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Human viruses in periodontitis

JORGEN SLOTS

Periodontitis affects the majority of adults worldwide
(4), but relatively few patients receive adequate
treatment for the disease (9). Conventional perio-
dontal therapy includes a stabilization phase and a
maintenance phase. Stabilization of the disease is
accomplished by periodontal mechanical depuration
and the removal of calculus and other biofilm-
retentive factors, and may involve adjunctive anti-
microbial medication and / or surgery. The long-term
goals in the maintenance stage are to have patients
exercise proper plaque control and to commit to
professional antimicrobial treatment in order to
minimize the likelihood of a clinical relapse.

Current periodontal therapy is successful in com-
bating initial and moderate types of periodontitis, but
may show limited efficacy in resolving late-stage
disease. Optimal periodontal care is often impeded
by the lack of patient cooperation and by affordability
issues. Periodontal treatment can entail substantial
costs attributed to direct healthcare expenses and to
loss of income during the time of professional ther-
apy. A greater understanding of the etiopathogeny of
periodontal disease seems to be a prerequisite for the
development of preventive and therapeutic strategies
that are more efficacious and less burdensome for
patients.

The task of determining the periodontopathic
importance of suspected disease determinants is
hampered by difficulty in identifying the initial stage
of periodontitis and in distinguishing between pro-
gressive and stable phases of the disease. Differences
in case definitions and diagnostic methods also
complicate the interpretation of epidemiological
findings in periodontal research. Periodontitis typi-
cally occurs in otherwise healthy individuals and is
statistically associated with various environmental
and demographic factors (3). The disease can also be
linked to rare immunogenetic defects or be part of
systemic diseases that primarily affect nonoral tissues
(75). It is not clear if some of the proposed risk factors
for periodontal disease reflect true genetic or
immunological variations, or merely poor health-

seeking behavior related to socioeconomic factors,
lifestyles or cultural differences.

Microbiological culture and culture-independent
molecular studies have identified more than 1,200
bacterial species (140) and 19,000 phylotypes (91) in
the oral cavity. At least 400 bacterial species inhabit
subgingival sites (141), but despite the long list of
different bacteria in periodontitis, fewer than 20
species are considered to be major periodontal
pathogens (175, 185). Healthy periodontal sites har-
bor a scant microbiota of predominantly gram-posi-
tive facultative bacteria, whereas periodontitis lesions
contain a large variety of gram-negative anaerobic
species (171). The shift in the periodontal microbiota
with disease development is the result of a multi-
faceted interaction of microbial-specific traits, host
immune responses and ecosystem-based factors. It is
not known why fastidious gram-negative anaerobic
bacteria outcompete common oral gram-positive
bacteria, and why relatively few suspected perio-
dontopathogens are surging in numbers in perio-
dontitis sites.

Periodontopathogenicity is assessed primarily on
the basis of an elevated occurrence of a given
bacterial species in advanced periodontitis lesions.
However, many anaerobic bacteria benefit from
proteinaceous components that are present in the
gingival crevice fluid and may merely be secondary
invaders of periodontitis sites. Also, the cross-sec-
tional design of most bacteria—periodontitis associa-
tion studies prevents the pathogenetic importance of
specific microorganisms from being firmly estab-
lished. An important exception to this is Aggregati-
bacter actinomycetemcomitans in localized aggressive
(juvenile) periodontitis (184). As expected for a true
pathogen, the subgingival counts of A. actinomy-
cetemcomitans have, in longitudinal studies, shown
a dramatic increase immediately prior to clinical
attachment loss and a marked decrease at the time of
disease remission (16, 64).

Theories proposed so far to explain the etiopa-
thogeny of periodontitis have not been able to
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account for several clinical features of the disease
(176). Except for localized aggressive (juvenile) peri-
odontitis, destructive periodontal disease develops
with unpredictable attacks on the periodontium, and
the infectious events that trigger the progression from
gingivitis to periodontitis are virtually unknown. The
progressive course of periodontitis typically includes
prolonged periods of disease remission interrupted
by occasional episodes of clinical relapse, and the
underlying biological basis is not understood. It re-
mains an enigma why periodontitis of many subjects
affects relatively few teeth despite the omnipresence
of periodontopathic bacteria in saliva (207). Also, a
pure bacterial cause of periodontitis seems unable to
explain why the disease tends to develop in a bilat-
erally symmetrical pattern around the midline of the
mouth (103, 122), and why alveolar bone destruction
can advance close to the apex at one tooth, while
barely affecting the periodontium of a neighboring
tooth sharing the same interproximal space (161,
176).

The uncertainty about the infectious and clinical
events of periodontal breakdown has given rise to a
number of hypotheses about the etiology of perio-
dontitis. Some researchers suggest that specific infec-
tious agents are key to periodontal breakdown. Others
emphasize the importance of host immune factors
and / or genetic characteristics in the acquisition of
periodontitis. The diverse opinion about the etiology
of periodontal diseases has led to a variety of classifi-
cation systems throughout the history of periodontics
(7). Some classification systems reflect the view of
‘splitters’, who emphasize precise definitions and
identify a large number of periodontal disease condi-
tions. Other classification systems are formulated by
‘lumpers’, who search for broad similarities and pro-
pose a relatively small number of different types of
periodontal disease. A cumbersome or an overly sim-
plified classification system may have limited utility in
a clinical practice setting. Periodontal disease classi-
fication, like any other type of classification or cata-
loging system, is intended to be provisional, in other
words, it is expected to be supplanted by more rational
schemes as disease definitions improve.

It is assumed that periodontitis debuts in geneti-
cally or environmentally predisposed individuals,
who are infected with virulent infectious agents and
reveal persistent gingival inflammation and distinct
immune responses (173). Fitting that concept, vari-
ous herpesviruses have been associated with severe
types of periodontal disease (176). Studies on a viral
cause for periodontitis mark a turning point in
periodontal research, which until recently was
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centered almost exclusively on a bacterial etiology.
Epstein-Barr virus and cytomegalovirus are the most
commonly researched viruses in periodontology, and
more than one million herpesvirus genome-copies
can be present in a single periodontitis site (179). The
abundance of herpesviruses in aggressive periodon-
titis lesions suggests a role of the virus in the devel-
opment of the disease.

The herpesviral-bacterial hypothesis of periodon-
titis proposes that an active herpesvirus infection
initiates periodontal tissue breakdown and that host
immune responses against the herpesvirus infection
are an important component of the etiopathogeny of
the disease (179). The herpesvirus infection triggers a
release of proinflammatory cytokines that have the
potential to activate osteoclasts and matrix metallo-
proteinases and to impair antibacterial immune
mechanisms, causing an up-growth of periodonto-
pathic bacteria (179). Herpesviruses and bacteria in
aggregate seem capable of explaining several of the
clinical features of periodontitis (176). Subject at risk
for progressive periodontitis may be managed more
efficiently after the mode of acquisition and means of
prevention and treatment of periodontal herpes-
viruses have been delineated.

This article reviews findings on human viruses
in periodontal health and disease, and briefly
summarizes pathogenetic features of the herpesviral-
bacterial mixed periodontal infection. Recent reviews
describe in more detail the interaction between
periodontal herpesviruses and periodontopathic
bacteria (177, 179), and the pathogenic potential of
Epstein-Barr virus and cytomegalovirus in oral (178)
and nonoral (119, 151) diseases.

Periodontal diseases in
immunocompetent subjects

Contemporary studies of periodontal viruses have
employed high-performance polymerase chain reac-
tion (PCR) techniques to determine the frequency of
the viral genome (single step and nested end-point
detection PCR), to quantify viral genome-copies
(real-time PCR), or to indicate active viral multipli-
cation (reverse-transcription PCR). PCR-based
studies of periodontal herpesviruses have targeted
different genomic regions and used methods of dif-
ferent efficiency to extract the target nucleic acid.
Negative PCR results may occur because the virus is
indeed absent at the time of periodontal sampling or
because of technical aspects of the PCR procedure. It
is important to use calibrators and internal controls
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in PCR assays to exclude false-negative outcomes
(24). A false-positive PCR result, which is a rare event
using current PCR procedures that have a high degree
of assay precision, may be caused by cross-hybrid-
ization of nucleotide sequences shared by two or
more different DNAs or by sample contamination in
the laboratory. The presence of herpesvirus in the
periodontium has also been confirmed using labeled
DNA probes (105), flow cytometry (45), immuno-
fluorescence staining (5) and culture (19).

Periodontal health and gingivitis

The results from periodontal clinical studies can be
difficult to interpret because of a lack of agreement
about case definitions. Some researchers use the
terms ‘healthy’ and ‘normal’ periodontium inter-
changeably to indicate an absence of attachment loss
and gingival inflammation. However, ‘healthy’ gin-
giva may also be used to describe sites that reveal
attachment loss but demonstrate shallow pocket
depth and no current inflammation, and ‘normal’
periodontium may apply to sites that exhibit no
attachment loss but show some degree of inflam-
mation. As herpesviruses may have been involved in
previous attachment loss and may be present in even
slightly inflamed periodontium, ultra-sensitive PCR
techniques may identify herpesviruses in ‘unhealthy’
control sites. Also, healthy periodontal sites of
periodontitis patients may harbor more herpesvirus-
es than healthy periodontal sites of individuals with a
generally healthy periodontium (50).

Table 1 describes recent studies on herpesvirus
presence in healthy periodontium and in gingivitis.
Periodontal health is associated with median genome
detection rates of 8% for Epstein-Barr virus and for
cytomegalovirus (Table 1). Healthy peri-implant sites
have demonstrated an absence of cytomegalovirus
(132). The observation of few or no herpesvirus
genomes in the healthy periodontium is in accor-
dance with a herpesvirus infection of periodontal
inflammatory cells (45). Gingivitis studies reveal a
median genome detection rate of 20% for Epstein—
Barr virus and 33% for cytomegalovirus (Table 1).
Herpesvirus-infected periodontal healthy and gingi-
vitis sites typically harbor the viruses in a nontran-
scriptional state (156, 204) and in copy-counts of only
1,000-20,000 (161).

Periodontitis

The detection rate of periodontal herpesviruses de-
pends on the type of periodontal lesion studied, the

viral identification method employed and ethnic/
geographical factors (179). As an etiological agent
typically peaks during advancing disease and may
only occur at low level or be absent in a disease state
of remission, studies of periodontal herpesviruses
face the difficult task of identifying disease-active and
disease-stable periodontitis. One of the most chal-
lenging decisions in periodontal classification is to
allocate borderline cases to either aggressive perio-
dontitis or chronic periodontitis. The use of patient
age as a major criterion for distinguishing between
aggressive periodontitis and chronic periodontitis
may not be a reliable indicator of active / aggressive
or stable / chronic disease. Also, as scaling and root
planing of the teeth of immunocompetent individu-
als may reduce the level of subgingival herpesviruses
to low or undetectable (71, 159, 216), which may
persist for an extended period of time (159, 196),
studies of periodontal herpesviruses should ideally
include individuals with no history of receiving
professional periodontal treatment.

Probably because of diagnostic difficulties and a
natural fluctuation of periodontal herpesviruses,
periodontitis studies have reported a wide variation
in the occurrence of herpes simplex virus (13-100%),
Epstein-Barr virus (3-89%) and cytomegalovirus
(0.3-83%) (Table 2). Most studies found higher levels
of Epstein—Barr virus (90, 97, 101) and cytomegalo-
virus (97, 204) in sites of aggressive/ progressive
periodontitis than in sites of chronic periodontitis,
but some studies describe a similar occurrence (85),
or even a lower occurrence (13), of the two viruses in
aggressive periodontitis (Table 2).

Aggressive periodontitis

Localized aggressive (juvenile) periodontitis is a dis-
tinct disease entity that has served as a model for
studying periodontal diseases. Localized aggressive
periodontitis debuts at puberty and attachment loss
occurs at the approximal surfaces of permanent
incisors and first molars. The disease can appear in
up to half of the children in an affected family. The
presence of subgingival herpesviruses was studied in
Afro-Caribbean adolescents with classical localized
aggressive periodontitis, with incidental periodontal
attachment loss, or with a normal periodontium
(115). Cytomegalovirus and Porphyromonas gingiva-
lis seemed to act synergistically to influence the risk
for both the occurrence and the extent of disease.
Localized aggressive periodontitis was associated
with cytomegalovirus with an odds ratio of 6.6, and
with P. gingivalis with an odds ratio of 8.7. The odds
of having localized aggressive periodontitis increased
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Table 1. Prevalence of subgingival genome-copies of herpesviruses in periodontal health and gingivitis

Virus Healthy / normal periodon- Gingivitis; percentage of Reference
tium; percentage of positive positive samples
samples
Herpes simplex virus-1 0% 0% Grenier et al. (71)
20% 53% Imbronito et al. (85)
0% No data Nishiyama et al. (130)
0% No data Saygun et al. (160)
0% No data Contreras et al. (41)
Herpes simplex virus-2 0% No data Saygun et al. (160)
Epstein-Barr virus 9% No data Dawson et al. (49)
23% 0% Grenier et al. (71)
0% 20% Imbronito et al. (85)
7% No data Chalabi et al. (29)
8% No data Rotola et al. (156)*
No data 13% Saygun et al. (161)
7% No data Sunde et al. (195)
3% No data Moghim et al. (121)
21% 20% Wu et al. (217)
No data 30% Watanabe et al. (215)
0% No data Klemenc et al. (94)
9% No data Konstantinidis et al. (95)
No data 19% Li et al. (101)
6% No data Saygun et al. (160)
18% No data Contreras et al. (41)
Median 8% 20%
Cytomegalovirus 0% Not done Dawson et al. (49)
8% 25% Grenier et al. (71)
57% 40% Imbronito et al.(85)
0% No data Combs et al. (37)
0% No data Chalabi et al. (29)
8% No data Rotola et al. (156)*
13% No data Ding et al. (52)
No data 7% Saygun et al. (161)
0% No data Sunde et al. (195)
42% 49% Wu et al. (217)
18% No data Botero et al. (18)
32% No data Chen et al. (32)
0% No data Klemenc et al. (94)
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Table 1. Continued

Virus Healthy / normal periodon- Gingivitis; percentage of Reference
tium; percentage of positive positive samples
samples
3% No data Tantivanich et al. (200)
0% No data Saygun et al. (160)
9% No data Contreras et al. (41)
Median 8% 33%
Herpesvirus-6 0% No data Klemenc et al. (94)
0% No data Tantivanich et al. (200)
0% No data Contreras et al. (41)
Herpesvirus-7 62% No data Rotola et al. (156)*
0% No data Contreras et al. (41)
Herpesvirus-8 0% No data Contreras et al. (41)
*Gingival biopsies were examined.
multiplicatively in individuals with a co-infection of identified in an electronmicroscopic study of

cytomegalovirus and P. gingivalis (odds ratio, 51.4),
compared with the odds of harboring neither of the
two infectious agents (115). Thus, localized aggres-
sive periodontitis in Afro-Caribbean adolescents was
strongly associated with cytomegalovirus and
P. gingivalis, and the markedly higher odds ratio of
the cytomegalovirus—P. gingivalis combined infec-
tion than of the sum of the individual pathogens
suggests a pathogenetic synergy between the infec-
tious agents.

The relationship between cytomegalovirus activa-
tion and disease-active vs. disease-stable periodon-
titis sites was studied in 11 patients with localized
aggressive (juvenile) periodontitis, who were 10—
23 years of age and living in Los Angeles (204).
Cytomegalovirus transcription of the major capsid
protein, a feature suggestive of viral re-activation, was
detected in deep periodontal pockets of all five
cytomegalovirus-positive patients with early perio-
dontitis (10-14 years of age), but only in one of three
cytomegalovirus-positive patients older than 14 years
of age, and not in any cytomegalovirus-infected
shallow pockets. Individual patients showed tran-
scription of cytomegalovirus genome in some perio-
dontal sites and no transcription in other sites (204).
Cytomegalovirus transcription was detected in all five
(45%) periodontitis sites lacking radiographic alveo-
lar crestal lamina dura, a feature consistent with
ongoing periodontal breakdown (148), but not in four
(36%) periodontitis sites that showed radiographic
evidence of a lamina dura (204). Also, herpesvirus-
like virions, signifying an active viral infection, were

aggressive periodontitis lesions (22, 23). The positive
association between an active cytomegalovirus
infection and aggressive periodontitis suggests
involvement of the virus in the disease, but alone
cannot differentiate between the possibilities of an
active cytomegalovirus infection causing destructive
disease, an active cytomegalovirus infection arising
secondarily to the pathological changes of disease-
active periodontitis, or a combination of these two
possibilities in the mode of a vicious cycle.

Ting et al. (204) hypothesized that a primary cyto-
megalovirus infection at the time of root formation of
permanent incisors and first molars can give rise to a
defective periodontium. Viruses infecting odonto-
genic cells of developing hamster teeth can disrupt
normal cell differentiation (66), and an active cyto-
megalovirus infection can change the morphology of
developing teeth (88, 190). Perhaps because of a
cytomegalovirus infection early in life, teeth affected
by localized aggressive periodontitis often show
cemental hypoplasia (15). Profound hormonal chan-
ges at the onset of puberty may re-activate a perio-
dontal cytomegalovirus infection, resulting in
suppression of antibacterial immune defenses and
overgrowth of exogenous-like bacteria, such as spe-
cific genotypes of A. actinomycetemcomitans (93, 161,
179), a major pathogenic species in the early phases of
localized aggressive periodontitis (61, 63, 182).
Localized aggressive periodontitis lesions harboring
an active cytomegalovirus infection tend to be more
heavily infected with A. actinomycetemcomitans than
sites showing a latent cytomegalovirus infection
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Table 2. Prevalence of subgingival genome-copies of herpesviruses in aggressive and chronic periodontitis

Virus Aggressive periodontitis; Chronic periodontitis; Reference
percentage of positive percentage of positive
samples samples
Herpes simplex virus-1 No data 13% Grenier et al. (71)
57% 100% Bilichodmath et al. (13)
87% 40% Imbronito et al.(85)
No data 16% Grande et al. (69)
No data 26% Nishiyama et al. (130)
No data 31% Ling et al. (102)
78% No data Saygun et al. (160)
No data 21% Contreras et al. (41)
Median 78% 26%
Herpes simplex virus-2 0% 16% Bilichodmath et al. (13)
17% No data Saygun et al. (160)
No data 0% Contreras & Slots (43)
Epstein-Barr virus No data 28% Dawson et al. (49)
No data 3% Grenier et al. (71)
29% 79% Bilichodmath et al. (13)
33% 47% Imbronito et al.(85)
No data 79% Chalabi et al. (29)
No data 48% Grande et al. (69)
55% 46% Rotola et al. (156)*
60% No data Saygun et al. (161)
No data 40% Sunde et al. (195)
No data 45% Imbronito et al. (84)
No data 61% Moghim et al. (121)
No data 38% Wu et al. (217)
57% No data Watanabe et al. (215)
No data 37% Wu et al. (216)
No data 44% Klemenc et al. (94)
No data 55% Konstantinidis et al. (95)
89% 46% Kubar et al. (97)
58% 23% Li et al. (101)
No data 4% Ling et al. (102)
72% No data Saygun et al. (160)
No data 81% Contreras et al. (41)
Median 58% 46%
Cytomegalovirus No data 0.3% Dawson et al. (39)
No data 35% Grenier et al. (71)
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Table 2. Continued

Virus Aggressive periodontitis; Chronic periodontitis; Reference
percentage of positive percentage of positive
samples samples
7% 26% Bilichodmath et al. (13)
47% 50% Imbronito et al.(85)
No data 59% Chalabi et al. (29)
No data 80% Grande et al. (69)
44% No data Ding et al. (52)
No data 80% Botero et al. (19)
53% No data Saygun et al. (161)
No data 12% Sunde et al. (195)
No data 83% Imbronito et al. (84)
No data 63% Wu et al. (217)
40% 60% Botero et al. (18)
7% No data Watanabe et al. (215)
No data 59% Chen et al. (32)
No data 3% Klemenc et al. (94)
78% 27% Kubar et al. (97)
No data 34% Tantivanich et al. (200)
No data 52% Ling et al. (102)
72% No data Saygun et al. (160)
No data 64% Contreras et al. (41)
Median 42% 52%
Herpesvirus-6 No data 24% Klemenc et al. (94)
No data 4% Tantivanich et al. (200)
No data 71% Mardirossian et al. (106)7
No data 0% Contreras et al. (41)
Herpesvirus-7 No data 67% Mardirossian et al. (106)
64% 62% Rotola et al. (156)*
No data 7% Contreras et al. (41)
Herpesvirus-8 No data 24% Mardirossian et al. (106)+
No data 0% Contreras et al. (41)

*Gingival biopsies were examined.

+Gingival biopsies of human immunodeficiency virus (HIV)-infected individuals were examined.

(204). The affinity of A. actinomycetemcomitans for
colonizing cytomegalovirus-infected epithelial cells
may partly explain the close association of the
organism with the disease (201). Also, A. actino-
mycetemcomitans may be able to inhibit epithelial cell
proliferation by means of a cytolethal distending toxin
(25). Cytomegalovirus-mediated damage to the peri-

odontal tissue constituents, antiviral proinflammato-
ry cytokine responses, and bacteria-induced injury of
the epithelium, may allow gingival tissue invasion by
A. actinomycetemcomitans and breakdown of the
periodontal attachment and alveolar bone (34).
Aggressive types of periodontitis that affect the
majority of teeth in a dentition also exhibit a close
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Table 3. Presence of Epstein—Barr virus type 1 and human cytomegalovirus DNAs in deep pockets of progressive and
stable periodontitis sites in 16 patients with aggressive periodontitis*

32 disease-active
periodontitis sites

Infectious
agents

P-value
(chi-squared test)

32 disease-stable
periodontitis sites

Mean * SD pocket depth at 6.8 + 1.6 mm

sample sites

Epstein-Barr virus-1 14 (44%)7

Cytomegalovirus 19 (59%)
Epstein-Barr virus-1 and 9 (29%)
cytomegalovirus co-infection

Dialister pneumosintes 20 (63%)
Porphyromonas gingivalis 23 (72%)
Dialister pneumosintes and 15 (47%)

Porphyromonas gingivalis
co-infection

5.6 £ 1.3 mm 0.002
4 (13%) 0.01
4 (13%) <0.001
0 (0%) 0.004
6 (19%) <0.001
12 (38%) 0.01
0 (0%) <0.001

*From Kamma et al. (90).
+No. (%) of positive sites.

relationship with herpesviruses. In a study from
Turkey of young military recruits with generalized
aggressive periodontitis, herpes simplex virus type 1,
Epstein—Barr virus and cytomegalovirus were each
identified in 73-78% of pooled samples from ad-
vanced lesions, but the viruses were virtually absent
in the subgingival sites of recruits with a healthy
periodontium (160). In a Hopi American-Indian
population of 75 adolescents, a single individual was
found to have generalized aggressive periodontitis
and was the only study subject who demonstrated a
periodontal dual infection with Epstein—-Barr virus
type 1 and cytomegalovirus (170).

Kamma et al. (90) studied 16 subjects from Greece
with early onset periodontitis (Table 3). Each patient
contributed samples from two disease-active sites
with an average pocket depth of 6.8 mm and from
two disease-stable sites with an average pocket depth
of 5.6 mm. Epstein—Barr virus, cytomegalovirus and
Epstein-Barr virus—cytomegalovirus co-habitation
were significantly associated with disease-active
periodontitis. Periodontal cytomegalovirus exhibited
a particularly close association with the presence
of P. gingivalis (180) and Dialister pneumosintes
(183). Significant associations were also found among
P. gingivalis, D. pneumosintes and P. gingivalis—
D. pneumosintes co-infection, and disease-active
periodontitis. Each periodontitis site that demon-
strated Epstein-Barr virus—cytomegalovirus co-infec-
tion, and all but one site showing P. gingivalis—
D. pneumosintes dual infection, revealed bleeding
upon probing, a clinical indicator of an increased risk
of progressive disease (100). Parenthetically, Table 3
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illustrates how a sole reliance on periodontal pocket
depth, without considering periodontitis disease
activity, can result in markedly different rates of
herpesvirus detection.

A single advanced periodontitis lesion can yield
genome copy-counts as high as 8.3 x 10 for Epstein—
Barr virus and 4.6 x 10° for cytomegalovirus (98, 161).
Other viruses of the herpesvirus family (41, 107) and
various nonherpesviruses (137) can also inhabit
advanced periodontitis lesions. Hence, the total viral
copy-count may approach the total bacterial counts
in some diseased periodontal sites.

Chronic periodontitis

Table 4 shows the detection rate of herpesviruses in
biopsies from the gingiva of chronic periodontitis
lesions of patients living in Los Angeles. The herpe-
sviruses frequently identified were herpes simplex
virus-1 (57%), Epstein-Barr virus type 1 (79%) and
cytomegalovirus (86%). Herpesviruses can multiply
in gingival tissue (73) and tend to reach higher
copy-counts in gingival tissue than in subgingival
sites (97). Herpesviruses were detected at a signifi-
cantly lower frequency in biopsies of normal perio-
dontal sites from the same study patients (Table 4).
However, the great majority of chronic periodontitis
sites, which have a low probability of disease
progression, show a latent rather than an active
cytomegalovirus infection (19).

Hochman et al. (78) detected antibodies against
Epstein-Barr virus in 32%, and against cytomegalo-
virus in 71%, of gingival crevice fluid samples from
34 study sites. Antibodies against the herpesviruses



Human viruses in periodontitis

Table 4. Herpesvirus genomes in gingival biopsies from chronic periodontitis and from normal periodontal sites*

Periodontitis tissue
(14 subjects)

Herpesviruses

P-value
(chi-squared test)

Normal periodontium
(11 subjects)

Herpes simplex virus-1 8 (57%)t
Epstein-Barr virus type 1 11 (79%)
Epstein-Barr virus type 2 7 (50%)
Human cytomegalovirus 12 (86%)
Human herpesvirus-6 3 (21%)
Human herpesvirus-7 6 (43%)
Human herpesvirus-83 4 (29%)

Presence of herpesviruses 14 (100%)

1 (9%) 0.04
3 (27%) 0.03
0 0.02
2 (18%) 0.003
0 0.31
0 0.04
0 0.17
5 (45%) 0.007

*From Contreras et al. (41).
tNo. (%) of virus-positive patients.
iThree patients reported to be human immunodeficiency virus (HIV)-positive.

were predominantly of the immunoglobulin A (IgA)
isotype in the gingival crevice fluid and of the
immunoglobulin G (IgG) isotype in serum samples
(78). These antibody findings suggest a local synthe-
sis by plasma cells rather than passive transudation
from the blood, and thus provide further evidence
of a close relationship between herpesviruses and
periodontal disease.

Epstein—Barr virus and cytomegalovirus genomes
include regions with substantial polymorphism (147),
and herpesvirus subtypes may differ in pathogenicity
(217). Epstein-Barr virus exhibits more genotypic
variability than recognized previously, which may
help to explain specific disease patterns in different
geographic areas (30). The Epstein-Barr virus nuclear
antigen 2 (EBNA2) genotype 1 occurs more fre-
quently in periodontitis lesions than the EBNA2
genotype 2 (29, 41, 44, 217). In the study of Wu and
colleagues (217), EBNA2 genotype 1 was detected in
45%, and EBNA2 genotype 2 was detected in 20% of
Chinese patients with chronic periodontitis; however,
EBNA2 genotypes 1 and 2 were associated with
chronic periodontitis with odds ratios of 2.0 and 8.2,
respectively. Wu et al. (217) also identified cytomeg-
alovirus in 79% of patients with chronic periodonti-
tis; moreover, they found the cytomegalovirus gB-I
genotype in 20% and the cytomegalovirus gB-II
genotype in 87% of cytomegalovirus-positive sub-
jects with periodontitis, and the cytomegalovirus gB-1
genotype in 57-59% and the cytomegalovirus gB-II
genotype in 47-49% of infected subjects with gingi-
vitis or a normal periodontium. Co-infection with
Epstein-Barr virus type 1 and the cytomegalovirus
gB-II genotype was associated with periodontitis with
an odds ratio of 28.9, compared to an odds ratio of
11.0 for a co-infection with all genotypes of Epstein—

Barr virus and cytomegalovirus (217). Patients who
were dually infected with the Epstein—Barr virus type
1 and the cytomegalovirus gB-II genotype tended to
have deeper periodontal pocket depths and increased
attachment loss (217).

Periodontitis lesions can also harbor papilloma-
viruses (80, 106, 137), human immunodeficiency
virus (HIV) (31, 109), human T-lymphotropic virus
type 1 (189), hepatitis B virus (10), hepatitis C virus
(108) and torquetenovirus (157). Linkages have been
established between human T-lymphotropic virus
type 1 infection and gingivitis (odds ratio 3.8) and
periodontitis (odds ratio 10.0) (28), between hepatitis
B and C viruses and periodontal disease (59), and
between torquetenovirus in gingival biopsies and
periodontitis (157). The employment of proficient
metagenomic pyrosequencing techniques will
undoubtedly lead to the identification of several
additional periodontal viruses.

Periodontal abscess

The periodontal abscess is characterized by the
accumulation of pus that is limited to the marginal
periodontium and can appear at a tooth with minor
as well as with severe periodontal breakdown (77). A
periodontal abscess may arise from mechanical
trauma with a foreign object or as a result of perio-
dontal treatment, or without a known cause (77). The
early events in the development of a periodontal
abscess include multiplication and tissue invasion
of one or more subgingival bacterial species (51).
Bacteria typically recovered from periodontal
abscesses are Fusobacterium spp. (75% of abscesses
studied), Prevotella intermedia/ nigrescens (60%),
P. gingivalis (51%) and A. actinomycetemcomitans
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(30%) (87). Epstein—Barr virus was detected in 72%,
cytomegalovirus in 67%, and co-infection with the
two viruses in 56% of 18 abscesses studied, and
the herpesviruses were not identified in healthy
periodontium or after treatment of the periodontal
abscess (163). Hypermobility was present in 90% of
abscessed teeth showing a herpesviral dual infection
(163). Epstein—Barr virus has also been linked to ex-
tra-oral abscesses in children and young adults (192,
199), and cytomegalovirus has been implicated in
periodontal (12, 54) and extra-oral (20, 206) abscesses
of HIV-infected individuals. It is suggested that
re-activation of a periodontal herpesvirus latent
infection impairs the periodontal host defense, which
permits bacterial pathogens to enter the gingiva and
cause abscess formation.

Periodontal diseases in
compromised subjects

HIV-associated periodontitis

Cytomegalovirus infection in neonates and immu-
nocompromised patients (HIV-infected patients and
transplant recipients) has a high rate of morbidity
(178). HIV-induced immunosuppression facilitates
herpesvirus re-activation (150), but active herpesvi-
ruses may also activate latent HIV (86). Re-activation
of latent periodontal herpesviruses by HIV may start
a cascade of tissue-destructive events leading to
periodontal breakdown. Periodontitis in HIV-infected
patients may resemble periodontitis of nonHIV-in-
fected individuals, or be associated with profuse
gingival bleeding or necrotizing gingival tissue (79).

Cytomegalovirus was identified in 81% of HIV-
associated periodontitis lesions and in 50% of non-
HIV-associated periodontitis lesions, and was the
most common herpesvirus identified (40). In HIV-
infected individuals, cytomegalovirus has also been
implicated in acute periodontitis (54), in periodontal
abscess formation (12), in mandbular osteomyelitis
(12) and in refractory chronic sinusitis (208).
Herpesvirus-like virions were detected electron-
microscopically in 56% of gingival tissue from
HIV-seropositive patients with necrotizing ulcerative
periodontitis (35).

Epstein-Barr virus type 1 was identified more fre-
quently in subgingival sites of HIV-positive patients
than in subgingival sites of HIV-negative patients (72
vs. 48%) (69). Epstein—-Barr virus type 2, which is
frequently found in HIV-infected subjects (164, 218),
was detected in 57% of biopsies from HIV-associated
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periodontitis lesions, but was absent in non-HIV-
associated periodontitis biopsies (40). Human her-
pesvirus-8 was present in periodontitis lesions of 24%
of HIV-infected individuals with no clinical signs of
Kaposi’s sarcoma, but was not recovered from peri-
odontitis sites of non-HIV-infected individuals (107).
Herpes simplex virus, Epstein—-Barr virus, cytomega-
lovirus and human herpesvirus-8 genomes occur
frequently in the saliva of HIV-infected individuals
(14, 65, 69), and have been related to ulcerative oral
lesions, widespread gingival and mucosal inflamma-
tion, and oral cancer (178). The highly active antiret-
roviral therapy (HAART) may not significantly reduce
the prevalence or the load of herpesviruses in saliva
(69, 116). The high rate of occurrence of herpesviruses
in periodontitis and in oral mucosal pathosis of HIV-
infected patients provides substantial evidence of a
pathogenetic role of herpesviruses in these diseases.

Necrotizing ulcerative
gingivitis / periodontitis

Necrotizing ulcerative gingivitis / periodontitis affects
immunocompromised, malnourished and psychoso-
cially stressed individuals. In Europe and the USA,
necrotizing ulcerative gingivitis / periodontitis devel-
ops primarily in adolescents and young adults and
especially in HIV-infected individuals, and almost
never in young children. In developing countries,
necrotizing gingivitis may expand considerably
beyond the periodontium and give rise to the life-
threatening disease termed noma or cancrum oris.
Noma affects primarily children and is sometimes
preceded by a viral infection, such as herpetic ging-
ivostomatitis or measles (89), or HIV (83), which may
impair host defenses against resident viruses and
pathogenic bacteria. Necrotizing oral diseases have
high mortality rates in developing countries because
of a high burden of immune-compromising illnesses
and limited access to professional diagnosis and
treatment.

Contreras et al. (39) studied necrotizing ulcerative
gingivitis in nonHIV-infected malnourished Nigerian
children, 3-14 years of age (39). Necrotizing gingivitis
lesions of malnourished children yielded herpes
simplex virus (23% of study lesions), Epstein—Barr
virus (27%) and cytomegalovirus (59%), whereas
periodontal sites of malnourished, but periodontally
normal children revealed virtually no herpesviruses
(Table 5). Cytomegalovirus has demonstrated a nec-
rotizing potential in acute retinal necrosis of severely
immunocompromised individuals, acute necrotizing
esophagitis, necrotizing enterocolitis of preterm
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Table 5. Presence of Epstein—-Barr virus type 1 and human cytomegalovirus DNAs in acute necrotizing ulcerative
gingivitis (ANUGQ) sites and in normal periodontal sites of malnourished Nigerian children*

Herpesviruses ANUG + malnutrition Normal oral health + P-value
(22 subjects) malnutrition (20 subjects) (chi-squared test)

Epstein-Barr virus-1 6 (27%)t 1 (5%) 0.13
Cytomegalovirus 13 (59%) 0 (0%) <0.001
Epstein—Barr virus-1 and 8 (36%) 0 (0%) 0.009
cytomegalovirus co-infection

*From Contreras et al. (39).

fNo. (%) of virus-positive samples.

infants, necrotizing glomerulonephritis of renal

Syndromes

transplant recipients, necrotizing myelitis and nec-
rotizing encephalitis (178). Necrotizing ulcerative
gingivitis in African children may be caused by the
acquisition of herpesviruses in early childhood (2,
138), impaired immune defenses as a result of mal-
nutrition (57, 128) and an abundance of virulent
periodontal bacteria (58, 142).

Acute infection with herpes zoster virus can
resemble aspects of necrotizing ulcerative gingivitis
and noma, and give rise to osteonecrosis and spon-
taneous exfoliation of teeth in the region innervated
by the affected trigeminal nerve (6, 111). Infectious
agents also participate in the type of osteonecrosis of
the jaws that is caused by bisphosphonate use for the
treatment of osteoporosis, bone complications of
cancer, malignant hypercalcaemia and Paget’s dis-
ease (165). A dental infection can induce necrotizing
fasciitis with extensive necrosis in subcutaneous
tissues and fascia, and with a high mortality rate (48).
The extent to which cytomegalovirus or other
herpesviruses are involved in necrotizing diseases of
the oral cavity constitutes an important topic for
research.

Table 6 lists syndromes that have been associated
with both periodontal herpesviruses and severe
periodontitis. Medically compromised patients may
experience repeated and prolonged herpesvirus
re-activation, which may be an important reason for
the observed advanced types of periodontitis.

The Guillain-Barré syndrome is an acute neuro-
pathy with limb weakness and with a worldwide
annual incidence of 1.3 per 100,000 individuals (99).
The syndrome is considered to be an autoimmune
disease triggered by a preceding viral or bacterial
infection, with the suspected pathogens being
Epstein—-Barr virus, cytomegalovirus, Campylobacter
jejuni and Mycoplasma pneumoniae (99). Infections
may contribute to autoimmunity by converting
innate immune responses to adaptive immunity.
Periodontitis lesions in a patient with Guillain-Barré
syndrome were found to contain cytomegalovirus,
but not several other study viruses (198).

The Kostmann syndrome (severe congenital neu-
tropenia) is an autosomal-recessive disease that is
characterized by a maturation arrest of neutrophil

Table 6. Human herpesviruses in periodontitis associated with syndromes

Disease Periodontal viruses

Periodontal disease References

Guillain-Barré syndrome Cytomegalovirus

Kostmann syndrome Epstein-Barr virus

Fanconi’s anemia Herpes simplex virus,

cytomegalovirus

Papillon-Leféevre syndrome Epstein—Barr virus,

cytomegalovirus

Down syndrome Herpes simplex virus (26%),
Epstein-Barr virus type 1

(37%), cytomegalovirus (37%)

A 37-year-old patient with ~ Tabanella & Nowzari (198)

localized periodontitis

Two siblings (3 and 6 years of Yildirim et al. (219)
age) with severe gingivitis and

periodontitis

An 11-year-old boy with severe Nowzari et al. (133)
gingivitis and moderate or

advanced periodontitis sites

An 11-year-old girl with severe Velazco et al. (211)
periodontitis around several

teeth

19 Down syndrome patients Hanookai et al. (74)
with moderate or advanced

periodontitis
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precursors and extremely low levels of mature
peripheral neutrophils (72, 219). The syndrome is
associated with recurrent bacterial infections,
including cellulitis, perirectal abscess, stomatitis,
meningitis, pneumonia, sepsis and severe periodon-
titis in the primary and permanent dentition (27, 72,
219). Advanced periodontitis lesions in an adult with
Kostmann syndrome harbored high proportions of
A. actinomycetemcomitans (27). Two siblings, 3 and
6 years of age, with the Kostmann syndrome and
periodontal disease showed high counts of Epstein—
Barr virus in supragingival plaque and in saliva (219).
The Papillon-Lefevre syndrome is an autosomal-
recessive palmoplantar keratodermal disorder, which
is associated with severe periodontitis affecting both
the primary and the permanent dentition (75).
Papillon-Lefevre periodontitis in the permanent
dentition can resemble localized aggressive (juvenile)
periodontitis. An 11-year-old girl with Papillon-
Lefevre syndrome harbored Epstein—Barr virus,
cytomegalovirus, A. actinomycetemcomitans, P. gin-
givalis and other periodontopathic bacteria in deep
periodontal lesions (211). The observation that nat-
ural killer cell cytotoxicity was depressed by as much
as 32-53% compared with control values in 20 pa-
tients with Papillon-Leféevre syndrome may consti-
tute an important pathogenetic aspect of the disease
(104). Natural killer cells play a crucial role in the
anti-herpesviral host defense (118), and the sup-
pressed killer cell activity may have been induced by
cytomegalovirus as an immunoevasive strategy (145).
Fanconi’s anemia is an autosomal-recessive dis-
ease, which is caused by defective DNA repair,
resulting in increased chromosomal instability
yielding congenital abnormalities, bone marrow
failure and a predisposition to squamous cell carci-
nomas in the head and neck, and in the anogenital
regions (210). Patients with Fanconi’s anemia also
exhibit increased susceptibility to head-and-neck
infections (62, 68) and to periodontitis (158). Peri-
odontitis lesions of an 11-year-old boy with Fanconi’s
anemia were found to contain a dual infection with
herpes simplex virus and cytomegalovirus (133).
Down syndrome is associated with reduced neu-
trophil and monocyte chemotaxis, impaired neutro-
phil phagocytosis, reduced T-lymphocyte counts,
immature T-lymphocytes and increased susceptibil-
ity to respiratory infections, lymphatic leukemia and
periodontal disease (74). Down syndrome children
have a higher prevalence of seropositivity to herpes
simplex virus, Epstein—-Barr virus and cytomegalo-
virus than children without Down syndrome (53,
110). Down syndrome children have also been dem-
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onstrated to have an increased oral shedding of
cytomegalovirus (53). Hanookai et al. (74) identified
herpes simplex virus (26% of study lesions), Epstein—
Barr virus (37%) and cytomegalovirus (37%) in
periodontitis lesions of Down syndrome patients.
Periodontal scaling of the teeth of Down syndrome
patients may not ensure a long-term decrease in
the amount of subgingival herpesvirus present, pos-
sibly in part because of a compromised host defense
(74).

Herpesviral-bacterial interactions
in periodontitis

A periodontal herpesvirus infection is typically asso-
ciated with an increased occurrence of periodonto-
pathic bacteria (179). A study of adults with gingivitis
or periodontitis found statistically significant associ-
ations between periodontal Epstein-Barr virus type 1
or cytomegalovirus and the pathogens P. gingivalis,
Tannerella forsythia, P. intermedia, P. nigrescens and
Treponema denticola (44). Quantitative PCR studies
of severe periodontitis have revealed a close rela-
tionship between genome copy-counts of Epstein—
Barr virus and cytomegalovirus and counts of
P. gingivalis and T. forsythia (161). As discussed ear-
lier, cytomegalovirus-infected localized aggressive
periodontitis lesions exhibit an elevated occurrence
of P. gingivalis (115) or A. actinomycetemcomitans
(204). Similarly, respiratory tract infections, otitis
media and other nonoral diseases that were previ-
ously thought to be caused solely by bacteria may
actually have a combined viral-bacterial etiology
(179). Close links among herpesviruses, bacteria and
periodontitis are consistent with a role of both types
of infectious agents in the pathogenesis of destructive
periodontal disease.

Herpesvirus periodontopathic
potential

Herpesvirus pathogenicity is complex and is executed
through direct virus infection and replication, or via
a virally induced alteration of the host immune
defense. The early phases of periodontitis in
immunologically naive hosts may predominantly
involve cytopathogenic events, whereas most clini-
cal manifestations in immunocompetent individu-
als are secondary to cellular or humoral immune
responses.
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Herpesviruses can exert direct cytopathic effects
on fibroblasts, keratinocytes, endothelial cells and
inflammatory cells, including polymorphonuclear
leukocytes, lymphocytes, macrophages and possibly
bone cells (42). Epstein—Barr virus and cytomegalo-
virus can also infect and alter the functions of
monocytes, macrophages and lymphocytes in perio-
dontitis lesions (45). Perhaps as result of a herpes-
virus periodontal infection, aggressive periodontitis
lesions contain fewer overall viable cells, more
T-suppressor lymphocytes and more B-lymphocytes
(Epstein—Barr virus effect) than chronic periodontitis
lesions or healthy periodontal sites (168).

A periodontal herpesvirus infection may increase
the pathogenicity of the periodontal microbiota.
Herpesvirus proteins expressed on eukaryotic cell
membranes may act as new bacterial binding sites
(42). Cytomegalovirus can enhance the adherence of
A. actinomycetemcomitans to primary periodontal
pocket epithelial cells and to HeLa cells (201).
Herpesviruses may induce abnormalities in the
adherence, chemotaxis, phagocytic and bactericidal
activities of polymorphonuclear leukocytes (1), which
are cells of key importance for the control of
periodontopathic bacteria (209). Epstein—Barr virus
active infection can also generate anti-neutrophilic
antibodies and neutropenia, and polyclonally
stimulate the proliferation and differentiation of
B-lymphocytes (42). The pathogenic mechanisms of
herpesviruses cooperate in exacerbating disease, and
probably for that reason, a periodontal dual infection
with cytomegalovirus and Epstein—-Barr virus (90), or
with cytomegalovirus and herpes simplex virus (102),
tends to occur in severe types of periodontitis.

The interaction between herpesviruses and bacte-
ria is probably bidirectional, with bacterial enzymes
or other inflammation-inducing factors having the
potential to activate periodontal herpesviruses (179).
Experimental mice infected with murine cytomega-
lovirus-P. gingivalis exhibited a significantly higher
mortality rate than mice infected with murine cyto-
megalovirus—Escherichia coli (193). The potential of
P. gingivalis to suppress the interferon-gamma an-
tiviral host response may partly explain the increase
in cytomegalovirus pathogenicity (193).

Antigens of viruses and bacteria play a causal, or at
least a contributory, role in destructive periodontal
disease. Several studies have shown that T-cell-driven
immune responses are activated in patients with
periodontitis (82). Specific lymphocyte responses are
driven by the nature of the initial antigenic stimuli
and are supported by a complex cascade of events
involving cytokines, chemokines and other inflam-

matory mediators (67). Proinflammatory and
anti-inflammatory balances controlled by different
subsets of lymphocytes are thought to be crucial in
the pathogenesis of periodontitis (67).

Epstein-Barr virus and cytomegalovirus infections
up-regulate the interleukin-1beta and tumor necrosis
factor-alpha gene expression of monocytes and
macrophages (42). Increased levels of proinflamma-
tory cytokines in periodontal sites are associated with
an enhanced risk of periodontal tissue destruction
(134). The herpesvirus-associated proinflammatory
cytokines and chemokines can hamper the anti-
bacterial host defense, stimulate bone-resorbing
osteoclasts, up-regulate matrix metalloproteinase and
down-regulate tissue inhibitors of metalloproteinase,
thereby impeding tissue turnover and repair and
increasing the risk of periodontal tissue breakdown
(120, 134). Also, periodontitis tends to be of greater
severity in carriers of the HLA-DR4 alloantigen (127),
perhaps because cytomegalovirus-specific CD8*
T cells can cross-recognize HLA-DR4 molecules and
potentially induce autoimmune reactions (152).

Linkage between periodontitis and
nondental diseases

Nonoral diseases

Periodontitis has been associated with increased
morbidity and mortality of cardiovascular disease,
stroke, pregnancy complications and other medical
illnesses (11, 123, 149). Cross-sectional, case-control
and cohort studies indicate that periodontitis is
linked with a twofold increased risk of cardiovascular
disease and with up to a sevenfold higher risk of
premature birth (123). Increased periodontal pocket
depth has been linked with an odds ratio as high as
8.5 to transient ischemic attack and mild to moderate
stroke in an Indian population (146). However,
determining the role of periodontal infections in
nonoral diseases is fraught with difficulties, and the
nature and strength of the relationship between
periodontitis and nonoral diseases have been topics
of debate (125, 135, 172).

Atherosclerosis is the major contributory factor in
most cases of coronary heart disease and ischemic
stroke (143). Atherosclerosis may develop as a result
of infection with cytomegalovirus, herpes simplex
virus, Chlamydia pneumoniae, Helicobacter pylori or
periodontopathic bacteria (124). Cytomegalovirus
seropositivity has been linked to cardiovascular
disease, defined as a history of stroke, heart attack

101



Slots

and / or congestive heart failure, even after adjusting
for confounders (169). Cytomegalovirus shows a
particularly close relationship to re-stenosis following
coronary angioplasty (21), to myocardial infarction in
organ transplant recipients (21) and to abdominal
aortic aneurysm (70). Cytomegalovirus and herpes
simplex virus, especially when acting together, have
the potential to promote the inflammatory and
procoagulant environment that underlies the patho-
genesis of atherosclerosis (212). The pro-atherogenic
potential of cytomegalovirus is based upon changes
in the functionalities of smooth muscle cells, mac-
rophages and endothelial cells (188). Cytomegalovi-
rus infection of vascular cells induces cell activation,
which leads to the expression of adhesion proteins,
major histocompatability complex molecules and
cytokine receptors, and to the release of cytokines
and growth factors (187). A cytomegalovirus infection
in murine models induced high levels of proinflam-
matory cytokines as well as inflammation of the
endocardium, epicardium and myocardium (153)
and was a risk factor for increased arterial blood
pressure and a co-factor in aortic atherosclerosis (33).
Herpes simplex virus and periodontopathic bacteria
in aggregate (213) and herpesvirus-8 (46) have also
been associated with vascular disease. Conceivably,
cytomegalovirus and herpes simplex virus may par-
ticipate in the pathogenesis of both periodontitis and
vascular diseases. This raises the question of whether
periodontitis per se plays a causal role in vascular
diseases, or if some cases of periodontitis and vas-
cular disease develop independently of each other as
separate herpesvirus infections.

A link between periodontitis and spontaneous
premature birth has been proposed in several, but
not in all, studies (113). Initial data have also asso-
ciated periodontitis with late miscarriage (60) and
pre-eclampsia (38). Women of low socioeconomic
position, especially African-American women (81),
are at elevated risk of developing periodontitis (17)
and of experiencing premature birth (166). Again,
cytomegalovirus may in some patients be a common
etiology of periodontitis and premature birth. US
children and adults with a low family income and low
level of education, and of nonwhite race/ ethnicity,
are most likely to be infected with cytomegalovirus
and herpes simplex virus (55, 56), and the house-
holder nativity is an important determinant of cyto-
megalovirus transmission among pre-adolescents
(191). Cytomegalovirus can be transmitted transpla-
centally to the fetus, and a proportion of premature
births are caused by a congenital cytomegalovirus
infection (8), which occurs with an overall birth
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prevalence rate of 0.64% (92). Fetal transmission of
cytomegalovirus takes place in 30-60% of women
acquiring a primary cytomegalovirus infection during
pregnancy and in 0.5-2% of women with recurrent
cytomegalovirus infection, in spite of preconception
immunity (129). More children in the USA are af-
fected with a congenital cytomegalovirus infection
(8,000 annually) than with better known childhood
conditions, such as Down syndrome, fetal alcohol
syndrome or spina bifida (154), but relatively few
women know about congenital cytomegalovirus ill-
ness (155). About 11% of live-born infants with
congenital cytomegalovirus infection develop per-
manent disabilities, including hearing loss, vision
loss, motor impairments and mental retardation (92).
Cytomegalovirus infection transmitted via human
milk is mild, self-limiting and without sequelae (26),
but gives rise to a permanent infection with the virus
(126). Means of preventing primary cytomegalovirus
infection before and during pregnancy include fre-
quent handwashing, not sharing drinking glasses or
eating utensils with young children (who are most
likely to have an active cytomegalovirus infection)
and not kissing young children on the mouth (155).
Antiviral drugs and hyperimmune globulin therapy
may be used in pregnant women with a suspected
primary cytomegalovirus infection (36). Of interest, a
vaccine (based upon recombinant cytomegalovirus
glycoprotein B subunit antigen) to prevent cyto-
megalovirus infection in seronegative women of
childbearing age has shown 50% efficacy (139).

Periodontitis has been statistically associated with
several other diseases/ conditions, including rheu-
matoid arthritis (144), which in turn has been linked
to Epstein—Barr virus (112, 205) and cytomegalovirus
(112); with a variety of renal diseases (96), which have
been associated with cytomegalovirus and several
other viruses (214); and with premature death from
neoplasms and from vascular and digestive diseases
(186), which can have a herpesviral etiology (178).
A herpesvirus infection affecting different sites in the
body may, in some patients, be responsible for the
perceived link between periodontitis and these
medical illnesses.

P. gingivalis has frequently been related to nonoral
diseases (167). The P. gingivalis—medical disease link
may, at least in part, be the consequence of a perio-
dontal herpesvirus infection which is capable of
stimulating an overgrowth of periodontal P. gingiva-
lis (180). Also, elevated serum levels of C-reactive
protein are associated with aggressive periodontitis
(136, 194) and with various nonoral diseases (47).
A herpesvirus infection may induce high levels of
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C-reactive protein in both periodontal and medical
diseases (117).

It thus appears that the biological link between
periodontitis and some cases of medical illness may
be a shared herpesvirus infection and herpesvirus-
induced molecular pathways. If so, conventional
periodontal therapy directed at bacteria may not
prevent systemic diseases that involve herpesviruses.
Periodontal treatment of pregnant women in a large
multicenter study caused a significant reduction in
the number of periodontopathic bacteria (131), but
was unable to alter the rate of preterm birth, low birth
weight or fetal growth restriction (114). However, as
periodontitis lesions may constitute a major site of
herpesvirus multiplication and introduction of active
(infectious) herpesviruses into the bloodstream,
periodontal treatment employing both antiviral
agents and antibacterial debridement may be more
effective in preventing systemic dissemination of
pathogenic agents and possibly nonoral illnesses.
Povidone-iodine and sodium hypochlorite solutions
applied subgingivally are potent antiviral and
antimicrobial chemotherapeutics (174). Systemic
valacyclovir can result in long-term suppression of
Epstein-Barr virus and probably also of other her-
pesviruses in subgingival sites (196), and within gin-
gival tissue harboring high viral loads (97). No data are
available on the potential of periodontal treatments
targeting both herpesviruses and bacteria to reduce
the incidence or the severity of systemic diseases.

Oral diseases

In the oral cavity, periodontitis has been associated
with papillomavirus-16-related squamous cell carci-
noma of the tongue (202, 203). Co-infection with
papillomavirus-18 and Epstein—Barr virus has also
been linked to tongue carcinoma (76). As periodon-
titis lesions frequently harbor papillomaviruses (137),
and may even comprise the major oral reservoir of
the virus (80), periodontitis sites in intimate contact
with the tongue may serve as the source of oncogenic
papillomaviruses. A similar hypothesis proposes that
periodontitis lesions supply Epstein—-Barr virus for
the development of hairy leukoplakia of the tongue
(181). Papillomaviruses have also been associated
with the potentially malignant disorders of oral
leukoplakia and oral lichen planus (197). Cytomega-
lovirus may play a role in the development of the
non-neoplastic peripheral giant cell granuloma
around teeth (162). Studies are needed to determine
if the treatment of periodontal viral infections can
decrease the incidence of oral tumors.

Conclusions

A solid understanding of the etiology of periodontitis
is critical for developing clinically relevant classifi-
cation systems and therapies that can ensure long-
lasting disease control. Research during the past
15 years has implied that herpesviruses are involved
in the etiopathogeny of destructive periodontal dis-
ease. It appears that a high periodontal load of active
Epstein—Barr virus or cytomegalovirus is statistically
associated with aggressive periodontitis, and latent
herpesvirus infections are preferentially found in
chronic periodontitis and gingivitis sites. Co-infec-
tion with Epstein—Barr virus and cytomegalovirus
shows a particularly close link with progressive
periodontitis. Also, specific genotypes of herpesvirus
species may exhibit increased periodontopathic
potential. Because of the high copy-counts of Ep-
stein-Barr virus and cytomegalovirus in aggressive
periodontitis, it is unlikely that these pathogenic
viruses are acting merely as innocuous bystanders
present in proportion to the severity of the underly-
ing periodontal pathosis. However, herpesviruses are
probably not stand-alone periodontopathic agents,
but cooperate with specific bacteria in periodontal
tissue breakdown. A co-infection of active herpesvi-
ruses and periodontopathic bacteria may constitute a
major cause of periodontitis and explain a number of
the clinical characteristics of the disease. Conversely,
it is implied that herpesvirus negativity is an indicator
of a favorable periodontal prognosis. Papillomavi-
ruses and other mammalian viruses are also frequent
inhabitants of periodontitis lesions, but their role, if
any, in the pathogenesis of the disease is unknown.

The ability of an active herpesvirus infection to
alter the periodontal immune responses may con-
stitute a crucial pathogenetic feature of periodontitis.
An active herpesvirus infection can exert direct
cytopathogenic effects on key cells of the periodon-
tium, induce the release of proinflammatory cyto-
kines with the potential to activate osteoclasts and
matrix metalloproteinases, impair host defense
mechanisms to create a milieu for the up-growth
of periodontopathic bacteria, or give rise to a
combination of these pathogenetic events. Repeated
and long-standing activation of periodontal herpes-
viruses, as occurring in immunologically naive and in
immunosuppressed individuals, may increase the
frequency and severity of clinical exacerbation of
periodontal disease.

The current paradigm of the pathogenesis of
periodontitis needs to be revisited based upon the
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concept of a herpesviral-bacterial co-infection.
Periodontitis may develop stepwise in a series of
simultaneous or sequential infectious disease events,
including (i) a high herpesvirus load (gingivitis level)
in periodontal sites, (ii) activation of periodontal
herpesviruses, (iii) an insufficient antiviral cytotoxic
T-lymphocyte response, (iv) the presence of specific
periodontal pathogenic bacteria, and (v) an inade-
quate antibacterial antibody response. In most
individuals, these five suggested pathogenic deter-
minants of periodontitis may collaborate in a
detrimental constellation relatively infrequently and
mainly during periods of suppressed cellular immu-
nity. Herpesviruses play a major role as activators of
the disease process in this model of periodontitis.
Indeed, herpesviruses may be a key missing piece of
the periodontopathogenetic jigsaw puzzle that would
explain the transition from gingivitis to periodontitis
or from stable to progressive periodontitis. Herpes-
virus infections of both periodontal and nonoral sites
may also be responsible for some of the relationships
observed between periodontitis and various medical
diseases.

Ongoing research on herpesvirus infections of the
periodontium may produce significant progress in
the prevention and treatment of periodontitis. Viral
studies may lead to clarification of the clinical and
biological features of periodontitis, and to new
strategies for managing the disease. Detection or
quantification of periodontal herpesviruses may
prove to have prognostic significance. Assessment of
the re-activation status of a periodontal herpesvirus
infection may help to guide the treatment of patients
with severe periodontitis. Development of anti-her-
pesvirus vaccines in the not-too-distant future offers
real hope for low-cost prevention of periodontitis in
large groups of individuals. The existing information
justifies adding human periodontitis to the list of
diseases that has Epstein-Barr virus, cytomegalovirus
and perhaps other human viruses as likely contribu-
tory causes.
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