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Abstract Background/purpose: Periodontitis is associated with systemic health. One of the
underlying mechanisms is the translocation of periodontal pathogens, among which Porphyro-
monas gingivalis (Pg) is the most common. Here, we aimed to illustrate the biodistribution and
dynamics of Pg from gingiva to multiple organs through blood circulation.
Materials and methods: Pg tagged by Cyanine 7 (Cy7-Pg) was injected into the gingiva of
healthy and periodontitis mice. In vivo imaging system (IVIS) was applied to monitor the distri-
bution of Cy7-Pg in multiple organs which were isolated at serial timepoints. Polymerase chain
reaction (PCR) was conducted to determine the Pg DNA copies in the gingiva, blood and organs.
Cy7-Pg in the gingiva and organs was also confirmed by frozen section staining. Furthermore, to
figure out whether the bacteremia derived from oral-gut axis, mice received gavage of Cy7-Pg.
Then the blood and organ samples were detected in the similar way as above.
Results: Intra-gingival injection induced larger amounts of Cy7-Pg accumulating in the gingiva
of periodontitis mice (P < 0.05) as confirmed by above three methods. Twenty minutes after
injection, Pg DNA copies in the blood of periodontitis group were 36.3-fold higher than healthy
group (P < 0.05). IVIS results, combined with PCR and frozen sections, demonstrated periodon-
titis induced longer retention with higher amounts of Cy7-Pg in the periodontitis group. Pg was
enriched more significantly in the liver for the longer duration than the kidney and pancreas.
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Conclusion: Our study showed Pg, which accumulated in the gingiva, could translocate through
blood circulation to multiple organs with varied duration and amounts.
ª 2025 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

Periodontitis is one of the leading causes of tooth loss in the
world,1 which is initiated by the dental microorganisms.2

Porphyromonas gingivalis (Pg), the keystone pathogen,
plays an important role in orchestrating the biofilm from
homeostasis to dysbiosis thus exacerbating inflammation.3

Besides destruction of the periodontium, periodontitis
also correlates with systemic comorbidities,4 for which the
underlying mechanisms have not been clearly defined.

Translocation of periodontal pathogens is one of the
pathogeneses linking periodontitis and the overall health.
Fusobacterium nucleatum (Fn) and Pg, for the most com-
mon, have been identified in human5,6 and animal organs7,8

using polymerase chain reaction (PCR), DNA hybridization,
and immunological methods. The translocation through
blood circulation has been described by the clinical studies
from 1960s to 2000s. Transient bacteremia possibly
occurred following invasive dental procedures9,10 such as
scaling and tooth extraction, as well as daily oral activ-
ities11,12 like tooth brushing and chewing. The duration of
the bacteremia was generally within 15 min and the
magnitude was likely associated with the amounts of pla-
que and the degree of gingival inflammation. However,
neither the fate nor the destination of the bacteria has
been mentioned, with lack of multi-organ studies. To
address these issues, we intended to label Pg and track it
in vivo.

Metabolic labeling and in vivo imaging pave the way to
trace live bacteria in live creatures. The former is one of
the fluorescent labeling methods, which has no impact on
the bacteria viability and doesn’t compromise in anaerobic
environment.13 Bacteria integrate chemically modified un-
natural precursors or substrate analogues into their own
cell structures via an endogenous biosynthetic machinery,
where subsequently a fluorophore combines usually through
click chemistry reaction. Metabolic labeling has been pri-
marily applied to visualize gut microbiota,14,15 yet not
launched for oral bacteria. Therefore, in this study, we
applied the methods to trace the spatio-temporal distri-
bution following Pg injection in vivo.
Materials and methods

Metabolic labeling of Pg

Pg (ATCC 33277) was picked into 1 mL fluid brain-heart
infusion (OXIFID, Basingstoke, UK) medium, comprising
hemin, vitamin K1 and N-azidoacetylgalactosamine-tetraa-
cylated (Ac4GalNAz, Aladdin, Shanghai, China) at the final
concentration of 100 mM. At an OD600nm Z 1.0
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(w7 � 109 CFU/mL), the cultures were centrifuged (8000 g,
5 min) and washed 3 times with phosphate buffered saline.
The pellet was resuspended in 100 mL of a reaction mixture
containing different concentrations of Cyanine 7-
Dibenzocyclooctyne (Cy7-DBCO, Zancheng, Tianjing,
China), and incubated for 2 h. Then the labeled bacteria
were washed 3 times, and put on ice immediately for ani-
mal experiments. The methods about in vitro experiments
of Cy7-Pg were described in Supplementary Information,
which illustrated metabolic labeling didn’t impact viability,
immunomodulatory ability or toxicity.

Animals

A total of sixty 6-week-old male C57BL/6J wild-type mice
were acquired from Experimental Animal Laboratory,
Peking University Health Science Center. The experimental
protocol was approved by Review Board and Ethics Com-
mittee of Peking University Health Science Center (PUIRB-
LA 2023007).

The periodontitis mice (Cp) were ligated with 5e0 silk
sutures at bilateral maxillary second molars for three
weeks. The ligatures were checked every three days and re-
tied if not in place. The control mice were only anaes-
thetized (Fig. 1A). Microcomputed tomography was applied
to evaluate the effect of periodontitis model as described
in the Supplementary Information.

Intra-gingival injection of Cy7-Pg

Mice were anaesthetized with intraperitoneal injection of
sodium pentobarbital. The ligatures were removed before
injection. The Cy7-Pg pellet was resuspended with 2%
carboxymethylcellulose sodium (CMC). Ten microliters of
Cy7-Pg (w1 � 109 CFU) were injected by the microsyringe
(Feige, Shanghai, China) with the similar force through the
sulcular/pocket epitheliums into the gingiva. Five sites at
each side of maxillary palatal gingiva were injected with
1 mL per site: the center of the first, second and third
molar and the two papillae. Cotton balls were placed
around the teeth to absorb the spilled Cy7-Pg liquid and
changed for clean ones once wetted through with blood or
Cy7-Pg liquid. After the injection, the cotton balls were
taken out and the oral cavity was cleaned up and dried
(Fig. 1B).

In vivo tracking of Cy7-Pg

Nine mice were divided into three groups (Fig. 1C): the
healthy control (the control group, n Z 3), the healthy
mice with Cy7-Pg injection (the control-Pg group, n Z 3),
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Figure 1 Study design

A: Intraoral photographs of healthy (the control group) and periodontitis mice (the Cp group). B: Intra-gingival injection of Cy7-Pg
using a microinjector, with cotton balls around to absorb the spilled bacteria liquid. C: Detection of Cy7-Pg continuously for 8 h
after intra-gingival injection. D: Distribution of Cy7-Pg in organs after intra-gingival injection. E: Distribution of Cy7-Pg in organs
after oral gavage. control-Pg: the healthy mice with Cy7-Pg injection. Cp: periodontitis mice by ligature. Cp-Pg: the periodontitis
mice with Cy7-Pg injection. Cy7-Pg: Porphyromonas gingivalis labeled by cyanine 7. gcontrol: the healthy mice with carboxymethyl
cellulose gavage. gcontrol-Pg: the healthy mice with Cy7-Pg gavage. gCp-Pg: the periodontitis mice with Cy7-Pg gavage.
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and the periodontitis mice with Cy7-Pg injection (the Cp-Pg
group, n Z 3). The control mice were only anaesthetized.
All mice were dehaired and fasted overnight. After intra-
gingival injection, mice were imaged for Cy7 detection
using an in vivo imaging system (IVIS Spectrum, Perki-
nElmer, Waltham, MA, USA) at 1 h, 2 h, 4 h, 6 h and 8 h.
Between the time points, the mice were returned to cages.
The parameters were as below: fluorescent imaging;
exposure time, 4 s; binning factor, 8; f-stop, 2; the field of
view of C (13.4 cm). Excitation wavelength Z 745 nm and
emission wavelength Z 800 nm. Photography parameters
were as below: binning factor, 2; f-stop, 8. Data were
analyzed with Living Image version 4.4 (Caliper Life Sci-
ences, Hopkinton, MA, USA).

Another thirty-three mice were separated into the con-
trol group (n Z 3), the control-Pg group (n Z 15) and the
Cp-Pg group (n Z 15) (Fig. 1D). Following the Cy7-Pg in-
jection, at 20 min, 50 min, 80 min, 140 min and 200 min
(each group contained 3 mice at each time point), blood
samples were collected by plucking eyeballs and mice were
then euthanized. Multiple organs (the liver, kidney,
pancreas and gastrointestinal tract) were isolated, and
placed in the same order and position on the culture plate
lids for IVIS (PerkinElmer) detection. The IVIS settings were
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the same as mentioned above. It cost 20 min to inject
bacteria, collect blood samples and separate organs,
therefore 20 min was set as the first timepoint. During the
analysis, regions of interest (ROIs) were put on each organ
of the fluorescent images, and average signal intensities
were calculated within ROIs, which were in the same and
suitable size and shape for each organ. The blood samples
were kept at �80 �C for DNA extraction. The liver (20 min,
50 min, 80 min and 200 min), kidneys (50 min), pancreas
(50 min) and gingiva (50 min) were harvested for DNA
extraction and frozen sections. The methods for DNA
extraction and frozen sections were described in Supple-
mentary Information.
Oral gavage of Cy7-Pg

Eighteen mice were divided into three groups (Fig. 1E): the
healthy mice with Cy7-Pg gavage (the gcontrol-Pg group,
nZ 6), the periodontitis mice with Cy7-Pg gavage (the gCp-
Pg group, n Z 6) and the healthy control (the gcontrol
group, n Z 6). The Cy7-Pg pellet was resuspended with 2%
CMC. For the gcontrol-Pg and gCp-Pg mice, 100 mL Cy7-Pg
(w1 � 109 CFU) was administered across the oral cavity to



Figure 2 Accumulation of Pg in the gingiva upon injection

A: Microcomputed tomography results of the control group and the Cp group, measuring the distance from the alveolar bone crest
to CEJ. n Z 4 mice per group. B, C: In vivo imaging system detection following intra-gingival injection for 8 h nZ 3 mice per group.
The average signal intensity of oral cavity was calculated within regions of interest with the same size. 1 h, 2 h and 4 h, one-way
ANOVA with the Bonferroni test post hoc analysis. 6 h, one-way ANOVA with Tamhane’T2 post hoc analysis since heterogeneity of
variance. 8 h, Kruskal-Wallis H test since non-normally distributed. D: Frozen section staining of gingival specimens of the three
groups. The graph depicted the mean Cy7 fluorescent intensity of 10 randomly selected sections from 3 mice each group. SE:
sulcular epithelium, P: palatal surface of gingiva. One-way ANOVA with Tamhane’T2 post hoc analysis since heterogeneity of
variance. E: PCR results of Pg 16S rRNA copies in the gingiva of the control, control-Pg and Cp-Pg group. nZ 3 mice per group. Scale
bar Z 100 mm *P < 0.05, **P < 0.01, ***P < 0.001. For E, *: compared to the control group, P < 0.05. **: compared to the control
group, P < 0.01. ***: compared to the control group, P < 0.001. ##: compared to the control-Pg, P < 0.01. ###: compared to the
control-Pg, P < 0.001. Data are all presented as mean � SD. CEJ: cementoenamel junction. control-Pg: the healthy mice with Cy7-
Pg injection. Cp: periodontitis mice by ligature. Cp-Pg: the periodontitis mice with Cy7-Pg injection. Pg: Porphyromonas gingivalis.
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Figure 3 Pg 16S rRNA copies in the blood samples at serial

timepoints

The graph depicted qPCR results of blood samples following Pg
injection. For comparisons between the two groups (n Z 3 per
group) at each timepoint, two sample t test was performed at
20 min, 50 min and 80 min, while Mann-Whitney U test was
used at 140 min and 200 min since the data were not normally
distributed. For comparisons between time points within con-
trol-Pg or Cp-Pg group, Kruskal-Wallis H test was used. *: P <

0.05. #: compared to the Cp-Pg at 20 min, P < 0.05. control-Pg:
the healthy mice with Cy7-Pg injection. Cp-Pg: the periodon-
titis mice with Cy7-Pg injection. Pg: Porphyromonas gingivalis.
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the esophagus using an feeding needle. The gcontrol mice
received 100 mL 2% CMC. Each group contained 3 mice at
each time point. At 20 min and 200 min, the organs were
isolated for examination. The blood and organ samples
were harvested and examined in the same way as
mentioned above.

Statistical analysis

All data were analyzed using SPSS 25.0 (IBM, Chicago, IL,
USA) and graphed with GraphPad Prism 9.5.1 (GraphPad
Software, La Jolla, CA, USA). Results were presented as
means � SD. When normally distributed (ShapiroeWilk
test), comparisons were made using the Student’s t-test or
one-way ANOVA with the Bonferroni test post hoc analysis.
In case of heterogeneity of variance, Tamhane’T2 post hoc
analysis was used. For comparisons of non-normally
distributed data, the Mann-Whitney U test or Kruskal-
Wallis H test was utilized. Differences were considered
significant at P < 0.05.

Results

Greater accumulation of Pg in the gingiva with
periodontitis upon injection

Before administration of Cy7-Pg in vivo, we confirmed that
Cy7-Pg retained viability, immunomodulatory ability and
toxicity (Supplementary Fig. 1). Following three-week
ligature, the alveolar bone of Cp mice suffered significant
resorption (Fig. 2A).

To figure out the distribution of Cy7-Pg, we detected the
mice using IVIS continuously for 8 h (Fig. 2B and C). The
signal appeared mainly in the mouth and decreased rapidly
at 4 h. At 1 h and 2 h, the oral signal intensity for the Cp-Pg
group was 1.8 times higher than the control-Pg group (P <
0.01). Six hours later, there were no differences among the
three groups. To elucidate Pg in situ, the gingiva was
collected for frozen sections and PCR. In the confocal im-
ages of the control group (Fig. 2D), the sulcus epithelium
(SE) was intact. For the control-Pg gingiva, the SE was
broken at the injection sites, where Cy7 signals concen-
trated most and became weaker in the deeper. Other Cy7-
Pg located lateral to the palatal surface. While in the Cp-Pg
group, less Cy7-Pg spilled onto the surface. The mean Cy7
fluorescent intensity of the Cp-Pg group was 1.3 times
higher than the control-Pg group (P < 0.001). PCR results
demonstrated that Pg 16S rRNA copies of the Cp-Pg group
were 10.0 times higher than the control-Pg group (P < 0.01)
(Fig. 2E). The results of the above three methods demon-
strated a higher accumulation of Cy7-Pg in situ in the Cp-Pg
mice than the control-Pg mice.

Entry of Cy7-Pg into the blood circulation

To illustrate the dynamics of Cy7-Pg in the circulation upon
injection, PCR for blood samples at these timepoints were
performed (Fig. 3). CT Z 35 was defined as the limit for
detection, thus the detection threshold was 104 -105

copies/mL. For the control group, no Pg-specific DNA copies
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were detected. Only at 20 min, the quantity of Pg DNA in
the Cp-Pg group was 36.3 times higher than that of the
control-Pg group (P < 0.05), which indicated that the higher
accumulation of Pg in the gingiva associated with the
heavier Pg load in the bloodstream. Then between 50 min
and 200 min, Pg was rapidly cleared, close to the detection
threshold.

Translocation of Cy7-Pg to distant organs

Considering the biodistribution of Pg in distant organs, the
liver, kidney and pancreas were isolated in vitro for
detection at serial timepoints in 3 h after injection. IVIS
images showed the fluctuation of Cy7 signals in these or-
gans (Fig. 4). The liver was the organ that Cy7-Pg concen-
trated most and stayed for the longest time, both in the
control-Pg and Cp-Pg group (Fig. 4A). For the former, Cy7
signals peaked at 50 min and then decreased to no differ-
ence from the control group. For the Cp-Pg mice, Cy7 sig-
nals gradually weakened after 80 min, but remained
generally highest within 200 min (P < 0.05). The kidney and
pancreas shared similar Cy7 signal patterns, which were
weaker and lasted for the shorter time after the liver
(Fig. 5B and C). Signals of the Cp-Pg mice were stronger
than the control mice within 50 min (P < 0.05), while
20 min for the control-Pg group (P < 0.05).

For further verification, we collected the liver (20 min,
50 min, 80 min and 200 min), kidney (50 min) and pancreas
(50 min) for PCR and frozen sections. CT values of organs in
the control group with Pg-specific primers were all higher
than 35. Pg DNA was most concentrated in the liver, both in
the control-Pg (P < 0.05) and Cp-Pg (P < 0.001). The
amount of Pg DNA was comparable between the kidney and
pancreas (Fig. 5A). Besides, compared to the control-Pg,
the Cp-Pg contained more Pg DNA in all the three organs



Figure 4 Spatio-temporal distribution of Cy7-Pg in multiple organs at serial timepoints

After gingival injection of Cy7-Pg, multiple organs (A: liver, B: kidney, C: pancreas) were isolated and placed in order for in vivo
imaging detection. The graphs depicted the average signal intensity calculated of the three groups. The control-Pg and Cp-Pg group
contained 3 mice at each time points and the control group contained 3 mice. If normally distributed, when variance in homo-
geneity, one-way ANOVA with the Bonferroni test post hoc analysis was performed, otherwise Tamhane’T2 post hoc analysis was
used. Kruskal-Wallis H test was used if nonnormally distributed. Data were shown as mean � SD. *: compared to the control group,
P < 0.05. **: compared to the control group, P < 0.01. ***: compared to the control group, P < 0.001. #: compared to the control-Pg,
P < 0.05. ##: compared to the control-Pg, P < 0.01. ###: compared to the control-Pg, P < 0.001. control-Pg: the healthy mice with
Cy7-Pg injection. Cp-Pg: the periodontitis mice with Cy7-Pg injection. Cy7-Pg: Porphyromonas gingivalis labeled by cyanine 7.
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(Fig. 5B, C and D). Results of liver frozen sections (50 min)
were consistent (Fig. 5E and F). Concerning the kidneys and
the pancreas, very few Cy7-Pg were discovered in the Cp-Pg
(white arrow heads), while none was found in the control-
Pg or the control group (Supplementary Fig. 2). The results
of above three methods indicated varied duration and
signal intensities in these organs. The Cy7 signals in peri-
odontitis mice were generally stronger and lasted longer
than healthy controls.
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Pg from single oral gavage didn’t enter blood via
the gut

Despite of liquid-absorbing cotton balls, a small amount of
Cy7-Pg was inevitably swallowed into the gastrointestinal
tract (Fig. 6A), where Cy7-Pg might also enter the blood
circulation. To illustrate the origin of bacteria in the blood,
100 mL Cy7-Pg (w1 � 109 CFU, the same amount as the
injection) was administered through oral gavage. No



Figure 5 qPCR and frozen sections for Pg detection in the multiple organs

A-D: qPCR results of liver (20 min, 50 min, 80 min and 200 min), kidney (50 min) and pancreas (50 min) in the control-Pg and Cp-Pg
groups. n Z 3 mice per group at each timepoint. E, F: Frozen sections of liver at 50 min of three groups. The Cp-Pg group contained
more red dots (Cy7-Pg, white arrow heads) than the control-Pg group, yet no Cy7-Pg was identified in the control group. Mean Cy7
fluorescent signal intensity was calculated in 10 visual fields randomly selected from 3 mice per group. For the three images of each
panel from left side, Scale bar Z 100 mm; for the image of each panel at right side, Scale bar Z 25 mm. Data were all shown as
mean � SD. ns: not significant; *: P < 0.05. **: P < 0.01. ***: P < 0.001. control-Pg: the healthy mice with Cy7-Pg injection. Cp-Pg:
the periodontitis mice with Cy7-Pg injection. Cy7-Pg: Porphyromonas gingivalis labeled by cyanine 7.
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Figure 6 Pg from single oral gavage didn’t enter blood via gut

A: IVIS images of the gastrointestinal tract in the control group, control-Pg and Cp-Pg group following Cy7-Pg injection at serial
timepoints. BeD: IVIS images of multiple organs of the three groups after oral gavage of Cy7-Pg at 20 min and 200 min, with graphs
showing the average Cy7 fluorescent intensity. n Z 3 mice per group at each timepoint. Data were shown as mean � SD. ns: not
significant. Cy7-Pg: Porphyromonas gingivalis labeled by cyanine 7. gcontrol: the healthy mice with carboxymethyl cellulose
gavage. gcontrol-Pg: the healthy mice with Cy7-Pg gavage. gCp-Pg: the periodontitis mice with Cy7-Pg gavage. IVIS: in vivo imaging
system.
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differences of fluorescent intensity were found among the
organs in the three groups at 20 min or 200 min (Fig. 6B, C
and D). Further, no Pg-specific DNA in blood was amplified
in the three groups, and CT values of the organ samples
using Pg-specific primers were all higher than 35. There-
fore, the Pg detected in the blood originated from the
gingiva.
Discussion

Non-communicable diseases, including diabetes, chronic
kidney disease and non-alcoholic fatty liver disease, are
related to chronic inflammation with unknown etiology.
Periodontitis is also a chronic inflammatory disease, which
is caused by persistent bacterial infection. This suggests
that periodontal pathogens possibly contribute to the
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systemic inflammation. To illustrate the issue, in this study,
live Pg was tagged, and tracked from gingiva to distant
organs.

PCR and immunological methods have been regularly
utilized to detect bacteria, yet without distinguishing the
live or dead ones. The foundation of our work was the
metabolic labeling of Pg with Cy7, which enabled the
fluorescence observed to primarily derive from live bacte-
ria. In other words, when the labeled bacteria were dead,
the fluorescent signal greatly decreased.15 GalNAz, the
unnatural sugar connecting fluorescent probes, was iden-
tified in the O-linked glycoproteins in the membrane16 and
capsular polysaccharide.14 Once bacteria invade, comple-
ment system rapidly recognizes them and forms membrane
attack complexes, resulting in bacterial collapse and lysis
within minutes. Opsonized bacteria can also be phagocyted
and killed intracellularly by macrophages.17,18 This rupture
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of membrane integrity probably leads to decreased fluo-
rescence intensity. Moreover, cell viability, immunomodu-
latory ability and toxicity of bacteria were not affected by
metabolic labeling.

There are three potential pathways for periodontal
pathogens to disseminate: hematogenous, oral-pharyngeal
and oral-digestive route. Cotton balls prevented Pg from
inhalation and swallowing, minimizing the interference
from the latter two. The similar article was published by
Paula-Lima’s group.19 Pg (100 mL) was injected into the
palatal gingiva, then 45 days later was detected in the
serum, cerebro-spinal fluid, and hippocampus via PCR and
immunofluorescence. We further excluded the entry to
bloodstream from gut with the oral-gavage experiment,
which is consistent with previous studies.20,21 However, via
repeated oral inoculations, Pg was reported to colonize in
the distant organs,8,22 yet without deciphering trans-
location routes, which requires further explorations.

The fluctuation of Pg was depicted in the three organs
via in vivo imaging. Similarly, radio-labeled Pg-LPS was
injected into the palatal gingiva of healthy rats, and
concentrated most in the liver at 30 min, with the radio-
activity of serum also peaking at this time.23 These results
imply the liver emerges a significant role in the defense
against periodontitis-associated infection. It is likely due to
the large blood volume and strong innate immunity in the
liver.24 The Kupffer cells mainly and quickly capture free
bacteria without opsonization or binding platelets using
scavenger receptors when facing a low-level bacteremia.25

Furthermore, to evaluate the influence of periodontitis
on systemic health, Pg was injected into the gingiva of
healthy and periodontitis mice with similar forces. For the
situ, weaker defense of inflamed gingiva resulted in greater
accumulation of Pg. Consistently, either bacteria or specific
periodontal pathogens were reported more prevalent in the
gingiva of patients26 or rats with periodontitis.27 Fn and Pg
were even discovered inside the endothelial cells of
gingival capillaries in periodontitis patients.28 As for the
bacteremia, previous articles and us both agreed on the
heavier bacterial load in the periodontitis group. The
prevalence and the magnitude of bacteremia after scaling
was significantly higher in periodontitis patients compared
to the gingivitis and healthy controls. The number of sites
with bleeding on probing, gingival index and plaque index
correlated with the magnitude.29 It is likely due to the ul-
cerative pocket epithelium, with dilated and proliferated
vasculature, making it easier to enter the circulation.30

Admittedly, intra-gingival injection amplified the
magnitude of periodontal infection. The bacterial magni-
tude in the blood was 100 CFU/mL10 for dental procedures
and 0.01e32 CFU/mL29 for daily oral activities. Knowing
that one bacterial cell contains about 7 copies of 16S
rRNA,31 thus in our study the average Pg load for the con-
trol-Pg group and the Cp-Pg group at 20 min was
8.4 � 104 cells/mL and 3.4 � 106 cells/mL, respectively.
Cells/mL should not be converted directly into CFU/mL,
since the PCR only determines DNA levels without dis-
tinguishing between live and dead bacteria, resulting in the
higher cell counts than the actual count. Even though,
intra-gingival injection still cannot totally reflect the actual
chronic infection process, which is one of the limitations of
this study.
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Combining the results above, we showed that peri-
odontitis was associated with higher amount of Pg accu-
mulation in the gingiva, and entry into the bloodstream
following intra-gingival injection. It further led to more Pg
concentrating in multiple organs, where the duration and
magnitude of Pg varied. Limitations of this study are listed.
On the one side, a single intra-gingival injection still cannot
totally reflect the periodontal chronic infectious process.
On the other side, the impact of recurrent low-grade
infection on distant organs should be further studied. To
conclude, we took one step further for illustrating trans-
location of Pg from gingiva to distant organs, and provided
more direct evidences for correlations between periodon-
titis and overall health.
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