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Background and purpose. Risk of acute ischemic stroke has been associated with carotid artery atherosclerosis as well as with
periodontal disease. We studied whether oral pathology or carotid atherosclerosis was associated with the presence and
quantity of bacterial DNA in their aspirated thrombi. Methods. Thrombus aspirates and control arterial blood were taken from
71 patients (70.4% male; mean age, 67.4 years) with acute ischemic stroke. Tooth pathology was registered using CT scans.
Carotid stenosis was estimated with CTA and ultrasonography. The presence of bacterial DNA from aspirated thrombi was
determined using quantitative PCR. We also analyzed the presence of these bacterial DNAs in carotid endarterectomies from
patients with peripheral arterial disease. Results. Bacterial DNA was found in 59 (83.1%) of the thrombus aspirates (median,
8.6-fold). Oral streptococcal DNA was found in 56 (78.9%) of the thrombus aspirates (median, 5.1-fold). DNA from A.
actinomycetemcomitans and P. gingivalis was not found. Most patients suffered from poor oral health and had in median 19.0
teeth left. Paradoxically, patients with better oral health had more oral streptococcal DNA in their thrombus than the group
with the worst pathology (p=0.028). There was a trend (OR 7.122; p=0.083) in the association of >50% carotid artery
stenosis with more severe dental pathology. Oral streptococcal DNA was detected in 2/6 of carotid endarterectomies.
Conclusions. Stroke patients had poor oral health which tended to associate with their carotid artery stenosis. Although oral
streptococcal DNA was found in thrombus aspirates and carotid endarterectomy samples, the amount of oral streptococcal
DNA in thrombus aspirates was the lowest among those with the most severe oral pathology. These results suggest that the
association between poor oral health and acute ischemic stroke is linked to carotid artery atherosclerosis.

1. Introduction ischemic stroke alone resulting in over 5 million deaths

annually [1, 2]. Carotid artery atherosclerosis has been
Cardiovascular and cerebrovascular diseases are one of the  found to be an important cause of large vessel disease and
leading causes of death and disability worldwide, with acute ~ ischemic stroke [3, 4]. Traditional stroke risk factors are
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hypertension, hypercholesterolemia, diabetes mellitus,
smoking, and obesity [1]. Periodontal disease has been
found to be a new risk factor for stroke, with the direct
mechanism still remaining unclear [5, 6]. In Finland, dental
infections are common with the prevalence of caries being
almost 100%,and severe periodontitis 15-20% and periapi-
cal lesions up to 27% [7]. It has been suggested that oral
infections contribute to carotid artery intimamedia thick-
ness leading to carotid artery stenosis and subclinical ath-
erosclerosis [8]. A significant association between tooth
loss levels and carotid artery plaque prevalence has been
reported [9].

In our recent research [10], we found that DNA typical
for bacteria of oral origin can be found in cerebral thrombi
of acute ischemic stroke patients. DNA of bacteria typical
for both endodontic and periodontal infections have earlier
been found in cerebral aneurysms [11], in thrombus aspi-
rates of patients with acute myocardial infarction [12] and
in lower limb arterial and deep venous thrombosis [13]. In
all these studies, the most frequently found bacterial DNA
belonged to the Streptococcus mitis group, which belongs to
viridans group streptococci. Viridans streptococci species
are a known cause of infective endocarditis [14]. However,
we do not know what the origin of streptococci in thrombus
aspirates is. Bacteria may gain access to the systemic circula-
tion via the root canal of infected teeth or through periodon-
tal pocket and may end up in a thrombus because viridans
streptococcal species possess thrombogenic properties [15,
16]. As odontogenic infection has been associated with the
development of carotid artery disease and rupture of the ath-
erosclerotic plaque, it may be possible that streptococci orig-
inate from complicated carotid plaques [17].

In this study, we applied dental radiography as well as
carotid radiological imaging to examine whether oral
health and carotid artery stenosis are related to the amount
of oral bacterial DNA found in cerebral thrombi using
radiologic data of acute ischemic stroke patients. We also
analyzed the presence of oral bacterial DNA in an unre-
lated series of carotid endarterectomies from symptomatic
patients.

2. Materials and Methods

2.1. Subjects. The series comprises 71 acute ischemic stroke
patients who were treated by intra-arterial thrombectomy
between November 2013 and January 2017 in Acute Stroke
Unit of Tampere University Hospital (Table 1). A neurolo-
gist (J.O.) examined all patients when they arrived to the
hospital and evaluated the possibility of revascularization
using thrombectomy together with a neurointerventional
radiologist (J.-P.P.) based on clinical symptoms and com-
puted tomography angiography (CTA). All patients have
been treated in Acute Stroke Unit of Tampere University
Hospital according to modern medical standards, and all
methods were carried out in accordance with relevant guide-
lines and regulations. The degree of carotid stenosis was esti-
mated using CTA or ultrasonography which was performed
to 58 (81.7%) of the patients. The etiology of the brain large
vessel occlusion of patients treated with endovascular
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TABLE 1: Patients’ characteristics.

All patients
N=71

Age (mean + SD) 67.4+12.5
Male gender, n (%) 50 (70.4)
Diabetes, n (%) 12 (16.9)
Dyslipidemia, #n (%) 29 (45.3)
Arterial hypertension, n (%) 38 (53.5)
Coronary heart disease, n (%) 14 (20.0)
Cerebrovascular disease®, n (%) 18 (40.9)
Pulmonary disease, n (%) 4 (5.71)
Renal insufficiency, n (%) 6 (8.57)
Atrial fibrillation, n (%) 47 (66.2)
Heart failure, n (%) 9 (12.7)
Arrival time to the hospital, hours (median) 2.20

“Data for previous cerebrovascular disease was available only for 44 patients.

thrombectomy during the study period in Tampere Univer-
sity Hospital was cardioembolic in 38% and atherosclerotic
in 62% of the patients (personal communication, Dr. Jyrki
Ollikainen). There were no patients with coagulation disor-
ders or undetermined stroke etiology. Thrombus was aspi-
rated from MIl-segment of the middle cerebral artery in
most of the patients (1 = 70; 98.6%). The only excluding cri-
teria for recruiting patients were unsuccessful retrieval of the
thrombus using mechanical thrombectomy. The median
delay time between onset of an ischemic stroke and hospital
arrival was 2h 30 min (range, 0-16h). Medical history was
collected from the Tampere University Hospital digital
patient archives. Criteria for dyslipidemia were fP — kol —
LDL > 3.0 mmol/L, fP —kol-HDL < 1.0 mmol/L, or fP -
Trigly > 2.0 mmol/L.

Carotid arteries from 6 patients of the Tampere Vascular
Study (TVS) were obtained (N.O.) aseptically during open
carotid endarterectomy in 2005-2009 from symptomatic
patients with hemodynamically significant (>50%) carotid
stenosis. Control samples from two patients were obtained
from the left internal thoracic artery (LITA) during coronary
artery bypass due to symptomatic coronary artery disease.
All open vascular surgical procedures were performed at
the Division of Vascular Surgery and the Heart Center at
Tampere University Hospital.

2.2. Imaging and Assessment of Dental Pathology Using Brain
Computed Tomography. Noncontrast computed tomogra-
phy scans (Lightspeed VCT, GE Medical Systems, United
States) were taken of all patients when arrived to the hospital
to exclude intracranial hemorrhage, which were used for the
assessment of oral health. The parameters of those CT scans
were as follows: slice thickness of 0.63 mm, field of view
320.0 mm, voltage of 120kV, and current of 649 mA. With
Philips Brilliant™ Workspace (Philips Healthcare, The Neth-
erlands), CT images were reconstructed into 1 mm multislice
axial, sagittal, and coronal planes. Additionally, synthetic
panorama and 1 mm multislice reconstructions of the right
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and left oblique sagittal and slice series in accordance with
dental arches were reconstructed.

CT reconstructions were inter and intraobserved by two
evaluators, an experienced (J.].) and a trainee oral and max-
illofacial radiologist (H.M.) using Carestream Vue PACS
software (Carestream Health, United States) and diagnostic
monitors (Barco, Belgium). The assessments were per-
formed in dim lighting. Scores that differed between the
observers were jointly assessed. In total number of teeth,
number of missing teeth, and per each tooth, the following
parameters were registered: periapical condition, horizontal
and vertical alveolar bone loss, furcation lesions, and condi-
tion of pericoronal spaces and caries.

The condition of a tooth was first registered as sound,
filled, caries with pulp exposed or teeth being decayed as
residual root, but due to the resolution and artefacts deteri-
orating diagnostic accuracy, we ended up combining the
groups as sound/filled and caries with pulp exposed/residual
roots. Periapical infection was registered if an osteolytic
lesion was found surrounding the root apex. Vertical/
angular defect > 1/3 of the root length was considered as ver-
tical bone loss. Scores for horizontal bone loss were difficult
to assess from CT scans and because scores differed between
evaluators, they were left out from the analyses. Furcation
lesion was registered if an osteolytic finding at the furcation
was found. Pericoronal space was defined to be infected if
the pericoronal space was >3 mm, and/or surrounding bone
showed signs of infection.

Combined pathology sum was calculated to assess the
overall oral health status in the same way as previously used
[18-20]. The number of vertical bone defects as well as peri-
apical, furcation, caries, and pericoronitis lesions was
summed per each tooth. The patients were then divided into
three equal groups based on the sum per each tooth: “nor-
mal to slight pathology” (n =21, sum 0-0.06), “moderate
pathology” (n =21, sum 0.07-0.23), and “severe pathology”
(n=22, sum 0.24-2.00). Edentulous patients (n=>5) were
excluded from the analysis.

2.3. Mechanical Thrombectomy and Thrombus Sample
Collection. Mechanical thrombectomy and thrombus sample
collection were performed by a neurointerventional radiolo-
gist as previously described [10]. An introducer sheet was
placed into the femoral artery. A blood sample for back-
ground analysis was collected through the sheet. Guiding
catheter up to 9 Fr (Merci® Concentric medical) with a tip
balloon was navigated into the carotid artery proximal to
the occluded site. The microcatheter (0.021” Trevo) with
the guide wire was used to navigate through the occluded
site and to deploy the stent retriever (Trevo®, Stryken neuro-
vascular) over the thrombus. An additional distal access
catheter was used to achieve the thrombus if needed. Force-
ful aspiration through proximal catheter was acquired with a
60 cc syringe while retrieving the deployed stent. Different
device settings were selected by the operator selectively case
by case. Thrombectomy was repeated until the angiological
result of satisfaction. Gathered thrombus was divided into
1.5 cc Eppendorf for quantitative PCR analysis and a histo-
logical sample part in a formalin container.

2.4. Quantitative PCR. The presence of bacterial DNA was
identified using qPCR with the ABI PRISM 7900 HT
Sequence Detection System (Applied Biosystems, Foster
City, Calif) [21] with Maxima Probe/ROX qPCR MasterMix
(Thermo Fischer Scientific, Waltham, Mass). Arterial
thrombus aspirates were compared with arterial control
blood samples, as opposed to venous to venous to reduce
any potential bias caused by sampling from different sites
and, subsequently, bias resulting from different conditions
like flow dynamics and pressure. The presence of bacterial
DNA in the thrombus and in control blood samples was
determined by using published primers and a probe for
Streptococcus spp., mainly S. mitis group, A. actinomycetem-
comitans, and P. gingivalis using human housekeeping gene,
RNAseP (Applied Biosystems), as a reference gene [12]. The
positive controls were reference bacteria from ATCC collec-
tion (Streptococcus mitis ATCC 49456, A. actinomycetemco-
mitans ATCC 700685, P. gingivalis ATCC 33277, LCG
Standards AB, Boras, Sweden). Each measurement was per-
formed as duplicates or quadruples in uncertain cases. DNA
was extracted from the entire thrombus in most of the cases.
If the aspired thrombus was large, a small part of it was
taken and sent to histological analysesm and DNA was
extracted from rest of the thrombus. The relative amounts
of bacterial DNA in the samples were calculated by the com-
parative threshold cycle (Ct) method (AACt, ACtg,,,.
— ACt o) [12, 22-25], where the sample was a thrombus
aspirate. and the control was a blood sample from the same
patient. First, the differences of the Ct values (ACt) between
candidate bacteria and reference gene measurement (Ct
from candidate bacteria — Ct from RNAseP) for each sample
were calculated; then, the comparative Ct (AACt) (ACt from
thrombus—ACt from patients own arterial blood) was calcu-
lated. The samples were separated into two different groups:
samples were marked negative if 2744 <2 and positive if
2744Ct > 2 26, 27]. The presence of bacterial DNA in carotid
atherosclerotic plaques and healthy control LITA samples
was studied using the same comparative method by keeping
a LITA Ct values as a reference.

2.5. Statistical Analysis. Associations between bacterial DNA
findings and nominal dental parameters were analyzed using
Pearson’s chi-square test. Age-adjusted logistic regression
analysis was used to estimate the odds ratio (OR) and 95%
confidence interval (CI) for associations between bacterial
DNA findings, grade of carotid artery stenosis, and com-
bined dental pathology. The number of teeth was not nor-
mally distributed, and therefore, median values and
quartiles (Q1 and Q3) were calculated. Statistical signifi-
cance was set at p<0.05, and analyses were done using
IBM SPSS Statistics for Windows, Version 27.0. Armonk,
NY: IBM Corp.

3. Results

3.1. Patient Characteristics and Bacterial DNA Findings.
There were 50 (70.4%) men and 21 (29.6%) women in the
study population. The mean age of the patients was 67.4
years. None of the patients had been treated with antibiotics



or experienced severe dental infections or septicemia during
the stroke. Using universal bacterial primers, bacterial DNA
was found in 59 (83.1%) of the thrombus aspirates with a
median of 8.6-fold rate compared to the control peripheral
blood sample from the same patient. Viridans streptococcal
DNA was found in 56 (78.9%) of the thrombus aspirates
(median, 5.1-fold). All thrombi were negative for both P.
gingivalis and A. actinomycetemcomitans bacterial DNA.
One arterial blood sample was positive for P. gingivalis,
and two arterial blood samples were positive for A. actino-
mycetemcomitans bacterial DNA. All characteristics of
patients are presented in Table 1. Carotid stenosis was found
from 54 (81.2%) patients and carotid dissection from 4
(5.6%) patients. There were 11 (19.0%) patients with >50%
stenosis and 43 (74.1%) patients with <50% stenosis.

3.2. Association between Dental Pathology and Bacterial
DNA Findings in Thrombus Aspirates. Patients had poor oral
health. They had in median 19.0 (Q1: 9.0; Q3: 26.0) teeth
(range, 0-32 teeth). Of the total 71 patients, periapical lesions
were found in 32 (45.1%), vertical bone loss in 20 (28.2%),
furcation lesions in 25 (35.2%), caries in 21 (29.6%), and
enlarged pericoronal spaces in 3 (4.2%) patients. There was
no association between the number of teeth and bacterial
DNA counts in thrombus aspirates. Connection between
dental pathology and bacterial DNA findings in thrombus
aspirates was not statistically significant when dental vari-
ables were treated individually (Figure 1). However, when
pathologies were summed, a linear correlation between oral
streptococcal bacterial DNA findings and tooth condition
was found (p =0.032) in age-adjusted analysis, whereas this
association was not found for total bacterial DNA amounts
(p =0.197). In age-adjusted analysis, patients with better oral
health had more oral streptococcal bacterial DNA in their
thrombus than the group with the worst pathology
(p=0.028). On mean, the group with normal to slight
pathology had 25.8-fold difference, the moderate pathology
group had 13.0-fold difference, and the severe pathology
group had 5.8-fold difference between thrombus and arterial
blood oral streptococcal DNA amount (Figure 2).

3.3. Association between Carotid Artery Stenosis and
Bacterial DNA Findings in Thrombus Aspirates. There was
no association between carotid stenosis and total bacterial
DNA amount in thrombus aspirates. However, patients with
>50% stenosis had slightly more (18.1- v.s. 13.9-fold) oral
streptococcal DNA in thrombus aspirates compared to
patients with <50% stenosis, but this difference was not sta-
tistically significant (p=0.578) in age-adjusted logistic
regression analysis, due to high variation in the DNA folds
and small number of the cases (Figure 3).

3.4. Association between Carotid Stenosis and Dental
Pathology. There was no difference (p =0.604) in the num-
ber of teeth between those with >50% carotid stenosis
(18.7 + 8.9) compared to those with less than <50% stenosis
(17.0 £10.1). We found that there were more cases (45.5%
v.s. 25.0%) with severe dental pathology among patients with
>50% carotid stenosis compared to those with less than
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<50% stenosis, respectively. In logistic regression analysis
with age and amount of oral streptococcal DNA as covari-
ates, there was a trend (OR 7.122; 95% CI 0.78-65.5; p=
0.083) in the association of >50% carotid stenosis with more
severe dental pathology, while age (OR 1.044, p = 0.295) or
amount of streptococcal DNA (OR 1.023, p=0.188) was
not significant covariates (Figure 4).

3.5. Oral Bacterial DNA in Carotid Stenosis Samples. Oral
streptococcal DNA (viridans group streptococci, mainly
Streptococcus mitis) was detected in 2 (33%) of the 6 surgi-
cally collected sterile atherosclerotic carotid endarterectomy
samples showing advanced atherosclerosis. In one of these
cases (17%), DNA from P. gingivalis was also amplified.
Cases negative for oral bacterial DNA also showed severe
atherosclerosis.

4. Discussion

It has been reported that carotid artery atherosclerosis is an
important cause of large vessel stroke, and a part of acute
ischemic stroke may be due to embolism from the carotid
arteries [3, 4, 28]. It has also been found that periodontal dis-
ease and fewer teeth may be associated with an increased
risk of ischemic stroke [5]. We found recently that most
thrombus aspirates from acute ischemic stroke patients con-
tained DNA from oral streptococcal bacteria [10]. In the
present study, we found that stroke patients had poor oral
health. We found an inverse association of the severity of
oral pathology but a positive trend of carotid artery stenosis
with the amount of streptococcal DNA in thrombus aspi-
rates of stroke patients. Patients showing more severe
carotid stenosis tended to have the worst oral health. We
found streptococcal DNA in 1/3 of carotid endarterectomy
samples from surgical patients suffering peripheral artery
disease.

The most frequent bacteria in cerebral thrombus aspi-
rates in our study, viridans group streptococci, are common
oral bacteria associated with the development of dental pla-
que [29]. Oral streptococci may initiate or contribute to
platelet aggregation in coronaries [15]. We have earlier
reported viridans group streptococcal DNA in thrombus
aspirates of patients with acute myocardial infarction [12]
and in lower limb arterial and in deep venous thrombosis
[13]. Lockhart et al. demonstrated in 2008 that dental oper-
ations such as tooth extraction and daily toothbrushing can
cause transient bacteremia. Most translocated bacteria into
the circulation that could be cultivated were viridans strepto-
cocci [30].

In our study, 60.6% of the patients suffered from moder-
ate or severe dental pathology and had 19.0 teeth left on
median. The number of teeth is similar to the numbers in
a Finnish national survey, where the average amount of teeth
was 17.0 in people aged 65-74 [31], while in same aged
Swedish population, the average number of remaining teeth
is 26.0 [32]. Although the number of dentists does not differ
significantly between Sweden and Finland, the practice of
preferring tooth extraction instead of treatment of caries
applied in Finland may explain the differences in the
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number of teeth [7]. Interestingly, stroke prevalence in Fin-
land (395.9 strokes per 100,000 inhabitants) is higher com-
pared to Sweden (368.6 strokes per 100,000 inhabitants)
[33], even though the countries share a similar economic
and social model as well as a similar health care system [34].

Our findings on the association between bad oral health
and low bacterial DNA findings in thrombus aspirates of the

same patients might be explained by studies reporting that
the longer the periodontal disease exposure, the fewer focal
infection focuses there are present. With only few teeth left
in the oral cavity as a result of a long-term periodontal
disease, the infectious pathway is closing and the continuous
flow of oral bacteria through the ulcerated epithelium of
gingival periodontal pockets reaching the bloodstream
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FIGURE 2: N-fold value of total bacterial (p =0.197) and oral streptococcal (p = 0.032) DNA between the thrombus and arterial blood from
the same patient and the relationship with combined dental pathology sum. (a) Normal to slight pathology (n = 21). (b) Moderate pathology

(n=21). (c) Severe pathology (n =22).
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FIGURE 3: N-fold value of total bacterial DNA (p = 0.983) and oral
streptococcal DNA (p =0.701) between the thrombus and arterial
blood from the same patient and the relationship with <50%
(n=43) and >50% (n =11) carotid artery stenosis. DNA amounts
were lower in patients with carotid dissection (1 = 4).

decreases [9, 35]. There are several previous studies that
have shown the association between ischemic stroke and
tooth loss, especially in younger age groups [5, 6, 36-38].
In our study, where the mean age of the patients was 67
years, we found no association between tooth loss and bacte-
rial DNA counts in thrombus aspirates. Among elderly peo-
ple, tooth loss is not found to be connected with
atherosclerotic vascular diseases [6, 39, 40]. Our patients’
tooth number did not significantly differ from the same aged
Finnish population. In addition, edentulousness is related to
lowered oral bacteria (P. gingivalis) IgG levels [41].

We found streptococcal DNA in 1/3 of carotid endarter-
ectomy samples from surgical patients suffering peripheral

artery disease. Previously, the presence of odontogenic bac-
teria, such as viridans group streptococci (S. sanguinis) and
P. gingivalis, has been shown in the atherosclerotic plaque
of human carotid artery histologically and by polymerase
chain reaction [42, 43]. It has been proposed that bacteria
present in carotid artery plaques contribute to the enhanced
risk of plaque rupture leading to thrombosis [17]. Viridans
group streptococci have been found to be the most common
gram positive bacteria persisting intracanal disinfection pro-
cedures and after root canal treatment [44]. Koren et al.
showed that an abundance of Veillonella sp. and Streptococ-
cus sp. in the oral cavity was linked to their abundance in
carotid atherosclerotic plaques [45].

We found that the association of >50% carotid stenosis
to be related to more severe dental pathology. Our findings
are in line with previous studies [9, 46, 47]. Periodontitis
has been shown to elevate the overall infectious burden in
generally healthy populations [48], apical periodontitis is
suggested to be associated with increased levels of systemic
inflammation [49], and chronic low-grade oral infection
and inflammation have been related to unfavorable systemic
cardiovascular effects [50-52]. Thus, bad oral health may
contribute to the progression of atherosclerotic lesions via
circulating chemical mediators [53-55].

Our patients with >50% stenosis had slightly more oral
streptococcal DNA in their aspirated thrombi compared to
those with <50% stenosis. We may hypothesize that oral
bacterial DNA found in thrombi are originated from rup-
tured carotid artery plaques. There is evidence of oral bacte-
rial inflammation to be related to the development of the
atherosclerotic plaque by the inflammatory mechanism in
the arterial wall and through cytokine activation [56-59].

There may be other explanations for our findings con-
cerning oral health and bacterial DNA findings in aspirated
thrombus. Extraction of teeth can be done for other reasons
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FIGURE 4: Association between severity of carotid artery stenosis and combined dental pathology. In logistic regression analysis with age and
amount of oral streptococcal DNA as covariates, there was a trend (OR 7.1; 95% CI 0.78-65.5; p = 0.083) in the association of >50% carotid

stenosis with more severe dental pathology.

than disease related. Temporal sequence is hard to deter-
mine. American Heart Association stated in their systematic
review that observational studies do not support a causative
relationship between periodontal disease and atherosclerotic
disease [60]. The relationship has been proposed to be due to
different reasons, such as tooth extraction for other reasons
than periodontal disease, a change in diet after tooth loss,
selection bias, and biological and behavioral factors [61,
62]. Nevertheless, there is a positive linear association
between oral health and overall mortality [63-65]. One of
the limitations of our study was that we had a small sample
size. The grade of carotid artery stenosis was measured using
either computerized tomographic angiography or Doppler
ultrasound, of which concordance is 79% [66]. We only
had two categories of carotid stenosis. Tooth conditions
were estimated from CT reconstructions. We did not have
the possibility of conducting a clinical examination. Dental
and periodontal disease can be recognized with dental CT
[67]; yet, it is not as accurate as the golden standard cone-
beam computed tomography [68]. In addition, the PCR
method we used detects the presence of bacterial DNA in
the examined samples but is unable to separate living bacte-
ria from phagocytized bacterial DNA.

5. Conclusions

Stroke patients had poor oral health. We found an inverse
association of the severity of oral pathology but a positive
trend of carotid artery stenosis with the amount of strepto-
coccal DNA in thrombus aspirates. Our results propose that
the association between poor oral health and acute ischemic
stroke is linked to carotid atherosclerosis. The question in
which way oral bacteria are involved in the pathogenesis of
acute ischemic stroke or are they solely bystanders remain
still open and should be evaluated in forthcoming studies.

Data Availability

The datasets generated and analyzed during the current
study are not publicly available due to the individual per-
son’s data that are involved but are available from the corre-
sponding author on reasonable request.

Ethical Approval

The study was approved by the ethics committee (R13093
and R99204) of the Tampere University Hospital, Tampere,
Finland. The study was explained to the patients, and
informed consent was obtained.

Conflicts of Interest

The authors state no disclosures or conflict of interest.

Authors’ Contributions

Patrakka O and Mehtonen H contributed equally to the
manuscript. Drs Karhunen P.J. and Martiskainen M contrib-
uted equally and share a senior authorship.

Acknowledgments

This study was supported with grants from the Competitive
Research Funding of the Tampere University Hospital
(Grant X51001 for T.L. and P.K.), the Emil Aaltonen Foun-
dation (T.L.), the Academy of Finland (Grant nos. 286284
and 322098 for T.L), the Tampere Tuberculosis Foundation
(T.P. and T.L.), the Finnish Foundation for Cardiovascular
Research (grants for T.L. and P.K.), the Yrj6 Jahnsson Foun-
dation, Pirkanmaa Cultural Foundation (S.T.), European
Union 7th Framework Program (grant 201668 for AtheroR-
emo), and EU Horizon 2020 (grant 755320 for TAXINOMI-
SIS and grant 848146 for To Aition).



References

(1]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

L. B. Goldstein, R. Adams, K. Becker et al., “Primary preven-
tion of ischemic stroke: a statement for healthcare profes-
sionals from the stroke council of the American Heart
Association,” Circulation, vol. 103, no. 1, pp. 163-182, 2001.
C. C. Beal, “Gender and stroke Symptoms,” The Journal of
Neuroscience Nursing, vol. 42, no. 2, pp. 80-87, 2010.

M. L. Flaherty, B. Kissela, J. C. Khoury et al., “Carotid artery
stenosis as a cause of stroke,” Neuroepidemiology, vol. 40,
no. 1, pp. 36-41, 2012.

D. Bos, M. L. P. Portegies, A. van der Lugt et al., “Intracranial
carotid artery atherosclerosis and the risk of stroke in whites:
the Rotterdam study,” JAMA Neurology, vol. 71, no. 4,
pp. 405-411, 2014.

K. J. Joshipura, H. C. Hung, E. B. Rimm, W. C. Willett, and
A. Ascherio, “Periodontal disease, tooth loss, and incidence
of ischemic stroke,” Stroke, vol. 34, no. 1, pp. 47-52, 2003.
A.J. Grau, H. Becher, C. M. Ziegler et al., “Periodontal disease
as a risk factor for ischemic stroke,” Stroke, vol. 35, no. 2,
pp. 496-501, 2004.

L. Suominen-Taipale, A. Nordblad, M. Vehkalahti, and
A. Aromaa, Suomalaisten aikuisten suunterveys, Helsinki,
2004.

P.J. Pussinen, S. Paju, J. Koponen et al., “Association of child-
hood oral infections with cardiovascular risk factors and sub-
clinical atherosclerosis in adulthood,” JAMA Network Open,
vol. 2, no. 4, article 192523, 2019.

M. Desvarieux, R. T. Demmer, T. Rundek et al., “Relationship
between periodontal disease, tooth loss, and carotid artery pla-
que: the oral infections and vascular disease epidemiology
study (INVEST),” Stroke, vol. 34, no. 9, pp. 2120-2125, 2003.

O. Patrakka, J. P. Pienimiki, S. Tuomisto et al., “Oral bacterial
signatures in cerebral thrombi of patients with acute ischemic
stroke treated with thrombectomy,” Journal of the American
Heart Association, vol. 8, no. 11, article e012330, 2019.

M. J. Pyysalo, L. M. Pyysalo, T. Pessi, P. J. Karhunen, and J. E.
Ohman, “The connection between ruptured cerebral aneu-
rysms and odontogenic bacteria,” Journal of Neurology, Neuro-
surgery, and Psychiatry, vol. 84, no. 11, pp. 1214-1218, 2013.

T. Pessi, V. Karhunen, P. P. Karjalainen et al., “Bacterial signa-
tures in thrombus aspirates of patients with myocardial infarc-
tion,” Circulation, vol. 127, no. 11, pp. 1219-1228, 2013.

D. Vakhitov, S. Tuomisto, M. Martiskainen et al., “Bacterial
signatures in thrombus aspirates of patients with lower limb
arterial and venous thrombosis,” Journal of Vascular Surgery,
vol. 67, no. 6, pp. 1902-1907, 2018.

T.J. Cahill and B. D. Prendergast, “Infective endocarditis,” The
Lancet (London, England), vol. 387, no. 10021, pp. 882-893,
2016.

M. C. Herzberg, A. Nobbs, L. Tao et al., “Oral streptococci and
cardiovascular disease: searching for the platelet aggregation-
associated protein gene and mechanisms ofStreptococcus
sanguis-Induced thrombosis,” Journal of Periodontology,
vol. 76, no. 11-s, pp- 2101-2105, 2005.

S. W. Kerrigan and D. Cox, “The thrombotic potential of oral
pathogens,” Journal of Oral Microbiology, vol. 1, no. 1, 2009.
B. B. Lanter, K. Sauer, and D. G. Davies, “Bacteria present in
carotid arterial plaques are found as biofilm deposits which
may contribute to enhanced risk of plaque rupture,” MBio,
vol. 5, no. 3, pp. €01206-e01214, 2014.

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

Stroke Research and Treatment

K. J. Mattila, M. S. Nieminen, V. V. Valtonen et al., “Associa-
tion between dental health and acute myocardial infarction,”
British Medical Journal, vol. 298, no. 6676, pp. 779-781, 1989.
S. J. Janket, M. Qvarnstrém, J. H. Meurman, A. E. Baird,
P. Nuutinen, and J. A. Jones, “Asymptotic dental score and
prevalent coronary heart disease,” Circulation, vol. 109, no. 9,
pp. 1095-1100, 2004.

V. Karhunen, H. Forss, S. Goebeler et al, “Radiographic
assessment of dental health in middle-aged men following
sudden cardiac death,” Journal of Dental Research, vol. 85,
no. 1, pp. 89-93, 2006.

S. Tuomisto, Intestinal Bacteria Post-Mortem Changes, Migra-
tion and Association, [Ph.D. thesis], Tampere University, Tam-
pere, 2014.

A. Yoshida, N. Suzuki, Y. Nakano, T. Oho, M. Kawada, and
T. Koga, “Development of a 5" fluorogenic nuclease-based
real-time PCR assay for quantitative detection ofActinobacillus
actinomycetemcomitansandPorphyromonas gingivalis,” Jour-
nal of Clinical Microbiology, vol. 41, no. 2, pp. 863-866, 2003.

N. Suzuki, A. Yoshida, and Y. Nakano, “Quantitative analysis
of multi-species oral biofilms by TagMan real-time PCR,”
Clinical Medicine & Research, vol. 3, no. 3, pp. 176-185,
2005.

K. J. Livak and T. D. Schmittgen, “Analysis of Relative Gene
Expression Data Using Real-Time Quantitative PCR and the
2744-C~ Method,” Methods, vol. 25, no. 4, pp. 402408, 2001.
S. Tuomisto, T. Pessi, P. Collin, R. Vuento, J. Aittoniemi, and
P.J. Karhunen, “Changes in gut bacterial populations and their
translocation into liver and ascites in alcoholic liver cir-
rhotics,” BMC Gastroenterology, vol. 14, no. 1, 2014.

A. Tichopad, T. Bar, L. Pecen, R. R. Kitchen, M. Kubista, and
M. W. Pfaffl, “Quality control for quantitative PCR based on
amplification compatibility test,” Methods, vol. 50, no. 4,
pp. 308-312, 2010.

B. Bubner, K. Gase, and I. T. Baldwin, “Two-fold differences
are the detection limit for determining transgene copy num-
bers in plants by real-time PCR,” BMC Biotechnology, vol. 4,
no. 1, p. 14, 2004.

D. Inzitari, M. Eliasziw, P. Gates et al., “The causes and risk of
stroke in patients with asymptomatic internal-carotid-artery
stenosis,” The New England Journal of Medicine, vol. 342,
no. 23, pp. 1693-1701, 2000.

P. E. Kolenbrander, R. J. Palmer, S. Periasamy, and N. S. Jaku-
bovics, “Oral multispecies biofilm development and the key
role of cell-cell distance,” Nature Reviews. Microbiology,
vol. 8, no. 7, pp. 471-480, 2010.

P. B. Lockhart, M. T. Brennan, H. C. Sasser, P. C. Fox, B. J.
Paster, and F. K. Bahrani-Mougeot, “Bacteremia associated
with toothbrushing and dental extraction,” Circulation,
vol. 117, pp. 3118-3125, 2008.

S. Koskinen, A. Lundgqvist, and N. Ristiluoma, Health, Func-
tional Capacity and Welfare in Finland in 2011, Helsinki,
2012.

R. Ljung, F. Lundgren, M. Appelquist, and A. Cederlund, “The
Swedish dental health register - validation study of remaining
and intact teeth,” BMC Oral Health, vol. 19, p. 116, 2019.

H. A. Wafa, C. D. A. Wolfe, E. Emmett, G. A. Roth, C. O.
Johnson, and Y. Wang, “Burden of stroke in Europe: thirty-
year projections of incidence, prevalence, deaths, and
disability-adjusted life years,” Stroke, vol. 51, no. 8,
pp. 2418-2427, 2020.



Stroke Research and Treatment

(34]

(35]

(36]

(37]

(38]

(39]

(40]

[41]

(42]

[43]

(44]

(45]

[46]

(47]

(48]

(49]

S. Kristiansen, “Health care systems in the Nordic countries—
more similarities than differences?,” Tidsskrift for den Norske
Leegeforening, vol. 120, no. 17, pp. 2023-2029, 2000.

A. C.R. T. Horliana, L. Chambrone, A. M. Foz et al., “Dissem-
ination of periodontal pathogens in the bloodstream after peri-
odontal procedures: a systematic review,” PLoS One, vol. 9,
no. 5, p. €98271, 2014.

J. Syrjanen, J. Peltola, V. Valtonen, M. livanainen, M. Kaste,
and J. K. Huttunen, “Dental infections in association with
cerebral infarction in young and middle-aged men,” Journal
of Internal Medicine, vol. 225, no. 3, pp. 179-184, 1989.

T. Wu, M. Trevisan, R. J. Genco, J. P. Dorn, K. L. Falkner, and
C. T. Sempos, “Periodontal disease and risk of cerebrovascular
disease: the first national health and nutrition examination
survey and its follow-up study,” Archives of Internal Medicine,
vol. 160, no. 18, pp. 2749-2755, 2000.

B. L. Pihlstrom and B. S. Michalowicz, “Periodontal diseases,”
in Nutritional Aspects of Aging, vol. 2, pp. 159-174, CRC Press,
2018.

J. Beck, R. Garcia, G. Heiss, P. S. Vokonas, and S. Offenbacher,
“Periodontal disease and cardiovascular disease the relation of
periodontal infections to systemic diseases,” Journal of Peri-
odontology, vol. 67, no. 10/SUP, pp. 1123-1137, 2004.

A. M. H. Syrjdl4, P. Ylostalo, S. Hartikainen, R. Sulkava, and
M. L. Knuuttila, “Number of teeth and myocardial infarction
and stroke among elderly never smokers,” Journal of Negative
Results in Biomedicine, vol. 8, no. 1, p. 6, 2009.

N. Aoyama, J. I. Suzuki, N. Kobayashi et al., “Associations
among tooth loss, systemic inflammation and antibody titers
to periodontal pathogens in Japanese patients with cardiovas-
cular disease,” Journal of Periodontal Research, vol. 53, no. 1,
pp. 117-122, 2018.

B. Chiu, “Multiple infections in carotid atherosclerotic pla-
ques,” American Heart Journal, vol. 138, no. 5, pp. S534-
$536, 1999.

V. 1. Haraszthy, J. J. Zambon, M. Trevisan, M. Zeid, and R. J.
Genco, “Identification of periodontal pathogens in atheroma-
tous plaques,” Journal of Periodontology, vol. 71, no. 10,
pp. 1554-1560, 2000.

N. Ll and C. Vaishnavi, “Endodontic microbiology,” Journal of
Conservative Dentistry, vol. 13, no. 4, pp. 233-239, 2010.

O. Koren, A. Spor, J. Felin et al., “Microbes and health Sackler
colloquium: human oral, gut, and plaque microbiota in
patients with atherosclerosis,” Proceedings of the National
Academy of Sciences of the United States of America, vol. 108,
Supplement 1, pp. 4592-4598, 2011.

G. Kamak, E. Yildirim, and E. Rencber, “Evaluation of the rela-
tionship between periodontal risk and carotid artery calcifica-
tions on panoramic radiographs,” European Journal of
Dentistry, vol. 9, no. 4, pp. 483-489, 2015.

T. Schillinger, W. Kluger, M. Exner et al., “Dental and peri-
odontal status and risk for progression of carotid atherosclero-
sis: the inflammation and carotid artery risk for atherosclerosis
study dental substudy,” Stroke, vol. 37, no. 9, pp. 2271-2276,
2006.

F. D’Aiuto, L. Nibali, M. Parkar, J. Suvan, and M. S. Tonetti,
“Short-term effects of intensive periodontal therapy on serum
inflammatory markers and cholesterol,” Journal of Dental
Research, vol. 84, no. 3, pp. 269-273, 2005.

M. S. Gomes, T. C. Blattner, M. Sant'Ana Filho et al., “Can api-
cal periodontitis modify systemic levels of inflammatory

(50]

(51]

(52]

(53]

(54]

(55]

[56]

(57]

(58]

(59]

(60]

[61]

[62]

[63]

(64]

[65]

markers? A systematic review and meta-analysis,” Journal of
Endodontia, vol. 39, no. 10, pp. 1205-1217, 2013.

F. DeStefano, R. F. Anda, H. S. Kahn, D. F. Williamson, and
C. M. Russell, “Dental disease and risk of coronary heart dis-
ease and mortality,” British Medical Journal, vol. 306,
no. 6879, pp. 688-691, 1993.

J. Danesh, P. Whincup, M. Walker et al., “Low grade inflam-
mation and coronary heart disease: prospective study and
updated meta-analyses,” British Medical Journal, vol. 321,
no. 7255, pp. 199-204, 2000.

E. Cotti, C. Dessi, A. Piras, and G. Mercuro, “Can a chronic
dental infection be considered a cause of cardiovascular dis-
ease? A review of the literature,” International Journal of Car-
diology, vol. 148, no. 1, pp. 4-10, 2011.

M. E. Rosenfeld, “Inflammation and atherosclerosis: direct
versus indirect mechanisms,” Current Opinion in Pharmacol-
ogy, vol. 13, no. 2, pp. 154-160, 2013.

I. F. Charo and M. B. Taubman, “Chemokines in the patho-
genesis of vascular disease,” Circulation Research, vol. 95,
no. 9, pp. 858-866, 2004.

E. F. Carrizales-Septlveda, A. Ordaz-Farfas, R. Vera-
Pineda, and R. Flores-Ramirez, “Periodontal disease, sys-
temic inflammation and the risk of cardiovascular disease,”
Heart, Lung and Circulation, vol. 27, no. 11, pp. 1327-
1334, 2018.

J. Bartova, P. Sommerova, Y. Lyuya-Mi et al., “Periodontitis as
a risk factor of atherosclerosis,” Journal of Immunology
Research, vol. 2014, Article ID 636893, 9 pages, 2014.
D.P.Ramji and T. S. Davies, “Cytokines in atherosclerosis: key
players in all stages of disease and promising therapeutic tar-
gets,” Cytokine & Growth Factor Reviews, vol. 26, no. 6,
pp. 673-685, 2015.

J.S. Chia, H. T. Lien, P. R. Hsueh, P. M. Chen, A. Sun, and J. Y.
Chen, “Induction of cytokines by glucosyltransferases of Strep-
tococcus mutans,” Clinical and Diagnostic Laboratory Immu-
nology, vol. 9, no. 4, pp. 892-897, 2002.

H. C. Lo, A. M. Best, and J. G. Tew, “Cytokine induction by
Streptococcus mutans and pulpal pathogenesis,” Infection
and Immunity, vol. 68, no. 12, pp. 6785-6789, 2000.

P. B. Lockhart, A. F. Bolger, P. N. Papapanou et al., “Periodon-
tal disease and atherosclerotic vascular disease: does the evi-
dence support an independent association?: A scientific
statement from the American heart association,” Circulation,
vol. 125, no. 20, pp. 2520-2544, 2012.

K. J. Joshipura, C. W. Douglass, and W. C. Willett, “Possible
explanations for the tooth loss and cardiovascular disease rela-
tionship,” Annals of Periodontology, vol. 3, no. 1, pp. 175-183,
1998.

I. Johansson, P. Tidehag, V. Lundberg, and G. Hallmans,
“Dental status, diet and cardiovascular risk factors in middle-
aged people in northern Sweden,” Community Dentistry and
Oral Epidemiology, vol. 22, no. 6, pp. 431-436, 1994.

M. Adolph, C. Darnaud, F. Thomas et al., “Oral health in rela-
tion to all-cause mortality: the IPC cohort study,” Scientific
Reports, vol. 7, no. 1, 2017.

L. Jansson, H. Kalkali, and N. F. Mulk, “Mortality rate and oral
health-a cohort study over 44 years in the county of Stock-
holm,” Acta Odontologica Scandinavica, vol. 76, pp. 299-304,
2018.

A. Holmlund, G. Holm, and L. Lind, “Number of teeth as a
predictor of cardiovascular mortality in a cohort of 7, 674



10

[66]

(67]

(68]

subjects followed for 12 years,” Journal of Periodontology,
vol. 81, pp. 870-876, 2010.

M. A. Titi, C. George, D. Bhattacharya et al., “Comparison of
carotid Doppler ultrasound and computerised tomographic
angiography in the evaluation of carotid artery stenosis,” The
Surgeon, vol. 5, no. 3, pp. 132-136, 2007.

J. Steinklein and V. Nguyen, “Dental anatomy and pathology
encountered on routine CT of the head and neck,” AJR. Amer-
ican Journal of Roentgenology, vol. 201, no. 6, pp. W843—
W853, 2013.

L. Lechuga and G. A. Weidlich, “Cone Beam CT Vs. Fan Beam
CT: A Comparison of Image Quality and Dose Delivered
Between Two Differing CT Imaging Modalities,” Cureus,
vol. 8, no. 9, article €778, 2016.

Stroke Research and Treatment



	Association between Oral Pathology, Carotid Stenosis, and Oral Bacterial DNA in Cerebral Thrombi of Patients with Stroke
	1. Introduction
	2. Materials and Methods
	2.1. Subjects
	2.2. Imaging and Assessment of Dental Pathology Using Brain Computed Tomography
	2.3. Mechanical Thrombectomy and Thrombus Sample Collection
	2.4. Quantitative PCR
	2.5. Statistical Analysis

	3. Results
	3.1. Patient Characteristics and Bacterial DNA Findings
	3.2. Association between Dental Pathology and Bacterial DNA Findings in Thrombus Aspirates
	3.3. Association between Carotid Artery Stenosis and Bacterial DNA Findings in Thrombus Aspirates
	3.4. Association between Carotid Stenosis and Dental Pathology
	3.5. Oral Bacterial DNA in Carotid Stenosis Samples

	4. Discussion
	5. Conclusions
	Data Availability
	Ethical Approval
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

