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Human cytomegalovirus (HCMV) and Epstein-Barr virus type 1 (EBV-1) are
frequently detected in crevicular fluid of deep periodontal pockets, but little or no
information is available on occurence of herpesviruses in gingival tissue. This
investigation studied the presence of herpesviruses in periodontal pockets and the
corresponding gingival tissues from 11 periodontally healthy and 14 periodontitis

Key words: periodontal pocket samples;sites. A nested-polymerase chain reaction was employed to identify the presence of gingival biopsies; human cytomegalovirus;
HCMV, EBV-1, EBV-2, herpes simplex virus, human herpesvirus (HHV)-6, HHV- Epstein-Barr virus type 1 and type 2; herpes
7 and HHV-8 in each test sample. In healthy periodontal sites, HCMV was detected simplex virus; human herpes virus-6; human

herpes virus-7; human herpes virus-8;in 1 (9%) and EBV-1 in 2 (18%) pocket samples, and HCMV was detected in 2
polymerase chain reaction; periodontal(18%) and EBV-1 in 3 (27%) gingival tissue samples. In periodontitis lesions, disease

HCMV was detected in 9 (64%) pocket samples and in 12 (86%) gingival tissue
samples, and EBV-1 was detected in 6 (43%) pocket samples and in 11 (79%) Jørgen Slots, University of Southern

California, School of Dentistry, MC 0641,gingival tissue samples. HHV-6 and HHV-8 were detected exclusively in gingival
Department of Periodontology, Los Angeles,tissue samples. The present findings confirm the frequent presence of HCMV CA 90089-0641, USA

and EBV-1 in periodontitis lesions and suggest using gingival tissue specimens
for detecting periodontal HHV-6, HHV-7 and HHV-8. Accepted for publication July 15, 1999

Periodontitis is an infectious disease that
involves specific bacteria (21, 22) and
probably herpesviruses (4–9). Herpesvi-
ruses can infect or alter structural cells
and host defense cells of the periodon-
tium and thereby reduce the ability of
periodontal tissues to resist bacterial in-
sults. Human cytomegalovirus (HCMV)
and Epstein-Barr virus type 1 (EBV-1)
assume particularly close relationship
with human periodontitis (4, 5). Epstein-
Barr virus type 2 (EBV-2), human her-
pesvirus-6 (HHV-6) and herpes simplex
virus (HSV) seem to exhibit little or no
association with most types of destruc-
tive periodontal disease (5, 6, 8). No in-
formation is available on the peri-
odontal occurrence of human herpesvi-
rus-7 and -8 (HHV-7 and -8).

The extent to which herpesviruses
may reside in gingival tissue is not
known because previous studies have

determined only the presence of her-
pesviruses in periodontal pockets. To
delineate the tissue occurence of her-
pesviruses, we studied gingival biopsies
from 11 healthy periodontal sites and
from 14 periodontitis lesions. To deter-
mine the utility of sampling periodontal
pockets for herpesvirus detection, we
compared herpesvirus occurrence in
crevicular fluid samples from peri-
odontal pockets and in the correspond-
ing gingival tissue biopsies. The nested
polymerase chain reaction (PCR) tech-
nique was employed to identify HCMV,
EBV-1 and -2, HSV, HHV-6, HHV-7
and HHV-8.

Material and methods

Periodontal pocket samples and gingi-
val tissue samples were obtained from
25 patients (8 men and 17 women) un-

dergoing periodontal surgery. The pa-
tients’ mean age was 50 years (range
24–68). Each study subject contributed
a periodontal pocket sample and a gin-
gival biopsy specimen. Thirteen speci-
mens were obtained from adult peri-
odontitis lesions, 1 from a post-local-
ized juvenile periodontitis lesion, 7
from healthy gingival sites in peri-
odontally healthy patients, 2 from
healthy gingival sites in patients with
widespread gingivitis, and 2 from
healthy gingival sites in periodontitis
patients. Periodontitis lesions displayed
clinical attachment loss of 6–9 mm and
gingival inflammation. Healthy gingival
sites showed neither periodontal attach-
ment loss nor gingival inflammation
and exhibited periodontal probing
depth equal to or less than 3 mm.

Periodontal pocket specimens ob-
tained by paper points were placed in a
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microcentrifuge vial, suspended in 0.1
ml of TE buffer (10 mM Tris-HCl and
1 mM EDTA, pH 7.5) and homo-
genized by vigorous vortex mixing, as
previously described (9). DNA extrac-
tion was based on preferential binding
to silica particles in the presence of a
high concentration of guanidium thio-
cyanate (1).

Table 1. Herpesviruses in periodontal pocket and gingival tissue samples

Periodontal
Patient Periodontal status at sample pocket depth

Patient age in sites/whole mouth in mm at Herpesviruses in
no.a years periodontal diagnosis sample site periodontal pocket Herpesviruses in gingival tissue

1 56 Healthy/healthy 2 0 viruses 0 viruses

2 60 Healthy/healthy 2 0 viruses 0 viruses

3 30 Healthy/healthy 2 0 viruses 0 viruses

4 31 Healthy/healthy 3 0 viruses 0 viruses

5 68 Healthy/healthy 3 EBV-1 EBV-1

6 49 Healthy/healthy 3 0 viruses 0 viruses

7 49 Healthy/healthy 2 0 viruses HSV

8 64 Healthy/gingivitis 2 EBV-1 EBV-1 HCMV

9 64 Healthy/gingivitis 3 0 viruses 0 viruses

10 47 Healthy/adult periodontitis 3 HCMV HCMV

11 49 Healthy/adult periodontitis 3 0 viruses EBV-1

12 41 Adult periodontitis 6 EBV-1 EBV-1 HSV
HCMV HCMV HHV-8

EBV-1 EBV-1 HCMV HHV-7
13 52 Adult periodontitis 6 HHV-7

HCMV EBV-2 HSV HHV-8

EBV-2
14 63 Adult periodontitis 6 HCMV HSV

HCMV

EBV-1 HHV-6
15 63 Adult periodontitis 5 EBV-1

HCMV HHV-7

HCMV EBV-1 HSV
16 64 Adult periodontitis 6

HSV HCMV HHV-7

EBV-1 HCMV
17 54 Adult periodontitis 9 EBV-1

EBV-2 HSV

EBV-1
18 46 Adult periodontitis 7 0 viruses

HHV-7

EBV-2 EBV-1 HCMV HHV-7
19 44 Adult periodontitis 9

HCMV EBV-2 HHV-6 HHV-8

HCMV HCMV
20 45 Adult periodontitis 6

HSV HSV

EBV-1
21 40 Adult periodontitis 5 EBV-1

EBV-2

EBV-2 EBV-1
22 48 Adult periodontitis 6 HCMV

HCMV EBV-2

HCMV HCMV EBV-2
23 56 Adult periodontitis 6

HSV HSV HHV-8

EBV-1
24 49 Adult periodontitis 6 0 viruses HCMV

EBV-2

EBV-1 EBV-1 HHV-6
25 24 Post-localized juvenile periodontitis 6 HSV

HCMV HCMV HHV-7
a Patients 12, 13 and 19 reported to be HIV-infected.

Biopsy specimens obtained by peri-
odontal surgery comprised full-thick-
ness gingival tissue located adjacent to
the study periodontal pocket. Healthy
gingiva was excised for purpose of
crown lengthening for prosthetic rea-
son. The biopsy tissue was rinsed in
sterile saline, cut in small pieces, sus-
pended in Hirt buffer [0.01 M Tris buf-

fer, 0.01 M EDTA (pH 8.0), 0.6% so-
dium dodecyl sulfate] containing pro-
teinase K (100 mg/ml) and incubated
overnight at 56æC. Cell lysate was ex-
tracted three times with a mixture of
phenol/chloroform (1:1). After precipit-
ating DNA with 1/10 volume of 5 M
ammonium acetate and 0.5 ml of iso-
propanol, DNA was washed in 70%
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Table 2. Comparison between herpesvirus detection in periodontal health and disease and between periodontal pocket and gingival tissue
samples

P-valuesa

Periodontal pocket sample Gingival biopsy sample Pocket sample Tissue sample
Pocket vs tissue sampleHealthy Periodontitis Healthy Periodontitis Healthy vs Healthy vs

Viruses (nΩ11) (nΩ14) (nΩ11) (nΩ14) periodontitis periodontitis Healthy Periodontitis

HSV 0 (0)b 3 (21) 1 (9)b 8 (57) 0.31 0.04 1.00 0.12
EBV-1 2 (18) 6 (43) 3 (27) 11 (79) 0.38 0.03 1.00 0.12
EBV-2 0 (0) 3 (21) 0 (0) 7 (50) 0.31 0.02 1.00 0.24
HCMV 1 (9) 9 (64) 2 (18) 12 (86) 0.02 0.003 1.00 0.38
HHV-6 0 (0) 0 (0) 0 (0) 3 (21) 1.00 0.31 1.00 0.22
HHV-7 0 (0) 1 (7) 0 (0) 6 (43) 0.90 0.04 1.00 0.08
HHV-8 0 (0) 0 (0) 0 (0) 4 (29) 1.00 0.17 1.00 0.11
a Chi-square test.
b No. (%) of virally positive samples.

ethanol, dried and redissolved in 1¿ TE
buffer [0.01 M Tris HCL (pH 7.4),
0.001 M EDTA)]. DNA was stored at
ª70æC.

The nested-PCR method was used to
detect species-specific DNA of the 7 test
herpesviruses. HCMV, EBV-1, EBV-2,
HSV and HHV-6 were identified using
the outer and inner oligonucleotide
primer sets and the PCR reaction con-
ditions described elsewhere (5, 6, 13,
16). HHV-7 primers encompassed a
novel HHV-7 viral sequence partly
homologous to that of the HHV-6 U42
gene (outer HHV-7 primers were HHV-
7 MK1 5ø-TTTTTACATTTGGCTT-
GCTTTTTG-3ø and HHV-7 MK2 5ø-
ATATTTCTGTACCTATCTTCCCC-
AA-3ø; inner HHV-7 primers were
HHV-7 MK3 5ø-TGCTTTTTGGTT-
TGTAAATTC-3ø and HHV-7 MK4 5ø-
GAATTTATGGAGTTTGGTCTG-3ø
(14). HHV-8 primers flanked a sequence
of the major capsid protein gene (outer
HHV-8 primers were KS3-5 5ø-
CCCTTCTAGCGTTGGCTAGTC-3ø
and KS3-3 5ø-CAGATGACGCCAT-
ACCCCCCCCGCTCT-3ø; inner HHV-
8 primers were KS2-5 5ø-AGCCG-
AAAGGATTCCACCAT-3ø and KS1-3
5ø-TCCGTGTTGTCTACGTCCA-3ø)
(15).

Optimal conditions for PCR reaction
mixture and temperature cycling were
established for each test virus using
positive and negative DNA controls (5,
6, 13–16). Specificity of the amplicon
was confirmed by comparing the pre-
dicted size and the restriction endo-
nuclease digestion products of the
amplicons. Positive controls included
purified DNA from HCMV (Sigma
Chemical Co., St. Louis, MO), Raji
cells containing EBV-1 (American Type
Culture Collection, Rockville, MD),

HHV-6 U1102-strain variant-A (Ad-
vanced Biotechnologies, Columbia,
MD), HSV (Perkin Elmer Cetus, Nor-
walk, CT), purified salivary DNA of
donors positive for HHV-7 and purified
DNA from a human Kaposi’s sarcoma
biopsy lesion contaning HHV-8. Nega-
tive controls included human placental
DNA (Perkin Elmer Cetus), human car-
cinogenic cells HT3 (American Type
Culture Collection), a DNA mixture of
periodontal bacteria and the reaction
mixture without DNA template.

Amplicons were detected by electro-
phoresis at 4 V/cm in Tris-Acetate-
EDTA buffer of a 20-ml sample in a 2%
agarose gel (Life Technologies, Gibco
BRL, Gaithersburg, MD) containing
0.5 mg/ml ethidium bromide. Restriction
enzyme digestion products were re-
solved in 3% NuSieve Agarose (FMC
Bioproducts, Rockland, MD). A 1-kb
and a 50-bp DNA ladder digest (Life
Technologies, Gibco BRL) served as
molecular weight markers. Electrophor-
etic DNA bands were visualized under
300-nm ultraviolet light.

Chi-square test was employed to
compare differences in herpesvirus oc-
currence between healthy and diseased
periodontal sites and between peri-
odontal pocket and gingival biopsy
samples. P-values equal to or below
0.05 were considered statistically sig-
nificant.

Results

Table 1 describes the distribution of
herpesviruses in periodontal pocket and
gingival tissue specimens of the 25
study subjects. Healthy periodontal
sites revealed EBV-1 or HCMV in 3 of
11 pocket samples and in 4 of 11 gingi-

val biopsies. In contrast, 12 of 14
pocket samples from periodontitis
lesions showed EBV-1, HCMV, HSV,
HHV-7 or combinations of these her-
pesviruses. Each of the 14 gingival
tissue samples from periodontitis
lesions revealed 2–6 test herpesviruses.
HHV-6 and HHV-8 were only detected
in gingival biopsy samples from peri-
odontitis lesions. Three of 4 gingival
biopsies yielding HHV-8 originated
from patients with confirmed HIV in-
fection.

As seen in Table 2, HCMV occurred
more frequently in both periodontal
pocket and gingival tissue specimens
from periodontitis than from healthy
periodontal sites (PΩ0.02 and 0.003, re-
spectively). HSV, EBV-1, EBV-2 and
HHV-7 were more frequently detected
in gingival tissue specimens from dis-
eased than healthy sites. All test viruses,
but especially HSV, EBV-1, HHV-7 and
HHV-8, occurred more frequently in
gingival tissue than in periodontal
pocket samples; however, the difference
in detection rate of individual herpesvi-
rus species in periodontal pocket and
gingival tissue samples was not statisti-
cally significant.

Discussion

The present findings confirm and ex-
tend previous data from our laboratory
associating herpesvirus species with de-
structive periodontal disease (4). This
study showed higher occurrence of
HCMV, EBV-1, EBV-2, HSV and HHV-
7 in gingival tissue from periodontitis
lesions than from clinically healthy
periodontal sites. Gingival tissue may
be a reservoir for some members of the
Herpesviridae family (17, 19).
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Regardless the strong association be-
tween some herpesviruses and peri-
odontitis, the exact role of these viruses
in the pathogenesis of periodontitis re-
mains to be established. However, her-
pesviruses may not act as simple by-
standers in periodontal disease. We pre-
viously discussed the potential of her-
pesviruses to produce pathological
changes in the periodontium (4–9).
HCMV and HSV may infect peri-
odontal epithelial cells and fibroblasts
and cause direct cytopathic effects. Her-
pesviruses may also trigger monocytes
and macrophages to increase produc-
tion of interleukin 1-beta and tumor ne-
crosis factor-alpha (10, 12, 20), two
cytokines associated with destructive
periodontal disease (11, 18, 23, 24).

Productive herpesvirus infection may
increase the likelihood of virally related
periodontopathic effects. Cytoplasmat-
ic and nuclear viral inclusions have been
demonstrated in inflamed gingiva (2, 3),
and these histologic features are fre-
quently detected in active viral infection
(26). Active HCMV infection can occur
in subgingival sites of adult and local-
ized juvenile periodontitis lesions (7,
25), but no data exist on the frequency
of HCMV reactivation in gingival tissue
and relationship to periodontal disease
status.

This study found more herpesvirus
species in gingival tissue than in peri-
odontal pocket samples, although the
difference in detection rates of individ-
ual herpesvirus species failed to reach
statistical significance, probably partly
due to the low number of study
samples. Paper point sampling of peri-
odontal pockets may suffice for de-
tecting HCMV, but gingival tissue
specimens seemed superior for detec-
tion of HHV-6 and HHV-8. Since dif-
ferent herpesvirus species appear to oc-
cupy different parts of the periodon-
tium, mode of periodontal sampling is
an important determinant of accurate
viral detection. Whether it is necessary
to obtain full-thickness tissue samples
or whether less invasive soft tissue cur-
retage of periodontal pockets suffice to
study some periodontal herpesviruses
remains to be established.

In conclusion, the present findings
confirm the strong association between
HCMV and EBV-1 and human peri-
odontitis, but other herpesvirus species
can also occur in periodontal lesions.
Gingival tissue samples tended to yield

more herpesvirus species than paper
point samples of periodontal pockets.
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