negative for copper. During
the histopathological evaluation of trichrome tinted tissue
slices focal pericellular fibrosis and fibrosis confined to the
hepatic portal space were observed (Figure 1a). Because

of the degree of liver failure and its complications,
liver transplantation was performed on December
24, 2006. Treatment with triple immunosuppressive
therapy was initiated after transplantation. During the
macroscopic evaluation of the explant (native liver) the
organ was observed to be hard and nodular with clear evidence of cirrhosis (Figure 1b).
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of marked intracytoplasmic cholestasis accompanied by
ballooning, slightly congested sinusoids and ductopenia
over 50% of portal tracts. This was evaluated with preservation of the artery and the hepatic vein (cytokeratin 7 stain).
The patient was retransplanted on October 7, 2007 after a
diagnosis of liver failure secondary to severe chronic cholestasis of unknown origin.

Figure 1. Histopathological findings for native liver. Macroscopic
evidence of cirrhosis can be clearly seen. A. Trichrome colored slide
from biopsy of native liver. Large fiber bands can be seen. B. Organ
corresponds to native liver explanted in 2006.

The initial evolution was good, however, on May 18,
2006 year the patient returned for consultation. He
had diarrhea, persistent itching, jaundice with total
bilirubin greater than 20 mg/dl, and marked elevation
of aminotransferases. The liver biopsy showed moderate to severe acute cellular rejection. The presence of
mononuclear inflammatory infiltrate, which compromised the majority of portal tracts, was accompanied
by numerous eosinophils and focal damage of the
limiting plate.
We observed endotheliitis, epitheliopathy, intracytoplasmic cholestasis of the hepatocytes with emphasis in
areas 2 and 3, congested sinusoids and centrilobular vein
preservation (Figure 2a). There was neither cholangitis nor
malignancy. The trichrome stain showed focal fibrosis and
pericellular fibrosis confined to the portal tract. Serological
studies were negative for Cytomegalovirus, Hepatitis B and
HCV. A second liver biopsy taken on July 26 (Figure 2b)
showed chronic rejection. This was based on observations
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Figure 2. Microscopic analysis of hepatic tissue corresponding
to rejected graft. A. Hematoxylin and eosin stained slide. Fibrous
bands delimiting hepatic nodules with capillaries surrounded
by mononuclear cell infiltrate are visible. B. Biopsy of graft seven
months after transplant. Permeable central veins can be observed,
but with ischemic changes in hepatocytes in zone three and
cholestasis.

Currently the patient is medicated with 5 mg Tacrolimus,
and Mycophenolate 500mg Prednisolone 5mg. To date the
patient has not presented biochemical or clinical expressions of rejection or hepatitis. Since the two cases of liver
failure could not be associated with any known factor, the
patient agreed to participate voluntarily in the project.
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SAMPLES
As a result of the surgical procedures and biochemical studies performed on this patient the present study was able
to have several types of samples available. These included
samples of serum and liver explant (native liver) from
the first transplant (December 24, 2006), and samples of
serum, plasma, buff y coat and liver explant (first graft) from
the second transplant (October 7, 2007). In all cases, the
fresh liver tissue and blood samples were stored at -70° C as
soon as they were collected and until processing.
Detection of HCV genome
In order to determine the presence of HCV genome in the
clinical samples obtained, total RNA was extracted using the
TRIzol method (Invitrogen), according to manufacturer’s
recommendations. Once the genetic material had been obtained, specific primers flanking the 5’UTR region were used
to amplify a highly conserved sequence of HCV (7) with
RT-PCR. For reverse transcription and the first round primer set ATACTCGAGGTGCACGGTCTACGAGACCT/
nt299-nt327 and CTGTGAGGAA CTACTGTCTT/
nt23-nt42 were used. For the second round primers
CACTCTCGAGCACCCTATCAGGCAGT/nt266nt292 group and TTCACGCAGAAAGCG TCTAG/
nt41-nt60 were used. In both PCR steps the cycling protocol used called for 94 ° C for 2 minutes for denaturation,
followed by 40 cycles of amplification that included denaturation for 30 seconds at 94° C, annealing at 56° C for 30
seconds and extension for 1 minute and 30 seconds at 72°
C accompanied by a short extension of 72º C for 10 min. To
visualize the amplified products, agarose gels were stained
with 2% ethidium bromide (10ug/ml) and run for 1 hour
at 100 volts. An allelic ladder with rising steps of 100pb
(Fermentas) was used as a molecular weight marker. Once
the run ended, the gels were photo-documented in a 2UV
transilluminator digital imaging system. HCV genome was
considered to be present an amplified fragment of 251 bp
was observed. As positive controls we used tissues and/or
serum samples from patients with cirrhosis and/or HCC
which had tested anti-HCV positive by ELISA, but had
tested HCV- positive in RT-PCR specific tests previously
conducted. As negative controls we used a reagent blank
or samples from patients with chronic hepatitis related to
autoimmune disease. All tests were performed in triplicate
and confirmed by an international reference laboratory
(Lab. of Molecular Virology IVIC).
Characterization of viral genotype
If the RT-PCR result was positive, the amplicons were
subjected to direct sequencing by an automated method

(BigDyeTM Terminator, 3730xl sequencer). Once the
sequences were obtained, they were edited and assembled
using the SeqMan program (DNASTAR). After obtaining
consensus, the alignment was performed using the BioEdit
program. For this analysis sequences of available Genbank
prototypes of each of HCV genotypes and some subtypes
were used (Table 1).
Once recombination events had been ruled out
(Simplot), phylogenetic inferences were made using PAUP
4.0 (Sowford 1998) for maximum parsimony, maximum
likelihood and Neighbor Joining (NJ). In order to assess
the reliability of the topology a minimum of between 100
and1000 bootstrap replicas were generated for each inference. The tree selected was obtained by “Majority Rule”
and displayed in the TreeView program. As the “out group”
in the trees with roots, sequence Y13184 belonging to
HCV genotype 5 was used. The genotype for each isolate
was identified according to the grouping generated with
reference strains of Genbank. The analysis was replicated
using MEGA 4.1.
Analysis of substitutions in the 5’UTR region of HCV
isolates identified in the survey
To try to assess the nucleotide differences between HCV
isolates detected in the explants and other HCV strains,
the sequences of the 5’UTR region were aligned using the
BioEdit program. The sequence belonged to a Colombian
prototype genotype 1b (HCVCol-172) which had been
previously characterized by RFLP and analyzed by this
group of authors “HCV Genotyping of samples from
patients with multiple transfusions”.
RESULTS
Detection of HCV genome
To retrospectively determine the presence of HCV in
various samples with different origins from a liver transplant
patient, we used RT-PCR. This protocol uses groups of primers flanking one of the highly conserved regions of the
HCV genome. Once total RNA had been extracted from
different samples RT-PCR was performed. We observed the
expected specific product in samples from the liver transplant explants from 2006 and 2007 (Figure 3). It should be
noted that in assessing the amount of sample necessary for
detection of the HCV genome it was necessary to use twice
as much of the tissue sample from 2007 as of the sample
from 2006 (200 and 100mg, respectively). This indicates a
lower titer of virus in this sample. This analysis was reproducible in three independent tests and confirmed by the
IVIC molecular virology laboratory. In contrast, none of
the samples of serum, plasma or Buff y coat had detectable
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Table 1. List of Genbank sequence prototypes used for phylogenetic analysis of HCV.
Access Number
AM269925
AB016785
AB030907
AB031663
AB047639
AB080299
AF009606
AF046866
AF064490
AF077227
AF077233
AF139594
AF165045
AF176573
AF238485
AF238486
AF271632
AF290978
AF356827
AF483269
AF511948
AF511949
AF511950
AJ000009
AJ132996
AM400873
AM400874
AM400875
AM400876
AM400877
AM709668
AM709669
AM709675
AY051292
AY232731
AY576557
AY576576
AY651061
AY746460
AY859526
AM269927
AM269928
AM269929
AM269926
AM269930
AM269931
AM269932
AM269936
AM269933
AM269934
AM269935
D00944
D10749
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Country
Australia
Bolivia
Bolivia
Bolivia
Bolivia
Bolivia
Brazil
Brazil
Colombia
Spain
Spain
Germania
India
Japan
Japan
Japan
Japan
Japan
Russia
South Africa
USA
USA
USA
USA
USA
USA
USA
USA
USA
USA
Colombia
Colombia
Colombia
Colombia
Colombia
Colombia
Colombia
Colombia
Colombia
Colombia
Colombia
Spain
Spain
Argentina
Argentina
Argentina
Argentina
Argentina
Argentina
Argentina
Bolivia
Bolivia
Denmark
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Genotype
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1a
1a
1a
1a
1a
1a
1a
1a
1a
1a
1a
1a
1a
1b
1b
1b
1b
1b
1b
1b
1b
1b
1b

Access Number
D10988
D14853
D16612
D16614
D16618
D16620
D17763
D28917
D49374
AM400878
AF177036
D50409
D63821
D63822
D84264
D84265
D90208
DQ077818
DQ077819
DQ313454
L38334
AM400879
AM709653
AM709654
M62321
M67463
M84832
M84845
M84852
M84860
M84862
M84864
M86765
AF280435
X76918
Y11604
Y13184
AY376833
AM709655
AM709656
AM709657
AM709658
AM709659
AM709660
AM709661
AM709662
AM709667
AJ012831
AJ012832
AY376835
AY376836
AY376837

Country
Denmark
Egypt
France
Germania
UK
Hong Kong
India
India
Indonesia
Indonesia
Indonesia
Italy
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Japan
Nepal
Nepal
Nepal
Nepal
Rep. D. Congo
Rep. D. Congo
Russia
South Africa
South Africa
Uruguay
Uruguay
Uruguay
Uruguay
Uruguay
Uruguay
Uruguay
Uruguay
Uruguay
Uruguay
Uruguay
Uruguay
Uruguay
Uruguay
Uruguay
Uruguay
USA
USA
Venezuela
Vietnam
Vietnam

Genotype
1b
1b
1b
1b
1b
1b
1c
1c
1c
2
2a
2a
2a
2a
2a
2a
2b
2b
2b
2c
2k
3
3
3
3a
3a
3a
3a
3a
3a
3a
3a
3b
3c
3d
3e
3f
3k
4
4
4
4
4
4
5
5
5
5a
6a
6g
6h
6k
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HCV genome (Figure 4). The results shown here suggest
that the factor associated with episodes of liver failure that
led to the patient’s re-transplantation could be occult HCV
infection.

Figure 3. HCV genome detection in the explant of a patient who was
retransplanted after hepatic failure of unknown origin. RT-PCR products
run in 2% agarose gel with, dyed with ethidium bromide. MP Molecular
weight marker in measures of 100pb. 1 and 2. Total RNA extracted
from 100 mg of native hepatic tissue (2006). 3 Total RNA from a
serum sample obtained during the first transplant (2006). 4. Total RNA
obtained from 200 mg of hepatic tissue from the rejected graft (2007).
5. Positive control of extraction test run and RT-PCR (Sample TH1). 6.
Negative control of extraction test run and RT-PCR. Arrow. Hoped for
PCR product specific for HCV.

Genotyping of HCV isolates
In this study, phylogenetic analysis was conducted to try
to infer which genotype was present in the samples, and
if the infecting genotype was the same in both explants.
When showing the phylogenetic trees generated, and
independent of the method used, the topology was very
similar. Similarly, the Genbank reference sequences used
created the expected groupings, which were supported by
bootstrap values between 49 and 94. When we studied the
clade in which HCV sequences obtained from the explants
were detected, we concluded that both isolates belonged to
genotype 1a (Figure 5). However, they were found in separate branches of the tree, which was explained by the comparison analysis of sequences with BioEdit which found
the presence of two transversional substitutions at 100 and
190 nucleotides (both adenine change by cytokines). The

remaining 249 nucleotide sequences were identical (Figure
6). These substitutions could be explained by the high rate
of mutation reported for RNA viruses, due to the absence
of corrective action 3’-5 ‘of their RNA-dependent RNA
polymerases.

Figure 4. HCV genome detection in blood samples from a patient
who was retransplanted because of cryptogenic hepatic disease.
Electrophoresis of nested and amplified RT-PCR products from total
RNA extracted from blood samples obtained during second transplant
(2007). MP Molecular weight marker in measures of 100pb. 1-3. Total
RNA extracted from serum, plasma and buff y coat samples. 4-5. Positive
controls for extraction and RT-PCR (Tissue samples TH-1 and TH-2).
6. Negative control for RT-PCR test run. 7-9. Positive controls for
extraction and RT-PCR (Serum samples 033-sp, 050-sp and 215-sp).
Arrow. Hoped for PCR product, specific for HCV.

DISCUSSION
Occult HCV infection is a new clinical entity which should
be considered in patients with cirrhosis, hepatocellular carcinoma and/or liver failure of unknown origin. This study
aimed to identify risk factors which triggered the development of liver failure in a patient who had undergone two
liver transplants. It found the HCV genome in liver tissue
samples obtained both in the native liver and the first graft.
Since during the analysis anti-HCV antibodies were not
detected by ELISA, we could logically conclude that the
cause might have been an occult recurrent HCV infection.
To ensure detection of viral genome in clinical specimens
an RT-PCR nested procedure was used. It contained two
groups of primers that targeted one of the most conserved
regions of HCV (7), the non-coding 5’ end which is essential to translation of the viral genome (18). Despite having
used a highly sensitive nested protocol, the HCV genome
was detected only in liver tissue and not in blood samples.
This could have been related to problems of reproducibility
of the technique. However, we were able to exclude this
possibility because the controls worked properly during the
development of all tests. Similar behavior has been reported by other authors who have found that the best samples
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Figure 5. Viral genotype determination of isolates of HCV detected in native liver and rejected graft of a patient with hepatic failure. Phylogenetic tree with root, generated
from analysis of sequences of 5’UTR of HCV using the NJ method and MEGA (version 4.1). The small numbers on the internal branches represent bootstrap values. The large
bold faced numbers indicate groups by genotypes (1-6). The blow up indicates the clade corresponding to the genotype. 1a. Red Rhombus. Isolate from native hepatic tissue
(Abbreviation: 1stexpla). Green Rhombus. Isolate from tissue from first graft (Abbreviation: 2ndexpla).

Figure 6. Characterization of substitutions in the 5’UTR region of the isolates detected in this study. Alignment of 5’UTR sequence
with Bioedit (version 7.0.5.3). Sequence 1. Isolate of Colombian HCV, genotype 1b. Sequence 2. Isolate of HCV from first graft.
Sequence 3. Isolate of HCV detected from native hepatic tissue. In sequence 2 the substitution of A for C can be observed in positions
100 and 190 (with respect to the amplified fragment of 251 pb).

for molecular diagnosis of cases of occult HCV are from
liver tissue (100% of detected cases). This is followed by
peripheral blood mononuclear cells (57%) and buff y coat
(14%). Carreno et al. failed to detect any cases of occult
HCV using serum, plasma and whole blood (22).
One viral factor which has been studied in relation to
occult HCV is the infecting genotype. In studies which have
included molecular analysis of isolates, the only genotype
associated with development of occult HCV was genotype
1b (21). This genotype is also considered to be one of the
most pathogenic as it is related to increased risk of development of HCC (23). Surprisingly, phylogenetic analysis of
the sequences characterized in this study showed that the
isolates detected in both tissues belonged to genotype 1a.
The fact that the same kind of genotype of HCV was found
in dried liver tissue samples of two other liver transplants
in 2006 and 2007 raises the possibility that it was the same
agent. Therefore it could have been the factor associated
with occult HCV in two additional episodes of liver failure.
This study constitutes the first global report which identifies
the genotype 1a in a case of occult HCV with the outcome
of liver re-transplantation.
Although occult HCV cases have been reported in
patients with cryptogenic chronic hepatitis and the at risk
population (hemodialysis patients) (21), in Colombia there

has not been any study of this issue. Occult HCV infection
has serious implications for diagnosis, transmission and
treatment of this entity. Although we are still evaluating the
potential severity of this clinical entity, the finding reported
in this study has made it necessary in Colombia to use procedures highly sensitive biology procedures such as nested
RT-PCR and/or real-time PCR when patients cirrhosis are
suspected of HCC and liver failure of unknown etiology.
For these procedures the sample of choice for diagnosis is
liver tissue. Currently this group of authors is conducting
further studies aimed at advancing identification of the
viral genotype confirmed by amplification of core regions
and NS5b of HCV.
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