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Abstract

Background: Recent studies suggest that placenta may harbour a unique microbiome that may have origin in ma-
ternal oral microbiome. Although the major physiological and hormonal adjustments observed in pregnant women
lead to biochemical and microbiological modifications of the oral environment, very few studies evaluated the
changes suffered by the oral microbiota throughout pregnancy. So, the aim of our study was to evaluate oral yeast
colonization throughout pregnancy and to compare it with non-pregnant women.

Material and Methods: The oral yeast colonization was assessed in saliva of 30 pregnant and non-pregnant women
longitudinally over a 6-months period. Demographic information was collected, a non-invasive intra-oral exami-
nation was performed and saliva flow and pH were determined.

Results: Pregnant and non-pregnant groups were similar regarding age and level of education. Saliva flow rate did
not differ, but saliva pH was lower in pregnant than in non-pregnant women. Oral yeast prevalence was higher
in pregnant than in non-pregnant women, either in the first or in the third trimester, but did not attain statistical
significance. In individuals colonized with yeast, the total yeast quantification (Log , CFU/mL) increase from the
It to the 3™ trimester in pregnant women, but not in non-pregnant women.

Conclusions: Pregnancy may favour oral yeast growth that may be associated with an acidic oral environment.
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Introduction

Oral microorganisms are capable of passing through
oral mucous membranes, spreading to different body
sites and causing systemic or focal infections (1). Also,
recent studies described that placenta may harbour a
unique microbiome (2,3), and apparently this microbi-
ome is more similar to the oral cavity than to the vagina
microbiome (2). In fact, it is known that microorgan-
isms may reach the uterus through a haematogenous
route (4,5) and that maternal microbiomes from differ-
ent body sites, including oral, vaginal, gut, cervical, and
even the placenta itself, may influence pregnancy out-
comes (6). Also, several studies suggested that the pres-
ence of periodontal pathogenic microorganisms or their
by-products in the intrauterine environment stimulate
an foetal immune and inflammatory response that may
be responsible for the increased risk of preterm birth
and low birth weight (7-10).

During pregnancy, yeast colonization of vagina is
known to increase (11) and appears to be associated
with an increased risk of pregnancy complications and
preterm birth (12-15). Although the major physiological
and hormonal adjustments observed in pregnant women
lead to biochemical and microbiological modifications
of the oral environment (16), very few studies evalu-
ated the changes that the oral microbiota may suffer
throughout pregnancy. So, the aim of our study is to
evaluate oral yeast colonization throughout pregnancy
and compare this colonization rate with the colonization
in non-pregnant women.

Material and Methods

A sample composed by 30 pregnant women attending
for routine examination to the outpatient clinic of the
Obstetrics and Gynaecology department of Arrabida
Hospital, Porto, Portugal, was evaluated in the 1** and in
the 3 trimester of pregnancy in a longitudinal study.
The control group comprise 30 non-pregnant women
aged between 18 to 40 years old attending the same
hospital on routine clinical examination. Due to hospi-
tal change, three pregnant and five controls dropped out
from the study. Exclusion criteria were high-risk preg-
nancy, having less than 16 teeth, being menopausal,
drug addiction, and presenting compromising systemic
or oral disease.

The research protocol was in compliance with Helsinki
Declaration and was approved by the ethics committees
of the Arrabida Hospital, Porto, Portugal. An informed,
free and clear consent was provided for, and was signed
by all participants. Confidentiality of all information
was guaranteed on data storage and processing stages.
During the first visit a questionnaire was applied inquir-
ing about age, academic degree, smoking and oral hy-
giene habits.

Saliva was collected and stored as previously described
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(17,18). In brief, unstimulated whole saliva was collect-
ed by spit into a sterile plastic container over a 5-min
period, the salivary pH was measured using pH indi-
cator paper (5.0-8.0, Duotest, Germany), and saliva for
microbiological analysis was stored frozen at -80°C in
a 1:1 proportion with Brain Heart Infusion broth (Cul-
timed, Barcelona, Spain) with 15% glycerol.

The saliva samples were rapidly defrosted in a 37°C wa-
ter bath, mixed well and serially diluted up to 10> with
0.9% sterile NaCl solution. The samples were immedi-
ately plated in triplicate on Sabouraud agar (Cultimed,
Barcelona, Spain) supplemented with chloramphenicol
to evaluate the presence of fungi. The Sabouraud agar
was incubated aecrobically for 48 h at 37°C. Colonies
were counted, and the results were expressed in Logl0
of colony forming units per mL of saliva (Logl0 CFU/
mL) (19,20). Patients who presented <50 CFU/ml were
considered low yeast carriers; patients who presented
between 50 and 400 CFU/ml were considered moderate
yeast carriers; and patients who presented >400 CFU/
ml were considered high yeast carriers (21).

The statistical analyses were performed using the sta-
tistical analysis software Statistical Package for Social
Sciences (SPSS) 21.0 for MAC OS. When appropriate,
the chi-square independence test was used to analyse
hypotheses regarding the categorical variables; the
Mann-Whitney U Test or Wilcoxon Signed Ranks Test
were used for the continuous variables. It was consid-
ered a significance level of 0.05.

Results

As illustrated in table 1, both groups of pregnant and
non-pregnant women were similar regarding the so-
cio-demographic characteristics, such age (p=0.748)
and level of education (p=0.386), as well as smoking
(p=0.270) and oral hygiene habits (p=0.145). Neither
pregnant nor non-pregnant woman presented clinical
signs of candidiasis.

Saliva flow rate did not change from the first to the third
trimester in both pregnant (1.86+0.49 vs. 1.89+0.40,
p=0.776) and non-pregnant (1.71+£0.46 vs. 1.78+0.48,
p=0.318) women. Also, no differences were observed
between pregnant and non-pregnant women regard-
ing saliva flow rate at both time points (1*T: p=0.304;
3"T: p=0.457). Saliva pH did not change from the first
to the third trimester in both pregnant (6.69+0.35 vs.
6.73£0.28, p=0.433) and non-pregnant (7.04+£0.28 vs.
7.03+£0.24, p=0.782) women, but saliva pH was lower in
pregnant than in non-pregnant women either in the first
(p<0.001) or in the third (p<0.001) trimester.

Oral yeast prevalence was higher in pregnant than in
non-pregnant women, either in the first or in the third
trimester (Table 2), although no statistical significance
was found (I1*'T: p=0.114; 37T: p=0.071).

When one looks to total yeast quantification (Log ,CFU/
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Table 1. Age, level of education, smoking habits and oral hygiene
habits of pregnant and non-pregnant women.

Non-
pregnant Pregnant

Age, years 32.6+4.5 32.3+4.1
Level of education

Basic 4.0% 0.0%

Secondary 40.0% 29.6%

University 56.0% 70.4%
Smoking habits

Non-smokers 83.3% 96.3%

<20 cigarette/day 12.5% 3.7%

> 20 cigarette/day 4.2% 0%
Oral hygiene habits

Tooth brushing frequency:

1x/day 4.0% 22.2%

2x/day 68.0% 59.3%

>3x/day 28.0% 18.5%

Results expressed in prevalence (%) or as mean+SD.
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did not differ from the 1* to the 3 trimester (12.5% vs.
9.4%, p>0.999). Within the group of high yeast carriers,
there were no denture wearers, and no woman was on
medication that could contribute to increase oral yeast
counts.

Discussion

Taking in consideration that maternal oral microbiome
may represent the major contributor for the intrauterine
microbiome (2), and that yeast may impact foetus de-
velopment and pregnancy outcomes (12-15), we explore
the changes of oral yeast colonization throughout preg-
nancy. Our data suggest that pregnant women may be
more prone to oral yeast colonization than non-pregnant
women.

In our study, the prevalence of pregnant women with
oral yeast colonization was almost twice of that ob-
served in non-pregnant women either in the first or in
the third trimester; nevertheless this difference did not
attain statistical significance. However, in the third tri-
mester, this difference would be statistical significant
if p < 0.10 was assumed. This result corroborates with
a previous study from Fujiwara and colleagues (9) that
shows higher Candida species prevalence in saliva from
women in the middle and late pregnancy in comparison
to the non-pregnant group. Although we did not identify

Table 2. Oral yeast prevalence and counts in pregnant and in non-pregnant women.

Non-pregnant Pregnant
=T 34T T 34T
Yeast prevalence, % 18.8% 21.9% 36.7% 43.3%
Yeast counts, Log . CFU/mL 2.6£1.1 2.5+0.9 1.3+0.4% 1.6+0.2%

Results expressed in prevalence (%) or as mean+SD. *Significantly different from non-pregnant
women at the same time-period, p<0.05; # Significantly different from the first evaluation (1T)

within the same group, p<0.05.

mL) in individuals colonized with yeast, pregnant wom-
en presented lower yeast counts than non-pregnant wom-
en, attaining statistical significance in the 1% trimester
(p=0.016). However, it was observed an increase in oral
yeast counts from the 1% to the 3 trimester in pregnant
women (p=0.008). On the other hand, oral yeast counts
did not differ from the 1% to the 3 trimester in non-
pregnant women (p=0.600). In figure 1 is depicted the
differential of yeast counts between the first and second
observation. This differential of yeast counts between
the first and second observation attains statistical sig-
nificance between pregnant and non-pregnant women.

Pregnant women colonized by yeast were all low or
moderate yeast carriers whereas non-pregnant women
include also asymptomatic high yeast carriers. The per-
centage of non-pregnant women with high yeast counts
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yeast isolates, it is known that Candida sp. is the most
frequent yeast colonizing the oral cavity (22). Further-
more, we observe an increase in oral yeast load from the
first to the third trimester in pregnant women, but not in
the control group, reinforcing the view that pregnancy
may promote oral yeasts growth.

The promotion of yeast growth in the oral environment
during pregnancy may be associated with the reduced
oral pH observed in our pregnant women. In agreement
with this suggestion are studies showing that Candida,
the most prevalent yeast in oral cavity, is more adapted
to acidic conditions (23).

A recent study showed a negative correlation between
Candida load and the diversity of the salivary microbi-
ome (24). In this view and taking in consideration the
rise of yeast colonization during pregnancy, the oral
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Fig. 1. Average of variation in yeast load in colonized pregnant and non-pregnant
women calculated by the difference between yeast counts (in Log10 CFU/ml) in 3%
and in 1% trimester. Bars represent mean and the error bars represent SD values. *

Mann-Whitney U Test (p = 0.03).

microbiome may change during this period. In fact,
some studies reported the proliferation of dominant
bacteria species during pregnancy, namely Porphyrom-
onas gingivalis and Aggregatibacter actinomycetem-
comitans colonizing the gingival sulcus (9,16,25), and
Lactobacillus sp. and Streptococcus mutans capable of
metabolizing estradiol (16).

In scientific literature, the prevalence of oral yeast
carriage is not consensual, ranging from 30% to 90%
(22,26,27). The divergent results may be directly linked
to the methods applied in different studies that can have
distinctive sensitivities. It is important to note that the
prevalence of oral yeast carriers in our control group is
similar to other studies using standard microbiological
culture techniques (9).

The oral yeast levels vary between individuals, and the
scientific literature shows that a small percentage of in-
dividuals (~20%) present elevated yeast loads, without
clinical signs of candidiasis (22). Although our results
suggest that pregnancy promotes yeast colonization re-
vealed by the higher prevalence of pregnant women col-
onized with oral yeast and an increase in oral yeast load
throughout pregnancy, non-pregnant women presented
higher yeast load than pregnant women. This apparent
paradox may be due to the fact that high yeast carriers
are exclusively present in non-pregnant group, and that
can be explained by the sampling effect. Note that high
yeast carriers presented yeast load > 2.8 Log, /CFU/ml
whereas all other individuals presented yeast load < 1.8
Log,,CFU/ml.

In a study from 1980, higher values of oral Candida
were suggested to be indicative of oral candidiasis, but
an overall assessment of each individual should be per-
formed (21). None high yeast carriers observed in our
study presented clinical signs of candidiasis. Also, none
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of the evaluated factors known to contribute to elevated
Candida colonization differ in the group of high yeast
carriers, namely denture use, smoking habits and medi-
cation (28,29), so other non-evaluated factors must be
involved.

In conclusion, our study provides evidence favouring
the view that pregnancy may promote oral yeast growth
and further suggests that this may be associated with an
acidic oral environment.

References

1. Li X, Kolltveit KM, Tronstad L, Olsen I. Systemic diseases caused
by oral infection. Clin Microbiol Rev. 2000;13:547-58.

2. Aagaard K, Ma J, Antony KM, Ganu R, Petrosino J, Versalovic
J. The placenta harbors a unique microbiome. Sci Transl Med.
2014;6:237-65.

3. Jimenez E, Fernandez L, Marin ML, Martin R, Odriozola JM,
Nueno-Palop C, et al. Isolation of commensal bacteria from umbili-
cal cord blood of healthy neonates born by cesarean section. Curr
Microbiol. 2005;51:270-4.

4. Mysorekar IU, Cao B. Microbiome in parturition and preterm
birth. Semin Reprod Med. 2014;32:50-5.

5. Jefferson KK. The bacterial etiology of preterm birth. Adv Appl
Microbiol. 2012;80:1-22.

6. Vinturache AE, Gyamfi-Bannerman C, Hwang J, Mysorekar 1U,
Jacobsson B. Maternal microbiome - A pathway to preterm birth.
Semin Fetal Neonatal Med. 2016;21:94-9.

7. Agueda A, Echeverria A, Manau C. Association between perio-
dontitis in pregnancy and preterm or low birth weight: Review of the
literature. Med Oral Patol Oral Cir Bucal. 2008;13:E609-15.

8. Diaz-Guzman LM, Castellanos-Suarez JL. Lesions of the oral mu-
cosa and periodontal disease behavior in pregnant patients. Med Oral
Patol Oral Cir Bucal. 2004;9:434-7,430-3.

9. Fujiwara N, Tsuruda K, Iwamoto Y, Kato F, Odaki T, Yamane N, et
al. Significant increase of oral bacteria in the early pregnancy period
in Japanese women. J Investig Clin Dent. 2015 Sep 8. Epub ahead
of print.

10. 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;67:1103-13.



Med Oral Patol Oral Cir Bucal. 2017 Mar 1;22 (2):e144-8.

11. Mendling W, Brasch J. Guideline vulvovaginal candidosis (2010)
of the German Society for Gynecology and Obstetrics, the Work-
ing Group for Infections and Infectimmunology in Gynecology and
Obstetrics, the German Society of Dermatology, the Board of Ger-
man Dermatologists and the German Speaking Mycological Society.
Mycoses. 2012;55 Suppl 3:1-13.

12. 1lkit M, Guzel AB. The epidemiology, pathogenesis, and diagno-
sis of vulvovaginal candidosis: a mycological perspective. Crit Rev
Microbiol. 2011;37:250-61.

13. Roberts CL, Rickard K, Kotsiou G, Morris JM. Treatment of
asymptomatic vaginal candidiasis in pregnancy to prevent preterm
birth: an open-label pilot randomized controlled trial. BMC Preg-
nancy Childbirth. 2011;11:18.

14. Aguin TJ, Sobel JD. Vulvovaginal candidiasis in pregnancy. Curr
Infect Dis Rep. 2015;17:30.

15. Sobel JD. Vulvovaginal candidosis. Lancet. 2007;369:1961-71.
16. Laine MA. Effect of pregnancy on periodontal and dental health.
Acta Odontol Scand. 2002;60:257-64.

17. Areias C, Sampaio-Maia B, Macho V, Leal I, Melo P, de Andrade
C. Does the chemistry in the saliva of Down syndrome children ex-
plain their low caries prevalence? Eur J Paediatr Dent. 2013;14:23-6.
18. Pereira-Lopes O, Sampaio-Maia B, Sampaio S, Vieira-Marques
P, Monteiro-da-Silva F, Braga AC, et al. Periodontal inflammation in
renal transplant recipients receiving everolimus or tacrolimus - pre-
liminary results. Oral Dis. 2013;19:666-72.

19. Areias C, Sampaio-Maia B, Pereira Mde L, Azevedo A, Melo P,
Andrade C, et al. Reduced salivary flow and colonization by mutans
streptococci in children with Down syndrome. Clinics (Sao Paulo).
2012;67:1007-11.

20. Areias C, Sampaio-Maia B, Macho V, Leal I, Melo P, Andrade
CD. Does the chemistry in the saliva of Down syndrome children ex-
plain their low caries prevalence? Eur J Paediatr Dent. 2013;14:23-6.
21. Epstein JB, Pearsall NN, Truelove EL. Quantitative relationships
between Candida albicans in saliva and the clinical status of human
subjects. J Clin Microbiol. 1980;12:475-6.

22. Monteiro-da-Silva F, Araujo R, Sampaio-Maia B. Interindividu-
al variability and intraindividual stability of oral fungal microbiota
over time. Med Mycol. 2014;52:498-505.

23. Klinke T, Kneist S, de Soet JJ, Kuhlisch E, Mauersberger S, For-
ster A, et al. Acid production by oral strains of Candida albicans and
lactobacilli. Caries Res. 2009;43:83-91.

24. Kraneveld EA, Buijs MJ, Bonder MJ, Visser M, Keijser BJ,
Crielaard W, et al. The relation between oral Candida load and
bacterial microbiome profiles in Dutch older adults. PLoS One.
2012;7:¢42770.

25. Silk H, Douglass AB, Douglass JM, Silk L. Oral health during
pregnancy. Am Fam Physician. 2008;77:1139-44.

26. Ghannoum MA, Jurevic RJ, Mukherjee PK, Cui F, Sikaroodi M,
Naqvi A, et al. Characterization of the oral fungal microbiome (my-
cobiome) in healthy individuals. PLoS Pathog. 2010;6:¢1000713.

27. Monteiro-da-Silva F, Sampaio-Maia B, Pereira MdeL, Araujo R.
Characterization of the oral fungal microbiota in smokers and non-
smokers. Eur J Oral Sci. 2013;121:132-5.

28. Figueiral MH, Fonseca P, Lopes MM, Pinto E, Pereira-Leite T,
Sampaio-Maia B. Effect of Denture-Related Stomatitis Fluconazole
Treatment on Oral Candida albicans Susceptibility Profile and Geno-
typic Variability. The Open Dentistry Journal. 2015;9:46-51.

29. Samaranayake LP. Oral candidosis: an old disease in new guises.
Dent Update. 1990;17:36-8.

Acknowledgements
We thank the critical review of Isabel Morais. LSS is supported by
SFRH/BD/84837/2012 from FCT/QREN—-POPH/FSE.

Conflict of Interest
The authors have declared that no conflict of interest exist.

el48

Oral yeast in pregnancy



