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M A J O R A R T I C L E

Analysis of Shedding of 3 b-Herpesviruses in Saliva
from Patients with Connective Tissue Diseases
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Departments of 1Pediatrics and 2Internal Medicine, Fujita Health University School of Medicine, and 3Department of Medical Information
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Background. Whether an association exists between infection with b-herpesviruses and connective tissue
diseases remains unclear, as are the mechanisms for the regulation of these infections in the salivary glands.

Methods. Human herpesvirus (HHV)–7 was isolated and viral DNA was quantified by real-time polymerase
chain reaction (PCR) in serially collected saliva samples, to determine whether viral load correlated with infectiv-
ity. Then, to examine the role played by b-herpesviruses in connective tissue diseases, cytomegalovirus, HHV-6,
and HHV-7 DNA loads were examined by real-time PCR in serially collected saliva samples from 21 patients with
connective tissue diseases.

Results. Although subjects with frequent HHV-7 shedding were more likely to have a high viral load than
were other subjects, high viral loads were detected in saliva samples from a portion of the subjects with low viral
shedding rates. No significant difference between the quantity of HHV-7 DNA in saliva samples from which active
virus was isolated and that amplified from samples without detectable virus was observed. Patients with adult-
onset Still disease consistently had high HHV-7 DNA loads, in contrast to patients with other connective tissue
diseases ( ) and healthy adults ( ). The mean HHV-6 ( ) and HHV-7 ( ) DNAP p .0003 P p .0224 P p .012 P ! .0001
loads in patients with connective tissue diseases were lower than those in healthy adults.

Conclusion. These data suggest that a number of host factors in patients with adult-onset Still disease may
function to accelerate HHV-7 replication in the salivary glands.

Human herpesvirus (HHV)–7 was originally isolated

from peripheral-blood mononuclear cells (PBMCs) from

healthy adults in 1990 [1]. This virus, a member of the

b-herpesvirinae subfamily, is closely related to HHV-6.

Primary infection with either of these 2 viruses causes

exanthem subitum [2, 3], a common febrile disease of

childhood [2, 3]. Because most infants and young chil-

dren acquire infections with both of these viruses [4, 5],

both are ubiquitous among adult populations. The ep-

idemiologic profile of each virus is similar to that of
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cytomegalovirus (CMV), the original member of the

b-herpesvirinae subfamily. After primary infection, her-

pesviruses persistently infect the host throughout its

lifetime. The salivary glands have been proposed as res-

ervoir sites for persistent infection with b-herpesviruses;

HHV-7 can frequently be isolated from saliva [6, 7].

Using longitudinal viral-isolation analysis, we recently

demonstrated that HHV-7 shedding in saliva varies

among individuals [8]. This finding suggests that host

factors may play an important role in the regulation of

viral replication in the salivary glands. It will be signif-

icant to determine whether the kinetics of shedding of

the other b-herpesviruses in saliva are similar to that of

HHV-7, because it will help to illuminate the mecha-

nisms that control viral replication in the salivary glands.

The role played by such viral infections in the path-

ogenesis of autoimmune diseases remains unclear. Her-

pesviruses, including Epstein-Barr virus [9] and CMV

[10], interact with the immune system in a variety of

ways and establish latency in either lymphocytes or

monocytes/macrophages while retaining the potential

for reactivation. In addition to these viruses, HHV-6
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Table 1. Characteristics of the patients with connective tissue diseases.

Patient (age
[in years], sex) Disease

Disease
activity Steroids

Pulse
therapy

Immunosuppressive
drugs

Positivity/antibody titer

CMV HHV-6 HHV-7

1 (45, F) MCTD Inactive No No No + + 32
2 (46, F) MCTD Inactive Yes No No + + 32
3 (52, F) Polymyositis Onset Yes Yes No + + NS
4 (59, F) Systemic sclerosis Inactive No No No + NS NS
5 (59, F) Systemic sclerosis Inactive No No No + + 16
6 (55, M) Rheumatoid arthritis Inactive Yes No MTX + + 32
7 (66, F) Rheumatoid arthritis Inactive Yes No MTX + + 128
8 (68, M) Rheumatoid arthritis Inactive Yes No No + + 16
9 (28, F) SLE Inactive Yes No No + + 256
10 (43, F) SLE Relapse Yes No No + + 16
11 (62, F) SLE Inactive Yes No No + + 16
12 (39, F) SLE Inactive Yes No No + NS NS
13 (32, F) SLE Relapse Yes Yes No ND NS NS
14 (20, F) SLE Inactive Yes No No � + NS
15 (20, M) AO Still disease Relapse Yes Yes MTX, CyA, AZP ND + 16
16 (23, F) AO Still disease Relapse Yes No No + + 32
17 (33, F) AO Still disease Relapse Yes Yes MTX, CyA � + 32
18 (33, M) AO Still disease Onset Yes Yes No + + 8
19 (32, F) AO Still disease Onset Yes No No + + 64
20 (36, M) AO Still disease Onset Yes No No + + 64
21 (55, F) AO Still disease Onset Yes No MTX + + 16

NOTE. AO, adult onset; AZP, azathioprine; CMV, cytomegalovirus; CyA, cyclosporin A; F, female; HHV, human herpesvirus; M, male; MCTD, mixed connective
tissue disease; MTX, methotrexate; ND, not done; NS, nonspecific fluorescence; SLE, systemic lupus erythematosus.

and HHV-7 latently infect PBMCs [11–13], periodically reac-

tivating in immunosuppressed patients [14]. It has recently

been suggested that these 2 viruses may modulate the immune

response [15–19]; an association between HHV-6 and multiple

sclerosis, an autoimmune-mediated demyelinating disease of

the central nervous system, has been intensely debated in recent

years [20, 21]. Thus, it is important to determine the role played

by these 2 b-herpesviruses in the pathogenesis of connective

tissue diseases. Furthermore, it is well known that patients with

adult-onset Still disease, which is one of the popular connective

tissue diseases, often have hypercytokinemia. Because hyper-

cytokinemia might play an important role in the control of

viral replication in the salivary glands, analysis of the relation-

ship between connective tissue diseases (Still disease, in par-

ticular) and infection with b-herpesviruses would provide us

with important information that will elucidate the host factors

that control viral replication.

In the present study, we sought to identify host factors in-

volved in the regulation of 3 b-herpesviruses (HHV-7, in par-

ticular) in the salivary glands. Because isolating HHV-7 from

saliva is difficult and analyzing large numbers of samples is

time-consuming, we first determined whether real-time poly-

merase chain reaction (PCR), instead of viral isolation, could

be used for monitoring viral replication in the salivary glands.

In addition to exploring the host factors that control viral rep-

lication in the salivary glands, we also sought to elucidate the

association between infection with b-herpesviruses and auto-

immune connective tissue diseases.

SUBJECTS, MATERIALS, AND METHODS

Subjects and sample preparation. The subjects included 19

healthy adults (9 men and 10 women between 21 and 29 years

old), 7 patients with adult-onset Still disease, and 14 patients

with other connective tissue diseases (such as systemic lupus

erythematosus [6], rheumatoid arthritis [3], systemic sclerosis

[2], poliomyelitis [1], and mixed connective tissue disease [2]).

The patients’ characteristics, such as disease activity and treat-

ment (including receipt of several immunosuppressive drugs),

are summarized in table 1. All subjects consented to participa-

tion in this study. Saliva samples were serially collected from the

healthy adults weekly for 6 weeks and from the patients with

connective tissue diseases monthly for 6 months. Two milliliters

of saliva from the healthy adults was used for viral isolation and

measurement of HHV-7 DNA load by real-time PCR. A total of

114 saliva samples from the healthy adults were analyzed in this

study. One milliliter of saliva from the patients with connective

tissue diseases was used to measure the viral DNA load of each

of 3 b-herpesviruses (CMV, HHV-6, and HHV-7) by real-time
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Figure 1. Frequency of human herpesvirus (HHV)–7 shedding in 6
saliva samples serially collected from healthy adults during the 6-week
observation period. Virus was isolated from saliva by cocultivation with
preactivated cord-blood mononuclear cells.

PCR. A total of 126 saliva samples were prospectively collected

from the patients and were used to measure viral DNA load.

Isolation of HHV-7 from saliva samples. For the healthy

adults, HHV-7 shedding in saliva was evaluated by use of the

viral-isolation method. HHV-7 was isolated by cocultivation of

saliva with preactivated cord-blood mononuclear cells, as de-

scribed elsewhere [6]. Briefly, 1 mL of saliva was diluted 1:2 in

RPMI 1640 and then centrifuged at 2000 g. Supernatants were

filtered through a 0.45-mm-pore filter, were inoculated onto

preactivated cord-blood mononuclear cells, and were centri-

fuged at 2000 g for 60 min, to enhance viral absorption. After

centrifugation, cells were cultured in growth medium at 37�C

in 5% CO2. Viral isolation was considered to be achieved when

large, round cell formation and specific immunofluorescence

staining with a monoclonal antibody to HHV-7 (KR4; provid-

ed by T. Okuno, Department of Microbiology, Hyogo College

of Medicine, Hyogo, Japan) were observed.

Serological assays. Specific anti–HHV-6 and anti–HHV-7

IgG antibody titers were measured by indirect immunofluores-

cence, as described elsewhere [4, 5], with the FG-1 HHV-6 strain

and the Sato HHV-7 strain as standard antigens, respectively. An

antibody titer was defined as the reciprocal of the serum dilution

necessary to obtain specific fluorescence. Anti-CMV IgG anti-

body titers were measured by ELISA in a commercial laboratory

(SRL, Tokyo, Japan).

DNA extraction and real-time PCR. DNA samples ex-

tracted from 200 mL of saliva by use of a QIAamp Blood Kit

(QIAGEN) were stored at �20�C. Real-time PCR was used to

quantitate CMV, HHV-6, and HHV-7 DNA copy numbers. De-

tails on the real-time PCR methods used to assess CMV and

HHV-6 DNA loads have been described elsewhere [22]. The

validity of this real-time PCR technique to quantify HHV-7

DNA was established by use of the U31 gene, which encodes

the HHV-7 tegument protein, as a positive control sequence.

The forward (5′-AAAGAATGGTTTTGTTCAACTCCAA-3′) and

reverse (5′-ACATTCACTTTGCGTGCATTTTC-3′) primers and

the probe (5′-[FAM]-TCATCGAGAACATAGGAGAAGCTCC-

AGCA-[TAMRA]-3′) sequence were designed by use of Primer

Express (version 3.0; PE Applied Biosystems) [23]. PCRs were

performed by use of the TaqMan PCR Kit (PE Applied Bio-

systems). Standard curves for each viral DNA assessment were

constructed on the basis of the cycle-threshold (CT) values ob-

tained from serial dilution of plasmid DNA containing the

target sequence. To construct plasmids containing the target

sequence, viral DNAs were amplified from the AD-169 CMV

strain, the Z29 HHV-6 strain, or the RK HHV-7 strain with

the primers designed for real-time PCR. Amplified PCR prod-

ucts were then subcloned by use of the pGEM-T Vector Sys-

tem (Promega), in accordance with the manufacturer’s pro-

tocol. The CT values for each sample were plotted on a standard

curve, allowing automatic calculation of the DNA copy number

by use of Sequence Detector (version 1.6; PE Applied Biosys-

tems). Each sample was tested in duplicate; the mean of the 2

values defined the sample copy number.

Statistical analysis. Viral loads were compared by the Mann-

Whitney U test, by use of StatView (version J-5.0; SAS Institute).

RESULTS

Association between HHV-7 isolation and viral DNA load, as

determined by real-time PCR. It is complicated and time-

consuming to isolate HHV-7; for this reason, if HHV-7 DNA

load, as determined by real-time PCR, correlates well with viral

isolation, measurement of viral DNA load would be a valuable

tool for monitoring active viral infection. Because the amount

of HHV-7 DNA in saliva from healthy adults is stable in each

individual, 6 saliva samples serially collected over a course of

6 weeks from each healthy adult in the present study were used

to analyze the correlation between viral isolation and viral DNA

load. During the observation period, 114 saliva samples were

collected from 19 healthy adults, all of whom were seropositive

for HHV-7. The frequency of HHV-7 shedding (calculated as

the number of saliva samples from which active virus was iso-

lated per the 6 samples collected from the subject during the

observation period) in the saliva samples varied between in-

dividuals, as was expected (figure 1). Virus could not be isolated

from any of the 6 saliva samples from 1 (5.2%) of the healthy

adults. Two (10.5%) of the healthy adults excreted significant

amounts of virus in all saliva samples. The saliva samples from

the healthy adults with frequent viral shedding (5 or 6 positive

results; figure 2A) generally had higher viral DNA loads than

did the saliva samples from the healthy adults with intermedi-

ate viral shedding (3 or 4 positive results) (figure 2B). Several

healthy adults with infrequent viral shedding (0–2 positive re-

sults), however, had high viral DNA loads (figure 2C). There

were no statistical differences in HHV-7 DNA load between the
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Figure 2. Association between frequency of human herpesvirus (HHV)–
7 shedding and DNA load in saliva samples from healthy adults ( ).n p 19
Each line denotes the HHV-7 DNA loads of 1 healthy adult. A, Frequent
shedding (5 or 6 positive results during the 6-week observation period;

); B, Intermediate shedding (3 or 4 positive results; ); C, Infre-n p 3 n p 3
quent shedding (0–2 positive results; ). The dotted red lines aren p 13
included to facilitate comparison among the groups and do not indicate data.

Table 2. Comparison of human herpesvirus (HHV)–7 DNA load
in saliva samples positive or negative by the viral-isolation assay.

Isolation of HHV-7

HHV-7 DNA load
in saliva, mean � SD,

copies/mL P

Yes 143,766 � 168,839 .2837
No 105,158 � 191,571

saliva samples from which active virus was isolated and those

from which virus was not isolated ( ) (table 2).P p .2837

Viral DNA load for 3 b-herpesviruses in saliva. The ki-

netics of changes in viral DNA load for the 3 b-herpesviruses

were compared among the healthy adults, the patients with

adult-onset Still disease, and the patients with other connec-

tive tissue diseases (figure 3). It is likely that HHV-7 DNA

load differed among the 3 groups. In contrast to HHV-7 DNA

load, both HHV-6 and CMV DNA load varied significantly

during the observation period. HHV-7 DNA load was higher

than HHV-6 DNA load for all 3 groups. CMV DNA was de-

tected in only 2 patients with other connective tissue diseases

and 2 patients with adult-onset Still disease. No CMV DNA

was detected in the saliva samples from the healthy adults,

despite their CMV seropositivity.

To compare the viral DNA loads among the 3 groups, we

calculated the mean viral DNA copy numbers in the 6 saliva

samples serially collected from each subject. The mean viral DNA

loads for the subjects were then compared by the Mann-Whitney

U test (table 3). Because no CMV shedding was detected in any

of the healthy adults, only the HHV-6 and HHV-7 DNA loads

were analyzed. HHV-7 DNA load was significantly higher in the

patients with adult-onset Still disease (mean � SD, 649,149 �

copies/mL) than in either the healthy adults (mean �751,504

SD, copies/mL; Pp .0224) or the patients119,382 � 119,878

with other connective tissue diseases (mean � SD, 10,733 �

copies/mL; ). There were no statistically sig-21,896 P p .0003

nificant differences, however, in HHV-6 DNA load between the

patients with adult-onset Still disease (mean � SD, 875 �

copies/mL) and the healthy adults (mean � SD,1120 312 �

copies/mL; ) or between the patients with adult-269 P p .6438

onset Still disease and the patients with other connective tissue

diseases (mean � SD, copies/mL; ). The489 � 1325 P p .0862

patients with other connective tissue diseases had significantly

lower viral DNA loads than did the healthy adults for both HHV-

6 (mean � SD, vs. copies/mL;489 � 1325 312 � 269 P p

) and HHV-7 (mean � SD, 10,733�21,896 vs. 119,382.0120

�119,878 copies/mL; ). Because the diseases of a subsetP ! .0001

of the patients with other connective tissue diseases (11/14 pa-

tients) were inactive, we compared HHV-6 and HHV-7 DNA

loads between patients in an active disease period and those in

an inactive disease period, to determine the effect of disease

activity on viral DNA load. We could not identify a statistical

difference in either HHV-6 or HHV-7 DNA load between the

patients in an active disease state and those in an inactive disease

state (mean � SD for HHV-6, vs. copies/521 � 902 480 � 1456

mL; ) (mean � SD for HHV-7, vs.P p .6854 25,772 � 42,219

copies/mL; ), although the number of6631 � 13,432 P p .5858

patients in an active disease state was small.

DISCUSSION

Clinical isolation of HHV-7 requires the cocultivation of sam-

ples with preactivated cord-blood mononuclear cells, a time-

consuming and troublesome process, especially for the anal-

ysis of a large number of samples. Real-time PCR often

replaces viral isolation in the analysis of HHV-7 infection.

However, information on the association between viral DNA

load in saliva and viral isolation has been limited. We attempt-

ed to correlate viral DNA load with viral isolation in serially

collected saliva samples from healthy adults. The kinetics of

changes in HHV-7 DNA load in saliva observed in this study
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Figure 3. Comparison among cytomegalovirus (CMV), human herpesvirus (HHV)–6, and HHV-7 DNA loads in saliva samples from healthy adults, patients
with adult-onset Still disease, and patients with other connective tissue diseases. The kinetics of changes in viral DNA load in serially collected saliva
samples were also examined. Because no CMV DNA could be detected in any of the samples from the healthy adults, data on CMV DNA loads for this
group are not shown in this figure. The dotted red lines are included to facilitate comparison among the groups and do not indicate data.

were consistent with the results of 2 previous longitudinal stud-

ies (in which samples were collected for 1 and 3 months) [24,

25], demonstrating that HHV-7 DNA load in saliva varies be-

tween individuals. Because 3 healthy adults with frequent viral

shedding appeared to excrete higher levels of viral DNA than

did 3 healthy adults with intermediate viral shedding (figure

2A and 2B), those with frequent viral shedding likely excrete

higher copy numbers of viral DNA in their saliva than do those

with lower levels of viral shedding. Several healthy adults with

infrequent viral shedding, however, excreted significant quan-

tities of viral DNA in saliva, particularly the 3 individuals. De-

spite this trend, there was no statistical difference in HHV-7

DNA load between the saliva samples from which active vi-

rus was isolated and those from which no virus was isolat-

ed ( ) (table 2). Although the number of subjects wasP p .2837

smaller than that examined in this study, similar findings have

been reported by Fujiwara et al. [25]. This discrepancy may be

the result of the presence of a substance that inhibits viral

isolation or of large volumes of fragmented viral DNA in the

saliva of certain individuals. To better understand the viral life

cycle, further study is necessary to elucidate the molecular

mechanisms underlying this discrepancy between viral isolation

and real-time PCR analysis. These findings suggest that, al-

though real-time PCR can be used for monitoring viral rep-

lication in the salivary glands, it might be inappropriate for an

analysis of viral transmission because of the lack of a strong

correlation between infectious viral particles and viral DNA

load in some saliva samples.

In the present study, we measured the viral DNA loads of 3

b-herpesviruses in saliva samples from healthy adults and pa-

tients with connective tissue diseases by real-time PCR. We

sought to evaluate viral replication in the salivary glands to

establish an association between viral infection and connective

tissue disease, potentially implicating the host factors involved

in the control of tissue viral replication. We believe that real-

time PCR is appropriate to address these questions.

Although these 3 b-herpesviruses share many genetic and bi-

ological similarities, the kinetics of changes in viral DNA load

in saliva differed between CMV, HHV-6, and HHV-7 (figure 3).

Although the quantity of HHV-7 DNA in saliva differed among

subjects, the majority of the patients with connective tissue dis-

eases and the healthy adults excreted consistent amounts of viral

DNA in saliva. Both the frequency of HHV-6 DNA excretion

and the HHV-6 DNA loads, however, were low in comparison
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Table 3. Comparison of mean human herpesvirus (HHV) DNA loads (HHV-6 and HHV-7) in
saliva samples from healthy adults, patients with adult-onset Still disease, and patients with
other connective tissue diseases.

Virus, group

Viral DNA load
in saliva, mean � SD,

copies/mL

P

Healthy
vs. Still

Still
vs. other

Healthy
vs. other

HHV-6 .6438 .0862 .0120
Healthy 312 � 269
Adult-onset Still disease 875 � 1120
Other connective tissue diseases 489 � 1325

HHV-7 .0224 .0003 !.0001
Healthy 119,382 � 119,878
Adult-onset Still disease 649,149 � 751,504
Other connective tissue diseases 10,733 � 21,896

to those for HHV-7. CMV DNA was detected in saliva sam-

ples from only a few patients with connective tissue diseases,

likely in samples collected after immunosuppression. Several

investigators have reported frequencies of viral detection in

either healthy control subjects or immunosuppressed patients,

such as patients with AIDS [26, 27]. Because differences in the

ethnicities of subjects or the details of PCR methods might

affect viral DNA detection in saliva samples, it is difficult to

compare directly all of these observations. Although our find-

ings are similar to those reported by Lucht et al. [27], they

compared healthy control subjects and patients with AIDS by

qualitative PCR. In addition, although the number of subjects

was limited, Fujiwara et al. [25] reported that HHV-7 copy

numbers in saliva were higher than those for HHV-6. To our

knowledge, ours is the first report analyzing longitudinal DNA

loads in saliva for 3 b-herpesviruses. In conjunction with pre-

vious studies, our results should be helpful in examining the

kinetics of changes in viral load in patients with other diseases.

In the present study, the patients with adult-onset Still dis-

ease constantly excreted a significantly higher number of copies

of HHV-7 DNA in their saliva than did the patients with other

connective tissue diseases and the healthy adults (figure 3 and

table 3). These data suggest that a number of host factors in

patients with adult-onset Still disease may function to accelerate

HHV-7 replication in the salivary glands. Patients with Still

disease exhibit a characteristic hypercytokinemia. Proinflam-

matory cytokines, such as tumor necrosis factor–a, play an im-

portant role in CMV reactivation by inducing the transcription

of CMV immediate early genes via induction of NF-kB [28–

31]. Although the mechanisms underlying both HHV-7 reac-

tivation and the regulation of HHV-7 immediate early genes

are not well understood, the advent of hypercytokinemia during

adult-onset Still disease may control the up-regulation of HHV-

7 immediate early gene expression, resulting in the reactivation

of the virus. Impairment of host immune responses against

HHV-7 may accelerate viral replication in the salivary glands.

Although CMV-specific T cell–mediated immunity is important

in the prevention of symptomatic viremia, it is not important

in the local control of viral replication [32–34]. To elucidate

the mechanisms underlying the up-regulation of HHV-7 rep-

lication in the salivary glands of patients with adult-onset Still

disease, we explored both the virological and immunological

aspects of this regulation. No activation of CMV infection was

demonstrated in the patients with adult-onset Still disease in

the present study. Although the sensitivity of real-time PCR for

CMV might be insufficient, low rates of CMV excretion in sa-

liva have been demonstrated by other investigators [27]. There-

fore, it is possible that the salivary glands are not the main site

of persistent infection of the virus. Further in-depth analysis is

needed to elucidate an association between CMV infection and

connective tissue disease.

Both HHV-6 and HHV-7 DNA loads in saliva were signif-

icantly lower in the patients with other connective tissue dis-

eases than in the patients with adult-onset Still disease and the

healthy adults (figure 3 and table 3). Because the majority of

patients (11/14) with other connective tissue diseases were in

an inactive disease period, we examined the effect of disease

activity on viral DNA load in saliva and observed that disease

activity did not affect either HHV-6 or HHV-7 DNA load in

saliva. Thus, a portion of the host factors involved in other

connective tissue diseases may prevent replication of these b-

herpesviruses in the salivary glands. Because multiple factors,

including age, underlying disease, and treatment protocols,

may be involved in the control of viral replication in the sali-

vary glands, a detailed multivariate analysis of a large num-

ber of patients should be undertaken in the future. The mecha-

nisms underlying the regulation of b-herpesvirus in the salivary

glands are not well understood. Future work is necessary to

elucidate these mechanisms, which hopefully will provide a

greater understanding of the viral life cycle and the clinical

course of connective tissue diseases.
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