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Transmission of hepatitis C virus by saliva?
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Saliva can contain a range of infectious agents and,

despite several antimicrobial mechanisms, transmission

of these can occur. Hepatitis C virus (HCV) is of

increasing importance, and HCV is transmitted by un-

known routes as well as by the percutaneous route and

sexual contact. Contact with blood or other body fluids

may be responsible, as may be receipt of unscreened

blood or blood product transfusions. HCV-RNA can be

detected by the polymerase chain reaction which also

shows that HCV may be present in the saliva of HCV-

infected patients. This might provide an argument for

the possible transmission of HCV via contaminated

saliva. Epidemiological studies however, suggest that

the infective capacity of HCV viral particles in saliva is

low, but it has not been possible to determine their

infective potential. Moreover, HCV-specific receptors

have not been defined on oral epithelial cells, nor has

the role of host defence mechanisms been determined.

New experimental animal models and the recently

described infectious HCV pseudoparticles, capable of

simulating HCV replication in vitro, could be useful in

establishing any role of saliva in the transmission of

HCV infection.
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Introduction

Hepatitis C virus (HCV) is spread mainly through
sharing needles or �works’ when �shooting’ drugs,
through needlesticks or sharps exposures, or from an
infected mother to her baby during birth. Infected blood
transfusions prior to the introduction of HCV screening
and sexual intercourse are other known routes.

In the most rigorous epidemiological studies on HCV,
the prevalence of patients in whom it is not possible to

identify any risk factor for acquiring the infection ranges
from 10% (Murphy et al, 2000) to 14% (Raguin et al,
1998). In these patients, the efficacy of the directed
history is limited as it has been demonstrated that there
is little benefit in routinely interviewing those HCV-
infected people who have no history of injecting drugs
or of having received a contaminated blood product
transfusion (Roy et al, 2003). However, this situation
suggests that unknown routes of transmission, different
from the percutaneous route and from at-risk sexual
contact, exist.

Some authors have suggested that living with HCV-
infected patients could constitute a risk factor for
acquiring the disease (Saltoglu et al, 1998; Alvarez-
Muñoz et al, 2001). Indeed, in a systematic search of
the MEDLINE database for all relevant articles
published up to June 1997, on the subject of hepatitis
C and household, intrafamiliar, sexual and intraspousal
transmission of HCV, Ackerman et al (2000) found
evidence that both sexual and non-sexual intrafamiliar
transmission of HCV does occur; this, from an
epidemiological point of view, suggests the possibility
of infection by contact with body fluids other than
blood. Investigation of body fluids by the polymerase
chain reaction (PCR) demonstrates HCV-RNA in
semen (Leruez-Ville et al, 2000; Pekler et al, 2003),
urine (Liou et al, 1992; Numata et al, 1993) and sweat
(Ortiz-Movilla et al, 2002) and saliva (Takamatsu et al,
1990).

The present study focused on describing the current
evidence on the prevalence, origin and infectivity of
HCV-RNA in saliva. Search strategy was developed on
MEDLINE (to December 2003), as well as the following
databases from 1990: OLDMEDLINE, EMBASE and
Current Contents.

Prevalence and origin of HCV in saliva

There are numerous studies on the presence of HCV-
RNA in saliva, but their results vary, reflecting the
heterogeneity of the study populations and the diversity
of detection techniques employed (Table 1). The collec-
tion and storage of saliva specimens for HCV detection
can also affect the assay (Roy et al, 1999). Recently,
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however, using a highly sensitive PCR method, it has
been demonstrated that over 50% of HCV-infected
patients have HCV-RNA detectable in their saliva
(Hermida et al, 2002).

There is a direct relationship between the presence of
the virus in the saliva and the viral load in blood
(Wang et al, 1992; Mariette et al, 1995; Fabris et al,
1999; Hermida et al, 2002; Belec et al, 2003). This
could suggest a transfer of viral particles from the
circulation to the saliva via a concentration gradient,
although some authors point out that viral RNA
detection is not dependent upon the presence of occult
blood in the samples and therefore is not necessarily a
consequence or, at least, the sole consequence, of blood
contamination secondary to mucosal lesions or perio-
dontal disease (Liou et al, 1992; Fabris et al, 1999;
Hermida et al, 2002). HCV could also enter the saliva
via the gingival sulcus (Maticic et al, 2001), but this is
clearly not the sole route since HCV-RNA has been
found in saliva samples from edentate patients (Roy
et al, 1998).

Centrifugation of saliva samples enables a fractionat-
ed analysis to be performed, and in some series, virus
particles were only detected in the cellular fraction
(Chen et al, 1995; Fabris et al, 1999; Belec et al, 2003).
It is considered that HCV replication takes place mainly
in the cytoplasm. There, the presence of negative-sense
viral RNA and replicative double-stranded forms rep-
resent an evidence of virus multiplication (Negro et al,
1999). Some authors (Belec et al, 2003) found that viral
shedding of HCV-RNA in saliva is restricted to the cell-
associated, non-replicating (positive) strand. However,
Carrozzo et al (2002) detected HCV-RNA negative
strand in oral epithelial cells of 23% of anti-HCV-

positive patients. Moreover, other authors have isolated
HCV-RNA from the pellet, from the supernatant, or
from both (Roy et al, 1996; Hermida et al, 2002),
suggesting that HCV-RNA is not derived exclusively
from the cellular component. The controversy generated
by these discordant results is probably due to methodo-
logical differences, including specimen handling and
storage, the presence of PCR inhibitors, correct design
of primers, variability of biochemical reactions, con-
tamination, and efficiency of postamplification systems
(Pawlotsky, 1999).

Hepatitis C virus particles are also present in epithe-
lial cells (Arrieta et al, 2000; Carrozzo et al, 2002),
which partially explains their presence in the salivary
cellular fraction. Peripheral blood mononuclear cells
(PBMCs) are another vehicle for carrying HCV to saliva
(Maticic et al, 2001). Poor oral hygiene, with gingivitis
and oral mucosal lesions can cause the exudation of
serum into the saliva and increase the shedding of
potentially infected mononuclear cells into the salivary
pool, but interestingly neither factor correlated with the
presence of HCV-RNA in saliva (Roy et al, 1998). The
presence of HCV-RNA in PBMCs and in saliva is not
closely correlated, so it is unlikely that PBMCs represent
a major vehicle for viral transfer to the saliva (Young
et al, 1993).

An uneven distribution of quasi-species in blood and
other tissues has been demonstrated in patients with
chronic HCV infection, providing evidence for the
presence of independent, compartmentalized extrahe-
patic replication (Laskus et al, 2000). Some HCV-RNA
particles could appear in the saliva as a result of active
HCV replication in the salivary glands (Arrieta et al,
2001). This could explain the HCV-RNA sequences

Table 1 Studies on the presence of HCV-RNA in saliva

Author (year) HCV detection by
Number of

patients tested Type of patients tested
Number (percentage)
with HCV in saliva

Takamatsu et al (1990) Nested PCR 5 Anti HCV+ 5 (100)
Fried et al (1992) Nested PCR 14 Anti HCV CLD 0 (0)
Wang et al (1992) Nested PCR 14 Anti-HCV Post-transfusion hepatitis 7 (50)
Liou et al (1992) Nested PCR 37 Anti HCV and serum HCV-RNA CLD 15 (48)
Numata et al (1993) Single round Nested PCR 23 Anti-HCV 8 (34)
Couzigou et al (1993) Nested PCR 37 Anti-HCV CLD 23 (62)
Mariette et al (1995) Amplicor HCV 28 Serum HCV+ (13 HIV+) 17 (61)
Chen et al (1995) Nested PCR 23 Serum HCV+ (11 HIV+) 4 (17)
Sugimura et al (1995) Nested PCR 76 Anti-HCV+ 27 (36)
Roy et al (1995) Nested PCR 14 Serum HCV+ Blood donors 9 (64)
Tang et al (1996) Single round PCR 16 Serum HCV+ 5 (31)
Jorgensen et al (1996) Single round PCR 16 Serum HCV+ Sicca syndrome 13 (83)
Caldwell et al (1996) Single round PCR 33 Serum HCV+ (21 liver transplanted) 5 (15)
Roy et al (1996) Nested PCR 21 Serum HCV+ Haemophiliacs (6 HIV+) 10 (48)
Kage et al (1997) Nested PCR 11 Serum HCV+ Women postpartum 4 (36)
Ustundag et al (1997) Nested PCR 10 Serum HCV+ Haemodialysed 3 (30)
Taliani et al (1997) Nested PCR 20 Serum HCV + CAH or Cirrhosis 3 (15)
Roy et al (1998) Nested PCR 33 Serum HCV+ IVDUs (19 HIV+) 19 (58)
Fabris et al (1999) Nested PCR 39 Serum HCV+ 22 (56)
Maticic et al (2001) Cobas Amplicor2.0 48 Serum HCV+ 17 (35)
Rey et al (2001) Nested PCR 59 Anti-HCV/HIV+ 22 (37)
Hermida et al (2002) Nested PCR 61 Serum HCV-RNA 32 (52)

CLD, chronic liver disease; HCV, hepatitis C virus.
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found in serum and oral tissues in some patients (Nagao
et al, 2000a), the detection of different genotypes in
serum and in saliva of a single patient (Roy et al, 1998),
and the existence of patients who are serum-negative but
saliva-positive for HCV (Harle et al, 1993; Mastromat-
teo et al, 2001).

The levels of HCV-RNA in the saliva are low in
comparison with those found in the serum (Wang et al,
1992; Numata et al, 1993; Taliani et al, 1997). However,
the results of even the most recent studies require careful
interpretation as they have not employed quantification
techniques specific for the saliva substrate (Rey et al,
2001).

HCV enters oral epithelial cells

The detection of HCV-RNA negative strands in samples
of oral mucosa from patients with chronic hepatitis C
indicates that this may be a point of entry for infection
by HCV, which infects the epithelial cells and replicates
within them (Arrieta et al, 2000; Nagao et al, 2000a;
Carrozzo et al, 2002). The percentage of epithelial cells
positive for HCV-RNA is lower than that reported in
the liver (Arrieta et al, 2000; Carrozzo et al, 2002). Viral
replication in the oral mucosa is probably a factor in the
aetiopathogenesis of some intraoral extrahepatic man-
ifestations associated with chronic hepatitis C such as
lichen planus (Arrieta et al, 2000; Nagao et al, 2000a;
Carrozzo et al, 2002; Pilli et al, 2002; Carrozzo and
Gandolfo, 2003).

The mechanism by which the virus reaches the interior
of the host cell is still not fully understood, although it
has been suggested that infectivity depends on the
co-expression of both E1 and E2 glycoproteins on the
viral surface and is pH-dependent (Hsu et al, 2003). The
presence of the CD81 tetraspanin receptor (Pileri et al,
1998) on the surface of the host cell is not sufficient
alone to permit the entry of HCV – other receptors must
also be expressed (Agnello et al, 1999; Scarselli et al,
2002; Bartosch et al, 2003a,b; Hsu et al, 2003). In vitro
models of infection using infectious HCV pseudoparti-
cles bearing unmodified HCV glycoproteins, show the
principal targets of infection to include primary hepato-
cytes as well as hepatocarcinoma cells (Bartosch et al,
2003a,b; Hsu et al, 2003). However, several cell lines of
non-hepatic origin which express all the cell entry
surface molecules are not, or are poorly, permissive to
HCV pseudoparticle infection, implying that additional
liver-specific co-factor(s) are needed for HCV entry
(Bartosch et al, 2003b).

To date, it has not been possible to demonstrate
whether these receptors and co-factors are also present
in oral epithelial cells.

Infectivity of HCV-RNA in saliva

Although there are authors who suggest the importance
of HCV particles in human saliva in the intrafamilial
propagation of the infection (Mastromatteo et al, 2001)
it has not been possible to determine their infective
potential. It may be that the specific and non-specific

defence mechanisms present in saliva could attenuate or
abolish the infective capacity of viral particles as is the
case with HIV. Saliva of patients with chronic hepatitis
C contains specific IgG and IgA neutralizing antibodies
directed against the E1 and E2 surface glycoproteins
which could block viral adhesion to the host cell (Belec
et al, 2003).

Epidemiological studies suggest that the infective
capacity of HCV viral particles in saliva is low (Wang
et al, 1992; Fabris et al, 1999). There is no evidence that
HCV is spread readily by kissing, sneezing, coughing,
food, water or sharing eating or drinking utensils
(Centers for Disease Control and Prevention, 1998).
The prevalence of HCV infection among dental health
care workers exposed to saliva is similar to that for the
general population (Kuo et al, 1993; Thomas et al,
1996; Lodi et al, 1998; Cleveland et al, 1999; Ammon
et al, 2000) but most of these studies have been
conducted either at a time when the population preval-
ence of HCV infection was low, or on health care
workers using universal precautions against infection.
Nevertheless, in a recent follow-up study on over 25 000
unprotected orogenital contacts in a cohort of hetero-
sexual couples there was not a single seroconversion to
HCV (Marincovich et al, 2003) suggesting that orogeni-
tal transmission must be uncommon.

In the only reported study of this type, Abe and
Inchauspe (1991) detected HCV-RNA in the serum
from a chimpanzee recipient inoculated with HCV-
infected saliva. The chimpanzee (Pan troglodytes)
however, is the only animal apart from man with
known susceptibility to HCV infection and, at the
present time, is considered to be a species in danger of
extinction, making it necessary to find other model
systems for HCV research (Lanford and Bigger, 2002).
In consequence, although some authors have made
statements suggesting that, based on animal models, the
non-percutaneous transmission of HCV is not an
important mode of transmission (Suzuki et al, 1993),
experiments performed on animals and published in the
literature are, for ethical and economic reasons, actu-
ally rather scarce. Studies may now be forthcoming,
since transgenic mice have been used to introduce
xenotransplants of hepatocytes susceptible to hepatitis
virus infection and others capable of expressing certain
viral proteins are being developed (Lanford and Bigger,
2002).

The HCV infection can occasionally be transmitted by
a human bite, because of the presence of infected blood
or saliva in the mouth of the aggressor. In 1990,
Dusheiko et al (1990) reported a case of chronic
hepatitis in a 35-year-old male patient with a positive
test to HCV antibody confirmed by anti-HCV ELISA
assay. His clinical history included a recent episode of
jaundice, nausea and pain in the right hypochondrium
1 month after having been bitten by a man in a bar-
room fight, and this was therefore considered to be a
case of HCV transmission by a human bite. The carrier
status of the aggressor was not specified, nor were
studies of genomic concordance available to confirm the
origin of the infection. An important point therefore is
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that there are no reports proving the direct transmission
of HCV by saliva: the possibility of transmission of
HCV by a human bite has not been confirmed by
molecular studies (e.g. sequence analysis). However, this
has been confirmed for other modalities as colonscopy
(Bronowicki et al, 1997).

The observations of HCV infection in long-term
hospitalized patients (Januszkiewicz-Lewandowska
et al, 2003) and a reported case following the occupa-
tional exposure of a health care worker with unpro-
tected chapped and abraded hands to a patient’s vomit,
faeces and urine (Beltrami et al, 2003), suggest that
breaches of the skin or mucosae which permit direct
contact of the virus with sub-epithelial cells may result in
infection by HCV.

Conclusions

The fact that HCV-RNA can be present in the saliva of
patients with chronic hepatitis C provides a biologic
basis for the potential transmission of HCV via
contaminated saliva. However, epidemiological studies
show that infection by contact with contaminated saliva
is rare. To date, it has not been possible to demonstrate
any infective capacity of HCV particles detected in
saliva. Moreover, it has not been confirmed whether
these are complete virions or virus fragments or whether
there is sufficient structural integrity to initiate the HCV
life cycle. Furthermore, HCV-specific receptors have not
been defined on oral epithelial cells, nor has the role of
host defence mechanisms been determined.

The use of new experimental animal models and the
recently described infectious HCV pseudoparticles,
capable of simulating HCV replication in vitro, could
be of great utility in establishing definitively the signi-
ficance of HCV-RNA particles detected in the saliva in
any transmission of HCV infection.
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