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ABSTRACT

Investigation of Possible Microorganisms and Nanobacteria in The Etiology of

Atherosclerosis

Cardiovascular diseases are one of the leading causes of death worldwide. Since
atherosclerotic plague formation leads to blockage of blood vessels, vital organs such
as the heart and brain are affected. Although this is considered a general process, the
role of infectious agents has always been an important research topic. This study aimed
to examine metagenomic and microbiological investigations of all microorganisms,
including nanobacteria, that may cause atheroma plaque formation. Nanobacteria were
grown by culturing atheroma plaque homogenates in cell culture medium. As a result
of detailed molecular analysis of nanobacteria, it was shown that they consisted of
human proteins. Accordingly, it supported the theory that they are not living
organisms, but structures formed by biocrystallization. Whole genome sequencing of
nucleic acids obtained from two groups of pool samples of atheroma plaques showed
that more than 50% of the metagenomic sequences belonged to Toxoplasma gondii (T.
gondii). Examination of T. gondii DNA in individual samples of atheroma plaques by
PCR (Polymerase Chain Reaction) revealed the presence of T. gondii in 8 of 20
atheroma plaques. If more evidence of the role of T. gondii in the etiology of atheroma
plaque formation becomes available, strategies to treat T. gondii infections may

become important in preventing atheroma plaque formation in the future.

Keywords: Atherosclerosis, Atheroma plaque, Toxoplasma gondii



OZET

Aterosklerozun Etiyolojisinde Olas1 Mikroorganizmalarin ve Nanobakterilerin

Arastirilmasi

Diinya capinda kardiyovaskiiler hastaliklar 6nde gelen 6liim nedenlerinden biridir.
Aterosklerotik plak olusumu kan damarlarinin tikanmasina yol agtig1 i¢in kalp ve
beyin gibi hayati organlar etkilenir. Bu genel bir siire¢ olarak kabul edilse de
enfeksiyon etkenlerinin rolii her zaman 6nemli bir arastirma konusu olmustur. Bu
caligmada aterom plak olusumuna sebep olabilecek nanobakteriler dahil biitiin
mikroorganizmalarin metagenomik ve mikrobiyolojik incelemesi hedeflenmistir.
Aterom plak homojenatlarinin  hiicre kiiltiirii  ortaminda  kiiltiirlenmesiyle
nanobakteriler yetistirildi. Nanobakterilerin ayrintili molekiiler analizi sonucunda
bunlarin insan proteinlerinden olustugu gosterildi. Buna gore onlarin canh
organizmalar degil, biyokristalizasyonla olusan yapilar oldugu teorisi desteklendi.
Aterom plaklardan olusan iki grup havuz ornekten elde edilen niikleik asitlerin tiim
genom dizilimi, metagenomik dizilerin %50'den fazlasinin Toxoplasma gondii (T.
gondii)' ye ait oldugunu gosterdi. Aterom plaklarin bireysel numunelerinde T. gondii
DNA’smin PZR (Polimeraz Zincir Reaksiyonu) ile incelenmesi sonucunda 20 aterom
plaginin 8'inde T. gondii'nin varligini ortaya ¢ikardi. Aterom plagi olusumunun
etiyolojisinde T. gondii’ nin rolii daha ¢ok kanit elde edilebilirse, T. gondii
enfeksiyonlarmi tedavi etme stratejileri gelecekte aterom plagi olusumunun

onlenmesinde 6nemli hale gelebilir.

Anahtar Sozciikler: Ateroskleroz, Aterom plak, Toxoplasma gondii



1 INTRODUCTION

Cardiovascular diseases (CVDs) including coronary heart, rheumatic heart, and
cerebrovascular diseases, are the leading cause of death worldwide (1). In 2019, 18.6
million people died of cardiovascular diseases (2). Atherosclerosis has a significant
role in the development of all these diseases (3). Atherosclerosis is defined as a
thickening of the arterial wall due to the accumulation of cholesterol, cellular waste
products, macrophages, calcium salts, and other substances. The progression of
atherosclerosis leads to plaque formation, which restricts blood flow (4). Various
mechanisms for plague formation have been proposed. In general, it is considered a
chronic inflammatory event (5). One theory suggests that inflammatory events are
triggered by autoimmune diseases (6). However, microbial agents are also considered
one of the leading causes (7). Although inflammation causing atherosclerosis is
regarded as a sterile reaction independent of microbial agents, recent studies have
highlighted the possible effects of several microbial agents (8), which have been the
subject of a limited number of studies, some showing conflicting results. The potential
role of a few organisms such as Helicobacter pylori, Chlamydia pneumoniae,
Mycoplasma pneumoniae, and the Herpes virus family in atherosclerotic disease has
been suggested (9), (10), (11), (12). In one study, Helicobacter pylori and C.
pneumoniae DNA were identified by PCR in specific carotid artery atherosclerotic
plaques (13). Two other studies identified anti-Toxoplasma gondii immunoglobulin G
(IgG) antibodies with a higher incidence in patients with atherosclerosis (14), (15).
The development of new methodologies, such as epigenetic analysis using next-
generation sequencing (NGS), for detecting microbial agents continues to contribute
to the identification of unknown pathogens (16). As emerging pathogens or agents of
atherosclerosis, nanobacteria have been proposed as candidate agents capable of
forming appetite-coating calcium phosphate precipitates (16), (17), (18). Nanobacteria
may be responsible for pathological calcifications in kidney and dental pulp stones,
along with heart valve and arterial calcifications (19). However, other studies have
questioned the microbiological origin of nanobacteria, suggesting that they are formed

by the biomineralization of natural molecules.



The main goal of this research was to determine the role of microorganisms,
including nanobacteria, in the inflammation process that occurs during the
development of atherosclerosis. Many studies have focused on the role of various
infectious agents but approaches such as whole genome sequencing, which can cover
all possible microorganisms, have remained very limited. This study aimed to
investigate the presence of microorganisms and nanobacteria by microbiological

culture and genomic examination of atherosclerotic plaques.



2 BACKGROUND

2.1 Atherosclerosis

Atherosclerosis is the restriction of blood flow and thickening of the arterial wall
(plaque formation) as a result of the accumulation of cholesterol, cellular waste
products, macrophages, calcium and other substances on the arterial wall (20). This is
often the result of risk factors such as high cholesterol levels, high blood pressure,
obesity, smoking, a sedentary lifestyle and diabetes (21). These blockages can cause
serious complications such as heart attacks and stroke. Atherosclerotic vessels tend to
enlarge in diameter. In the early stages of the atheroma process, plaques usually grow
in the opposite direction of the vessel. In general, the arterial canal is considered to be
full when a plagque covers more than 40% of the inner elastic layer of the vessel. In the
final process of plaque formation, blood flow appears to be restricted. The first soft
lesion of the plaque consists of foam cells, a small number of platelets (platelets), and
extracellular fat deposits. It is thought that during the progression of the process,
smooth muscle cells proliferate and lead to the formation of fibrous caps (22).
Treatment of atherosclerosis usually includes methods such as dietary changes,
exercise, medications, and surgery. Patients should be checked regularly to prevent

risk factors, and they can slow disease progression by making lifestyle changes.

2.1.1 The molecular mechanism of atherosclerosis

The molecular mechanisms of atherosclerosis occur in three stages: initiation,

progression and atheroma formation (23).

The beginning of atherosclerosis:

The artery wall has a three-layered structure. The outermost layer contains mast
cells and nerve endings. The middle layer consists of smooth muscle cells, elastin,
collagen and other macromolecules. The place where atheroma plaque occurs is the

innermost layer. Fat streaks are usually the first sign in the development of



atherosclerosis. The first lesions occur due to the increase in lipoprotein in the intima
layer of the artery. (24). Lipoprotein consists of lipids such as phospholipids, proteins,
triglycerides and cholesterol. The most important of these is low-density lipoprotein
(LDL), which is rich in cholesterol. LDL can adhere to extracellular matrix
components (such as proteoglycans), leading to deposition in the vascular intima (25).
Adhesion molecules are expressed by the activated endothelial cell. Chemokines
stimulate the migration of monocytes to the arterial wall. Monocytes in the
bloodstream go to the intima and turn into macrophages. At the same time, T
lymphocytes enter the intima and regulate the functions of endothelial and smooth
muscle cells. As a result of the increased stimulation of the accumulated leukocytes,
smooth muscle cells in the middle layer of the artery migrate to the intima (Figure 1)
(23).

T cell
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Figure 1. The stimulation of atherosclerosis created in Biorender.com
Development of atherosclerosis:

During atherosclerotic plaque formation, smooth muscle cells produce molecules
such as elastin, collagen glycosaminoglycans and proteoglycans that contribute to the

thickening of the intimal layer. The production of matrix metalloproteinase enzymes,
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which degrade the collagen supporting the fibrous cap, is induced by activated
macrophages. Smooth muscle cells and macrophages on the lesion may divide,
undergo metaplasia, and undergo cell death. Wastes from dead cells accumulate and

form the lipid-rich core of the atheroma (26).

Atheroma formation:

With the breakdown of the fibrous cap, blood clot formations settle in the core of
the plaque. Procoagulant substances, one of the tissue factors, can cause vascular
occlusion and trigger thrombosis. Induced thrombosis can increase extracellular
matrix production and stimulate smooth muscle cell migration. All these processes
allow the volume to increase in lesion formation and the passage of the lesion into the

arterial lumen (27).

2.1.2 The factors affecting formation of atherosclerosis

The causes of atherosclerosis are still unknown. However, some behaviors and
environmental factors may increase the risk of disease. If these risks continue to
increase, the development of atherosclerosis may also occur. Atherosclerosis is a lipid-
induced disease. For this reason, atherosclerosis is likely to occur when low-density
lipoprotein (LDL) increases and high-density lipoprotein (HDL) decreases. In
addition, high blood pressure of 140/90 mmHg and above is one of the other factors
that may play a role in the development of atherosclerosis (28). Another factor is
smoking, which can damage blood vessels and initiate atherosclerosis. Long-term
smoking will make the vessel wall stiffer, leading to the accumulation of LDL there.
This will lead to high blood pressure, and low oxygen transport to the body tissues.
Other factors are diabetes, bad diet and obesity (29). The main cause of these factors
is lack of physical activity. Low physical activity affects the increase of LDL in the
blood and the increase of blood pressure, and as a result, it can cause diabetes and
adiposity. Age may be another factor that can cause atherosclerosis. As we get older,
plaque build-up in the arteries begins to increase. Symptoms of atherosclerosis begin



to appear at older ages. In addition to this, family history of cardiovascular diseases
may also increase the risk of atherosclerosis (30), (31).

2.1.3 The role of microorganisms in the formation of atherosclerosis

Although it has traditionally been said that inflammation leading to
atherosclerosis is a sterile event independent of microbial factors, recent studies have
brought the possible effects of microorganisms back to the agenda. Studies have
mostly suggested that Chlamydia pneumoniae, Helicobacter pylori and Mycoplasma
pneumoniae may have a role in the development of atherosclerosis (32), (10), (33),
(12). For example, in one study, the presence of Helicobacter pylori and C.
pneumoniae DNA in carotid artery atherosclerotic plaques was investigated using
PCR. According to the results of the study, C. pneumoniae DNA was detected in 16
of 52 patients and Helicobacter pylori was found in 9 of 52 patients (13).

In recent publications, studies have mostly focused on factors originating from the
gastrointestinal tract flora (34). Some factors, especially found in the oral flora, have
also been isolated from atherosclerotic plaque (35). With the isolation of some
microorganisms in the intestinal flora from atherosclerotic plaque, the role of
microbiota in the development of atherosclerosis has begun to be questioned (36), (30).
Additionally, studies have emerged showing that the Toxoplasma gondii parasite has
an effect on atherosclerosis. T. gondii is a type of parasite that may affect all nucleated
vertebrate. When contact with soil and consumption of unwashed vegetables and
fruits, raw meat, contaminated water, its infection may be exposed (37). Although
there is little information about the relationship of Toxoplasma gondii with
atherosclerosis, one study looked at the seroprevalence of anti-Toxoplasma antibodies.
The higher levels of anti-T. gondii 1gG was detected with 63.1% in atherosclerotic
individuals and low levels were observed with 46.2% in non-atherosclerotic
individuals. Although there appears to be a high prevalence of T. gondii infection in
patients, the effect mechanisms of chronic toxoplasmosis on coronary atherosclerosis
need to be elucidated (14). One of the latest studies evaluated the seroprevalence of T.

gondii in cardiovascular patients in Romania. The seroprevalence of T. gondii was



significantly higher in patients with hypertension and unstable angina, and it is thought
that individuals with these diagnoses may be more frequently infected with T. gondii
(15). This and many other studies will be the basis for investigating the effects of

microbial agents in patients with cardiovascular diseases.

2.1.3.1 Toxoplasma gondii

Toxoplasma gondii was discovered in Ctenodactylus gundi that is a rodent, by
Nicolle and Manceaux in 1908. The first case was reported as encephalitis in a child
in 1941. The definitive and intermediate hosts of T. gondii were described and it was
proved that felines produce fecal oocysts (38) (39). The first case in Turkey was
published in 1953. The first case in the world was reported in 1923 in a baby with
congenital hydrocephalus and microphthalmia (40) (41). Today, T. gondii is well
known morphologically and molecularly, and there is too much progress that has been

made in its identification.

2.1.3.1.1 Taxonomy, morphology and patology

With molecular-based classification studies, the Toxoplasma lineage, which was
previously in the Sarcocystidae family, was included in the Toxoplasmatidae family,
along with the Besnoitia, Hammondia and Neospora lineages (42), (43). There are
three infective forms of T. gondii. These are tachyzoite, bradyzoite in tissue cysts, and
sporozoite in oocysts. While the definitive host of the parasite can be transmitted by
oocysts formed by coccidian development in the intestines of felines and ingestion, it
can also be transmitted by eating raw or undercooked tissue cysts formed in
intermediate hosts. Apart from this, if the intermediate hosts develop acute maternal
infection during pregnancy, the parasite can cross the placenta and cause congenital
infection in the baby (44).



2.1.3.1.2 Diagnosis techniques and treatments developed against T. gondii

Since the disease is usually asymptomatic, differential diagnosis with other
diseases must be made (45). ELISA is an important method in acute infection. It is
generally recommended to repeat the test at 2—3-week intervals in parallel with a two-
fold increase in 1gG titers along with positive IgM by ELISA method (46). Also, the
diagnosis is corrected by PCR in biopy and biologic liquids. The diagnosis is
confirmed by PCR in biopsies or biological fluids. While direct diagnostic methods
are used in the laboratory diagnosis of Toxoplasma gondii infection in patients with
suppressed immune systems, indirect diagnostic methods are used in patients with

intact immune systems (47).

Drugs are used to treat active infections of T. gondii. The use of drugs may vary
depending on several factors, such as the stage of the disease, the adequacy of the
immune system, and where the infection is located. Antibiotics such as Sulfadiazine,
Clindamycin (Cleocin), Pyrimethamine (Daraprim), and Azithromax are usually used
for infection (48) (49).

2.1.3.2 Nanobacteria

Nanobacteria are called nanoparticles responsible for calcification. Nanobacteria
were first discovered by Dr. Folk in travertine hot springs and sedimentary rocks, and
it was emphasized that nanobacteria play an important role in the precipitation of
carbonate minerals (50). Later, it was observed for the first time in commercial cell
culture serum by Kajander and his team. Nanobacteria contain hydroxy apatite crystals
in their structures. For this reason, it is seen that it makes them difficult to fix, stain
and break for examination, and makes them resistant to antibiotics used in cell culture
(51). Although DNA has not yet been isolated, Raolt and her team were able to obtain
images with DAPI staining (52). In addition, many studies have observed that they
resemble root-shaped bacteria, can divide into two, can pass through filters due to their
size (80-500nm), are heat-resistant and can create a specific immune response. In

addition, it has been proven that the reproduction of nanobacteria can be prevented by
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high doses of EDTA, gamma-radiation and aminoglycoside antibiotics (53) (54). The
presence of nanobacteria has been found not only in commercial serum but also in
human blood, urine, saliva, dental calculus, kidney cyst fluid, kidney stones, atheroma
plaques and meteorites falling to the earth (55) (56) (57) (58).

2.1.3.2.1 The morphology of nanobacteria

Nanobacteria called “Nanobacterium sanguineum” produce a mineralized outer
shell-like structure (57). Nanobacteria obtained from geological samples obtained as a
result of geological studies petrify with calcium carbonate, iron sulphide, silica and
complex silicates and phosphate (59). These structures are morphologically mostly
spherical objects that are similar to each other and can exhibit the ability to divide
themselves (60). It is considered a gram-negative bacterium because its most important
feature in common with known microorganisms is that it can be stained gram
negatively (61). Nanoforms have properties that differ from those of identified
microorganisms. While Robert L. Folk discovered nanoforms with dimensions of 10-
200 nm (62), Romanek, McKay and colleagues working at NASA discovered
nanoforms with dimensions of 20 to 200 nm in the ALH84001 meteorite (63) (64).
Ciftcioglu and his team suggested that these forms may show a size difference between
80 and 500 nm. The biggest advantage of their small size is that they can pass through
0.22 mm pore size filters. This advantage provides significant selectivity compared to
other bacteria in nanobacteria research (65). It has the ability to change its shape under
different culture conditions and has a slow growth characteristic. It is structurally
related to carbonate hydroxyapatite (57) (66) (61).

2.1.3.2.2 Methods of growth, imaging and analysis of nanobacteria

For the best growth environment of nanobacteria, 37 °C, 5%-10% CO2, 90%-—
95% humidity conditions should be provided (61). Under these conditions, the time
for division into two is between 1 and 5 days, usually 3 days (67). Nanobacteria are
difficult to detect using microbiological methods based on metabolic tests because

their growth rate is 10,000 times slower than other bacterial groups such as Escherichia
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coli (E coli) (62). They found that nanobacteria in the culture medium largely used
amino acids such as glutamine, asparagine and arginine, but used glucose less. In
addition, it was observed that most types of antibiotics could not prevent their growth,
but antibiotics such as streptomycin, kanamycin and gentamicin inhibited their growth
at high concentrations. Another factor is temperature. It was observed that subcultured
nanobacteria in serum-free culture medium were inhibited when exposed to half an
hour of heating at 100°C. However, nanobacteria with thick apatite coatings were
observed to be more resistant to heat than those with thinner coatings. These forms
were not killed even when exposed to one hour of heating at 100°C (51). Nanobacteria
can grow on media resistant to agents such as ultraviolet irradiation and heat used in
cell culture studies instead of standard microbiological media (55). It can be cultured
from tissue, blood and urine. There are some methods for detecting cultured
nanobacteria. These are immunological detection with nanobacteria-specific
monoclonal antibodies, fluorescent staining techniques and Scanning electron
microscope (SEM) and Transmission electron microscope (TEM) (60). Some other
methods by which the growth of nanobacteria can be observed are turbidity
measurement, enzyme-linked immunosorbent assay (ELISA), sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE), silver staining method and protein
immunoblot techniques (57).

2.1.3.2.3 The pathogenesis of hanobacteria

It is known from the experiment of Kajander and his team that nanobacteria cause
cell culture contamination (57). However, there are other cases where it creates a
pathological condition. These can cause specific infections by multiplying themselves
in certain parts of the human body and causing calcification (68) (69). One of the
places where this situation develops is dental plaque, where tartar formation occurs.
When a sufficiently alkaline environment is created and the pH increases, the calcium
phosphate in the saliva loses its stability and calcium phosphate crystals precipitate on
the plaque and mineralization begins (70). The process here is very similar to the
process that nanobacteria play in calcification. Another place where nanobacteria can

cause calcification is the vascular region. Although the mechanism of vascular
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calcification by nanobacteria has not yet been resolved, it is still thought to be the
center of calcification at a physiological level in the presence of calcium and phosphate
(71). Miller and colleagues cultured calcified femoral arteries, carotid plaques, and
aneurysms surgically removed from individuals with bicuspid aortic valves and
obtained nanobacteria-like structures. However, they were unable to obtain these
structures from noncalcified samples (72). Puskas and his team, who cultured aortic
and carotid atherosclerotic plaques obtained from autopsy and performed culture
analyses using light microscopy and TEM, detected nanobacteria-like structures
according to the analysis results (73). Nanobacteria have also been detected in human
kidney stones and have been shown to form apatite and have been defined as root-
shaped nano-sized structures with very different cell walls and capsules. Their
presence has been detected in urine samples, liver and kidney cystic fluids, and chronic
kidney stones by increasing biomineralization (74) (56). Tsurumoto and colleagues
investigated nanobacteria in synovial fluids obtained from patients with osteoarthritis
and rheumatoid arthritis. They suggested that nanobacteria may be associated with
these diseases (75). A similar situation occurred in the study of Eskandary et al. They
emphasized that nanobacteria may be associated with intervertebral disc degeneration
(76). The presence of nanobacteria was also investigated in HIV-positive individuals.
The results showed that these individuals had high levels of nanobacterial infection
(77). They suggested that nanobacteria could be transmitted from infected mothers to
infants transplacentally or perinatally (78). Although the relationship between
nanobacteria, which cause calcification to a significant extent, and many diseases is
strengthened with data, it seems not yet possible to make a definitive statement on the

diseases.

2.1.3.2.4 Treatments developed for nanobacteria

Nanobacteria can grow and colonize even in conditions of inadequate nutrients.
Nanobacteria can resist many factors such as temperature, extreme pH conditions and
gamma radiation (15 kGy) and can survive in conditions where most other bacteria
cannot survive and can be found in many places due to their size. They can also easily

hide from the human immune system (61). For this reason, these features will play a
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decisive role in the treatment methods or therapies developed against them. The role
of tetracycline in the treatment of nanobacteria, which are frequently encountered in
periodontal diseases, has been particularly examined. It is known that tetracycline
inhibits metalloproteinases and protein synthesis in bacteria and chelate calcium (79).
In the study of Ciftcioglu and his colleagues, the effect of tetracycline on nanobacteria
was examined considering its antibacterial properties. It was argued that tetracycline
played an inhibitory role in the proliferation of nanobacteria in human renal cyst fluids
and kidney stones treated with tetracycline. In addition, antibacterial drugs other than
ampicillin such as trimethoprim, nitrofurantoin and trimethoprim/sulfamethoxazole
have lethal effects on nanobacteria (72). In addition to antibiotics, comET ((Nanobak
LifeSciences, Tampa, Florida), developed against nanobacteria, is used for the
treatment of chronic prostatitis/chronic pelvic pain (80). It contains tetracycline and
ethylenediamine-tetraacetic acid (EDTA). comET treatment has been applied to
people with coronary artery disease and positive nanobacteria serology and antigen.
According to the results, it was found that coronary artery calcium scores and calcified
coronary artery plaque volume decreased and regressed in most patients (81).

However, despite various studies on nanobacteria, more clinical studies are needed.
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3 MATERIALS AND METHODS
3.1. Sample Collection and Study Design

This study included 20 samples (labelled as A1-A20) of atheroma plaques from
patients who underwent atherectomy by surgery or percutaneous intervention. All the
plaques included in this study were obtained from the carotid artery of patients. Risk
factors for atherosclerosis including gender, smoking status, hypertension, coronary
artery disease, diabetes mellitus and dyslipidemia were recorded for each patient in
this study (Table 1). The samples with a minimum size of 3 mm obtained from each
patient were distributed into four tubes. The first tube contained the DNA/RNA shield
solution (Zymo Research, USA), the second contained thioglycollate broth together
with 1.0-mme-sized zirconium microbeads, the third contained only thioglycollate
broth, and the fourth tube was empty. The tubes were transferred to the laboratory at
room temperature. Ethical approval for the study was received from University ethics
committee. All patients signed an informed consent form to permit using the

biological samples and information related to this study.

Table 1. Clinical characteristics of patients with respect to T. gondii DNA positivity

Patients that were T. gondii PCR result on atheroma plaques:

Parameters Positive (n=8) Negative (n=12)
Mean Age 69.25 73.0
Mean Age + Std Dev. 69.25 +£3.97 73.0 £4.95
Sex

Female 2 (25%) 2 (12%)

Male 6 (75%) 10 (83%)
Smoking Habit 5 (62,5%) 4 (33%)
Hypertension 6 (75%) 7 (58%)
Coronary Artery Disease 3 (37,5%) 8 (66%)
Diabetes Mellitus 5 (62,5%) 7 (58%)
Dyslipidemia 4 (50%) 7 (58%)
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3.2. Sample Preparation and Culture Studies

3.2.1.Culture for aerobic and anaerobic microorganisms in atheroma plaques

The atheroma plaque collected in the thioglycollate medium was incubated at
37°C. Samples were incubated for two weeks until turbidity, indicating growth, was
observed. If turbidity was not observed, aliquots of the medium were inoculated in two
sheep blood agar (SBA) plates, one to eosin methylene blue agar (EMB), Sabouraud
dextrose agar (SDA), Lowenstein-Jensen agar, and TK SLC rapid mycobacterial
culture medium (TiBO, Turkiye). One SBA plate was incubated under aerobic and the
other under anaerobic conditions. All plates were incubated at 37°C for one week
except SBA which was incubated for two weeks. If growth occurred, smears were
prepared from the colonies, Gram-stained, and observed by microscopy. The species
of the isolated organisms were determined using MALDI-TOF-MS (Bruker, USA).

3.2.2. Culture for nanobacteria

The tubes that contain atheroma plaque and micro-beads with thioglycolate broth,
were placed in the bead homogenizer (Mini-Beadbeater-16) and operated for 1 minute.
400 pl of sterile water was added and mixed by pipetting, samples were transferred
into new tubes. The tubes were centrifuged at 5000xg for 2 minutes. The supernatants
were filtered through sterile 0.22 um pore-sized filters. They were inoculated into
serum and albumin free Dulbecco’s Modified Eagle Medium (DMEM) (Gibco,
Thermo Fisher Scientific, USA) under mammalian cell culture conditions (37°C; 5%
C02/90-95% air) and were incubated for 4-8 weeks. Control group contained only
DMEM.

3.3. Nucleic Acid Isolation Attempt from Nanobacteria

To determine the presence of nucleic acids in culture-grown nanobacteria, nucleic
acid isolation procedure was applied using GeneDireX Genomic DNA Isolation Kit

(Vetro Scientifica, Italy). The presence of nucleic acid was investigated by measuring
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the UV absorbance of the eluents by spectroscopy (using NanoDrop, Thermo
Scientific, USA).

3.4.  Scanning Electron Microscopy (SEM) and Energy Dispersive
Spectroscopy (EDS) Microanalysis for Nanobacteria

The cultured atheroma plaques were scraped from the flasks, and they were
transferred onto a piece of petri dish. (Glass slides were not used since they show
silicium which does not belong to the sample, but it is the main component of glass.)
After drying the samples, they were analysed both for morphology and chemical
composition using Quattro S SEM (Thermo Scientific, USA) with an attached EDAX
EDS analyser (AMETEK, USA). In addition, the results of the elemental analysis of

E coli bacteria and the results of the cultured nanobacteria were compared (Table 2).

3.5. SDS-PAGE and Silver Staining Analysis for Nanobacteria

Sediments from 20 culture flasks inoculated by atheroma plague homogenates
were scraped and suspensions were transferred into microcentrifuge tubes. The
samples were mixed with 4x protein loading buffer (0,5 M pH 6.8 Tris-HCI, 0.005%
bromophenol blue, 20% SDS, 99% glycerol, 355mM of 2-mercaptoethanol, 1M
NaOH) and heated at 95°C for 3 min. The molecules were separated on 10%
polyacrylamide gels using sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE). The gel was stained by Silver Stain kit (Biorad, USA).

ChemiDoc imaging system (Biorad, USA) was used for the imaging polyacrylamide

gel.

3.6. Sensibility Analysis to Chemical Agents for Nanobacteria

Nanobacteria grown in culture, was treated with 0,5 mg/ml, 1 mg/ml DNAse |
(GeneMark, Chine), 50 pg/ml, 100 pg/ml RNAse A (Bioshop, Canada) and 50 pg/ml,
100 pg/ml Proteinase K (Zymo Research, USA) in separate tubes and they were
incubated at 37°C in a heating block, for 10 min, 30 min, and 1 h respectively. The

enzymes were inactivated by heating 5 min at 75°C, 30 min at 60°C and 15 min at
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65°C, respectively. Then the samples were separated by 10% SDS-PAGE and they

were analysed after silver staining.

3.7. Metabolite Profiling of the Cultured Atheroma Plaque for Nanobacteria
by LC-QTOF-MS

Qualitative tandem liquid chromatography quadrupole time of flight mass

spectrometry (LC-QTOF-MS) was applied to identify the extracts from nanobacteria.

3.8. Whole Genome Sequencing Analysis for Atheroma Plaques

For isolating genetic material, a 5-mm tissue slice was placed in 2 mL of
DNA/RNA shield reagent and was ground with the help of a pestle and mortar. The
suspension was collected into a 2 mL centrifuge tube and homogenized using a
syringe. DNA was isolated from each sample using a DNA purification kit (GeneMark,
China). DNA from samples Al, A2, A3, A6, A8, and A9; and from samples A7, Al1,
Al2, Al4, Al15, Al18, and A19 were pooled into two tubes as Group 1 (G1) and Group
2 (G2). Whole genome sequencing of these two samples was performed (Eurofins
Genomics, Germany). Raw sequencing data is processed using fastp (version 0.20.0)
software to remove poor quality bases (below Phred Quality 20 were removed) using
the sliding window approach. Adapters and reads shorter than 30bp were also removed
by using the same software. MetaPhlAn (version 3.0.7) which relies on unique clade-
specific marker genes identified from ~17,000 reference genomes (~13,500 bacterial
and archaeal, ~3,500 viral, and ~110 eukaryotic) were used for the taxonomic
profiling. Unclassified reads were subjected to KrakenUniq (version 0.5.8). Kraken
classifies reads by breaking each read into overlapping k-mers. Each k-mer is mapped
to the lowest common ancestor (LCA) of the genomes containing that k-mer in a
precomputed reference database. For each read, a classification tree is found by
pruning the taxonomy and only retaining taxa (including ancestors) associated with k-
mers in that read. Each node is weighted by the number of k-mers mapped to the node,
and the path from root to leaf with the highest sum of weights is used to classify the
read. KrakenUnig computes the number of unique k-mers observed for each taxon,

which allows it to filter more false positives. Read counts of input samples observed
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at various taxa levels (Phylum, Genus, and Species) are collected and normalized by
using the rarefy function implemented in the vegan bioconductor package (version
2.5.7) to compare species abundances. Rarefied read counts enable better comparisons
of operational taxonomic unit (OTU) profiles between samples with different sample
sizes. Abundance measured by the percentage of OTU assigned reads from various
taxonomic levels is determined. As metagenomic analysis indicated the presence of T.

gondii DNA, further evidence was obtained by nested PCR specific to this organism.

3.9. Nested PCR for Detecting T. gondii in Atheroma Plaque Samples

Based on human whole genome sequencing, a high proportion of T. gondii DNA
sequences were identified in the G1 and G2 sample pools. To obtain direct evidence
for the presence of these organisms, two specific primers, 5-
CGCTGCAGGGAGGAAGACGAAAGTTG-3 as forward and 5-
CGCTGCAGACACAGTGCATCTGGATT-3, as reverse primers, were used to
amplify DNA from the individual samples in the first round of PCR. For nested PCR,
5-GTGCTTGGAGCCACAGAAGG-3' as forward and 5-
CTCCTCCTCCCTTCGTCCAA-3" as reverse primers were designed and used to
amplify a 323-bp product. A ready-to-use PCR Master Mix Il Kit (GeneMark, China)
was used. The program was initial denaturation at 95 °C for 1 min; 45 cycles of 95 °C
for 20 s, 60 °C for 30 s, and 72 °C for 45 s; 72 °C for 2 min as final extension. PCR
products were analyzed on 1.2% agarose gel. T. gondii DNA grown in mouse
peritoneum was used as a positive control, and sterile deionized water was used as a

negative control.
3.10 Statistical Analysis
The study data were statistically analyzed using R programming language

(version 4.3.3.) was used for all statistical analysis. Fisher’s exact test was performed

to observe a significance between metadata variables and T. gondii.

19



4 RESULTS

4.1 Microorganism Culture Analysis

Among all cultured samples, growth of specimen Al14 was observed in only one
SBA plate under anaerobic conditions. Gram staining of the isolate showed Gram-
negative coccobacilli (Figure 2) and was identified as Cutibacterium acnes by
MALDI-TOF analysis.
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Figure 2. Light microscope images of A14 sample which inoculated on blood agar in
anaerobic condition. (Figure 1A. Cutibacterium acnes magnified by 4x objection;
Figure 1B. Cutibacterium acnes magnified by 100x objection)

4.2 Nucleic Acid Content Analysis for Nanobacteria

The spectrophotometric absorbance measurement at 260nm wavelength of the
samples indicated absence of nucleic acids.

4.3 SEM and EDS Analysis

4.3.1 Evidence for the presence of nanobacteria in cultured atheroma plaques

In cell culture, approximately 2 months after culturing all patient samples with

DMEM, spherical structures with sizes ranging from 80 to 900 nm began to be
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observed (Figure 3). After about 3 to 3.5 months, it was observed that these structures
merged to form larger structures (Figure 3C). In addition, elemental analyses (C, N,
O, Mg, As, P, S, Ca, Si, Al) of the samples were made (Figure 4). Compared to other
elements, a high percentage of carbon (C: 45.5%), nitrogen (N: 14.3%) and oxygen
(O: 38.4%) was detected. In addition, the results of the elemental analysis of E coli
bacteria and the results of the cultured A19 patient sample were compared (Table 1).
The amount of carbon in the A19 patient sample was approximately 1.5 times higher
than in the E coli bacteria. Nitrogen was about 2.5 times less and oxygen was 1.2 times

more.

Figure 3. SEM images of the cultured atheroma plaque samples A) A12; B) A18; C)
A2. Bars: A12: 1;1;2 um; A18: 1;3;1um; A2: 1;5;4 pm.
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Figure 4. EDS analysis of A19 sample

Table 2. EDS analysis for sample A19 and E coli

Samples C N @) Mg As P S Ca Si Al

Sample A19 455 143 384 0 02 03 04 05 02 02

E coli 258 346 305 O 05 46 07 03 02 0.2

4.3.2 Evidence for the presence of albumin in nanobacteria

Based on the table shown in Table 2, we predicted that nanobacteria are formed
of human proteins, mostly albumin. To test this hypothesis, we incubated bovine serum
albumin (BSA) with DMEM medium free of FBS. The same spherical structures as in
atheroma plaque samples were observed by SEM. Also, elemental analysis showed
similar proportions for carbon, nitrogen, oxygen and the other atoms. Figure 6 shows
the difference between the analysis of nanobacteria from atheroma plaque and bovine

serum albumin.

Figure 5. SEM images of albumin with DMEM medium Bars: A.10 um; B.3 pm; C.1
pm.
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Figure 6. (A) SEM images and EDS analysis of sediment from a culture flask showing
nanobacteria-like structures. (B) SEM images and EDS analysis of incubated BSA
show the same structures. Bars: A: 1 um; B: 3 pm.

4.4 Protein Analysis for Nanobacteria by SDS PAGE and Silver Staining

The analysis of homogenates of cultured nanobacteria from 20 patient samples by
silver-stained macromolecules, separated by SDS PAGE, revealed molecules ranging
20 to 250 kDa (Figure 7). Molecular patterns of all samples were similar. Four bands
with highest intensity belonging to molecules with approximately molecular weights
of 75, 65, 50 and 25 kDa, were observed.
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Figure 7. Silver stained 12% SDS PAGE of the cultured atheroma plaque, Al to A20.
M: Protein marker.

4.4.1 Protease and nuclease susceptibility of nanobacterial molecules

Treatment of nanobacterial molecules by proteinase K digested completely all
molecules indicating that these are proteins. Treatment with DNAse or RNAse did not
affect any of the molecules (Figure 8).
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Figure 8. The effect of proteinase K, DNAse and RNAse to the molecules of
nanobacteria. M: protein marker, P: Proteinase K, P1: Al12 sample with 50 pg
Proteinase K, P2: A12 sample with 100 pg Proteinase K, D: DNAse I, D1: A12 sample
with 0.5 mg DNAse |, D2: A12 sample with 1 mg DNAse I, R: RNAse, R1: Al12
sample with 50 ug RNAse, R2: A12 sample with 100 pg RNAse
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4.4.2 The analysis of cultured albumin in SDS-PAGE

Due to the high detection of albumin, albumin was added to the DMEM media
used as a negative control and left to culture for 1 month. When we analyzed BSA
used in this experiment by SDS PAGE we observed that BSA was not pure but
contained several other proteins (Figure 9).
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Figure 9. Silver stained SDS PAGE of incubated albumin in DMEM medium. (Lane
M: protein marker, Lane S: Sample incubated albumin)

4.5 The Results of Metabolic Profiling of Nanobacteria

The data processing detected the presence of 21 human proteins (forming at least
2% of the whole protein content) in the extract from nanobacteria cultured from
atheroma plaque. This data article contains the unique peptide values and
corresponding database search hit identities of the 21 compounds and the
comprehensive list of m/z values detected during the LC-QTOF-MS analysis (Table
3).
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Table 3. The list of proteins identified from nanobacteria

Percentage in Mass  Description
total proteins (kDa)

14 71 ALBU_HUMAN Albumin

7 66 K2C1_HUMAN Keratin_ type Il cytoskeletal 1

6 46 Al1AT_HUMAN Alpha-1-antitrypsin

5 52 6-aminohexanoate-cyclic-dimer hydrolase

5 59 K1C10_HUMAN Keratin_ type I cytoskeletal 10

4 15 Hemoglobin alpha chain

4 15 Hemoglobin beta chain

4 14 FABPL_HUMAN Fatty acid-binding protein__ liver

3 45 HPT_HUMAN Haptoglobin

3 38 IGHA1_HUMAN Immunoglobulin heavy constant alpha 1
3 79 TRFE_HUMAN Serotransferrin

3 13 S10A9 HUMAN Protein S100-A9

2 13 H2B1K_HUMAN Histone H2B type 1-K

2 16 CALM1_HUMAN Calmodulin-1

2 28 CAH1 HUMAN Carbonic anhydrase 1

2 11 IGKC_HUMAN Immunoglobulin kappa constant

2 36 IGHG1_HUMAN Immunoglobulin heavy constant gamma 1
2 30 APOAL1 HUMAN Apolipoprotein A-I

2 71 Serum albumin precursor (Allergen Bos d 6).

2 70 Heat shock cognate 70 kDa protein (HSP70).

2 65 K22E_HUMAN Keratin type Il cytoskeletal 2 epidermal

The sample (A2) was run at SDS-PAGE and the gel was stained by silver
technique. The resulting bands were compared by LC-QTOF MS data analysis (Figure
10). According to results, metabolites detected in LC-QTOF MS have molecular
weights (70, 55, 42, 30 and 29 kDa) corresponding to the bands in SDS PAGE. The
SDS PAGE gel was analysed by Gel Analyzer Program.
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Figure 10. SDS-PAGE separated proteins obtained from sample A2. The molecular
weights of a few corresponding to human proteins determined by LC-QTOF-MS are
indicated next to the electrophoresis gel. (Lane M: protein marker, A2: nanobacterial
proteins cultured from atheroma plaque, MW: molecular weight)

4.6 The Result of Whole Genome Sequencing Analysis

G1 and G2 were subjected to whole genome sequencing. Sequences belonging to
the human genome were eliminated, and those belonging to the metagenome were
revealed. In the analysis run, the heatmap and bar graphs representing taxonomic
abundance at the species level were formed to compare species richness from all

samples (Figure 11). The results showed that more than 50% of sequences belonged
to T. gondii.
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Figure 11. (A) The various taxonomic levels of group 1 and group 2. (B) Bar plot(s)
showing the taxonomic abundance corresponding to G1 and G2.

4.7 PCR-based Detection of T. gondii in Patients

As metagenome analysis of pooled samples indicated the presence of T. gondii, to
obtain more concrete direct evidence, the presence of the DNA of this parasite in
individual atheroma plaque samples was investigated by nucleic acid amplification
using specific primers for T. gondii by PCR. A 323-bp product belonging to T. gondii
DNA was obtained from eight samples: A3, A4, A12, Al4, A15, A17, Al18, and A19
among the 20 atheroma plaques by nested PCR (Figure 12). In conclusion, T. gondii
DNA was positive in 8 (40%) of 20 patients.
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Figure 12. 1.2% agarose gel showing PCR amplification products of T. gondii DNA
from the atheroma plaque samples, A1-A20. Lane M: DNA marker, PC: positive
control (T. gondii DNA), NC: negative control (deionized water).
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5 DISCUSSION

Cardiovascular pathologies are responsible for several clinical conditions that lead
to death due to occlusion of the arteries of vital organs (1), (82). Microorganisms are
among the factors that are suspected to play a role in atheroma plaque formations.
Although several microorganisms like Helicobacter pylori, Chlamydia pneumoniae,
Mycoplasma pneumoniae were claimed to cause atheroma plaque formation, further
studies are required to make a strong relation between these organisms and plaque

formation.

This study aimed to investigate the possible role of any type of microorganisms
in atheroma plaque formation by metagenomic analyses of whole DNA obtained from
these plaques. For this purpose, plague samples from the carotid arteries of 20 patients
were inoculated into various culture media and incubated under aerobic and anaerobic
conditions to grow any culturable microorganisms. Growth was observed in only one
sample identified as Cutibacterium acnes, a Gram-positive anaerobic organism. C.
acnes is an opportunistic pathogen that can infect the damaged endothelium of blood
vessels and endocardium. Additionally, C. acnes is the second most common pathogen
after coagulase-negative Staphylococci isolated from infected internal cerebral
ventricular bypasses, which indicates frequent bacteraemia of this organism (83), (84).
There is an ongoing debate regarding whether the isolation of C. acnes strains from
tissues other than the skin is an actual infection or contamination. In this study, C.
acnes was identified in only one of the 20 patients, and metagenomic analysis indicated
no DNA sequences belonging to this organism in atheroma plaque, making it unlikely
to be responsible for atheroma plaque formation. From all of the atheroma plaque
samples, it was possible to grow nanobacteria. Nanobacteria, which are formations
smaller than bacteria, have been the subject of many discussions regarding whether
they are living organisms or not, and have also been proposed as candidate agents for
atheroma plaque formation (16), (17), (18). It is suggested that nanobacteria may be
responsible for pathological calcifications in kidney and dental pulp stones, as well as
heart valve calcifications and arterial calcifications (85). However, other studies have

questioned the microbiological origin of these particles, suggesting that nanobacteria
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are formed by the biomineralization of natural molecules. To investigate if
nanobacteria may cause the formation of atheroma plaques, the plaques were cultured
in DMEM, where nanobacteria can grow. Growth was observed in all samples within
a 1-2-month period, as described in the literature (86). SEM analysis of these
formations showed nanobacteria-like structures ranging in size from 80 to 900 nm
(Fig. 1), as defined previously (87). The susceptibility of the molecules from these
formations to Proteinase K and resistance to DNAse | and RNAse indicated their
proteinaceous nature, identified as human proteins by LC-QTOF-MS. The samples
were scanned in human, bacterial, and viral databases, and only human proteins were
identified. A high albumin level was detected based on the same band patterns and
MW as albumin detected using SDS-PAGE (Fig. 2). To test the hypothesis that
nanobacteria are made of human proteins, mostly aloumin, we incubated BSA with
DMEM medium and obtained similar nanobacterial structures. When we analyzed the
BSA used in this experiment it turned out to contain several other proteins which also
may play a role in the formation of nanobacteria. Accumulation of nanobacteria
formation may contribute to atheroma plaque formation, however, it may be proposed

that nanobacteria are not the etiological factors that start the plaque formation.

Whole genome sequencing and metagenomic analysis of the pooled plaque
samples indicated the presence of T. gondii DNA as a large proportion of all DNA. No
DNA sequence belonging to Helicobacter pylori, Chlamydia pneumoniae and
Mycoplasma pneumoniae was identified. To have more concrete direct evidence for
the presence of T. gondii, we did further analysis of individual samples by nested PCR
and identified T. gondii DNA in 8 out of 20 atheroma plaques. Therefore, we
concluded T. gondii may be an important etiological factor leading to atheroma plaque

formation.

As a limitation of the study, it was not possible to include vascular samples
without atheroma plaque formations as negative controls. Although atheroma plaque
formation mechanism is not expected to be different in other types of arteries, it will
be good to include atheroma plaques from other arteries especially from coronary and

cerebral regions, in further studies.
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In one study, the seroprevalence of anti-T. gondii immunoglobulin G (IgG)
antibodies were investigated in atherosclerotic patients by ELISA and showed that
anti-T. gondii IgG was present in; 63-1% of patients with atherosclerosis compared to
46.2% of non-atherosclerotic individuals [14], (15). We have determined that gender,
hypertension, coronary artery disease, diabetes mellitus and dyslipidemia categorical
variables had no relationship with T. gondii presence (p-value > 0.05). Additionally,
the drugs, antiaggregants, statins and beta-blockers that were used by most of the
patients did not affect the presence of T. gondii in atheroma plaques. The mean age of
patients who needed carotid atheroma plaque removal was 71.5 which indicates the
chronic nature of the pathology. Although it is hard to conclude because of the low
number of patients included in this study, among smokers we identified T. gondii in 5
out of 8 patients (62.5%), however in 4 out of 12 patients (33%) in non-smokers.
Smoking is known to be a key factor for speeding the development of atherosclerosis
which may make vascular endothelium more susceptible to T. gondii infection.

T. gondii occurs worldwide. It is a very invasive parasite and can infect cells
within seconds when it comes into contact. Once it infects people it can stay lifelong
in the body. It is the second most frequent foodborne infection in the United States
(88). It causes congenital infections which lead to serious malformations and often
death of the fetus. It can cause encephalitis, myocarditis and pneumonitis in
immunocompromised patients. It causes asymptomatic chronic infection in healthy
people (89), (90). Its probable role in vascular infections and atheroma plaque
formation has not been investigated so far. This is the first study with direct evidence

of the presence of T. gondii in atheroma plagues.

If further evidence is obtained about the role of T. gondii in atheroma plaque
formation this may change the current classical prevention and treatment strategies of
atherosclerosis complications. The presence of T. gondii infection in patients with
atheroma plaques may be detected by PCR from blood samples if free parasites or their
DNA may be found in blood. Although the probability of finding T. gondii in blood
samples can be expected to be low it may be worth it to do a study to determine the

presence of T. gondii in patients with atheroma plaques. It is more probable to detect
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T. gondii DNA in atheroma plaques. However, it requires an invasive procedure to
obtain a biopsy sample from atheroma plaques which cannot be performed because of
the high risk of complications. Therefore, further evidence for the relation between T.
gondii and atheroma plague formations can be obtained by similar studies on extracted
atheroma plaques or autopsy samples. If strong evidence for the relation between T.
gondii and atheroma plaque formation is identified, this may change the strategies for

prevention and treatment of arteriosclerosis.

Prevention measures against T. gondii for seronegative pregnant women and
patients with weak immune systems are well-established. Since atherosclerosis is a
worldwide common health problem it may be important to use all these prevention
measures for all communities. The cysts in the meat can be killed by heating the meat
to at least over 67°C. Hands, all meat-cutting tools, boards and other materials should
be washed with soap and water before and after handling meat. Cats are the main
reservoir of T. gondii in nature (88), (89). It is important to pay attention to hygiene
when cleaning cats' faeces sandbox for the people who have cats at home. When
gardening, gloves should definitely be worn. Raw eggs and unpasteurized milk should
not be consumed, and vegetables and fruits should be washed thoroughly before eating
(91). T. gondii infections can be treated with medication using drugs for which their
safety is already established. Patients are usually given medications such as
pyrimethamine for treatment. In addition, antibiotics such as sulfadiazine,

clindamycin, and azithromycin can be used to treat the infection.

In this study among 20 atheroma samples, we detected T. gondii DNA in 8
samples. The detection of DNA is strong evidence for infection of this parasite in
vascular tissue. Therefore, it may play an important role in the formation of atheroma
plaques and vascular occlusion. It is not possible to predict if T. gondii invades
vascular tissue before or after atheroma plaque formation. Even if it is not the primary
etiological cause of plaque formation it may play an important role in creating
inflammation and growth of the plaque. If further evidence can be obtained by further
studies including a larger number of patients, prevention or treatment of atheroma

plague formation may become possible. Especially in patients diagnosed with
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atheroma plaques and vascular occlusion, treatment of T. gondii infection may prevent
progression of the disease and even ameliorate blood flow by subsiding the

inflammation and downsizing of atheroma plaques.
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6 CONCLUSION

This study could not detect Gram-positive, Gram-negative, aerobic, and anaerobic
bacteria that may cause atherosclerosis. While investigating the effect of nanobacteria-
like structures on atherosclerosis, albumin precipitates were detected in all patient
samples. The DNA of the parasite, T. gondii, was detected at a high rate by sequencing
the patient samples. PCR detected T. gondii DNA in 8 of 20 patients. This study
suggests that T. gondii may be one of the causes of atherosclerosis. Further studies
confirming the role of T. gondii in atheroma plaque formation will be beneficial.
Therefore, the next step of the study will be to increase the sample size and detect
Toxoplasma gondii DNA not only in atheroma plaques but also in blood. In addition,
it is thought that T. gondii will be detected when samples obtained from atherosclerotic
patients are used in mice where Toxoplasma gondii can be grown in the mouse
peritoneum. As a result, it will be a step towards proving the existence of the T. gondii
parasite that can cause plaque formation. In future studies, strategies to prevent and
treat T. gondii infections may be necessary to prevent atheromatous plaque formation.
Strategies to prevent and treat T. gondii infections may be necessary to prevent

atheroma plaque formation.
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