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Patients with chronic hepatitis C frequently report tired-
ness, easy fatigability, and depression. The aim of this
study is to determine whether hepatitis C virus (HCV)
replication could be found in brain tissue in patients with
hepatitis C and depression. We report two patients with
recurrent hepatitis C after liver transplantation who also
developed severe depression. One patient died of multior-
gan failure and the other, septicemia caused by Staphylo-
coccus aureus. Both patients had evidence of severe hepa-
titis C recurrence with features of cholestatic fibrosing
hepatitis. We were able to study samples of their central
nervous system obtained at autopsy for evidence of HCV
replication. The presence of HCV RNA–negative strand,
which is the viral replicative form, was determined by
strand-specific Tth-based reverse-transcriptase polymer-
ase chain reaction. Viral sequences were compared by
means of single-strand conformation polymorphism and
direct sequencing. HCV RNA–negative strands were
found in subcortical white matter from one patient and
cerebral cortex from the other patient. HCV RNA–nega-
tive strands amplified from brain tissue differed by several
nucleotide substitutions from serum consensus sequences
in the 5� untranslated region. These findings support the
concept of HCV neuroinvasion, and we speculate that it
may provide a biological substrate to neuropsychiatric
disorders observed in patients with chronic hepatitis C.
The exact lineage of cells permissive for HCV replication
and the possible interaction between viral replication and
cerebral function that may lead to depression remain to be
elucidated. (Liver Transpl 2002;8:1014-1019.)

Patients with chronic hepatitis C frequently report
tiredness, easy fatigability, and depression. Dwight

et al1 reported that 28% of patients with chronic hep-

atitis C had current depressive disorders. They con-
cluded that disability and fatigue were related more
closely to severity of depression than to progression of
liver disease. More recently, Forton et al2 addressed the
hypothesis that hepatitis C virus (HCV) itself may
affect cerebral function and provide the substrate for
the chronic fatigue syndrome frequently associated
with HCV infection. The investigators used proton
magnetic resonance spectroscopy and showed eleva-
tions in choline-creatine ratios in the basal ganglia and
white matter of patients with histologically mild hepa-
titis C that were not present in healthy volunteers and
patients with hepatitis B. This elevated ratio was unre-
lated to hepatic encephalopathy or a history of intrave-
nous drug abuse. The investigators suggested that a
biological process underlies extrahepatic symptoms in
chronic HCV infection, although they did not specu-
late on its nature. Furthermore, because HCV has been
found to replicate in lymphoid cells and monocyte/
macrophages3-5 and these cells can enter the central
nervous system (CNS),6 a possibility remains that psy-
chosomatic syndromes observed in patients with HCV
infection are related to viral replication in the CNS.

We studied two patients with recurrent hepatitis C
after cadaveric liver transplantation for end-stage liver
disease caused by HCV infection who presented a clin-
ical picture of profound depression. These patients sub-
sequently died, and we were able to study samples of
their CNS for evidence of HCV replication.

Patients and Methods

Case 1

A 56-year-old man underwent cadaveric liver transplantation
December 26, 2000, for decompensated cirrhosis caused by
chronic hepatitis C and complicated by hepatocellular carci-
noma.

Soon after transplantation, the patient developed evidence
of recurrent hepatitis C, for which he was placed on interferon
alfa and ribavirin therapy 1 month after the diagnosis was
established. His clinical course was characterized by severe
depression that preceded antiviral therapy and continued to
worsen despite antiviral therapy discontinuation. The patient
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also presented with anorexia, profound weight loss, and renal
insufficiency.

The patient was hospitalized April 4, 2001, for manage-
ment of profound depression, anorexia, and massive ascites.
The patient required dialysis therapy for the management of
renal failure; he also developed spontaneous bacterial perito-
nitis secondary to Streptococcus viridans. His clinical course
progressively deteriorated, with acute respiratory distress syn-
drome and renal failure, until he died May 8, 2001.

Autopsy examination showed the allograft liver with cen-
trilobular congestion and necrosis, acute and organizing dif-
fuse alveolar damage with acute bronchopneumonia, acute
pancreatitis, congested kidneys with features of membranous
glomerulonephritis, ascites, and pleural effusion. Brain exam-
ination showed no evidence of either gross or microscopic
disease; there was no evidence of infarct, vasculitis, or viro-
pathic changes. There was no evidence of recurrence of hep-
atocellular carcinoma.

Depression was the most noticeable and important symp-
tom in the patient and presented soon after transplantation.
He was initially treated with sertraline, 50 mg/d orally, Janu-
ary 8, 2001. Therapy was switched to olanzapine, 10 mg/d
orally, January 18, 2001. Subsequently, therapy was switched
to citalopram, 20 mg/d orally, February 26, 2001, and the
patient remained on that medication until his death. There
was no noticeable improvement of his depression despite
changing medications.

His liver tests showed serum aminotransferase levels
between three and five times the upper limit of normal, and
total bilirubin levels progressively increased to a peak value of
18.6 mg/dL before his admission. Prothrombin time, initially
within normal range, became progressively prolonged before
his death.

The patient underwent two liver biopsies; January 25,
2001, and March 2, 2001. The initial biopsy showed early
recurrence, and the second biopsy, lobular portal hepatitis
with focal hepatic necrosis and cholestasis. There also was
significant portal fibrosis. These findings were compatible
with fibrosing cholestatic hepatitis.

Case 2

A 46-year-old man underwent cadaveric liver transplantation
March 3, 2001, for decompensated cirrhosis caused by
chronic HCV infection and chronic alcoholism. The patient
had undergone transjugular intrahepatic portosystemic shunt
placement for management of variceal bleeding caused by
portal hypertension before transplantation.

The patient was discharged March 29, 2001, and readmit-
ted March 30, 2001, with fever, right pleural effusion, and
pneumonia at the right-lung base. He also showed progressive
elevation of serum aminotransferase and alkaline phosphatase
levels. Endoscopic retrograde cholangiopancreatography was
performed and showed a dilated anastomotic stricture.
Because of progressive serum aminotransferase level elevation,
a liver biopsy was performed and showed recurrent hepatitis C.

Combination therapy with interferon and ribavirin was initi-
ated April 11, 2001.

Depression, a predominant symptom, also was present
since transplantation, associated with anorexia and exacer-
bated with antiviral therapy. The patient was placed on ther-
apy with oral citalopram, 20 mg/d, May 2, 2001, without
noticeable improvement.

His clinical course was complicated by sepsis caused by
Staphylococcus aureus. The patient became progressively
encephalopathic and developed renal and hepatic insuffi-
ciency. He died May 26, 2001.

The autopsy examination showed no evidence of biliary
duct stricture, and the anastomosis appeared without abnor-
malities. There was evidence of recurrent chronic hepatitis
caused by HCV, with a marked fibrosing cholestatic pattern.
There were multiple microabscesses in the anterior left ven-
tricle and epimyocardium of the left ventricle, midbrain, and
basal ganglia, consistent with disseminated S aureus. A 2.5-cm
necrotic Coccidioides immitis granuloma was present in the
left-lung upper lobe; this condition had been treated with
fluconazole before transplantation. Recurrent renal insuffi-
ciency was present without focal lesions in the kidneys.

There were pyogenic abscesses with gram-positive cocci
surrounding sections in the left upper quadrant abdominal
fascia along the liver transplantation scar. This site was
believed to be the source of S aureus septicemia. There also
was Alzheimer’s type II gliosis in the basal ganglia, midbrain,
and border zone cortex.

Biological Samples

Brain-tissue samples were obtained during routine autopsies
conducted 24 hours after death and stored at �80°C until
analysis. Samples were collected of subcortical white matter
and cerebral cortex from the frontal region and brain stem. In
addition, cerebellum tissue from patient 1 also was available
for analysis. Analyzed tissues were homogenized, and RNA
was extracted by means of a modified guanidinium thiocya-
nate-phenol/chloroform technique using a commercially
available kit (RNAzol; Gibco BRL, Grand Island, NY). One
and 5�g of total RNA (determined by spectrophotometry)
were used for reverse-transcriptase polymerase chain reaction
(RT-PCR). In the case of serum, the amount of extracted
RNA loaded into the reaction corresponded to 30 �L.

Strand-Specific RT-PCR

Strand specificity of RT-PCR for the detection of HCV
RNA–negative strands was ascertained by conducting com-
plementary DNA synthesis at a high temperature using the
thermostable enzyme Tth. Sensitivity and strand specificity of
this reaction were established by using synthetic RNA as tem-
plates. A detailed description of our strand-specific assay and
sequence of primers used was published previously.7,8 In brief,
complementary DNA was generated in 20 �L of reaction
mixture containing 50 pmol/L of sense primer, 1 � RT buffer
(Perkin Elmer, Foster City, CA), 1 mmol/L of MnCl2, 200
�mol/L of (each) dNTP, and 5 U of Tth (Perkin Elmer).
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After 20 minutes at 65°C, Mn2� was chelated with 8 �L of
10 � egtazic acid chelating buffer (Perkin Elmer), 50 pmol/L
of antisense primer was added, volume was adjusted to 100
�L, and MgCl2 concentration was adjusted to 2.2 mmol/L.
Amplification was performed in the Perkin Elmer GenAmp
PCR System 9600 thermocycler as follows: initial denaturing
for 1 minute at 94°C and 50 cycles of 94°C for 15 seconds,
58°C for 30 seconds, and 72°C for 30 seconds, followed by a
final extension at 72°C for 7 minutes. One microliter of this
reaction was added to the second nested PCR and amplified
for another 35 cycles. Because nested protocols may be prone
to carryover contamination, all positive reactions subse-
quently were verified in an independent experiment by South-
ern hybridization with a phosphorus 32–labeled internal oli-
goprobe using first round RT-PCR product.

The strand-specific assay was capable of detecting approx-
imately 100 genomic equivalent (Eq) molecules of the correct
strand, whereas nonspecifically detecting 108 genomic Eq of
the incorrect strand. The addition of 1 to 5 �g of total cellular
RNA extracted from human tissues would reduce the sensi-
tivity of the reaction by no more than one log, whereas the
specificity of the assay was not affected.

Standard RT-PCR

Moloney Murine leukemia virus (MMLV) RT-based detec-
tion of HCV has been described in detail previously.7 Appro-
priate measures, described elsewhere,7,8 were used to prevent
and detect contamination.

Analysis of HCV Quasispecies

The analysis was conducted on the stable 5� untranslated
region (5� UTR) because a small number of expected viral
variants within quasispecies allows for reliable comparison,
and we previously found that variations in this region may
correlate with extrahepatic replication.7,9,10 For the purpose
of sequence comparison, nested protocols were used to max-
imize the yield of PCR product. Amplification of 5� UTR was
conducted using RT-PCR assay, as previously described.7

HCV quasispecies were compared using the single-strand
conformation polymorphism (SSCP) assay as described else-
where,7 with minor modifications. In brief, PCR products
were purified with a DNA-binding resin system (Wizard
PCR; Promega, Madison, WI) and resuspended in 50 �L of
water. Next, 2 to 4 �L of purified product was diluted in 15
�L of low ionic-strength solution (10% saccharose, 0.5%
bromophenol blue, and 0.5% xylene cyanol), denatured by
heating at 97°C for 3 minutes, immediately cooled on ice, and
subjected to nondenaturing 8% polyacrylamide gel electro-
phoresis in 1 � Tris-borate-EDTA buffer with 400 V applied
for 5 to 6 hours at a constant temperature of 25°C. Bands were
visualized using silver staining (Silver Stain; Promega). This
assay enables the detection of minor variants representing 3%
to 5% of the entire population.7

All analyzed products were sequenced directly in both
directions using the Perkin-Elmer ABI 377 automatic

sequencer. HCV genotypes were determined by direct
sequencing of the NS5 region.

Genotypes of infecting HCV strains were determined by
means of direct sequencing of the NS5 region as described
previously.11

Results

Both patients were positive for the presence of HCV
RNA in serum and every sample of brain tissue ana-
lyzed. HCV RNA titers, determined by analyzing
10-fold serial dilutions of RNA template, ranged
from 102 to 104 genomic Eq/�g of total RNA. Both
patients were found to be infected with genotype 1a,
and HCV-RNA loads in their serum were greater
than 850,000 IU/mL. Using a strand-specific Tth-
based assay, viral-negative strand was detected in
subcortical white matter and cerebral cortex in
patients 1 and 2, respectively. These reactions were
unlikely to represent false-positive results because
nonspecific detection of the incorrect strand might
be expected when the latter is present in a high num-
ber, at least 108 genomic Eq/reaction. However, the
approximate concentration of HCV RNA in brain
samples containing viral-negative strand was only
104 genomic Eq/�g of total RNA.

In the next step, viral sequences amplified from dif-
ferent parts of brain were compared by means of SSCP
with one another and with respective viral sequences
amplified from serum. As seen in Figure 1, band pat-
terns representing viral-positive strands were identical
in each patient, except for those derived from gray mat-
ter in patient 1, which were fewer in number. However,
because dominant bands in the latter sample were iden-
tical to all other samples in this patient, the observed
lower complexity most likely was caused by sampling
differences related to stochastic phenomena. Analysis of
HCV RNA–negative strands showed they were differ-
ent from positive strands. The discrepancy between
brain-derived positive and negative HCV RNA strands
can be explained because in large part, the former rep-
resent serum-derived contamination, whereas the latter
represent indigenous replicating virus.

Direct sequencing confirmed the presence of identi-
cal master sequences in serum and brain tissue with an
indiscernible SSCP band pattern. However, master
sequences of HCV RNA–negative strand recovered
from cerebral cortex in both patients differed by several
nucleotide substitutions from serum consensus
sequences (Fig. 2). Thus, in both patients, HCV RNA–
negative strands amplified from brain tissue were differ-
ent from those circulating in serum.
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Discussion

In a recent study, we reported the detection of HCV
RNA–negative strands in brain tissue in three of six
studied patients.12 In two of these patients, serum- and
brain-derived viral sequences were different and classi-
fied as belonging to different genotypes. These results
suggested at least an occasional presence of HCV repli-
cation in the CNS.

In the current study, we found the presence of viral
replicative forms in CNS in two patients who also
developed severe depression in the course of recurrent
hepatitis C after liver transplantation. To the best of our
knowledge, this is the first attempt to detect HCV rep-
licative intermediaries in brain tissue in patients who
also have psychiatric symptoms.

In a recently published study, we showed the com-
mon presence of HCV replication in blood macro-
phages/monocytes in human immunodeficiency virus
(HIV)-infected subjects.9 Because brain microglial cells
are tissue-resident macrophages of blood monocytic
origin,13 we postulate that they also could support
HCV replication. Our findings support this hypothesis
because HCV replicative forms were detected in the
CNS of both studied subjects, although the lineage of
infected cells was not established.

A possible mechanism of neuroinvasion could be
related to trafficking of infected cells of monocyte/mac-
rophage lineage through the blood-brain barrier, simi-
lar to that postulated for HIV type 1 (HIV-1) infec-
tion.14,15 It could be speculated that there subsequently
would be secondary spread of HCV to permissive cells,
such as resident microglial cells. Replication in the CNS
could be facilitated by the immunosuppression pro-
gram of the patients. This possibility is supported by the
demonstration of HCV replication in hematopoietic
cells inoculated into severe combined immunodefi-
ciency mice.16

Moreover, whereas HCV RNA–negative strand
rarely is detected in peripheral-blood mononuclear cells
from healthy subjects,17,18 it commonly is found in
HIV-coinfected patients or liver transplant recipi-
ents.9,19

We speculate that HCV infection of the CNS may
provide the biological substrate for neuropsychiatric
syndromes associated with this viral infection. HIV-1
infection may provide a paradigm to HCV infection of
the CNS; HIV-1 can infect macrophages and micro-
glia, but not neurons, although neurons die by apopto-
sis.20,21 The postulated pathway is through release of
macrophage, microglial, and astrocyte beta-chemo-
kines.21 Although HCV infection of microglia has not
been shown directly, this cell compartment is likely to
be permissive to HCV replication in the CNS.

Because HIV-1 dementia is a well-defined clinical
entity and its underlying pathophysiological character-
istics are being clarified, HCV-associated neuropsychi-
atric syndromes22 are less well defined, and their under-
lying mechanism is unclear. Our observations and those
of Forton et al2 are beginning to define a biological
substrate that may provide deeper understanding of the
interaction between HCV and the CNS.

In conclusion, we found evidence of HCV replica-
tion in CNS autopsy samples in two transplant recipi-
ents with recurrent hepatitis C and severe depression.
We speculate that the depressive syndrome in these
patients may have HCV viral replication in the brain as
an organic substrate. The exact lineage of cells permis-

Figure 1. Analysis by SSCP of 5� UTR HCV sequences
amplified from serum (S) and various autopsy brain tissue
samples from two patients who died after orthotopic liver
transplantation. The following brain tissue samples were
examined: subcortical white matter (WM), gray matter
(GM), cerebellum (C), and brain stem (BS). HCV RNA–
negative strands were detected in subcortical white matter
in patient 1 (Pt1) and cerebral cortex in patient 2 (Pt2).
The presence of identical and dissimilar viral sequences in
analyzed samples was verified by direct sequencing. (WM
pos, subcortical white matter, HCV-positive strand; WM
neg, subcortical white matter, HCV-negative strand; GM
pos, gray matter, HCV-positive strand; GM neg, gray mat-
ter, HCV-negative strand.)
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sive for HCV replication and the possible interaction
between replicating virus and cerebral function that
may lead to depression remain to be elucidated.
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