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Human herpesviruses (HHVs) are ubiquitous pathogens that intermittently reactivate from latency. Trans-
mission is believed to be facilitated by their frequent appearance in saliva. This study sought to understand the
factors that influence the appearance of these viruses in saliva by examining the prevalence, pattern, and
quantity of all eight HHVs in saliva of immunocompetent adults with a history of recurrent oral herpes simplex
virus (HSV) infections following dental treatment and antiviral therapy. Valacyclovir or matched placebo was
given (2 g twice on the day of treatment and 1 g twice the following day) to 125 patients in a randomized,
double-blind controlled trial. Saliva, collected on the day of dental treatment and 3 and 7 days later, was
analyzed using real-time quantitative PCR. At all visits, HHVs coinfected saliva. Over the course of the week,
the DNAs of HHV-6 and HHV-7 were detected significantly more often (97% to 99% of patients) than
Epstein-Barr virus (EBV; 64.8%), HSV-1 (13.0%), HHV-8 (3.2%), cytomegalovirus (2.4%), HSV-2 (0%), and
varicella-zoster virus (0%), irrespective of drug treatment (P < 0.002). Mean genome copy numbers were
highest for HSV-1 and HHV-6. Dental treatment did not influence asymptomatic viral shedding patterns.
However, valacyclovir treatment resulted in significantly fewer patients shedding EBV at both postoperative
visits compared with placebo (P < 0.008). These results suggest that HHVs are simultaneously present in the
saliva of healthy adults at levels that could facilitate transmission, and valacyclovir therapy decreases the
prevalence of EBV in saliva but has little effect on HHV-6 and HHV-7.

Herpesviruses are ubiquitous pathogens that infect many
animal species, including humans. Eight distinct members of
the human Herpesviridae family have been identified. They
include herpes simplex virus type 1 (HSV-1), HSV-2, varicella-
zoster virus (VZV), Epstein-Barr virus (EBV), cytomegalovi-
rus (CMV), human herpesvirus 6 (HHV-6), HHV-7, and
HHV-8 (Kaposi’s sarcoma herpesvirus [KSHV]) (62, 81).
These large DNA viruses each express more than 70 genes that
specify a number of proteins and enzymes that can cause de-
struction of infected cells during the lytic infection (12, 63).
Following the initial lytic infection, HHVs establish a latent
state in a diverse group of cells that ensures survival of the viral
genome throughout the life of the host. Periodic reactivation
and viral recrudescence (i.e., appearance with or without clin-
ical symptoms) occur after stress and alterations in immune
surveillance. Frank immunosuppression is associated with
more severe disease and complications (e.g., encephalitis,
pneumonia, hepatitis, and various forms of cancer) (2, 7, 13,
14, 40, 53, 57, 60, 67, 68, 78, 83, 84).

Over 95% of the adult population are infected with HHVs
(28, 39, 70, 71, 86). Infections occur following intimate contact
with virus-laden secretions and in some case by fomites (e.g.,
nurseries, day care centers) (22, 72). Saliva harbors most of the

HHVs and appears to be an important mode for virus trans-
mission. Although the prevalence of individual HHVs in saliva
has been reported, (8, 26), our knowledge of the simultaneous
presence of HHVs in saliva of healthy adults who are absent of
mucosal pathosis is incomplete. Also, it is unclear whether the
pattern of salivary HHV infections changes after stress and
whether a prophylactic course of an antiviral drug can alter the
pattern and quantity of HHV shedding in saliva. Since dental
treatment can be emotionally and physically stressful and in-
fluence the outbreak of HSV-1 recurrences (55), we examined
these issues in a prospective, randomized, double-blind trial
using valacyclovir and placebo in healthy adult patients under-
going dental treatment. In this report, the prevalence, quantity,
and duration of HHVs in saliva of individuals over a course of
one week and the influence of a two-day course of valacyclovir
on the pattern of HHV shedding (i.e., virus in saliva in the
absence of symptoms or demonstrable lesions) in patients who
experience HSV-1 recurrences and received dental treatment
are presented.

MATERIALS AND METHODS

Study population. This study was part of the Valacyclovir Trial for the Pre-
vention of Dentally Induced Cold Sores. The patient population, described
elsewhere (55), included men and women 12 years of age or older who had a
history of recurrent oral HSV infections, were HSV seropositive, and were
scheduled to receive routine dental care at the College of Dentistry, University
of Kentucky. All patients were in good general health and did not have histories
of liver or kidney dysfunction, symptoms of acute illness (i.e., fever, sore throat,
body aches, and diarrhea), or visible oral lesions at the time of enrollment.
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Pregnancy, use of antibiotics, immunosuppressant medications, and antiviral
therapy one week before the study enrollment date were additional exclusion
criteria. The study was approved by the University Institutional Review Board.
All patients provided written informed consent and received incentive (i.e.,
monetary compensation as well as a clinical exam) as part of the study protocol.

Assay for HSV antibodies. Serum from all patients was tested for anti-HSV
antibodies using the IMMULITE herpes I & II immunoglobulin G solid-phase
chemiluminescent enzyme immunoassay kit according to the manufacturer’s
directions (Diagnostic Products Corporation; Los Angeles, CA) by technologists
in the University Hospital laboratory.

Dental procedure. Treatment for all patients was planned according to stan-
dard procedures employed by the College of Dentistry. The study was initiated
for each patient on the first day of the treatment plan sequence. The dental
procedures included were periodontal, restorative, endodontic, orthodontic, and
oral surgical procedures. Excluded were diagnostic (e.g., clinical examination,
radiographic procedures) and prosthodontic procedures.

Study medication. The study medication was valacyclovir (500-mg tablets) or
matching placebo. At enrollment, patients were randomly assigned to double-
blind treatment and received oral valacyclovir or placebo. The dosage regimen
entailed administration of 2 g after sample collection and within 1 h of the dental
procedure. Patients were provided a take-home dosage such that they took a
second 2-g dose the evening of the dental procedure and then 1 g the next
morning and 1 g 8 to 12 h later or matching placebo.

Blinding and assignment. Double-blind study medications were packaged as
12 pills per identical white pill bottle. Patients were assigned sequentially to study
medication that was numbered according to a computer-generated randomiza-
tion code. The treatment blind was maintained and not broken for any patient
throughout the trial.

Study design and procedures. The trial was a prospective, randomized, dou-
ble-blind, placebo-controlled study. At the initial clinic visit (i.e., day dental
procedure was completed), informed consent was obtained, a standardized med-
ical history was administered, and an oral examination was performed. Patients
then contributed saliva and received randomized study medication and pre-
scribed dental treatment. Patients were asked to report to the clinic on day 3 and
day 7 (�24 h) after the initial dental visit. At each clinical visit, a thorough oral
examination was performed, expectorated whole saliva (5 ml) was collected and
stored at �80°C until use, and accounts of compliance and any adverse events
were obtained. Patients were instructed on how to perform oral lesion assess-
ment and were provided a diary to complete twice daily for eight days. Infor-
mation recorded in the diary included lesion presence, stage, pain level, adverse
events, and compliance. This information is presented elsewhere (55).

PCR primers and probes. The primers and probes used were derived from
published sources. Briefly, HSV-1 and HSV-2 primers and probes were designed
for glycoprotein G as described by Ryncarz et al. (65). VZV primers and probes
were designed to open reading frame 62 (ORF62) as described by Pevenstein et
al. (59). Primers and probes for EBV were directed to the BALF5 gene encoding
viral DNA polymerase according to Kimura et al. (43). Primers and probes for
CMV were designed to glycoprotein B as described in Li et al. (49). Primers and
probes for HHV-6 were derived from published data on the U22 open reading
frame of HHV-6A strain U1102 as described by Collot et al. (15). Primers and
probes for HHV-7 were directed to the major capsid protein as described by Zerr
et al. (89). HHV-8 primers and probes were designed to KSHV minor capsid
protein as described by White and Campbell (82). Probes for all HHVs were
labeled at the 3� end with the quencher fluorochrome, 6-carboxy-tetramethyl-
rhodamine (TAMRA) (PE Applied Biosystems). The 5� end of each of the
probes for all HHVs, except HSV-1, was labeled with the reporter fluorochrome,
6-carboxy-fluorescein (6-FAM). The HSV-1 probe was labeled at the 5� end with
tetrachlorinated analogue of 6-FAM (TET). These primers and probes have
been found to reliably detect at least 10 copies of target DNA and are specific
when tested with known HHVs (i.e., cross-reactivity is not observed between the
viral assays) (15, 43, 49, 59, 65, 82, 89).

Real-time PCR. Real time-PCR was used for the detection and quantification
of HHVs in saliva. Saliva samples (1 ml) were centrifuged, and the DNA was
isolated from the cell pellet using the QIAamp DNA Mini kit (QIAGEN,
Valencia, CA) according to the manufacturer’s direction. The DNA yield is
typically 5 to 15 �g per ml of saliva using these kits. Each 50-�l PCR mixture
contained 10 �l purified DNA template in a final volume consisting of 1�
TaqMan Universal PCR master mix (PE Applied Biosystems), 900 nM primers,
and 250 nM TaqMan probe. Real-time PCR was performed on an ABI Prism
7700 Sequence Detection system (PE Applied Biosystems). Cycling parameters
were 50°C for 2 min, 95°C for 10 min, and 40 cycles of 95°C for 15 s and 60°C for
1 min. Each PCR run contained negative controls, including reaction mixtures
without DNA template as well as several specimens that were known to contain

no HHV DNA, a positive amplicon control, and a 10-fold dilution series (1 � 100

to 1 � 106 genome equivalents per reaction) of either genomic HHV DNA or
cloned HHV sequences. The positive control standards were HSV-1 and HSV-2
genomic DNA; the EcoRI-A fragment containing ORF62 of VZV strain Ellen
cloned into pGEM kindly provided by S. Straus from NIH, Bethesda, Maryland;
plasmid pGEM-BALF5 containing the EBV BALF5 gene kindly provided by H.
Kimura, Nagoya University, Nagoya, Japan; plasmid pCR2.1 with a cloned
254-bp fragment of CMV glycoprotein B kindly provided by Y.-W. Tang,
Vanderbilt University, Nashville, Tennessee; the pCR1.2 vector containing the
U22 gene from HHV-6A kindly provided by S. Collot from Limoges University
Teaching Hospital, Limoges, France; the 1e7/�l HHV-7 clone kindly provided by
D. M. Zerr, the University of Washington, Seattle, Washington; and plasmid
pMCP containing nucleotides 47239 to 47554 of the HHV-8 genome kindly
provided by T. B. Campbell, the University of Colorado, Denver, Colorado. Each
specimen was analyzed in duplicate. Results were scored positive if both reac-
tions yielded a threshold cycle value above the limit of detection for the stan-
dards. Reactions that yielded one positive and one negative result were repeated
in duplicate. Samples were scored positive only when both repeat reactions
yielded positive results. The copy number results are reported as the means of
the two runs.

Statistical analysis. A repeated-measures analysis (Procedure Genmod in PC
SAS, version 8E with a logit link, binomial distribution, and repeated statement)
was used to determine the log odds that a virus detected varies with time or
treatment or the interaction between time and treatment. A multiple logistic
model was used to determine the effect of the covariates (i.e., age, race, gender,
presence/absence of an invasive dental procedure, and treatment [valacyclovir
versus placebo]) on the log odds that the virus was detected at a visit. The second
part of the analysis used only detectable responses. These responses were log
transformed since the viral copy numbers were highly skewed to the right. A
linear mixed model was used to determine the effect of time, treatment, and the
interaction between time and treatment on mean response. This was conducted
using Procedure Mixed in PC SAS. To determine the effect of the covariates on
the log-transformed loads, a multiple regression model was used for the baseline
scores with no distinction as to treatment assignment. In both parts of these
analyses, statistical significance was determined at the 0.05 level. McNemar’s
statistic was used to test the hypothesis that some viruses were more common
than others. Because of the many comparisons possible, statistical significance
was determined at the 0.0018 level to avoid inflation of the type I error rate (i.e.,
0.05 divided by 28, the number of statistical tests). The Kappa statistic was used
to determine the concordance among the pairs of HHVs being detected within
the same sample.

RESULTS

Study population. This study was part of the Valacyclovir
Trial for the Prevention of Dentally Induced Cold Sores that
intended to determine whether a prophylactic course of vala-
cyclovir therapy could suppress oral HSV recrudescence (55)
and/or alter the pattern of HHV shedding in saliva after dental
therapy. Of the 150 patients with a history of recurrent oral
HSV-1 infections randomized to the study, 125 met the eligi-
bility criteria, took study medication correctly, received one
dental procedure, and returned for the two scheduled postop-
erative visits. None of the participants had detectable lesions of
the oral or perioral mucosa at study entry. The 63 evaluable
patients in the placebo group and 62 in the valacyclovir group
were demographically similar (Table 1).

Presence of HHV DNA in saliva. A total of 375 whole ex-
pectorated salivas were obtained from patients collected on the
day of the dental procedure prior to drug therapy, and on days
3 and 7 post-dental treatment (PDT). Saliva was centrifuged,
and the DNA extracted from the cell pellet was analyzed. We
chose to analyze the cell pellet inasmuch as some herpesviruses
are highly cell associated and were detected more readily in the
cell pellet than the supernatant of representative samples (data
not shown). Sufficient DNA was available from 364 samples for
analysis using real-time PCR. We detected 10 copies of HSV-1,
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HSV-2, VZV, CMV, and HHV-6 target sequences per reac-
tion and 1 copy of EBV, HHV-7, and HHV-8 DNA sequences
in the assays performed. Negative controls did not generate a
product in any assay.

HHV DNAs were detected in the saliva of every patient and
100% of the 364 samples. At the initial visit (i.e., before treat-
ment; Fig. 1), HHV-6 and HHV-7 were detected significantly
more often than the other viruses (P � 0.002). EBV was
detected at baseline in 43.1% of the population, HSV-1 in
8.9%, HHV-8 in 0.8%, and CMV in 0.8%. HSV-2 and VZV
were not detected. Although analyses for HSV-2 and VZV
were negative in all specimens, DNA specific for these viruses
was detected in the positive controls by real-time PCR.

EBV and HHV-6 were slightly more prevalent in men (50%
and 97.5%, respectively) than women (42.2% and 91.6%, re-
spectively) (data not shown). Results of multiple logistic re-
gression showed that with only one exception none of the
covariates age, gender, and race was a significant predictor of

the log odds that an HHV was detectable at baseline. The
exception was age for HSV-1, with the mean age of expressors
(28.1 years) significantly less (P � 0.02) than that of nonex-
pressors (39.7 years) (data not shown).

Over the course of the week, the DNAs of HHV-6 and
HHV-7 were detected significantly more often (97% to 99% of
patients, respectively) than EBV (64.8%), HSV-1 (13.0%),
HHV-8 (3.2%), CMV (2.4%), HSV-2 (0%), and VZV (0%)
(P � 0.002). Coinfections occurred in 99.2% of patients.
HHV-6 and HHV-7 were simultaneously present in 93.6% of
specimens. EBV coinfected saliva with HSV-1 in 3.8%, HHV-6
in 38.5%, and HHV-7 in 40.1% of specimens. At least three
HHVs were detected simultaneously in 36.5% of specimens,
and 4.8% of specimens were coinfected with four viruses. We
did not detect DNA from more than four HHVs in any spec-
imen.

Pattern of viral shedding following dental manipulation.
Table 2 demonstrates the prevalence of HHVs in the placebo
group did not change substantially following dental treatment.
In these patients, HHV-7 was present in 99.2% of salivas
collected from all three visits, HHV-6 was present in 95.1%,
94.8%, and 95%, EBV was present in 41%, 46.6%, and 48.3%,
and HSV-1 was present in 9.8%, 10.3%, and 8.3%, respec-
tively. At the postoperative visits, CMV and HHV-8 were
detected in 0% to 3.3%, whereas HSV-2 and VZV were not
detected in any salivas analyzed. Specific dental procedures
were not associated with the detection of any HHV at the
postoperative visits.

The frequency of detection of HHV DNAs at multiple ap-
pointments for the population is shown in Fig. 2. Only HHV-6
and HHV-7 were detected in the majority of patients at more
than one appointment. At any two visits, HHV-7 was detected
in 95.2% of patients, HHV-6 in 85.6%, EBV in 38.4%, and
HSV-1 in 1.6%. The frequency of detection at three consecu-
tive visits remained high for HHV-6 and HHV-7 but was less
than 20% for the remaining HHVs. The covariates age, gen-
der, race, and invasiveness of procedure were not significant
predictors of shedding of any HHV at postoperative or multi-
ple visits.

Quantitative analysis of HHV DNA in saliva of expressors in
the placebo group. Concentrations of HHV DNA varied
greatly in the expressors, from 2 to 53,784,455 copies per ml of
saliva for HHV-7 (median, 1,779), 10 to 9,474,044 for HHV-6
(median, 1,917), 69 to 2,069,855 for HSV-1 (median, 45,000), 1
to 49,484 for EBV (median, 117), 12 to 558 for CMV (median,
354), and 10 to 410 for HHV-8 (median, 34). In the expressors
of the placebo group, the highest mean copies were for HSV-1
and HHV-6, with an average of 414,005 and 66,277 copies
detected per ml of saliva, respectively. Mean genome copy
numbers of HHV-7 and EBV were 14,369 and 1,418 per ml of
saliva, respectively. HHV-8 was detected in low quantity in the
expressors (mean, 122 copies/ml), whereas HSV-2, VZV, and
CMV were not detected in any patient of the placebo group.

Table 2 shows that dental manipulation did not significantly
alter the geometric mean copy number of any HHV measured
from the initial visit to days 3 and 7 PDT in the placebo group.
When the logs of the viral copies of paired HHVs were exam-
ined, a significant correlation between HHV-6 and HHV-7 was
observed (Pearson’s coefficient; r � 0.31; P � 0.0007).

FIG. 1. Prevalence of HHVs in saliva of healthy immunocompetent
individuals with a history of recurrent oral HSV infections at the initial
visit. The DNA from the cellular fraction of saliva of 123 dental
patients was isolated and amplified in duplicate using real-time PCR as
described in Materials and Methods.

TABLE 1. Demographics of study population

Group
Value for group treated with:

Overall
Placebo (n � 63) Valacyclovir (n � 62)

No. (%) Female 43 (68.3) 42 (67.7) 85 (68)

No. (%) Male 20 (31.7) 20 (32.3) 40 (32)

No. (%) of race:
White 56 (88.9) 59 (95.2) 115 (92)
Black 6 (9.5) 3 (4.8) 9 (7.2)
Other 1 (1.6) 0 (0) 1 (0.8)

Mean age in
yr (range)

38.7 (12–79) 38.8 (13–68) 38.5 (12–79)
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Effect of valacyclovir on HHV shedding in saliva. The pro-
portion of patients shedding virus in saliva before and after
drug therapy is shown in Fig. 3. On the day of study initiation,
the proportions of patients shedding HHVs were similar in the
two groups. However, fewer patients shed HSV-1 and EBV
after valacyclovir treatment. The percentage of patients who
shed HSV-1 in the valacyclovir group decreased from 8.1%
(initial visit) to 1.6% on day 3 PDT and subsequently increased
to 6.6% on day 7 PDT. The prevalence of EBV decreased from
45.2% (initial visit) to 29% (day 3 PDT) following valacyclovir
treatment (P � 0.05). The effect was greatest in the age group

50 years and older, where the prevalence of EBV dropped
from 43% to 12% following antiviral therapy (P � 0.22 by
McNemar’s statistic) (data not shown). On day 3 PDT, signif-
icantly fewer patients who took valacyclovir (29%) shed EBV
than those who took placebo (46.6%; P � 0.05). Valacyclovir
treatment also resulted in significantly fewer adults (18%) who
shed EBV at consecutive postoperative appointments com-
pared with placebo (40.3%; P � 0.008; chi square) (data not
shown). For each treatment group and all HHVs, the geomet-
ric mean genome copy numbers did not change significantly
between the initial and postoperative visits.

DISCUSSION

This is the first study to evaluate the prevalence, pattern, and
effect of dental and antiviral treatment on the excretion and
quantitative levels of HHVs in saliva of immunocompetent
adults who had a history of recurrent oral HSV-1 infections.
The findings indicate that HHVs frequently coexist and are
repeatedly released into the oral cavity of the majority of
healthy adults in the absence of clinical signs and symptoms,
HHV-6 and HHV-7 are highly prevalent in saliva, and the rate
of asymptomatic shedding of HHVs does not increase signifi-
cantly after periods of oral trauma (i.e., dental manipulation).
Further, a short course of an antiviral agent reduced the prev-
alence of a single HHV type (i.e., EBV) in saliva for several
days after dosing.

To date, our understanding of the reported patterns of HHV
shedding in saliva of healthy individuals is limited by studies
that have used methods with various sensitivities and examined
a limited number of HHVs or a small numbers of patients.
When large numbers of patients have been studied, the age

FIG. 2. HHV shedding in saliva during consecutive visits and the
week after dental treatment.

TABLE 2. Geometric mean genome copy numbers in saliva of the expressors

Virus and treatment

Result of:

Visit 1 Visit 2 Visit 3

% (n/total) Geometric mean
copy no. % (n/total) Geometric mean

copy no. % (n/total) Geometric mean
copy no.

HSV-1
Placebo 9.8 (6/61) 17,034 10.3 (6/58) 22,035 8.3 (5/60) 596
Valacyclovir 8.1 (5/62) 3,419 1.6 (1/62) 8,978 6.6 (4/61) 2,254

EBV
Placebo 41.0 (25/61) 97 46.6 (27/58) 64 48.3 (29/60) 89
Valacyclovir 45.2 (28/62) 84 29.0 (18/62) 55 34.4 (21/61) 123

CMV
Placebo 0 (0/61) 0 0 (0/58) 0 0 (0/60) 0
Valacyclovir 1.6 (1/62) 558 0 (0/62) 0 3.3 (2/61) 83

HHV-6
Placebo 95.1 (58/61) 1,851 94.8 (55/58) 2,205 95 (57/60) 2,284
Valacyclovir 91.9 (57/62) 1,537 91.9 (57/62) 1,556 93.4 (57/61) 2,174

HHV-7
Placebo 100 (61/61) 3,618 100 (58/58) 3,238 98.3 (59/60) 2,686
Valacyclovir 98.4 (61/62) 3,285 98.4 (61/62) 3,430 96.7 (59/61) 4,624

HHV-8
Placebo 0 (0/61) 0 0 (0/58) 0 3.3 (2/60) 35
Valacyclovir 1.6 (1/62) 410 1.6 (1/62) 10 0 (0/61) 0
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and health status have not always been documented, sampling
has been relatively infrequent or often performed at a single
visit, and oral health status has not been rigorously evaluated
or affected by dental treatment. Current evidence indicates

that the mean detection rates of HHVs in the oral cavity of
healthy adults at a single visit are as follows: HHV-7, 79%;
HHV-6, 62%; EBV, 31%; VZV, 10.8%; HSV-1, 6.0%; HSV-2,
0.6%; CMV, 0.6%; and HHV-8, 0% (1, 3, 6, 8-10, 15, 17, 19,
20, 23, 24, 27, 29-38, 41, 42, 44, 47, 48, 50-52, 58, 61, 66, 69, 73,
75, 76, 85, 88, 89). For the majority, our prevalence figures are
similar to findings from investigations that have examined
large patient samples using PCR. At the initial appointment,
we detected HHV-7 in 99.2% of samples, HHV-6 in 93.5%,
EBV in 43.1%, HSV-1 in 8.9%, CMV in 0.8%, HHV-8 in
0.8%, and HSV-2 and VZV in 0%. In the placebo group, the
rate of asymptomatic HHV shedding did not change signifi-
cantly during the week following dental treatment.

Of the demographic factors analyzed, only age was corre-
lated with salivary shedding of a HHV at baseline. Specifically,
the mean age of expressors of HSV-1 (28.1 years) was signif-
icantly less than that of the nonexpressors (39.7 years). This is
consistent with reports that HSV-1 is shed in saliva more often
by infants and children than adolescents and adults (9, 76) and
extends the findings to suggest that young adults are more
likely to excrete HSV-1 than older adults.

The duration of HHV shedding is profiled in Fig. 2. The data
suggest that HHV-6 and HHV-7 were consistently present in
the saliva of most adults, EBV was present at more than one
visit in 38% of patients, and HSV-1 was detected infrequently
(1.6%) at consecutive visits. CMV and HHV-8 were not de-
tected at consecutive appointments in any patient, and HSV-2
and VZV were not detected in any salivas. Overall, these data
are consistent with the findings of others who have examined
the duration of HHV shedding in saliva (21, 32, 38, 50, 88) and
indicate that the prevalence of HHVs in the saliva of asymp-
tomatic adults does not increase upon the stress of dental
treatment.

We are unaware of any other studies that have quantified,
during one week, the genome copy numbers of all HHV types
in saliva of healthy, immunocompetent adults who had a his-
tory of recurrent oral HSV infections. Therefore, in these
regards, our data are novel. Our median copy number yields
for positive samples are similar to values reported by several
investigators (8, 15, 17, 27, 42, 66) but lower than that reported
by Walling et al. (80) for EBV (1,110,000 in 0.5 �g of DNA).
Differences could be attributed to selection bias from their use
of smaller numbers of patients, regional population differ-
ences, or the facts that we examined HSV-seropositive indi-
viduals, samples were freeze-thawed, and DNA was analyzed
from the cellular fraction of saliva. Although several investi-
gators have used whole saliva (cells and fluid) for analyses (1,
17, 42), we found a slight advantage in the ability to detect
HHV DNA by the described method using the cellular over
supernatant fractions (data not shown).

Our real-time PCR procedures yielded sensitivity levels of 1
to 10 copies that resulted in the detection of six of the eight
HHVs in the saliva of healthy adults. Not surprisingly, the
prevalence and yields were low for CMV and HHV-8 and less
than the values reported from individuals with immunological
disorders, men who have sex with men, sex workers, and per-
sons who had Kaposi’s sarcoma (11, 19, 45, 46). Of note,
genome copy numbers of HSV-1, EBV, HHV-6, and HHV-7
were high (	1,000 copies/ml) on at least one visit for many
patients. These high DNA concentrations in saliva are sugges-

FIG. 3. Effect of valacyclovir therapy on HHV shedding in saliva.
(A) Visit 1. (B) Visit 2. (C) Visit 3.
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tive of ongoing virus replication in asymptomatic individuals
and are consistent with previous reports concerning asymp-
tomatic excretion of select HHVs at oral (10, 45, 74, 75, 79)
and extraoral (5, 64) sites. Interestingly, the geometric mean
genome copy numbers of the eight HHVs did not change
significantly in the placebo group whether or not dental ma-
nipulations were rendered. This appears to suggest that the
stress experienced in this study did not enhance the replication
of HHVs within the oral milieu of asymptomatic, lesion-free
individuals.

An interesting observation of this study was the duration of
effect of valacyclovir on asymptomatic HHV shedding. A two-
day, prophylactic course of valacyclovir resulted in a dimin-
ished proportion of patients excreting EBV in saliva for at least
two days after drug administration. Antiviral therapy also re-
sulted in lower (arithmetic) genome copy numbers of HSV-1
and EBV (data not shown) and significantly fewer adults who
shed EBV at consecutive appointments compared with pla-
cebo (P � 0.03). These findings are consistent with the ob-
served effects of acyclovir and valacyclovir on HSV and EBV
replication (4, 16, 18, 54, 77, 87) and clearly demonstrate that
the antiviral benefit extended a few days after administration.

In summary, this study shows that in the saliva of healthy
individuals EBV, HHV-6, and HHV-7 are frequent and per-
sistent, HSV-1 is intermittently and temporarily present (i.e.,
less than 3 days), CMV and HHV-8 are episodically present,
and HSV-2 and VZV are rarely present. The high genome
copy numbers of HSV-1, EBV, HHV-6, and HHV-7 suggest
that frequent reactivation or chronic infection (25, 56) may be
contributory. Clearly, their presence could facilitate transmis-
sion. The effectiveness of valacyclovir in reducing the preva-
lence of EBV in saliva suggests that antiviral agents could
provide one approach for limiting the presence of these viruses
in the oral cavity.

ACKNOWLEDGMENTS

We thank Robert Deeter, Tom Toler, and Jennifer L. Almekinder
for study design recommendations; Stephen Sitzlar for drug random-
ization; and Jennifer O’Nan for nursing support.

This work was supported in part by GlaxoSmithKline.

REFERENCES

1. Aberle, S. W., C. W. Mandl, C. Kunz, and T. Popow-Kraupp. 1996. Presence
of human herpesvirus 6 variants A and B in saliva and peripheral blood
mononuclear cells of healthy adults. J. Clin. Microbiol. 34:3223–3225.

2. Adachi, Y., R. Yoh, J. Konishi, Y. Iso, T. Matsumata, T. Kasai, and H.
Hashimoto. 1996. Epstein-Barr virus-associated gastric carcinoma. J. Clin.
Gastroenterol. 23:207–210.

3. Apolloni, A., and T. B. Sculley. 1994. Detection of A-type and B-type Ep-
stein-Barr virus in throat washings and lymphocytes. Virology 202:978–981.

4. Baker, D., and D. Eisen. 2003. Valacyclovir for prevention of recurrent
herpes labialis: 2 double-blind, placebo-controlled studies. Cutis 71:239–242.

5. Barton, S. E., J. M. Davis, V. W. Moss, A. S. Tyms, and P. E. Munday. 1987.
Asymptomatic shedding and subsequent transmission of genital herpes sim-
plex virus. Genitourin. Med. 63:102–105.

6. Black, J. B., N. Inoue, K. Kite-Powell, S. Zaki, and P. E. Pellett. 1993.
Frequent isolation of human herpesvirus 7 from saliva. Virus Res. 29:91–98.

7. Blauvelt, A. 1999. The role of human herpesvirus 8 in the pathogenesis of
Kaposi’s sarcoma. Adv. Dermatol. 14:167–207.

8. Brengel-Pesce, K., P. Morand, A. Schmuck, M. J. Bourgeat, M. Buisson, G.
Bargues, M. Bouzid, and J. M. Seigneurin. 2002. Routine use of real-time
quantitative PCR for laboratory diagnosis of Epstein-Barr virus infections.
J. Med. Virol. 66:360–369.

9. Buddingh, G. J., D. I. Schrum, J. C. Lanier, and D. J. Guidry. 1953. Studies
of the natural history of herpes simplex infections. Pediatrics 11:595–609.

10. Cattani, P., M. Capuano, F. Cerimele, I. L. La Parola, R. Santangelo, C.
Masini, D. Cerimele, and G. Fadda. 1999. Human herpesvirus 8 seropreva-

lence and evaluation of nonsexual transmission routes by detection of DNA
in clinical specimens from human immunodeficiency virus-seronegative pa-
tients from central and southern Italy, with and without Kaposi’s sarcoma.
J. Clin. Microbiol. 37:1150–1153.

11. Chernetsova, O. V., T. N. Lopatkina, I. V. Popova, A. A. Vorob’ev, O. Shipu-
lina, and T. N. Safonova. 2003. The rate of HCV-RNA detection in the
serum, saliva, and tissue of the minor salivary glands in chronic hepatitis C
with Sjogren’s syndrome. Klin. Med. (Moscow) 81:37–40.

12. Clark, D. A. 2000. Human herpesvirus 6. Rev. Med. Virol. 10:155–173.
13. Clark, D. A., V. C. Emery, and P. D. Griffiths. 2003. Cytomegalovirus, human

herpesvirus-6, and human herpesvirus-7 in hematological patients. Semin.
Hematol. 40:154–162.

14. Cohrs, R. J., and D. H. Gilden. 2001. Human herpesvirus latency. Brain
Pathol. 11:465–474.

15. Collot, S., B. Petit, D. Bordessoule, S. Alain, M. Touati, F. Denis, and S.
Ranger-Rogez. 2002. Real-time PCR for quantification of human herpesvi-
rus 6 DNA from lymph nodes and saliva. J. Clin. Microbiol. 40:2445–2451.

16. Conant, M. A., T. W. Schacker, R. L. Murphy, J. Gold, L. T. Crutchfield, and
R. J. Crooks. 2002. Valaciclovir versus aciclovir for herpes simplex virus
infection in HIV-infected individuals: two randomized trials. Int. J. STD
AIDS 13:12–21.

17. Cone, R. W., M.-L. Huang, R. Ashley, and L. Corey. 1993. Human herpes-
virus 6 DNA in peripheral blood cells and saliva from immunocompetent
individuals. J. Clin. Microbiol. 31:1262–1267.

18. Corey, L., J. Benedetti, C. Critchlow, G. Mertz, J. Douglas, K. Fife, A.
Fahnlander, M. L. Remington, C. Winter, and J. Dragavon. 1983. Treatment
of primary first-episode genital herpes simplex virus infections with acyclovir:
results of topical, intravenous and oral therapy. J. Antimicrob. Chemother.
12(Suppl. B):79–88.

19. de Sanjose, S., V. Marshall, J. Sola, V. Palacio, R. Almirall, J. J. Goedert,
F. X. Bosch, and D. Whitby. 2002. Prevalence of Kaposi’s sarcoma-associated
herpesvirus infection in sex workers and women from the general population
in Spain. Int. J. Cancer 98:155–158.

20. Di Luca, D., P. Mirandola, T. Ravaioli, R. Dolcetti, A. Frigatti, P. Bovenzi,
L. Sighinolfi, P. Monini, and E. Cassai. 1995. Human herpesviruses 6 and 7
in salivary glands and shedding in saliva of healthy and human immunode-
ficiency virus positive individuals. J. Med. Virol. 45:462–468.

21. Docherty, J. J., J. J. Trimble, S. R. Roman, S. C. Faulkner, F. P. Naugle,
F. K. Mundon, and D. H. Zimmerman. 1985. Lack of oral HSV-2 in a college
student population. J. Med. Virol. 16:283–287.

22. Douglas, J. M., and L. Corey. 1983. Fomites and herpes simplex viruses: a
case for nonvenereal transmission? JAMA 250:3093–3094.

23. Douglas, R. G., Jr., and R. B. Couch. 1970. A prospective study of chronic
herpes simplex virus infection and recurrent herpes labialis in humans. J. Im-
munol. 104:289–295.

24. Druce, J., M. Catton, D. Chibo, K. Minerds, D. Tyssen, R. Kostecki, B.
Maskill, W. Leong-Shaw, M. Gerrard, and C. Birch. 2002. Utility of a
multiplex PCR assay for detecting herpesvirus DNA in clinical samples.
J. Clin. Microbiol. 40:1728–1732.

25. Duus, K. M., V. Lentchitsky, T. Wagenaar, C. Grose, and J. Webster-Cyri-
aque. 2004. Wild-type Kaposi’s sarcoma-associated herpesvirus isolated from
the oropharynx of immune-competent individuals has tropism for cultured
oral epithelial cells. J. Virol. 78:4074–4084.

26. Fons, M. P., C. M. Flaitz, B. Moore, B. S. Prabhakar, C. M. Nichols, and T.
Albrecht. 1994. Multiple herpesviruses in saliva of HIV-infected individuals.
J. Am. Dent. Assoc. 125:713–719.

27. Fujiwara, N., H. Namba, R. Ohuchi, H. Isomura, F. Uno, M. Yoshida, S. Nii,
and M. Yamada. 2000. Monitoring of human herpesvirus-6 and -7 genomes
in saliva samples of healthy adults by competitive quantitative PCR. J. Med.
Virol. 61:208–213.

28. Gentile, G., A. Mele, G. Ragona, A. Faggioni, C. Zompetta, M. E. Tosti, G.
Visani, G. Castelli, A. Pulsoni, B. Monarca, P. Martino, F. Mandelli et al..
1999. Human herpes virus-6 seroprevalence and leukaemias: a case-control
study. Br. J. Cancer 80:1103–1106.

29. Gleeson, M., D. B. Pyne, J. P. Austin, J. Lynn Francis, R. L. Clancy, W. A.
McDonald, and P. A. Fricker. 2002. Epstein-Barr virus reactivation and
upper-respiratory illness in elite swimmers. Med. Sci. Sports Exerc. 34:411–
417.

30. Gopal, M. R., B. J. Thomson, J. Fox, R. S. Tedder, and R. W. Honess. 1990.
Detection by PCR of HHV-6 and EBV DNA in blood and oropharynx of
healthy adults and HIV-seropositives. Lancet 335:1598–1599.

31. Harnett, G. B., T. J. Farr, G. R. Pietroboni, and M. R. Bucens. 1990.
Frequent shedding of human herpesvirus 6 in saliva. J. Med. Virol. 30:128–
130.

32. Hatherley, L. I., K. Hayes, and I. Jack. 1980. Herpes virus in an obstetric
hospital. II. Asymptomatic virus excretion in staff members. Med. J. Aust.
2:273–275.

33. Hidaka, Y., Y. Liu, M. Yamamoto, R. Mori, C. Miyazaki, K. Kusuhara, K.
Okada, and K. Ueda. 1993. Frequent isolation of human herpesvirus 7 from
saliva samples. J. Med. Virol. 40:343–346.

34. Idesawa, M., N. Sugano, K. Ikeda, M. Oshikawa, M. Takane, K. Seki, and K.

2178 MILLER ET AL. J. CLIN. MICROBIOL.



Ito. 2004. Detection of Epstein-Barr virus in saliva by real-time PCR. Oral
Microbiol. Immunol. 19:230–232.

35. Ihira, M., T. Yoshikawa, M. Ohashi, Y. Enomono, S. Akimoto, S. Suga, H.
Saji, Y. Nishiyama, and Y. Asano. 2003. Variation of human herpesvirus 7
shedding in saliva. J. Infect. Dis. 188:1352–1354.

36. Ikuta, K., Y. Satoh, Y. Hoshikawa, and T. Sairenji. 2000. Detection of
Epstein-Barr virus in salivas and throat washings in healthy adults and
children. Microbes Infect. 2:115–120.

37. Jarrett, R. F., D. A. Clark, S. F. Josephs, and D. E. Onions. 1990. Detection
of human herpesvirus-6 DNA in peripheral blood and saliva. J. Med. Virol.
32:73–76.

38. Kameyama, T., C. Sujaku, S. Yamamoto, C. B. Hwang, and E. J. Shillitoe.
1988. Shedding of herpes simplex virus type 1 into saliva. J. Oral Pathol.
17:478–481.

39. Kangro, H. O., H. K. Osman, Y. L. Lau, R. B. Heath, C. Y. Yeung, and M. H.
Ng. 1994. Seroprevalence of antibodies to human herpesviruses in England
and Hong Kong. J. Med. Virol. 43:91–96.

40. Kaufman, B., S. A. Gandhi, E. Louie, R. Rizzi, and P. Illei. 1997. Herpes
simplex virus hepatitis: case report and review. Clin. Infect. Dis. 24:334–338.

41. Kaufman, H. E., D. C. Brown, and E. M. Ellison. 1967. Recurrent herpes in
the rabbit and man. Science 156:1628–1629.

42. Kidd, I. M., D. A. Clark, M. Ait-Khaled, P. D. Griffiths, and V. C. Emery.
1996. Measurement of human herpesvirus 7 load in peripheral blood and
saliva of healthy subjects by quantitative polymerase chain reaction. J. Infect.
Dis. 174:396–401.

43. Kimura, H., M. Morita, Y. Yabuta, K. Kuzushima, K. Kato, S. Kojima, T.
Matsuyama, and T. Morishima. 1999. Quantitative analysis of Epstein-Barr
virus load by using a real-time PCR assay. J. Clin. Microbiol. 37:132–136.

44. Knaup, B., S. Schunemann, and M. H. Wolff. 2000. Subclinical reactivation
of herpes simplex virus type 1 in the oral cavity. Oral Microbiol. Immunol.
15:281–283.

45. Koelle, D. M., M. L. Huang, B. Chandran, J. Vieira, M. Piepkorn, and L.
Corey. 1997. Frequent detection of Kaposi’s sarcoma-associated herpesvirus
(human herpesvirus 8) DNA in saliva of human immunodeficiency virus-
infected men: clinical and immunologic correlates. J. Infect. Dis. 176:94–102.

46. LaDuca, J. R., J. L. Love, L. Z. Abbott, S. Dube, A. E. Freidman-Kien, and
B. J. Poiesz. 1998. Detection of human herpesvirus 8 DNA sequences in
tissues and bodily fluids. J. Infect. Dis. 178:1610–1615.

47. Lee, S., D. Bang, Y. H. Cho, E. S. Lee, and S. Sohn. 1996. Polymerase chain
reaction reveals herpes simplex virus DNA in saliva of patients with Behcet’s
disease. Arch. Dermatol. Res. 288:179–183.

48. Levy, J. A., F. Ferro, D. Greenspan, and E. T. Lennette. 1990. Frequent
isolation of HHV-6 from saliva and high seroprevalence of the virus in the
population. Lancet 335:1047–1050.

49. Li, H., J. S. Dummer, W. R. Estes, S. Meng, P. F. Wright, and Y.-W. Tang.
2003. Measurement of human cytomegalovirus loads by quantitative real-
time PCR for monitoring clinical intervention in transplant recipients.
J. Clin. Microbiol. 41:187–191.

50. Lindgren, K. M., R. G. Douglas, Jr., and R. B. Couch. 1968. Significance of
Herpesvirus hominis in respiratory secretions of man. N. Engl. J. Med.
278:517–523.

51. Ling, P. D., J. A. Lednicky, W. A. Keitel, D. G. Poston, Z. S. White, R. Peng,
Z. Liu, S. K. Mehta, D. L. Pierson, C. M. Rooney, R. A. Vilchez, E. O. Smith,
and J. S. Butel. 2003. The dynamics of herpesvirus and polyomavirus reac-
tivation and shedding in healthy adults: a 14-month longitudinal study. J. In-
fect. Dis. 187:1571–1580.

52. Lucht, E., M. Brytting, L. Bjerregaard, I. Julander, and A. Linde. 1998.
Shedding of cytomegalovirus and herpesviruses 6, 7, and 8 in saliva of human
immunodeficiency virus type 1-infected patients and healthy controls. Clin.
Infect. Dis. 27:137–141.

53. Lyons, S. F., and D. N. Liebowitz. 1998. The roles of human viruses in the
pathogenesis of lymphoma. Semin. Oncol. 25:461–475.

54. McGuirt, P. V., and P. A. Furman. 1982. Acyclovir inhibition of viral DNA
chain elongation in herpes simplex virus-infected cells. Am. J. Med. 73:67–
71.

55. Miller, C. S., L. L. Cunningham, J. E. Lindroth, and S. A. Avdiushko. 2004.
The efficacy of valacyclovir in preventing recurrent herpes simplex virus
infections associated with dental procedures. J. Am. Dent. Assoc. 135:1311–
1318.

56. Morgan, D. G., J. C. Niederman, G. Miller, H. W. Smith, and J. M. Dow-
aliby. 1979. Site of Epstein-Barr virus replication in the oropharynx. Lancet
ii:1154–1157.

57. Mosier, D. E. 1999. Epstein-Barr virus and lymphoproliferative disease.
Curr. Opin. Hematol. 6:25–29.

58. Okinaga, S. 2000. Shedding of herpes simplex virus type 1 into tears and
saliva in healthy Japanese adults. Kurume Med. J. 47:273–277.

59. Pevenstein, S. R., R. K. Williams, D. McChesney, E. K. Mont, J. E. Smialek,
and S. E. Straus. 1999. Quantitation of latent varicella-zoster virus and
herpes simplex virus genomes in human trigeminal ganglia. J. Virol. 73:
10514–10518.

60. Raab-Traub, N. 1996. Pathogenesis of Epstein-Barr virus and its associated
malignancies. Semin. Virol. 7:315–323.

61. Robinson, P. A., A. S. High, and W. J. Hume. 1992. Rapid detection of
human herpes simplex virus type 1 in saliva. Arch. Oral Biol. 37:797–806.

62. Roizman, B., L. E. Carmichael, F. Deinhardt, G. de-The, A. J. Nahmias, W.
Plowright, F. Rapp, P. Sheldrick, M. Takahashi, K. Wolf et al. 1981. Her-
pesviridae. Definition, provisional nomenclature, and taxonomy. Intervirol-
ogy 16:201–217.

63. Roizman, B., and P. E. Pellet. 2001. The family herpesviridae: a brief intro-
duction, p. 2381–2397. In D. M. Knipe and P. M. Howley (ed.), Fields
virology, 4th ed. Lippincott, Williams & Wilkins, Philadelphia, Pa.

64. Rooney, J. F., J. M. Felser, J. M. Ostrove, and S. E. Straus. 1986. Acquisition
of genital herpes from an asymptomatic sexual partner. N. Engl. J. Med.
314:1561–1564.

65. Ryncarz, A. J., J. Goddard, A. Wald, M.-L. Huang, B. Roizman, and L.
Corey. 1999. Development of a high-throughput quantitative assay for de-
tecting herpes simplex virus DNA in clinical samples. J. Clin. Microbiol.
37:1941–1947.

66. Saito, I., S. Nishimura, I. Kudo, R. I. Fox, and I. Moro. 1991. Detection of
Epstein-Barr virus and human herpes virus type 6 in saliva from patients with
lymphoproliferative diseases by the polymerase chain reaction. Arch. Oral
Biol. 36:779–784.

67. Schooley, R. T., M. S. Hirsch, R. B. Colvin, A. B. Cosimi, N. E. Tolkoff-
Rubin, R. T. McCluskey, R. C. Burton, P. S. Russell, J. T. Herrin, F. L.
Delmonico, J. V. Giorgi, W. Henle, and R. H. Rubin. 1983. Association of
herpesvirus infections with T-lymphocyte-subset alterations, glomerulopa-
thy, and opportunistic infections after renal transplantation. N. Engl. J. Med.
308:307–313.

68. Sinzger, C., and G. Jahn. 1996. Human cytomegalovirus cell tropism and
pathogenesis. Intervirology 39:302–319.

69. Sixbey, J. W., P. Shirley, P. J. Chesney, D. M. Buntin, and L. Resnick. 1989.
Detection of a second widespread strain of Epstein-Barr virus. Lancet ii:
761–765.

70. Slomka, M. J. 1996. Seroepidemiology and control of genital herpes: the
value of type specific antibodies to herpes simplex virus. Commun. Dis. Rep.
CDR Rev. 6:R41–R45.

71. Smith, J. S., and N. J. Robinson. 2002. Age-specific prevalence of infection
with herpes simplex virus types 2 and 1: a global review. J. Infect. Dis.
186(Suppl. 1):S3–S28.

72. Spector, S. A. 1983. Transmission of cytomegalovirus among infants in hos-
pital documented by restriction-endonuclease-digestion analyses. Lancet
i:378–381.

73. Spruance, S. L. 1984. Pathogenesis of herpes simplex labialis: excretion of
virus in the oral cavity. J. Clin. Microbiol. 19:675–679.

74. Sumaya, C. V., and Y. Ench. 1986. Epstein-Barr virus infections in families:
the role of children with infectious mononucleosis. J. Infect. Dis. 154:842–
850.

75. Takahashi, Y., M. Yamada, J. Nakamura, T. Tsukazaki, J. Padilla, T. Kita-
mura, M. Yoshida, and S. Nii. 1997. Transmission of human herpesvirus 7
through multigenerational families in the same household. Pediatr. Infect.
Dis. J. 16:975–978.

76. Tateishi, K., Y. Toh, H. Minagawa, and H. Tashiro. 1994. Detection of
herpes simplex virus (HSV) in the saliva from 1,000 oral surgery outpatients
by the polymerase chain reaction (PCR) and virus isolation. J. Oral Pathol.
Med. 23:80–84.

77. Tynell, E., E. Aurelius, A. Brandell, I. Julander, M. Wood, Q. Y. Yao, A.
Rickinson, B. Akerlund, and J. Andersson. 1996. Acyclovir and prednisolone
treatment of acute infectious mononucleosis: a multicenter, double-blind,
placebo-controlled study. J. Infect. Dis. 174:324–331.

78. Varani, S., and M. P. Landini. 2002. Cytomegalovirus as a hepatotropic
virus. Clin. Lab. 48:39–44.

79. Vieira, J., M.-L. Huang, D. M. Koelle, and L. Corey. 1997. Transmissible
Kaposi’s sarcoma-associated herpesvirus (human herpesvirus 8) in saliva of
men with a history of Kaposi’s sarcoma. J. Virol. 71:7083–7087.

80. Walling, D. M., A. L. Brown, W. Etienne, W. A. Keitel, and P. D. Ling. 2003.
Multiple Epstein-Barr virus infections in healthy individuals. J. Virol. 77:
6546–6550.

81. Weir, J. P. 1998. Genomic organization and evolution of the human herpes-
viruses. Virus Genes 16:85–93.

82. White, I. E., and T. B. Campbell. 2000. Quantitation of cell-free and cell-
associated Kaposi’s sarcoma-associated herpesvirus DNA by real-time PCR.
J. Clin. Microbiol. 38:1992–1995.

83. Whitley, R. J. 1988. Herpes simplex virus infections of the central nervous
system. A review. Am. J. Med. 85:61–67.

84. Whitley, R. J., M. Levin, N. Barton, B. J. Hershey, G. Davis, R. E. Keeney,
J. Whelchel, A. G. Diethelm, P. Kartus, and S. J. Soong. 1984. Infections
caused by herpes simplex virus in the immunocompromised host: natural
history and topical acyclovir therapy. J. Infect. Dis. 150:323–329.

85. Wyatt, L. S., and N. Frenkel. 1992. Human herpesvirus 7 is a constitutive
inhabitant of adult human saliva. J. Virol. 66:3206–3209.

86. Xu, F., J. A. Schillinger, M. R. Sternberg, R. E. Johnson, F. K. Lee, A. J.

VOL. 43, 2005 VALACYCLOVIR AND HHVs IN SALIVA 2179



Nahmias, and L. E. Markowitz. 2002. Seroprevalence and coinfection with
herpes simplex virus type 1 and type 2 in the United States, 1988–1994.
J. Infect. Dis. 185:1019–1024.

87. Yao, Q. Y., P. Ogan, M. Rowe, M. Wood, and A. B. Rickinson. 1989. Epstein-
Barr virus-infected B cells persist in the circulation of acyclovir-treated virus
carriers. Int. J. Cancer 43:67–71.

88. Yao, Q. Y., A. B. Rickinson, and M. A. Epstein. 1985. A re-examination of the
Epstein-Barr virus carrier state in healthy seropositive individuals. Int. J.
Cancer 35:35–42.

89. Zerr, D. M., M. L. Huang, L. Corey, M. Erickson, H. L. Parker, and L. M.
Frenkel. 2000. Sensitive method for detection of human herpesviruses 6 and
7 in saliva collected in field studies. J. Clin. Microbiol. 38:1981–1983.

2180 MILLER ET AL. J. CLIN. MICROBIOL.


