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Porphyromonas gingivalis in saliva associates with chronic and aggressive
periodontitis
Christian Damgaard a,b, Anne Katrine Danielsena,b, Christian Enevoldb, Laura Massarentib,
Claus Henrik Nielsena,b, Palle Holmstrupa and Daniel Belstrøma

aSection for Periodontology and Microbiology, Department of Odontology, Faculty of Health and Medical Sciences, University of
Copenhagen, Copenhagen, Denmark; bInstitute for Inflammation Research, Center for Rheumatology and Spine Diseases, Rigshospitalet,
Copenhagen University Hospital, Copenhagen, Denmark

ABSTRACT
Objective: To characterize the salivary microbiota of patients with aggressive periodontitis,
patients with chronica periodontitis and orally healthy individuals.
Methods: A total of 81 unstimulated saliva samples from aggressive periodontitis patients (n = 31),
chronic periodontitis patients (n=25), andorally healthy controls (n =25)were examined. TheV1-V3
region of the 16S rDNA gene was sequenced with Illumina® MiSeqTM, and sequences were anno-
tated to the expanded Human Oral Microbiome Database (eHOMD).
Results: A mean percentage of 97.6 (range: 89.8–99.7) of sequences could be identified at
species level. Seven bacterial species, including Porphyromonas gingivalis, were identified with
significantly higher relative abundance in saliva from aggressive periodontitis patients than in
saliva from orally healthy controls. Salivary abundance of P. gingivalis could discriminate
aggressive (AUC: 0.80, p = 0.0001) and chronic periodontitis (AUC: 0.72, p = 0.006) from
healthy controls. Likewise, salivary presence of P. gingivalis was significantly associated with
aggressive (p < 0.0001, RR: 8.1 (95% CI 2.1–31.2)) and chronic periodontitis (p = 0.002, RR: 6.5
(95% CI: 1.6–25.9)).
Conclusion: Salivary presence and relative abundance of P. gingivalis associate with aggres-
sive and chronic periodontitis, but do not discriminate between aggressive and chronic
periodontitis.
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Introduction

When entering the oral cavity saliva is sterile [1].
However, when sampled from the oral cavity, one
milliliter of saliva contains hundred millions of bac-
teria [2]. Thus, the salivary microbiota is believed to
be a compilation of bacteria shed from oral surfaces
[3,4], which is why salivary microbiota may poten-
tially be used as a biomarker of oral health status. In
oral health, the salivary microbiota is closely related
to microbiotas found on the tongue and the oral
mucosa [5]. However, salivary carriage of specific
putative periodontal bacterial species, including
Porphyromonas gingivalis, has previously been
reported to associate with periodontitis [6,7].

Periodontitis is a prevalent, multifactorial inflamma-
tory disease, induced by a biofilm on tooth surfaces, and
the associated breakdown of tooth-supporting tissues is
driven by a chronic inflammation within the period-
ontal tissues [8]. Periodontitis is diagnosed clinically
and may present in either an aggressive form with
early onset and rapid progression, affecting only 5%,
or a chronic form characterized by slower breakdown of
tooth-supporting tissues and onset later in life, affecting

approximately 40% of the adult population [9,10]. A 40-
year follow-up study in male plantation workers from
Sri Lanka, without access to dental care, reported dif-
ferent trajectories of periodontal breakdown [11].
Consequently, the immune responses towards the per-
iodontal microbiota are believed to distinguish aggres-
sive from chronic forms of periodontitis [8].

By means of various molecular techniques, cross-
sectional analyses have reported that the salivary micro-
biota of patients with periodontitis differs from that of
orally healthy controls [12–14]. Furthermore, several
studies have demonstrated correlation of subgingival
and salivary levels of specific bacteria proposed to be
present in the periodontium of patients with period-
ontitis [15–18]. Finally, two longitudinal studies have
shown that non-surgical periodontal treatment impacts
salivary levels of proposed periodontal bacteria [19,20].
Thus, salivary carriage of bacteria associated with per-
iodontitis seems to reflect the periodontal status.
However, to the best of our knowledge, the character-
ization of the salivary microbiota in aggressive period-
ontitis patients remains to be performed.

The purpose of the present study was to character-
ize the salivary microbiota of patients with aggressive
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periodontitis and compare it with that of chronic
periodontitis and of orally healthy controls. The
hypothesis to be tested was that composition of the
salivary microbiota in patients with aggressive peri-
odontitis is distinct from those of patients with
chronic periodontitis and orally healthy controls.
Such salivary characteristics might hold potential for
use as biomarkers for detection of periodontitis
patients with rapidly progressing periodontitis.

Methods

Sample size

Sample sizes were calculated using one-way ANOVA
with estimated levels of relevant biomarkers (controls
µ1 = 10,000, and periodontitis patients µ2 = 15,000)
with a predicted standard deviation of 6,250, α = 0.05
and a power of 0.80. Based on the sample size calcu-
lation each group should consist of a minimum of 25
participants. The sample size was adjusted to allow as
much as 20% of the participants to withdraw their
consent, leaving 30 participants in each group.
Because of the novelty of the methods applied for
sequencing, we accounted for unforeseen technical
difficulties during analyses of the samples, by inclu-
sion of an additional aggressive periodontitis patient,
as these were the primary population of interest.

Study population

In the period from 8 February 2017 to 12 October 2018,
a total of 90 individuals were recruited at the Department
of Odontology, University of Copenhagen. All partici-
pants were medically healthy and assigned in accordance
with the periodontal disease classification system from
1999 American Academy of Periodontology [9].
Participants were divided into three groups: Aggressive
periodontitis, chronic periodontitis and periodontally
healthy controls on this basis. The inclusion criteria were:

Aggressive periodontitis patients:

● 19–40 years of age.
● Interproximal attachment loss at minimum 3

teeth that were neither first molars nor incisors.
● Clinical attachment loss at minimum 10 sites,

also characterized by bleeding and appearance
of pus upon probing.

● Radiographic bone loss.

Chronic periodontitis patients:

● 50–60 years of age.
● Interproximal attachment loss at minimum

three teeth besides molars and incisors.
● Clinical attachment loss at minimum 10 sites,

also characterized by bleeding on probing.
● Radiographic bone loss.

Orally healthy controls:

● 19–61 years of age.
● No interproximal attachment loss.
● No clinical attachment loss at sites with bleeding

on probing.
● No radiographic bone loss.
● No sign of other inflammatory lesions in the

oral mucosa.

General exclusion criteria included pregnant and
breastfeeding women, systemic antibiotic treatment
within 6 months, systemic diseases, and hematologic
anomalies or syndromes. All participants signed an
informed consent, and the study was approved by the
regional ethical committee (The Capital Region of
Denmark, protocol: H-1602473) and registered by
the Danish Data Authorization (approval number:
P-2019–18), and registered at clinicaltrials.gov:
NCT03225950.

Clinical registrations

Background information of the study population
including gender, age, ethnicity, and smoking status
were recorded (Table 1). Clinical registrations were
recorded at six sites per tooth (3rd molars excluded),
including pocket depth (PD), clinical attachment loss
(CAL), bleeding on probing (BOP), plaque index
(PI), number of teeth excluding 3rd molars, and num-
ber of decayed, missing, filled teeth (DMFT). For
details see Table 2.

Saliva sample collection

Two ml of unstimulated saliva samples were collected
in Oragene DNA tubes (Cat.#OG-500, DNA Genotek
Inc., Ontario, Canada) as previously described [21]
and stored immediately at −80°C until further analy-
sis. Clinical registrations on healthy controls and
sample collection were performed by the same exam-
iner (AKD). All clinical registrations on patients with
periodontitis were confirmed by a clinical instructor
at the Section of Periodontology, Department of
Odontology, University of Copenhagen.

DNA extraction

One hundred µl of a 25 mg/ml lysozyme (Cat.#90082,
ThermoFisher, Roskilde, Denmark) were mixed with
400 µl of Oragene saliva sample, incubated for 2 h at
37°C, and the entire sample was subsequently purified
using the Maxwell 16 Cell DNA Purification Kit (Cat.#
AS1020, Promega, Wisconsin). Purified DNAwas mea-
sured using the Qubit dsDNA high-sensitivity kit (Cat.
#Q32854, ThermoFisher, Roskilde, Denmark) and
diluted to 20 ng/ul.
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Sequencing and data analysis

Bacterial 16S rRNA gene targeted amplicon sequen-
cing was performed using a custom dual-index
protocol [22]. Custom 16S primers amplified the
V1-V3 region of the 16S rRNA gene and were
designed to provide the best coverage of the 16S
rRNA gene while maintaining high sensitivity. The
sample libraries were prepared using a 22 cycle
PCR reaction to reduce chimera formation (unless
otherwise noted). The final PCR products were
purified using Ampure XP beads, pooled in equal
amounts, and gel purified using the QIAGEN
MinElute Gel Extraction Kit (Qiagen, Hilden,
Germany). Purified, pooled libraries were quanti-
fied using the NEBNext Library Quant Kit for
Illumina. Final libraries were sequenced on
Illumina® MiSeq™ with a v2 reagent kit (500 cycles).
The sequencing was performed at a 10 pM loading
concentration with >20% PhiX spike-in. The
DADA2 R package [23] was used to identify and
quantify amplicon sequencing reads on the FastQC
files obtained after demultiplexing with the
Illumina MiSeq software. Briefly, reads were
trimmed and filtered to remove sequences with
low quality. Quality of the trimmed and filtered
reads was assessed using FastQC. Results of
FastQC were compiled using MultiQC [24]. The
trimmed and filtered reads were then processed
through the denoising, concatenating read1 and
read2 with a 10 N spacer, and chimera removal

steps of DADA2 to identify and quantify true
amplicon sequence variants (ASV) present in the
sample. Taxonomy of the identified ASVs was
assigned using the RDP classifier algorithm [25]
implemented in the DADA2 package with
a training dataset developed at The Forsyth
Institute, Cambridge, MA and based on the
Extended Human Oral Microbe Database
(eHOMD).

Statistics

All parameters tested were checked for normality.
Metadata of the study population, clinical data and
sequence metadata, which followed a Gaussian dis-
tribution were compared using t-test, chi-square
test and ANOVA, whereas non-parametric data
were compared by Mann-Whitney U test,
Friedman test and Kruskall-Wallis H test. The
core salivary microbiota was defined as bacterial
genera and species present with a mean relative
abundance >1% across all samples. The salivary
microbiota were characterized and compared by
means of predominant genera and species, relative
abundance, Shannon index, principal component
analysis and correspondence analysis. Data on rela-
tive abundance were corrected for multiple depen-
dent associations using Benjamini-Hochbergs
correction [26]. All statistics were computed with

Table 2. Clinical data of the study population. Pocket depth (PD), clinical attachment loss (CAL), bleeding on
probing (BOP), plaque index (PI), number of teeth excluding 3rd molars, number of decayed, missing, filled teeth
(DMFT). All parameters tested were checked for normality. Metadata of the clinical data of the study population,
which followed a Gaussian distribution were compared using t-test, chi-square test and ANOVA, whereas non-
parametric data were compared by Mann-Whitney U test, Friedman test and Kruskall-Wallis H test. All statistics
were computed with GraphPad Prism (Graphpad Software, San Diego, CA).

Aggressive periodontitis patients
(n = 31)

Chronic periodontitis patients
(n = 26)

Orally healthy controls
(n = 25)

Mean PD in mm (range) 3.6 (2.2; 5.3) 3.5 (1.8; 6.6) 2.3 (1.4; 2.7)
Mean CAL in mm (range) 3.5 (1.3; 5.9) 4.0 (1.9; 6.8) 1.1 (0.3; 2.7)
Mean BOP in % (range) 56.4 (5.0; 98.8) 39.4 (2.3; 99.2) 4.0 (0; 76.2)
Mean PI in % (range) 65.2 (1.2; 99.4) 55.9 (0.6; 100) 6.22 (0; 66.1)
Number of teeth (range) 27.3 (25; 28) 25.9 (21;28) 27.5 (25; 28)
DMFT (range) 3.9 (0; 14) 10.4 (1; 20) 6.17 (0; 21)

Table 1. Study population characteristics. All parameters tested were checked for normality. Metadata of the
study population, which followed a Gaussian distribution were compared using t-test, chi-square test and
ANOVA, whereas non-parametric data were compared by Mann-Whitney U test, Friedman test and Kruskall-
Wallis H test. All statistics were computed with GraphPad Prism (Graphpad Software, San Diego, CA).

Aggressive periodontitis patients
(n = 31)

Chronic periodontitis patients
(n = 25)

Orally healthy controls
(n = 25)

Mean age in years (range) 33.3 (20–40) 53.2 (48–58) 39.9 (22–61)
Gender (Female/Male) 8/23 9/16 6/19
Ethnicity (%)
African 6 4 0
Asian 55 20 4
Caucasian 39 60 92
Latino 0 16 4
Current smoking status (Yes/No) 8/23 10/15 3/22
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MeV [27] and GraphPad Prism (GraphPad
Software, San Diego, CA).

Results

Study population

One participant has been excluded after the recruit-
ment, due to missing clinical registrations. A total of six
samples failed DNA extraction, and two samples failed
sequencing. Thus, at a total of 81 saliva samples from
aggressive periodontitis patients (n = 31), chronic per-
iodontitis patients (n = 25) and orally healthy controls
(n = 25) were included in the analysis. Metadata of the
study population (n = 81) are detailed in Table 1.

A significant different mean age across groups
was observed (p < 0.05), whereas a comparable
gender distribution was noted. A significantly
higher number of current smokers was observed
in the aggressive periodontitis group and the
chronic periodontitis group, as compared to the
orally healthy controls (p < 0.05). A higher propor-
tion of subjects with both aggressive periodontitis
and chronic periodontitis had African and Asian
descent than observed in the healthy control group
(p < 0.05).

Clinical data

Clinical data are presented in Table 2. A significant
different mean BOP across groups was observed (p
< 0.05), whereas comparable numbers of teeth were
noted. As expected, mean CAL and mean PD were
significantly higher for both aggressive and chronic
periodontitis patients than for orally healthy con-
trols (p < 0.05). Aggressive and chronic periodon-
titis patients had a significantly higher PI than
orally healthy controls (p < 0.05) Aggressive peri-
odontitis patients had a lower DMFT than both
orally healthy and chronic periodontitis patients
(p < 0.05).

Sequencing metadata

Sequencing generated >2.9 million sequences, which
passed quality control (mean: 35,516, range: 10,810–
72,698). Based on a BLAST with eHOMD a total of
different 574 OTUs were identified, with a mean
number of 170 (87–253) OTUs per sample. A total
of 99.5% (93.9–100) and 97.6% (89.8–99.7) of all
sequences could be referenced at genus and species
level, respectively. No differences in mean number of
sequences, and percentages of sequences identified at
genus and species level were observed in the three
groups investigated.

Core salivary microbiota in periodontitis and oral
health

No differences were observed in the composition of the
core salivary microbiota in aggressive periodontitis,
chronic periodontitis and oral health. Relative abun-
dance of predominant genera is visualized in Figure 1,
from which it can be seen that Prevotella, Neisseria,
Streptococcus and Veillonella species constituted
approximately 60% of the salivary microbiota in all
groups. Furthermore, comparable α-diversities, as
determined by the Shannon-index, were recorded in
patients with aggressive periodontitis (3.4), chronic per-
iodontitis (3.4) and oral health (3.5). Finally, data reduc-
tion using principal component analysis (Figure 2) and
correspondence analysis (Figure 3) showed completely
random distribution with no tendency of sample clus-
tering based on periodontal disease status.

Species-specific associations with periodontitis
and oral health

Seven bacterial species (six periodontitis-associated and
one health-associated) were identified with
a statistically significant difference in relative abun-
dance in patients with aggressive periodontitis, patients
with chronic periodontitis and orally healthy indivi-
duals (adjusted p-value <0.05, Table 3). Furthermore,
nine bacterial species (seven aggressive periodontitis-
associated and two health-associated) were identified
with significant differences in relative abundance in
aggressive periodontitis patients and orally healthy indi-
viduals (adjusted p-value <0.05, Table 4). No bacterial
species were identified with a statistically significant
relative abundance when comparing aggressive period-
ontitis patients with chronic periodontitis patients.

Salivary abundance of P. gingivalis could discrimi-
nate aggressive (AUC: 0.80, p = 0.0001) and chronic
periodontitis patients (AUC: 0.72, p = 0.006) from
healthy controls. Likewise, salivary presence of
P. gingivalis was significantly associated with aggressive
periodontitis (p < 0.0001, RR: 8.1 (95% CI 2.1–31.2))
and chronic periodontitis (p = 0.002, RR: 6.5 (95%
CI: 1.6–25.9)). No statistically significant differences in
presence (p = 0.42, RR: 1.2 (95% CI: 0.8–2.0)) or relative
abundance (AUC: 0.61, p = 0.15) of P. gingivalis were
observed between patients with aggressive and chronic
periodontitis.

Discussion

To the best of our knowledge, this is the first study to
characterize the salivary microbiota in patients with
aggressive periodontitis.

The most prominent finding was that salivary pre-
sence of P. gingivalis was significantly associated with
aggressive periodontitis and chronic periodontitis, as
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compared to orally healthy controls (Table 3).
Specifically, salivary abundance of P. gingivalis could
discriminate aggressive (AUC: 0.80, p = 0.0001) and
chronic periodontitis (AUC: 0.72, p = 0.006) from
healthy controls. Likewise, salivary presence of
P. gingivalis was significantly associated with aggres-
sive (p < 0.0001, RR: 8.1 (95% CI 2.1–31.2))
and chronic periodontitis (p = 0.002, RR: 6.5

(95% CI: 1.6–25.9)). Subgingival colonization by
P. gingivalis is considered a risk factor periodontitis
[28], which is why subgingival presence of P. gingivalis
has been used as a screening biomarker of period-
ontitis [6,29]. Interestingly, several cross-sectional stu-
dies based on different molecular methods have
reported a strong correlation in subgingival and sali-
vary levels of P. gingivalis [15–18]. Thus, data from the

Figure 1. Predominant bacterial genera. Mean relative abundance of predominant bacterial genera in patients with aggressive
periodontitis, chronic periodontitis and orally healthy controls. The core salivary microbiota was defined as species/genus with
a mean relative abundance >1% across sample. The predominant species/genera were compared using Mann-Whitney U test
and Kruskall-Wallis test with Benjamini-Hochberg correction.

Figure 2. Principal component analysis. Principal component analysis visualized two-dimensionally with axes expressed as two
principal components values accounting for a cumulative value of (38.0%). Sample denotation: aggressive periodontitis patients:
blue, chronic periodontitis patients: red, healthy controls: green.
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present study supports the use of P. gingivalis in saliva
as a screening biomarker of periodontitis. However,
further studies are needed to determine if salivary
presence of P. gingivalis precedes clinical signs of per-
iodontal tissue breakdown.

The main clinical difference distinguishing aggressive
from chronic periodontitis is the early onset and rapid
progression of aggressive periodontitis. Furthermore,
loss of attachment is often observed in aggressive period-
ontitis despite sufficient plaque control [30].

Figure 3. Correspondence analysis. Correspondence analysis visualized two-dimensionally with axes expressed as the two
foremost inertia values accounting for a cumulative inertia of (20.1%). Sample denotation: aggressive periodontitis patients:
blue, chronic periodontitis patients: red, healthy controls: green.

Table 3. Bacterial species with significantly different relative abundance in salivary samples from patients with periodontitis and
oral health. The salivary microbiotas were characterized and compared by means of predominant genera and species, relative
abundance, Shannon index, principal component analysis and correspondence analysis. Data on relative abundance were corrected
for multiple dependent associations using Benjamini-Hochbergs correction [26]. All statistics were computed with MeV [27].

Aggressive
periodontitis patients Chronic periodontitis patients Healthy controls

Species Frequency (%) Relative abundance
Frequency

(%) Relative abundance Frequency (%) Relative abundance

Porphyromonas gingivalis 64.51 0.00069 52 0,000490 8 0.000036
Prevotella aurantiaca 41.93 0.0079 0 0,000000 0 0
Prevotella sp.HMT526 64.51 0.00074 64 0,000924 8 0.000074
Porphyromonas endodontalis 100 0.0083 88 0,012974 80 0.0023
Mycoplasma faucium 74.19 0.0013 72 0,001011 24 0.00032
Peptidiphaga sp.HMT183 0 0 4 0,000011 32 0.000072
Fusobacterium nucleatum subsp.vincentii 90.32 0.0046 92 0,008637 52 0.0019

Table 4. Bacterial species with significant different relative abundance in salivary samples from patients with aggressive period-
ontitis. The salivary microbiotas were characterized and compared by means of predominant genera and species, relative
abundance, Shannon index, principal component analysis and correspondence analysis. Data on relative abundance were corrected
for multiple dependent associations using Benjamini-Hochbergs correction [26]. All statistics were computed with MeV [27].

Aggressive periodontitis patients Healthy controls

Species Frequency (%) Relative abundance Frequency (%) Relative abundance

Porphyromonas gingivalis 64.51 0.00069 8 0.000036
Porphyromonas endodontalis 100 0.0083 80 0.0023
Prevotella sp.HMT526 64.51 0.00074 8 0.000074
Mycoplasma faucium 74.19 0.0013 24 0.00032
Prevotella sp.HMT443 58.06 0.00088 12 0.000042
Fusobacterium nucleatum_subsp.vincentii 90.32 0.0046 52 0.0019
Peptostreptococcaceae [XI][G-5] saphenum 54.83 0.00023 12 0.000024
Peptidiphaga sp.HMT183 0 0 32 0.000072
Mitsuokella sp.HMT521 22.58 0.00015 64 0.0016
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In the present study, patients with aggressive per-
iodontitis had a notably high PI. All participants were
included prior to periodontal treatment; thus, the
rapidity of disease progression was estimated by relat-
ing the attachment loss to the age of the participant.
The patients with aggressive periodontitis were all
aged under 40 years and presented with absence of
medical diseases, but with severe attachment loss
(mean 3.5 mm) at the time of inclusion.

Subgingival colonization of virulent periodontal bac-
teria, such as P. gingivalis may drive the destructive
immune responses towards the periodontal microbiota.
In line herewith, abundance of P. gingivalis have been
suggested as a possible explanation to the different clin-
ical phenotypes observed in aggressive and chronic per-
iodontitis [31,32]. The anaerobic environment found in
inflamed periodontal pockets offers nutritional require-
ments, which favors growth of especially P. gingivalis.
Interestingly, we found no differences between the sali-
vary microbiota of patients with aggressive periodontitis
patients and that of patients with chronic periodontitis
(Figure 1–3). Accordingly, this may be explained by the
similar clinical characteristics observed in the aggressive
periodontitis and chronic periodontitis group in the pre-
sent study (Table 2). However, virulence mechanisms
may varywithin a species, andP. gingivalis can be divided
according to fimA genotype.WhileP. gingivalis fimA type
II is the most prevalent in periodontitis and in particular
in patients with aggressive periodontitis [33,34],
P. gingivalis fimA type I is exclusively found in period-
ontally healthy subjects [35]. HOMINGS cannot discri-
minate P. gingivalis according to fimA genotypes, which
may explain the present comparable findings of
P. gingivalis in aggressive and chronic periodontitis.
Nevertheless, the finding of comparable salivary micro-
biotas in patients with aggressive and chronic period-
ontitis may also support the assumption of the immune
response towards the periodontal microbiota as the deci-
sive factor behind the clinical presentations of period-
ontitis [8].

Another notable finding was that salivary presence
and relative abundance of Prevotella aurantiaca was
associated with aggressive periodontitis, see Table 3.
P. aurantiaca, which is a member of the Prevotella
intermedia-group [36], was isolated from the oral
cavity in 2010 [37]. To the best of our knowledge,
this is the first study that associates P. aurantiaca
with aggressive periodontitis, which is, why further
studies are needed to evaluate this particular finding.

In the present study comparable core salivary
microbiotas were observed in patients with period-
ontitis and orally healthy controls (Figures 1–3).
Accordingly, the salivary microbiota is believed to
be a conglomerate of bacteria shed from oral surfaces,
with the tongue, throat and tonsils as the primary
donor sites [5]. Therefore, salivary presence and
abundance of P. gingivalis recorded in the present

study could potentially originate from either the ton-
gue or the subgingival pocket. Previous studies have
reported that periodontal bacteria associated with
periodontitis may be found on the tongue of orally
healthy individuals [38]. It is therefore interesting
that P. gingivalis was observed in saliva from 64%
and 52% of patients with aggressive and chronic
periodontitis, respectively, as compared to only 8%
of orally healthy controls (Table 3). Therefore,
P. gingivalis identified in saliva from patients with
aggressive and chronic periodontitis in the present
study were probably spill-over from concomitant per-
iodontal lesions in these patients rather than rem-
nants from the tongue.

Some limitations apply to the present study, including
that six samples failed DNA extraction and two samples
failed sequencing, which is why only data from 81 parti-
cipants were included in downstream analyses.
Furthermore, saliva samples were collected throughout
the day, which means that the data presented could
potentially be influenced by diurnal variation. However,
previous studies have reported a minimal impact of
collection method and sampling time on the composi-
tion of the salivarymicrobiota [21,39]. Finally, as the new
classification of periodontal diseases from 2018 [40],
were introduced during the study period it was not
possible to use this classification in the present study.
However, it appears that the aggressive periodontitis
patients included comprising periodontitis, grade C, gen-
eralized, leaving only the staging undescribed. The main
strength of the present study was the capability of the
new HOMINGS protocol, which targets the V1-V3
region of the 16S rRNA gene to identify 97.6% of all
sequences at species level. To the best of our knowledge,
this is the first study to use next-generation sequencing to
achieve >97% coverage at species level.

In conclusion, salivary presence and relative abun-
dance of P. gingivalis associate with aggressive and
chronic periodontitis compared to oral health, but do
not discriminate between aggressive and chronic per-
iodontitis. Based on the findings of the present study,
P. gingivalis is relevant as a proxy for deep period-
ontal pockets and thus periodontitis in clinical trials.
However, future investigations would benefit from
data discriminating P. gingivalis according to fimA
genotypes, to allow differentiation according to the
virulence of the strains.
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