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The association between periodontitis and some of the problems with pregnancy such as
premature delivery, low weight at birth, and preeclampsia (PE) has been suggested. Nev-
ertheless, epidemiological data have shown contradictory data, mainly due to differences
in clinical parameters of periodontitis assessment. Furthermore, differences in microbial
composition and immune response between aggressive and chronic periodontitis are not
addressed by these epidemiological studies. We aimed to review the current data on the
association between some of these problems with pregnancy and periodontitis, and the
mechanisms underlying this association. Shifts in the microbial composition of the subgin-
gival biofilm may occur during pregnancy, leading to a potentially more hazardous microbial
community. Pregnancy is characterized by physiological immune tolerance. However, the
infection leads to a shift in maternal immune response to a pathogenic pro-inflammatory
response, with production of inflammatory cytokines and toxic products. In women with
periodontitis, the infected periodontal tissues may act as reservoirs of bacteria and their
products that can disseminate to the fetus-placenta unit. In severe periodontitis patients,
the infection agents and their products are able to activate inflammatory signaling path-
ways locally and in extra-oral sites, including the placenta-fetal unit, which may not only
induce preterm labor but also lead to PE and restrict intrauterine growth. Despite these evi-
dences, the effectiveness of periodontal treatment in preventing gestational complications
was still not established since it may be influenced by several factors such as severity of
disease, composition of microbial community, treatment strategy, and period of treatment
throughout pregnancy. This lack of scientific evidence does not exclude the need to con-
trol infection and inflammation in periodontitis patients during pregnancy, and treatment
protocols should be validated.

Keywords: periodontal diseases, pregnancy, preterm birth, inflammation

INTRODUCTION
Every year, about 15 million babies around the world are born
preterm (PT) (after 23 weeks and before 37 weeks of gestation).
Over 60% of PT births occur in Africa and South Asia, but PT
birth is truly a global problem. Across 184 countries, the rate of
PT birth ranges from 5 to 18% of the babies born and the highest
rates per live births are presented in Malawi, Comoros, Congo,
Zimbabwe, Equatorial Guinea, Gabon, Pakistan, Indonesia, and
Mauritania (1). In Latin America, PT births comprise 7% of live
births in Chile, 9% in Brazil, and reach 14% in Costa Rica, whereas
in North America, it ranges from 8% in Canada to 12% in the USA.
It is 7% in China. In Europe, it can be as low as 6% in Scandinavian
countries, 7–9% in France, UK, Italy, and Germany, reaching 15%
in Cyprus (2). Spontaneous PT labor leads to 70% of PT births,
whereas the remainder is medically indicated because of maternal
or fetal complications, such as preeclampsia (PE) or intrauterine
growth restriction (3).

Babies born PT and/or those with intrauterine restricted
growth conditions (IUGR) are usually born with low weight
(LBW), which is considered as those born with <2,500 g (4).
Although most studies use this reference value, it is deficient for
PT birth. More recently, other generic references based on birth

weight percentiles adapted to local populations were recently val-
idated (5), but studies on the influence of different parameters
using these new references are still lacking. A survey in 138 low-
income and middle-income countries revealed that 22% of the
children born in 2010 were both term and small-for-gestational-
age, 8.1% were PT and appropriate-for-gestational-age, and 2.1%
were PT and small-for-gestational-age (6).

Preterm birth is the leading cause of newborn deaths (in the
first 4 weeks of life) (1). Low birth weight babies also present a
higher risk of adverse outcomes in the perinatal period, includ-
ing increased mortality rate (7). The mortality risk in the first
month of life is 10–40 times higher for PT-small for the gestational
age than for term and appropriate-for-gestational-age infants (8).
Furthermore, babies born PT are at higher risk of developing neu-
rological, respiratory, and gastrointestinal diseases, attributed to
immaturity of multiple organ systems (3, 9). Many survivors face
a lifetime of disability, including learning disabilities and visual
and hearing problems (1).

Risk factors for small-for-gestational-age babies might differ
from those to reduce the number of babies born PT. In South
Asia, the prevalence of babies born at term but small for the
gestation age is higher than in Latin America. The very high rates
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of small for the gestational age babies might be explained by higher
rates of adolescent pregnancy, chronic maternal malnutrition, low
pre-pregnancy body-mass index, low weight gain in pregnancy,
and low maternal height (8). The prevalence of LBW and PT is
usually higher in low-income populations, however, other factors
besides the socioeconomically status and access to prenatal health
care (10), also influence these rates. Other common causes of PT
birth include genetic and ethnic factors, multiple pregnancies, age,
behavioral, and environmental factors including tobacco usage,
chronic conditions (such as diabetes and high blood pressure),
and infections (1, 11).

One of the most common and dangerous complications of
pregnancy is PE. It is a multisystem disorder associated with ele-
vated blood pressure and proteinuria, typically after 20 weeks of
gestation. PE is primarily a generalized dysfunction of the maternal
endothelium, which appears to be part of an exaggerated systemic
inflammatory response that involves maternal leukocytes and pro-
inflammatory cytokines. Briefly, PE is the result of inadequate
development of maternal spiral arteries due to insufficient tro-
phoblast invasion, leading to narrower blood vessels, which limit
the blood supply from the mother into placental blood spaces.
Acute arthrosis of spiral arteries aggravates the problem, resulting
in hypoxia of the placenta. In a second stage, the ischemic placenta
sheds subcellular trophoblast microparticles to the maternal cir-
culation, which induces maternal leukocytes and endothelial cells
to produce pro-inflammatory cytokines. Worldwide, PE affects an
estimated 2–10% of pregnant women and is the chief cause of
induced PT delivery, and slow growth of infants (12).

Even at very early gestation, fetal cells leak and are found in
maternal circulation. The embryo/fetus expresses paternal anti-
gens, which have to be tolerated throughout the gestation period
by the mother (13). Thus, the maternal immune regulatory system
must be activated in order to suppress maternal immunity toward
fetal antigens, to allow implantation and fetus development during
gestation, but still being able to elicit normal immune responses
against infections (13, 14).

Regular pregnancy is predominantly characterized by a Th2
type immune response, which determines the protective maternal
response to fetal development (15–18). Hormones, such as prog-
esterone and prostaglandin E, play a key role in this Th1–Th2 shift
during pregnancy (14, 19). More recently, the Th1/Th2 paradigm
has been expanded with the addition of Th17 and regulatory T-
cell (Tregs). The Th-17 inflammatory response is also dampened
during pregnancy (20) and Tregs play a key role in maternal tol-
erance. Tregs recruitment and expansion are induced even before
conception by the seminal fluid (21) and then by the embryonic
trophoblasts, and these cells display immunosuppressive features,
promote invasiveness, result in preferential production of Th2
cytokines and reduce the cytotoxicity of decidual natural killer
(NK) cells (22).

Inflammation breaks the homeostasis at the maternal–fetal
interface, revoking these immune privileges during gestation (9)
and induces a Th1 pattern of cytokines, with significant fetal losses
(23). Certain infectious diseases, even sub-clinical infections, may
result in enhanced IL-12 production and in turn an overall shift
toward type 1 bias. Th-1 response leads to the activation of
decidual macrophages, which secrete toxic levels of nitric oxide

and TNF-α. This leads to maternal rejection of the implanted
embryo, which is termed as cytokine-triggered vascular autoam-
putation and involves the activation of coagulation mechanisms,
resulting in vasculitis affecting the maternal blood supply to the
implanted embryo (19). Furthermore, extracellular bacterial or
fungal pathogens elicit a Th17 response, and an imbalance in the
proportion of Th17/Treg is associated with recurrent pregnancy
loss and other gestation adverse effects (13).

Infections during pregnancy, caused by bacteria, viruses, and
parasites, can lead not only to PT birth but also to fetal
death, injury, or other organ sequel depending on the pathogen.
Some pathogens are known as classic teratogens, designated
as TORCH (Toxoplasma gondii, Treponema pallidum, rubella,
cytomegalovirus, and herpes simplex virus), but others may be
included in this list, such as parvovirus B19, varicella zoster virus,
and Plasmodium falciparum (24).

About 50% of the PT births were not associated with any known
factor (11), leading to the search of alternative factors. Maternal
infections of the genitourinary tract may promote the migration
of cervical vaginal bacteria to the uterus (25). Bacteria colonizing
the vagina, such as Escherichia coli, Gardnerella vaginalis, group
B Streptococcus, and Mycoplasma hominis may ascend from the
lower genital tract and were recovered in the amniotic fluid (24)
and placenta (9). Infections in other parts of the body may also
play an important role in the induction of births and prematu-
rity by stimulating an immune response and due to the transit
of microorganisms and/or their toxins in the bloodstream to the
maternal–fetal unit (26).

Thus, differing from the common thinking not too long ago,
the fetal-placenta unit may not be sterile, and nearly one-third of
placental specimens harbor intracellular bacteria in the basal plate
(the tissue layer at and below the maternal–fetal interface). Fur-
thermore, the prevalence of placenta samples with detectable bac-
teria is higher in PT deliveries, although most of these infections
are asymptomatic (27). Also contradicting previous paradigms, a
recent placenta microbiome study reported a very close similarity
between placental and oral microbiomes, and not with the uro-
genital tract microbiome, as expected (28). This latter study has
also revealed a correlation between the placental microbiome with
PT birth.

In this context, the infected periodontal tissues may be asso-
ciated with prematurity by acting as reservoirs of bacteria and
their products, which can disseminate to the fetus-placenta unit.
Furthermore, immunological mediators at high concentrations
produced locally at the infected gingival tissues or systemi-
cally can reach the fetus-placenta unit, resulting in prematu-
rity and low weight at birth (11, 29). Although some aspects
of the association between periodontitis and complications in
pregnancy were elucidated, this relationship needs to be bet-
ter studied and characterized. Therefore, we aimed to review
the existing literature associating periodontal disease, its micro-
biota and immune response with the complications in preg-
nancy.

PREGNANCY AND PERIODONTAL DISEASES
Periodontitis is an inflammatory disease of the soft and hard sup-
port tissues of tooth in response to the supra and subgingival
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microorganisms. It is classically divided into chronic and aggres-
sive periodontitis (30). Chronic periodontitis is characterized by
a slow and continuous destruction of periodontal tissues (31, 32),
while the destruction of the periodontal ligament and alveolar
bone is more rapid and severe in aggressive periodontitis (33).
Furthermore, periodontitis can affect most teeth (generalized), or
can be restricted to a group of teeth, and described as localized.

Despite the enormous microbial diversity in the oral cavity,
up to now, few species were associated with periodontitis (34),
based mainly on their higher prevalence in diseased subjects, and
their elimination after a successful treatment. The Gram negative
anaerobes of the Socransky’s red complex, Porphyromonas gin-
givalis, Treponema denticola, and Tannerella forsythia (35) have
been associated with chronic periodontitis (36). P. gingivalis, T.
denticola, T. forsythia, and the facultative Gram negative rod Aggre-
gatibacter actinomycetemcomitans, particularly serotype b, and to
a lesser extent serotype c, were found in higher levels in patients
with aggressive generalized or localized periodontitis when com-
pared to controls (37, 38). However, patients with localized disease
did not present high IgG titers to T. forsythia as observed for
patients with generalized periodontitis, although both were colo-
nized by the organism, suggesting differences in immune response
associated with the extension of disease (39).

Recent data suggested an additional list of suspected pathogens
formed by 17 species or phylotypes, mostly detected by high
throughput sequencing techniques, but more studies on their
in vivo ecological roles are needed before they can be recognized as
periodontopathogens (40). Despite the dramatic differences in the
microbial composition in healthy periodontium and periodonti-
tis, periodontal pathogens may not directly cause periodontitis but
rather they redesign the typically symbiotic microbiota into a dys-
biotic one, which disrupts the normal homeostatic relationship
with the host tissues (41). Thus, not only would certain pathogens
be involved in the disease but rather a dysbiotic community may
challenge the host, and the inflammatory destructive process is the
result of these multiple interactions.

The response to a microbial challenge is not homogeneous in
man, and several polymorphisms have been reported in genes
associated with the production of cytokines. Some of these poly-
morphisms have been associated with increased susceptibility to
periodontitis in certain populations (42).

The subgingival microbiota and host susceptibility differ
between aggressive and chronic periodontitis, leading to dif-
ferences in cytokines and adhesion molecules (43). The local
cytokines production in gingival tissues differs between types of
periodontitis, although no differences in inflammatory mediators
in serum were demonstrated (44). Gingival tissues from patients
with aggressive periodontitis present higher levels of protein-1-
α (MIP-1α), IFN-γ-induced protein 10 (IP-10) and its receptors
CCR5 and CXCR3, and lower levels of IL-10 than tissues of chronic
periodontitis patients. On the other hand, tissues of chronic peri-
odontitis show increased expression of monocyte chemotactic
protein 1 (MCP-1) and its receptor CCR4 (45).

Likewise, the levels of the adhesion molecule CD11a of T
cells also differ in tissues from aggressive and chronic periodon-
titis, evidencing distinct cellular sources of immune regulatory
cytokines (46). The levels of the pro-inflammatory cytokine IL-17

in gingival crevicular fluid (GCF) of aggressive periodontitis are
higher than in GCF of chronic periodontitis patients, whereas the
levels of IL-11, an anti-inflammatory mediator, were decreased in
aggressive compared to chronic periodontitis (47). Interestingly,
IL-17 induces the production of prostaglandin E2 (PGE2), and is
associated with increased bone loss (48), whereas IL-11 induced
osteoblastic differentiation and bone formation (49).

Not only may periodontitis interfere with pregnancy but also
pregnancy may alter the progression of periodontal diseases
(PD). Physiological changes induced during pregnancy may alter
the inflammatory response, amplifying the gingival inflamma-
tion. Pregnancy gingivitis affects 36–100% of pregnant women
(50). Clinical parameters such bleeding on probing and pocket
depth (PD) may increase during pregnancy, without concomi-
tant increase in plaque index, which decreases after delivery (51).
The mechanisms underlying the increased severity of PD dur-
ing pregnancy were associated to increased vascular permeability,
depression of the immune system, and shifts on the composition
of supra and subgingival microbiota (50).

Early studies have demonstrated that Prevotella intermedia and,
to a lesser extent, P. gingivalis can use progesterone and estradiol
in replacement of vitamin K, a required growth factor for these
species (52). More recently, an increase in salivary progesterone
concentration from the first to the second trimester of pregnancy
has been linked to increased levels of P. gingivalis (50).

Culture and target molecular techniques for bacterial identi-
fication have been used to evaluate the effect of gestation on the
oral microbiota. The increase in clinical parameters of periodontal
disease severity, such as increased bleeding on probing during ges-
tation, is associated with increased levels of anaerobic species asso-
ciated with mature dental biofilm including species of Fusobac-
terium and Prevotella, Streptococcus anginosus, and Streptococcus
intermedius (53). Other data reported that the proportions of
certain putative periodontopathogens such as A. actinomycetem-
comitans and Parvimonas micra were increased during pregnancy
(50). In a case–control study, levels of eight oral bacteria species
(including the red complex and A. actinomycetemcomitans) tended
to increase from 22nd week of pregnancy in mothers of prema-
ture babies, while these levels remained stable in mothers at term
delivery. The prevalence of A. actinomycetemcomitans was very
low in the PT group during early pregnancy, but increased during
pregnancy, reaching levels 2.42-folds higher in the PT group after
delivery than in the term group (54).

The microbial diversity of the oral cavity has still not been eval-
uated in a longitudinal study throughout the gestational period.
However, metagenomic studies on the gut microbiota of pregnant
women may provide some clues on the microbial shifts occurring
in mucosa surfaces over the course of gestation. Metagenomic
analyses of stools of pregnant women in different gestational
phases and controls demonstrated an increase in abundance of
Proteobacteria and Actinobacteria from the first to the third
semester, and a decrease in microbial richness, which persisted
1 month postpartum. Moreover, the microbial shift was followed
by increased levels of IFN-γ, IL-2, IL-6, and TNF-α in stools,
indicating that despite the anti-inflammatory conditions at the
placental interface, gestation leads to low-grade inflammation of
the intestinal mucosa. It is important to notice that the microbial
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composition determined the inflammatory status of the mucosal
surface, and not the opposite, since the experimental transfer of
the fecal microbiota obtained from women at the third semester
of gestation (fecal transplantation) was able to induce inflamma-
tion in recipient mice (55). These data evidenced that changes in
immunity and/or hormone levels during gestation induce changes
in the composition of the microbiota, which leads to increased
inflammatory response in mucosal surfaces.

Altogether, these data provide evidences that physiological
changes associated with pregnancy lead to shifts in the micro-
bial communities colonizing mucosa surfaces, which then induce
pro-inflammatory immune responses. Thus, the already dysbi-
otic microbiota in subgingival sites of PD patients would be
submitted to additional factors promoting imbalance during
pregnancy, increasing its pathogenic potential to induce gingival
inflammation.

Epidemiological data suggested that PD represent a potential
risk for PT birth, as shown in Table 1. Cross-sectional studies
have shown the association between PD and prematurity and/or
low birth weight (56, 57). Case–control studies indicated that peri-
odontitis can increase the risk for prematurity by seven times (58).
On the other hand, two case–control studies carried out in Brazil
(59, 60) showed no relationship between periodontitis and PT low
birth weight.

This review did not aim to cover all epidemiological studies on
the topic but rather to discuss the reasons of conflicting results.
This is covered by several systematic reviews with meta-analyses,
which revealed a significant risk of PT delivery and low birth
weight with periodontitis (69–71). The odds ratio for PT birth in
mothers with periodontitis varied from 1.7 to 2.73; for low birth
weight from 1.5 to 2.11; and for PT birth and low weight, from 2.35
to 3.57. Therefore, all meta-analysis demonstrated that PD could
promote adverse pregnancy outcomes. In addition, meta-analyses
(72, 73) have also identified a significant association between PE
and PD.

As shown in Table 1, the results of some cohort, case–control,
prospective, and cross-sectional studies were conflicting due to
factors as number and demographic characteristics of the par-
ticipants, parameters for periodontal disease diagnosis, inclusion
of pregnant women in different gestation periods, and different
statistical analysis.

Most studies on the association between periodontitis and ges-
tational complications considered the subjects either as diseased
or healthy. However, the incidence of PT delivery increases with
increased severity of periodontitis (74, 75). Furthermore, few stud-
ies correlated the outcome in gestation with microbial parameters
(Table 1). Due to variations in the microbial composition and
immune response among periodontitis patients, it seems clear
that the severity, extension, and type of periodontitis should be
considered when the systemic effects of periodontitis are evalu-
ated in a population. Environmental and genetic factors involved
in altered immune response (42) against bacterial infections may
also influence the effect of periodontitis in pregnancy.

These confounder factors prevented a definitive conclusion
whether periodontitis is an independent risk factor of PT birth
and/or low birth weight or PE, and larger randomized controlled
trials to explore causality and to dissect the biological mechanisms

involved in the association of periodontitis and gestation outcomes
are still needed.

DISSEMINATION OF ORAL BACTERIA AND THEIR PRODUCTS
TO EXTRA-ORAL SITES
The effect of periodontal pathogens in distant sites is related not
only with prematurity and low birth weight babies but also with
other systemic diseases such as arthritis, cardiovascular disease,
atherosclerosis, liver disease, diabetes, stroke (16), and Alzheimer’s
disease (76). Oral bacteria are frequently found infecting extra-
oral sites. S. intermedius was reported causing a brain abscess
(77). A. actinomycetemcomitans is the most prevalent species in
bacterial endocarditis among members of the HACEK group
(Haemophilus, Aggregatibacter, Cardiobacterium, Eikenella, and
Kingella), which includes the facultative anaerobic Gram negative
bacilli that inhabit the oropharynx associated with endocarditis
(78). P. gingivalis (79) and A. actinomycetemcomitans (80) spe-
cific DNA could be detected in atherosclerotic plaques in the
aorta.

Several species present in the gastrointestinal tract and oral cav-
ity were detected in neonatal gastric aspirates (81). The oral origin
of most periodontal pathogens such as A. actinomycetemcomitans,
P. gingivalis, and T. forsythia found in extra-oral sites is highly
possible since they inhabit the oral and no other mucosal surfaces
such as the vagina and intestine. On the other hand, Fusobacterium
nucleatum is associated not only with oral but also with vaginal
mucosa membranes (82, 83). However, the oral origin of F. nuclea-
tum in the placenta-fetal unit has been considered since this species
was detected in samples obtained from neonatal gastric aspirates,
only of mothers with periodontal pockets (83) and the same strain
was not present in the vaginal samples (84).

Analyses of amniotic fluid or placenta samples have demon-
strated the presence of several oral bacteria, mainly P. gingivalis
and F. nucleatum (85–88). P. gingivalis was detected in the amni-
otic fluid from mothers with premature labor and periodontitis.
Subsequently, this periodontal pathogen was detected in placenta,
in chorionic trophoblasts, and in several types of cells such as
amniotic epithelial, decidual, and vascular (87).

Fusobacterium nucleatum is the most frequently detected
species in the amniotic fluid of premature births with intact mem-
branes (89, 90). In addition, F. nucleatum was linked to early-onset
neonatal sepsis once it was detected in cord blood and amniotic
samples from PT births (91–93).

Periodontal pathogens, especially P. gingivalis and A. actino-
mycetemcomitans, were detected in the amniotic fluid of pregnant
women with periodontitis (94). These periodontal pathogens were
also related to placenta infections in hypertensive women (95).

Patients with PE showed higher levels of T. forsythia, F. nuclea-
tum, and A. actinomycetemcomitans in placenta. In addition, 50%
of placenta samples from women with PE were positive for one or
more periodontal pathogens while only 14.3% of the control group
samples had detectable levels of periodontopathogens. Moreover,
infection levels were significantly higher in the PE group (86).

Recently, the placental microbiome was characterized in a
population-based cohort study with placenta samples from 320
subjects (28). Interestingly, a very close similarity between pla-
cental and oral microbiomes was demonstrated, and not with
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Table 1 | Epidemiological data on the association of periodontal diseases and preterm birth and/or low birth weight and other alterations of the

gestational pattern.

Study type Participants number Parameters Results Reference

Case–control Controls n=124

Cases n=93

LBW, MPD, PTB, preterm

labor, premature rupture of

membranes

LBW significantly high in mothers with more

severe PD, indicating that MPD is a significant

risk factor for LBW

Offenbacher et al. (61)

Case–control Controls n=611

Cases n=304

IUGR, LBW, MPD, PTB Results do not support the hypothesis of

association of MPD and IUGR, LBW, and PTB

Bassani et al. (59)

Case–control Control: n=1042

IUGR n=77

LBW n=235

PTB n=238

IUGR, LBW, MPD, PTB MPD is associated with an increased risk for

PTB, LBW, and IUGR

Siqueira et al. (57)

Case–control Controls n=393

LBW n=96

PTB n=110

PTB+LBW n=63

LBW, MPD LBW,

PTB+LBW

MPD was more severe in control individuals

than in cases. The extent of periodontal disease

did not increase risk of LBW. Mean PPD and

frequency of periodontal sites with clinical

attachment level ≥3 mm in PTB+LBW cases

were lower than in control

Vettore et al. (60)

Case–control Controls n=20

PE n=20

MPD, PE PE was associated with MPD. PE cases were

4.33 times more likely to have MPD (OR=4.33)

Varshney and Gautam (62)

Case–control Controls n=44

LBW n=44

Bleeding on probing,

presence of supragingival

calculus and CPITN

(community periodontal

index for treatment

needs), LBW, MPD

MPD was associated with LBW. Mothers of

LBW infants had less healthy areas of gingiva

and more deep pockets

Haerian-Ardakani et al. (63)

Cohort n=1,115 PE, PD Women were at higher risk for preeclampsia if

they had severe periodontal disease at delivery

(OR=2.4), or if they had periodontal disease

progression during pregnancy (OR=2.1)

Boggess et al. (64)

Cross-sectional n=449 LBW, MPD, PTB,

LBW+PTB

There was no statistically significant association

between MPD and LBW

Lunardelli and Peres (56)

Cross-sectional n=277 LBW, MPD, PE, PTB MPD were at higher risk for developing PE,

PTB, and LBW. The rate of PE in women with

PD was 18.6% compared to 7.3% in the control

group (OR=2.7). The OR for PTB was (4.4) and

for LBW was (3.5) when mother had PD

Alchalabi et al. (65)

Cross-sectional n=770 LWB, MPD, PPD, PTB,

reduced maternal

haemomglobin levels

Mothers with PPD >6 mm (OR=2.21) had a

higher risk of LBW. The increase in the severity

of MPD was associated with increased in PTB

and the MPD severity influenced the maternal

hemoglobin levels, i.e., more severe

periodontitis was associated with lower

hemoglobin levels

Kothiwale et al. (66)

Cross-sectional n=390 Periodontopathogens,

MPD

Prevalence of gingivitis was 38% and clinical

periodontitis was 10%. Among the periodontitis

group, high detection rates of P. gingivalis

(56%), Prevotella nigrescens (44%), T. denticola

(32%), and P. intermedia (24%) were associated

with PD

Tellapragada et al. (67)

(Continued)
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Table 1 | Continued

Study type Participants number Parameters Results Reference

Prospective study n=1017 PD, LBW Moderate or severe periodontal disease was

associated with a LBW, a risk ratio of 2.3

(1.1–4.7), adjusted for age, smoking, drugs,

marital and insurance status, and preeclampsia.

Moderate or severe periodontal disease early in

pregnancy is also associated with LBW

Boggess et al. (64)

Prospective study n=283 PD, PE There was a significant relationship between

periodontitis and the occurrence of

preeclampsia among never-smokers (OR=5.56)

Ha et al. (68)

IUGR, intrauterine growth restriction; LBW, low birth weight (<2,500 g); MPD, maternal periodontal disease; PD, periodontal disease; PE, preeclampsia; PPD, probing

pocket depth; PTB, preterm birth (gestacional age <37 weeks).

other niches such as the genitourinary tract or the gut. However,
only one patient diagnosed with periodontitis was enrolled in that
study, thus no association between the microbial composition of
placenta and periodontitis could be made.

Present data support the hypothesis that oral bacteria can
reach the maternal–fetal unit and may lead to gestational alter-
ations. However, whether the colonization of commensal or puta-
tive periodontopathogens would result in different outcomes in
pregnancy remains to be elucidated. Further studies, using new
generation sequencing techniques, must be performed to evalu-
ate the diversity of the microbiota at the placenta-fetal unit and
mucosal surfaces, including the oral cavity, in order to establish
the association of specific microbial communities with gestation
alterations.

MECHANISMS INVOLVED IN THE ASSOCIATION BETWEEN
INFECTIONS AND PRETERM BIRTH AND OTHER
GESTATIONAL COMPLICATIONS
The inflammatory cascade triggered by bacterial infections is sup-
posed to play a central role in the pathogenesis associated with
premature birth and fetal injury. Bacterial products stimulate the
production of cytokines by placental tissues, as chorion, decidua,
and trophoblasts (96). During infection, the cytokines produced
by the fetal membranes in response to bacterial pathogens have a
dual role: to control the growth of bacterial agents and, at the same
time, to exacerbate the inflammatory process, which may lead to
fetal injury and premature labor (9).

Generally, there is a relationship between the level of periodon-
tal pathogens colonizing the subgingival sites and the antibody
response to these pathogens (38, 39). However, the data on the
relationship between maternal antibody response to periodontal
pathogens and low weight at birth are contradictory.

Levels of maternal IgG against oral organisms were inversely
related to premature and low weight births, suggesting that the
antibodies would offer protection to the mother and fetus (97).
In contrast, women in the second trimester of pregnancy with
high serum IgG levels to P. gingivalis were more prone to have
low weight babies than those with normal values (98). On the
other hand, pregnant women with periodontitis and low titers

of anti-P. gingivalis antibodies were seven times more at risk of
PT delivery than those with high titers, suggesting that the sup-
pression of maternal IgG response to P. gingivalis would be a risk
factor associated with PT delivery (54). Furthermore, the levels of
antibodies to P. gingivalis were 30% higher in placenta tissue of
PT births due to chorioamnionitis, than in those at term deliv-
ery (87). Overall, the data suggest that high antibodies titers to P.
gingivalis are usually indicative of periodontal pockets with high
levels of this organism, leading to increased risk for PT birth. How-
ever, in heavily colonized women (severe periodontitis), when the
antibodies response to periodontopathogens is low, the risk of
gestation alterations would be higher than in women with high
antibodies titers.

Pathogens and their products are recognized by receptors of
the innate immune system, and the binding of these evolu-
tionarily conserved recognition molecular patterns (PAMPS) to
their receptors activates several signaling pathways, leading to an
inflammatory response aiming to eliminate the bacterial agent.
Each receptor located on the cell surface of various cells of the
human body is specific for the recognition of a PAMP. For instance,
the lipopolysaccharide (LPS), located at the outer membrane of
Gram negative bacteria, is recognized by a toll-like receptor (TLR),
mainly TLR4.

As described in the previous sections, the microbial community
in subgingival sites of periodontitis patients is formed by a high
percentage of Gram negative bacteria, of which the LPS is continu-
ously challenging the host cells. Thus, several studies that reported
the effect of LPS on pregnancy could help explaining the role of the
microbial community on gestational complications. However, it is
worth mentioning that LPS from different bacteria may exhibit
different properties. For instance, P. gingivalis presents a complex
atypical LPS that is not only recognized by TLR4 but also by TLR2,
resulting in different signaling than that promoted by TLR4 bind-
ing (99). On the other hand, P. gingivalis represents a very low
proportion of the subgingival microbiota, despite its association
with periodontitis, and both TLR4 and TLR2 are highly expressed
in inflamed gingival tissues (100). Thus, the effects of E. coli LPS,
a TLR4 binding LPS, as described next, may not be interpreted as
the effects of the whole LPS of subgingival sites.
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Interestingly, the expression of TLR4 in placenta is higher in
women with premature delivery and chorioamnionitis than in
controls (101). LPS induces the production of pro-inflammatory
mediators such as prostaglandins, which are modulators of uter-
ine contractions. In addition, LPS stimulation of uterine tissues
in mice with NK cell deficiency showed a reduction in the pro-
duction of Th1 cytokines. This indicates that the NK cells of the
uterus, which produce cytokines in the early stages of pregnancy,
can be cytotoxic in the presence of pathogens, by producing pro-
inflammatory cytokines such as TNF-α and IL1-β, and leading
to deleterious effects to the fetus such as low placental and fetal
weight (102). It is important to notice that the LPS dose tested
in experimental mice in the latter study was 250 times lower than
used for the endotoxemic shock, thus it would possibly simulate
the LPS produced during a non-lethal infection by a Gram negative
bacteria.

An in vivo model of PE demonstrated that infusions with LPS
in the first and 14th day of gestation induced increased blood pres-
sure and proteinuria (103). Furthermore, the LPS-induced PE led
to disseminated intravascular coagulation (104).

Systemically, periodontitis results in higher levels of several
inflammatory mediators, such as IL-6 and TNF-α, in response
to the challenge promoted by the oral biofilm (105). Experimental
intravenous injection of IL-6 in pregnant rats revealed that this
cytokine can directly induce maternal fetal injury and stimulate
the release of fetal hormones that cause stress (106).

TNF-α is a well-recognized mediator of activation of endothe-
lial injury, a key mechanism of pathogenicity of PE. Blood cells
of patients with severe PE produce higher levels of TNF-α with-
out any stimulus. Nevertheless, LPS stimulus reduced the release
of TNF-α by these cells indicating that the spontaneous release
of TNF-α by leukocytes from patients with PE is the result of the
disease process (107).

However, high concentrations of LPS can modulate
myometrium contraction, and then induce PT delivery, possibly
due to increased levels of IL-6, TNF-α, and PGF2. After treatment
with LPS, additional TNF-α promotes even more contraction of
myometrium cells (108).

Furthermore, an experimental animal model showed that fetal
exposure to LPS can alter the development and permeability of
intestinal epithelium (109), resulting in increased necrotic lesion
(110). The fetal ingestion of amniotic fluid with microorganisms
and microbial products such as LPS can cause enteritis, accelerate
the motility of the colon, and results in the production of meco-
nium during intrauterine life (111). Fetal exposure to intrauterine
infection was also associated with fetal inflammatory response
syndrome, leading to intrauterine growth restriction (112).

Studies in experimental animal models evaluated the effects of
few bacteria species or their products in gestation, and definitively
should not be extrapolated to the effects induced by the whole oral
microbiota. However, they evidenced that the characteristics of the
prenatal infecting pathogen may determine the outcome of infec-
tion in the development of pregnancy. For instance, the challenge
of human fetal membranes with G. vaginalis and Candida albicans,
but not with Streptococcus agalactiae, results in production of IL-
10, which acts essentially in maintaining pregnancy by limiting the
damaging effects of pro-inflammatory cytokines (113).

The intravenous inoculation of different P. gingivalis strains in
rats on the 14th day of gestation, led to the placenta colonization
at the 18th day. Interestingly, placenta colonization was dependent
on the P. gingivalis strain, with a higher virulence potential of the
fimbriated ones (114). Lately, infusion of P. gingivalis LPS on the
14th day of gestation in pregnant rats resulted in increased mater-
nal systolic pressure, reduced placental weight, decreased fetal
weight, and induced fetal resorption without causing generalized
inflammatory response (115).

The intravenous inoculation of F. nucleatum into pregnant
rats resulted in infection of placental membrane and invasion of
the amniotic cavity, causing premature births, stillborn fetus, and
shorter survival (116). Pregnant rats infected with F. nucleatum
showed increased expression of IL-8 in a TLR-dependent manner.
Furthermore, TLR4A (TLR4 agonist), but not TLR2A, reduced
fetal death. Interestingly, TLR4 deficiency led to a reduction in
the inflammatory response without affecting bacterial coloniza-
tion in placenta, suggesting a possible use of TLR4 agonists as
co-adjuvant of antibiotic therapy in the treatment of women with
Gram negative bacterial infections during pregnancy (90).

On the other hand, intravenous inoculation of dental plaque
containing P. gingivalis and F. nucleatum resulted in the presence
of F. nucleatum, but not of P. gingivalis in placenta (88). This data
should be taken with caution since the levels of both species possi-
bly differed in the inoculums, and P. gingivalis exhibits strain with
different virulent potential.

The subcutaneous inoculation of viable or heat-killed (HK)
P. gingivalis in hamsters on the 8th day of gestation resulted
in increased production of PGE2 and TNF-α. In animals inoc-
ulated with HK bacteria, the fetal weight was reduced in 24%
and fetal resorption was 10.6% more frequent than in the con-
trol (117). Moreover, an experimental model in pregnant mice
where viable P. gingivalis cells were inoculated into subcutaneous
cameras resulted in the presence of the bacteria in the uterus and
liver of infected animals, and fetus were small for the gestational
age (118).

Our research group showed that rats infected subcutaneously
with P. gingivalis at different stages of gestation showed elevated
levels of IL-6 and TNF-α in serum and placenta, lower maternal
weight gain, and low fetal weight when compared to non-infected
controls. The infectious process was more intense and widespread
in rats infected before or in the middle of the pregnancy when
compared to groups infected at the beginning of pregnancy. Fetus-
placental resorptions were observed mainly in mid-term pregnant
infected rats, indicating that infection with P. gingivalis interferes
more severely in fetus when the infection occurs at this phase of
pregnancy (119).

Periodontitis induced by ligature in baboons provided evi-
dence of a correlation between anti-P. gingivalis antibodies and
pregnancy alterations (120). Periodontitis induced at the end of
pregnancy resulted in increased production of IL-6, while the levels
of PGE2 and IPB (induction factor of bactericidal permeability)
increased only in groups that received ligature before pregnancy
or in the 3rd month of pregnancy (121).

Despite the value of these results, these trials do not char-
acterize chronic disease observed in humans. In general, these
studies suggest that increased synthesis of inflammatory cytokines
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and metaloproteinases promoted by periodontopathogens could
induce premature labor. Moreover, the translation of data obtained
in animal models to humans may also be jeopardized by dif-
ferences in placenta and uterus structure, hormones regulation,
immune system, length of gestation between other mammals and
humans (122). However, they are valuable evidences of the role
of bacteria and their products in affecting the homeostasis of the
maternal–fetal unit and leading to abnormal pregnancy.

The current understanding of PT labor is that the switch
of the myometrium from a quiescent to a contractile state is
accompanied by a shift in signaling from anti-inflammatory to
pro-inflammatory pathways (3). Microorganisms and their prod-
ucts, including those in subgingival sites, can reach the amniotic
fluid via hematogenous dissemination. They are then recognized
by microbial pattern recognition receptors such as TLRs, signal-
ing the pro-inflammatory pathways in placenta and also in fetal
tissues. Furthermore, the signaling promoted by the periodon-
topathogens in gingival tissues and other sites of infection in the
body contributes to the release of additional inflammatory medi-
ators, which are spread systemically. This shift to an inflammatory
environment not only activates labor but also leads to PE and
restricts intrauterine growth.

EFFECT OF PERIODONTAL TREATMENT ON GESTATIONAL
ALTERATIONS
The effect of periodontal treatment on preventing gestational
alterations is another controversial issue. Given the evidences asso-
ciating periodontitis and gestational complications, various inter-
vention studies were performed in order to determinate the effect
of periodontal treatment on pregnancy outcomes. Studies on the
effect of non-surgical mechanical treatment in pregnant women
with gingival inflammation but limited periodontal destruction
indicated an improvement in clinical parameters and a decrease in
GCF inflammatory markers, but resulted in no significant differ-
ences in gestational outcomes such as PT birth and/or low weight
at birth (123, 124). One exception was a study conducted in Chile,
where the treatment of pregnant women with gingivitis resulted
in a reduction in PT and LBW (125).

Since the link between periodontitis and pregnancy outcomes
seems to be the result of spread of bacteria and their factors to
extra-oral sites, and the consequent inflammatory burden induced
by the pathogens, it seems reasonable that the periodontal treat-
ment would provide better benefits to pregnancy to patients with
severe periodontitis than to those with only gingivitis. This issue
seems especially relevant due to the age of women enrolled in
large randomized populational studies (18–35 years), since severe
periodontitis comprised a very low percentage of participants.

The prevalence of PT births was reduced in women with
severe periodontitis that received periodontal treatment (125–
128). These data contradict other reports, where no positive effects
of periodontal treatment on pregnancy outcomes were observed
(129–132).

Several systematic reviews with meta-analysis on the effect of
maternal periodontal treatment and risk for PT birth and/or low
birth weight did not indicate a decreased risk after treatment (69,
133–135). However, one review suggested a significant effect in
reducing the risk of PT birth for scaling and root planning in

pregnant women with periodontitis for groups with high risk of
PT birth (136).

The conflicting data on the effect of periodontal therapy in pre-
venting PT birth/low birth weight are probably due to differences
in diagnostic criteria of periodontitis, and other conditions com-
mon to both such as smoking, age, and ethnicity. In some studies,
only gingivitis patients were enrolled (125). Furthermore, differ-
ences in disease severity and extension may have accounted for
differences in benefits in gestation outcomes promoted by treat-
ment. For instance, in the study of Offenbacher et al. (126), which
reported the beneficial effects of the periodontal treatment on ges-
tational outcomes, periodontitis patients had at least two sites in
different teeth with PD ≥5 mm and evidence of attachment loss.
On the other hand, in another study where treatment provided no
positive effect for gestation, periodontitis was classified as≥3 mm
of PD in ≥3 teeth (137).

The studies differed also in treatment strategies. After supra
and subgingival mechanical treatment, patients received monthly
periodontal maintenance (129), while in others follow-up was not
mentioned (137). An early study conducted in Chile reported that
the non-surgical periodontal treatment during pregnancy resulted
in a reduction in PT and LBW from 10.11% in the control group
to 1.84% in the test group (138). However, women with severe
periodontitis in the treatment group were submitted to metron-
idazole and amoxicillin administration,which may have controlled
not only the oral microbiota but may also have affected infecting
agents in other sites.

Other differences refer to the control groups. In most studies,
the control group received no periodontal treatment during preg-
nancy (123, 125, 128, 138), which was postponed after the delivery.
One study had no control group for comparison (124), while in
another (137), the control group received supragingival prophy-
laxis, which may have altered inflammation levels and proportions
of pathogens, especially in shallow pockets.

Other limitations of these interventional studies include the
pooling of periodontitis patients with different extension, sever-
ity, and progression rates in a single group. As discussed above,
the microbiota and immune response differ between aggressive
and chronic periodontitis patients, and possibly their effects on
pregnancy outcomes may also differ.

The period of gestation for the periodontal intervention should
also be taken into account when discussing the effect of periodon-
tal treatment in gestational outcomes. One study reported that the
periodontal treatment during the second trimester of pregnancy
led to a reduction of 3.8 times in the risk of PT delivery compared
with the group receiving treatment after birth (128). However,
there are no data comparing the effect of treatment prior or at the
first month of gestation with that performed at later stages, and
most studies reported only that patients were selected before a cer-
tain gestational age, such as 14–20 weeks gestation. The placenta
microbiome study showed that even placenta from periodontally
healthy women may be colonized by oral organisms (28). Animal
model studies indicated that gestational outcomes including low
weight of the fetus are dependent on the period of infection, and an
acute infection immediately before conception or at the middle of
the gestation led to more severe damage to the fetus than infection
at the beginning of gestation (119). Human and animal studies
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reported a microbial shift toward a more pathogenic microbiota
in subgingival sites of periodontitis patients throughout the ges-
tational period. Thus, one could assume that earlier periodontal
treatment during pregnancy (or even before it) would be more
beneficial than the treatment performed at the last trimester of
gestation.

The effect of periodontal treatment on the prevention of PT
delivery and other complications during pregnancy may be influ-
enced by its effect on the bacterial load/composition and on the
host inflammatory response. Infections in the lower genital tract
have been associated with PT labor. Nevertheless, antibiotic treat-
ment of asymptomatic women with bacterial vaginosis has not
reduced the rate of PT delivery (3). Thus, other unknown genetic
factors leading to increased susceptibility to the infection, to an
abnormal response, and/or to PT labor may also play a role.

Gestation is a relatively short physiological process considering
a chronic disease such as periodontitis. It is clear from most studies
that periodontal treatment is able to improve clinical parameters
of periodontitis (42, 123, 124, 131, 136); however, its effects on
gestational outcomes involve several variables, making it hard to
clearly evaluate the effect of periodontal treatment.

Despite the evidences associating PD with gestational out-
comes, the effect of periodontal treatment in pregnancy is still not
supported by scientific evidences. Periodontal treatment protocols
providing the expected benefits for the mother and the fetus are
still needed, and these should be tested in large randomized clin-
ical trials. The periodontal treatment before pregnancy seems an
option, since the severity of periodontitis and the virulence poten-
tial of the microbial community increase during pregnancy and
the deleterious effects of the periodontal infection/inflammation
to the fetus may occur even at very early stages of gestation.

CONCLUSION
Periodontitis are associated with induction of premature births
and other gestational complications, which may compromise the
subject throughout life. Periodontal pathogens may be involved in
this process, directly inducing fetal abnormalities, or inducing the
inflammatory response and the contraction of myocytes, induc-
ing prematurity. However, there are still no data on differences
induced by different oral microbial communities. Furthermore,
the current data had not provided conclusive answers for the effect
of periodontal treatment in preventing PT deliveries and other ges-
tational complications, and definitive intervention protocols were
not established.

ACKNOWLEDGMENTS
The authors thank FAPESP (Process number: #2014/10549-2,
#2011/10057-4, and #2012/01500-4) that provided scholarship to
authors Marcela Yang Hui Zi, Priscila Larcher Longo, and Bruno
Bueno-Silva, respectively.

REFERENCES
1. WHO. (2013). Available from: http://whqlibdoc.who.int/publications/2004/

9280638327.pdf?ua=1
2. WHO. Global Health Observatory Data Repository (2014). Available from:

http://apps.who.int/gho/data/view.main.1730?lang=en
3. Romero R, Dey SK, Fisher SJ. Preterm labor: one syndrome, many causes.

Science (2014) 345(6198):760–5. doi:10.1126/science.1251816

4. Wardlaw T, Blanc A, Zupan J, Åhman E. Low Birthweight country, regional
and global estimates. UNICEF WHO (2004). Available from: http://whqlibdoc.
who.int/publications/2004/9280638327.pdf?ua=1

5. Mikolajczyk RT, Zhang J, Betran AP, Souza JP, Rintaro M, Gülmezoglu AM,
et al. A global reference for fetal-weight and birthweight percentiles. Lancet
(2011) 377(9780):1855–61. doi:10.1016/S0140-6736(11)60364-4

6. Lee AC, Katz J, Blencowe H, Cousens S, Kozuki N, Vogel JP, et al. National
and regional estimates of term and preterm small-for-gestational-age in 138
low-income and middle-income countries in 2013. Lancet Glob Health (2013)
1(1):e26–36. doi:10.1016/S2214-109X(13)70006-8

7. Figueras F, Figueras J, Meier E. Customized birthweight standards accu-
rately predict perinatal morbidity. Arch Dis Child Fetal Neonatal Ed (2007)
92(4):F277–80. doi:10.1136/adc.2006.108621

8. Katz J, Lee AC, Kozuki N, Lawn JE, Cousens S, Blencowe H, et al. Mortality risk
in preterm and small-for-gestational-age infants in low-income and middle-
income countries: a pooled country analysis. Lancet (2013) 382(9890):417–25.
doi:10.1016/S0140-6736(13)60993-9

9. Klimova RR, Malinovskaia VV, Parshina OV, Guseva TS, Novikova SV, Tor-
shina ZV, et al. The effect of viral infections on the cytokine profile in pregnant
women with obstetric complications and immunotherapy with human alpha2b
interferon. Vopr Virusol (2013) 58(1):18–23.

10. Peoples MD, Siegal E. Measuring the impact of programs for mothers and
infants on prenatal care and low birth weight: the value of refined analysis.
Med Care (1983) 21(6):586–608. doi:10.1097/00005650-198306000-00002

11. Huck O, Tenenbaum H, Davideau JL. Relationship between periodontal dis-
eases and preterm birth: recent epidemiological and biological data. J Pregnancy
(2011) 2011:164654. doi:10.1155/2011/164654

12. Raghupathy R. Cytokines as key players in the pathophysiology of preeclamp-
sia. Med Princ Pract (2013) 22(Suppl 1):8–19. doi:10.1159/000354200

13. Zenclussen AC. Adaptive immune responses during pregnancy. Am J Reprod
Immunol (2013) 69(4):291–303. doi:10.1111/aji.12097

14. Piccinni MP, Scaletti C, Maggi E, Romagnani S. Role of hormone-controlled
Th1- and Th2-type cytokines in successful pregnancy. J Neuroimmunol (2000)
109(1):30–3. doi:10.1016/S0165-5728(00)00299-X

15. Chaouat G, Zourbas S, Ostojic S, Lappree-Delage G, Dubanchet S, Ledee
N, et al. A brief review of recent data on some cytokine expressions at
the materno-foetal interface which might challenge the classical Th1/Th2
dichotomy. J Reprod Immunol (2002) 53(1–2):241–56. doi:10.1016/S0165-
0378(01)00119-X

16. Hayashi C, Gudino CV, Gibson FC, Genco CA. Pathogen-induced inflamma-
tion at sites distant from oral infection: bacterial persistence and induction of
cell-specific innate immune inflammatory pathway. Mol Oral Microbiol (2010)
25(5):305–16. doi:10.1111/j.2041-1014.2010.00582.x

17. Saito S, Nakashima A, Myojo-Higuma S, Shiozaki A. The balance between cyto-
toxic NK cells and regulatory NK cells in human pregnancy. J Reprod Immunol
(2008) 77(1):14–22. doi:10.1016/j.jri.2007.04.007

18. Challis JR, Lockwood CJ, Myatt L, Norman JE, Strauss JF, Petraglia F.
Inflammation and pregnancy. Reprod Sci (2009) 16(2):206–15. doi:10.1177/
1933719108329095

19. Raghupathy R. Pregnancy: success and failure within the Th1/Th2/
Th3 paradigm. Semin Immunol (2001) 13(4):219–27. doi:10.1006/smim.2001.
0316

20. Liu YS, Wu L, Tong XH, Wu LM, He GP, Zhou GX, et al. Study on the rela-
tionship between Th17 cells and unexplained recurrent spontaneous abor-
tion. Am J Reprod Immunol (2011) 65(5):503–11. doi:10.1111/j.1600-0897.
2010.00921.x

21. Robertson SA, Prins JR, Sharkey DJ, Moldenhauer LM. Seminal fluid and the
generation of regulatory T cells for embryo implantation. Am J Reprod Immunol
(2013) 69(4):315–30. doi:10.1111/aji.12107

22. Du M, Piao H, Li D. The 3rd international conference on reproductive
immunology in Shanghai: September 27-29, 2013. Am J Reprod Immunol
(2014) 71(3):203–9. doi:10.1111/aji.12187

23. Laird SM, Tuckerman EM, Cork BA, Linjawi S, Blakemore AI, Li TC. A review
of immune cells and molecules in women with recurrent miscarriage. Hum
Reprod Update (2003) 9(2):163–74. doi:10.1093/humupd/dmg013

24. Waldorf KMA, McAdams RM. Influence of infection during pregnancy on
fetal development. Reproduction (2013) 146(5):R151–62. doi:10.1530/REP-13-
0232

www.frontiersin.org January 2015 | Volume 2 | Article 290 | 9

http://whqlibdoc.who.int/publications/2004/9280638327.pdf?ua=1
http://whqlibdoc.who.int/publications/2004/9280638327.pdf?ua=1
http://apps.who.int/gho/data/view.main.1730?lang=en
http://dx.doi.org/10.1126/science.1251816
http://whqlibdoc.who.int/publications/2004/9280638327.pdf?ua=1
http://whqlibdoc.who.int/publications/2004/9280638327.pdf?ua=1
http://dx.doi.org/10.1016/S0140-6736(11)60364-4
http://dx.doi.org/10.1016/S2214-109X(13)70006-8
http://dx.doi.org/10.1136/adc.2006.108621
http://dx.doi.org/10.1016/S0140-6736(13)60993-9
http://dx.doi.org/10.1097/00005650-198306000-00002
http://dx.doi.org/10.1155/2011/164654
http://dx.doi.org/10.1159/000354200
http://dx.doi.org/10.1111/aji.12097
http://dx.doi.org/10.1016/S0165-5728(00)00299-X
http://dx.doi.org/10.1016/S0165-0378(01)00119-X
http://dx.doi.org/10.1016/S0165-0378(01)00119-X
http://dx.doi.org/10.1111/j.2041-1014.2010.00582.x
http://dx.doi.org/10.1016/j.jri.2007.04.007
http://dx.doi.org/10.1177/1933719108329095
http://dx.doi.org/10.1177/1933719108329095
http://dx.doi.org/10.1006/smim.2001.0316
http://dx.doi.org/10.1006/smim.2001.0316
http://dx.doi.org/10.1111/j.1600-0897.2010.00921.x
http://dx.doi.org/10.1111/j.1600-0897.2010.00921.x
http://dx.doi.org/10.1111/aji.12107
http://dx.doi.org/10.1111/aji.12187
http://dx.doi.org/10.1093/humupd/dmg013
http://dx.doi.org/10.1530/REP-13-0232
http://dx.doi.org/10.1530/REP-13-0232
http://www.frontiersin.org
http://www.frontiersin.org/Public_Health_Education_and_Promotion/archive


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Zi et al. Periodontal diseases and preterm birth

25. Sobel JD. Gynecologic infections in human immunodeficiency virus-infected
women. Clin Infect Dis (2000) 31(5):1225–33. doi:10.1086/317436

26. Gibbs RS. The relationship between infections and adverse pregnancy out-
comes: an overview. Ann Periodontol (2001) 6(1):153–63. doi:10.1902/annals.
2001.6.1.153

27. Stout MJ, Conlon B, Landeau M, Lee I, Bower C, Zhao Q, et al. Identifi-
cation of intracellular bacteria in the basal plate of the human placenta in
term and preterm gestations. Am J Obstet Gynecol (2013) 208(3):226.e1–7.
doi:10.1016/j.ajog.2013.01.018

28. Aagaard K, Ma J, Antony KM, Ganu R, Petrosino J, Versalovic J. The pla-
centa harbors a unique microbiome. Sci Transl Med (2014) 6(237):287ra65.
doi:10.1126/scitranslmed.3008599

29. Xiong X, Buekens P, Fraser WD, Beck J, Offenbacher S. Periodontal disease and
adverse pregnancy outcomes: a systematic review. BJOG (2006) 113(2):135–43.
doi:10.1111/j.1471-0528.2006.00968.x

30. Armitage GC. Development of a classification system for periodontal dis-
eases and conditions. Ann Periodontol (1999) 4(1):1–6. doi:10.1902/annals.
1999.4.1.1

31. Darveau RP. Periodontitis: a polymicrobial disruption of host homeostasis. Nat
Rev Microbiol (2010) 8(7):481–90. doi:10.1038/nrmicro2337

32. Kolenbrander PE, Palmer RJ Jr, Periasamy S, Jakubovics NS. Oral multispecies
biofilm development and the key role of cell-cell distance. Nat Rev Microbiol
(2010) 8(7):471–80. doi:10.1038/nrmicro2381

33. Nibali L, Farias BC, Vajgel A, Tu YK, Donos N. Tooth loss in aggres-
sive periodontitis: a systematic review. J Dent Res (2013) 92(10):868–75.
doi:10.1177/0022034513501878

34. Tonetti MS, Mombelli A. Early-onset periodontitis. Ann Periodontol (1999)
4(1):39–53. doi:10.1902/annals.1999.4.1.39

35. Socransky SS, Haffajee AD, Cugini MA, Smith C, Kent RL Jr. Microbial
complexes in subgingival plaque. J Clin Periodontol (1998) 25(2):134–44.
doi:10.1111/j.1600-051X.1998.tb02419.x

36. Socransky SS, Haffajee AD. Periodontal microbial ecology. Periodontol 2000
(2005) 38:135–87. doi:10.1111/j.1600-0757.2005.00107.x

37. Faveri M, Figueiredo LC, Duarte PM, Mestnik MJ, Mayer MP, Feres M. Micro-
biological profile of untreated subjects with localized aggressive periodontitis. J
Clin Periodontol (2009) 36(9):739–49. doi:10.1111/j.1600-051X.2009.01449.x

38. Ando ES,De-Gennaro LA,Faveri M,Feres M,DiRienzo JM,Mayer MP. Immune
response to cytolethal distending toxin of Aggregatibacter actinomycetem-
comitans in periodontitis patients. J Periodontal Res (2010) 45(4):471–80.
doi:10.1111/j.1600-0765.2009.01260.x

39. Saraiva L, Rebeis ES, Martins ED, Sekiguchi RT, Ando-Suguimoto ES, Mafra
CE, et al. IgG sera levels against a subset of periodontopathogens and severity of
disease in aggressive periodontitis patients: a cross-sectional study of selected
pocket sites. J Clin Periodontol (2014) 41(10):943–51. doi:10.1111/jcpe.12296

40. Pérez-Chaparro PJ, Gonçalves C, Figueiredo LC, Faveri M, Lobão E, Tamashiro
N, et al. Newly identified pathogens associated with periodontitis: a systematic
review. J Dent Res (2014) 93(9):846–58. doi:10.1177/0022034514542468

41. Hajishengallis G, Lambris JD. Complement and dysbiosis in periodontal dis-
ease. Immunobiology (2012) 217(11):1111–6. doi:10.1016/j.imbio.2012.07.007

42. Finoti LS, Anovazzi G, Pigossi SC, Corbi SC, Teixeira SR, Braido GV, et al.
Periodontopathogens levels and clinical response to periodontal therapy in
individuals with the interleukin-4 haplotype associated with susceptibility to
chronic periodontitis. Eur J Clin Microbiol Infect Dis (2013) 32(12):1501–9.
doi:10.1007/s10096-013-1903-z

43. Gonçalves PF, Klepac-Ceraj V, Huang H, Paster BJ, Aukhil I, Wallet SM, et al.
Correlation of Aggregatibacter actinomycetemcomitans detection with clini-
cal/immunoinflammatory profile of localized aggressive periodontitis using
a 16S rRNA microarray method: a cross-sectional study. PLoS One (2013)
8(12):e85066. doi:10.1371/journal.pone.0085066

44. Cairo F, Nieri M, Gori AM, Tonelli P, Branchi R, Castellani S, et al. Markers of
systemic inflammation in periodontal patients: chronic versus aggressive peri-
odontitis. An explorative cross-sectional study. Eur J Oral Implantol (2010)
3(2):147–53.

45. Garlet GP, Martins W Jr, Ferreira BR, Milanezi CM, Silva JS. Patterns of
chemokines and chemokine receptors expression in different forms of human
periodontal disease. J Periodontal Res (2003) 38(2):210–7. doi:10.1034/j.1600-
0765.2003.02012.x

46. Lima PM, Souza PE, Costa JE, Gomez RS, Gollob KJ, Dutra WO. Aggres-
sive and chronic periodontitis correlate with distinct cellular sources of key

immunoregulatory cytokines. J Periodontol (2011) 82(1):86–95. doi:10.1902/
jop.2010.100248

47. Shaker OG, Ghallab NA. IL-17 and IL-11 GCF levels in aggressive and chronic
periodontitis patients: relation to PCR bacterial detection. Mediators Inflamm
(2012) 2012:174764. doi:10.1155/2012/174764

48. Lubberts E, van den Bersselaar L, Oppers-Walgreen B, Schwarzenberger P,
Coenen-de Roo CJ, Kolls JK, et al. IL-17 promotes bone erosion in murine
collagen-induced arthritis through loss of the receptor activator of NF-
kappa B ligand/osteoprotegerin balance. J Immunol (2003) 170(5):2655–62.
doi:10.4049/jimmunol.170.5.2655

49. Suga K, Saitoh M, Kokubo S, Nozaki K, Fukushima S, Yasuda S, et al. Syner-
gism between interleukin-11 and bone morphogenetic protein-2 in the healing
of segmental bone defects in a rabbit model. J Interferon Cytokine Res (2004)
24(6):343–9. doi:10.1089/107999004323142204

50. Carrillo-de-Albornoz A, Figuero E, Herrera D, Bascones-Martínez A. Gingival
changes during pregnancy: II. Influence of hormonal variations on the sub-
gingival biofilm. J Clin Periodontol (2010) 37(3):230–40. doi:10.1111/j.1600-
051X.2009.01514.x

51. Gürsoy M, Pajukanta R, Sorsa T, Könönen E. Clinical changes in periodontium
during pregnancy and post-partum. J Clin Periodontol (2008) 35(7):576–83.
doi:10.1111/j.1600-051X.2008.01236.x

52. Kornman KS, Loesche WJ. Effects of estradiol and progesterone on Bac-
teroides melaninogenicus and Bacteroides gingivalis. Infect Immun (1982) 35(1):
256–63.

53. Adriaens LM, Alessandri R, Spörri S, Lang NP, Persson GR. Does preg-
nancy have an impact on the subgingival microbiota. J Periodontol (2009)
80(1):72–81. doi:10.1902/jop.2009.080012

54. Lin D, Moss K, Beck JD, Hefti A, Offenbacher S. Persistantly high levels of peri-
odontal pathogens associated with preterm pregnancy outcome. J Periodontol
(2007) 78:833–41. doi:10.1902/jop.2007.060201

55. Koren O, Goodrich JK, Cullender TC, Spor A, Laitinen K, Bäckhed HK, et al.
Host remodeling of the gut microbiome and metabolic changes during preg-
nancy. Cell (2012) 150(3):470–80. doi:10.1016/j.cell.2012.07.008

56. Lunardelli AN, Peres MA. Is there an association between periodontal disease,
prematurity and low birth weight? A population-based study. J Clin Periodontol
(2005) 32(9):938–46. doi:10.1111/j.1600-051X.2005.00759.x

57. Siqueira FM, Cota LO, Costa JE, Haddad JP, Lana AM, Costa FO. Intrauterine
growth restriction, low birth weight, and preterm birth: adverse pregnancy out-
comes and their association with maternal periodontitis. J Periodontol (2007)
78(12):2266–76. doi:10.1902/jop.2007.070196

58. Moutsopoulos NM, Madianos PN. Low-grade inflammationin chronic infec-
tious diseases: paradigm of periodontal infections. Ann N Y Acad Sci (2006)
1088:251–64. doi:10.1196/annals.1366.032

59. Bassani DG, Olinto MT, Kreiger N. Periodontal disease and perinatal outcomes:
a case-control study. J Clin Periodontol (2007) 34(1):31–9. doi:10.1111/j.1600-
051X.2006.01012.x

60. Vettore MV, Leal MD, Leão AT, da Silva AM, Lamarca GA, Sheiham A. The
relationship between periodontitis and preterm low birthweight. J Dent Res
(2008) 87(1):73–8. doi:10.1177/154405910808700113

61. Offenbacher S, Katz V, Fertik G, Collins J, Boyd D, Maynor G, et al. Periodontal
infection as a possible risk factor for preterm low birth weight. J Periodontol
(1996) 67(10S):1103–13. doi:10.1902/jop.1996.67.10.1103

62. Varshney S, Gautam A. Poor periodontal health as a risk factor for develop-
ment of pre-eclampsia in pregnant women. J Indian Soc Periodontol (2014)
18(3):321–5. doi:10.4103/0972-124X.134569

63. Haerian-Ardakani A, Eslami Z, Rashidi-Meibodi F, Haerian A, Dallalnejad P,
Shekari M, et al. Relationship between maternal periodontal disease and low
birth weight babies. Iran J Reprod Med (2013) 11(8):625–30.

64. Boggess KA, Lieff S, Murtha AP, Moss K, Beck J, Offenbacher S. Maternal peri-
odontal disease is associated with an increased risk for preeclampsia. Obstet
Gynecol (2003) 101(2):227–31. doi:10.1016/S0029-7844(02)02314-1

65. Alchalabi HA, Habashneh RA, Jabali OA, Khader YS. Association
between periodontal disease and adverse pregnancy outcomes in a cohort
of pregnant women in Jordan. Clin Exp Obstet Gynecol (2013) 40(3):
399–402.

66. Kothiwale SV, Desai BR, Kothiwale VA, Gandhid M, Konin S. Periodon-
tal disease as a potential risk factor for low birth weight and reduced
maternal haemomglobin levels. Oral Health Prev Dent (2014) 12(1):83–90.
doi:10.3290/j.ohpd.a31224

Frontiers in Public Health | Public Health Education and Promotion January 2015 | Volume 2 | Article 290 | 10

http://dx.doi.org/10.1086/317436
http://dx.doi.org/10.1902/annals.2001.6.1.153
http://dx.doi.org/10.1902/annals.2001.6.1.153
http://dx.doi.org/10.1016/j.ajog.2013.01.018
http://dx.doi.org/10.1126/scitranslmed.3008599
http://dx.doi.org/10.1111/j.1471-0528.2006.00968.x
http://dx.doi.org/10.1902/annals.1999.4.1.1
http://dx.doi.org/10.1902/annals.1999.4.1.1
http://dx.doi.org/10.1038/nrmicro2337
http://dx.doi.org/10.1038/nrmicro2381
http://dx.doi.org/10.1177/0022034513501878
http://dx.doi.org/10.1902/annals.1999.4.1.39
http://dx.doi.org/10.1111/j.1600-051X.1998.tb02419.x
http://dx.doi.org/10.1111/j.1600-0757.2005.00107.x
http://dx.doi.org/10.1111/j.1600-051X.2009.01449.x
http://dx.doi.org/10.1111/j.1600-0765.2009.01260.x
http://dx.doi.org/10.1111/jcpe.12296
http://dx.doi.org/10.1177/0022034514542468
http://dx.doi.org/10.1016/j.imbio.2012.07.007
http://dx.doi.org/10.1007/s10096-013-1903-z
http://dx.doi.org/10.1371/journal.pone.0085066
http://dx.doi.org/10.1034/j.1600-0765.2003.02012.x
http://dx.doi.org/10.1034/j.1600-0765.2003.02012.x
http://dx.doi.org/10.1902/jop.2010.100248
http://dx.doi.org/10.1902/jop.2010.100248
http://dx.doi.org/10.1155/2012/174764
http://dx.doi.org/10.4049/jimmunol.170.5.2655
http://dx.doi.org/10.1089/107999004323142204
http://dx.doi.org/10.1111/j.1600-051X.2009.01514.x
http://dx.doi.org/10.1111/j.1600-051X.2009.01514.x
http://dx.doi.org/10.1111/j.1600-051X.2008.01236.x
http://dx.doi.org/10.1902/jop.2009.080012
http://dx.doi.org/10.1902/jop.2007.060201
http://dx.doi.org/10.1016/j.cell.2012.07.008
http://dx.doi.org/10.1111/j.1600-051X.2005.00759.x
http://dx.doi.org/10.1902/jop.2007.070196
http://dx.doi.org/10.1196/annals.1366.032
http://dx.doi.org/10.1111/j.1600-051X.2006.01012.x
http://dx.doi.org/10.1111/j.1600-051X.2006.01012.x
http://dx.doi.org/10.1177/154405910808700113
http://dx.doi.org/10.1902/jop.1996.67.10.1103
http://dx.doi.org/10.4103/0972-124X.134569
http://dx.doi.org/10.1016/S0029-7844(02)02314-1
http://dx.doi.org/10.3290/j.ohpd.a31224
http://www.frontiersin.org/Public_Health_Education_and_Promotion
http://www.frontiersin.org/Public_Health_Education_and_Promotion/archive


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Zi et al. Periodontal diseases and preterm birth

67. Tellapragada C, Eshwara VK, Acharya S, Bhat P, Kamath A, Vishwanath S,
et al. Prevalence of clinical periodontitis and putative periodontal pathogens
among south Indian pregnant women. Int J Microbiol (2014) 2014:420149.
doi:10.1155/2014/420149

68. Ha JE, Jun JK, Ko HJ, Paik DI, Bae KH. Association between periodontitis and
preeclampsia in never-smokers: a prospective study. J Clin Periodontol (2014)
41(9):869–74. doi:10.1111/jcpe.12281

69. Chambrone L, Guglielmetti MR, Pannuti CM, Chambrone LA. Evidence
grade associating periodontitis to preterm birth and/or low birth weight: I.
A systematic review of prospective cohort studies. J Clin Periodontol (2011)
38(9):795–808. doi:10.1111/j.1600-051X.2011.01755.x

70. Corbella S, Taschieri S, Francetti L, De Siena F, Del Fabbro M. Periodontal
disease as a risk factor for adverse pregnancy outcomes: a systematic review
and meta-analysis of case-control studies. Odontology (2012) 100(2):232–40.
doi:10.1007/s10266-011-0036-z

71. Konopka T, Paradowska-Stolarz A. Periodontitis and risk of preterm birth and
low birthweight-a meta-analysis. Ginekol Pol (2012) 83(6):446–53.

72. Wei BJ, Chen YJ, Yu L, Wu B. Periodontal disease and risk of preeclamp-
sia: a meta-analysis of observational studies. PLoS One (2013) 8(8):e70901.
doi:10.1371/journal.pone.0070901

73. Sgolastra F, Petrucci A, Severino A, Gatto R, Monaco A. Relationship
between periodontitis and pre-eclampsia: a meta-analysis. PLoS One (2013)
8(8):e71387. doi:10.1371/journal.pone.0071387

74. Gomes-Filho IS, Cruz SS, Rezende EJ, Dos Santos CA, Soledade KR, Mag-
alhães MA, et al. Exposure measurement in the association between peri-
odontal disease and prematurity/low birth weight. J Clin Periodontol (2007)
34(11):957–63. doi:10.1111/j.1600-051X.2007.01141.x

75. Manau C, Echeverria A, Agueda A, Guerrero A, Echeverria JJ. Periodontal dis-
ease definition may determine the association between periodontitis and preg-
nancy outcomes. J Clin Periodontol (2008) 35(5):385–97. doi:10.1111/j.1600-
051X.2008.01222.x

76. Poole S, Singhrao SK, Kesavalu L, Curtis MA, Crean S. Determining the
presence of periodontopathic virulence factors in short-term postmortem
Alzheimer’s disease brain tissue. J Alzheimers Dis (2013) 36(4):665–77. doi:
10.3233/JAD-121918

77. Moskovitz M, Birenboim R, Katz-Sagi H, Perles Z, Averbuch D. A brain abscess
of probable odontogenic origin in a child with cyanotic heart disease. Pediatr
Dent (2012) 85(3):465–77.

78. Rahamat-Langendoen JC, van Vonderen MG, Engström LJ, Manson WL, van
Winkelhoff AJ, Mooi-Kokenberg EA. Brain abscess associated with Aggregati-
bacter actinomycetemcomitans: case report and review of literature. J Clin Peri-
odontol (2011) 38(8):702–6. doi:10.1111/j.1600-051X.2011.01737.x

79. Padilla C, Lobos O, Hubert E, González C, Matus S, Pereira M, et al. Periodontal
pathogens in atheromatous plaques isolated from patients with chronic peri-
odontitis. J Periodontal Res (2006) 41(4):350–3. doi:10.1111/j.1600-0765.2006.
00882.x

80. Calandrini CA, Ribeiro AC, Gonnelli AC, Ota-Tsuzuki C, Rangel LP, Saba-
Chujfi E, et al. Microbial composition of atherosclerotic plaques. Oral Dis
(2013) 20(3):e128–34. doi:10.1111/odi.12205

81. Gonzales-Marin C, Spratt DA, Millar MR, Simmonds M, Kempley ST, Allaker
RP. Identification of bacteria and potential sources in neonates at risk of infec-
tion delivered by caesarean and vaginal birth. J Med Microbiol (2012) 61(Pt
1):31–41. doi:10.1099/jmm.0.034926-0

82. Hillier S, Krohn M, Rabe L, Klebanoff S, Eschenbach D. The normal vaginal
flora, H2O2-producing lactobacilli, and bacterial vaginosis in pregnant women.
Clin Infect Dis (1993) 16:S273–81. doi:10.1093/clinids/16.Supplement_4.S273

83. Gonzales-Marin C, Spratt DA, Millar MR, Simmonds M, Kempley ST, Allaker
RP. Levels of periodontal pathogens in neonatal gastric aspirates and pos-
sible maternal sites of origin. Mol Oral Microbiol (2011) 26(5):277–90.
doi:10.1111/j.2041-1014.2011.00616.x

84. Gonzales-Marin C, Spratt DA, Allaker RP. Maternal oral origin of Fusobac-
terium nucleatum in adverse pregnancy outcomes as determined using the 16S-
23S rRNA gene intergenic transcribed spacer region. J Med Microbiol (2013)
62(Pt 1):133–44. doi:10.1099/jmm.0.049452-0

85. Gonçalves LF, Chaiworapongsa T, Romero R. Intrauterine infection and prema-
turity. Ment Retard Dev Disabil Res Rev (2002) 8(1):3–13. doi:10.1002/mrdd.
10008

86. Barak S, Oettinger-Barak O, Machtei E, Sprecher H, Ohel G. Evidence of peri-
opathogenic microorganisms in placentas of women with preeclampsia. J Peri-
odontol (2007) 78:670–6. doi:10.1902/jop.2007.060362

87. Katz J, Chegini N, Shiverick KT, Lamont RJ. Localization of P. gingivalis
in preterm delivery placenta. J Dent Res (2009) 88(6):575–8. doi:10.1177/
0022034509338032

88. Fardini Y, Chung P, Dumm R, Joshi N, Han YW. Transmission of diverse oral
bacteria to murine placenta: evidence for the oral microbiome as a poten-
tial source of intrauterine infection. Infect Immun (2010) 78(4):1789–96.
doi:10.1128/IAI.01395-09

89. Bearfield C, Davenport E, Sivapathasundaram V, Allaker R. Possible associa-
tion between amniotic fluid micro-organism infection and microflora in the
mouth. BJOG (2002) 109(5):527–33. doi:10.1111/j.1471-0528.2002.01349.x

90. Liu H, Redline R, Han Y. Fusobacterium nucleatum induces fetal death in mice
via stimulation of TLR4-mediated placental inflammatory response. J Immunol
(2007) 179(4):2501–8. doi:10.4049/jimmunol.179.8.5604-c

91. Han YW, Shen T, Chung P, Buhimschi IA, Buhimschi CS. Uncultivated bacteria
as etiologic agents of intra-amniotic inflammation leading to preterm birth. J
Clin Microbiol (2009) 47(1):38–47. doi:10.1128/JCM.01206-08

92. Wang X, Buhimschi CS, Temoin S, Bhandari V, Han YW, Buhimschi IA. Com-
parative microbial analysis of paired amniotic fluid and cord blood from preg-
nancies complicated by preterm birth and early-onset neonatal sepsis. PLoS
One (2013) 8(2):e56131. doi:10.1371/journal.pone.0056131

93. Han YW, Wang X. Mobile microbiome: oral bacteria in extra-oral infec-
tions and inflammation. J Dent Res (2013) 92(6):485–91. doi:10.1177/
0022034513487559

94. Esra E, Kenan E, Ozrur D, Deniz G, Ozgur O, Belgin A, et al. Evaluation of
periodontal pathogens in amniotic fluid and the role of periodontal disease in
preterm birth and low birth weight. Acta Odontol Scand (2013) 71(3–4):553–9.
doi:10.3109/00016357.2012.697576

95. Swati P, Thomas B, Vahab SA, Kapaettu S, Kushtagi P. Simultaneous detec-
tion of periodontal pathogens in subgingival plaque and placenta of women
with hypertension in pregnancy. Arch Gynecol Obstet (2012) 285(3):613–9.
doi:10.1007/s00404-011-2012-9

96. Guleria I, Pollard JW. The trophoblast is a component of the innate
immune system during pregnancy. Nat Med (2000) 6(5):589–93. doi:10.1038/
75074

97. Madianos PN, Lieff S, Murtha AP, Boggess KA, Auten RL, Beck JD. Maternal
periodontitis and prematurity. Part II: maternal infection and fetal exposure.
Ann Periodontol (2001) 6(1):175–82. doi:10.1902/annals.2001.6.1.175

98. Dasanayake AP, Boyd D, Madianos PN, Offenbacher S, Hills E. The associa-
tion between Porphyromonas gingivalis-specific maternal serum IgG and low
birth weight. J Periodontol (2001) 72(11):1491–7. doi:10.1902/jop.2001.72.11.
1491

99. Holden JA, Attard TJ, Laughton KM, Mansell A, O’Brien-Simpson NM,
Reynolds EC. Porphyromonas gingivalis lipopolysaccharide weakly activates M1
and M2 polarized mouse macrophages but induces inflammatory cytokines.
Infect Immun (2014) 82(10):4190–203. doi:10.1128/IAI.02325-14

100. Fatemi K, Radvar M, Rezaee A, Rafatpanah H, Azangoo Khiavi H, Dad-
pour Y, et al. Comparison of relative TLR-2 and TLR-4 expression level of
disease and healthy gingival tissue of smoking and non-smoking patients
and periodontally healthy control patients. Aust Dent J (2013) 58(3):315–20.
doi:10.1111/adj.12089

101. Wang J, Zhang Y, Zhang H, Qu W, Lv J, Wang Y, et al. Increased sTREM-1
in pregnant women with premature rupture of membranes and subclinical
chorioamnionitis. Mol Med Rep (2012) 5(3):663–7. doi:10.3892/mmr.2011.710

102. Li L, Shi L, Yang X, Ren L, Yang J, Lin Y. Role of invariant natural killer T cells
in lipopolysaccharide-induced pregnancy loss. Cell Immunol (2013) 286(1–
2):1–10. doi:10.1016/j.cellimm.2013.10.007

103. Faas MM, Schuiling GA, Baller JFW, Visscher CA, Bakker WW. A new ani-
mal model for human pre-eclampsia: ultra-low-dose endotoxin infusion in
pregnant rats. Am J Obstet Gynecol (1994) 71(1):158–64. doi:10.1016/0002-
9378(94)90463-4

104. Brewster JA, Orsi NM, Gopichandran N, McShane P, Ekbote UV, Walker
JJ. Gestational effects on host inflammatory response in normal and pre-
eclamptic pregnancies. Eur J Obstet Gynecol Reprod Biol (2008) 140(1):21–6.
doi:10.1016/j.ejogrb.2007.12.020

www.frontiersin.org January 2015 | Volume 2 | Article 290 | 11

http://dx.doi.org/10.1155/2014/420149
http://dx.doi.org/10.1111/jcpe.12281
http://dx.doi.org/10.1111/j.1600-051X.2011.01755.x
http://dx.doi.org/10.1007/s10266-011-0036-z
http://dx.doi.org/10.1371/journal.pone.0070901
http://dx.doi.org/10.1371/journal.pone.0071387
http://dx.doi.org/10.1111/j.1600-051X.2007.01141.x
http://dx.doi.org/10.1111/j.1600-051X.2008.01222.x
http://dx.doi.org/10.1111/j.1600-051X.2008.01222.x
http://dx.doi.org/10.3233/JAD-121918
http://dx.doi.org/10.1111/j.1600-051X.2011.01737.x
http://dx.doi.org/10.1111/j.1600-0765.2006.00882.x
http://dx.doi.org/10.1111/j.1600-0765.2006.00882.x
http://dx.doi.org/10.1111/odi.12205
http://dx.doi.org/10.1099/jmm.0.034926-0
http://dx.doi.org/10.1093/clinids/16.Supplement_4.S273
http://dx.doi.org/10.1111/j.2041-1014.2011.00616.x
http://dx.doi.org/10.1099/jmm.0.049452-0
http://dx.doi.org/10.1002/mrdd.10008
http://dx.doi.org/10.1002/mrdd.10008
http://dx.doi.org/10.1902/jop.2007.060362
http://dx.doi.org/10.1177/0022034509338032
http://dx.doi.org/10.1177/0022034509338032
http://dx.doi.org/10.1128/IAI.01395-09
http://dx.doi.org/10.1111/j.1471-0528.2002.01349.x
http://dx.doi.org/10.4049/jimmunol.179.8.5604-c
http://dx.doi.org/10.1128/JCM.01206-08
http://dx.doi.org/10.1371/journal.pone.0056131
http://dx.doi.org/10.1177/0022034513487559
http://dx.doi.org/10.1177/0022034513487559
http://dx.doi.org/10.3109/00016357.2012.697576
http://dx.doi.org/10.1007/s00404-011-2012-9
http://dx.doi.org/10.1038/75074
http://dx.doi.org/10.1038/75074
http://dx.doi.org/10.1902/annals.2001.6.1.175
http://dx.doi.org/10.1902/jop.2001.72.11.1491
http://dx.doi.org/10.1902/jop.2001.72.11.1491
http://dx.doi.org/10.1128/IAI.02325-14
http://dx.doi.org/10.1111/adj.12089
http://dx.doi.org/10.3892/mmr.2011.710
http://dx.doi.org/10.1016/j.cellimm.2013.10.007
http://dx.doi.org/10.1016/0002-9378(94)90463-4
http://dx.doi.org/10.1016/0002-9378(94)90463-4
http://dx.doi.org/10.1016/j.ejogrb.2007.12.020
http://www.frontiersin.org
http://www.frontiersin.org/Public_Health_Education_and_Promotion/archive


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Zi et al. Periodontal diseases and preterm birth

105. D’Aiuto F, Parkar M, Andreou G, Suvan J, Brett PM, Ready D, et al. Periodonti-
tis and systemic inflammation: control of the local infection is associated with
a reduction in serum inflammatory markers. J Dent Res (2004) 83(2):156–60.
doi:10.1177/154405910408300214

106. Dahlgren J, Samuelsson AM, Jansson T, Holmang A. Interleukin-6 in the
maternal circulation reaches the rat fetus in mid-gestation. Pediatr Res (2006)
60(2):147–51. doi:10.1203/01.pdr.0000230026.74139.18

107. Beckmann I, Efraim SB, Vervoort M, Visser W, Wallenburg HC. Tumor necro-
sis factor-alpha in whole blood cultures of preeclamptic patients and healthy
pregnant and nonpregnant women. Hypertens Pregnancy (2004) 23(3):319–29.
doi:10.1081/PRG-200030334

108. Hutchinson JL, Rajagopal SP, Yuan M, Norman JE. Lipopolysaccharide
promotes contraction of uterine myocytes via activation of Rho/
ROCK signaling pathways. FASEB J (2014) 28(1):94–105. doi:10.1096/fj.13-
237040

109. Giannone PJ, Schanbacher BL, Bauer JA, Reber KM. Effects of prenatal
lipopolysaccharide exposure on epithelial development and function in new-
born rat intestine. J Pediatr Gastroenterol Nutr (2006) 43(3):284–90. doi:10.
1097/01.mpg.0000232572.56397.d6

110. Giannone PJ, Nankervis CA, Richter JM, Schanbacher BL, Reber KM. Pre-
natal lipopolysaccharide increases postnatal intestinal injury in a rat model
of necrotizing enterocolitis. J Pediatr Gastroenterol Nutr (2009) 48(3):276–82.
doi:10.1097/MPG.0b013e31818936b8

111. Romero R, Yoon BH, Chaemsaithong P, Cortez J, Park CW, Gonzalez R, et al.
Bacteria and endotoxin in meconium-stained amniotic fluid at term: could
intra-amniotic infection cause meconium passage? J Matern Fetal Neonatal
Med (2014) 27(8):775–88. doi:10.3109/14767058.2013.844124

112. Krajewski P, Sieroszewski P, Kmiecik M, Chudzik A, Pokrzywnicka M,
Kwiatkowska M, et al. Assessment of interleukin-6, interleukin-8 and
interleukin-18 count in the serum of IUGR newborns. J Matern Fetal Neonatal
Med (2014) 27(11):1142–5. doi:10.3109/14767058.2013.851186

113. Zaga-Clavellina V, Flores-Espinosa P, Pineda-Torres M, Sosa-González I, Vega-
Sánchez R, Estrada-Gutierrez G, et al. Tissue-specific IL-10 secretion profile
from term human fetal membranes stimulated with pathogenic microorgan-
isms associated with preterm labor in a two-compartment tissue culture system.
J Matern Fetal Neonatal Med (2014) 27(13):1320–7. doi:10.3109/14767058.
2013.857397

114. Belanger M, Reyes L, von Deneen K, Reinhard MK, Progulske-Fox A, Brown
MB. Colonization of maternal and fetal tissues by Porphyromonas gingivalis
is strain-dependent in a rodent animal model. Am J Obstet Gynecol (2008)
199(1):e1–7. doi:10.1016/j.ajog.2007.11.067

115. Kunnen A, van Pampus M, Aarnoudse J, van der Schans C, Abbas F, Faas M.
The effect of Porphyromonas gingivalis lipopolysaccharide on pregnancy in the
rat. Oral Dis (2014) 20(6):591–601. doi:10.1111/odi.12177

116. Han YW, Redline RW, Li M, Yin L, Hill GB, McCormic TS. Fusobacterium
nucleatum induces premature and term still births in pregnant mice: impli-
cation of oral bacteria in pretermbirth. Infect Immun (2004) 72(4):2272–9.
doi:10.1128/IAI.72.4.2272-2279.2004

117. Collins JG,Windley HW,Arnold RR, Offenbacher S. Effects of a Porphyromonas
gingivalis infection on inflammatory mediator response and pregnancy out-
come in hamsters. Infect Immun (1994) 62(10):4356–61.

118. Lin D, Smith MA, Champagne C, Elter J, Beck J, Offenbacher S. Porphy-
romonas gingivalis infection during pregnancy increases maternal tumor
necrosis factor alpha, suppresses maternal interleukin-10, and enhances fetal
growth restriction and resorption in mice. Infect Immun (2003) 71(9):5156–62.
doi:10.1128/IAI.71.9.5156-5162.2003

119. Michelin M, Teixeira S, Ando-Suguimoto E, Lucas S, Mayer M. Porphyromonas
gingivalis infection at different gestation periods on fetus development and
cytokines profile. Oral Dis (2012) 18(7):648–54. doi:10.1111/j.1601-0825.
2012.01917.x

120. Cappelli D, Steffen MJ, Holt SC, Ebersole JL. Periodontitis in pregnancy:
clinical and serum antibody observations from a baboon model of ligature-
induced disease. J Periodontol (2009) 80(7):1154–65. doi:10.1902/jop.2009.
080199

121. Ebersole JL, Steffen MJ, Holt SC, Kesavalu L, Chu L, Cappelli D. Systemic
inflammatory responses in progressing periodontitis during pregnancy in a
baboon model. Clin Exp Immunol (2010) 162(3):550–9. doi:10.1111/j.1365-
2249.2010.04202.x

122. Booney EA. Demystifying animal models of adverse pregnancy outcomes:
touching bench and bedside. Am J Reprod Immunol (2013) 69(6):567–84.
doi:10.1111/aji.12102

123. Fiorini T, Susin C, da Rocha JM, Weidlich P, Vianna P, Moreira CH, et al. Effect
of nonsurgical periodontal therapy on serum and gingival crevicular fluid
cytokine levels during pregnancy and postpartum. J Periodontal Res (2013)
48(1):126–33. doi:10.1111/j.1600-0765.2012.01513.x

124. Kaur M, Geisinger ML, Geurs NC, Griffin R, Vassilopoulos PJ, Vermeulen L,
et al. Effect of intensive oral hygiene regimen during pregnancy on periodon-
tal health, cytokine levels, and pregnancy outcomes: a pilot study. J Periodontol
(2014) 85(12):1684–92. doi:10.1902/jop.2014.140248

125. López NJ, Da Silva I, Ipinza J, Gutierrez J. Periodontal therapy reduces the rate
of preterm low birth weight in women with pregnancy-associated gingivitis. J
Periodontol (2005) 76(11S):2144–53. doi:10.1902/jop.2005.76.11-S.2144

126. Offenbacher S, Lin D, Strauss R, McKaig R, Irving J, Barros SP, et al. Effects
of periodontal therapy during pregnancy on periodontal status, biologic
parameters, and pregnancy outcomes: a pilot study. J Periodontol (2006)
77(12):2011–24. doi:10.1902/jop.2006.060047

127. Jeffcoat M, Parry S, Sammel M, Clothier B, Catlin A, Macones G. Periodontal
infection and preterm birth: successful periodontal therapy reduces the risk
of preterm birth. BJOG (2011) 118(2):250–6. doi:10.1111/j.1471-0528.2010.
02713.x

128. Offenbacher S, Lieff S, Boggess KA, Murtha AP, Madianos PN, Champagne
CM, et al. Maternal periodontitis and prematurity. Part I: obstetric outcome
of prematurity and growth restriction. Ann Periodontol (2011) 6(1):164–74.
doi:10.1902/annals.2001.6.1.164

129. Michalowicz BS, Hodges JS, DiAngelis AJ, Lupo VR, Novak MJ, Ferguson JE,
et al. Treatment of periodontal disease and the risk of preterm birth. N Engl J
Med (2006) 355(18):1885–94. doi:10.1056/NEJMoa062249

130. Horton AL, Boggess KA. Periodontal disease and preterm birth. Obstet Gynecol
Clin North Am (2012) 39(1):17–23. doi:10.1016/j.ogc.2011.12.008

131. Xiong X, Buekens P, Goldenberg RL, Offenbacher S, Qian X. Optimal timing of
periodontal disease treatment for prevention of adverse pregnancy outcomes:
before or during pregnancy? Am J Obstet Gynecol (2011) 205(2):111.e1–6.
doi:10.1016/j.ajog.2011.03.017

132. Han YW. Oral health and adverse pregnancy outcomes – what’s next? J Dent
Res (2011) 90(3):289–93. doi:10.1177/0022034510381905

133. Polyzos NP, Polyzos IP, Zavos A, Valachis A, Mauri D, Papanikolaou EG,
et al. Obstetric outcomes after treatment of periodontal disease during preg-
nancy: systematic review and meta-analysis. BMJ (2010) 29(341):c7017.
doi:10.1136/bmj.c7017

134. Baccaglini L. A meta-analysis of randomized controlled trials shows no evi-
dence that periodontal treatment during pregnancy prevents adverse preg-
nancy outcomes. J Am Dent Assoc (2011) 142(10):1192–3. doi:10.14219/jada.
archive.2011.0089

135. Rosa MI, Pires PD, Medeiros LR, Edelweiss MI, Martínez-Mesa J. Periodon-
tal disease treatment and risk of preterm birth: a systematic review and
meta-analysis. Cad Saude Publica (2012) 28(10):1823–33. doi:10.1590/S0102-
311X2012001000002

136. Kim AJ, Lo AJ, Pullin DA, Thornton-Johnson DS, Karimbux NY.
Scaling and root planning treatment for periodontitis to reduce preterm birth
and low birth weight: a systematic review and meta-analysis of randomized
controlled trials. J Periodontol (2012) 83(12):1508–19. doi:10.1902/jop.2012.
110636

137. Macones GA, Parry S, Nelson DB, Strauss JF, Ludmir J, Cohen AW, et al.
Treatment of localized periodontal disease in pregnancy does not reduce
the occurrence of preterm birth: results from the periodontal infections
and prematurity study (PIPS). Am J Obstet Gynecol (2010) 202(2):147.e1–8.
doi:10.1016/j.ajog.2009.10.892

138. López NJ, Smith PC, Gutierrez J. Periodontal therapy may reduce the
risk of preterm low birth weight in women with periodontal disease: a ran-
domized controlled trial. J Periodontol (2002) 3(8):911–24. doi:10.1902/jop.
2002.73.8.911

Conflict of Interest Statement: The authors declare that the research was conducted
in the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest.

Frontiers in Public Health | Public Health Education and Promotion January 2015 | Volume 2 | Article 290 | 12

http://dx.doi.org/10.1177/154405910408300214
http://dx.doi.org/10.1203/01.pdr.0000230026.74139.18
http://dx.doi.org/10.1081/PRG-200030334
http://dx.doi.org/10.1096/fj.13-237040
http://dx.doi.org/10.1096/fj.13-237040
http://dx.doi.org/10.1097/01.mpg.0000232572.56397.d6
http://dx.doi.org/10.1097/01.mpg.0000232572.56397.d6
http://dx.doi.org/10.1097/MPG.0b013e31818936b8
http://dx.doi.org/10.3109/14767058.2013.844124
http://dx.doi.org/10.3109/14767058.2013.851186
http://dx.doi.org/10.3109/14767058.2013.857397
http://dx.doi.org/10.3109/14767058.2013.857397
http://dx.doi.org/10.1016/j.ajog.2007.11.067
http://dx.doi.org/10.1111/odi.12177
http://dx.doi.org/10.1128/IAI.72.4.2272-2279.2004
http://dx.doi.org/10.1128/IAI.71.9.5156-5162.2003
http://dx.doi.org/10.1111/j.1601-0825.2012.01917.x
http://dx.doi.org/10.1111/j.1601-0825.2012.01917.x
http://dx.doi.org/10.1902/jop.2009.080199
http://dx.doi.org/10.1902/jop.2009.080199
http://dx.doi.org/10.1111/j.1365-2249.2010.04202.x
http://dx.doi.org/10.1111/j.1365-2249.2010.04202.x
http://dx.doi.org/10.1111/aji.12102
http://dx.doi.org/10.1111/j.1600-0765.2012.01513.x
http://dx.doi.org/10.1902/jop.2014.140248
http://dx.doi.org/10.1902/jop.2005.76.11-S.2144
http://dx.doi.org/10.1902/jop.2006.060047
http://dx.doi.org/10.1111/j.1471-0528.2010.02713.x
http://dx.doi.org/10.1111/j.1471-0528.2010.02713.x
http://dx.doi.org/10.1902/annals.2001.6.1.164
http://dx.doi.org/10.1056/NEJMoa062249
http://dx.doi.org/10.1016/j.ogc.2011.12.008
http://dx.doi.org/10.1016/j.ajog.2011.03.017
http://dx.doi.org/10.1177/0022034510381905
http://dx.doi.org/10.1136/bmj.c7017
http://dx.doi.org/10.14219/jada.archive.2011.0089
http://dx.doi.org/10.14219/jada.archive.2011.0089
http://dx.doi.org/10.1590/S0102-311X2012001000002
http://dx.doi.org/10.1590/S0102-311X2012001000002
http://dx.doi.org/10.1902/jop.2012.110636
http://dx.doi.org/10.1902/jop.2012.110636
http://dx.doi.org/10.1016/j.ajog.2009.10.892
http://dx.doi.org/10.1902/jop.2002.73.8.911
http://dx.doi.org/10.1902/jop.2002.73.8.911
http://www.frontiersin.org/Public_Health_Education_and_Promotion
http://www.frontiersin.org/Public_Health_Education_and_Promotion/archive


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Zi et al. Periodontal diseases and preterm birth

Received: 30 August 2014; accepted: 14 December 2014; published online: 29 January
2015.
Citation: Zi MYH, Longo PL, Bueno-Silva B and Mayer MPA (2015) Mechanisms
involved in the association between periodontitis and complications in pregnancy. Front.
Public Health 2:290. doi: 10.3389/fpubh.2014.00290
This article was submitted to Public Health Education and Promotion, a section of the
journal Frontiers in Public Health.

Copyright © 2015 Zi, Longo, Bueno-Silva and Mayer. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, pro-
vided the original author(s) or licensor are credited and that the original publi-
cation in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these
terms.

www.frontiersin.org January 2015 | Volume 2 | Article 290 | 13

http://dx.doi.org/10.3389/fpubh.2014.00290
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org
http://www.frontiersin.org/Public_Health_Education_and_Promotion/archive

	Mechanisms involved in the association between periodontitis and complications in pregnancy
	Introduction
	Pregnancy and periodontal diseases
	Dissemination of oral bacteria and their products to extra-oral sites
	Mechanisms involved in the association between infections and preterm birth and other gestational complications
	Effect of periodontal treatment on gestational alterations
	Conclusion
	Acknowledgments
	References


