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ABSTRACT Herpesviruses, including Epstein-Barr virus and cytomegalovirus, occur

at high copy counts in aggressive periodontitis, and may interact synergistically with

periodontopathic bacteria in the etiology of the disease. Herpesvirus active periodontal

infections may impair local host defenses and thus increase the aggressiveness of

resident perindontopathic bacteria. The bacteria, in turn, may augment the virulence

of the herpesviruses. The abundance of herpesviruses in periodontitis redefines the

pathogenic paradigm of the disease and may have significant clinical implications.
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arindomtitis iz a .:t:-rnp]e:-c
infectious disease thar is as-
sociated with specific bacterial
apecies," Healthy gingival sites
are predominated by faculta-
tive gram-positive bacteria, whereas
periodontitis lesions mainky harbor
anagrohic and proteolytic gram-negative
species.” Microbiological culbure and
culture-independant molecular studies
have identified more than 1,200 bacterial
spedies and 19,000 phylotypes in the oral
cavity, and at least 400 bacterial spe-
cies in subgingival sites, but despite the
long list of different bacteria in perio-
dentitis, less than 2o species are desig-
nated major pericdontal pathopens
It is hecoming increasingly clear that
major clinical characteristics of perio-
dontitis are difficult to explain salely on
the basis of a bacterial infection.” It
remains an enigma why most patients
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show periodontitis in relatively few teeth
despite an omnipresence of periodon-
topathic bacteria in saliva, Also, many
periodontitis lesions are self-limiting
with short-duration morbidity despite
a persistent presence of periodonto-
pathic bacteria in the periodontal packet
Moreover, as clearly evidenced in local-
fepd aporessive (juveniled periodontitis,
periodontal tissue destruction tends to
cccur in a bilateral symmetrical pattern
around the midline of the mouth, and
muay almost reach the apex in one tooth
while barely affecting a neighboring tooth
sharing the eame interproximal space.
The conventional explanation is that
periodontitis-prone teeth exhibit anato-
mies predisposing to enhanced plague
accumulation, but studies have failed
to identify a close relationship between
supragingival plaque amount and destruc-
tive pericdontal disease.” Case in point is
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the lingual surface of mandibular molars,
which frequently shows massive biohlm
build-up but little or no attachment
loss, and localized aggressive (juvenils)
periodontitis that reveals little plague
formation at sites with rapidly advanc
ing disease. As periodeontal pockets of all
morphologic types amass high micro-
bial densities, the mere anatomy of the
subgingival area is alsc unlikely tobe a
key determinant of periodontitis disease
severlty. Because of the many puzeling
clinical features of perindontilis, and
as mostly indirect evidence exists for a
bacterial etialogy of the disease, it is our
eonitention that a purs bacterial cause of
petiodontitis haz been overemphasized.
A Swedish epideminlogic study of 30
years duration may provide indirect evi-
dence for that argument.® The study found
the percentage of periodontally healthy
individuals increased from 8 percent to
44 percent with a parallel decrease in the
proportions of subjects with gingivitis
and moderate periodontitis, but the
prevalence of advanced periodontitis pa-
Hents remnained unchanged at 6-8 percent
during the ga-yvear study period.” Appar-
ently, several cazes of advanced periodon-
Htis have an eticlogy that s unresponsive
to conventional mechanical therapy,
Becent studies showing the presence
of herpesviruses in severe periodontitis
sites may provide new important insights
into the cauzation of the dizease Indi-
vidual periodontitiz lesions can harbor
millions of genomic copiss of herpesvi-
ruses as well as papillomaviruzes, human
irnmmunaedeficiency virus (HIV), human
T-lymphotropic wirus type 1, borquetons:
wirug, and hepatitis B and C viruses ™ Vi-
ruses reside in high levels within gingival
tizsue. Saliva can contain several addi-
tiorial viruses of medical importance, but
their relationship to periodontitis has still
to be determined.® Mew gene sequencing
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technelogies will undoubtedly expand the
list of viruses in the pericdontal virome
Taleen together, periodontitis sites can
harbor viral copy counts that approach
the total bacterial count, The abundance
and the variety of pathogenic viruses in
periodontitis lesions suggest that viruses
are not meraly an epiphenomenon of
gingival inflammation but are caus-

ally relatad to diseasze developinent.

The present article discusses the
relationship between herpesviruses and
periodontitis, and proposes that a co-
infection of active herpesvirizes and
perindontopathic bacteria constitutes
a major cause of pericdontits, Herpes
simiplex virus type 1, Epstein-Barr virus,
and cytomegalovivus are the most stud-
ied herpesviruges in periodontology, and
they are the main focus of this review,

The concept of a herpesviral-bacterial
combined eticlogy of pericdontitis may
explain a nwmber of the clinical charac-
teristics of the disease and provide new
tools for the management of the disease.

Herpesvirus Characteristics

The hiclogical characteristics of the
herpesvirus family and of ather oral wi-
ruses wers outlined in a racent review and
will hers only be summarized briefiy,”
Herpesvirus virions vary in size from 120
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to 250 nim and consist of a double-strand-
ed linzar DMA molecule surrounded by an
icosahedral capsid, a proteinaceous tegu-
ment, and a host-derived Lipid-containing
envelope with embedded viral glycopro-
teing. Eight herpesvirus species with dis-
tinct biological and clinical characteristics
infect humans; herpes simplex virus type
1 and z, varicella-zoster virus, Epstein-
Bare virus, eytemegaloviros, and human
herpesvirus &, 7 and 8. Herpesviruses as-
tablish a lifelong mmfection and occurina
latent and in an active stage. Herpesviral
persistance a5 2 latent infection requires
subversion or evasion of the host's innate
and adaptive immune systems, and of the
intrinsic antiviral defense that operates
at the intracellular level. Reactivation
from latency may happen spontaneously
or be triggered by a concurrent infection,
fever, drugs, tissue trauma, emotional
streas, exposure to ultravialer light, or
other factors that impair the host im-
mune defense, Herpesvirus reactivation
in turn induces additional immunosup-
pression, possibly leading to bacterial
or viral superinfections, which may not
be resalved until the herpesvirus active
infection iz subdued by the immune
system o1 by pharmacotherapeutics.
[lerpesvirus infections show a distinct
tendency to cellular and tissue tropism.
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Herpesviruses target varicus cells of the
immune systern and subvert host immune
functions to their own advantage. Herpes
simplex virus type 1 is usually associated
with primary infections of the orofacial
area and with latent infection of the
trigeminal and spinal ganglia. Epstein-Barr
virus infects B-lymphocyres, where it es-
tablishes latency. Cytomegaloviras infects
several coll types and establishes latency in
macrophage-granulocyte progenitar cells
and in peripheral blood mononuciear cells.
Herpesvirus infections induce strong
antiviral innate and adaptive immune
responges, which, although incapable of
eradicating the infection, are generzlly
effective in controlling viral replication
and preventing diniral diseage % The
cellular immune response plays a key
rofe dn controlling herpesvirus infections
by means of major histocompatibility
complex class I-restricted cytotoxic
CDE+ T-lymphocytes that recopnize viral
peptides on the surface of infected cells.
Individuals having an Epetein-Barr virus-
cytomegalovirus dual infection tend to
show markedly stronger T-lymphocyte
responses ahd more severe disease than
subjects who are monoinfected by eithar
of the viruses. To evade antiviral im-
mune responses herpesviruses encaode
genes that interfere with the activation
of major historompatibility complex-
restricted T-lvmphocytes and of natu-
ral killer cells, modify the funcrion of
cytokines and their receptors, mteract
with complement factors, modulags
signal transduction and transcription
factor activities, suppress apoptosis, and
alter various other cellular functicnal-

itiea. Herpegviruses may participats in
disease development by manipulating
the regulation of these cellular processes.
Maost individuals become infected with
herpes-.-iruxm ©A T]}r in life, and Ao-100
percent of adults are carriers of herpes
simplex virus type 1, Epstein-Barr virus,
and cytomegalovirus. Herpeavirus infec-
tions are a major cause of morbidity in pa-
tients with deficits in innate and adaptive
imrmunity, and may also cause clinical dis-
easze in immunocompetent persons. The
clinical outcorne of herpesvirus infactions
ranges from subclinical or mild dis=aze to
encephalitis, pneumonia, and even to can-
cet, including lymphoma, sarcoma, and
carcinorna. ® Herpes simplex virus type 1
produces herpetic gingivostomatitis and
cold sores, and herpes simplex virus type
2 causes genital ulcerous diseaze and oc-
casionally oral disease. The Epstein-Barr
virus is the causative agent of infectious
mononucleosis and oral hairy leukopla-
kia, and is implicated in the eticlogy of
nasopharyngeal cardnoma and various
Iymphomas. Cytomegalovirus infection is
of major dinical significance in pregnant
women, newbaorn infants with congenital
infection, immunosuppressed tranzplant
patients, and HIV-infected individuals.

Herpesviruses in Periodontal Disease

The ocourrence of herpegviruses in
various types of pericdontal dizsease has
been studied by qualitarive and quantita-
tive polymerase chain reaction identifica-
tion technigues. TasLE 1 shows a signifi-
cantly higher occurrence of herpesviruses
in biopsies from pericdontitis lesions

than from healthy periodontal sites.
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TaBLE 2 summarizes findings from
more than 20 studies worldwide on
the prevalence of herpes cimplex virus,
Epstein-Barr virus, and cytomegalovirus
in subgingival sites. Aggressive periodon-
titis lesioms tend to show herpesviruzes in
a reactivated state, and individual lesions
may yield subgingival copy counts as high
as B.3x10%'ml for Epatein-Barr virus and
Abxa0iml tor cytomegalovirus, and the
gingival tissue of periodontitis lesions
may house even higher viral loads =+
A recent study associated the Epstein-
Barr virus and cytomegalovirus with
peri-implantitis.® In contrast, infected
healthy periodontal sites and gingivitis
lesions typically harbor herpesviruses
in 2 nontrancseriptional phase and in
copy counts of only 1,000 toao,000/
ml.* Other viruses of the herpesvirus
family and various nonherpesviruses
cancalso inhabil advanced perisdonti-
tiz lesions. = The remarkably high copy
counts of pathogenic viruses in ag-
gressive periodontitis lesions makes it
unlikely that these infectiows agente are
acting merely as harmless bystanders
present in proportion to the severity of
the uﬂﬂ:—z:’]}-ing Pc—:r'rmi:mta] pal'hr.‘_;lsis.

Herpesvirus Periodontopathic
Potential

It iz assumned that periodontitis
debuts in genetically or environmentally
predisposed individuals who are infectad
with wirulent infections agents and reveal
persistent gingival inflamimation and
distinct immune responses.™* Fitting
that concept, herpesyiruses are implicated
in the development of periodentitis, The
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pathogenicity of herpesviruses is executed
through direct virus infection and replica-
tion, and wia a virally induced alteration
of the host immune defense. The early
phases of periodentitis in immunologi-
cally naive hosts may predominantly
involve cytopathogenic events, whereas
most clinical manifestations in immuno-
cotnpetent individuals are secondary to
cellular or humoral immune responses.
A periodontal herpesvirus infection
may induece a significant portion of the
immune reactions in periodontitis. =

The Epstein-Barr virus and cytomega
lowirus can infect and alter functions of
periodontal monocytes, macrophages
and lymphocytes, and may exert direct
cytopathic effects on periodontal fibro-
blasts, keratinocytes, endothelial cells,
bone cells, and polymorphonuclear
leukocytes, A periodontal herpesvirus
infection may increase the pathogenicity
of the pericdental microbiota by express-
ing herpesvirus proteine on eukaryotic
cell membranes that may serve as new
bacterial binding sites, or by inducing ab-
normalities in the adherence, chemotazis,
phagocytic and oxidative, secretory, and
bactericidal activities of polymorphonu-
clear leukacytes. " However, the mterac
tion between herpesviruzes and bacteria
iz most likely bidirectional, with bacterial
enzymes or other inflarmmation-inducing
factors having the potential Lo activats
perindontal herpesviruses.* Experimental
rice infected with murine cyromegalo-
virus-Porphyromenas gingivalis exhibited
asignificantly higher mortality rate than
mice infected with murine cytomega-
londrus-Eacherichia coli.  The potential
of B ginglvalis 1o suppress interferon-
gamma antiviral host response, probably
by means of proteclytic enzymes, may
parthy explain the observed increase
in cytomegalovirus pathogenicity.™

A statistical relationship has been
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found between various herpesviral-hac-
terial consortia and periodontal disease
severity, indicating a periodontopatho-
genetic synergy between the infectious
agents, Mumerous studies of medical
diseases and experimental infections
hawve revealed that a viral-bacterial co-
mfection produces more severe illness
than a single infection by either of the two
types af infertious agents.” Periodontal
herpes simplex virus type 1, the Epstein-
Barr virus, and cytomegalovirus have
been linked to an elevated ocourrence

PERHAPS PERIODONTITIS
can teleologically be viewed
as the biological price
paid by the host to
control periodontal
herpesviruses and avoid
viral dissemination and
serious systemic diseases.

of the putative periodontal pathogens
B pingivalis, Tennerella forsythia, Dialis
ter preumosintes, Prevotella intermedia,
Frevotella nigrescens, Treponema denricols,
Campylobacter rectus and Aggregaribaceer
(Actinobacillus} actinomypcetemeomitans. ™
'The Epstein-Barr virus and cytomesgalo-
virus seem to be most closely associatad
with B gingivaliz and T. forsythia, two
bacterial species with high pericdonto-
pathic potential, and the linkage between
cytomegalovirus and P gingivalis ap-
pears to be particularly strong #2444
Herpesvirus infections induce an
expression of pro-inflammatery orte-
kines and chemokines as part of the host
defense against the viral infection * The
Epstein-Barr virus and cytomegalovirus
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infections can up-regulate interleukin-
1f and tumor nacrosis factor-o gene
expreszion of monocytes and masro-
phages. In turn, interleukin-1f and
tumor necrosis factor-o may upregulare
matrix metalloproteinzse, downregu-
late tissue inhibitors of metallopro-
teinasge, and astivate osteoclasts.™
Increased levels of pro-inflammatory
cytokines in periodontal sites have
heen associared with an enhanced risk
ol periodontal tissue destruction =

Even though pro-inflammatory
cytokines have the potential to initiate
collagen degradation and alveolar bone
resorption, the periodontal cvtokine
response may actually be beneficial
overall by preventing the activation and
widespreard dissemination of virulent
viruzes. Perhaps periodontitis can teleo-
logically be wiewed as the biological price
paid by the host to control pericdontal
herpesviruses and avoid viral dissemina-
tion and serious systernic diseazes.

Herpesvirus-Bacterium-Host Response
Model of Periodontitis

ricure 1 depicts 2 model for the de-
velopment of periodontitis, which as its
core, has a sequential infectious process
that procecds from bacteria to herpesvirus
to bacteriz.® In the herpesviral-bacterial
model of periodontitis, herpesvirus-
related cytopathogenic effects, immune
evasinm, il!'l':IT":IlJTH]E’).i-]H‘IHgE—"IIil"i['}l'_, Fa!:-'nt}r,
reactivation from latency, and tissue/sile
tropism comprise important aspects of
periodontal pathosis. Initially, bacteria in
the dental biofilm induce gingivitis, which
permits latent herpeaviruses embedded
in macrophages, T-lymphocyres and B-
Iymphoecytes to enter the periodontium =
Cytomegalovirus can replicate in gingival
tissue, which may help to sustain the
pericdontal infection. Reactivation of the
latent herpesviruses may occur spontane-
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FIGURE 1. Herpesvirus model of periodonlits.”

ously o duting periods of decreased host also suspacted risk factors/indicators for Therapeutic Concepts

| defense, resulting from drug-induced periodontitis * As described above, the Pericdontal scaling and root planing,
INMUnOSUPPression, concurrent in- pro-inflammatory cytokines released dur-  or other means of instrumental removal
fecton, unusual and prolonged emo- ing the herpesvirus infection can poren- of dental binfilme, ran lower herpesvirus
tional stress, hormonal changes, physical  tially activate matrix metalloproteinases counts in the periedontal pocket and in sali-
trauma, etc, Perhaps not coincidentally, and osteoclasts and impair the immuns va. Topical antlazptics that are active against
tnost herpeavirus activating factors are defense against periodontopathic bacteria,  hoth herpesviruses and bacteria {eg.,
FUME 011 39?
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sodium hypochlorits and povidene-iodine)
can further reduce the perdodontal load of
pathogenic agents. ™ * Selactive patients
may alzo beneft from systemic treatment
with antiviral and antibacterial medica-
tons. Sunde et al. described a refractory
periodontitis patient with high Epstsin-Barr
virts copy counts who was treated with
the anti-herpesvirus drug valacyclovir-HC
{Valtrex, soo mg twice a day for 10 days)”
The treatment suppressed the Epstein-Barr
wirus to an undetectable level for at least
one year and resulted in a “dramatic” clinical
improvement. ¥ Az periodontal herpasvi-
Tuses may trigger overgrowth of bacterial
pathogens, a systemnic antiviral therapy
should prebably precede an antibiotic ther
apy against the periodontopathic bacteria,
Effective anti-infective periodontal
therapy includes professional administra-
tion of well-tolerated antimicrobial agents,
each exhibiting high activity against
periodontal pathopens, and delivered in
ways that simultanemsly affect pathogens
residing in different ecological niches of the
oral cavity** It is recommended (o empluoy
oral rinsing with dilute sodiuem hypechlo-
rite (hleach) or chlorhexidine for peneral
disinfection, povidone-iodine or dilute
sodium hypochlorits for subgingival irriga-
tion, 2nd systemic antibiotics for infectious
agents that reside within periodental tissue
and in difficult-to-reach subgingival and ex-
tradental sites. The follow-up maintenance
program should have a strong and-infacrive
emphasis.* [t is recommended that patient
self-care includes subgingival irripation
with dilute sodium hypochlorite and oral
rinsing with dilute sedium hypochlorite or
chlorhexidine two to three times per week,

Summary and Perspectives
Periodontal research has long been a
gignificant strength of the University of
Southern California School of Dentistry,
and periodontal viral infaction is an arsa
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of particular expeartise, The etiopathogeny
of perindonritis inchides virulence factors
of harpesviruses and bacteria, host im-
Mmune responses againet viral and bacle-
rial infections, and manipulation of host
cell processes by the infectious agenta,

Herpesviruses may induce periodonti-
tis by activating tissue-destroying
pathways of the immune system and by
pradisposing an individual o bacterial
carriage and increased bacterial load.
Conventional periodontal treatment can
cause a multiple-fold reduction in copy
counts of pericdontal and salivary
herpesvirus species, and treatment with
the anti-herpesvirus drog valacycovir
may decrease the perlodontal copy count
of the Epstein-Barr virus ro virtually
undetectable level and give rize to 2
marked fraprovement in the periodontal
conditions. As anti-herpesvirus immunity
may be an important determinant of 2
stable periodontium, a future availability
of herpesvirus vaccines makes the topic of
periodontopathic herpesviruses particu-
larly interesting. Contral of herpesviruses
by vaccination has the potential to reduce
the need for the traditional periodontal
therapies of surgery and antibiotics, The
concept of herpesviral-bacterial co-infec-
tion in periedentits may unlock many of
the intricacies of the disease, and
conatitutes an important theme for
further research. mmmm
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locates buyers throughou!  Californic,. Nevado  and
Arizona,  Western  Proctice  Sales not only  offers
perscnalized service, superor credentfials, comkbined
resources. oata bose and  networking  but also
experencs, expertize ond nafionwide exposure thot is
unsurpassed in the industry today.

Testimonials

“The fact that you are a dentist adds a whole new
dimension to your abilities as a broker, one which
most other brokers cannot come close to”

"Your personal dedication to making everything
happen was a unique touch”

"You gave me guidance that only a dentist would
think of"

"Your experience & knowledge coupled with your
kind personal touch | believe makes you the best in
the industry!”

800.641.4179

wps@succeed.net
adstransitions.com
westernpracticesales.com
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