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Regular consumption of
Lactobacillus reuter-containing
lozenges reduces pregnancy
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Abstract

Aim: This randomized controlled trial assessed the impact of Lactobacillus reuteri
on pregnancy gingivitis in healthy women.

Materials and Methods: Forty-five healthy women (24 test/21 placebo) with preg-
nancy gingivitis in the third trimester of pregnancy were enrolled. At baseline
Gingival Index (GI) and Plaque Index (PII) were assessed at the Ramfjord teeth
and venous blood taken for TNF-o analysis. Subsequently participants were ran-
domly provided with lozenges to be consumed 2 x daily until birth (approx.

7 weeks) containing >10® CFU L. reuteri ATCC PTA 5289 and >10* CFU

L. reuteri DSM 17938 (test) or being devoid of L. reuteri (placebo). Within 2
days after birth recording of GI, PII and blood sampling were repeated.

Results: At baseline, mean GI and mean PII did not differ significantly between both
groups. In the test group mean TNF-o serum level was significantly (p < 0.02) lower
than in the placebo group. At reevaluation, mean GI and mean PII of the test group
were both significantly (p < 0.0001) lower than in the placebo group. Mean TNF-o
serum level did no longer differ significantly between the groups.

Conclusions: The consumption of L. reuteri lozenges may be a useful adjunct in
the control of pregnancy gingivitis.
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The development of gingivitis is a
very frequent corollary of pregnancy
with a reported prevalence of 35-
100% (Wu et al. 2015). In clinical
practice it is usually controlled by
professional tooth cleaning and the
establishment of adequate oral
hygiene measures (Kaur et al. 2014).
Nevertheless already the ground
breaking experiments by Loe and
Silness (Loe & Silness 1963, Silness
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& Loe 1964) suggested, that preg-
nancy gingivitis is not identical to
common plaque-associated gingivitis
due to a significant shift in the corre-
lation between observed bacterial
plaque mass and the ensuing extent
of gingival inflammation before and
after pregnancy. Subsequent evi-
dence from in vitro studies and clini-
cal trials confirmed and further
corroborated the wvalidity of this
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distinction (Raber-Durlacher et al.
1993, 1994, Niederman 2013, Wu
et al. 2015). The putative etiological
explanation has been ascribed to the
manifestation of various histological,
serological and  immunological
changes within the gingival tissues
during pregnancy. These result in a
significant increase in the crevicular
fluid flow rate and a concomitant
rise at the concentration of proin-
flammatory cytokines as well as
pregnancy-associated sex hormones,
favouring the overgrowth of gingivi-
tis-inducing microorganisms (Korn-
man & Loesche 1980, Fteita et al.
2015, Lima et al. 2015, Wu et al.
2015). Kornman and Loesche
reported that in the second trimester
of pregnancy the strongly increased
recovery of Prevotella intermedia
from inflamed gingival sites was cor-
related with increased plasma levels
of estrogen and progesterone both
providing a substitute for menadione
an essential P. intermedia growth
factor. Nevertheless a clear distinc-
tion between pregnancy-associated
gingivitis and general gingivitis based
on the composition of the oral
microbiome has not been possible so
far (Kumar 2013).

A steadily increasing number of
studies in recent years on the inter-
play between microorganisms and
the human host at mucosal barriers
of the intestine have substantially
broadend the insights on the mecha-
nisms involved. Unlike traditional
views mostly focusing on virulence
mechanisms of microbial pathogens
and their impact on host response,
there is now sufficient evidence that
the functionality of the mucosal
immune system is also intimately
influenced by the commensal micro-
biota (Sansonetti 2011). According
to this concept disease and harmful
inflammatory responses may not
only originate from the proinflam-
matory stimuli of microbial patho-
gens but may also to a comparable
extent be attributable to an eventual
lack of protective commensal
microorganisms (Mazmanian et al.
2008). Under physiological condi-
tions these dominate the mucosal
interfaces and are actively inhibiting
colonization by invading species.
Furthermore cell wall antigens and
metabolites of the commensal
microbiota significantly shape the
extent and direction of the mucosal
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immune response by influencing
amongst others the cytokine profiles
as well as the distribution of regula-
tory T-cells and various T-helper
cell subtypes in the host (Alexander
et al. 2014). Certain strains of Lac-
tobacillus reuteri, commonly found
in the gut and oral microbiota of
healthy humans and other mammals
have been identified as putative
microorganisms, significantly modu-
lating the status of intestinal and
oral health. In vitro experiments
assessing the metabolic properties of
L. reuteri, revealed the synthesis of
reutericyclin - and reuterin, both
broad spectrum antibiotics with a
significant inhibitory effect on a
wide array of bacterial species
(Talarico et al. 1988, Ganzle et al.
2000, Baca-Castanon et al. 2015).
Data from a steadily growing num-
ber of clinical studies also demon-
strated that L. reuteri exposure may
induce a variety of beneficial host
responses as diverse as reduced rates
of allergies in infants, reduced caries
activity in children and improved
insulin secretion in healthy adults
(Forsberg et al. 2013, Stensson et al.
2014, Simon et al. 2015). Further-
more in a controlled animal trial
the addition of L.reuteri to the
drinking water of mice led to a sig-
nificant upregulation of the neu-
ropeptide oxytocin, which cut the
healing time of standarized skin
wounds in half (Poutahidis et al.
2013). In controlled clinical trials
finally, evaluating the regular con-
sumption of L. reuteri-containing
food supplements in patients suffer-
ing from chronic gingivitis or peri-
odontitis, a significant reduction in
gingival Dbleeding and crevicular
TNF-a levels (Twetman et al. 2009)
as well as significantly improved
periodontal healing after scaling and
root planning (Teughels et al. 2013,
Tekce et al. 2015) was observed.
This evidence however is still incon-
clusive as some other controlled
clinical trials failed to demonstrate a
significant effect of L. reuteri on
clinical parameters of periodontal
health (Iniesta et al. 2012, Hall-
strom et al. 2013). Compared to
plaque-associated chronic gingivitis
pregnancy-associated  gingivitis 1S
characterized by a particularly com-
plex interplay between hormonal
changes, fluctuations in proinflam-
matory cytokines and the resulting
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shift of the oral microbiome. The
administration of a  probiotic
L. reuteri food supplement in preg-
nancy gingivitis may thus have the
potential for a beneficial, anti-
inflammatory interference with the
resident microbiome as well as
the host response independent of
the establishment of efficacious oral
hygiene. To our best knowledge an
interventional trial focusing on the
control of pregnancy-associated gin-
givitis by the consumption of
L. reuteri has mnot been published
before.

Aim

The purpose of this study was to
assess the influence of the regular
consumption of probiotic L. reuteri-
containing lozenges on the manifes-
tation of pregnancy gingivitis in a
cohort of healthy women during the
third trimester of pregnancy.

Material and Methods

Lozenges

The lozenges (test, placebo) were
manufactured and provided by Bio-
Gaia AB, Lund, Sweden. They were
identical to the commercially avail-
able Prodentis lozenges made by
BioGaia AB and consisted of iso-
malt (filler), hydrogenated palm oil,
peppermint flavour, menthol flavour,
peppermint oil and sucralose. Test
lozenges furthermore contained >10°
colony forming units of Lactobacillus
reuteri DSM 17938 and >10® colony
forming units of Lactobacillus reuteri
ATCC PTA 5289, while placebo
lozenges were void of L. reuteri
strains. Test and placebo lozenges
were stored in identical neutral bot-
tles containing 28 lozenges each,
with a label displaying a unique
CRF subject number and the
instruction to consume the lozenges
2x daily by slowly melting them in
the mouth.

Study design

The study was designed as a
prospective, parallel group, two arm,
double-blind, placebo-controlled ran-
domized clinical trial. The study pro-
tocol was prepared in accordance
with the declaration of Helsinki and
met the criteria of good clinical
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practice; it was approved by the
ethics committee of the University of
Wuerzburg (file # 239/09). All sub-
jects participating had signed a writ-
ten informed consent prior to their
inclusion.

Study population

Study participants were recruited
from healthy pregnant women seek-
ing routine gynecological care at
the Outpatient Clinic of the Depart-
ment of Obstetrics and Gynaecol-
ogy of the University Hospital
Wiirzburg at the beginning of the
third trimester of pregnancy (>
week 28). They were informed
about the aims, risks and benefits
of the study and were asked for
participation. Those willing to par-
ticipate were subsequently screened
including an intra-oral examination
to verify whether they met the fol-
lowing inclusion criteria:

e age > 2] years

e uneventful pregnancy at the
beginning of the third trimester

e signs of gingival inflammation
(Gingival Index >1 at the buccal
aspect of at least one of the
Ramfjord teeth 16, 21, 24, 36, 41,
44 (Fleiss et al. 1987).

Exclusion criteria were:

e any preceding adverse event dur-
ing pregnancy

e manifestation of systemic diseases
interfering with gingival inflam-
mation (e.g. diabetes)

e periodontal pockets >5 mm (PSI
>3)

e antibiotic therapy within the last
6 months

e use of antibacterial mouth rinses

¢ intake of anti-inflammatory drugs
> | x/month

e known allergies towards the
ingredients of the experimental
lozenges

e inability to comprehend and to
comply with the study protocol

Baseline examination

At baseline the extent of gingival
inflammation was assessed visually
on the vestibular aspects of the
Ramfjord teeth 16, 21, 24, 36, 41, 44
using the Lobene modification of the

Gingival Index (Lobene et al. 1986).
Subsequently also plaque coverage
was assessed on the vestibular sur-
faces of the Ramfjord teeth using
the Plaque Index (Silness & Loe
1964), pooled subgingival bacterial
plaque samples were taken from the
Ramfjord teeth for the analysis of
P. intermedia  colonization,  and
10 ml of a venous blood sample was
taken for the determination of TNF-
o serum levels.

Using a random list the study
participants finally were provided
with 8 bottles containing
8 x 28 = 224 experimental lozenges
(test/placebo) and instructed to con-
sume them 2x daily until the end of
pregnancy. Lozenges not being con-
sumed during the experimental per-
iod had to be returned at the end of
the study. No specific oral hygiene
instructions were given to the study
participants other than the encour-
agement to continue steadily with
their usual brushing habits.

Reevaluation

Within 2 days after birth (approxi-
mately 7 weeks after baseline exami-
nation) the study participants were
reevaluated. Gingival Index and Pla-
que Index were reassessed and a
venous blood sample as well as sub-
ginigval plaque samples were taken
as described before. Finally compli-
ance with the study protocol was
verified by face to face interview and
total consumption of the lozenges
calculated from the number of
returned lozenges.

Microbial analysis

Pooled bacterial samples were taken
from the gingival sulcus of the Ram-
fjord teeth at baseline and at the end
of the study by sterile paper points.
They were subsequently analysed for
the presence of the pregnancy-asso-
ciated periodontopathogen Prevotella
intermedia by a microbiological real-
time PCR test with a detection limit
of 2100 bacteria per sample.

TNF-o serum levels

Analysis of TNF-o serum levels was
performed using a commercially avail-
able ELISA kit (Quantikine®ELISA,
Human TNF-o Immunoassay, R&D
Systems, Minneapolis, MN, USA).

Statistical analysis
Primary endpoint

The primary endpoint of the study
was the assessment of changes in the
extent of gingival inflammation as
measured by the Lobene modifica-
tion of the Gingival Index.

Group size calculation

With an assumed mean GI of
GI =09 at baseline, a standard
deviation for GI of £0.5 and in
order to verify a difference in the
recorded mean of 50% between test
and placebo at reevaluation with a
power of 0.9, a sample size of
2 x 26 study patients had been cal-
culated.

As normal distribution for the
recorded data could not be assumed,
Mann-Whitney U-test was used for
the analysis of independent samples,
and the Wilcoxon signed rank test
for the analysis of paired samples.
The level of significance was set to
p <0.05. All statistical analyses were
performed by a professional statisti-
cian using the WinMEDAS statisti-
cal software package (pdv software,
Goslar, Germany).

Blinding and randomization

A computer-generated random list in
blocks of six was used for allocating
study participants either to the test
or the placebo group. Assignment to
a participant number was done
according to the chronological order
of enrolment in the study.

All clinical examinations were
performed by a trained and cali-
brated dentist, who was neither
involved in the group assignments
nor in the code labelling and the
delivery of the experimental lozenges
to the study participants. A code
break for the randomization was
kept in a sealed envelope at the
Department of Periodontology.

Results

Compliance

Of a total of 147 screened pregnant
women 61 subjects, age 24—40 (mean:
31.4 years + 3.8 SD) met the inclu-
sion criteria and were scheduled for
baseline examination after having
given informed consent for study par-
ticipation. Sixteen of them

© 2016 The Authors. Journal of Clinical Periodontology Published by John Wiley & Sons Ltd.



terminated participation prematurely.
Nine had been assigned to the pla-
cebo and seven to the test (L. reuteri)
group. The reasons for leaving the
study were the administration of
antibiotics or other pregnancy com-
plications not related to the con-
sumption of the study lozenges, but
leading to the immediate termination
of study participation due to the
requirements of the study protocol.
Only one study subject left the study
prematurely for private reasons.
None the recruited participants was
in need for dental treatment at base-
line or visited a dentist during the
course of the study. Forty-five partic-
ipants (24 test/21placebo) completed
the trial and were reevaluated. Their
data were included in the intention to
treat analyses presented in the follow-
ing (Fig. 1).

Due to the reduced number of
24 + 21 recruited study participants
test power was recalculated in a post
hoc power analysis using the recorded
data for the primary endpoint (GI) at
the end of the study. It revealed a test
power of >90%, for p < 0.05.

Duration and extent of lozenges
consumption (baseline -reevaluation)

Due to a possible study participation
throughout the complete third

L. reuteri reduces pregnancy gingivitis

trimester of pregnancy and in order
to include an additional safety sup-
ply for eventually lost lozenges all
participants received a supply of
8 x 28 = 224 lozenges sufficient for
112 days of study participation. The
actual mean duration of the lon-
zenge consumption period however
was considerably shorter being
419 days £16.0 SD for the test
group and 46.3 days £14.9 SD for
the placebo group.

From the number of lozenges
brought back by the study subjects’
consumption compliance was calcu-
lated. Mean number of lozenges
missing, i.e. probably consumed or
left at home, was 102.7 4 31.1 in the
test group and 118.2 4+ 40.2 in the
placebo group, indicative of a con-
sumption of 2,45 lozenges/day in the
test group and 2,55 lozenges/day in
the placebo group suggesting a
good consumption compliance. Dif-
ferences between the groups were
not significant.

Gingival index (Gl), plaque index (PIl),
TNF-a serum levels

The results of the analysis of the
recorded GI and PII scores as well
as TNF-o serum levels are shown in
Table 1.

Enrollment

Assessed for eligibility (n =147)

Excluded (n=886)
+ Not meeting inclusion criteria (n = 32)

»| 4+ Declined to participate (n=54)
+ Other reasons (n=0)

Randomized (n = 61)

Allocated to intervention (n=31)

+ Received allocated intervention (n =31)

+ Did not receive allocated intervention (give
reasons) (n=0)

8

3 Allocation | s 4

l Follow-Up v

Allocated to intervention (n = 30)

+ Received allocated intervention (n = 30)

+ Did not receive allocated intervention (give
reasons) (n=0)

S

Lost to follow-up (give reasons) (n= 0)

Discontinued intervention (give reasons) (n=7)
Study protocol violation n =7

v Analysis v

Lost to follow-up (give reasons) (n=0)

Discontinued intervention (give reasons) (n = 9) study
protocol viclation n =8; private reasons n=1

Analysed (n=24)
+ Excluded from analysis (give reasons) (n=0)

Fig. 1. Study design flowchart.
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Analysed (n=21)
+ Excluded from analysis (give reasons) (n=0)
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Gingival index

At baseline there was no significant
difference between both experimental
groups. At reevaluation, however, the
mean GI score of the test group was
significantly  (p < 0.0001)  reduced
compared to baseline and was signifi-
cantly (p < 0.0001) lower than in the
placebo group. Differences between
baseline and reevaluation observed for
the placebo group failed to reach the
level of significance. The frequency
distribution of the different GI cate-
gories recorded at baseline and at the
end of the study is depicted in Fig. 2.

Plaque index

At baseline there was no significant
difference between both groups. At
reevaluation by  contrast, the
recorded mean PII score of the test
group was significantly (p < 0.0001)
lower compared to baseline and also
significantly lower compared to the
placebo group (p < 0.0001). In the
placebo group differences between
baseline and reevaluation could not
be verified statistically.

TNF-o serum levels

At baseline mean TNF-o serum level
in the test group was significantly
(p < 0.02) higher than in the placebo
group. At reevaluation by contrast
differences between the groups could
no longer be verified statistically.

P. intermedia colonization

The frequency distribution of detect-
able P. intermedia colonization in
the study patients is depicted in
Fig. 3. Frequency of P. intermedia
colonization was low at baseline for
both experimental groups (14% ver-
sus 12%) and was only moderately
higher at the end of the study (19%
versus 21%). The increase was
mostly due to patients being negative
at baseline and exhibiting only low
P. intermedia counts <10° bacterial
units at the end of the study. Differ-
ences between the groups could not
be verified statistically neither at
baseline nor at the end of the study.

Discussion

The results of this
clearly demonstrate a

investigation
significant,
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Table 1. Analysis of Gingival Index (GI) scores, Plaque Index (PlI) scores and TNF-a

serum levels

Test (L. reuteri) Placebo Group p*
Group n =24 n =21
Mean SD Median Mean SD Median
GI baseline 1.0 0.6 0.8 0.9 0.6 0.8 n.s.
GI reevaluation 02 04 0.2 0.7 0.5 0.7 <0.0001
PII baseline 0.7 0.5 0.7 0.8 0.6 0.7 n.s.
PII reevaluation 02 0.3 0.0 0.6 0.6 0.5 <0.0001
TNF-o serum level baseline (pg/ml) 13.3 1.4 13.4 11.8 1.8 12.2 <0.02
TNF-o serum level 11.7 2.1 12.2 10.7 2.6 11.6 n.s.
reevaluation (pg/ml)
*Mann—Whitney U-test.
] m
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Fig. 2. Frequency distribution of the observed Gingival Index (GI) categories GI 1-3.
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Fig. 3. Frequency distribution of Prevotella intermedia colonization.

major association between the regu-
lar consumption of L. reuteri-con-
taining lozenges and the reduction in
gingival inflammation and plaque
coverage in  healthy pregnant
women. They confirm the clinical

findings of Twetman et al. (2009)
reporting a significant beneficial
influence of L. reuteri-containing
chewing gums on the manifestation
of bleeding on probing in a cohort
of young adults suffering from

chronic gingivitis, but are in contrast
with the data of Hallstrom et al.
(2013), who failed to detect a signifi-
cant influence of L. reuteri-contain-
ing lozenges on Gingival Index and
Plaque Index scores in their model
of experimental gingivitis in a cohort
of young healthy women. Possible
explanations for these seemingly
contradictory findings may be pri-
marily found in subject and disease
selection, as experimental gingivitis
is a disease entity which in several
etiological aspects may be quite dif-
ferent from established chronic gin-
givitis (Deinzer et al. 2007) and may
particularly not reflect the specific
situation of pregnancy gingivitis
being the subject of this investiga-
tion. Furthermore, Hallstrom et al.
exposed their study subjects to
repeated intervals without oral
hygiene followed by intensive profes-
sional tooth cleaning, while in our
study care had been taken not to
interfere with the habitual mechani-
cal plaque control of the study par-
ticipants during the duration of the
trial. The marked reduction in mean
PII scores observed for the test
group at the time of reevaluation,
with an only minor, non-significant
reduction in the placebo group may
thus not be primarily ascribed to
improved hygiene efforts driven by
some kind of Hawthorne effect. It
rather may reflect reduced gingival
inflammation, which 1is generally
accompanied by a reduction in de
novo plaque formation (Rowshani
et al. 2004) due to a decrease in bac-
terial substrates emanating from the
gingival sulcus. The lack of any
major effect on the frequency of
P. intermedia colonization in the
L. reuteri group likewise supports
the preliminary assumption, that
anti-inflammatory modulation of the
host response and not direct interfer-
ence with competing microorganisms
may be the major driving force
behind the observed reduction in
bacterial plaque masses. This how-
ever needs to be verified by further
investigations. While Twetman et al.
reported a significant decrease in
proinflammatory cytokine levels in
crevicular fluid following the regular
consumption of L. reuteri food sup-
plements, we were unable to verify a
significant effect of L. reuteri con-
sumption on TNF-o serum levels.
This may be attributed to the fact,

© 2016 The Authors. Journal of Clinical Periodontology Published by John Wiley & Sons Ltd.
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Table 2. General health, medication and mode of birth profile

Placebo group Test group p*
(n=21) (n=124)

Age (years) 31 £33 31.8 £ 4.2 n.s.
Body Height (m) 168 + 5.7 166 + 5.78 n.s.
Body Weight (kg) 83.8 + 18.2 80.1 + 14.1 n.s.
Non-smoker 19 23 n.s.
Hypertension 0 1 n.s
Folic acid supplement 9 10 n.s
Birth mode spontaneously 13 17 n.s
Birth mode primary sectio 4 5 n.s
Birth mode secondary sectio 4 1 n.s
Week of gestation at delivery 398 £ 14 39.7 £ 1.2 n.s.
Duration of lozenge consumption 46.3 £ 149 41.9 £+ 16.0 n.s.

(days)

*p Mann—Whitney U-Test, n.s., not significant.

that crevicular fluid sampled from
an inflamed gingival sulcus will con-
tain higher levels of proinflammatory
cytokines than peripheral blood,
where the local influx of proinflam-
matory cytokines will be markedly
diluted. Furthermore recent research
efforts identified any uneventful
pregnancy as a phase of controlled
mild maternal systemic inflammation
with elevated serum levels of TNF-o
and other pro-inflammatory cytoki-
nes (Calleja-Agius et al. 2012). Thus,
a possible decrease in TNF-o serum
levels induced by a reduction in gin-
gival inflammation may have been
masked by physiological fluctuations
of this cytokine triggered by differ-
ent stages of pregnancy. Finally all
mean TNF-o serum level scores
recorded in this study were well
within the normal range of this cyto-
kine in healthy individuals.

The recorded mean baseline GI
scores of 1.0 and 0.9, respectively,
suggest that the pregnant women
participating in this trial were suffer-
ing only from mild pregnancy-asso-
ciated gingivitis. However when
looking at the frequency distribution
of the observed GI categories
(Fig. 2) it must be noted, that in
both groups also scores of GI 2 and
GI 3, indicative of more severe gingi-
val inflammation, were locally pre-
sent in up to 28% of the sites
evaluated at baseline. The pattern of
GI scores recorded at the end of the
study clearly demonstrate that par-
ticularly in the L. reuteri group not
only sites with mild gingivitis
resolved but also the percentage of
sites exhibiting GI categories 2 and 3
pronouncedly decreased. It also has
to be noted that these changes

© 2016 The Authors. Journal of Clinical Periodontology Published by John Wiley & Sons Ltd.

occurred without any intentional
interference  with  personal oral
hygiene or the performance of pro-
fessional mechanical plaque removal.

Limitations and Conclusion

The limited number of participants
in this trial may impair the validity
of its results for drawing general
conclusions on the administration of
L. reuteri food supplements in the
therapy of pregnancy associated gin-
givitis. The health-related back-
ground data of the study
participants shown in Table 2 indi-
cate that all of them had an overall
status of mostly uncompromised
general and oral health with no sig-
nificant  differences between the
groups. Thus, it has to be noted that
the encouraging findings of this
study derived from a cohort of
healthy individuals may not allow
drawing general conclusions regard-
ing the wusefulness of probiotic
L. reuteri administration in pregnant
women with severely compromised
general and/or oral health without
further evaluations in clinical trials.
In the observed cohort of healthy
pregnant women however the regular
consumption of L.reuteri-containing
lozenges proved to be a valuable
adjunct in the control of pregnancy-
associated gingivitis being effective
even in the intentional absence of
concomitant  professional  plaque
removal and oral hygiene training.
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Clinical Relevance

Scientific rationale for the study:
Pregnancy-associated gingivitis is a
frequent accompaniment of gravid-
ity. While the resolution of preg-
nancy-associated gingivitis by strict
mechanical plaque control is well-
established, the impact of the

regular consumption of host response
modulating probiotics on gingival
inflammation in pregnant women has
not been evaluated so far.

Principal findings: The regular con-
sumption of L. reuteri-containing
lozenges during the third trimester
of pregnancy was associated with a

significant reduction in gingival
inflammation and plaque coverage.
Practical implications: The regular
consumption of L. reuteri-contain-
ing lozenges may have the potential
to become an effective adjunct in
the control of pregnancy-associated
gingivitis.
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