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The search for hepatitis C virus (HCV) in body fluids other than blood is important when assessing possible
nonparenteral renies of viral transmission. However, the role of oral fluids in HCV transmission remains
controversizl. Here we quantitatively determined HCY RNA in saliva and gingival crevicular fluid (GCF) of
anii-HCV-positive patients. Most patients (14 of 18; 78%) whose saliva specimens were negative bad HCV RNA
in their GCF, Most patients (20 of 26; 77%) had higher HCV RNA levels in their GCF than in their saliva,
Althongl: there was not a statistically significant correfation between the serum viral load and HCV level in
saliva er GCF, patients with low serum HCV loads were less likely to have detectable HCV in their saliva. These
findings have impertanf implications for medical personnel and snpgest that epidemiological studies designed
to understand the significance of the oral route of transmission of HCV are warranted.

Hepatitis C virus {(HCV) infection represents « major public
health problem in the world today. The infection primarily
causes liver disease; however, HCV infection has also bheen
associated with extrahepatic abnormalities, including mixed
cryoglobulinemia, malignant lymphoma, Sjogren’s syndrome,
and oral lichen planus (2, 12, 18, 19, 34, 39). Lymphotropism of
HCV hus been observed, and several fsboratories have de-
lected the virus in blood mononuclear cells (BMC) (16, 22, 26,
28, 35, 38), Common risk factors for HCV infection include
blood transfusion from unscreened donors as well as injection
drug use. Although sexual and vertical transmissions have also
been reported, there remain a large number of HCV carriers in
whom no route of infection has been identified,

Epidemiological surveys demonstrate that body fluids other
than blood, including saliva, might be potential sources of
BCV infection. Experimental inoculation of saliva obtained
from chronic HCV carrier chimpanzees has been reported to
transmit hepatitis to recipient animals (1). Several studies have
demonstrated HCV RNA in the saliva of hepatitis C patients
- by reverse transcription (RT}-nested PCR. However, the de-
tection rates of viral RNA within saliva have varied widely, and
some groups have failed to demonstrate HCV RNA within
saliva (6-11, 14, 17, 23, 25, 27, 29-33, 36-38). A potential
source of HCV RNA within saliva includes gingival crevicnlar
fuid (GCF), which might contain HCV-infected BMC in the
selting of periodontal inflammation. To our knowledge, only
one study has qualitatively identified HCV in GCF; HCV RNA
was detected in 59% of GCF specimens from hepatitis € pa-
tients in the study (20). Since the efficiency of HCV ransmis-
sion is likely related {o its viral load, it is important (o quan-
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titate viral RNA levels within body fluids in order to properly
cvaluate possible nonparenteral routes of HCV infection.

Thus, we examined the presence of HCV RNA in the saliva
and GCF of anti-HCV antibody-positive patienis using real-
time quantitative RT-PCR.

MATERIALS AND METHODS

Sample cultection. Twenty-six deutal patiems atrending the hospital of Nippon
Dental University at Tokyo were swudied. All of the petients were wnti-HCV
antitbody seropositive on the basis of sereening using a second-generation enzyme
imnuacassay (Abbett HCV FHA, Abbotc Diagnostics, Abbott Park, TL). This
study protecol was approved by the Ethics Committee of the hospital and was
conducted uceording to Ethic Guideline for the Studies on Fhenm Genome end
Genc Analysis, Written informed consent was obtaived from each patient par-
dcipating in the study.

Blood samples were collected and centrifuged for 20 min at 5,000 rpm to
separate the senin Pagienis spit inte a cop to obtain salive szmples. Whols saliva
samples (approximately 2 ml) were then transferred into sterite containers. None
of the samples were macrosenpically observed to contain blond. GCF specimens
were collected by first diying the gineivel surface with sierille cotton, after which the
area was isolated in order to prevent contamiination with saliva. A paper strip (2by
5 ram) was then subgingivally inserted for 30 5 wo collect specimens (approximately
50 ). T there was visible contamination of the sample with blood, another sample
withoar maczoscopic blood contamination was taken from another site. The depth at
gingival crevices was then measired by 2 periodontal probe, and the presence of
bleeding on probing was exnmined. Serum, saliva, tnd GCF samples were collected
sinultancously and were stored at —8(FC before use.

RNA extraction. Totsl RNA was extracted from 100 pd of serum or saliva
specimens and from paper strips with celleeted GCF using = QlAamp viral RNA
kit (QIAGEN, Valenciy, CA}. In preliminary experiments using various amounts
of serums, saliva, and GCF samiples in the presence or absence of paper strips, we
confirmed that (i) sample volumes of >40 pl yiclded the same efficiencics of
RNA cxtraction ftom cach specimen and (if) inclusion of a paper strip described
above in the lysis bulfer did not influcnce the efficiency of RNA cxtraction.

Quantitation of HCV RNA. To determine the quantity of HCV RNA, real-
time RT-PCR involving single-mbe reactions was periormed using TagMan EZ
RT-PCR Core reagents (PE Applied Biosysteras, Foster City, CA}, us previousky
described (3), Briefly, Lhe reaction mixtere comained 1 X TagMan EZ buffer, 500
nM concenteatiogs of ach primer from the HCV ¥ noncoding region (5'-GAG
TGT CGT GCA GCC TCC A-¥ and 5-CAC TCG CAA GCA CCC TAT
CA-3"), a 200 nM conceniration of fluorcgenic probe [5'-(6-carboxyfluorsscein}
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TABLE 1. Clinical and virological characteristics of 26 patieats examined in this study®

Ago Gender ALT level (IUAiter) AST [evel (IUiiter) HCV antibody titer (2) Genotype Oral discase(s)

68 F 30 48 >12 1b

o4 M 115 1063 >12 ib Periodontitis/BOP

71 F 14 23 12 b Periodontitis/BOP

71 M 124 71 12 1b Periodontitis/ BOP

71 M 47 55 12 T

63 M 14 19 1 ib SCC

66 F 59 67 11 ib OLP

61 F 61 35 11 1b

73 F 48 40 10 Ia Periodontitis/ BOP

70 F 18 23 10 1b Periodontitis/BOP, OLP
72 F 15 20 B 1b Periodonfitis/BOP

61 M 7 12 8 ND Periodontitis

66 F 19 30 B b QLP

69 F 31 39 7 ND SCC

73 M 16 24 [ ND Periodontitis/BOP, SCC
72 F 20 22 ] ND

67 M 12 I8 4 ND Perivdontitis/BOP, SCC
70 F 5 7 4 ND Periodonfitis/BOP, SCC
69 M 13 20 4 1b PeriodontitisfBOP, SCC
60 M 22 23 4 1b Periodontitis

7L F 15 30 4 ND SCC

56 F 11 17 4 ND Periodontitis/BOF, OLP
it F 12 21 4 ND Periodontitis/BOP -

67 F 9 24 4 ND

38 M 26 25 4 ND

79 F 22 21 4 ND

@ Abbreviativns: F, femate; M, mule; ND, not detected; OUP, oral lichen planus; BOP, bleeding on probing; SCC, squarons eell cureinoma.

CCC GCA AGA CTG CTA GCC GAG TAG TGT TGG (6-carboxyictrameth-
yirhodaminc)-3'], 2000 pM conceniralions of cach deoxynucleoside iriphosphate,
3 mM Mo(OAc);, § U of Thermus thermophiles DNA polymerase, 0.5 U of
AmpErase vracil N-glycosylase, and template RNA. The primers and probe were
designed on the basis of the conserved sequences among HCV penotypes. The
RT step was staricd with a 1-min ineubation at 50°C, fellowed by 50 min a1 65°C.
Thermal cycling conditions were as follows: a preeycling period of 5 min at
$5°Cfollowed by 50 cyeies of denaturation at 94°C for 15 5 and asncaling at 55°C
for 10 s and cxension at 69°C for 1 min. All reactions and analyses of the
amplification plols were performed on an Applied Biosystems PRISM 7769
scquence detector (PE Applicd Biosystems). Standard curves of the assays wers
obtained by ploting 10-fold serial dilutions of known concentrations of a syo-
thetic HCV genotype 1b teanscript. HCV RNA copy nwnbors of the synthetic
rranscripl were calculated from the quantity and its moleeular weipht, Using a
standaed eurve, the Sequonce Detector software caleulated automatically the
concenization of RNA copics in the experimenial samples. Wo found that results
obtaincd from our in-house real-time RT-PCR ricthod were well corvelated with
those from the COBAS AMPLICOR HCV MONITOR Test, version 2.0 (Roche
Diagnosties, Tokyo, Jrpan) (13), ard that T HCV RNA copy/ml in our method
corresponded to approsimately 1 international unit/ml by the above-mentioned
commercial assay {data not shown).

HCY geaotyping. HCV genotype was determined by RT-PCR of the core
region sequence with genotype-specific primers for determination of HCV ge-
notypes 14, 1b, 24, b, 3, 3b, 4, Sa, and 6a, as deseribed previously (24).

PCR amplification of B-globin DINA. Total DNA was cxtracted from saliva
senples wsing a QEAamp DNA Mini kit (QIAGEN) according Lo the manulac-
twzee's iostructions. To characterize the degree of coll contamination in saliva,
isolated DNA was subscquently esed 45 a template 10 amplify the human 8-glo-
bin gene frasment of 268 bp with the following pomers: 5’-GAA GAG CCA
AGG ACA GGT AC-3 and 5°-CAA CTT CAT CCA CGT TCA CC-3' (21).

Statistical analysis, The Spearman rank test was used for evaluating the
corrclation botweed variablos: apt-FICV antibody levels and vieat Joads in scroem,
sativa, and GCF.

RESULTS

The clinical and virological characteristics of 26 patients are
presented in Table 1. The study group consisted of 10 males

(38%) and 16 females (62%) with a mean age of 69 years
{range, 56 to 79 years). Their mean liver enzyme values were as
follows: 30 TU/liter for alanine aminotransferase (ALT) and 33
TUfiter for aspartic aminotransferase (AST). FICV RNA lev-
els in the serum of 20 patients (77%) were deiermined by
real-time RT-PCR assay, which showed a detection limit of 107
copies/ml and a linear mnge over 5 logs. Four of six serum
samples whose HCV RNA levels were below the detection
fimit in this measurement were found to have detectable HCV
RNA by the qualitative nested RT-PCR (4). We fouad no
difference in efliciency and specificity of HCV ¢DNA amplifi-
cation among genotvpes 1b, 2a, and 2b in the real-time RT-
PCR assay {data not shown).

Figure 1 summarizes viral loads in the serum, saliva, and
GCF specimens of the patients. A mean serum HCV RNA
level of 5.1 X 10° copies/ml was observed among samples with
viral loads greater than 107 copies/ml. As expected, serum viral
RNA levels were significantly correlated with anti-HCV anti-
body levels (r = 0.80, P < 0.0001) (Fig. 2A). In a number of
cases (20 of 26; 77%), the viral load of the GCF was greater
than that of the saliva. HCV RNA was detected in 319 of the
saliva samples and 85% of the GCF specimens using real-time
RT-PCR. Mean viral RNA levels were 1.9 X 10* (saliva) and
3.1 X 10* (GCF) copies/ml in these samples. It should be noted
that most (seven out of cight) of the saliva samples contained
1.4 X 167 to 8.2 X 10° copies/mi of HCV RNA, with a mean
value of 2.0 X 10° copies/ml among these seven samples (Fig.
1).

Among the 18 patients with HCV RNA-negalive saliva, 10%
to 10° copies/ml of viral RNA were detected in the GCF of 3
patients, 10% to 10° copies/m! of viral RNA were detected in
the GCF of 2 pafients, and >10* copies/mt were detected in
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FIG. 1. HCV viral ioad in the serum, saliva, and GCF of and-HCV-

positive patients. Numbess of patients within each range of the viral
load are indicated.
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the GCF of 9 patients. No significant association was observed
between viral RNA levels in the serum and viral RNA levels in
the saliva (Fig. 2B) or GCF (Fig. 2C). However, relatively high
serum viral foads (>>10° copies/ml) were observed in five out of
eight patients with HCV RNA-positive saliva, while serom
viral loads were 1.5 X 10° copies/ml or less in most of the
patients whose saliva specimens were negative (13 ount of 18).
Four patients with HCV RNA-positive saliva and/or GCF had
no detectable serum HCV RNA by real-time RT-PCR (Fig. 2B
and C); however, viral RNA was detectable in their sera by
qualitative nested RT-PCR. Although no visible contamina-
tion of the saliva and GCF with blood was observed, there may
be a small amount of cells or lysed cells in the fluids. To
determine Lthe degree of cell content in samples, total DNA
was extracted from three saliva specimens, which contained
>10% copies/mi of FICV RNA (Fig. 2B), and tested for the
presence of cellular DNA by amplifying a human p-globin
gene. A certain amount of cellular DNA was deteciable in the
saliva specimens {data not shown), suggesting some salivary
HCV RNA may be derived from HCV-infected cells, such as
BMC and mucosal epithetial cells, as discussed below. Various
amounts of HCV-infected cells in the saliva and GCF may, in
part, account for differences in the viral loads.

HCV RNA was detectable in most GCF and/or saliva spec-

o
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imens obtained from patients with clinical evidence of oral
diseases: HCV RNA was detected in all 14 (100%2) patients
with periodontitis, & of 7 (85%]) patients with squamous cell
carcinoma, and 3 of 4 (75%) patients with lichen planus. Three
out of four patients with HCV RNA-negative GCF, however,
also had some oral epithelial lesions. On the other hand,
among seven patients without oral diseases, HCV RNA was
detected in the GCF and saliva of six and three patients,
respectively. There was a trend toward increased viral loads in
the oral fluids, especially GCF, among patients with bleeding
on probing compared to those without the bleeding. The viral
RNA levels in the GCF and saliva had no correlation with age,
gender, or serum levels of ALT or AST. It also seems that their
viral RNA levels were not correlated with HCV genotype,
although the viral genotypes in 12 of 26 paticnis were not
determined.

DISCUSSION

Identification of HCV in body fluids other than blood is
important in order to evaluale possible nonparenteral routes
of transmission. The role of oral fluids in HCV transmission
remains controversial. Although the presence of HCV RNA in
saliva has been reported by several research groups (11, 14,
17, 23, 25, 27, 29-33, 36-38), only one study has attempted to
quantify HCV RNA. in saliva, in which patients coinfected with
HCYV and human immunodeficiency virus were examined using
a branched DNA assay (27). Moreover, limited information
exists regarding the prevalence of HCV in the GCF of patients
with hepatitis C, apart from one study in which a qualitative
RT-PCR method was used to detect HCV in 59% of GCF and
35% of saliva specimens from patients with HCV viremia (20).

To the best of our knowledge, this study is the first 10 quan-

- titate HCV loads within the saliva agd GCF of anti-HCV

antibody-positive patients using real-time RT-PCR. To search
for a possible oral route of HCV transinission, whole saliva and
GCF containing cell fractions were used to determine the vira
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FIG. 2. (A) Correlation between anti-HCV antibody levels and HCV RNA levels in serum. The Spearman rank test was used for testing the
correlation between variables. There is a significant positive correlation (r = (.80, P < (.0001} between the serum levels of HCV antibody detected
by the passive hemagglutination assay and those of HCV RNA determined by real-time RT-PCR. (B) Correlation between viral loads in the serum
and those in saliva specimens. Results for patients whose HCV RNA levels in saliva were =107 copies/ml are plotted. No significant correlation
was observed. {C) Correlation between viral loads in serum and those in GCF specimens. Results for patients whose HCV RNA levels in the GCF
were =1{ copies/m] are plotted. No significant correlation was observed.
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loads in this stndy. Although any saliva and GCF samples
tested were not macroscopically observed to contain blood, we
cannot rule ont the possible effect of a small amount of bleed-
ing as a source of HCV RNA. Here we observed HCV more
commonly in the GCF than the saliva of HCV-seropositive
patients. We further found viral loads of 107 to 10* copies/ml
and 10% to 10° copies/m] in saliva and GCF, respectively. This
result may be partially due to the presence of PCR inhibitors in
saliva. An internal control to measure the possible effect of
PCR inhibitors was not incladed in our real-ime RT-PCR.
Although the mean viral load within the GCF was approxi-
mately 10-fold lower than that in the serum, GCF samples
from 12 of 26 patients (46%) had viral titers similar to or
greater than those observed in the sera. No significant corre-
lation was observed between the sexum viremia jevels and viral
levels in the saliva or GCF. However, there was a trend that
patients with HCV RNA-positive saliva showed higher viral
loads in sera than patients with HCV RNA-negative saliva.
These findings suggest that GCF might be one of the sources
of HCV RNA within the saliva.

Although FHCV is a hepatotropic virus, convincing evidence
of HCV lymphotropism has been demonstrated in tissue cul-
ture (13), HCV has been widely detected in BMC in patients
with chronic HCV infection, and differences in quasispecies
identification within serum and BMC suggest that viral repli-
cation occurs within BMC (16, 22, 26, 28, 35, 38). HCV-in-
fected BMC might allow HCV to infiltrate the GCF and saliva,
since BMC migrate from dentogingival vessels into gingival
crevices. There also might be transudation of HCV-containing
serum injo the mouth. Generally, periodontal inflammation
increases the excretion of BMC-rich GCF. There is also a
possibility that FICV exists within mucosal epithelial cells.
HCV has been identified in the mucosal tissue, as well as
salivary glands, of anti-HCV-positive patients with oral lichen
planus using various technigues, including in situ hybridization,
strand-specific RT-PCR, and immunohistochemistry (5, 32).
Thus, it is likely that several possible sources discussed above
are involved in HCV penetration into the saliva and GCF.
Whatever the sources or mechanisms are, the findings ob-
tained provide important implications for medical personnel
regarding HCV transmission in health care settings as weH as
for HCV epidemiology, as the origin of the viral infection
remains unclear in up to 409 of cases.

In this study, altheugh the numbers of specimens were lim-
ited, we quantitatively determined HCV RNA in oral fluids
from dental patients, including some patients with oral dis-
eases, and demonstrated frequent detection of HCV in the
saliva and GCF. Further large-scale epidemiological studics
employing real-time RT-PCR assays are required to clarify the
clinical significance of FICV in the saliva and GCF, including
the potential for viral transmission through exposure to these
fluids.
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Natural

. transmission of
BSE between
sheep within an
experimental flock

SIR, - The recognition of bovine spongi-
form encephalopathy (#SE) in a French
goat (Eloit and others 2005) has height-
ened the debate in Europe as to whether
BSE has been maintzined in small rumi-
nants following historical exposure via
feed. Key to the debate and associated
risk assessments, especially in the UK, is
whether BSE can transmit naturally
between infected sheep. Here, we report
preliminary evidence that natural trans-
mission can take place between sheep in
an experimental flock.

Thirty six-month-old ewe lambs of
the PrP ARQ/ARQ genotype from trans-
missible spongiform encephalopathy
{TSE)-free sources were dosed orally with
5 g of BSE cattle brain inoculum. This
genotype has previously been shown to
be fully susceptible to this inoculum.
Approximately six months after infection,
the B5E-dosed sheep were mixed with 20
matched undosed animals of the same age
and genotype, and kept as a single group
under strict biosecurity. Normal intensive
commercial practices were followed as far
as possible, while avoiding iatrogenic
spread of infection.

The ewes were bred from 16 months of
age by natural mating using breed/geno-
type-matched sires fram the same TSE-free
flocks that had been introduced to the
unit, Placental cotyledons were collecled at
birth, All sheep had unrestricted access to
the lambing area to maximise the poten-
tial for transmission of disease. Clinical
observation, weight recording and tonsil
and third eyelid biopsies were used to

1onitor disease progression. At clinical
end point, the sheep were euthanased and
examined postmortem, and tissues were
collected for a range of immunohisto-
chemical {1HC) and biochemical tests.

Twenty-four of the original 30 dosed
sheep reached dinical end point between
655 and 1056 days postinfection (dpi),
with a mean {sd) incubation of 797 (105}
dpi. Two of the lambs born in 2003 also
died of 85t The first clinical disease in the
flock occurred in a dosed ewe, the dam of
lamb 2, just 73 days after the hirth of its
lamb, with clinical end point at 655 days
after dosing. The dam of Jamb 1 reached
clinical end point 198 days after its birth,
The first positive tonsil biopsies occurred
in these dosed ewes at 369 dpi and in
lambs 1 and 2 at 546 days of age. IHC
examination of tissues from lambs ] and
2 using monoclonal antibodies R145 and
P4 showed the typical reduction in intra-
cellular labelling with P4 in the obex
previously asseciated with BSE {Fig 1).
Lymphoid tissues also showed the typical
pst-associated pattern of reduced label-

FIG 1: Vagus nuclevs in the obex of lamb

1 stained with P4, showing abundant
extracellular labelling with very little or
no labelling of neurons or microglia. x 230

FIG 2: Secondary follicle In the tonsil
of lamb 1 stained with P4, showing
ismmunolabelling of follicular dendritic
cells within the light zone but no
labelling of tingible body macrophages
within the dark or fight zones. % 230

ling of tingible body macrophages with
the P4 antibody (Fig 2).

To date (June 2005), 22 lambs from the
2003 lamb crop born to both dosed and
undosed ewes remain alive at 781 to 786
days of age and there are no clinical cases
in the original undosed ewes three years
after‘their introduction,

Although scrapie is known to transmit
between sheep under natural and experi-
mental conditions, there have been no pre-
vious reports of BSE being transmitted
naturally between sheep, Foster and others
(2004) failed to demonstrate transmission,
but this may be explained by lower infec-
tion pressures in their experimental design
and the use of less susceptible genotypes.
At this stage in our study, it is impossible
1o determine whether infection was
acquired from the dom in utero or during
the perinatal period, but the incubation
period of the affected lambs sugpests infec-
tion occurred at or just before birth.
Previous studies in experimentally
infected sheep of the same genotype
resulted in incubation periods of 628 to
1132 dpi in animals dosed orally with 5 g
of the same inoculum al six months of age
(Bellworthy and others 2005) and 525 to
723 dpi in lambs dosed orally with 1 g of
the inoculum al two weeks of age (5. ).
Bellworthy, unpublished data}. The incu-
bation period in the lambs in the present
study would preclude the extremely
unlikely potential of jatrogenie infection
associated with tonsil biopsy. The absence

of disease in unrelated, but susceptible,
Jambs introduced both before and after
the first Jambing period suggests that
transimission may have been restricted to
mother and lamb, rather than also hori-
zontally, but it would be premature to con-
clude at this stage of the study that
horizontal transmission had not occurred.
Age and closeness of contact may play
critical roles in determining likelihood of
transmission, although in studies with
scrapie we have demonstrated that adult
sheep do become infected following intro-
duction to an infected flock, albeit with
longer incubation periods than lambs.
Horizontal or vertical transmission is
clearly a major factor in the spread of
scrapie, and transmission may even occur
in the absence of direct sheep-to-sheep
contact, Jt remains 1o be seen whether this
is confirmed also with BSE in sheep.

This is the first confirmation that BSE
can transmit either in utero or perinatally
in sheep. It indicates that if BSE had entered
the sheep population at the start of the 5%
epidemic, it could have propagaled within
the flack if the level of infection was suffi-
cient in the presence of susceptible sheep.
However, an extensive survey of the UK
flock has shown no evidence of the classic
BSE phenotype (Stack and others 2005).
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