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Detection and quasispecies analysis of hepatitis C
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Hepatitis C virus (HCV) is a leading cause of liver damage and has also been
implicated in extrahepatic pathologies. We examined for HCV RNA paired CSF
and plasma samples from 12 viremia positive patients using PCR. The CSF from
5/5 HIV-infected patients and 5/7 HIV-negative patients were HCV RNA
positive. Branched DNA analysis showed that HCV loads in CSF were much
lower than in plasma. Several HCV-positive CSF showed no evidence of blood
contamination, impaired blood-brain barrier, or intrathecal IgG production.
Comparison of HCV quasispecies in three sets of samples suggested that the
virus in CSF was of plasma origin.
Keywords: hepatitis C virus infection; central nervous system; cerebrospinal
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Hepatitis C virus (HCV) has an extraordinary ability
to persist in infected patients where it produces
prolonged plasma viremias of variable magnitude
and, after variably long intervals from infection,
frequently leads to chronic liver diseases ranging
from active hepatitis to cirrhosis and hepatocellular
carcinoma. In addition, although the etiologic link
is uncertain, HCV has been suggested as a possible
cause of several extrahepatic affections including
certain forms of cryoglobulinemia and porphyria,
membrano-proliferative glomerulonephritis, autoimmune diseases, and lymphoma (reviewed in Czaja,
1997). Sporadic reports have also suggested that
HCV might be involved in the genesis of disturbances of the central (CNS) and peripheral nervous
system (Kashihara et al, 1995; Bolay et al, 1996;
Caudai et al, 1997; Propst et al, 1997).
The life cycle of HCV in infected hosts is poorly
understood. Also unknown is the full spectrum of
cell types that support its replication, due in part to
great dif®culties encountered in growing the virus
in tissue culture (Ito et al, 1996; Nakajima et al,
1996; Seipp et al, 1997). Undoubtedly, HCV is
characterised by a marked tropism for the hepato-
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cyte, but it seems likely that it can also invade other
cell types. Studies have, for example, demonstrated
that HCV is found closely associated with peripheral blood mononuclear cells (PBMC) and there is
convincing evidence that these cells support
limited viral replication (Cribier et al, 1995; Lerat
et al, 1996).
In a recent study of patients doubly infected with
HCV and HIV-1, 5/21 cerebrospinal ¯uid (CSF)
samples were found positive for HCV RNA by
polymerase chain reaction (PCR), which led to
suggest that, at least under certain conditions,
HCV can reach the CNS (Morsica et al, 1997). Here,
we have investigated, for the presence of HCV, CSF
samples of singly infected patients as well as of HIV1 co-infected patients. To this purpose, the collection of paired CSF and serum samples sent to our
laboratory for evaluation of molecular and serological markers of viral infection between 1994 and
1998 was screened for anti-HCV antibodies by third
generation ELISA (Ortho Diagnostic System, Raritan, NJ, USA). A total of 12 HCV-positive serumCSF sets, obtained on the same day by venipuncture
and non-traumatic lumbar puncture, respectively,
and stored in aliquots at 7208C, were selected for
further studies. Clinical and laboratory data were
obtained from the medical records. Nine patients
were diagnosed with encephalitis, two with myelitis, and one with aseptic meningitis. Seven (four
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males and three females, aged 44 ± 84 years) were
negative for HIV antibodies, while ®ve (males, aged
32 ± 68) were HIV-1 seropositive and, with one
exception (patient 2554), had levels of HIV-1
viremia above the threshold of the branched DNA
assay (Chiron Corporation, Emeryville, CA, USA):
the average viral load was 1.86105 copies/ml;
range: 556102 ± 5.26105. None of the patients
had received interferon-a or others treatments for
HCV infection at the time of specimen collection.
Routine microbiological tests and standard physiochemical examinations had been performed on the
CSF. All had been found negative for bacteria, fungi,
and protozoa. In addition, most CSF specimens had
been tested for herpes viruses, enteroviruses, and JC
virus by diagnostic PCR and also found negative.
HCV detection was carried out by nested RT ±
PCR using primers covering the highly conserved 5'
untranslated region of the viral genome as previously described (Vatteroni et al, 1994) to obtain a
250 bp fragment spanning from nucleotide 7279 to
729 of the HCV genome. Each sample was tested in
duplicate and scored as positive when the two
results were concordant. In the case of discordant
results, a new aliquot of the sample was reexamined in duplicate and the sample was scored
as positive if at least one of the reactions was
positive. In each assay, appropriate negative controls were included during the steps of RNA
extraction and PCR ampli®cation to rule out carryover contamination. The speci®city of the reaction
was con®rmed by examining 15 CSF samples from
HCV-negative patients, which tested uniformly PCR
negative. When used to detect HCV in serum, the
lower limit of sensitivity of the assay was approximately 103 genomes per ml, and this limit was not
appreciably affected by the addition of selected CSF
samples to test sera (results not shown).

As shown in Table 1, HCV RNA was detected in
all the 12 sera and in ten CSF samples, of which ®ve
were from HIV-positive patients and ®ve from HIVnegative patients. The genotype of HCV was
determined by LiPA (Innogenetics, Zwijnaarde,
Belgium), according to manufacturers' instructions.
As expected, the viral genotype found in the CSF of
all patients was the same as in serum; nine were
type 1, two type 2, and one type 3, thus re¯ecting the
distribution of HCV genotypes in sporadic cases of
infection in Italy (Maggi et al, 1997a). The 12 sera
and seven CSF samples, for which the amount was
suf®cient, were also quantitatively evaluated for
HCV load by branched DNA assay (Quantiplex2
HCV 2.0, Chiron). As detailed in Table 1, with one
exception, all the sera had measurable HCV RNA
levels, with values that ranged between 0.28 and
13.1 MEq per ml and a mean value of 3.5 MEq per
ml. In contrast, all of the CSF were below the lower
limit of detection of the assay used (0.2 MEq/ml),
thus showing that their HCV contents were markedly lower than in the respective sera. Thus, our
results con®rmed that HCV can be detected in CSF
samples obtained from patients co-infected with
HIV-1 and demonstrated that the virus is detectable
also in CSF samples from patients singly infected
with HCV.
In theory, possible sources for the detection of
small copy numbers of HCV genomes in the CSF are
specimen contamination by blood during collection, passive spill-over of virus from plasma into the
CNS through the blood-brain barrier, transport into
the CNS by infected PBMC, and local virus
replication within the CNS (Morsica et al, 1997;
McMinn, 1997). The only two HCV-negative CSF
specimens were both from patients with low
viremia levels, which may indicate that a high
systemic viral burden is required for HCV to reach

Table 1 HCV parameters in paired CSF-serum samples from 12 infected patients

Patients
HIV negative
1313
2100
2675
4923
5141
6512
8852
HIV positive
101
338
2554
4845
5968
N.D., not determined.

Clinical
diagnosis

Viral load
(MEq/ml)

Myelitis
Myelitis
Encephalitis
Encephalitis
Acute encephalitis
Encephalitis
Encephalitis
Encephalitis
Encephalitis
Neurotoxoplasmosis
Meningitis
Encephalitis
Encephalitis

Serum

CSF
Genotype

HCV RNA

Viral load
(MEq/ml)

0.35
1.08
0.41
0.28
1.73
6.68
10.4

1b
2a/2c
1b
1
1b
2
1b

7
+
+
7
+
+
+

N.D.
<0.2
<0.2
N.D.
<0.2
N.D.
<0.2

3.52
<0.2

1b
1b

+
+

<0.2
N.D.

0.81
0.42
13.1

1b
1b
3a

+
+
+

<0.2
<0.2
N.D.
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Table 2 Relevant parameters in the 12 patients examined,
grouped by detection of HCV RNA in the CSF

Patients

WBC
/mm3

RBC
/mm3

CSF
Brain-blood Intrathecal IgG
barrier impaired production

HCV-RNA negative
1313
6
4923
11

320
260

No
Yes

No
No

HCV-RNA positive
101*
2
338
2
2100
54
2554
30
2675
17
4845
4
5141
2
5968
1
6512
2
8852
1

Absent
160
Absent
650
Absent
480
Absent
Absent
21
Absent

Yes
No
No
Yes
Yes
Yes
No
No
No
No

Yes
Yes
No
Yes
No
No
No
Yes
Yes
No

*Underlined, HIV positive patients.

the CNS but also that high viremia levels facilitate
the contamination of CSF during lumbar puncture.
RBC, an indicator of CSF contamination with blood
during collection, were detected in 4/10 HCV RNA
positive and in 2/2 HCV RNA negative CSF samples,
at numbers ranging between 21 and 650 per ml
(Table 2). This ®nding does not completely exclude
that a slight contamination with HCV-circulating in
blood had occurred during lumbar puncture but
makes the possibility unlikely. That contamination
by blood represents the only or major cause for the
presence of HCV in CSF samples was also deemed
unlikely in a previous study (Morsica et al, 1997).
Among the ten HCV positive CSF, most had very
low WBC counts, and only four and ®ve showed
changes indicative of impaired brain-blood barrier
and intrathecal IgG production, respectively (Table
2). Although not an absolute criterion (Epstein,
1988), the absence of intrathecal antibody production argues against a signi®cant replication of HCV
within the CNS. Incidentally, intrathecal IgG
production was present in 4/5 HIV-positive individuals versus 1/7 HIV-negative subjects, con®rming
that it is a frequent ®nding in HIV-associated
neurological conditions (Conrad et al, 1995; Cinque
et al, 1997; Gisslen et al, 1998).
Extensive data have shown that in individual
hosts the quasispecies composition of viruses may
vary signi®cantly depending on the body district
where it is analysed, and this is considered to stem
from independent virus evolution in different cell
types or body compartments (Sankale et al, 1995;
Domingo and Holland, 1997; Wong et al, 1997). For
example, we and others have recently shown that
the spectrum of genetic variants of HCV found in the
plasma, PBMC and liver of individual patients
differs signi®cantly and have also obtained evidence suggesting that this re¯ects a partial diver-

gence of virus evolution in distinct host cells
(Shimizu et al, 1997; Navas et al, 1998; Maggi et
al, 1997b, 1999). In an attempt to shed light on the
source of the virus present in CSF samples, we
compared the quasispecies composition of the HCV
found in the CSF and serum. The analysis was
carried out in three patients (one of which HIV-1positive) by investigating a region of the viral
genome known to lend itself to intrapatient
quasispecies analysis due to its high variability
(Clarke, 1997). Brie¯y, a 307 bp fragment of the E2/
NS1 region of the HCV genome, spanning nucleotides 956 to 1262 and covering the hypervariable
domain-1, was ampli®ed by nested RT ± PCR and
examined by single strand conformation polymorphism (SSCP) analysis using a recently published procedure (Maggi et al, 1997b) with slight
modi®cations. The product of the second PCR was
puri®ed and submitted to SSCP analysis. To this
purpose, a volume of the single-strand DNA
products obtained by asymmetric PCR was mixed
with two volumes of formamide loading dye and
electrophoresed in 10% non-denaturing polyacrylamide gel at 238C at 40 mA for 5 ± 6 h. Finally, the
gel was visualised using silver staining and SSCP
bands were analysed with the GelBase Pro software
program (UVP, Cambridge, England). As detailed
elsewhere (Maggi et al, 1999), the method is highly
reproducible and capable of detecting HCV se-

Figure 1 SSCP analysis of the HCV genomes found in paired
CSF-serum samples from three infected patients.
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quences representing approximately 5% of the
entire population of genetic variants.
As shown by Figure 1, multiple SSCP bands were
observed in the CSF samples studied, thus demonstrating that HCV was present as a relatively
heterogeneous population of genetic variants in
the CSF as well as in serum samples (Martell et al,
1992; Maggi et al, 1997b). Moreover, in each of the
patients examined the number, appearance and
positions of the SSCP bands produced by the CSF
were identical to those derived from the corresponding serum samples, thus showing no evidence
of signi®cant genetic diversity between the viral
populations present in the two ¯uids and implying
that most if not all of the HCV found in the CSF was
of plasma origin and was not produced locally
within the CNS.
In conclusion, we have shown that HCV can be
present at small copy numbers in the CSF of

infected individuals, independently on concomitant infection with HIV-1. Based on available
evidence the most plausible explanation is that, at
least under conditions of CNS stress, some of the
HCV circulating in plasma can reach the CNS
where, however, the virus does not seem to undergo
signi®cant local replication. Additional studies are
needed to investigate how HCV may enter the CNS
and what the clinical implications may be, if any
(Dix et al, 1994).
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