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Detection of Hepatitis C Virus RNA in Saliva Is Not
Related to Oral Health Status or Viral Load

Liliane Lins,1,3 Herbert Almeida,2 Ludmila Vitvisk,4 Theomira Carmo,1,2 Raymundo Paraná,2
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Hepatitis C is a worldwide public health problem
and its transmission is clearly associatedwith the
parenteral route, however, the virus has also
been isolated from other body fluids. Hepatitis C
virus (HCV) RNA has been detected in saliva, yet
the relationship betweenHCV and oral pathology
is not clearly understood. Therefore, an investi-
gation on HCV-RNA in saliva and its correlation
with oral pathology was undertaken. Saliva and
blood samples were collected from 50 anti-
HCV positive patients and from 25 patients with
non-HCV chronic liver disease. HCV-RNA was
detected in all of the saliva samples from the HCV
positive group. None of the saliva or serum
samples from the non-HCV group were positive
for HCV-RNA. The patients were examined for
dental and oral health (dentate, partially dentate,
edentulous, evidenceof gumdisease, ormucosal
lesions); however, no correlation was found
between HCV-RNA in saliva, oral health, and
viral load. These results suggest that HCV-RNA
presence in saliva is independent of the viral
load and the oral pathology of HCV positive
individuals. J. Med. Virol. 77:216–220, 2005.
� 2005 Wiley-Liss, Inc.
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INTRODUCTION

Hepatitis C is estimated to have infected some
170 million people worldwide. In many countries, it is
the most common cause of chronic liver disease as well as
being the primary indication for liver transplantation
in adults [Zekry et al., 2003]. Hepatitis C virus (HCV) is
transmitted mainly by the parenteral route [Alter,
1996], however, in 30–40% of cases, there is no history
of blood transfusion or intravenous drug use [Allander
et al., 1995]. Therefore, in order to assess non-parenteral
routes of transmission, the detection of HCV in body

fluids other than blood is of great importance. Seroepi-
demiological surveys indicate that saliva may be a
potential source of infection, implying that dentists have
an increased risk of exposure to HCV. However, the
source of HCV in saliva has not been determined
[Lodi and Porter, 1996]. The presence of HCV-RNA in
saliva resulting from oral surgery has been evaluated
[Chen et al., 1995]. Experimental infection by inocula-
tion of HCV-contaminated saliva in non-human pri-
mates has been reported [Abe and Inchauspe, 1991],
yet there are few reports of transmission by bite injuries
in humans [Dusheiko et al., 1990; Figueiredo et al.,
1994].

Saliva is composed of 90% water while the remainder
consists of small amounts of other substances such
as amylases, enzymes, thiocyanate, iodine, and IgA.
Desquamated epithelial cells are the most common
cellular components, other than bacteria that are found
in saliva, although lymphocytes and polymorphonuclear
leukocytes have also been identified. The presence of
inflammatory cells in saliva is dependent on oral health,
and elevated levels are thought to originate by the
transudation of serum into the mouth via the gingival
crevice. Studies have indicated that there is extensive
HCV contamination of dental surgeries after treatment
of anti-HCV positive patients. If sterilization and
disinfection techniques are inadequate, there is an

Grant sponsor: Ministry of Health, Brazil; Grant number:
Fiocruz-PDTIS 254461; Grant sponsor: Ministry of Science and
Technology, Brazil; Grant number: FINEP/PRONEX 4196086200
(CNPq/INSERM and CAPES/CPOFECUB Cooperation Program,
304713/2002-3).

*Correspondence to: Mitermayer G. Reis, Centro de Pesquisa
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increased risk of HCV transmission to exposed indivi-
duals [Chen et al., 1995; Piazza et al., 1995]. Some
studies found an association between HCV infection
and sialadenitis [Haddad et al., 1992; Jorgensen et al.,
1996]; however, the correlation between periodontal
disease and HCV in saliva is not well established
[Maticic et al., 2001]. A number of epidemiological
studies report an association between HCV in the saliva
of patients with oral lichen planus [Bagan et al., 1998;
Nagao et al., 1995], although this is not always the case
[Tucker and Coulson, 1999].

The detection of HCV in saliva can be made indirectly
by measuring antibody levels or by amplification of viral
RNA. The efficacy of the detection of HCV antibodies in
saliva by ELISA has been evaluated in several studies
and has good sensitivity and specificity, suggesting
that ELISA methods for detection of HCV antibodies in
saliva can be used in epidemiological surveys [Judd
et al., 2003; Chatzipantazi et al., 2004; De Cock et al.,
2004]. Antibody-capture radioimmunoassay was used
to measure the levels of IgG antibodies to rubella and
hepatitis A viruses in the serum and saliva of edentu-
lous, partially dentate, and dentate individuals. For
both rubella and hepatitis A virus antibodies, the mean
ratios between saliva and serum reactivity were similar
across all three dental groups. The values for sensitivity,
specificity, and positive predictive value suggest that an
antiviral IgG saliva assay is a satisfactory technique,
and is independent of dental health [Bagg et al., 1991].
This implies that detection of HCV-RNA in saliva is a
good indicator of a type C hepatitis infection, in dentate
or edentulous individuals.

The aim of this study was to determine if HCV-
RNA can be detected in saliva from anti-HCV positive
patients. The correlation between presence of HCV-
RNA and oral pathology was studied. HCV genotypes,
in the serum and saliva of the 50 anti-HCV positive
patients, were confirmed by nested polymerase chain
reaction (PCR).

MATERIALS AND METHODS

Study Population

The study cohort consisted of a group of 50 anti-HCV
positive patients (38 males and 12 females), not under-
going antiviral treatment, with an average age of 46
(ranging from 26 to 60 years of age). The negative control
group consisted of 25 patients (19 males and 6 females),
with an average age of 38 (ranging from 22 to 55 years
of age), all with non-HCV chronic liver diseases. All
patients attended the Gastroenterology and Hepatology
Unit of the University Hospital of Bahia, in Brazil,
between January and December of 2002. The following
information was recorded: age, gender, viral load, and
dental care status. Both extra- and intra-oral examina-
tions were conducted. The number of teeth present and
evidence of dental caries was recorded; periodontal
status was also examined. The presence of HCV-RNA
was evaluated in relation to demographical, clinical, and
analytical variables, using EPI-INFO 6. For statistical

analysis, the Chi-square test for qualitative data and
the Kruskal–Wallis test for mean analysis were used.
Only when P< 0.05 were the results considered
significant.

Specimen Collection

Paired blood and saliva samples were obtained from
each participant. The blood was collected in sterile tubes,
and the serum was separated by centrifugation and
stored at �208C. Non-stimulated saliva samples were
collected by spitting into a sterile falcon tube. Saliva was
recovered by centrifugation and visually checked for the
presence of blood cells. The cell composition of the saliva
was determined by the Wright method.

Detection, Genotyping, and Viral Load of
HCV in Serum and Saliva

RNA was extracted from 200 ml of whole saliva and
serum samples by the guanidinium isothiocyanate
phenol-chloroform method [Silva et al., 2000]. The
presence of HCV-RNA was determined by nested RT-
PCR using 50 non-coding region primers (939, 209, 940,
and 211) as previously described [Davidson et al., 1995].
A selection of HCV-RNA positive RT-PCR products is
presented in Figure 1.

HCV genotyping of RNA positive paired serum and
saliva samples was carried out using nested PCR, as
described previously [Lerat et al., 1998]. Briefly, primers
256 (50 non-coding region) and 186 NTER (core region)
and 5ml of cDNA template were amplified (948C for 1 min,
558C for 1.5 min, 728C for 2 min) over 40 cycles. A series of
10 internal primers were thenused in a nestedPCR (948C
for 1 min, 638C for 1 min, and 728C for 1.5 min) over 35
cycles to amplify genotype specific products. Genotype
identification is based on product size as follows: 125 bp
for type 1a, 141 bp for type 1b, 75 bp for type 2, 87 bp for
type 3a, and 336 bp for type 4a. The PCR products were
separated by horizontal gel electrophoresis (metaphor
4% gel), stained with ethidium bromide, and visualized
by UV transillumination. The typical band pattern for
the genotypes is presented in Figure 2.

Viral load in the serum samples was determined using
the Amplicor Monitor 2.0 assay (Roche Diagnostic Corp.,

Fig. 1. Nested RT-PCR products from the paired serum and saliva
samples collected from the HCV positive group. Lane 1, negative
control; lanes 2, 4, 6, and 8, serum samples; lanes 3, 5, 7, and 9, saliva
samples; lane 10, serum negative control; lane 11, saliva negative
control; lane 12, positive serum control; lane 13, saliva positive
control.
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Raritan, NJ), according to the manufacturer’s instruc-
tions.

Oral Examination

An oral examination was performed to identify dental
caries and any visible lesions of the oral mucosa.
Gingival index, probing depth, and clinical attachment
loss were measured by a periodontal probe, according to
the Community Periodontal Index Treatment Needs
(CPITN) [Coates et al., 2000].

RESULTS

HCV-RNA was detected in all of the paired serum and
saliva samples from the HCV positive group (see e.g.,
Fig. 1). None of the samples from the negative control
group were positive for HCV-RNA (data not shown)

(P¼0.01). This represents a diagnostic sensitivity and
specificity of 100%. HCV-RNA detection in saliva was
found not to be dependent on the viral load in the serum.
Genotype distribution among HCV positive patients
was as follows: 64% genotype 1, 34% genotype 3, and 2%
genotype 1 and 3. Furthermore, the HCV genotypes in
the paired saliva and serum samples were identical.
No correlation was found between HCV-RNA in saliva,
periodontal disease, and viral load (see Table I). Two of
the HCV-RNA positive patients were edentulous and
had no evidence of mucosal lesions.

DISCUSSION

Transmission of HCV through parenteral exposure
has been well documented. However, �38% of HCV
positive patients do not have a history of parenteral
exposure. Some studies have reported finding HCV in
saliva and the possible transmission of hepatitis C by
this route [Chen et al., 1995; Coates et al., 2000; De Cock
et al., 2004]. The current study demonstrates the pre-
sence of HCV-RNA in the saliva of all patients with
chronic hepatitis C enrolled in the study. The detection
of HCV-RNA is indicative of the presence of HCV
particles in the saliva, thus establishing saliva as a
potential vehicle of infection, confirming the possibility
of a non-parenteral route of transmission for HCV.
Indeed, the potential to transmit HCV by biting has
been reported in a chimpanzee model and in humans
[Dusheiko et al., 1990; Abe and Inchauspe, 1991;
Figueiredo et al., 1994].

In contrast to some studies [Hsu et al., 1991; Fried
et al., 1992], HCV-RNA was extracted from whole saliva.

Fig. 2. Representative band pattern produced by nested PCR of the
different HCV genotypes. Lane 1, 25 bp ladder; lane 2, negative
control; lanes 3, 5, 7, and 8, genotype 1b (141 bp); lane 4, genotype 1a
(125 bp); and lane 6, genotype 3a (87 bp).

TABLE I. Periodontal Disease, Dental Status, and Viral Load of HCV Positive Patients

Patient
Periodontal

disease Dental status Viral load/ml Patient
Periodontal

disease Dental status Viral load/ml

1 P PD >8.5� 105 26 G PD >8.5� 105

2 P PD 3� 105 27 G PD 1.4� 104

3 P PD >8.5� 105 28 H PD >8.5� 105

4 P PD 7.2� 104 29 G PD 2.0� 105

5 G PD 1.5� 105 30 G PD 3.4� 105

6 G PD >8.5� 105 31 G PD 3.7� 105

7 G PD >8.5� 105 32 G PD 1.9� 104

8 H ED 1.0� 104 33 H PD >8.5� 105

9 G PD 1.1� 105 34 P PD >8.5� 105

10 G PD 2.5� 105 35 P PD >8.5� 105

11 G PD 4.4� 105 36 G PD 3.2� 105

12 G PD >8.5� 105 37 H PD 4.4� 105

13 P PD >8.5� 105 38 G PD 6.1� 105

14 G PD >8.5� 105 39 G PD 4.8� 105

15 H PD 1.3� 105 40 G PD 3.2� 104

16 G PD 5.5� 104 41 P PD 1.4� 105

17 H PD 1.1� 104 42 G PD 2.2� 105

18 H ED 7.2� 105 43 G FD 5.5� 105

19 H PD 7.0� 105 44 P PD 2.1� 105

20 G PD 1.8� 104 45 H PD >8.5� 105

21 G PD 1.2� 104 46 G PD 4.4� 104

22 G PD 5.3� 105 47 H PD 7.7� 105

23 H PD 6.4� 105 48 P PD 8.8� 104

24 H PD 1.1� 105 49 H FD 1.7� 105

25 H PD 5.2� 105 50 G PD >8.5� 105

FD, fully dentate; PD, partially dentate; ED, edentulous; G, gingivitis; P, periodontitis; HG, healthy gums.
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The presence of HCV-RNA in some cells, especially
mononuclear cells, has been described, although the
presence of HCV-RNA in these cells did not correlate
with the presence of HCV-RNA in the serum [Young
et al., 1993]. A critical analysis of our findings and
the earlier studies suggest that discrepancies in HCV-
RNA detection from different laboratories may relate
to sample handling, differing time intervals between
collection and storage, and the different RNA extraction
methodologies used (whole versus cell-free saliva). A
number of precautions were taken to avoid the possibi-
lity of contamination during sampling and subsequent
handling. These included aliquoting all reagents, phy-
sical separation of pre-and post-PCR reactions, positive
displacement pipettes, and meticulous laboratory tech-
niques. In addition, positive and negative controls were
included in all PCR assays.

The prevalence of HCV-RNA in the saliva of anti-HCV
positive individuals may have important implications
for dental practice. A report of extensive HCV contam-
ination of the surrounding environment during dental
surgery supports this reasoning [Piazza et al., 1995].
Moreover, sectional studies indicate that some 4% of
health care workers may be anti-HCV positive [Lodi and
Porter, 1996].

Disposable equipment should be used where possible,
and effective sterilization of instruments and surfaces
should be standard practice. Due to the expense of
disposable equipment, this may be especially relevant to
developing countries.

In this study, no correlation was found between
periodontal disease and HCV-RNA in saliva. There is
a continuous transudation of serum into the mouth
through the junction of the gum margin and the tooth
surface, especially associated with poor oral health.
The general assumption is that HCV enters saliva by
serum transudation. However, two of the patients who
presented with HCV-RNA positive saliva were edentu-
lous and had no oral lesions, suggesting that another
route may allow passage of HCV from blood to the saliva.
HCV detection and replication in salivary glands have
been demonstrated [Biasi et al., 1995; Arrieta et al.,
2001]. The possibility of direct or immune-mediated
salivary aggression caused by HCV cannot be ruled out
and there is evidence that HCV may be present in
the salivary gland tissue. Consequently, HCV can be
secreted in saliva, independent of serum transudation or
blood contamination of the saliva. Although one study
detected different HCV genotypes in the serum and
saliva of some patients [Roy et al., 1998], no differences
were seen in the present study.

In conclusion, RT-PCR is an accurate assay for the
detection of HCV-RNA in saliva. Furthermore, HCV-
RNA detection in the saliva of HCV infected patients
is independent of the viral load and oral pathology of
these individuals. Saliva may, therefore, play a sig-
nificant role in the non-parenteral transmission of type
C hepatitis. The high prevalence of HCV-RNA in saliva
may have serious implications in medical and dental
care. However, further investigation is needed to under-

stand the source of the HCV-RNA in saliva and whether
it represents an increased risk of transmission.
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