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Links between periodontitis and atherosclerosis can be predicted based on inflammatory mechanisms
initiated by bacteria associated with periodontal lesions, which then influence the initiation or propa-
gation of the atherosclerotic lesion. This study aimed to detect the presence of three periodontal path-
ogens, in atheromatous plaques of patients with coronary artery disease. Subgingival and atherosclerotic
plaque samples were obtained from 80 patients scheduled for CABG or angioplasty. A nested PCR was
done for the detection of the pathogens in the plaque samples. Porphyromonas gingivalis, Tanarella
forsythia, and Treponema denticola were detected in 10%, 12.5%, and 1.3% of the atherosclerotic plaque
samples respectively. It was also observed that patients whose atherosclerotic plaques tested positive for
one or more of the pathogens had chronic periodontitis.
© 2021 Cardiological Society of India. Published 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/).

1. Introduction

The surfaces lining the oral cavity are coated with a plethora of
bacteria, some of which have been implicated in oral diseases like
chronic periodontitis (CP) and caries.! CP is a bio-film induced
chronic inflammatory disease affecting the tooth-supporting tis-
sues and resulting in progressive loss of attachment and bone loss.?
Healthy gingiva, limit the colonization by periodontal pathogens
and trigger a well-defined immune response.’ This delicately
balanced host-microbe interaction changes upon colonization with
keystone pathogens like Porphyromonas gingivalis which have been
reported to dysregulate the host immune response leading to an
inflammatory condition by remodeling a normal, benign oral
microbiota into a dysbiotic one.* Periodontal pathogens like
P. gingivalis, Treponema denticola, and Tanarella forsythia together
constitute the red complex and has been frequently isolated in
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patients with CP.> They evade the human immune system by
expressing proteases that help them in avoiding complement-
dependent phagocytosis.® It has been hypothesized that CP could
lead to persistent low-level bacteremia, and bacterial invasion of
endothelial cells could further cause endothelial dysfunction trig-
gering a pro-inflammatory and a pro-atherogenic response.
Increased levels of pro-inflammatory cytokines and chemokines
induced by periodontal pathogens could in turn activate vascular
endothelial cells and trigger foam cell formation which is an early
stage in atherogenesis.’

Atherosclerosis is a progressive cardiovascular disease charac-
terized by the thickening of the arteries. It is believed to be medi-
ated by inflammatory events, which include infiltration of the
blood vessel wall by activated monocytes and mature macro-
phages.? Patients with CP have been found to have elevated levels
of systemic inflammatory markers like C-reactive protein and
Platelet-activating factor which are known to be associated with
increased cardiovascular risk.’

We surmise that the invasion of endothelial cells by periodontal
pathogens has a definitive role in the development of atheroscle-
rosis. Their identification in the atherosclerotic plaques in our study
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would lead to a better understanding of the underlying mecha-
nisms involved in the development of infectious atherosclerosis
and add to the growing evidence'® implicating periodontitis as an
independent risk factor for coronary artery disease (CAD).

2. Methods

A total of 80 patients between the age of 35—76 who were
scheduled to undergo either Coronary artery bypass grafting
(CABG) or angioplasty for coronary artery disease and consented to
the study were included. Patients with less than 12 teeth or those
having undergone periodontal treatment during the last six
months were excluded. The research protocol was according to the
ethical guidelines and approved by the Central Ethics Committee of
the University (NU/CEC/2017-2018/0121, NU/CEC/2017-2019/0213).

A full mouth oral examination was done by a Periodontist and
data on the number of teeth present, gingival index (Gl), probing
depth (PD), and clinical attachment loss (CAL) was recorded. PD and
CAL were recorded at six sites per tooth excluding the last molars.
Based on the number of sites involved CP was further classified into
localized and generalized CP. Subgingival plaque samples were
then collected from the site with the deepest PD in each quadrant
using sterile paper points. Atherosclerotic plaque samples were
taken from the ascending aortic artery (0.5—1 mm) during the
CABG procedure. In patients undergoing angioplasty, the distal part
of the balloon catheter was cut and atherosclerotic samples were
retrieved from these catheters. Only angioplasty balloons used for
pre-dilatation were sampled. All plaque samples were transferred
to sterile micro-centrifuge tubes with Tris-EDTA buffer and stored
at-20°C.

2.1. Microbiological analysis

Genomic DNA was extracted from the plaque samples using the
QIAamp DNA Mini Kit (Qiagen, Germany). The atherosclerotic
samples obtained through surgical excision were homogenized
before DNA extraction. PCR amplification of the eubacterial 16S
rDNA was carried out in a 30 pul master mix using universal primers
as per the protocol described by Ashimoto et al.!' Amplification was
done using 4 pl of the extracted DNA as a template in a thermo-
cycler. The second step Nested PCR was carried out using specific
primers. PCR products were electrophoresed in a 2% agarose gel,
stained with ethidium bromide (0.5 pg/mL), and analyzed using a
gel documentation system (Gel Doc XR+, BioRad, USA).

D Subgingival plaque

70

60

Indian Heart Journal 73 (2021) 218—220

The PCR products of representative samples were sequenced
(Eurofins Genomics India Pvt. Ltd. India) and bioinformatics anal-
ysis was carried out using the BLAST tool. The generated sequences
were submitted to NCBI GenBank (MG457721, MG457718,
MN847610, MT509413, MT509412, MN847612).

3. Results

Subgingival and atherosclerotic plaques of 80 patients (56 males
and 24 females) with a mean age of 58.29 + 9.7 years were
analyzed. The mean number of teeth present was 25.46 + 5.8 with a
mean PD of 1.65 + 0.2. The mean GI score was 1.218 + 0.325 based
on which 31.2% had mild, 67.5% had moderate and 1.3% patients had
a clinically severe degree of gingivitis respectively. The mean CAL
was 0.611 + 0.52 and 23 patients had a CAL of more than 5. Overall
10 patients were current smokers and the remaining were either
non-smokers (58) or former smokers (12).

The prevalence for P. gingivalis, T.forsythia, and T.denticola in the
subgingival plaques and atherosclerotic plaques has been shown in
Fig. 1. Chi-square test showed a significant association for the
presence of Pgingivalis (p = 0.007) and T.forsythia (0.001) and found
no association for the presence of T.denticola (p = 1.00) in the
subgingival and atherosclerotic plaques.

We found a statistically significant difference (p = 0.027) be-
tween the two procedures (CABG and balloon catheters) that were
used for the collection of atherosclerotic plaques. The detection rate
for the periodontal pathogens was higher when atheromatous
samples were collected from balloon catheters.

4. Discussion

We attempted to examine the role of the red-complex bacteria
in the development of atheromas. Pgingivalis in particular has been
the focus of several studies that have pointed to its etiopathogenic
role in the development of atheromatous lesions. Its fimbriae are
reported to be involved in the attachment and invasion of endo-
thelial cells; however, it has also been observed that mutant strains
lacking major fimbriae fail to invade endothelial cells.”” This dif-
ferential virulence attribute was not ascertained in our study and
could account for its lowered detection in the atherosclerotic pla-
que samples of our study.

The detection rates for the three pathogens based on the peri-
odontal status have been shown in Table 1. We observed that pa-
tients whose atheromatous plaques tested positive for one or more
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Fig. 1. Frequency of pathogens detected by PCR in the subgingival and atherosclerotic plaques.
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Table 1

Frequency of detection of pathogens based on the periodontal disease severity.
Periodontal n =80 Pg Tf Td
status
Generalized CP 13
Subgingival 9 11 13
Atheromatous 4 4 0
Localized CP 61
Subgingival 35 41 42
Atheromatous 4 6 1
Gingivitis 5
Subgingival 0 2 3
Atheromatous 0 0 0
Healthy Periodontium 1
Subgingival 0 0 1
Atheromatous 0 0

Pg- P.gingivalis, Tf-T.forsythia, Td-Treponema denticola.
“n” denotes number of patients, CP-chronic Periodontitis.

periodontal pathogens had either localized or generalized CP. Only
21.3% of the patients had deep pockets which could have contrib-
uted to a lowered detection rate of the pathogens in the athero-
sclerotic plaques as it has been reported that patients suffering
from severe forms of periodontitis have a higher concentration of
Pgingivalis in periodontal pockets than patients presenting with
moderate forms of the disease.'® Deep periodontal pockets provide
a suitable environment for the growth of anaerobes.'*

Studies to date have shown variations in the detection levels of
putative periodontal pathogens in atherosclerotic plaques which
could be attributed to different methodologies used in the collec-
tion of the plaque samples, lack of uniformity in defining CP, ethnic
differences in the populations, and the type of PCR used as the
sensitivity of the test varies between the different generations of
the PCR.">!? In this study the detection rate for the periodontal
pathogens was higher when atheromatous samples were collected
from balloon catheters and hence this could be a preferred method
in the future.

The limitations of this study were that we examined only three
known periodontal pathogens it may be possible that there may be
other known and unknown bacteria that may play a role in
atherogenesis. A complete characterization of all oral and athero-
sclerotic plaque samples utilizing the next-generation sequencing
would have given us better insights into the role of oral pathogens
in the development and progression of atherosclerotic plaques.

5. Conclusion

We observed that patients whose atherosclerotic plaques tested
positive for the pathogens had chronic periodontitis. These findings
further provide the much-needed local evidence that patients with
CVD should be advised that effective periodontal therapy may have
a positive impact on cardiovascular health.

220

Indian Heart Journal 73 (2021) 218—220
Funding

The research work was funded by the Research grants received
from University (NUFR2/2016/07-04 and NUFR2/2018/10/11).

Declaration of competing interest

Nothing to declare.

Acknowledgment

The financial support from the University towards faculty
research (NUFR2/2016/07-04 and NUFR2/2018/10/11) is gratefully
acknowledged. The authors are grateful to all the patients included
in this study. We would also like to thank Dr. Tara and Dr. Neevan
who have helped with the statistical analysis.

References

1. Curtis MA, Diaz PI, Van Dyke TE. The role of the microbiota in periodontal
disease, 2020 Periodontology. 2000;83:14—25. https://doi.org/10.1111/
prd.12296.

. Consensus report. Periodontal diseases: pathogenesis and microbial factors.
Ann Periodontol. 1996;1:926—932.

. Darveau RP. Periodontitis: a polymicrobial disruption of host homeostasis. Nat
Rev Microbiol. 2010 Jul;8:481—490.

. Hajishengallis G, et al. The keystone-pathogen hypothesis. Nat Rev Microbiol.
2012;10:717—725.

. Socransky SS, Haffajee AD, Cugini, et al. Microbial complexes in subgingival
plaque. J Clin Periodontol. 1998;25:134—144.

. Slaney JM, Gallagher A, Aduse-Opoku ], Pell K, Curtis MA. Mechanisms of
resistance of Porphyromonas gingivalis to killing by serum complement. Infect
Immun. 2006;74:5352—5361. https://doi.org/10.1128/IAL.00304-06.

. Giacona MB, Papapanou PN, Lamster IB, et al. Porphyromonas gingivalis induces
its uptake by human macrophages and promotes foam cell formation in vitro.
FEMS Microbiol Lett. 2004;241:95—101.

. Libby P. Inflammation in atherosclerosis. Nature. 2002 Dec;420:868—874.

. Schenkein HA, Loos BG. Inflammatory mechanisms linking periodontal diseases

to cardiovascular diseases. J Clin Periodontol. 2013;40(Suppl. 14):551—S69.

https://doi.org/10.1111/jcpe.12060.

Sanz M, Marco del Castillo A, Jepsen S, et al. Periodontitis and cardiovascular

diseases: a Consensus report, 00 J Clin Periodontol. 2019:1-21. https://doi.org/

10.1111/jcpe.13189.

Ashimoto A, Chen C, Bakker I, Slots ]. Polymerase chain reaction detection of 8

putative periodontal pathogens in subgingival plaque of gingivitis and

advanced periodontitis lesions. Oral Microbiol Immunol. 1996;11:266—273.

Khlgatian M, Nassar H, Chou HH, Gibson III FC, Genco CA. Fimbria-dependent

activation of cell adhesion molecule expression in Porphyromonas gingivalis-

infected cells. Infect Immun. 2002;70:257—267.

van Winkelhoff AJ, Loos BG, van der Reijden WA, van der Velden U. Porphyr-

omonas gingivalis, Bacteroides forsythus and other putative periodontal patho-

gens in subjects with and without periodontal destruction. J Clin Periodontol.
2002;29:1023-1028.

Socransky SS, Haffajee AD, Smith C, Dibart S. Relation of counts of microbial

species to clinical status at the sampled site. J Clin Periodontol. 1991;18(10):

766—775. https://doi.org/10.1111/j.1600-051x.1991.tb00070.

Joshi C, Bapat R, Anderson W, et al. Detection of periodontal microorganisms in

coronary atheromatous plaque specimens of myocardial infarction patients: a

systematic review and meta-analysis. Trends Cardiovasc Med. 2021. https://

doi.org/10.1016/j.tcm.2019.12.005.

O oo

10.

11.

12.

13.

14.

15.


https://doi.org/10.1111/prd.12296
https://doi.org/10.1111/prd.12296
http://refhub.elsevier.com/S0019-4832(21)00011-0/sref2
http://refhub.elsevier.com/S0019-4832(21)00011-0/sref2
http://refhub.elsevier.com/S0019-4832(21)00011-0/sref2
http://refhub.elsevier.com/S0019-4832(21)00011-0/sref3
http://refhub.elsevier.com/S0019-4832(21)00011-0/sref3
http://refhub.elsevier.com/S0019-4832(21)00011-0/sref3
http://refhub.elsevier.com/S0019-4832(21)00011-0/sref4
http://refhub.elsevier.com/S0019-4832(21)00011-0/sref4
http://refhub.elsevier.com/S0019-4832(21)00011-0/sref4
http://refhub.elsevier.com/S0019-4832(21)00011-0/sref5
http://refhub.elsevier.com/S0019-4832(21)00011-0/sref5
http://refhub.elsevier.com/S0019-4832(21)00011-0/sref5
https://doi.org/10.1128/IAI.00304-06
http://refhub.elsevier.com/S0019-4832(21)00011-0/sref7
http://refhub.elsevier.com/S0019-4832(21)00011-0/sref7
http://refhub.elsevier.com/S0019-4832(21)00011-0/sref7
http://refhub.elsevier.com/S0019-4832(21)00011-0/sref7
http://refhub.elsevier.com/S0019-4832(21)00011-0/sref8
http://refhub.elsevier.com/S0019-4832(21)00011-0/sref8
https://doi.org/10.1111/jcpe.12060
https://doi.org/10.1111/jcpe.13189
https://doi.org/10.1111/jcpe.13189
http://refhub.elsevier.com/S0019-4832(21)00011-0/sref11
http://refhub.elsevier.com/S0019-4832(21)00011-0/sref11
http://refhub.elsevier.com/S0019-4832(21)00011-0/sref11
http://refhub.elsevier.com/S0019-4832(21)00011-0/sref11
http://refhub.elsevier.com/S0019-4832(21)00011-0/sref12
http://refhub.elsevier.com/S0019-4832(21)00011-0/sref12
http://refhub.elsevier.com/S0019-4832(21)00011-0/sref12
http://refhub.elsevier.com/S0019-4832(21)00011-0/sref12
http://refhub.elsevier.com/S0019-4832(21)00011-0/sref13
http://refhub.elsevier.com/S0019-4832(21)00011-0/sref13
http://refhub.elsevier.com/S0019-4832(21)00011-0/sref13
http://refhub.elsevier.com/S0019-4832(21)00011-0/sref13
http://refhub.elsevier.com/S0019-4832(21)00011-0/sref13
https://doi.org/10.1111/j.1600-051x.1991.tb00070
https://doi.org/10.1016/j.tcm.2019.12.005
https://doi.org/10.1016/j.tcm.2019.12.005

	Molecular analysis shows the presence of periodontal bacterial DNA in atherosclerotic plaques from patients with coronary a ...
	1. Introduction
	2. Methods
	2.1. Microbiological analysis

	3. Results
	4. Discussion
	5. Conclusion
	Funding
	Declaration of competing interest
	Acknowledgment
	References


