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Abstract

Background

The placement of fixed orthodontic appliances may alter the composition of oral microbiota
and has the potential risk of periodontal complication. Porphyromonas gingivalis fimbriae
play a critical role in colonization of P. gingivalis in subgingival regions. In this study, we
investigated the association between the prevalence of P. gingivalis-specific fimA geno-
types and periodontal health status in adolescent orthodontic patients, to identify the patho-
gencity of P. gingivalis during orthodontic therapy.

Methods

Sixty-one adolescent orthodontic patients were enrolled in the case group, while the con-
trol group consisted of 56 periodontally healthy adolescents. At baseline (TO0), clinical
parameter (gingival index) was tested, and subgingival plaque samples were obtained
from the lower incisors. The incidences of P. gingivalis and fimA genotypes were detected
by polymerase chain reaction. All parameters were reassessed after 1 month (T1), 2
months (T2), 3 months (T3), and 6 months (T4) in the case group and then compared with
those of the controls.

Results

Both microbiological and clinical parameters from orthodontic patients started to increase
after placement of fixed appliances. Maximum values were reached at 3 months after place
ment and followed by their decreases at six months. However, the microbiological and clini-
cal parameters in the case group were significantly higher than those of the control group.
The Gl of fimA ll, IV-positive samples was significantly higher than that of negative samples.
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Conclusion

P. gingivalis carrying fimA Il or IV was closely related to orthodontic gingivitis. In addition,
proper oral hygiene control could lead to little increase in dental plaque accumulation, and
exert a beneficial effect to periodontal tissues.

Introduction

Fixed orthodontic therapy is the most effective method in contemporary orthodontics, how-
ever, it may cause periodontal complication due to hampering oral hygiene and altering the
nature of dental plaque [1]. The overall incidence of gingivitis associated with orthodontic
therapy was 56.8% in adolescents and 34.4%in adult in China, respectively [2].

It has been confirmed that anaerobic microbiota in subgingival plaque are the primary
agents in the initiation and progression of periodontal diseases [1]. Previous studies by our
team and other researchers demonstrated that there were positive associations between peri-
odontal diseases and several pathogens, including A. actinomycetemcomitans, P. gingivalis, P.
intermedia, and T. forsythia [1, 3-6]. P. gingivalis is considered as a putative etiological agent in
different types of periodontal diseases, whose virulence attributes to its various surface compo-
nents, such as lipopolysaccharide, capsule, gingipain, fimbria and so on [6-9]. Among them,
the major fimbrial subunit, fimbrillin, is thought to play critical roles in the colonization of P.
gingivalis in periodontal tissues, as it promotes bacterial adhesion to and invasion to subgingival
regions [10-15]. The P. gingivalis fimA gene, which encodes fimbrillin, is a single copy on the
bacterial chromosome and no homologous sequences were detected in other gram-negative
oral anaerobe [16]. FimA has been classified into six variants (types [-V, Ib) according to clonal
variations of its nucleotide sequences [17-19]. Accumulating evidences suggested that P. gingi-
valis strains with different fimA genotypes displayed distinct virulence features [20, 21]. Accord-
ing to the diversity of pathogenicity, there are two groups in P. gingivalis stains, disease related
and non-disease related, and the variance of genetic heterogeneity was the base of the differen-
tial of pathogenicity in microorganisms [22, 23]. Analysis of the different fimA genotypes and
their clonal distribution may provide insight into the epidemiology of periodontal diseases.

It is demonstrated that fixed appliances could alter the equilibrium of the microorganism
ecosystem, and increase the colonization of pathogenic bacteria which is responsible for peri-
odontal diseases [1, 24, 25]. Our previous research showed that the prevalence of P. gingivalis
detected at two months after orthodontic therapy was as much as 31.11%higher than baseline
and the count of P. gingivalis assessed immediately after removing orthodontic appliances was
obviously higher than that of healthy group [1, 26]. However, there was no report on the varia-
tion in distribution of fimA genotypes during the orthodontic therapy.

In this case, we assessed the prevalence of P. gingivalis and fimA genotypes in subgingival
plaque samples among different time points after placing orthodontic appliances, to identify
the pathogencity of P. gingivalis with different fimA genotypes during orthodontic therapy.

Materials and methods
Ethics statement

The human subject protocol was approved by the Ethics Committee of Jinan Stomatological
Hospital and School of Stomatology, Shandong University, and written informed consents
were provided by the patients of each participant.
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Subjects

Subjects of both case and control groups were consecutively recruited from Department of
Orthodontics, Jinan Stomatological Hospital during June 2015- October 2015 with same pro-
cedure and criteria as described previously [1]. In short, 107periodontally healthy adolescents
who referred to our hospital for orthodontic treatment were enrolled in this study and ran-
domly assigned to be the case group and control group. Among them, sixty-one subjects (22
males and 39 females, mean age 13.80+1.61 years, ranging from 11 to 17 years, S1 Table) were
classified into the case group and 56 subjects (16 males and 40 females, mean age 14.24+1.30
years, ranging from 12 to 17 years) were grouped as the controls. Both groups matched for age
and sex. All participants met the following criteria: (1) a healthy gingival condition defined as
a periodontal probing depth of less than 4mm and a gingival index less than 1, (2) no smoking,
(3) no known systemic disease, (4) no alveolar bone loss visible on X-ray, (5) absence of fixed
restorations or removal partial dentures, (6) no use of antibiotics within 3 months before the
study, (7) no periodontal therapy within the previous 6 months. [1].

All subjects in the case group were treated with fixed buccal metal appliances (Victory, 3M
Unitek, Calif) on incisors, premolars, and molars. The arch wires were ligated with elastomeric
ligature. The brackets were placed on both jaws when the first clinical periodontal examination
was done. The oral hygiene instructions (tooth-bushing Bass skill) and correct method of
using tooth brush were provided for all case subjects before placing brackets (S1 Appendix).

Bacteria strains

The reference strains of P. gingivalis (ATCC33277), F. nucleatum (ATCC25586) and A. actino-
mycetemcomitans (ATCC29522) were obtained from The State Key Laboratory of Oral Dis-
eases, Sichuan University (Chengdu, China).

Clinical examination and gingival index

Before sample collection, the dentist evaluated Gingival index (GI) of both groups at the teeth
of 31, 32, 41 and 42 with same procedure as described previously [1]. The value of GI for each
subject was the mean measurement of the four teeth. In the case group, measurement were
made at five time points: Baseline T, = before appliances placement, T; = one month after
bonding, T, = two months after bonding, T = three months after bonding, and T, = six
months after bonding; while in the control group, the GI values were only measured at baseline
(T0) and compared with those of the case group.

Periodontal examination and sample collection were carried out by the same dentist.

Microbial sampling and DNA extraction

Sampling procedure was described before [1]. In brief, subgingival microbial samples were col-
lected at the same sites after measuring the GI. Samples were obtained from 10:00 to 12:00 a.
m. and at least two hours after eating, drinking, or taking oral hygiene measures, and then
careful removal of supragingival plaque and saliva, the sites were isolated with sterile cotton
rolls, and gently air dried. A sterile filter paper strip (ISO 30) was softly inserted into the bot-
tom of periodontal pockets for 30 seconds until a minimum of resistance. Four paper points
from each subject were immediately placed into a sterile microcentrifuge tube containing 0.5
ml of PBS [1, 27, 28]. The tubes were stored at -20°C until analyzed. The bacterial DNA was
extracted by the boiling method [29]. Briefly, a 10 ul aliquot of each stored sample was added
to 10pl of 2 xlysis buffer (2 mM EDTA, 1%X-100). The mixture was boiled for 10 minutes and
then placed on ice. The supernatant was used as the template for PCR amplification.
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Specificity of the 16S rRNA-based PCR

Specificity of the 16S rRNA-based PCR was evaluated by using specific primers of 16SrRNA
gene and the reference strains, including P. gingivalis (ATCC33277), F. nucleatum
(ATCC25586), and A. actinomycetemcomitans (ATCC29522). The amplified products from
clinical samples were randomly chosen for sequencing.

The 16S rRNA-based PCR and fimA genotypes specific PCR

The 16S rRNA-based PCR was used to determine the prevalence of P. gingivalis in subgingival
biofilm. The specific primers of fimA genotypes designed previously [18, 30] were used for
fimA typing and detection from positive samples of P. gingivalis (Table 1). PCR amplification
was carried out in a Tetrad Thermal Cycler (M] Research, South San Francisco, USA) accord-
ing to our previous description [6, 28] and run in a 25plreaction mixture, including 4.5ul
10xPCR buffer (100 mM Tris-HCI, 500 mM KCl, and 15 mM MgCl,), 0.25 mM of each deoxy-
nucleoside triphosphate (ANTP), 10uM of each primers, 5pl of template DNA, and 1.5 units of
Taq DNA polymerase (Tiangen Biotech, Beijing), and sterile distilled water. Each sample was
amplified for 5 min at 94°Cand 30 cycles, with each cycle consisting of denaturation at 94°C
for 30 sec, annealing at 58°C for 30 sec, extension at 72°C for 1 min, and final extension for 10
min. The amplified products were then electrophoresed on 1.5% agarose gel in Tris-acetate
buffer (40 mM Tris acetate, 1 mM EDTA, pH8.0). The products were visualized with ethidium
bromide by UV transillumination. (dx.doi.org/10.17504/protocols.io.jskcncw)

The products of six fimA genotypes were randomly sequenced on 3730 sequencer (Applied
Biosystems, Foster City, CA, USA) to confirm the validity of the specific fimA PCR in P. gingi-
valis positive samples. The alignment of the resulting sequences was carried out with BLAST
(http://www.ncbi.nlm.nih.gov/BLAST)

The primers for amplification of 16S rRNA gene and fimA gene were listed in Table 1.

Statistical analysis

The data were analyzed by using the SPSS statistical software (version 20.0, SPSS, Chicago, IL).
The Mann-Whitney U test and the Wilcoxon signed rank test were used to detect significant
intergroup and intragroup differences regarding GI. Chi-squared test was used to compare
detection rates of P. gingivalis and fimA genotypes between two groups. The McNemar test
was utilized to compare the prevalence of P. gingivalis and fimA genotypes in case group. The
Mann-Whitney U test was used to determine the correlation between prevalence of fimA
genotypes and GI in orthodontic patients. The significance for all statistical tests was predeter-
mined at P<0.05.

Results
Detection and confirmation of 16S rRNA-based PCR for P. gingivalis

The reference stains were first amplified by the16S rRNA-based PCR to evaluate its specificity.
The positive product appeared only from P. gingivalis (ATCC33277), not from F. nucleatum
(ATCC25586) and A. actinomycetemcomitans (ATCC29522).

At baseline (Ty), the frequency of P. gingivalis in from 117 subgingival samples of the two
groups was twenty-nine (24.79%), of which thirteen (23.21%) from the control group and
sixteen (26.23%) from the case group. From T to T3, the detection rate of P. gingivalis
increased significantly in the case group: 25 (42.62%) at T, 31 (50.82%) at T, and 51 (83.61%)
at T;. At T, the detection of P. gingivalis decreased to 26 (42.62%). The detection rate of P. gin-
givalis at different time points after wearing appliances was significantly higher than that of T
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Table 1. The primers of P. gingivalis and fimA.

Primers Sequence(5’-3’) Annealing temp(°C) Sizes(bp)

PgF AGGCAGCTTGCCATACTGCG 57 404
PgR ACTGTTAGCAACTACCGATGT

FimA 1 F CTGTGTGTTTATGGCARACTTC 58 392
FimA IR AACCCCGCTCCCTGTATTCCGA

FimAlb F CAGCAGAGCCCAAAAACAATCG 54 271
FimAlb R TGTCAGATAATTAGCGTCTGC

FimA Il F ACAACTATACTTATGACAATGG 56 257
FimA Il R AACCCCGCTCCCTGTATTCCGA

FimA Ill F ATTACACCTACACAGGTGAGGC 58 247
FimA Il R AACCCCGCTCCCTATATTCCGA

FimAIVF CTATTCAGGTGCTATTACCCAA 58 251
FimA IV R AACCCCGCTCCCTGTATTCCGA

FimAVF AACAACAGTCTCCTTGACAGTG 50 462
FimAV R TATTGGGGGTCGAACGITACTGTIC

https://doi.org/10.1371/journal.pone.0188420.t001

in the case group and control group: T; (P<0.05), T2 (P<0.01), T5 (P<0.01) and T4 (P<0.05)
(Table 2).

Ten P. gingivalis positive samples were randomly selected for sequencing in Invitrogen
Company (Invitrogen, Shanghai) to confirm the validity of the 16S rRNA-based PCR in clini-
cal subgingival biofilm samples.

Detection and confirmation of 16S rRNA-based PCR for fimA genotypes

The distribution of fimA genotypes among P. gingivalis-positive samples was subsequently
analyzed (Table 2). The distribution of fimA genotypes in the case group showed no significant
change over time from T to T,, and there was no difference between two groups (P>0.05). At
T, the detection rate was 14.75% for fimA type II (P<0.05), 24.5% for fimA type IV (P<0.01),
and 36.07% for fimA type V (P<0.01), which was found at higher level than that of the controls

Table 2. The prevalence of P. gingivalis and fimA genotypes in two groups.

control group case group
To To T, T, T3 Ty
P. gingivalis 13 (23.21) 16 (26.23) 25 (42.62)*t 31 (50.82)**1T 51 (83.61)**1t 26 (42.62)*T
I 6(10.71) 7 (11.48) 7 (11.48) 7 (11.48) 11 (18.03) 9 (14.75)
Ib 3(5.36) 3(4.92) 4 (6.56) 3(4.92) 5 (8.20) 2(3.28)
I 2(3.57) 2(3.28) 4 (6.56) 5 (8.20) 9 (14.75)*t 8(13.11)
I 4(7.14) 2(3.28) 3(4.92) 4 (6.56) 7 (11.48) 7(11.48)
v 2(3.57) 2(3.28) 3(4.92) 7 (11.48) 15 (24.59)** Tt 10 (16.39)*T
% 5 (8.93) 6 (9.84) 6 (9.84) 14 (22.95) 22 (36.07)**1 13 (21.31)
untypeable 3(5.36) 5 (8.20) 5 (8.20) 8(13.11) 8(13.11) 4 (6.56)
Chi-squared test was used to compare detection rates of P. gingivalis and fimA genotypes between two groups.
* P<0.05,
** P<0.01.
The McNamara test was utilized to compare the prevalence of P. gingivalis and fimA genotypes in case groups.
T P<0.05,
Tt p<0.01.

https://doi.org/10.1371/journal.pone.0188420.t002
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Table 3. The correlation of fimA genotypes and Gl.

fimA |

fimAl

fimA Il

fimA IV

fimAV

fimA 1b

negative
positive
negative
positive
negative
positive
negative
positive
negative
positive
negative
positive

Gl (n %) P
0 1 2
14 (28.0) 28 (56.0) 8 (16.0) 0.13
5 (45.5) 6 (54.5) 0(0.0)
19 (36.5) 30 (57.7) 3(5.8) <0.001
0(0.0) 4 (44.4) 5 (55.6)
17 (31.5) 29 (53.7) 8 (14.8) 0.713
2 (28.6) 5(71.4) 0(0.0)
19 (41.3) 22 (47.8) 5(10.9) 0.006
0(0.0) 12 (80.0) 3(20.0)
13 (33.3) 22 (56.4) 4(10.3) 0.438
6 (27.3) 12 (54.5) 4(18.2)
18(32.1%) 31(55.4%) 7(12.5%) 0.239
1(20%) 3(50%) 1(20%)

The Mann-Whitney U test was used to determine the correlation between prevalence of fimA genotypes and Gl in case group.

https://doi.org/10.1371/journal.pone.0188420.t003

(3.57% for fimA type Il and IV, 8.93% for type V) and T in the case group (3.28% for fimA
type Il and IV, 9.84% for type V). At T, the detection rate of fimA type Il and V decreased to
13.11% and 21.31%, and there was no significant difference in the detection of fimA type I, II,
III and V between two groups. Only fimA type IV (16.39%) was detected higher than that of T,
in both groups (P<0.05).

Association of fimA genotypes and Gl

The Mann-Whitney U test was used to determine the correlation between prevalence of fimA
genotypes and GI in case group. As P. gingivalis-positive and fimA-positive samples at T
were the largest than those of other time points. We used the data of T} to assess the correla-
tion of fimA genotypes and GI (shown in Table 3), regarding GI, there was no significant dif-
ference between fimA I/ I1I/ V/ Ib-positive samples and negative samples (P>0.05). However,
the GI of fimA II, IV-positive samples was significantly higher than that of negative samples
(P<0.01).

Evaluation of clinical parameter

It was showed that the value of GI (Table 4) in case group increased after placing appliances
and reached to the maximum at Tj, then decreased at T,. The GI at T4 was found higher than
that of baseline in two groups (P<0.01), but obviously lower than that at T;(P<0.01).

Table 4. Gl from the orthodontic patients and peridontally healthy subjects.

control group case group

To To T, T, Ts Ta
GlO 56 61 36 29 19 24
Gl1 0 0 25 30 34 25
Gl 2 0 0 0 2 8 2

https://doi.org/10.1371/journal.pone.0188420.t1004
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Discussion

Saxe et al. and Lindhe et al. indicated that gingivitis might represent a pre-phase in adults [31,
32]. Morinushi et al [33] investigated the association between gingivitis and colonization of P.
gingivalis in children of different ages demonstrated that the children carrying detectable levels
of P. gingivalis had significantly higher inflammation scores than those with negative P. gingi-
valis. Furthermore, they demonstrated that P. gingivalis was related to the progression of gingi-
vitis and the onset of the periodontitis in adolescents (12 years and older). There were few
documents examining the colonization by P. gingivalis in a long term utilization of fixed ortho-
dontic appliances (extending to six months) in adolescents. A previous research showed vari-
ous periodontal pathogens increased significantly after 6 months of fixed appliance treatment,
but returned to pretreatment levels by 12 months of orthodontic treatment [25]. Ristic et al.
found the detection rate of P. gingivalis increased from baseline to three months after bonding,
then decreased at six months, which varied with the change of GI [34]. In this case, not only
the incidence of P. gingivalis, but also fimA I, IV and V continuously increased after appli-
ances placement, and reached the maximum at T3, and then followed by a decrease at T,
which was consistent with the change of GI. This could be explained by improvement of oral
hygiene and reestablishment of host-microorganisms balance. It was demonstrated that peri-
odontal diseases resulted from a rupture of the dynamic balance between the pathogens and
host defense system [1, 34]. Scientific investigations indicated that the presence of fixed ortho-
dontic appliances would hamper effective oral hygiene and result in an ecological environment
favorable to accumulate gram-negative anaerobic bacteria in subgingival regions, especially for
adolescents [34, 35]. For this reason, the host-microorganisms balance is broken, which leads
to periodontal diseases. Guo [35] investigated the differences of the impact of orthodontic
appliances on periodontal tissues between adults and children and found that the frequency of
P. gingivalis presented stable trends among adults during the first three months, but increased
significantly among children in the first three months. This article illustrated that the effect of
fixed orthodontic appliance on periodontal tissues was more apparent in children than in
adults. It seems that 3 months following placing orthodontic appliances, most adolescent
patients raised awareness of oral hygiene and mastered tooth-brushing skills. Accordingly, the
rebalance of host and microorganisms started to establish. This resulted in a reduction of peri-
odontal pathogens, which was consistent with better periodontal status. It should also be
addressed that proper hygiene controls during the therapy contributed to little increase in pla-
que accumulation and the rebalance of host-microorganisms, consequently [34].

It was reported that P. gingivalis was detected not only at a high frequency in patients with
periodontitis, but also at a low frequency in periodontally healthy individuals without obvious
gingival inflammation [36, 37]. Therefore, specific virulent genotypes of the pathogens might
be a cause of periodontal diseases [20]. Accumulating evidences suggested that P. gingivalis
harboring Type Il and IV (Pg-11, IV) fimbriae were disease-related isolates, while Pg-I and III
were non-disease-related. Some researchers evaluated fimA genotypes in animal trials, demon-
strating that fimA genotype II, Ib, and IV could cause stronger infections and inflammatory
changes compared to strains with fimA genotype I and III [22, 38, 39]. Results of several clini-
cal researches also believed that nucleotide genetic variation was likely related to virulence. In
chronic periodontitis, P. gingivalis strains harboring fimA genotype II, IV, and Ib were obvi-
ously more common than isolates with other genotypes [18, 20, 22, 30, 40-42]. Also, P. gingiva-
lis carrying type II fimbriae was found to be the predominant fimA genotype in patients with
periodontitis in several epidemiological surveys, while fimA genotype IV was more prevalent
in the gingivitis group [8, 42]. Additionally, the previous views that genotype II, IV, and Ib
were related to virulence were supported by fimA genotyping of cultured clinical isolates of
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P. gingivalis sampled from patients with chronic periodontitis [20, 41]. On the contrary, strains
with fimA genotype I were the most prevalent among P. gingivalis positive in periodontally
healthy subjects, followed by genotype V [20, 30].

We detected the prevalence of fimA genotypes during the orthodontic therapy. At T3, con-
sistent with the maximum GI, there was a statistically higher incidence of fimA II, IV and V
than that at Ty and periodontally healthy individuals, demonstrating that they present stronger
virulence of P. gingivalis. Subsequently, fimA II and V returned to be normal at T, while the
incidence of fimA IV was significantly higher than that at T, and periodontally healthy individ-
uals, meanwhile the periodontal clinical parameter was improved, implying the virulence of P.
gingivalis tended to be weakened. We inferred that this might also due to reestablishment of
host-microorganisms balance and improvement of oral hygiene.

According to previous reports, fimA V was detected in 0~29.7% of healthy subjects and
0~17.4% of periodontitis patients. In this study, we found fimA V appeared in 8.93% of healthy
subjects, similar to data obtained from other groups, and in 36.07% of patients at T3, which
was higher than data from previous reports. Moreover, the incidence of fimA V at T; was sta-
tistically higher than that at T, and healthy subjects. In order to further explore whether fimA
V was associated with orthodontic gingivitis, we analyzed the correlation of GI and incidence
of fimA V. The data showed that the GI levels of fimA II or IV positive groups were signifi-
cantly higher than that of negative groups, while there was no difference in the GI levels
between fimA V positive and negative groups, demonstrating that only fimA I and IV were
associated with orthodontic gingivitis. However, it is unclear why Pg-fimA V significant
increase during fixed orthodontic therapy. Longitudinal studies with larger sample size of
orthodontic patients are needed to disclose it.

Conclusion

The incidence of P. gingivalis, fimA II, IV and V increased after appliances placement and
reached the maximum at the first three months, and followed by a decrease. P. gingivalis carry-
ing fimA II or IV was associated with gingivitis during orthodontic therapy. In addition,
appropriate oral hygiene could lead to decrease accumulation of dental plaque, and exert a
beneficial effect on periodontal tissues.

Supporting information
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(DOCX)
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(DOCX)

Author Contributions
Conceptualization: Shuang Pan, Yi Liu, Chunling Wang, Shuiqing Xiao.

Data curation: Shuang Pan, Yi Liu, Yi Si, Qiang Zhang, Lin Wang, Jianwei Liu, Chunling
Wang, Shuiging Xiao.

Formal analysis: Shuang Pan, Yi Liu, Yi Si, Qiang Zhang, Lin Wang, Jianwei Liu, Chunling
Wang, Shuiging Xiao.

Funding acquisition: Shuiqing Xiao.

PLOS ONE | https://doi.org/10.1371/journal.pone.0188420 November 27, 2017 8/11


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0188420.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0188420.s002
https://doi.org/10.1371/journal.pone.0188420

@° PLOS | ONE

fimA genotypes and orthodontic therapy

Investigation: Shuang Pan, Yi Liu, Yi Si, Qiang Zhang, Jianwei Liu, Chunling Wang, Shuiqing
Xiao.

Methodology: Shuang Pan, Yi Liu, Yi Si, Lin Wang, Chunling Wang, Shuiqing Xiao.
Project administration: Shuang Pan, Yi Liu, Qiang Zhang, Chunling Wang.
Resources: Yi Liu.

Supervision: Yi Liu, Chunling Wang, Shuiging Xiao.

Validation: Yi Liu, Yi Si.

Visualization: Yi Liu, Lin Wang.

Writing - original draft: Shuang Pan, Yi Liu, Chunling Wang, Shuiqing Xiao.
Writing - review & editing: Shuang Pan, Yi Liu, Chunling Wang, Shuiqing Xiao.

References

1. PanS,LiuY,ZhanglL,LiS, Zhang Y, Liu J, et al. Profiling of subgingival plaque biofilm microbiota in
adolescents after completion of orthodontic therapy. PloS one. 2017; 12(2):e0171550. https://doi.org/
10.1371/journal.pone.0171550 PMID: 28158292

2. Zanatta FB, Ardenghi TM, Antoniazzi RP, Pinto TM, Rosing CK. Association between gingivitis and
anterior gingival enlargement in subjects undergoing fixed orthodontic treatment. Dental press journal
of orthodontics. 2014; 19(3):59-66. https://doi.org/10.1590/2176-9451.19.3.059-066.0ar PMID:
25162567

3. Elamin A, Albandar JM, Poulsen K, Ali RW, Bakken V. Prevalence of Aggregatibacter actinomycetem-
comitans in Sudanese patients with aggressive periodontitis: a case-control study. Journal of periodon-
tal research. 2011; 46(3):285-91. https://doi.org/10.1111/j.1600-0765.2010.01337.x PMID: 21332472.

4. Faveri M, Figueiredo LC, Duarte PM, Mestnik MJ, Mayer MP, Feres M. Microbiological profile of
untreated subjects with localized aggressive periodontitis. Journal of clinical periodontology. 2009; 36
(9):739-49. https://doi.org/10.1111/1.1600-051X.2009.01449.x PMID: 19637996.

5. FengX, ZhangL, XuL,MengH, LuR, Chen Z, et al. Detection of eight periodontal microorganisms and
distribution of Porphyromonas gingivalis fimA genotypes in Chinese patients with aggressive periodonti-
tis. Journal of periodontology. 2014; 85(1):150-9. https://doi.org/10.1902/jop.2013.120677 PMID:
23646850.

6. LiuY,ZhangY,WangL, Guo, Xiao S. Prevalence of Porphyromonas gingivalis four rag locus geno-
types in patients of orthodontic gingivitis and periodontitis. PLoS One, 2013; 8(4):e61028. https://doi.
org/10.1371/journal.pone.0061028 PMID: 23593379

7. Decaillet F, Giannopoulou C, Cionca N, Aimaghlouth A, Mombelli A. Microbial profiles of patients seek-
ing treatment for periodontitis. Influence of origin, smoking and age? stomatologia. 2012; 122(3):198—
204. PMID: 22419518.

8. BostanciN, Belibasakis GN. Porphyromonas gingivalis: an invasive and evasive opportunistic oral path-
ogen. FEMS microbiology letters. 2012; 333(1):1-9. https://doi.org/10.1111/j.1574-6968.2012.02579.x
PMID: 22530835.

9. HayashiF, Okada M, Oda Y, Kojima T, Kozai K. Prevalence of Porphyromonas gingivalis fimA geno-
types in Japanese children. Journal of oral science. 2012; 54(1):77—-83. PMID: 22466890.

10. Perez-Chaparro PJ, Lafaurie Gl, Gracieux P, Meuric V, Tamanai-Shacoori Z, Castellanos JE, et al. Dis-
tribution of Porphyromonas gingivalis fimA genotypes in isolates from subgingival plaque and blood
sample during bacteremia. Biomedica: revista del Instituto Nacional de Salud. 2009; 29(2):298-306.
PMID: 20128354.

11.  Lamont RJ, Chan A, Belton CM, lzutsu KT, Vasel D, Weinberg A. Porphyromonas gingivalis invasion of
gingival epithelial cells. Infection and immunity. 1995; 63(10):3878-85. PMID: 7558295.

12. Kinder SA, Holt SC. Characterization of coaggregation between Bacteroides gingivalis T22 and Fuso-
bacterium nucleatum T18. Infection and immunity. 1989; 57(11):3425-33. Epub 1989/11/01. PMID:
2478473.

13. Lamont RJ, Hersey SG, Rosan B. Characterization of the adherence of Porphyromonas gingivalis to
oral streptococci. Oral microbiology and immunology. 1992; 7(4):193-7. PMID: 1328995.

PLOS ONE | https://doi.org/10.1371/journal.pone.0188420 November 27, 2017 9/11


https://doi.org/10.1371/journal.pone.0171550
https://doi.org/10.1371/journal.pone.0171550
http://www.ncbi.nlm.nih.gov/pubmed/28158292
https://doi.org/10.1590/2176-9451.19.3.059-066.oar
http://www.ncbi.nlm.nih.gov/pubmed/25162567
https://doi.org/10.1111/j.1600-0765.2010.01337.x
http://www.ncbi.nlm.nih.gov/pubmed/21332472
https://doi.org/10.1111/j.1600-051X.2009.01449.x
http://www.ncbi.nlm.nih.gov/pubmed/19637996
https://doi.org/10.1902/jop.2013.120677
http://www.ncbi.nlm.nih.gov/pubmed/23646850
https://doi.org/10.1371/journal.pone.0061028
https://doi.org/10.1371/journal.pone.0061028
http://www.ncbi.nlm.nih.gov/pubmed/23593379
http://www.ncbi.nlm.nih.gov/pubmed/22419513
https://doi.org/10.1111/j.1574-6968.2012.02579.x
http://www.ncbi.nlm.nih.gov/pubmed/22530835
http://www.ncbi.nlm.nih.gov/pubmed/22466890
http://www.ncbi.nlm.nih.gov/pubmed/20128354
http://www.ncbi.nlm.nih.gov/pubmed/7558295
http://www.ncbi.nlm.nih.gov/pubmed/2478473
http://www.ncbi.nlm.nih.gov/pubmed/1328995
https://doi.org/10.1371/journal.pone.0188420

@° PLOS | ONE

fimA genotypes and orthodontic therapy

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Yao ES, Lamont RJ, Leu SP, Weinberg A. Interbacterial binding among strains of pathogenic and
commensal oral bacterial species. Oral microbiology and immunology. 1996; 11(1):35—-41. PMID:
8604253.

Schwarz S, Ellen RP, Grove DA. Bacteroides gingivalis-Actinomyces viscosus cohesive interactions as
measured by a quantitative binding assay. Infection and immunity. 1987; 55(10):2391-7. PMID:
3653983.

Dickinson DP, Kubiniec MA, Yoshimura F, Genco RJ. Molecular cloning and sequencing of the gene
encoding the fimbrial subunit protein of Bacteroides gingivalis. Journal of bacteriology. 1988; 170
(4):1658-65. PMID: 2895100.

Fujiwara T, Nakagawa |, Morishima S, Takahashi |, Hamada S. Inconsistency between the fimbrilin
gene and the antigenicity of lipopolysaccharides in selected strains of Porphyromonas gingivalis. FEMS
microbiology letters. 1994; 124(3):333—41. PMID: 7851739.

Nakagawa |, Amano A, Ohara-Nemoto Y, Endoh N, Morisaki |, Kimura S, et al. Identification of a new
variant of fimA gene of Porphyromonas gingivalis and its distribution in adults and disabled populations
with periodontitis. Journal of periodontal research. 2002; 37(6):425-32. PMID: 12472836.

Nakagawa I, Amano A, Kimura RK, Nakamura T, Kawabata S, Hamada S. Distribution and molecular
characterization of Porphyromonas gingivalis carrying a new type of fimA gene. Journal of clinical micro-
biology. 2000; 38(5):1909—-14. PMID: 10790120.

Enersen M, Nakano K, Amano A. Porphyromonas gingivalis fimbriae. Journal of oral microbiology.
https://doi.org/10.3402/jom.v5i0.20265 PMID: 23667717.

Gaol, XuY,MengS, WuY, Huang H, Su R, et al. Identification of the putative specific pathogenic
genes of Porphyromonas gingivalis with type Il fimbriae. DNA and cell biology. 2012; 31(6):1027-37.
https://doi.org/10.1089/dna.2011.1487 PMID: 22257441.

Amano A, Nakagawa |, Okahashi N, Hamada N. Variations of Porphyromonas gingivalis fimbriae in
relation to microbial pathogenesis. Journal of periodontal research. 2004; 39(2):136—42. PMID:
15009522.

Zhao L, Wu YF, Meng S, Yang H, OuYang YL, Zhou XD. Prevalence of fimA genotypes of Porphyromo-
nas gingivalis and periodontal health status in Chinese adults. Journal of periodontal research. 2007; 42
(6):511—7. https://doi.org/10.1111/1.1600-0765.2007.00975.x PMID: 17956463.

Freitas AO, Marquezan M, Nojima Mda C, Alviano DS, Maia LC. The influence of orthodontic fixed
appliances on the oral microbiota: a systematic review. Dental press journal of orthodontics. 2014; 19
(2):46-55. https://doi.org/10.1590/2176-9451.19.2.046-055.0ar PMID: 24945514.

Thornberg MJ, Riolo CS, Bayirli B, Riolo ML, Van Tubergen EA, Kulbersh R. Periodontal pathogen lev-
els in adolescents before, during, and after fixed orthodontic appliance therapy. American journal of
orthodontics and dentofacial orthopedics: official publication of the American Association of Orthodon-
tists, its constituent societies, and the American Board of Orthodontics. 2009; 135(1):95-8. https://doi.
org/10.1016/j.ajodo.2007.02.057 PMID: 19121507.

Yang GL, LiWZ, Han ZQ, Xiao SQ. Detection of gingipain K in the gingival crevicular fluid of orthodontic
patients. Shanghai kou giang yi xue. 2015; 24(1):102—6. PMID: 25858379.

Guglielmetti MR, Rosa EF, Lourencao DS, Inoue G, Gomes EF, De Micheli G, et al. Detection and
quantification of periodontal pathogens in smokers and never-smokers with chronic periodontitis by
real-time polymerase chain reaction. Journal of periodontology. 2014; 85(10):1450-7. https://doi.org/
10.1902/jop.2014.140048 PMID: 24794687.

Liu P, LiuY, Wang J, Guo Y, Zhang Y, Xiao S. Detection of fusobacterium nucleatum and fadA adhesin
gene in patients with orthodontic gingivitis and non-orthodontic periodontal inflammation. PLoS One,
2014; 9(1):e85280. https://doi.org/10.1371/journal.pone.0085280 PMID: 24416378

Lee SM, Yoo SY, Kim HS, Kim KW, Yoon YJ, Lim SH, et al. Prevalence of putative periodontopatho-
gens in subgingival dental plaques from gingivitis lesions in Korean orthodontic patients. Journal of
microbiology (Seoul, Korea). 2005; 43(3):260-5. PMID: 15995644.

Amano A, Kuboniwa M, Nakagawa |, Akiyama S, Morisaki I, Hamada S. Prevalence of specific geno-
types of Porphyromonas gingivalis fimA and periodontal health status. Journal of dental research. 2000;
79(9):1664-8. https://doi.org/10.1177/00220345000790090501 PMID: 11023261.

Saxe SR, Greene JC, Bohannan HM, Vermillion JR.Oral debris, calculus, and periodontal disease in
the beagle dog.Periodontics. 1967 Sep-Oct; 5(5):217-25. PMID: 5234056

Lindhe J, Hamp SE, L6e H.Plaque induced periodontal disease in beagle dogs. A 4-year clinical, roent-
genographical and histometrical study.J Periodontol. 1975 Feb; 46(2):82-5.

Morinushi T, Lopatin DE, Van Poperin N, Ueda Y.The relationship between gingivitis and colonization
by Porphyromonas gingivalis and Actinobacillus actinomycetemcomitans in children.J Periodontol.
2000 Mar; 71(3):403-9. https://doi.org/10.1902/jop.2000.71.3.403 PMID: 10776927

PLOS ONE | https://doi.org/10.1371/journal.pone.0188420 November 27, 2017 10/11


http://www.ncbi.nlm.nih.gov/pubmed/8604253
http://www.ncbi.nlm.nih.gov/pubmed/3653983
http://www.ncbi.nlm.nih.gov/pubmed/2895100
http://www.ncbi.nlm.nih.gov/pubmed/7851739
http://www.ncbi.nlm.nih.gov/pubmed/12472836
http://www.ncbi.nlm.nih.gov/pubmed/10790120
https://doi.org/10.3402/jom.v5i0.20265
http://www.ncbi.nlm.nih.gov/pubmed/23667717
https://doi.org/10.1089/dna.2011.1487
http://www.ncbi.nlm.nih.gov/pubmed/22257441
http://www.ncbi.nlm.nih.gov/pubmed/15009522
https://doi.org/10.1111/j.1600-0765.2007.00975.x
http://www.ncbi.nlm.nih.gov/pubmed/17956463
https://doi.org/10.1590/2176-9451.19.2.046-055.oar
http://www.ncbi.nlm.nih.gov/pubmed/24945514
https://doi.org/10.1016/j.ajodo.2007.02.057
https://doi.org/10.1016/j.ajodo.2007.02.057
http://www.ncbi.nlm.nih.gov/pubmed/19121507
http://www.ncbi.nlm.nih.gov/pubmed/25858379
https://doi.org/10.1902/jop.2014.140048
https://doi.org/10.1902/jop.2014.140048
http://www.ncbi.nlm.nih.gov/pubmed/24794687
https://doi.org/10.1371/journal.pone.0085280
http://www.ncbi.nlm.nih.gov/pubmed/24416378
http://www.ncbi.nlm.nih.gov/pubmed/15995644
https://doi.org/10.1177/00220345000790090501
http://www.ncbi.nlm.nih.gov/pubmed/11023261
http://www.ncbi.nlm.nih.gov/pubmed/5234056
https://doi.org/10.1902/jop.2000.71.3.403
http://www.ncbi.nlm.nih.gov/pubmed/10776927
https://doi.org/10.1371/journal.pone.0188420

@° PLOS | ONE

fimA genotypes and orthodontic therapy

34.

35.

36.

37.

38.

39.

40.

41.

42.

Ristic M, Vlahovic Svabic M, Sasic M, Zelic O. Clinical and microbiological effects of fixed orthodontic
appliances on periodontal tissues in adolescents. Orthodontics & craniofacial research. 2007; 10
(4):187-95. https://doi.org/10.1111/j.1601-6343.2007.00396.x PMID: 17973685.

GuolL, Feng Y, Guo HG, Liu BW, Zhang Y.Consequences of orthodontic treatment in malocclusion
patients: clinical and microbial effects inadults and children.BMCOralHealth. 2016 Oct 28; 16(1):112.
https://doi.org/10.1186/s12903-016-0308-7 PMID: 27793138.

Yang NY, Zhang Q, Li JL, Yang SH, Shi Q. Progression of periodontal inflammation in adolescents is
associated with increased number of Porphyromonas gingivalis, Prevotella intermedia, Tannerella for-
sythensis, and Fusobacterium nucleatum. International journal of paediatric dentistry. 2014; 24(3):226—
33. https://doi.org/10.1111/ipd. 12065 PMID: 24025042.

Zhou X, Liu X, Li J, Aprecio RM, Zhang W, Li Y. Real-time PCR quantification of six periodontal patho-
gens in saliva samples from healthy young adults. Clinical oral investigations. 2015; 19(4):937—46.
https://doi.org/10.1007/s00784-014-1316-0 PMID: 25217278.

Nakano K, Kuboniwa M, Nakagawa I, Yamamura T, Nomura R, Okahashi N, et al. Comparison of
inflammatory changes caused by Porphyromonas gingivalis with distinct fimA genotypes in a mouse
abscess model. Oral microbiology and immunology. 2004; 19(3):205-9. https://doi.org/10.1111/j.0902-
0055.2004.00133.x PMID: 15107074.

Genco CA, Van Dyke T, Amar S. Animal models for Porphyromonas gingivalis-mediated periodontal
disease. Trends in microbiology. 1998; 6(11):444-9. PMID: 9846362.

Amano A, Nakagawa |, Kataoka K, Morisaki |, Hamada S. Distribution of Porphyromonas gingivalis
strains with fimA genotypes in periodontitis patients. Journal of clinical microbiology. 1999; 37(5):1426—
30. PMID: 10203499.

Enersen M, Olsen |, Kvalheim O, Caugant DA. fimA genotypes and multilocus sequence types of Por-
phyromonas gingivalis from patients with periodontitis. Journal of clinical microbiology. 2008; 46(1):31—
42. https://doi.org/10.1128/JCM.00986-07 PMID: 17977992.

Missailidis CG, Umeda JE, Ota-Tsuzuki C, Anzai D, Mayer MP. Distribution of fimA genotypes of Por-
phyromonas gingivalis in subjects with various periodontal conditions. Oral microbiology and immunol-
ogy. 2004; 19(4):224-9. https://doi.org/10.1111/j.1399-302X.2004.00140.x PMID: 15209991.

PLOS ONE | https://doi.org/10.1371/journal.pone.0188420 November 27, 2017 11/11


https://doi.org/10.1111/j.1601-6343.2007.00396.x
http://www.ncbi.nlm.nih.gov/pubmed/17973685
https://doi.org/10.1186/s12903-016-0308-7
http://www.ncbi.nlm.nih.gov/pubmed/27793138
https://doi.org/10.1111/ipd.12065
http://www.ncbi.nlm.nih.gov/pubmed/24025042
https://doi.org/10.1007/s00784-014-1316-0
http://www.ncbi.nlm.nih.gov/pubmed/25217278
https://doi.org/10.1111/j.0902-0055.2004.00133.x
https://doi.org/10.1111/j.0902-0055.2004.00133.x
http://www.ncbi.nlm.nih.gov/pubmed/15107074
http://www.ncbi.nlm.nih.gov/pubmed/9846362
http://www.ncbi.nlm.nih.gov/pubmed/10203499
https://doi.org/10.1128/JCM.00986-07
http://www.ncbi.nlm.nih.gov/pubmed/17977992
https://doi.org/10.1111/j.1399-302X.2004.00140.x
http://www.ncbi.nlm.nih.gov/pubmed/15209991
https://doi.org/10.1371/journal.pone.0188420

