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BACKGROUND AND PURPOSE: Cerebral microbleeds (CMB) are associated with stroke and cognitive impairment. We previously
reported a high prevalence of CMB in people with Streptococcus mutans expressing Cnm, a collagen-binding protein in the
oral cavity. S. mutans is a major pathogen responsible for dental caries. Repeated challenge with S. mutans harboring the
cnm gene encoding Cnm induced cerebral bleeding in stroke-prone spontaneously hypertensive rats. The purpose of this
longitudinal study is to examine the relationship of cnm-positive S. mutans to the development of CMB.

METHODS: We retrospectively investigated patients with stroke receiving oral microbiological examination and head 3T
magnetic resonance imaging evaluations twice in the period 2014 to 2019, allowing >180-day interval. Patients with
cnm-positive S. mutans were compared with those without. Quasi-Poisson regression models were used to explore
associations between cnm-positive S. mutans and the increase in number of CMB between the 2 magnetic resonance
imaging scans.

RESULTS: A total of 111 patients were identified; 21 (19%) with cnm-positive S. mutans and 90 (81%) without. Clinical
history, including blood pressure and the use of antithrombotic agents, were comparable between the 2 groups.
New CMB were more commonly observed in patients with cnm-positive S. mutans (62% versus 23%; FP=0.008).
The incidence of CMB was significantly higher in the group with cnm-positive S. mutans, especially in deep areas,
(incidence rate ratios [95% CI], 5.1 [1.9-13.6] for CMB in any brain region; 15.0 [5.4-42.0] for deep CMB), which
persisted after adjusting for age, sex, hypertension, and renal impairment (4.7 [1.8—11.9] for CMB in any brain region;
13.9 [4.3-44.5] for deep CMB).

CONCLUSIONS: This study demonstrates that cnm-positive S. mutans is associated with an increased incidence of CMB.
Treatment for cnm-positive S. mutans infection may be a novel microbiota-based therapeutic approach for stroke and
cognitive impairment.

GRAPHIC ABSTRACT: An online graphic abstract is available for this article.
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Nonstandard Abbreviations and Acronyms

any CMB cerebral microbleeds in any brain region
BM basement membranes

CRP C-reactive protein

DWMH deep white matter hyperintensities
ICH intracerebral hemorrhage

IL interleukin

IRR incidence rate ratios

IS ischemic stroke

MRI magnetic resonance imaging
PVH periventricular hyperintensities
SVD small vessel disease

TIA transient ischemic attack

WMH white matter hyperintensities

pathological changes in cerebral small vessels,

which contribute to lacunar infarcts, white matter
lesions, and cerebral microbleeds (CMB).! Increasing
evidence has identified CMB as an independent risk
factor for dementia? and stroke.® CMB are associated
with an almost 2-fold increased risk of ischemic stroke
(IS) and 4-fold risk of intracerebral hemorrhage (ICH).#
On gradient-echo T2"-weighted magnetic resonance
imaging (MRI), CMB are described as small, round foci
with hypointensities.®”” The underlying histopathology of
CMB is not uniform, representing recent or old hem-
orrhages, vasculopathies, or hemorrhagic microinfarcts.
These heterogeneous pathological substrates likely
reflect different causes.®®

Small vessel disease (SVD) is a collective term for

See related article, p 3489

We previously reported a role of systemic inflamma-
tion in CMB development.’® Higher circulating levels of
high-sensitivity CRP (C-reactive protein), IL (interleu-
kin)-6, and IL-18 are associated with CMB.'® Experi-
mental models for CMB include mice subcutaneously
injected with lipopolysaccharide.®"" CMB are known to
be induced by infective endocarditis' or bacterial sepsis.®

Streptococcus mutans is a Gram-positive bacterium
and a major pathogen responsible for dental caries.”
Several cross-sectional studies have shown that oral
infection with S. mutans expressing Cnm protein is
associated with an increased prevalence of CMB.™1
Cnm is a cell-surface 120-kDa collagen-binding pro-
tein of S. mutans, and its coding gene is cnm.’6'® S,
mutans resides on the surface of teeth and frequently
induces bacteremia through brushing, flossing, or tooth
extraction.?®?' Once in the bloodstream, cnm-positive
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S. mutans attaches to cerebrovascular basement mem-
branes (BM)'"""® inducing local blood-brain barrier
inflammation, resulting in ICH.'® Experimental intrave-
nous administration of cnm-positive S. mutans in stroke-
prone spontaneously hypertensive rats and a mouse
model of cerebral hemorrhage exacerbates cerebral
bleeds.'® Epidemiological studies from many countries
have shown =20% to 30% of patients with ICH22
and 7% to 20% of the general population'*?*-2% have
cnm-positive S. mutans in their oral cavity. Clarifying the
effects of cnm-positive S. mutans on the cerebral vascu-
lature is, therefore, both necessary and urgent.

In this study, we hypothesize that cnm-positive S.
mutans contributes to the development of CMB. We
investigated the association between cnm-positive S.
mutans and incidence of CMB in a longitudinal retro-
spective study.

METHODS
Data Availability Statement

Raw data were generated and preserved at the National
Cerebral and Cardiovascular Center. Derived data supporting
the findings of this study are available from corresponding
authors on request.

Study Design

The current study was approved by the Ethical Committee
of the National Cerebral and Cardiovascular Center (M23-
073, M25-111 and M27-015) and conducted in accordance
with Declaration of Helsinki standards.

Subjects who fully satisfied the following criteria were
selected from the database of the National Cerebral and
Cardiovascular Center Stroke Registry (https://www.clinicaltri-
als.gov; Unique identifier: NCT02251665) and included in the
analysis: (1) subjects who developed acute IS, transient isch-
emic attack (TIA), or ICH from February 15, 2014 to April 8,
2018; (2) subjects who signed an informed consent form for
the current research, including receiving oral bacterial assess-
ments from February 15, 2014 to April 30, 2018; and (3) sub-
jects receiving 3T-MRI scans for clinical purposes twice, with
more than a 180-day interval between examinations, from
February 15, 2014 to February 15, 2019. The first MRI scan
was used for baseline evaluation and the second for follow-up.
If >2x of 3T-MRI scans were performed, the oldest and the
latest MRI data were selected. The observational period was
defined as the period from baseline to follow-up MRI scans.
Subjects with cnm-positive S. mutans (cnm [+] group) were
compared to those without (cnm [—] group) unless otherwise
noted. The cnm (=) group comprised patients with cnm-nega-
tive S. mutans and those without S. mutans.

Clinical Characteristics

Clinical information, including incidence of symptomatic stroke
and TIA, was collected from medical records. The clinical labo-
ratory results nearest to baseline MRI were used as baseline
data. Blood pressure was examined at baseline and follow-up
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visits. Hypertension was defined as systolic blood pressure
>140 mmHg, diastolic blood pressure 290 mmHg, or history
of antihypertensive medication use. Diabetes was considered
present through a history of antidiabetic drug or insulin use, a
fasting plasma glucose level of 2126 mg/dL, or glycated hemo-
globin Alc level of 26.5%. Dyslipidemia was defined as low-
density lipoprotein cholesterol level 2140 mg/dL, high-density
lipoprotein cholesterol level <40 mg/dL, triglyceride level 2150
mg/dL, or use of lipid-lowering drugs. Renal impairment was
defined as <60 mL/min/1.73 m? of estimated glomerular fil-
tration rate, according to previous reports.26?” The presence of
atrial fibrillation and current smoking pattern were also noted.
Previous IS, TIA and ICH were defined according to the pres-
ence of each disease >3 months before the baseline MRI scan,
whereas events within 3 months before the baseline MRI were
described as recent IS, TIA, or ICH.

Detection of cnm-Positive S. mutans

Dental plaque specimens were collected and inoculated on
Mitis-Salivarius medium with bacitracin (Sigma-Aldrich, St.
Louis, MO) and 15% sucrose agar plates and anaerobically
incubated at 37 °C for 48 hours. S. mutans strains were identi-
fied and isolated based on rough morphological features on
agar plates, and all strains were cultured in brain heart infusion
broth (Becton, Dickinson and Company, Franklin Lakes, NJ)
at 37°C for 24 hours. Bacterial genomic DNA of each strain
was extracted, and S. mutans and cnm genes screened using
polymerase chain reaction. MKD primer sets for S. mutans and
cnm were used to identify cnm-positive and cnm-negative S.
mutans?® Experiments were conducted by researchers blind to
clinical information.

MRI Evaluation

Fluid-attenuated inversion recovery and gradient-echo T2*-
weighted images were obtained at baseline and follow-up MRI
(8T, Magnetom Verio or Spectra; Siemens Medical Solutions,
Erlangen, Germany). The presence of CMB on T2*-weighted
images was noted according to the Brain Observer MicroBleed
Scale.” CMB were categorized into 3 groups: (1) deep CMB in
the deep gray matter in the basal ganglia or thalamus, or white
matter in the corpus callosum, internal, external, or extreme
capsule, (2) lobar CMB in the cortical gray or subcortical white
matter, and (3) subtentorial CMB in the cerebellum or brain
stem. CMB in any brain region (any CMB) were also recorded.
Newly developed CMB were recorded at follow-up, but not
baseline, MRI. All slices were taken parallel to the orbitome-
atal line from the base of the skull to the vault. The sequence
parameters of T2"-weighted images were as follows: slice
thickness, 4.0 mm; interslice gap, 2.0 mm; echo time, 12 ms;
repetition time, 550 ms; and flip angle, 20 degrees.

Lacunar infarcts and white matter hyperintensities (WMH)
were evaluated by fluid-attenuated inversion recovery images.
Lacunar infarcts were defined as supratentorial hypointense
lesions of 3 to 156 mm in diameter with a hyperintense rim.
Periventricular hyperintensities (PVH) and deep WMH (DWMH)
were scored by the Fazekas scale.”® Sequence parameters of
fluid-attenuated inversion recovery images were as follows:
slice thickness, 5.0 mm; interslice gap, 1.0 mm; echo time, 94
to 114 ms; and repetition time, 12000 ms.
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Severity of SVD

Total severity of SVD was rated as described previously.®
Briefly, 1 point was added if each SVD feature was present:
>1 of any CMB, 21 of lacunar infarcts, irregular PVH extend-
ing into deep white matter (Fazekas score 3), and confluent
DWMH (Fazekas score 2 or 3). Sum of ratings was used as a
total SVD severity (range, 0—4).%°

Ratings

SVD markers were independently rated by 2 neurologists.
Interrater correlation coefficients were 0.87 for any CMB, 0.94
for deep CMB, 0.94 for lobar CMB, 0.93 for subtentorial CMB,
0.79 for lacunar infarcts, 0.70 for DWMH, and 0.91 for PVH.

Statistical Analyses

Variables were presented as median and interquartile range or
numbers and percentages. Mann-Whitney U or Kruskal-Wallis
test for continuous data and y? or Fisher exacts test for cat-
egorical data was used. Quasi-Poisson regression models were
applied for associations between cnm-positive S. mutans and
number of newly developed CMB during the observational
period. The incidence rate ratios (IRR) and their 95% Cl were
estimated. Based on previous reports,'?"*° age, sex, hyperten-
sion, and renal impairment were set as adjustment factors. We
estimated hazard ratios by applying Cox proportional hazard
models for associations between cnm-positive S. mutans and
symptomatic ICH, IS, and TIA incidence. A <0.05 (2-tailed)
was considered statistically significant. Statistical analysis was
conducted using SPSS version 26 (IBM, Armonk, NY) and SAS
version 9.4 (SAS Institute, Cary, NC).

RESULTS

Patient Characteristics

From the 3782 patients with acute stroke, 404 patients
(119%) received oral bacterial examination (Figure | in the
Data Supplement). The clinical profiles of subjects with
and without bacterial assessment were similar apart from
age, the National Institutes of Health Stroke Scale, and
modified Rankin Scale (Table | in the Data Supplement).

We identified 111 subjects fulfilling all the criteria and
found that cnm-positive S. mutans was present in 21
(19%), and absent in 90 (81%), patients. Among the 90
patients in the cnm (=) group, cnm-negative S. mutans
was detected in 69 and no S. mutans in 21. Charac-
teristics of subjects at baseline MRI are described in
Table 1. Age, sex, blood pressure, and vascular risk fac-
tors were similar between cnm (+) and cnm (=) groups
(systolic blood pressure: 126 mmHg [116-134] versus
130 mmHg [118-147], P=0.267; diastolic blood pres-
sure: 76 mmHg [64-85] versus 74 mmHg [65-84],
P=0.946). The 2 groups also exhibited equivalent blood
pressure at follow-up evaluation (systolic blood pressure:
125 mmHg [117-135] versus 122 mmHg [115-135];
diastolic blood pressure: 756 mmHg [70-80] versus 70
mmHg [64-80]). The cnm (+) group showed higher, but
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Table 1. Clinical Characteristics at the Baseline Evaluation
cnm (+) group (n=21) cnm (=) group (n=90) P value
Age,y 73.0 (63.0-78.0) 71.5 (64.0-81.0) 0.564
Male, n (%) 14 (67) 54 (60) 0.572
Hypertension, n (%) 18 (86) 72 (80) 0.759
SBP, mmHg 126 (116-134) 130 (118-147) 0.267
DBP, mmHg 76 (64-85) 74 (65-84) 0.946
Diabetes, n (%) 3(14) 22 (24) 0.396
Dyslipidemia, n (%) 13 (62) 52 (58) 0.730
Renal impairment, n (%) 10 (48) 41 (46) 0.864
Atrial fibrillation, n (%) 2(10) 13 (14) 0.732
ATA use, n (%) 15 (71) 73 (81) 0.372
Antiplatelet agents, n (%) 12 (57) 54 (60) 0.810
Anticoagulants, n (%) 5 (24) 23 (26) 0.868
> 2 ATA use, n (%) 2 (10) 15 (17) 0.520
Recent IS, n (%) 7 (33) 31 (34) 1.000
Recent TIA, n (%) 1(5) 10 (11) 0.687
Recent ICH, n (%) 1(5) 7 (8) 1.000
Previous IS, n (%) 13 (62) 42 (47) 0.234
Previous TIA, n (%) 0 (0) 5 (6) 0.581
Previous ICH, n (%) 5 (24) 10 (11) 0.155
Smoking, n (%) 10 (48) 42 (47) 0.937
mRS 1.0 (0-3.5) 1.0 (0-3.0) 0.542
CRP, mg/dL* 0.15 (0.04-0.79) 0.08 (0.04-0.23) 0.250
Fibrinogen, mg/dLt 344 (274-415) 308 (273-358) 0.185
CMB, n (%) 12 (567) 38 (42) 0.216
Lacunar infarcts, n (%) 13 (62) 28 (31) 0.008
PVH=3, n (%) 8 (38) 13 (14) 0.026
DWMH >2, n (%) 16 (76) 49 (54) 0.069
Total SVD severity 3.0 (1.0-3.0) 1.0 (0-2.0) 0.004

Data represent median (interquartile range) or number (percent). ATA indicates antithrombotic agents; CMB, cerebral
microbleeds; CRP, C-reactive protein; DBPF, diastolic blood pressure; DWMH, deep white matter hyperintensities; ICH,
intracerebral hemorrhage; IS, ischemic stroke; mRS, modified Rankin Scale; PVH, periventricular hyperintensities; SBF,
systolic blood pressure; SVD, small vessel disease; and TIA, transient ischemic attack.

*CRP data was missing in 1 patient in the cnm (=) group.

tFibrinogen was obtained 18 subjects in the cnm (+) and 70 in the cnm (=) group.

not significant, levels of CRP and fibrinogen than the
cnm (=) group (CRP: 0.15 mg/dL [0.04-0.79] versus
0.08 mg/dL [0.04-0.23], A=0.250; fibrinogen: 344 mg/
dL [274-415] versus 308 mg/dL [273-358], P=0.185).
CMB were detected in 12 (57%) of the cnm (+),
and 38 (42%) of the cnm (=), group. Lacunar infarcts,
PVH, and DWMH were commonly observed in the cnm
(+) group (lacunar infarcts: 62% versus 31%, P=0.008;
PVH: 38% versus 14%, P=0.026; DWMH: 76% versus
54%, P=0.069). Consequently, total SVD severity was
significantly more advanced in the cnm (+) than cnm (—)
group (3.0 [1.0-3.0] versus 1.0 [0-2.0], ~=0.004).

Cerebral Microbleeds

The numbers of CMB are summarized in Table 2. The
cnm (+) group showed a marginally increased number

Stroke. 2020;51:3632-3639. DOI: 10.1161/STROKEAHA.120.029607

of CMB versus the cnm (—) group at baseline, espe-
cially in the deep region, but comparable in lobar and
subtentorial regions (any CMB: 2.0 [0-10.5] versus 1.0
[0-5.3], P=0.094; deep CMB: 1.0 [0-75] versus O [0—
2.0], P=0.091) and follow-up (any CMB: 4.0 [0.5-13.5]
versus 1.0 [0-6.0], P=0.067; deep CMB: 2.0 [0-10.0]
versus 0 [0-2.0], ~=0.039).

We assessed the development of new CMB from
baseline to follow-up MRI. The observational period was
similar between the cnm (+) and cnm (=) group (509
[279-584] versus 482 [364-732] days, P=0.405). CMB
development was significantly higher in the cnm (+) than
cnm (=) group (52% versus 23%, P=0.008; Table 3). In
particular, newly developed CMB were more frequent in
deep regions (48% versus 9%, £<0.001) in the cnm (+)
than cnm (=) group. Mean numbers of new CMB in the
cnm (+) and cnm (=) groups were 2.2 versus 0.5 for any
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Table 2. The Number of CMB at the Baseline and the
Follow-Up MRI Scans

Baseline MRI Follow-up MRI
Any CMB
cnm (+) group 2.0 (0-10.5) 4.0 (0.5-13.5)
cnm (—) group 1.0 (0-5.3) 1.0 (0-6.0)
cnm-negative S. mutans (+) 1.0 (0-6.0) 2.0 (0-6.5)
S. mutans (—) 0 (0-3.0) 0 (0-3.0)
Deep CMB
cnm (+) group 1.0 (0-7.5) 2.0 (0-10.0)
cnm (—) group 0 (0-2.0) 0 (0-2.0)
cnm-negative S. mutans (+) 0 (0-2.0) 0 (0-3.0)
S. mutans (—) 0 (0-1.0) 0 (0-1.0)
Lobar CMB
cnm (+) group 1.0 (0-3.5) 1.0 (0-4.5)
cnm (—) group 0 (0-1.3) 1.0 (0-2.0)
cnm-negative S. mutans (+) 1.0 (0-1.5) 1.0 (0-2.0)
S. mutans (—) 0 (0-1.5) 0 (0-2.5)
Subtentorial CMB
cnm (+) group 0 (0-1.5) 0 (0-1.5)
cnm (=) group 0 (0-1.0) 0 (0-1.0)
cnm-negative S. mutans (+) 0 (0-1.0) 0 (0-1.0)
S. mutans (=) 0 (0-0) 0 (0-0)

Data represent median (interquartile range). Any CMB indicates CMB in any
brain region; CMB, cerebral microbleeds; and MRI, magnetic resonance imaging.

CMB, 1.4 versus 0.1 for deep, 0.4 versus 0.4 for lobar,
and 0.4 versus 0.1 for subtentorial.

We estimated the IRR considering newly devel-
oped CMB and observational period. IRR for CMB in
deep and subtentorial, but not lobar, regions were sig-
nificantly higher using unadjusted analysis (any CMB:
IRR, 5.1 [95% CI, 1.9-13.6], P=0.001; deep CMB:
IRR, 15.0 [95% CI, 5.4-42.0], /<0.001; subtentorial
CMB: IRR, 6.4 [95% ClI, 1.3-30.9], P=0.020; lobar
CMB: IRR, 1.3 [95% CI 0.2-7.7], P=0.808). Statisti-
cal significance for any and deep CMB was confirmed
after adjusting for age, sex, hypertension, and renal
impairment (any CMB: IRR, 4.7 [95% CI, 1.8-11.9],
P=0.001; deep CMB: IRR, 13.9 [95% ClI, 4.3-44.5],
P<0.001; Table 4). Representative images showing the
increase in deep CMB are illustrated in Figure Il in the
Data Supplement.

Table 3. The Frequency of New CMB Development

cnm (+) group | cnm (=) group

(n=21) (n=90) P value
Any CMB, n (%) 11 (52) 21 (28) 0.008
Deep CMB, n (%) 10 (48) 8(9) <0.001
Lobar CMB, n (%) 4 (19) 13 (14) 0.736
Subtentorial CMB, n (%) 4 (19) 5 (6) 0.064

Any CMB indicates CMB in any brain region; and CMB, cerebral microbleeds.
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Table 4. IRRs of Newly Developed CMB

Unadjusted Adjusted*

IRR (95% CI) | Pvalue | IRR (95% CI) P value
Any CMB 5.1 (1.9-13.6) 0.001 4.7 (1.8-11.9) 0.001
Deep CMB 15.0 (5.4-42.0) | <0.001 | 13.9 (4.3-44.5) | <0.001
Lobar CMB 1.3 (0.2-7.7) 0.808 | 1.2(0.2-5.7) 0.826

Subtentorial CMB | 6.4 (1.3-30.9) | 0.020 5.8 (0.9-35.5) 0.060

Any CMB indicates CMB in any brain region; CMB, cerebral microbleeds; and
IRR, incidence rate ratios.
“Adjusted for age, sex, hypertension, and renal impairment.

Progression of Other SVD Markers

We next evaluated progression of SVD features other
than CMB. Frequency of lacunar infarcts (cnm [+] ver-
sus cnm [—]: 67% versus 36%), PVH (38% versus
17%), and DWMH (76% versus 57%) on follow-up
MRI was subtly increased from baseline. The change in
frequency of each SVD feature other than CMB during
the observation period was equivalent between cnm
(+) and cnm (=) groups (lacunar infarcts: 5% versus
4%, P=1.000; PVH: 0% versus 2%, P=1.000; DWMH:
0% versus 2%, P=1.000).

Stroke and TIA

Symptomatic stroke and TIA frequency during the obser-
vation period was investigated. ICH, IS, and TIA incidence
was similar in cnm (+) and cnm (=) groups (ICH: 2 [10%]
versus 3 [3%)], hazard ratios, 5.3 [95% Cl, 0.7-38.8]; IS:
6 [29%)] versus 23 [26%)], hazard ratios, 1.4 [95% Cl|,
0.6-3.4]; TIA, 1 [6%] versus 3 [3%)], hazard ratios, 1.7
[95% ClI, 0.2-16.8]).

Comparison Between the 3 Groups

S. mutans, whether cnm positive or not, may contribute
to mycotic aneurysms and cerebral hemorrhage.®' We,
therefore, compared the 3 groups: (1) subjects with
cnm-positive S. mutans, (2) those with cnm-negative S.
mutans, and (3) those without S. mutans. Background
profiles were similar among the 3 groups, except for
some imaging markers of SVD, such as lacunar infarcts,
WMH, and total SVD severity (Table Il in the Data Sup-
plement). Development of CMB was most prominent in
cnm-positive S. mutans subjects (Table Il in the Data
Supplement). No significant difference was observed
between subjects with cnm-negative S. mutans and
those without S. mutans.

DISCUSSION

We found harboring cnm-positive S. mutans was closely
related to an increased incidence of CMB, especially in
the deep area, together with a high prevalence of lacunar
infarcts and WMH.
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The strong linkage of cnm-positive S. mutans and deep
CMB aligns with previous cross-sectional studies.''®
Estimated IRR for deep CMB was high in comparison
with other known risk factors in previous reports.393233
Deep CMB were considered as biomarkers for hyper-
tensive arteriopathy,®3* but their pathogenesis cannot be
fully explained by hypertension, as they are occasionally
found in subjects without high blood pressure.'*3?

An important hallmark of S. mutans expressing Cnm
protein' is its binding activity to components of vascu-
lar BM, such as collagen-IV'” and laminin.’”® Collagen-
binding activity is positively correlated with cnm mRNA
expression in S. mutans.?® Conversely, neither cnm-neg-
ative S. mutans nor cnm knockout strains of S. mutans
can attach to soft tissues such as vessel walls.'” Aging
and hypertension induce endothelial injury and BM thick-
ening, resulting in collagen-IV and laminin exposure in

Microbleeds and cnm-Positive S. mutans

cerebral small arteries.3% Once cnm-positive S. mutans
adheres to BM, infiltration of neutrophils may activate
local inflammation, increasing blood-brain barrier per-
meability, and production of enzymes, such as matrix
metalloproteinase-9,'® inducing ICH or CMB (Figure).
Endothelial injury related to aging and hypertension is
prominent in the deep cerebral vessels®” likely contrib-
uting to an increase in the deep CMB rather than lobar
CMB, by cnm-positive S. mutans.

Furthermore, unlike cnm-negative S. mutans, the
cnm-positive S. mutans can suppress collagen-induced
platelet aggregation.’® All S. mutans, whether cnm-pos-
itive or not, have negative zeta potential values, an indi-
cator of cell-surface charge, although cnm-positive S.
mutans possesses lower zeta potential values.” Since
platelets also possess negative potentials, cnm-positive
S. mutans may inhibit platelet adhesion and aggregation,

A Normal Capillary

Neutrophil

Platelet

8

Bacteremia

Attachment to

exposed BM cnm-positive

S. mutans

Q<

Endothelia

B  Aging & Hypertension

Endothelial
damage

Thickened BM

Cerebral microbleeds

Inhibition of
‘,W platelet
<. aggregation

Infiltration of
neutrophils

Figure. Hypothetical model of the mechanism contributing to develop cerebral microbleeds (CMB) by the infection of cnm-

positive Streptococcus mutans (S. mutans).

A, Normal vessel. Cerebral bleeding may occur at the level of arterioles and capillaries. B, Aging and hypertension results in endothelial damage
and thickened basement membranes (BM). C, Bacteremia of S. mutans are induced by brushing, flossing or tooth extraction. Unlike cnm-negative
S. mutans, cnm-positive S. mutans can attach to the BM. D, Once cnm-positive S. mutans binds to the vessel walll, infiltration of neutrophils results
in local inflammation. The negative charges on the surface of cnm-positive S. mutans inhibit aggregation of platelets, which also possess negative
charges on the surfaces. CMB are eventually induced.
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accelerating thus cerebral bleeding. Zeta potential val-
ues differ among strains of cnm-positive S. mutans and
lower zeta potential values significantly correlate with
decreased collagen-induced platelet aggregation.'®

We previously reported cnm-positive S. mutans is
significantly associated with severe dental caries?® S.
mutans expressing collagen-binding protein can strongly
bind to the type-l collagen-composed dentin tooth layer,
accelerating development of carious lesions."” The
increased predisposition of cnm-positive S. mutans to
invade dental caries provides opportunities for S. mutans
to enter the bloodstream and cerebral circulation. Poor
oral health could facilitate dental bacteremia and cere-
brovascular health.'”*® The collagen-binding activity of
cnm-positive S. mutans to type-l collagen in teeth and
type-IV collagen in cerebrovascular BM facilitates CMB.

S. mutans, including cnm-positive, are commonly
transmitted by vertical infection, colonizing mouths of
infants at around 2 years23%® Mothers and caretakers
of children are the major sources of S. mutans,*® which
generally remain after colonization' but are not easily
implanted again in adulthood.*'*? Therefore, preventing
vertical cnm-positive S. mutans infection could represent
a major preventative factor in SVD and CMB.

Here, overall prevalence of CMB was 45%, higher
than previous IS cohorts,®** and equivalent to IS and ICH
mixed stroke cohorts.*® The current study included about
20% of subjects with a history of ICH. Additionally, high
magnetic field strength of MRl may have affected CMB
frequency. Only patients receiving 3T-MRI scans were
included, which is suitable for CMB detection and supe-
rior to 1.5T-MRI.°

Although CMB may predict future ICH2“** the inci-
dence of symptomatic ICH in the cnm (+) group was simi-
lar to the cnm (=) group. Circulating inflammatory marker
level was increased, but nonsignificantly, in the cnm (+)
group, which may be a consequence of a small sample
size. Thus, to definitively establish an association between
cnm-positive S. mutans, symptomatic ICH, and inflamma-
tory marker levels, a large-scale prospective investigation
is warranted. This study leads to new hypotheses and pro-
vides useful data to guide power calculations and effect
sizes for future larger-scale investigations.

There are some limitations to this study. First, it
involved Japanese subjects only, making predictions for
other countries uncertain and demonstrating the need
for multinational validation studies. Second, this was a
retrospective study, posing potential risk of selection bias.
Only 11% of the total stroke patients had oral bacterial
evaluation due to age and factors, leading to difficulty
providing informed consent, such as impaired conscious-
ness, cognitive impairments, and advanced frailty. This
resulted in the lower age and scores of National Insti-
tutes of Health Stroke Scale and modified Rankin Scale
in patients receiving bacterial assessments (Table | in the
Data Supplement). Finally, all patients had a history of
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stroke and the effect of cnm-positive S. mutans on CMB
development should be examined in a population-based
cohort in any future study.

In conclusion, cnm-positive S. mutans was associ-
ated with increased CMB incidence. Though the results
should be verified by large-scale prospective studies,
a close association between cnm-positive S. mutans
and CMB development suggests treatments targeting
cnm-positive S. mutans may act as novel therapeutic
approaches for dementia and stroke.
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