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STATEMENTS OF THE PROBLEM: Hepatitis C virus
(HCV)-RNA is often present in saliva of HCV-infected
patients, with plasma viral load being the only known
predictable factor. Interferon plus ribavirin therapy yields
a sustained reduction in HCV viremia. This study aimed
to assess the presence of HCV in saliva and serum spec-
imens from patients undergoing this combination ther-
apy (CT).

METHOD OF STUDY: Paired serum and saliva speci-
mens were collected from 44 chronic HCV-infected pa-
tients at basal time, 4 and |12 weeks after CT onset, at the
end of treatment and 6 months latter. Serum HCV-RNA
levels were determined by the polymerase chain reaction
(PCR) Amplicor system. Presence of HCV-RNA in saliva
was tested by a highly sensitive non-commercialized
nested-PCR.

RESULTS: The HCV-RNA was detected in 26 saliva
specimens at basal time (59.1%). In 34.1% of cases, a
concordance viral clearance pattern in serum and saliva
was observed in both responders (pattern la) and non-
responders (pattern Ib). In pattern 2 (13.6% of cases),
HCV was detected longer during CT in serum than in
saliva (pattern 2a) or in saliva than in serum (pattern 2b).
In 11.3% of patients, viral clearance was corroborated
either in their serum (pattern 3a) or in their saliva (pat-
tern 3b), but not in both fluids. Of the eight primary
responders with la clearance pattern, seven were sus-
tained responders. None of the patients with 2a clearance
pattern was a sustained responder. Of the two primary
responders showing the 3b salivary pattern, one had
already relapsed in the first 6 months of follow up.
CONCLUSIONS: The present results suggest that the
monitoring of salivary levels of HCV would be a helpful
means of determining sustained antiviral effects of
interferon and ribavirin in the treatment of HCV disease.
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Introduction

Saliva of patients with chronic hepatitis C has been
examined in several series for the presence of the
hepatitis C virus (HCV) genome (HCV-RNA) by
reverse transcription polymerase chain reaction (RT-
PCR), with percentages which vary between 0 (1) and
100% (2). We have studied the presence of HCV-RNA
in saliva from serum HCV-RNA-positive patients by a
highly sensitive PCR method. RNA viral particles were
detected in saliva specimens in more than 50% of
HCV-infected patients, with serum viral load being the
only known predictable factor (3). The fact that HCV-
RNA can be present in the saliva of patients with
chronic hepatitis C provides a biologic basis for the
potential non-sexual and non-percutaneous transmis-
sion of HCV infection. Although some authors have
suggested the importance of HCV contaminated saliva
in the intrafamilial propagation of the infection (4) it
has not been possible to determine their infective
capacity.

Well-defined and standardized criteria for response to
antiviral therapy have been established (5). These
include circulating HCV-RNA, biochemical, and histo-
logic responses both at the end of treatment and
6 months latter. However, antiviral effects of therapy
in sites other than liver and blood have not been
documented. In 1995, Roy et al. (6) studied saliva
samples from HCV-positive patients under interferon
(IFN)a-2a, suggesting that the role of salivary investi-
gations in monitoring antiviral treatment was promis-
ing. Nowadays, IFN o-2b plus ribavirin regimen
represent a first-line treatment for patients with chronic
hepatitis C (7). The aim of this study was to investigate
the HCV clearance patterns in saliva and serum of
patients with chronic hepatitis C under IFN plus
ribavirin therapy.



Material and methods

The study population included 60 patients with chronic
HCYV infection, recruited amongst those referred for
treatment to the Internal Medicine Department of Juan
Canalejo Hospital (La Coruila, Spain). The selection of
patients was carried out according to the following
inclusion criteria: 18-60 years of age; presence of HCV-
RNA in serum confirmed by nested-RT-PCR; absence
of other concomitant liver diseases; negative HIV
testing; subjects stated that they were neither habitual
alcohol consumers nor recreational drug users.

All patients were treated with IFNa-2b (3 MU thrice
weekly) and ribavirin (800 mg daily). Treatment lasted
either 24 or 48 weeks, following the guidelines proposed
at the ‘International Consensus Conference on Hepatitis
C’ held in Paris in 1999 (5). In patients who relapsed or
did not respond previously to IFN alone treatment was
also extended to 48 weeks (8).

Paired serum and saliva samples were collected from
every patient at baseline, 4 and 12 weeks after treatment
onset, at the end of treatment and 6 months latter.
Serum HCV-RNA levels were measured using a com-
mercially available quantitative RT-PCR assay (Ampli-
cor HCV Monitor, Roche Molecular Systems,
Barcelona, Spain). HCV genotypes in serum samples
were tested by a line probe assay (INNO-LIPA HCV,
Innogenetics NV, Zwijnaarde, Belgium). Stimulated
whole saliva was collected applying the spitting method
(9) and samples were stored in a sterile container at
—80°C. Saliva specimens were evaluated for HCV-RNA
amplifying a fragment of 251 bp from the 5-UTR
region of the HCV, using the 209 and 939 primers (Life
Technologies, Barcelona, Spain) as it has been previ-
ously described (3). Samples with macroscopically
detectable blood were not included in the study. A
Hem-Check-1 kit based in monoclonal antibodies
(Menarini Diagnostics, Barcelona, Spain) was used in
order to search for the presence of hemoglobin (hidden
blood).

Primary responders were defined as patients who had
normal aminotransferases and absence of circulating
HCV-RNA at the end of treatment. When these
conditions persisted more than 6 months after the
cessation of therapy, the patients were considered
sustained responders (5).

Ethical approval for the study was obtained from the
Juan Canalejo Hospital Ethics’” Committee. Written,
informed consent was obtained from all patients.

Results

Forty-four patients could complete treatment and
undergo a 6-month follow up period. Twenty-one of
them (47.7%) where considered non-responders and 23
(52.2%) fulfilled serologic criteria of primary respond-
ers. The other 16 patients did not finish treatment
because of side effects (eight cases) or the follow up
could not be completed (eight cases).

The HCV genotypes 1, 2, 3, and 4 were detected in the
serum specimens. Genotype 1 was the most common
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(la = 38.6%; 1b = 11.3%), followed by genotypes 3a
(15.9%), 4c, and 4d (11.3%).

The HCV was detected in saliva in 26 patients
(59.1%) before starting therapy. The other 18 patients
(40.9%) became classified as pattern 0. Pattern 1 can be
defined as a concordance viral clearance pattern between
serum and saliva (Fig. 1). This pattern was observed in
34.1% of cases. After finishing treatment, the virus was
undetectable in eight patients in serum and saliva
(pattern la) while in seven cases it could be detected in
both fluids (pattern 1b). Pattern 2a was defined as a late
viral clearing in serum with regard to saliva (five cases).
In pattern 2b, HCV was detected longer in saliva than in
serum (one case). On the whole, pattern 2 was observed
in 13.6% of the cases (Fig. 2). After finishing treatment,
in five patients viral clearance could only be corrobor-
ated either in their serum (pattern 3a) or in their saliva
samples (pattern 3b), but not in both fluids (Fig. 3). This
different clearance viral pattern between serum and
saliva (pattern 3) was observed in 11.3% of patients.
Pattern 3a in which HCV remains present in saliva but
not in blood in spite of antiviral therapy is the most
relevant.

The distribution of HCV genotypes in serum samples
was not correlated with any viral clearance pattern in
saliva following IFN plus ribavirin therapy.

After 6 months of follow up, 15 patients (34.5%) were
considered as sustained responders. The results of the
serum response to treatment in relation to the HCV
clearance pattern in saliva are detailed in Table 1. Of the
eight primary responders with 1a salivary pattern, seven
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Figure 1 Pattern 1 or concordance viral clearance pattern (34.1% of
cases). After finishing treatment, the virus was undetectable in serum
and saliva (pattern la) or it could be detected in both fluids (pattern
1b).
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Figure 2 Pattern 2 or delayed viral clearance pattern (13.6% of the
cases). In pattern 2a, there is a late viral clearing in serum with regard
to saliva. In pattern 2b, hepatitis C virus (HCV) was detected longer in
saliva than in serum.
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Figure 3 Pattern 3 or discordant pattern (11.3% of cases). Viral
clearance was corroborated either in serum (pattern 3a) or in saliva
(pattern 3b), but not in both fluids.

were sustained responders. None of the patients with 2a
HCV clearance pattern in saliva, was a sustained
responder. Of the two primary responders showing the
3b salivary pattern, one had already relapsed in the first
6 months of follow up.
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Table 1 Serum response to interferon plus ribavirin therapy in
relation to the HCV clearance pattern in saliva (n = 44)

Primary Sustained
Non-responders®  responders®  responders®  Total

Pattern 0 9 9 6 18
Pattern la 0 8 7 8
Pattern 1b 7 0 0 7
Pattern 2a 2 3 0 5
Pattern 2b 0 1 1 1
Pattern 3a 3 0 0 3
Pattern 3b 0 2 1 2
Total 21 (47.7%) 23 (52.2%) 15 (34.5%)

“Patients with abnormal aminotransferases or detectable hepatitis C
virus (HCV)-RNA in serum at the end of treatment.

®Patients with normal aminotransferases and absence of circulating
HCV-RNA at the end of treatment.

“Patients with normal aminotransferases and absence of circulating
HCV-RNA persisting more than 6 months after the end of treatment.

Discussion

In more than one half of the saliva samples collected
before the beginning of treatment HCV-RNA was
detected, this rate coinciding with other series in which
the same probe assay was applied (3). In some series,
virus particles have been only detected in the cellular
fraction (10, 11). However, other authors, in agreement
with our results, have isolated HCV-RNA from the
pellet, from the supernatant or from both (3, 12),
suggesting that HCV-RNA is not derived exclusively
from cellular component.

It has been suggested that monitoring the effect of
IFN by evaluating HCV-RNA in saliva has not shown a
direct relationship with HCV in blood (6). In agreement
with these authors, the description of three different
HCV clearance patterns in saliva of patients with
chronic HCV infection under interferon plus ribavirin
therapy has been made.

In a previous study, the only variable we observed
which conditioned the presence of HCV-RNA in saliva,
was the serum viral load (3), justifying pattern 1 as
prevailing. Pattern 2a could also be interpreted as early
clearance in saliva by diminishing the serum viral load
under a certain level.

In order to explain patterns 2b, 3a, and 3b, three
hypotheses are now posed: the first one was the different
sensitivity of HCV detection tests applied in saliva
(10 copies/ml) (3) and serum specimens (600 IU/ml)
(13). In a series published by Roy et al. (14), some HCV-
RNA-seronegative patients were identified with detect-
able HCV-RNA in their saliva. The authors suggested
that these individuals were viremic below the RT-PCR
detection level in serum. Nevertheless, in the present
study, HCV-RNA-negative serum tested by the Ampli-
cor® assay were also negative with the nested-PCR used
in the analysis of saliva samples.

Another possibility was whether the pharmaco-
dynamic of interferon and ribavirin could cause differ-
ences in the penetration and activity of this combination
therapy (CT) in serum and saliva. In a paper by Roy
et al. (6) HCV-RNA clearance was detected in the saliva



of two treated patients who did not respond to IFN,
which corresponds with our pattern 3b. Nevertheless,
patterns 3a and 3b are contradictory, and could not be
justified with this argument.

Finally, it could be argued that there are viral
sequence variations in saliva and serum. Some authors
have suggested that in some patients, serum and saliva
paired specimens show different HCV genotypes (15).
However, in this paper distribution of HCV genotypes
in saliva specimens was not performed, because com-
mercially available assays have not been manufactured
for saliva samples analysis. HCV-RNA has been detec-
ted in salivary glands (16) and it has been recently
proved that HCV replicates in the epithelial cells from
oral mucosa of anti-HCV-positive patients (17). The fact
that HCV-RNA could persist in the saliva in spite of
antiviral therapy provides a new evidence for the
presence of compartmentalized extrahepatic replication.
The genomic heterogeneity of HCV has major implica-
tions including viral persistence, pathogenesis of extra-
hepatic involvement and response to antiviral therapy
(18). Almost 50% of patients with chronic HCV
infection have salivary gland lesions (lymphocytic
capillaritis sometimes associated with lymphocytic sialo-
adenitis); a relationship between HCV-related sialade-
nitis and the persistence of HCV in saliva has not been
demonstrated.

It has been proved that early changes in the HCV-
RNA level may identify patient’s chance of a sustained
virologic response to CT (19). None of the three primary
responders showing HCV clearance pattern 2a (delayed
HCYV serum clearance) became a sustained responder.
However, four of the five patients with HCV clearance
pattern 2 had either relapsed or previously not responded
to IFN therapy, and it has been suggested that only 14%
of the IFN non-responders become sustained responders
with CT (20). The precise relationship of a clearance
pattern of HCV in saliva and serum in response to
appropriate antiviral therapy remains unclear. However,
the present data would suggest that HCV may persist in
the mouth despite clearance from blood.

In conclusion, HCV-RNA may need to be monitored
in sites other than blood to confirm complete clearance of
virus. However, this is a study of a relatively small
number of patients, and a much more expanded work is
required to confirm the present observations. HCV
quantification and determination of viral sequence var-
iations in paired serum and saliva samples could become
useful in the selection of patients who could respond to
treatment and establish response criteria to therapy.
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