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Abstract

Objective: Preterm birth (PTB) increases the risk of adverse outcomes for new born infants. Subgingival bacteria are implicated
in causing PTB. The aim of the present study was to assess the accuracy of some subgingival gram positive and gram negative
bacteria detected by routine lab procedures in predicting PTB.

Methodology: Pregnant Saudi women (n= 170) visiting King Fahad hospital, Dammam, Saudi Arabia, were included in a pilot
cohort study. Plaque was collected in the 2" trimester and screened for subgingival anaerobes using Vitek2. Pregnancy
outcome (preterm/ full term birth) was assessed at delivery. Sensitivity, specificity and positive and negative likelihood ratios
were calculated for the identified bacteria to predict PTB.

Results: Data about time of delivery was available for 94 subjects and 22 (23.4%) had PTB. Three gram negative and 4 gram
positive subgingival bacteria had sensitivity = 95% with two of each having negative likelihood ratios <0.10. Three gram positive
bacteria had specificity > 95% with only one having positive likelihood ratio >2.

Conclusion: Subgingival bacteria identified using readily available lab techniques in the plaque of pregnant Saudi women in
their 2" trimester have useful potential to rule out PTB.
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Introduction

Preterm birth (PTB) is a serious condition in
which infants are born after less than 37 weeks
of gestation. It is caused by a number of
factors including environmental exposures,
medical history of the pregnant mother,
genetic, psychosocial and socioeconomic
factors. PTB increases the risk of mortality and
morbidity in  newborn infants causing
complications in the respiratory,
gastrointestinal, immunologic and nervous
systems. @ Periodontal bacteria have been
implicated in increasing the risk of PTB through
translocation into the blood stream and
causing metastasic infection. @ Evidence
suggests that periodontal microorganisms are
capable of entering the uterine cavity leading
to the production of pro-inflammatory cytokines
hence increasing the risk of PTB. @
Several bacterial species were related to

PTB, including salivary Lactobacilli, ©
Actinomyces naeslundii genospecies and
Lactobacillus casei, ©  Porphyromonas

gingivalis, Tannerella forsythia, Prevotella
intermedia and Prevotella nigrescens, ©
Porphyromonas gingivalis, " ® Aggregatibacter
actinomycetemcomitans, ©) Eikenella
corrodens and the orange and red complexes.
6.19 Some studies described specific groups of
pathogens related to periodontal diseases
such as the purple, yellow, green, orange and
red microbial complexes or Aggregatibacter
actinomycetemcomitans, Porphyromonas
gingivalis, Treponema denticola, Tannerella
forsythia, Prevotella intermedia,
Campylobacter rectus and Fusobacterium
nucleatum. @1 12 However, other studies @3 14
did not find a relation between PTB and these
organisms. Thus several subgingival bacteria
may be implicated in PTB although there is no
clear evidence that one of them is responsible
alone for the condition.

Some researchers investigated the
association between PTB and subgingival
bacteria. ‘4 Other investigators assessed the
decrease in the risk of PTB after treatment of
periodontitis. 1% The identification of some
subgingival bacteria in pregnant women can be
used to predict PTB. Then, pregnant women
who are at increased risk of PTB may be
closely monitored and supportive measures
can be provided to them.

Existing methods that are used to predict
PTB include fetal fibronectin, fetal breathing

movements and transvaginal sonographic
cervical length. *® Some studies reported that
maternal salivary cortisol can also be used to
predict PTB. @7 Other studies depended on
markers such as neutrophil to lymphocyte ratio
8 and dual biomarker model of albumin/
vitamin D- binding protein. 9 Assessing the
presence of specific subgingival bacteria has
the advantages of being non-labor intensive,
non-invasive and not requiring the use of
sophisticated technology and may thus be
more tolerable to pregnant women than these
other methods. Studies assessing the ability of
subgingival bacteria to predict PTB by
measuring their sensitivity and specificity are
rather limited.

The aim of the present study was to assess
the accuracy of subgingival bacteria that can
be identified by readily available lab techniques
in predicting PTB in a group of pregnant
women in the Eastern Province of Saudi
Arabia. The hypothesis of the study is that
some gram positive and gram negative
subgingival bacteria are associated with PTB
and have sensitivity or specificity 295% to
predict PTB.

Methods

The study protocol was approved by the
Ethics Committee of the Deanship of Scientific
Research, University of Dammam (#2013145)
and by the Institutional Review Board of King
Fahad Hospital, University of Dammam, Saudi
Arabia (KFHU-EXEPDO0058). Written informed
consent was obtained from each subject
before joining the study and the Helsinki
declaration guidelines were followed.

Study Design

A prospective cohort study design was used
where pregnant women were assessed for
predictor variables (subgingival bacteria) in
their 2" trimester and followed till the end of
pregnancy to assess the outcome (full/ preterm
birth).

Setting

The study was conducted in Dammam,
Saudi Arabia. Pregnant women were recruited
from those visiting the Obstetrics Department
of King Fahad Hospital in the period April 2013
to April 2014. The bacteriologic samples were
analyzed in the Microbiology Diagnostic
Laboratory, King Fahad Hospital.
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Sample size

Sample size was calculated using the
nomogram developed by Carley et al ?® based
on the following assumptions: prevalence of
PTB = 0.45 (personal communication with
Head of Obstetrics Department), sensitivity=
0.95, confidence interval= 0.05. The sample
size was calculated to be 170 subjects.

Inclusion Criteria

Participants were included in the study
based on the following criteria: (1) being
Saudis, (2) being non-smokers, (3) being free
from systemic diseases, (4) having singleton
gestation, (5) having history of PTB and (6) not
using systemic antibiotics or non-steroidal anti-
inflammatory drugs in the last 3 months before
the study. After inclusion in the study and
assessment of predictors  (subgingival
bacteria), subjects were followed till the end of
their pregnancy as part of the routine care
given to them. There was no indication of any
intervention that might affect the risk of PTB.
The following clinical parameters were
measured: plague index of Silness and Loe, @
gingival index of Loe and Silness, ?? probing
pocket depth and clinical attachment loss. ?®
To reduce examiner variability, only one
examiner, a periodontist, conducted the
examination. The examiner made duplicate
examinations of ten patients not included in the
study at the beginning and midway during the
study to ensure reliability. The intra examiner
reliability measured by Kappa statistic was
0.87 and 0.8 for pocket depth and attachment
loss in the beginning and 0.82 and 0.85
midway.

Variables

Outcome: preterm birth status

Study subjects were followed till the end of
their term. Each woman was classified
according to time of delivery into (1) full term
birth (FTB), delivering live infants after 37
weeks gestation or (2) preterm birth (PTB),
delivering live infants with idiopathic preterm
birth after 28—-36 weeks of gestation.

Predictors: subgingival bacteria

Plague samples collection: A dentist
collected subgingival plaque samples from the
study subjects when they were in their 2m
trimester (6" month) using a standardized
sterile paper strip #30. After isolation of teeth

with cotton, the strip was inserted into the
gingival crevice of each tooth and moved to
collect plaque around the tooth. At least two
anterior and two posterior teeth from each arch
were sampled. Each strip was immediately
inserted into a vial containing 0.5ml of reduced
transport fluid (thioglycollate broth). ¢4 The
vials were flooded with nitrogen and
transported to the microbiology laboratory.

Culture

Samples were cultured on anaerobic
modified Brucella agar AMBA (SPML, Saudi
Arabia) and incubated anaerobically for 72
hours at 37°C. The remainder of the
thioglycollate broth was also incubated in an
anaerobic chamber and in case there was no
growth from the plates at 72 hours, it was
subcultured for organism isolation and
identification.

Identification

Any potential anaerobe was confirmed
using Gram stain reaction, the organism
morphology and its aerotolerance. This was
followed by identification using the VITEK2
automated system (Biomerieux, France) using
sealed disposable ANC and Coryneform card
#21347. Inoculation, reading, and
interpretation of VITEK2 panels were
performed according to the manufacturer’s
instructions. ?® The bacteriologist recorded the
types of bacteria identified in an Excel sheet
containing only the patient ID. Findings were
recorded directly after sample collection (also
in the 2" trimester).

Data Analysis

Sample description included comparison of
the PTB and FTB women according to age,
plague, gingival indices, probing pocket depths
and clinical attachment loss using t test.
Bacteria were grouped into (1) gram positive

(Actinomyces meyeri, Clostridium
bifermentans,  Clostridium  clostridioforme,
Clostridium perfringens, Clostridium

subterminate, Eggerthella lenta, Peptoniphilus
asaccharolyticus or Peptostreptococcus
anaerobius) or (2) gram negative subgingival
bacteria (Prevotella melaninogenica, Prevotella
oralis or Veillonella parvula) and the
prevalence of each was calculated.

Univariate logistic regression models were
developed to assess the association between
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the dependent variable (PTB) and the
independent variables (various subgingival
bacteria) and the models were adjusted for
age. Sensitivity, specificity, positive and

negative likelihood ratios were calculated as
measures of accuracy to predict PTB. The
following cut points were used for the
interpretation of the likelihood ratios: ©®

LR-: Decrease in PTB likelihood

No change in PTB likelihood

LR+: Increase in PTB likelihood

<0.1: large and conclusive
0.1- <0.2: moderate
0.2- <0.5: small
0.5-<1: minimal

>10: large and conclusive
>5-10: moderate
>2-5: small
>1-2: minimal

Data was analyzed using SPSS version 17.0 (SPSS, Chicago, Ill). MedCalc (MedCalc Software
bvba, Belgium) was used to calculate sensitivity, specificity and likelihood ratios. The level of

significance was set at P< 0.05.

Results

Data about delivery status was obtained
from 94 women out of 170 (55.3%). The
remaining 76 women were lost to show-up for
examination at the expected time of delivery
during the study period. Of those, 22 had PTB
(23.4%) and 72 carried their infants to full term.
The mean (SD) age of women with PTB was
30.2 (2.6) years and that of FTB women was
32.1 (2.1) years with a statistically significant

difference between both groups (P= 0.001).
There were no differences between the two
groups in plague or gingival indices (2.3
compared to 1.4 and 1.3 compared to 1.2, P=
0.07 and 0.86). Women with PTB had more
severe periodontal disease than those with
FTB (probing pocket depth= 6.0 and 2.4,
clinical attachment loss= 1.9 and 1.6,
P<0.0001 and 0.003) (Table 1).

Table 1: Distribution of age, gingival index, plaque index, probing pocket depth, clinical

attachment loss in the study groups

PTB (n=22) | FTB (n=72) | P value
Age in years 30.2 (2.6) 32.1(2.1) 0.004*
Plague index 2.3(1.6) 1.4 (2.1) 0.07
Gingival index 1.3 (2.4) 1.2 (2.3) 0.86
Probing pocket depth 6.0 (0.4) 2.4 (0.3) <0.0001*
Clinical attachment loss | 1.9 (0.3) 1.6 (0.4) 0.003*

PTB: preterm birth, FTB: full term birth, *: statistically significant at P< 0.05

Figure 1 shows the prevalence of various
subgingival  bacteria identified in the
subgingival plaque of the study subjects. The
most prevalent gram positive organisms were
Clostridium bifermentans (14 cases, 14.9%),
Peptoniphilus asaccarolyticus (8 cases, 8.5%)
followed by Clostridium clostridioforme and
Clostridium perfringens (6 cases, 6.4% for

each). The most frequently isolated gram
negative bacteria were Prevotella
melaninogenica (7 cases, 7.4%). In general,
these gram positive bacteria were identified in
samples from 35 (37.2%) of women whereas
gram negative bacteria were identified in 12
(12.8%).
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Figure 1: Subgingival bacteria identified in plaque of the study subjects
(GP: gram positive, GN: gram negative)

Table 2 shows

the association between

various subgingival bacteria and PTB using

age-adjusted regression models. Among the
three identified gram negative bacteria,
Veillonella parvula was significantly associated
with higher odds of PTB (odds ratio= 11.2)
although the estimate was not precise (95%

Among the eight gram positive bacteria,
Actinomyces meyeri and Clostridium
bifermentans were significantly associated with
higher odds of PTB (11.2 and 5.1), with the
estimate of Clostridium bifermentans showing
greater precision (95% confidence interval =
1.5, 17.5).

confidence interval= 1.1, 115.0).

Table 2: Logistic regression models for the association of subgingival bacteria with PTB

| wadX®> | Pvalue | ORY | 95% C.I.

Gram negative
Prevotella oralis 0 1.00 55.7 0, -
Veillonella parvula 4.1 0.04* 11.2 1.1, 115.0
Prevotella melaninogenica 0 0.99 - -

Gram positive
Clostridium subterminate 0 1.00 55.4 0, -
Peptostreptococcus anaerobius 0 0.99 0 0, -
Eggerthella lenta 0.7 0.40 3.4 0.2,56.4
Actinomyces meyeri 4.2 0.04* 11.2 1.1,114.0
Clostridium perfringens 0.3 0.56 0.5 0.1, 4.6
Clostridium clostridioforme 15 0.22 2.7 0.6, 13.1
Peptoniphilus asaccharolticus 0.8 0.38 0.4 0.1,3.2
Clostridium bifermentans 6.8 0.009* 5.1 15,175

OR: odds ratio adjusted for age, 95% C.l.: 95% confidence interval, *: Statistically significant at P<

0.05
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Table 3 shows the sensitivity, specificity
and likelihood ratios of various subgingival
bacteria. All gram negative subgingival
bacteria identified in this study had high
sensitivity (295%); Prevotella oralis, Veillonella
parvulis and Prevotella melaninogenica in
addition to 4 gram positive bacteria;
Clostridium subterminate, Eggerthella lenta,
Actinomyces meyeri and Clostridium
clostridioforme.

None of the gram negative bacteria had
specificity >95% whereas 3 of the gram
positive bacteria had specificity >95% although

their sensitivity was low; Peptostreptococcus
anaerobius, Clostridium  perfringens and
Peptoniphilus asaccharolyticus.

Four out of the 7 subgingival bacteria with
sensitivity >95% had LR- <0.1; Prevotella
oralis, Prevotella melaninogenica, Clostridium
subterminate and Actinomyces meyeri. None
of the 3 subgingival bacteria with specificity
>95% had LR+ >5 and only one had LR+>2
(Peptoniphilus asaccharolyticus). Clostridium
bifermentas which had the most precise
estimate of association with PTB had a
sensitivity of 91.2% and specificity of 34.8%.

Table 3: Sensitivity, specificity and positive and negative likelihood ratios of subgingival

anaerobes in prediction of PTB

Subgingival bacteria | N: FTB/ PTB (72/22) | Sn(95% C.l) | Sp(95% C..) | LR+ | LR-
Gram negative bacteria
Prevotella oralis 0/1 100 (95.4- 100) 4.3 (0.7- 22) 1.1 0
Veillonella parvula 1/3 97.5 (91.2- 13 (2.9- 33.6) 1.1

99.6) 0.2
Prevotella 0/ 8 100 (95.4- 100) | 34.8 (16.4- 57.3) 15 0
melaninogenica
Gram positive bacteria
Clostridium 0/1 100 (95.4- 100) 4.3 (0.7- 22) 11 0
subterminate
Peptostreptococcus 3/0 3.7 (0.8- 10.6) 100 (85- 100) - 09
anaerobius '
Eggerthella lenta 1/1 97.5 (91.2- 4.3 (0.7- 22) 1.0

99.6) 0.6
Actinomyces meyeri 1/3 98.7 (93.2- 13 (2.9- 33.6) 11

99.8) 0.1
Clostridium 6/ 1 7.5 (2.8- 15.6) 95.7 (78- 99.3) 1.7 09
perfringens '
Clostridium 4/ 3 95 (87.7- 98.6) 13 (2.9- 33.6) 11 04
clostridioforme '
Peptoniphilus 8/1 10 (4.4- 18.8) 95.7 (78- 99.3) 2.3 09
asaccharolyticus '
Clostridium 6/ 7 91.2 (82.8- 34.8 (16.4- 57.3) 14 03
bifermentans 96.4) '

FTB: full term birth, PTB: preterm birth, Sn: Sensitivity, Sp: Specificity, C.I.: confidence interval, LR+:

positive likelihood ratio, LR-: negative likelihood ratio

Discussion

The results of the present study support the
hypothesis that some subgingival bacteria are
associated with PTB and that they have high
sensitivity and/ or specificity to predict it. In the
present study, and based on the indices
measured, PTB women had more severe

periodontal disease. ?” Previous studies also
reported more severe periodontal diseases
among women with PTB. @& 31 |nfection, as in
the case of periodontitis, is associated with
PTB because of the presence of less "optimal"
bacteria.
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Among all the subjects included in the
present study, the most prevalent subgingival
bacteria were Clostridium bifermentans,
followed by Peptoniphilus asaccharolyticus and
Prevotella melaninogenica. In two studies
including subjects from different countries,
Haffajee et al 2 33 reported that there were
differences in the prevalence of subgingival
bacterial species by country. For example,
Prevotella melaninogenica was identified in
about 6% of Chilean and Swedish subjects but
not in subjects from other countries. Also,
Veillonella parvula was detected in higher
percentage among Americans in comparison
to Swedish subjects (7.0% and 4.5%). Another
study reported that subgingival bacterial profile
changes over the course of pregnancy as well
as after delivery. ¢4

The role of the gram negative subgingival
anaerobes in the causation of PTB has been
confirmed by others. © Most studies, however,
focused on what Socransky et al described as
the orange complex (Peptostreptococcus
micros, Prevotella nigrescence, Fusobacterium
nucleatum and Prevotella intermedia) and red
complex (Campylobacter rectus, Tannerella
forsythia, Treponema denticola,
Porphyromonas gingivalis), @ 3 none of
which were identified in the present study.
These organisms could either be totally absent
among the study subjects or could be
incorrectly missed by the ANC card of Vitek2.

The sensitivity of values of Prevotella oralis,
Veillonella parvula, Prevotella melaninogenica,
Clostridium subterminate, Eggerthella lenta
and Actinomyces meyeri were 295%. These
high sensitivity values are useful to rule out
conditions when the test results are negative.
6 The negative likelihood ratios are helpful in
demonstrating the usefulness of the studied
bacteria. These likelihood ratios do not change
when the prevalence of PTB changes so they
can support the applicability of the test
(subgingival bacteria identification) in different
settings. For example, the negative likelihood
ratios of Prevotella oralis, Prevotella
melaninogenica, Clostridium subterminate and
Actinomyces meyeri were all <0.1 which
means that their absence indicates large and
conclusive decrease in the likelihood of PTB.
@) 1t is interesting that among the three
bacteria that were associated with significantly
higher odds of PTB and though the most
prevalent, the accuracy of Clostridium

bifermentas was not high enough to usefully
predict PTB. Veillonella parvula and
Actinomyces meyeri had similarly high
sensitivity although the LR- of Actinomyces
meyeri was lower than that of Veillonella
parvula indicating the former's greater
accuracy to rule out disease. This emphasizes
that the presence of association between some
subgingival bacteria and PTB does not
necessarily indicate that these bacteria would
be useful in predicting PTB and that it is
important to use sensitivity, specificity and
likelihood ratios to decide the usefulness of
certain markers/ tests for prediction of disease.

Because of the generally lower specificity of
most microorganisms in the present study, the
identification of these subgingival bacteria
would not have a great "rule in" value. The
highest positive likelihood ratio was calculated
for Peptoniphilus asaccharolyticus (LR+= 2.3)
signifying only a small increase in the
likelihood of the disease when the test is
positive and the organism is detected. ©”
These bacteria with LR- < 0.1 can rule out PTB
if they are absent in plague during the 2
trimester to a greater extent than the ability of
any of the subgingival bacteria to rule in
disease if they are present.

Boots et al 1® reported in a meta-analysis
of 72 studies the accuracy of methods used to
predict PTB in the short term. They found that
the sensitivity of transvaginal sonographic
cervical length (TVS CL), fetal breathing
movement (FBM) and fetal fibronectin (fFN)
was 77%, 75% and 62% with specificity= 88%,
93% and 81% respectively. The highest
positive likelihood ratio was for FBM (LR+=
10.4) and the lowest negative likelihood ratio
was for TVS CL (LR-= 0.26). If the aim is to
rule out suspected cases, the reported values
for negative LRs, within the confines of the
small sample size in our study, show promising
results that may be superior to TVS CL.

In view of the small number of subjects with
PTB in our study, our results should be
interpreted with caution and it should be
considered as pilot for larger future studies.
We did not assess the effect of alcohol as
confounder since cultural and religious factors
prohibit its consumption and would interfere
with valid reporting of its use if this occurred.
One limitation of the study is the small sample
size due to the loss of subject to follow up
where data was available for only 55% of those
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initially examined. Whereas this represents a
considerable loss, the association between
predictor(s) and outcome was statistically and
clinically significant so that type 2 error is not a
concern in the study. Further studies including
subjects from other countries and women at
different stages of pregnancy are needed
before our findings can be generalized to other
populations. These promising findings pave the
way for further studies including larger samples
to assess the sensitivity and specificity of the
subgingival bacteria identified in our study. It
would be interesting to investigate in future
studies the impact of periodontal disease
severity on the association between these
subgingival bacteria and PTB and whether
controlling the number/ occurrence of these
bacteria may potentially decrease the risk of
PTB. In addition, another direction for research
may include comparison of the accuracies of
subgingival bacterial screening with other tests
for predicting PTB.

Conclusion

Subgingival bacteria identification offers a
relatively inexpensive and fast lab technique
for predicting PTB. In our study, the most
prevalent microorganism were Clostridium
bifermentans followed by P.asacchrolyticus
and P.melaninogenica. The negative likelihood
ratios of the studied microorganism shows
promising accuracy to rule out PTB in
comparison to other methods used to predict
pregnancy outcomes. Further studies including
a larger sample size are needed to confirm the
findings of the present study.
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