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Longitudinal study on clinical and
microbial analysis of periodontal status
in pregnancy

Abstract: This study was aimed to provide a longitudinal overview
of the subgingival bacterial microbiome using fluorescence in situ
hybridization (FISH) technique, in women in the second trimester of
pregnancy (between 14 and 24 weeks), and 48 h and 8 weeks postpartum.
Of 31 women evaluated during pregnancy, 24 returned for the 48-h and
18 for their 8-week exams postpartum. Probing depth (PD), bleeding
on probing, clinical attachment level, and presence of calculus were
recorded. Subgingival plaque samples were collected, and FISH was
used to identify the numbers of eight periodontal pathogens. Friedman
test was used to compare differences between follow-up examinations,
followed by a multiple comparison test for a post hoc pairwise comparison.
Clinically, a significantly greater number of teeth with PD = 4-5 mm were
found during pregnancy than on postpartum examinations. Microbial
analysis showed a statistically significant decrease in cell count over the
study period for Prevotella nigrescens. P. intermedia, Campylobacter rectus,
and Porphyromonas gingivalis also decrease, although not significantly,
and Aggregatibacter actinomycetemcomitans increased. No significant
changes were found for Fusobacterium nucleatum, Treponema denticola,
or Tannerella forsythia. Our data demonstrate a change in the subgingival
microbiota during pregnancy, at least for P. nigrescens.

Keywords: Pregnancy; Microbiology; Biofilms; In Situ Hybridization,
Fluorescence.

Introduction

The association between adverse pregnancy outcomes and
periodontopathogenic microorganisms has been suggested by several
authors, but as yet, there is no consensus in the literature. Although
changes in periodontal status during pregnancy have been reported, the
exact sequence of events from periodontal health to disease in pregnant
women remains unknown.'>**3¢ Several factors have been investigated
during research on periodontal disease in pregnancy, including hormone
levels,”® virulence factors of microorganisms,’® changes in immunologic
responses,®' and microbiota.!2131415161718

Various types of analysis and models have proven helpful in
understanding the multi-factorial causes of periodontal disease.”®1%202!
Of these, bacterial challenge studies have provided a valuable contribution
to understanding the complex pathogenesis of periodontal disease.??
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Most studies on periodontal microbiota have
used cultures,’>!? conventional PCR,? real-time
PCR,* checkerboard DNA-DNA hybridization,*'¢*
and, most recently, DNA sequencing technologies.?
However, because these approaches are based on
various parameters and have differing sensitivities,
it is very difficult to compare the results to clearly
elucidate microbial community structure.

With fluorescence in situ hybridization (FISH), itis
possible to compare microbial community structure,
i.e., the number of cells of each species individually
and the proportion of these cells in the total.*?>%

The complex pathogenesis of periodontal disease
implies the involvement of a susceptible host and a
bacterial challenge.” To qualitatively and quantitatively
understand the bacterial microbial community,
focusing on individual cell counts during and after
pregnancy might be helpful in choosing appropriate
management of oral conditions in these patients.®
Thus, we designed this study to longitudinally evaluate
the subgingival bacterial microbiome using FISH in
pregnant woman before and after delivery. We studied
the main species involved in periodontitis and their
association with the patients’ oral clinical status.

The null hypothesis is that there are no changes in
clinical and microbial parameters during pregnancy
and postpartum.

Methodology

This longitudinal study was approved by the
Ethics Committee in Human Research of the Federal
University of Juiz de Fora (UFJF), MG, Brazil (protocol
number 262/2008).

Study population

Expectant mothers were recruited between June
2010 and July 2011 during routine prenatal health
visits to a public reference hospital in Juiz de Fora,
MG, Brazil.

Initially, 158 women receiving prenatal care were
screened for inclusion. Women aged 24 to 32 years old,
with a singleton pregnancy, in the second trimester
(between 14 and 24 weeks, confirmed by ultrasound),
in good general health, and with a minimum of
20 permanent teeth were invited to participate.
Exclusion criteria included chronic disease
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(i.e., diabetes, hypertension, epilepsy, cardiac disease,
lung disease, renal disease, or a positive test for
human immunodeficiency virus), smoking, alcohol
dependency, use of systemic antibiotics, and/or
psychotropic or anticonvulsant medication in the
preceding 3 months, a requirement for prophylactic
antibiotics for periodontal examination, current
orthodontic treatment, or a history of professional
tooth-cleaning in the preceding 6 months."

A total of 31 women fulfilled the eligibility criteria
and signed informed consent. The women were also
examined at the beginning of the study and at 48 h
and 8 weeks postpartum.

Information about age, marital status, medical
history, education, and economic level was assessed
by interview.

Periodontal examination

The clinical periodontal examination was performed
as in our previous study,"” and included the following
parameters; bleeding on probing (BOP), presence
of calculus (PC), probing depth (PD), and clinical
attachment level (CAL). All teeth were examined with
the exception of the third molars; six sites per tooth were
examined with a North Carolina periodontal probe
(PCP-UNC 15, Hu-Friedy Manufacturing Inc., Chicago,
USA), and the heights of BOP, PC, PD, and CAL were
registered as scores for each tooth. This periodontal
examination was conducted by a single, trained, and
calibrated dentist (FCM), and results were recorded
on standardized forms by trained assistants. Cohen’s
kappa coefficients for intra-examiner agreement were
0.86 for PD and 0.90 for CAL.

Periodontitis was defined as the presence of four
or more teeth with one or more sites of PD >4 mm
and CAL > 3 mm at the same site.”

Microbiological analysis

Plaque sampling was conducted as described
by Machado et al.”® The supragingival biofilm was
removed with sterile gauze, and subbgingival biofilm
samples were collected from the mesial surfaces of two
opposite and contralateral first molars (or, if missing,
the next most posterior tooth) using a sterile Gracey
curette (Hu-Friedy Manufacturing Inc. Chicago, USA).
The biofilm samples were transferred into a 1.5 ml



screw-cap microtube and immediately transported
on dry ice to the laboratory. The microtubes were
weighed before and immediately after sampling to
allow quantitative analysis. The samples were fixed
and stored in paraformaldehyde solution, 2% final
concentration. The material was kept in a freezer at
20°C until used for microbiological analysis.

FISH was carried out to identify and enumerate
the periodontal pathogens in the subgingival biofilm
of the women at each visit. Eight species-specific 165
rRNA oligonucleotide probes (Operon Technologies
Inc,, Alameda, USA), labeled with Cy3 fluorescent dye,
were used to identify the following microorganisms;
Aggregatibacter actinomycetemcomitans, Tannerella
forsythia, Campylobacter rectus, Porphyromonas gingivalis,
Treponema denticola, Fusobacterium nucleatum, Prevotella
intermedia, and P. nigrescens. A negative control probe
with a sequence that should not bind to any prokaryote
rRNA was used.? Further details of these probes
were described in our previous study.®

The total number of bacterial cells and cells from
each species determined by FISH were assessed
according to the methods described by Machado
et al.”® The percentage of each species in relation to
the total bacterial cell count was calculated. Results
were expressed in cells/g.

Statistical analysis

Statistical analysis was performed using the
Statistical Package for Social Science (SPSS) 14.0 (SPSS
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Inc,, Chicago, USA) and R software (library “agricolae”).
Nominal data were described by relative and/or absolute
frequencies. Numerical data were described by mean,
standard deviation, and minimum and maximum
values. Statistical differences were determined by a
non-parametric Friedman test, followed by a multiple
comparison test for a post hoc pairwise postpartum.
Statistical significance was defined as p < 0.05.

Results

The mean age of the 31 women initially enrolled
was 26.7 years (SD * 2.5), and the mean gestational
age at first evaluation was 19.0 weeks (SD = 3.3). All
children were born at term (mean, 39.0 £ 1.47 weeks;
range, 37-41 weeks) with normal weight (mean,
3.283 + 0.467 kg; range, 2.525-4.220 kg).

Of the 31 women evaluated during the second
trimester, 24 returned for the 48-h examination and 18
for the 8-week examination postpartum; however, only
the 18 women who participated in all three examinations
were analyzed. Reasons for dropout included withdrawal
for personal reasons (loss of interest or lack of time,
n=7), unable to be located (n = 3), change of city (n=2),
and development of hypertension (n = 1).

Clinical parameters

Data regarding clinical periodontal condition at
the three examinations are shown in Table 1. The
average of the number of teeth was 27.0 £ 1.3 (range,
24-28 teeth).

Table 1. Clinical parameters during the second trimester of pregnancy and 48 h and 8 weeks postpartum (n = 18).

Variable (%) Parameters 2" trimester
Mean = SD 445 + 252
Teeth with BOP
Range 7.7-100
Mean = SD 84110
Teeth with PC
Range 0-36.0
Mean = SD 4.7 = 14.3
Teeth with PD = 4-5 mm
Range 0-64.0
Mean = SD 02 +0.9
Teeth with PD = 6 mm
Range 0-4
Mean = SD 20=2838
Teeth with CAL = 3-5 mm
Range 0-48.1

48 h postpartum 8 weeks postpartum Friedman test

36.8 +22.8 40.6 + 22.3
p=0.17
3.0-76.0 11.1-92.9
93=11.5 7.9 £10.9
P =0.09
0-36.0 0-35.7
1.2 =40 03=1.6
p=0.02
0-18.5 0-7.4
) p =037
2.1 +10.0 2.2 +10.2
p=0.13
0-48.1 0-48.1

*BOP = bleeding on probe; PC = presence of calculus; PD = probing depth; CAL = clinical attachment level; SD = standard deviation; n = number
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There was no statistical difference between the three
examinations with respect to BOP, PC, PD = 6 mm, or
CAL =3-5mm. There were fewer teeth with PD =4-5mm
at the postpartum examinations, a difference that was
significant according to the Friedman test (p = 0.02).
This result was not confirmed in the comparison of two
examinations by a multiple comparison test.

Microbial parameters

Table 2 presents the values for the total bacterial
counts and the eight periodontal pathogens detected
in the women’s subgingival biofilm.

Statistical analysis failed to demonstrate significant
differences in total bacterial counts during pregnancy
and postpartum.

A significant reduction was seen, however for P.
nigrescens when all three time points were compared
(p = 0.01, Friedman test). The subsequent multiple
comparison test demonstrated significant differences
in the counts of this periodontal pathogen when time
points were compared in pairs; second trimester

versus 8 weeks postpartum (p = 0.002), and 48 h versus
8 weeks postpartum (p = 0.037).

Figure 1 shows the percentage of each species
in relation to total bacterial cell counts during the
second trimester, at 48 h and 8 weeks postpartum.

Discussion

The results of this study performed in women
with normal, uncomplicated pregnancies provide
new information about subgingival microbial changes
during and after pregnancy. As demonstrated by FISH,
there may be distinctions among certain microbial
types in periodontal areas during and after pregnancy.

Considering all bacteria evaluated in the study, high
variability was observed during and after pregnancy
(Table 2). Although there were changes in the percentage
of each species in relation to the total bacterial cell
counts at each point in the study (Figure), with decreases
seenin P. intermedia, F. nucleatum, P. gingivalis, T. denticola,
C. rectus and an increase in A. actinomycetemcomitans,
these differences were not statistically significant.

Table 2. Mean, standard deviation (SD), and minimum and maximum values of total bacterial counts and of each periodontal
pathogen (cells X 107/g) during the second trimester of pregnancy and 48 h and 8 weeks postpartum (n = 18).

Bacterial counts (cells x 107/g) Parameters 2" trimester 48 h postpartum 8 weeks postpartum  Friedman test
Mean = SD 513.8 = 20.2 521.1 = 228.9 520.5 + 168.8
Total bacterial count p=0.16
Range 179.6-982.3 226.4-1161.9 227.8-805.2
Mean = SD 8.9 +11.2 7.9 =10.7 11.2 = 10.6
A. actinomycetemcomitans p=0.93
Range 0-56.4 0-53.6 2.0-42.2
Mean = SD 21.5+17.7 19.9 = 14.1 20.1 = 141
T. forsythia p = 0.41
Range 2.5-74.9 4.9-51.6 6.7-50.4
Mean = SD 12.8 = 12.9 10.5+7.8 9.4+79
C. rectus p=0.32
Range 0-43.9 1.2-31.2 0.8-31.6
Mean = SD 19.6 = 32.8 17.9 =248 11.6 = 6.1
P gingivalis p=0.24
Range 0-181.0 2.1-130.0 2.1-22.9
Mean = SD 14.2 = 12.7 14.0 = 12.2 12.1 = 10.0
T. denticola p=0.24
Range 0-59.2 0.8-59.2 0-39.7
Mean = SD 26.4 = 25.6 251 +21.3 21.5=16.1
F. nucleatum p=0.52
Range 0-133.0 1.9-91.3 4.4-52.6
Mean = SD 37.0 = 87.1 34.0 = 65.6 14.9 = 14.1
P intermedia p=0.13
Range 0-474.0 0.8-312.5 3.6-50.2
Mean = SD 19.6 = 18.3 17.9 = 15.6 17.0 =15.0
P nigrenscens p = 0.01
Range 0-57.8 0-54.8 2.4-53.4
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Figure. Counts of periodontal pathogens in percentage (%) when analyzed with 100% of total bacteria found in each sample point.

The only significant change we found was a decrease
in P. nigrescens over the course of the study; the count
for this organism was significantly lower at 48 h and
8 weeks postpartum than during the second trimester.
Although differences for other microorganisms were
not statistically significant, the proportion of each is
interesting and is thus worth discussing.

The role of P. nigrescens in periodontal disease
is controversial. Some authors have suggested it
is frequently detected at healthy sites,"”” whereas
others consider it to be related to periodontal disease
and/or endodontic infections.”* The first report of P.
nigrescens in pregnant women was in 2009, with a high
percentage of P. nigrescens observed in this group.”> The
data obtained in our study suggest that P. nigrescens is
somehow related to pregnancy status as it decreased
significantly postpartum. However, it is noteworthy
that other studies to report changes in the composition
of periodontopathogenic microbiota during pregnancy
did not assess P. nigrescens as since the 1980s, the
periodontal pathogen most commonly associated
with pregnancy has been P. intermedia.'****" In fact,
we found a higher percentage of P. intermedia (7.2%)
during pregnancy than P. nigrescens (3.81%). Contrary
to our findings, in their longitudinal study, Adriaens
et al'® found no differences in P. intermedia during
pregnancy and postpartum. However, they used

checkerboard DNA-DNA hybridization rather than
FISH. In a comparison of pregnant and non-pregnant
women," higher counts of P. intermedia were also
observed during pregnancy, although the difference
was not statistically significant. Raber-Durlacher et al.
observed an increase in the percentage of P. intermedia
in the subgingival biofilm during experimental
induction of gingivitis in pregnant women, yet no
increase was observed during the same procedure
performed in the postpartum period.

It has been suggested that P. intermedia and
P. nigrescens are strongly associated with periodontal
disease and can contribute to increased incidence of
disease as they comprise the orange group described
by Socranscy® required for isolating the red group
associated with severe forms of periodontitis.
C. rectus is also part of the orange group, and may
be associated with an increased risk of premature
births and low birth weight.>?*°> We detected higher
counts of C. rectus during pregnancy (2.5%) than
at 8 weeks postpartum (1.8%). Consistent with our
findings, Yokoyama et al."® detected higher counts
of C. rectus in the saliva of pregnant women by
quantitative real-time PCR, suggested that this may
contribute to periodontal disease progression, and
may be associated with increased salivary estradiol
concentrations during pregnancy:.
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As well as C. rectus, P. gingivalis also decreased
somewhat at 8 weeks postpartum (2.23%) compared
with the second trimester of pregnancy (3.81%). Studies
have shown a high prevalence of P. gingivalis and P.
intermedia during the second trimester of pregnancy
due to high concentrations of progesterone and/or
estradiol, which contribute to bacterial growth.!>?
Our results corroborate these earlier findings as these
species were more frequent during pregnancy at
8 weeks postpartum. Based on accumulated evidence,
anincreased detection of P. gingivalis during pregnancy
and a decrease postpartum were expected.

We observed an increase in the bacterium
A. actinomycetemcomitans over the study period,
in contrast to the decrease seen in most of the other
microorganisms studied. Indeed, other authors" have
found a higher proportion of this microorganism
during pregnancy and have suggested that its
participation in periodontal changes associated
with pregnancy is important. However, earlier works
differ from ours because they have quantified this
bacterium in terms of the number of copies of DNA
amplified by specific probes rather than by directly
counting the number of bacterial cells.

The proportions of F. nucelatum, T. denticola, and T.
forsythia did not differ significantly over the study period.

The eight selected microorganisms in our
study are all considered in the literature to be
periodontopathogenic bacteria.’* With the exception
of A. actinomycetemcomitans, they comprise the red
and orange complexes,? associated with the various
forms of periodontal disease. However, in light of the
more than 800 species estimated to be components of
the indigenous oral microbiota, our eight surveyed
species represent an average of 27.34% of the total
cells detected in this study. Indeed, their proportion
of the total tends to decrease after delivery. Thus,
considering the well-accepted theory that specific
dental plaques are responsible for the development
of periodontal disease (gingivitis and periodontitis),
our data are interesting from the point-of-view of
microbial ecology. Even given good periodontal
health, these eight periodontal pathogens are part
of the indigenous oral microbiota, albeit in reduced
amounts.” Although in the healthy state, there is a
balance between microbiota virulence factors and
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host defense factors, if this equilibrium is disrupted
by microbial or host factors, including hormonal
changes during pregnancy, these specific pathogens
can increase in number and lead to the development
of periodontal disease (gingivitis and periodontitis).
Although these aspects were not evaluated in this
study, this theory is accepted by other authors™** who
have suggested that P. gingivalis, P. nigrescens, C. rectus,
and A. actinomycetemcomitans can be implicated as risk
factors for adverse pregnancy outcomes, including
prematurity and low birth weight.

Inconsistent results in the literature in relation
to the oral bacteria associated with the onset of
periodontal diseases during pregnancy can be
explained by the different methodologies used in
each study.***2 Although the presence of periodontal
bacteria can be demonstrated using various methods,
including DNA-DNA hybridization or oral microbiota
culture,'>>" our use of FISH allows for direct counts
of the cell numbers of each microorganism in relation
to the total cell count.

Among the limitations of this study was the high
dropout rate, especially at the 8 week postpartum
examination, which could have introduced bias into
the results. This dropout rate is perhaps explainable
by the fact that pregnant, or breastfeeding, women
may have a number of reasons that hinder attendance
to dental appointments.*® Another weakness of the
study is the small sample size, perhaps not large
enough to detect differences in bacterial cell counts
between the three examinations. However, this study
is important because it shows the ability of FISH to
quantify bacteria by counting cells, thereby yielding
information on the specific proportions of species
in the microbiota, unobtainable by other previously
used techniques in oral microbial research.

Thus, new detection techniques, including FISH,
open the door on a new microbiological era in which
microorganisms can be detected directly as individual
cells in patient samples. Rather than depending on
indirect data from cultures or DNA extraction, FISH
is a reliable, fast, and efficient quantitative method.
This new technique has great potential for future
studies as it has proven effective for the identification,
visualization, and quantification of several species
of periodontal bacteria.



This study demonstrates, using FISH, the presence
of certain microorganisms in periodontal areas during
uncomplicated pregnancies and deliveries, which
tend to decrease in number postpartum.

Conclusions
This study confirms the hypothesis that there
is a change in the subgingival microbiota, at least
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