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The prevalence of gingivitis in children can be similar to or greater than dental caries, but has received much
less attention in understanding the long-term impact on overall health. Oral health providers must take into
consideration that the clinical presentation of the gingivitis progression/severity in the primary dentition is
only evident when the magnitude of the inflammatory cell infiltrate approximates the gingival surface reflected
by inflamed tissues. Moreover, despite its relatively benign clinical appearance, the establishment of chronic
inflammation of the periodontal tissues in childhood may have the potential for local tissue destruction
leading to periodontitis, and/or create an “at-risk” environment in the tissues that could adversely affect the
health of these tissues across the lifespan. The present manuscript presents some fundamental information
regarding the characteristics of chronic inflammation in gingival tissues of children and adolescents and
speculates about the lifetime impact of gingival and periodontal infections in childhood on future oral and

systemic health in the adult.
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INTRODUCTION

he AAPD states that “The scope of pediatric dentistry

includes an age-defined specialty that provides both primary

and comprehensive preventive and therapeutic oral health
care for infants, and children through adolescence”.! Nevertheless,
while a substantial amount of attention has been placed on the
features of early childhood caries, relatively less attention has been
placed on gingival inflammation (ie. gingivitis) elicited by a very
different group of bacteria, which is also an early—life oral infection.
This disease may be equally or more prevalent than caries and has
the potential of affecting thousands of children and young adoles-
cents.>* As importantly, this early infection may facilitate a gingival
environment that can presage the establishment of periodontitis,
which is the primary reason of tooth loss in adulthood.>® The purpose
of the present review is to emphasize that gingival inflammation is
a clinical manifestation of the most common infectious disease in
children and that if neglected, could contribute to long-term detri-
mental oral and systemic health outcomes.
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Prevalence of caries and gingival/periodontal
diseases in children and adolescents
The Centers for Disease Control and Prevention state that
“Although dental caries is largely preventable, it remains the most
common chronic disease of children aged 6 to 11 years (25%), and
adolescents aged 12 to 19 years (59%).” Accordingly, the American
Academy of Pediatrics states that “Dental caries has been reported
by the Centers for Disease Control and Prevention to be perhaps the
most prevalent infectious disease of our nation’s children” and the
American Academy of Pediatric Dentistry (AAPD) indicates that
dental caries and its sequelae are among the most prevalent health
problems facing infants, children, and adolescents in America.®®
The AAPD also states that “Gingivitis is nearly universal in
children and adolescents, it usually responds to thorough removal
of bacterial deposits and improved oral hygiene and that self-ad-
ministered plaque control programs without periodic professional
reinforcement are inconsistent in providing long-term inhibition of
gingivitis”.? Thus, it has been clearly demonstrated that plaque-in-
duced gingivitis is prevalent at all ages of the dentate population,'’-'?
and that it is the most common and prevalent disease form of the
periodontium among children and adolescents. Moreover, the
severity and prevalence of gingivitis will progressively intensify
from the primary through the permanent dentition;'*! the incidence
and severity of gingivitis increase from childhood to adolescence,
reaching a peak prevalence of 80% at 11— 13 years of age.* There-
after, the severity of gingivitis declines, albeit chronic periodontitis
defined by periodontal tissue attachment loss and alveolar bone
resorption increases in prevalence and severity with age.!’

Clinical features of gingivitis in children and
adolescents

The development of pathological outcomes that can be expressed as
the incidence and severity of clinical manifestations of gingivitis and
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Figure 1. Diagrammatic representation of the potential risk modifiers involved in the transition from childhood gingivitis to periodontitis.

periodontitis, reflect host-bacterial interactions in the periodontium.
These clinical phenotypes are based upon a variety of biological
changes in the gingival and periodontal structures, the character of
formation/organization/maturation of supra- and subgingival dental
biofilms, and the development and impact of the immune system
over the lifespan.'$-?

The reasons for the diminished attention to gingivitis in the
primary dentition, when compared to the emphasis placed on dental
caries, may include that in children the clinical image of carious
lesions is much more dramatic than the one for gingival inflamma-
tion. Additionally, once an open carious lesion has been established
it cannot be reversed, while immediate clinical features of gingivitis
are generally easily reversed with appropriate oral hygiene. In most
cases, the clinical evidence of gingival inflammation and periodon-
titis in children may vary and the response judged benign; however,
the innocent appearance of gingivitis in children should not be
underestimated. The initial stages of gingivitis in the primary denti-
tion are not clinically detectable, since the inflammatory infiltrate
is masked by the overlying gingival tissues. When the extent of the
inflammatory cell infiltrate increases in magnitude and subsequently
approximates the gingival tissue surface, the clinical redness and
edema then correlates positively with the presence of the inflamma-
tory infiltrate within the tissues, reaching a zenith at puberty.'® 162124

Oral health providers must also be aware that there is an age depen-
dent inflammatory reaction of the gingival tissues that has been related
to changes in the qualitative and quantitative bacterial composition of
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the dental biofilms, the maturation of immune responses, hormonal
changes, morphological differences in the periodontium, and tooth
eruption and shedding.'” Subsequent changes in microbial plaque
composition and load, and food debris accumulation resulting
from carious lesions may further boost deterioration of the gingival
conditions and contribute to the development of further destructive
processes in the periodontium (Figure 1).

Biology of Gingivitis and Periodontitis in Children
and Adolescents

With the evolution of the Human Microbiome Project (HMP) in
concert with the completed Human Genome Project (HGP), we
must now look differently at the interaction between the microbes
and host interactions needed to maintain health, or are deregulated
resulting in disease.’**” The HGP provided a map of the human
genome, completed in 2003, but followed over the last decade with
increasingly sophisticated studies of “functional genomics” to help
identify how expression of an individual’s genome sequence was
critical to the variations in health and disease across the population.?
Evidence from the HMP has provided some interesting new findings
and concepts regarding the role of the human microbiome in health
and disease. In some way this is based on the estimate that for every
human cell in our body, there are 10 bacterial cells that colonize
the body and must contribute towards health and disease in ways
not previously considered. Within the HMP, multiple oral sites were
sampled and the oral microbiome is being catalogued.*° While
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this catalogue has yet to be used very effectively as a roadmap for
improving oral health, striking conclusions have arisen from studies
of the gut microbiome.’'33 A rapidly expanding literature in this area
has demonstrated dramatic effects on developmental characteristics
of general host immune and inflammatory responses. Some elab-
oration of these approaches related to oral health in children and
adolescents is provided in the following section.

Host Responses

The immune responses can be divided into innate (non-specific)
and adaptive (specific) responses: the innate responses are the first
line of defense and present the advantage of an immediate reaction
against an infectious challenge involving inflammatory reactions,
and the adaptive responses are generally more specific for infectious
agents or other antigens, and therefore more effective.** However,
this system lacks memory and specificity, and may result in collat-
eral host tissue damage. In periodontal diseases, the innate response
system can be described as: (i) the intact gingival sulcular and
junctional epithelium act as a barrier against bacterial products; (ii)
saliva and gingival crevicular fluid provides a continuous flushing
of the oral mucosal surfaces and deliver antimicrobial biomolecules;
(iii) the normal commensal microbiota of the mouth inhibit coloni-
zation/growth/emergence of pathogenic microorganisms in the oral
ecology; and (iv) phagocytic cells migrate into the gingival tissues
from the vasculature, including polymorphonuclear leukocytes
(neutrophils), monocyte/macrophages, and natural killer cells that
are capable of directly destroying infectious agents.*

Inflammatory processes that initiate gingivitis are an early step
required to initiate broader immune responses and share many
cellular and molecular factors with the innate immune system.3¢
Although inflammation and innate immunity are considered non-spe-
cific forms of the host response to microbial challenges, they manifest
as organized responses that are coordinated through a wide range of
cellular receptors like Toll-like receptors (TLR), soluble molecules
(e.g. CD14) and various microbial ligands, pathogen-associated
molecular patterns (PAMPs), microbial associated molecular patterns
(MAMPs) and danger-associated molecular patterns (DAMPs).3"38
The interactions between infectious agents and these host proteins
stimulate production and secretion of inflammatory mediators.*’
Generally, the literature suggests that these responses have less inten-
sity to Gram-positive bacteria compared to Gram-negative bacteria
using in vitro assays, albeit, host cells have receptors for molecules
from both morphotypes of bacteria.** Gingivitis is characterized by
a primary vascular response to non-specific bacterial accumulation
leading to increased vascular permeability, leakage of plasma into the
tissues, and an inflammatory cell infiltrate. Yet, some studies have
documented the presence of specific antibodies to putative periodon-
topathogens, ie. P. gingivalis, Aggregatibacter actinomycetemcomi-
tans in patients with gingivitis,* different levels of IgM antibody have
been found in children with gingivitis when compared to adults, and
IgG levels in children have been found to be helpful to distinguish
between sites with and without gingivitis in children whereas IgG
levels were detected unrelated to gingivitis in adults.*!

When the innate and inflammatory responses are insufficient
to eliminate the noxious challenge of the infectious agent, adap-
tive responses that consist a specific second line of defense are
activated. While innate and adaptive response mechanisms share
similarities in cells and signaling molecules, adaptive responses
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are specifically related to specialized functions of lymphocytes,
including T and B lymphocytes. Generally healthy gingival tissue
have few mononuclear cells present, albeit, the presence of bacteria
juxtaposed to the epithelial tissues does elicit subclinical histolog-
ical inflammation with some neutrophils detected. Accumulation
of bacteria at the gingival margin elicits increased clinical inflam-
mation, e. gingivitis, accompanied by increases in the tissue and
crevicular neutrophils numbers and increases in T cell numbers.?
Generally these T cells show a distribution of CD4/CDS ratios
similar to blood and are suggested to represent a more regulatory T
cell phenotype attempting to reestablish homeostasis in the tissues.*
However, long standing gingivitis is reflected by increasing numbers
and types of T cells, as well as an influx of some B cells into the
inflamed tissues, seemingly preparing the environment for an adap-
tive immune response; as such, the mononuclear cell composition of
periodontitis lesions has been described as enriched for plasma cells
and B cells, with the proportion of B cells greater than T cells in
established lesions.?? The literature remains somewhat controversial
regarding relative levels and functions of T helper cells versus T
cytotoxic cells in the lesions,** It also has been emphasized that
lesions from aggressive and chronic periodontitis present similar
cell compositions and generally similar molecular signatures.*

Aggressive periodontitis (AgP) is a special form of periodontitis
observed in children and adolescents.*** The prevalence of AgP in
these populations has been described to be from 0.5 to 2% depen-
dent upon the target population; with higher incidence in popula-
tions with African heritage.* It is mostly characterized by onset
at an early age (at the early primary dentition or circumpubertal),
rapid bone destruction, and a history of familial involvement.*”-** A
recent study investigating pathogenesis of localized aggressive peri-
odontitis detected an increased inflammatory ‘hyper-responsive trait
upon stimulation of innate immune receptors with lipopolysaccha-
ride of E. coli and P. gingivalis in aggressive periodontitis patients,
when compared to healthy siblings and unrelated healthy controls.*
A continuation of this study reported the presence of systemic
hyper-inflammatory responses in patients with localized aggressive
periodontitis.’! Thus, it was suggested that in this subset of peri-
odontitis susceptible patients a localized inflammation can initiate
a local destruction and result in production of systemic immune
activating agents. This leads to perpetuation of inflammatory cycle
where excessive and rapid local tissue destruction is observed.*

The level of molecular data on the inflammatory response
in gingivitis tissues/fluids is still somewhat sparse and primarily
limited to naturally occurring or experimental gingivitis in adults.
Furthermore, little data is available regarding the changes in gene
expression and biomolecule production that accompanies this
inflammation in the general adolescent or children population.
Thus, a substantial gap in our knowledge remains regarding these
responses and how they interact with the biofilm accretion in
younger individuals.

Lifespan Impact of Chronic Oral Infections of
Children and Adolescents

The underlying rationale for clinical management of periodontal
diseases is to physically and/or chemically interfere with the micro-
bial accumulation that triggers the inflammatory responses in the
gingival tissues.?>** While not absolute, it is generally accepted that
reversible gingivitis precedes periodontitis, and lacking intervention
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to limit bacterial accumulation and biofilm maturation the gingival
lesion can progress to involve deeper parts of the periodontium
resulting in loss of soft tissue and hard tissue functions.?>* There-
fore, a primary approach to preventing the development of peri-
odontitis is to control gingivitis. >

Due to the age-dependent reaction of the gingival tissues to
oral bacteria, infants and small children tend to exhibit attenuated
clinical signs of gingival inflammation even in the presence of a
substantive microbial burden.’' 255! Thus, an increased suscep-
tibility to subsequent gingival and periodontal diseases should be
suspected when a child presents severe gingival inflammation, espe-
cially if the severity of the gingival inflammation does not appear to
be proportional to dental plaque accumulation. While this increased
risk for future disease may reflect some enhanced pathogenic prop-
erties of the existing oral microbiota, the clinical observations could
also indicate a genetic predisposition to deregulated inflammatory
responses, or even immune system abnormalities related to systemic
diseases, such as malnutrition, diabetes or more serious diseases
such as leukemia or HIV infection.

As importantly, the available literature does not strongly support
that periodontal pathogens that contribute to the etiology of peri-
odontitis in adults are acquired later in life (eg. after 35 years of
age), when the disease is manifest. In fact, similar to the literature on
Streptococcus mutans and dental caries, it appears that these poten-
tial pathogens are acquired early in life and establish themselves at
low levels in the oral microbiome of the child/adolescent. Once the
individual’s autochthonous oral microbial ecology is established, it
appears quite difficult for extrinsic bacteria to acquire a foothold
for permanent colonization. What appears to occur is that changes
in the oral environment contribute to selecting for the emergence of
various taxa, genera, and species that can trigger a disease process.
Thus, there remains a substantial gap in our understanding at the
molecular level of the existence of potential pathogens in the oral
ecology of children with detectable specific immune responses,
clinical presentation of gingival inflammation, and a general lack of
progression to irreversible destructive disease in younger individ-
uals. However, based upon current epidemiologic evidence it could
be expected that 60-70% of these children will develop periodontitis
later in life, presumably related to acquisition of a “risk microbial
ecology” at an early age. Consequently, the concept that gingivitis
in children and adolescents is an aesthetic issue that can easily be
controlled by professional mechanical therapy may be underes-
timating the longer-term implication in individuals with frequent,
severe, and/or chronic episodes of gingivitis.

It is clear in adults that breakdown of the integrity of the peri-
odontal tissues enhances the distribution of oral microorganisms
into the systemic circulation, potentially transmitting oral bacteria to
distant tissues (Porphyromonas gingivalis in atheroma, Fusobacte-
rium nucleatum in placenta, oral bacteria in arthritic joints). Recent
data from adults that link obesity with periodontitis and systemic
diseases could be extrapolated to the increasing burden of obesity in
children and adolescents and the capacity of this increased adipose
tissue to create a systemic inflammatory environment.’> > Thus,
it might be expected that in obese, and even overweight, children
and adolescents, these altered systemic response parameters may
be reflected in the gingival tissues early in life and “seed” a long-
term enhanced risk for destruction of the periodontal tissues. Thus,
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initiating the translocation of oral bacteria to a systemic challenge at
a younger age could have long-term consequences.* Consequently,
these chronic oral infections in children coupled with obesity and
altered systemic health could have a substantial cumulative effect
on cardiovascular disease, onset of diabetes, and other disease risks
of chronic inflammation.

CONCLUSION

This review suggests that a more robust multidisciplinary approach
is required to evaluate the short and long-term impact of gingival
inflammation in children and adolescents. A clearer understanding
of individual responses to standard prevention and treatment
approaches needs to be developed. Moreover, investigation of
gingival and periodontal diseases in children and adolescents should
incorporate a broader view of the role of variations in the oral
microbiome throughout the life of the individual patient. Couple
this with molecular variations in age dependent gingival inflamma-
tory responses to these oral microbial biofilms, will enable a better
understanding of the individual’s potential for future destructive oral
disease and the associated risk for systemic sequelae later in life.
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