
Agnieszka Bednarska1, Andrzej Horban1, Marek Radkowski2, 

CENTRAL NERVOUS SYSTEM AS A POSSIBLE SITE OF HCV 
REPLICATION

1Wojewódzki Szpital Zakaźny w Warszawie 
Dyrektor:  Andrzej Horban

2Zakład Immunopatologii Instytutu Chorób Zakaźnych i Pasożytniczych Akademii 
Medycznej w Warszawie

Kierownik zakładu: Marek Radkowski

There is mounting evidence of HCV neuroinvasion on the clinical and 
molecular level. It seems that microglia cells, representing a resident CNS 
macrophages population, are the main target for the virus. It can be also 
speculated that the macrophages carry HCV to CNS compartment. Non-
specific inflammation and changes in the metabolic pathway of infected 
cells can play a role in pathogenesis of neurological symptoms which are 
observed in HCV infected patients. 
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INTRODUCTION

Hepatitis C virus (HCV) is a small, enveloped, positive – strand RNA virus belonging 
to the Flaviviridae family (1). HCV is a cause of the disease recognized for the first time in 
the 1970s, after the development of diagnostic tests of hepatitis A and hepatitis B viruses. It 
appeared that most cases of transfusion – associated hepatitis were not caused by either of 
these viruses and the term : non-A, non-B hepatitis virus was created for the new agent at 
that time (2 ,3). In the late 1980s genome of this virus was cloned and later termed hepatitis 
C virus (4 ). 

Primarily HCV was regarded as strictly hepatotropic since replicative form of genom 
negative – strand RNA was detected only in the liver of patients with chronic hepatitis C 
infection (5). However, considering extrahepatic clinical manifestation of HCV infection, 
cells other than hepatocytes were investigated as a potential place of the virus replication. 
These results become highly controversial when a publication of R. Lanford and colleagues 
(6) questioned earlier findings. They proved that standard RT - PCR method using Taq poly-
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merase lacks sufficient strand specificity in detection of negative strand HCV –RNA while 
rTth method of RT-PCR appeared highly strand specific. Employing Tth based method no 
negative strand RNA was detected in PBMC and other extrahepatic tissues in HCV positive 
subject (6). Now it is known that this study had serious limitation - the tissue samples was 
obtained from a single chimpanzee that had a low level of HCV replication  (6).

A new approach was to conduct a study on a material collected during postmortem ex-
amination of intravenous drug users died due to AIDS. HCV infection in this group is very 
frequent and viral load in persons with severe immunodeficiency is high, thus they provide 
a better model for extrahepatic HCV replication (7). In these studies a frequent presence 
of negative strand HCV-RNA was detected in lymph nodes and occasionally in pancreas, 
thyroid, adrenal gland, spleen, bone marrow. (8). 

The replication of RNA viruses is an error-prone process, primarily because the viral 
RNA polymerase lacks of proof-reading 3’ –5’ exonuclease activity. Consequently RNA 
viruses are characterized by a high mutation rate (9) and like other RNA viruses, e.g. HIV, 
HCV exists in infected subject as a population of different but closely related genomes 
– quasispecies (10). One genome called master genome is usually quantitatively predomi-
nant and represents the best fitting to the actual host conditions strain. Thus the genetic 
divergence may stem from virus adaptation to growth in different tissue and cell types (11). 
This compartmentalization can be also a result of infection with different variants with 
different cell tropism. At present genetic divergence is often regarded as another line of 
evidences of independent virus replication in particular compartment, and thus extrahepatic 
HCV replication.

CLINICAL PICTURE

Patients with chronic hepatitis C are more likely to have significant changes in their 
physical and mental well being, such as fatigue and depression, than patients with liver disease 
of other etiology. The symptoms remit following successful antiviral therapy, indicating that 
the presence of the virus plays a role in their etiology. Similarly, liver transplant recipients, 
who suffered from HCV recurrent hepatitis, had significantly lower sense of quality of 
life, greater depression, higher psychological distress and lower physical functioning than 
patients without recurrence of infection  (12,13).

HCV can influences the neuropsychiatric profile of infected individuals. In the study 
conducted by Ryan and colleagues the neuropsychiatric profile of individuals with advanced 
HIV coinfected with hepatitis C was compared to similarly advanced HIV patients without 
HCV coinfection.. Coinfected subjects had significantly greater rates of past depression 
symptoms. (14)

Recently it was also demonstrated that HCV infection is associated with cognitive dys-
function (15). HCV-infected patients were impaired on more cognitive tasks than those who 
cleared the virus. Detailed analysis showed impairments in concentration, speed of work-
ing memory, depression and fatigue, independent from a history of intravenous drug usage 
(IVDU) or symptoms of HCV hepatitis severity.  (15). There are evidences of biological basis 
of this dysfunction: elevations of choline/creatine ratios were observed in proton magnetic 
resonance spectroscopy in the basal ganglia and white matter in patients with histologically 
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mild hepatitis C (15,16). These abnormalities were not present in healthy volunteers as well 
as in patients with hepatitis B and were unrelated to hepatic encephalopathy or history of 
intravenous drug abuse. Moreover, patients who were impaired on 2 or more cognitive tasks 
had a higher mean choline/creatine ratio compared with the unimpaired patients (15,16). 

In a prospective study performed on 40 HCV positive patients with type II mixed 
cryoglobulinemia , which is a typical extrahepatic clinical manifestation of HCV infection, 
abnormal MRI findings were significantly more frequent in persons with HCV infection 
and mixed cryoglobulinemia than in patients with HCV infection only or healthy controls. 
The number of examined impaired cognitive functions was also higher in patients with 
HCV infection and cryoglobulinemia than in healthy controls. Altogether this can suggest 
inflammatory involvement of CNS, probably vasculitis of small cerebral vessels (17)  

HCV REPLICATION IN THE CNS

On the molecular level the neurocognitive dysfunctions remain still unclear. 
HCV was found in CSF and brain of anti HCV positive patients ( 18,19,20). Negative 

strand was present in three of six brain samples in one study and 2 of 13 CSF cell pellets 
in another study 18,19).

Viral sequences amplified from cerebrospinal fluid (CSF) were significantly different 
from those found in serum and they were classified as belonging to a different genotype. 
However they were of the same genotype as sequences derived from PBMC (18). Similarly 
HCV-RNA sequences amplified from brain tissue and serum were different and belonged 
to different genotypes. In this case HCV negative strand was also detected in lymph nodes 
and its sequences were identical to those found in brain while different from amplified from 
serum derived RNA (19). 

This provides a strong evidence that HCV variants invading CNS are of extrahepatic, 
predominantly “lymphotropic” origin. 

In another study brain, liver, lymph node tissue samples and serum were examined and 
viral IRES (internal rybosomal entry site) clones from each anatomical compartment were 
sequenced. A majority of brain clones were not represented in serum quasispecies pool and 
contained specific mutations associated with extrahepatic replication of HCV.  Analysis 
of HVR1 (hypervariable region 1) sequences revealed that brain clones were most closely 
related to lymph node origined (21). 

As mentioned above there are several evidences that symptoms of cognitive as well as 
motor disabilities found in patients with hepatitis C are the consequence of virus replication 
within central nervous system and its influence on brain cells functions.

An attempt was made to determine whether HCV replication could be found in brain 
among patients with hepatitis C and psychiatric symptoms.  Tissue samples of central 
nervous system obtained during autopsy after unsuccessful liver transplantation from two 
patients with recurrent hepatitis C, who also developed severe depression were studied. In 
both cases HCV-RNA negative strand was present in brain tissue and it differed from viral 
sequences amplified from serum. (20) 

The possible mechanism of HCV neuroinvasion remains unknown. It is speculated that 
infected macrophages transmit HCV to central nervous system. 
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Similarly, after liver transplantation from infected donor to infected recipient, donor 
PBMC migrate from the graft carrying donor HCV strain and spreading it within the new 
host (22). 

Viral replicative activity in maternal PBMC is related to mother-to-infant transmission 

of HCV. In fact, the presence of a negative strand in PBMC of mothers is highly associated 
with HCV transmission to newborns (23)

It seems that after being transmitted through the blood-brain barrier, subsequently there 
is a secondary spread of HCV to permissive cells within the brain. 

In a recent study several types of brain cells like microglia, neurons, astrocytes, oligo-
dendrocytes were separated by laser capture microscopy from autopsy brain tissue obtained 
from HCV – positive patients. Viral positive and negative RNA strands were detected in 
the microglia cells only (24). 

Microglia cells are the main resident immunological cells in the CNS. The resting mi-
croglia cells migrate into the CNS during embryological development but they can also be 
derived from circulating blood monocytes which migrate into the CNS. (25,26}

Both resident microglia and blood-derived monocytes in the CNS express typical mac-
rophage markers like CD40, CD11c, CD68 (27)

POSSIBLE PATHOMECHANISMS

It is widely accepted that microglia contribute to the neurodegeneration through a
release of variety of proinflammatory substances. Several studies have established an 

association of microglial activation in such neurodegenerative diseases as multiple sclerosis, 
Alzheimer’s disease and AIDS dementia complex (28,29,30).

It is also proposed that in many psychiatric disorders, microglia play an essential role, 
e.g. mononuclear phagocytes accumulated in the cerebrospinal fluid of schizophrenic patients 
during acute psychotic episodes  (31) and microglial activation was often observed in the 
postmortem pathohistologic examination of patients with schizophrenia  (32).

Recently a study based on incubation of macrophages from healthy donors with HCV 
infected serum has been published. It revealed, that in vitro HCV infection of macrophages 
is associated with their activation and induction of secretion of proinflammatory cytokines 
like TNF-alpha and IL-8 (33). One can speculate that the virus could induce nonspecific in-
flammation within the brain tissue providing possible mechanism of nerve cells damage. 

CNS demands high aerobic metabolism. Reduction in enzymes of oxidative metabolism 
is associated with some of the most common disorders of the nervous system: Alzheimer’s 
disease and other dementias. (34,35).  The energy production dysfunction based on mito-
chondrial ATP production impairment can also play a role in the pathogenesis of Huntington 
disease. (36)

A down-regulation of several oxidative phosphorylation genes in HCV-infected patients 
compared with controls was observed in a study on an autopsy material. In this study brain 
tissue samples were obtained from three HCV-positive patients and three HCV – negative 
subjects. Altogether, 84 gene fragments were down or up regulated. Among them, 9 gene 
fragments responsible for energy metabolism were down regulated and the fold change 
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comparing to HCV negative controls was statistically significant in each of that nine cases. 
(24).

CONCLUSIONS

There are mounting evidences that HCV can affect central nervous system. Negative-
strand HCV-RNA was found in CSF and brain of HCV infected patients, including patients 
with nervo-psychiatric diseases. It seems that microglia cells, representing a resident CNS 
macrophages population, are the main target for the virus. It can be also speculated that the 
macrophages carry HCV to CNS compartment. Although it is still unknown what is the 
cause of the neurological symptoms it seems that non-specific inflammation and changes 
in the metabolic pathway of infected cells can play a role in their pathogenesis. 
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OŚRODKOWY UKŁAD NERWOWY JAKO JEDNO Z MIEJSC POZAWĄTROBOWEJ 
REPLIKACJI HCV

STRESZCZENIE

Zaobserwowano, że u chorych na przewlekłe zapalenie wątroby typu C częściej niż u pacjentów 
niezakażonych HCV występują takie objawy jak uczucie zmęczenia, senność, apatia, depresja. Za-
uważonno również istnienie korelacji między skutewcznym leczeniem antywirusowym a ustąpieniem 
wymienionych dolegliwości, co może sugerować związek przyczynowy między HCV i występowaniem 
zaburzeń neropsychicznych. Według najnowszych badań zakażenie HCV jest związane z upośledzeniem 
funkcji poznawczych, a u osób z potwierdzonym histopatologicznie zapaleniem wątroby wywołanym 
tym wirusem, spektroskopia protonowa rezonansu magnetycznego wykazuje obecność zaburzeń 
metabolizmu w obrębie ośrodkowego ukłądu nerwowego. Obecność nici minus HCV RNA w płynie 
mózgowo-rdzeniowym i mózgu badanych pacjentów także przemawia za możliwością zakażenia 
ośrodkowego układu nerwowego, prawdopodobnie komórek mikrogleju, tym wirusem.
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