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Abstract
The objective of our study was to investigate the effect of weight loss on the crevicular microflora following bariatric surgery.
Crevicular fluid samples were taken from 57 subjects: 22 were in the normal control group; 18 in the obese control group; and 17
patients had had bariatric surgery, who underwent a repeat sampling 6 to 12 months after the operation. Crevicular fluid samples
were analyzed by MALDI-TOF MS analysis. After surgery and weight loss, the mean germ count increased, albeit not signif-
icantly. Also, Candida albicans and non-albicans Candida species: C. dubliniensis, C. kefyr, and C. lusitaniae appeared after
surgery (p < 0.05) in subjects where Neisseria was either absent throughout or eliminated after surgery. However, periodontitis
did not develop during this time in our subjects.
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Introduction

Overweight and obesity are ever more common these days,
especially in developed countries. The reason why obesity is
important in dentistry is because many studies indicate a link
between body weight and certain dental diseases. There
is evidence that intense adipose tissue accumulation may
cause oral inflammatory diseases because hyper-
inflammatory periodontal tissues react with an accentu-
ated response to infection by periodontal pathogens and
therefore, the incidence of periodontitis in the obese is
greater than in the average population [1].

Periodontitis is a multifactorial inflammatory disease
which involves continuous destruction of tissues surround-
ing and supporting the teeth. The role of bacteria in the onset

of periodontitis is essential; however, the development,
clinical appearance, and level of progression of the disease
are influenced by host-related factors. Examples of condi-
tions associated with an increased risk of developing peri-
odontitis include diabetes, smoking, elderly age, and stress
[2, 3]. Relative to bacteria, fungi such as various Candida
species make up a minor proportion of the oral and crevic-
ular fluid flora. However, their numbers may increase in
conditions of nutrient deficiency or reduced immune system
function; examples of other factors predisposing to Candida
growth include removable denture use, diabetes, and limit-
ed saliva production [4, 5].

Healthy diet and exercise are an essential part of
obesity treatment. If these fail to produce results, it is
possible to perform body weight reduction surgery, es-
pecially when treating markedly severe obesity and its
concomitant diseases (e.g., type 2 diabetes, hyperlipid-
emia, hypertension) [6]. Several previous studies indi-
cate that despite significant weight loss after surgery,
the condition of periodontal tissues and the composition
of crevicular fluid fail to improve; some studies have
even found a deterioration in these outcomes [7, 8].

In our study, we aimed to investigate the differences in
crevicular gingival fluid microflora between patients in the
obese group and the average (normal body weight) popula-
tion, as well as to assess the effect of weight loss after bariatric
surgery on the crevicular microflora.
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Material and Methods

Study Sample

We investigated a total of 57 individuals, 33 female and 24
male patients, in the age bracket 18 to 58 years. In the first
study group, we included 22 healthy, normal body weight
control subjects from persons visiting the Faculty of
Dentistry at the University of Debrecen (UD). In the second
group, we investigated 35 patients with obesity visiting the
bariatric outpatient office at UD’s Clinical Department of
Internal Medicine or the Department of Surgery for treatment.
Of these subjects, 17 underwent repeat sampling an average of
6 to 12months after weight reduction surgery (gastric bypass).
Exclusion criteria included full or partial denture use, presence
of any chronic systemic disease (e.g., diabetes) or autoim-
mune disease, use of antibiotics within the last 3 months,
use of steroids or drugs with side effects manifesting as re-
duced saliva production regularly or within the last 3 months,
pregnancy, as well as smoking (current or past), poor oral
hygiene, and age over 60 since all these factors predispose
to periodontal disease and/or Candida proliferation [5].

Before starting their participation in the research, subjects
were given verbal information and signed a statement of con-
sent detailing the course and purpose of the study. The study
was approved by the National Ethics Committee (ethics ap-
proval Nr. ETT TUKEB 12622-8/2015/EKU) and carried out
in accordance with the Declaration of Helsinki.

Sample Collection and Analysis

We ran microbiological tests on fluid collected from the gin-
gival crevice (groove between the tooth and free gingiva) and
repeated them in patients with obesity about 6 to 12 months
after surgery. Using sterile absorbent paper points, we collect-
ed samples from the crevices of the canines and first molars.
Sampling was always carried out by the same dentist, from 3
different locations per patient and procedure. Samples were
always collected at the same time of day. The area was isolat-
ed (wiped with a sterile gauze pad) and sterile paper points
were inserted with their ends into the crevice with a pair of
dental tweezers until resistance was first felt and held for 5 s to
absorb as much crevicular fluid as possible. (We made sure to
avoid points being contaminated by saliva in the oral cavity.)
During this time, a sterilized Eppendorf centrifuge tube con-
taining 1mL of physiological saline was kept standing bywith
its cap on. We removed the absorbent points with tweezers
and tossed them into the tube. The labeled test tubes were then
immediately transferred to the Department of Medical
Microbiology, where the samples were processed by standard
laboratory methods. Clinical specimens were inoculated onto
blood agar, chocolate agar, and Sabouraud dextrose agar
plates and were grown overnight at 37 °C. Identification was

performed by matr ix-assis ted laser desorpt ion
ionization–time of flight mass spectrometry (MALDI-
TOF MS) and MALDI Biotyper 3.0 software with
Bruker taxonomy library (Bruker Daltonic) [9].

We also assessed periodontal status by measuring sulcus
or, in a pathological case, pocket depth (distance between the
bottom of the gingival crevice and free gingival margin) and,
if present, loss of periodontal attachment (distance between
crown enamel–root cement junction and bottom of gingival
crevice). This was performed using a Williams periodontal
probe. Periodontitis was defined as 2 or more teeth with a loss
of attachment ≥ 3 mm on the buccal or oral surface and a
periodontal pocket deeper than 3 mm [3].

Statistical Analysis

Variables were described using absolute frequencies for cate-
gorical variables and counts, arithmetic means, and standard
deviations (SD) for continuous variables. Follow-up versus
baseline comparisons were based on Wilcoxon’s matched-
pairs signed-ranks test for categorical and Student’s paired t
test (if distributional assumptions were satisfied) or
Wilcoxon’s matched-pairs signed-ranks test (otherwise) for
continuous variables. For between-groups comparisons,
Student’s two-sample t test or Wilcoxon’s rank-sum test was
used, subject to distributional assumptions being satisfied; the
necessity of adjustment for age or sex was assessed using
multiple linear regression. The significance criterion was set
to α = 0.05. The statistical package Stata (Release 15,
StataCorp, College Station, USA) was used for data handling
and analysis.

Results

Of the total of 57 subjects in the study, 22 patients—13 wom-
en and 9 men—were in the normal control group, with a mean
age of 33.9 (SD 9.24) years, ranging from 18 to 53 years and a
mean body mass index (BMI) of 23.3 (SD 2.16) kg/m2. Of the
35 obese subjects, 18 did not undergo surgery and had no
change to their body weight; these 13 women and 5 menmade
up the obese control group, with mean age 44.1 (SD 10.79)
years, ranging from 19 to 58 years and mean BMI 44.5 (SD
6.52) kg/m2. Seventeen of the obese subjects underwent
weight loss surgery (surgical patient group); the mean age of
these 7 women and 10 men was 39.4 (SD 10.17) years, rang-
ing from 21 to 54 years, and their mean BMI before surgery
was 46 (SD 7.03) kg/m2. Repeat sampling was performed an
average 11.3 months after gastric bypass surgery, at which
time a mean weight loss of 41.5 kg and a new mean BMI of
31.5 (SD 8.3) kg/m2 was recorded (Table 1). There was no
loss to follow-up in the surgery group.
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As to periodontal conditions, no signs of inflammation
were observed in any group, and no attachment loss greater
than 3 mm or pathologically deep periodontal pockets were
detected, including in subjects after surgery and weight loss.

Crevicular fluid samples included Actinomyces, Candida,
Capnocytophaga, Eikenella, Fusobacterium, Granulicatella,
Haemophilus, Lachnoanaerobaculum, Lactobacillus,
Micrococcus, Neisseria, Prevotella, Rothia, Staphylococcus,
Streptococcus, and Veillonella genera, as detailed in Table 2.
Adjustment for age or sex proved unnecessary when compar-
ing the study groups in terms of germ counts at baseline.

It can be observed that the average germ count increased
after surgery and weight loss, albeit not significantly. In addi-
tion, C. albicans and non-albicans Candida species:
C. dubliniensis, C. kefyr, and C. lusitaniae emerged after sur-
gery, both in terms of the proportion of subjects and a

significant germ count surge. The proportion of patients with
Neisseria decreased significantly after surgery. A phenome-
non of Candida only emerging where Neisseria was absent
throughout or eliminated after surgery was also noticeable.
Other genera affecting a considerably increased proportion
of subjects upon weight loss included Prevotella (Table 3).

Discussion

In our study, no periodontal abnormalities were found either
in the normal control or any of the obese groups. More and
more studies suggest that excess weight is not a predisposing
entity on its own, and periodontitis requires the simultaneous
presence of other factors for its development. Saxlin et al.
have also come to the conclusion that overweight and obesity

Table 2 Presence of bacterial
genera in crevicular fluid samples
by study group

Normal controls
(n = 22)

Obese controls
(n = 18)

Preoperative
(n = 17)

Postoperative
(n = 17)

Actinomyces 1; 4.545 0; 0 1; 1.882 0; 0

Candida 1; 454.5 2; 7.333 0; 0 5; 44,176§

Capnocytophaga 1; 4.545 2; 11.11 0; 0 0; 0

Eikenella 0; 0 0; 0 0; 0 1; 58.82

Fusobacterium 4; 140.9 3; 1167 2; 647.0 3; 176.4

Granulicatella 0; 0 0; 0 1; 588.2 0; 0

Haemophilus 1; 4.545 6; 629.5* 2; 70.58 4; 1824

Lachnoanaerobaculum 1; 4.545 0; 0 0; 0 0; 0

Lactobacillus 0; 0 1; 1.777 0; 0 0; 0

Micrococcus 0; 0 1; 5.555 0; 0 0; 0

Neisseria 1; 1.454 10; 11,906* 10; 1606* 4; 6718

Prevotella 3; 590.9 11; 6783* 7; 2529 11; 13,882

Rothia 0; 0 1; 5.555 1; 58.82 1; 58.82

Staphylococcus 2; 4547 0; 0 0; 0 2; 64.70

Streptococcus 22; 25,270 18; 43,005* 17; 23,257 17; 54,118§

Veillonella 2; 456 2; 611.1 1; 588.2 2; 117.6

Values are the number of positive samples; mean germ count

*p < 0.05 versus normal controls
§ p < 0.05 versus preoperative

Table 1 Descriptive statistics of
age, gender, and BMI by study
group

Normal controls (n = 22) Obese controls (n = 18) Surgery patients (n = 17)

Age 33.9 (9.24) [18–53] 44.1 (10.79) [19–58]§ 39.4 (10.17) [21–54]

Male/female 9/13 5/13 10/7

BMI at baseline 23.3 (2.16) [19.8–29.5] 44.5 (6.52) [35.0–58.0]§ 46.0 (7.03) [34.5–60.0]§

BMI at follow-up N/A N/A 31.5 (8.3)*

Change in BMI N/A N/A − 14.5 (4.45)

Values are count/count or mean (SD) [minimum-maximum]

*p < 0.0001 versus baseline
§ p < 0.01 versus normal controls
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are not substantial risk factors in the onset and patho-
genesis of the periodontal disease (similarly, they stud-
ied a low-risk population) [10].

No periodontitis was observed after postoperative weight
loss in our obese patients either. Similar results were obtained
by Sales-Peres et al. in 2017: during their 1-year follow-up of
bariatric surgery, probing depth and the extent of attachment
loss did not change significantly from the preoperative base-
line (although increased gum bleeding was observed during
the first 6 months) [11].

Although periodontal status did not change remarkably af-
ter weight loss, changes did occur in the microflora of the
crevicular fluid as the average germ count increased and
new species such as non-albicans Candida species emerged.
A number of studies suggest that changes to the quantitative
and qualitative composition of the crevicular fluid are more
common in patients undergoing bariatric surgery. In 2015,
Sales-Peres et al. investigated the quantitative relations of 4
periodontal pathogenic bacterial species, Porphyromonas
gingivalis, Tannerella forsythia, Treponema denticola, and
Prevotella intermedia, prior to and 6 and 12 months after
bariatric surgery. They found that the P. gingivalis count in-
creased abruptly in the first 6 months and then decreased sub-
stantially; overall, the counts of other bacteria declined slight-
ly over 12 months [7]. In contrast, of these bacteria, only
Prevotella species were present in our study, and the propor-
tion of subjects affected increased after weight loss.

Hashizume et al. investigated patients’ saliva sample levels
of Streptococcus, Lactobacillus spp., and C. albicans before
and 6 months after bariatric surgery. They detected high
C. albicans levels both before and after the intervention and
elevated S. mutans levels 6 months after bariatric surgery.
However, they also reported that the patients with obesity in
their study suffered from a number of chronic systemic co-
morbidities such as diabetes, for which they were treated with
various medications and were prosthesis users, all of which

predispose to the expansion ofC. albicans [12]. None of these
predisposing factors was present in our study, yet in addition
to C. albicans, non-albicans Candida species such as
C. dubliniensis, C. kefyr, and C. lusitaniae emerged after sur-
gery. Typically, these non-albicans Candida species can be
isolated from the oral cavity of immunosuppressed patients,
mainly those on chemotherapy for tumors, and HIV-infected
individuals [4, 5, 13, 14].

It was also observed in our study that the various Candida
species only emerged where Neisseria species were absent
throughout or eliminated after surgery. In 2017, Janus et al.
investigated in vitro the effect of C. albicans on oral biofilm.
In a similar fashion to our study, they found that biofilms
without C. albicans contained more bacteria of aerobic and
facultative anaerobic genera such as Neisseria, Rothia, and
Streptococcus [15].

The strengths of our study include the fact that it provides a
detailed picture of crevicular microflora changes following
bariatric surgery. In contrast with previous research, our in-
vestigations were extended beyond bacteria to cover fungi as
well, and we only included non-smoking subjects with good
general health who had susceptibility factors neither for peri-
odontal diseases nor for Candida infection. Nevertheless, our
study has limitations: our findings are subject to more precise
elucidation based on patient groups of greater sample sizes. In
addition, the control groups could also be re-sampled to eval-
uate potential changes in crevicular fluid composition. Finally,
a longer follow-up of several years could be undertaken to
find out about the constant or variable nature of these results.

In conclusion, our study demonstrates that changes after
bariatric surgery do affect the oral cavity and the periodontium
as well; since the composition of crevicular gingival fluid
changed 6 to 12 months after surgery, various non-albicans
Candida species emerged, and the proportion of those affected
by Prevotella increased. However, with an uninflamed peri-
odontal condition before surgery, absence of predisposing

Table 3 Number and percentage
of positive cultures for
microorganisms in 17 surgery
patients before and 6–12 months
after bariatric surgery in decreas-
ing order of pre-surgery values

Pre-surgery no. % Post-surgery no. % p value

Streptococcus 17 100.0 17 100.0 N/A

Neisseria 10 58.8 4 23.5 0.0339

Prevotella 7 41.2 11 64.7 0.2482

Fusobacterium 2 11.8 3 17.6 0.6547

Haemophilus 2 11.8 4 23.5 0.4142

Veillonella 1 5.9 2 11.8 0.5637

Granulicatella 1 5.9 0 0.0 0.3173

Rothia 1 5.9 1 5.9 N/A

Actinomyces 1 5.9 0 0.0 0.3173

Staphylococcus 0 0.0 2 11.8 0.1573

Candida 0 0.0 5 29.4 0.0253

Eikenella 0 0.0 1 5.9 0.3173
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factors, and good oral hygiene, periodontitis is highly unlikely
to develop after surgery and weight loss even if changes to the
crevicular microflora have taken place. For this reason, it
would be important to assess the condition of the oral cavity
and periodontium and to treat and eliminate possible inflam-
matory conditions in patients with obesity before surgery.

Funding Open access funding provided by University of Debrecen.

Conflict of Interest The authors declare that they have no conflict of
interest.

Ethical Approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institu-
tional and/or national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards.
This article does not contain any studies with animals performed by any
of the authors.

Informed Consent Informed consent was obtained from all individual
participants included in the study.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Pischon N, Heng N, Bernimoulin JP, et al. Obesity, inflammation,
and periodontal disease. J Dent Res. 2007;86(5):400–9.

2. Heitz-Mayfield LJ. Disease progression: identification of high-risk
groups and individuals for periodontitis. J Clin Periodontol.
2005;32(6):196–209.

3. Tonetti MS, Greenwell H, Kornman KS. Staging and grading of
periodontitis: framework and proposal of a new classification and
case definition. J Periodontol. 2018;89(1):159–72.

4. Sardi JCO, Duque C,Mariano FS, et al. Candida spp. in periodontal
disease: a brief review. J Oral Sci. 2010;52(2):177–85.

5. Akpan A, Morgan R. Oral candidiasis. Postgrad Med J. 2002;78:
455–9.

6. Maggard MA, Shugarman LR, Suttorp M, et al. Meta- analysis:
surgical treatment of obesity. Ann Intern Med. 2005;142:547–59.

7. Sales-Peres SHC, Moura-Grec PG, Yamashita JM, et al.
Periodontal status and pathogenic bacteria after gastric bypass: a
cohort study. J Clin Periodontol. 2015;42(6):530–6.

8. de Moura-Grec PG, Yamashita JM, Marsicano JA, et al. Impact of
bariatric surgery on oral health conditions: 6-months cohort study.
Int Dent J. 2014;64(3):144–9.

9. Tan KE, Ellis BC, Lee R, et al. Prospective evaluation of a matrix-
assisted laser desorption ionization-time of flight mass spectrometry
system in a hospital clinical microbiology laboratory for identifica-
tion of bacteria and yeasts: a bench-by-bench study for assessing
the impact on time to identification and cost-effectiveness. J Clin
Microbiol. 2012;50(10):3301–8.

10. Saxlin T, Ylöstalo P, Suominen-Taipale L, et al. Overweight and
obesity weakly predict the development of periodontal infection. J
Clin Periodontol. 2010;37:1059–67.

11. Sales-Peres SHC, Sales-Peres MC, Ceneviva R, et al. Weight loss
after bariatric surgery and periodontal changes: a 12-month pro-
spective study. Surgery for Obesity and Related Diseases.
2017;13:637–42.

12. Hashizume LN, Bastos LF, Cardozo DD, et al. Impact of bariatric
surgery on the saliva of patients with morbid obesity. Obes Surg.
2015;25:1550–5.

13. Aslani N, Janbabaei G, Abastabar M, et al. Identification of uncom-
mon oral yeasts from cancer patients by MALDI-TOF mass spec-
trometry. BMC Infect Dis. 2018;18(1):24. https://doi.org/10.1186/
s12879-017-2916-5.

14. Alberth M, Majoros L, Kovalecz G, et al. Significance of oral
Candida infections in children with cancer. Pathology Oncology
Research. 2006;12(4):237–41.

15. Janus MM, Crielaard W, Volgenant CMC, et al. Candida albicans
alters the bacterial microbiome of early in vitro oral biofilms.
Journal of Oral Microbiology. 2017;9(1):1–10. https://doi.org/10.
1080/20002297.2016.1270613.

Publisher’s Note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

5161OBES SURG (2020) 30:5157–5161

https://doi.org/
https://doi.org/10.1186/s12879-017-2916-5
https://doi.org/10.1186/s12879-017-2916-5
https://doi.org/10.1080/20002297.2016.1270613
https://doi.org/10.1080/20002297.2016.1270613

	Follow-up Study of Microflora Changes in Crevicular Gingival Fluid in Obese Subjects After Bariatric Surgery
	Abstract
	Introduction
	Material and Methods
	Study Sample
	Sample Collection and Analysis
	Statistical Analysis

	Results
	Discussion
	References


