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Abstract

Background: Nanobacteria-like structures (NLSs) or calcifying nanoscale particles (CNPs) are novel ambiguous entities. As their
names imply, they are tiny creatures (100 to 500 nanometers). Compared to ordinary bacteria, they can exhibit some unbelievable
properties such as resistance to conventional antibacterial procedures. Form a scale point of view, these microorganisms are much
smaller than ordinary bacteria and are preserved from the outer environment by their rigid apatite shell. The above-mentioned
protective properties of nanobacteria are responsible for a dangerous in vivo calcification procedure causing pathological infectious
diseases.
Objectives: The main goal of this study was to identify and isolate the nanobacteria from patients with atherosclerosis.
Methods: Human vascular tissues were assessed for the presence of NLSs in atherosclerotic plaques at Sina Hospital, Tehran, Iran.
All 40 samples obtained from patients as the wastes of surgery showed crystallization in vitro after about 10 days. Crystallization
was seen also in filtered media. The precipitates of media were investigated by scanning electron microscopy (SEM).
Results: NLSs were seen in all samples by SEM. After confirming the NLSs presence, they were characterized by TEM, XRD, and
SEM/EDAX.
Conclusions: The NLSs are observed in patients with atherosclerosis.
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1. Background

It is hypothesized that nanoparticles in calcified spec-
imens may be a kind of bacteria called “Nanobacteria”.
Some calcified structures in the human body can cause
various diseases including gallstones and gallbladder in-
flammation (1), kidney and urinary stone formation (2-5),
Alzheimer’s disease (6), vascular plaque, arterial heart dis-
ease (7), polycystic kidney disease (PKD) (8), dental calcu-
lus (9), prostatitis (10), psammoma bodies in ovarian can-
cer (11), calciphylaxis (12), and other diseases (13, 14). These
nanobacteria can cause such important diseases due to
the unbelievably sturdy apatite shells of these organisms.
In many studies, researchers claimed that nanobacteria
could accumulate different minerals as nidi under in vivo
and in vitro conditions. Nanobacteria by these processes
can create a protecting layer on the cell membrane that in-
hibits the penetration of any antinanobacterial agent into

its structure. The lack of developing methods for growth
inhibition has led these novel nanoscale bacteria to cause
many problems such as increased resistance to antibacte-
rial agents and increased associated diseases.

Calcification is one of the main causes of atheroscle-
rotic plaque formation (15). It has been suggested that reg-
ulatory mechanisms such as osteogenesis (16, 17), stimu-
lation of vesicle-calcification by lectins (18), and mast cell
and macrophage-induced calcification (19) are involved in
vascular calcification. Some studies have shown that high-
molecular-weight calcified particles can act as nidi and ac-
cumulate minerals such as calcium to ultimately cause
the calcification of soft tissue and develop diseases such
as atherosclerosis (20, 21). Concerning the pathologic fac-
tors involved in atherosclerosis, it has been suggested that
nanobacteria are possibly the candidate infectious agents
that could form a hard apatite shell at physiological levels
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to cause plaque formation in vessels.

2. Objectives

The main purpose of this study was to isolate and iden-
tify nanobacteria in patients with atherosclerosis.

3. Methods

We collected 14 vascular plaques from patients with
atherosclerosis who had undergone surgery at Sina Hos-
pital, Tehran, Iran, from February 2016 to June 2016. For
the isolation of nanobacteria-like structures (NLSs), the ho-
mogenized vascular tissue samples were filtered through
0.22-µm membrane filters. Then, Dulbecco’s modified ea-
gle medium (DMEM; Gibco) was added to the precipitates
obtained from centrifugation (at 20000 g for 40 minutes).
The suspension was cultured in six-well plates with each
well containing 5 mL of DMEM supplemented with 10%
fetal bovine serum (FBS). Culturing was carried out us-
ing humidified air at 37°C with 5% CO2 and 95% air (LAB-
LINE BI65, USA). A medium containing 5 mL of DMEM and
10% FBS (FBS) but without vascular plaques was consid-
ered as the negative control. Calcifying nanoscale parti-
cles (CNPs) growth was assessed by turbidity analysis at
the 650-nm wavelength. Based on optical observation ob-
tained from CNPs growth in 60 days, the positive plates
were selected and samples containing white-colored sedi-
ments in the bottom of the wells were used for electron mi-
croscopic analyses including SEM (LEO 1450 VP, Germany)
and TEM (LEO 912 AB, Germany). In the SEM study, floating
and adherent materials in a culture plate were examined
separately. Before microscopic examinations, the samples
were prepared by methods suitable for biological samples.
Then, the samples were analyzed by XRD and SEM/EDAX.

4. Results

The investigation of CNPs growth was performed via
changes in the optical properties of the CNPs once every
10 days of incubation time at the wavelength of 650 nm.
The results indicated that the nanobacteria growth was
too slow in 10 days of incubation. The pH variation was
measured during the incubation time. The pH changed
in the range of 7 to 8. To determine whether any other
pathogen is present in the nanobacteria culture medium
after filtering, the samples were cultured in current nu-
trient microbiological culture media every three days of
incubation, showing no bacterial and fungal growth as
the sign of contamination at 25, 30, 37, and 50°C. After
about 10 days, the results obtained from inverted optical

microscopy showed that the CNPs initiated a crystalliza-
tion phenomenon and adhered to the bottom of the plates
(Figure 1). After around two months, the samples were cen-
trifuged and the two obtained phases of samples includ-
ing the pellet and the supernatant were investigated using
scanning electron microscopy. The evidence showed that
the CNPs had spherical shapes. The SEM study showed a
spherical shape for nanobacteria (Figure 2). In the culture
without vascular plaques, no nanobacteria were observed.
TEM results showed that the CNPs had a nanometer shell
(Figure 3). Energy-dispersive spectroscopy (EDS) analysis
of samples showed two elemental sharp peaks (carbon and
oxygen) rather than other components (Figure 4).

Figure 1. Cultures of CNPs observed by inverted optical microscopy (200x magnifi-
cation)

Figure 2. Scanning electron microscopy micrographs of spherical nanobacteria
(scale bar 500 nm)
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Figure 3. TEM micrograph of nanobacteria showing shells around the nanobacteria (scale bar 200 nm). This cover is a reason for the impenetrable properties of nanobacteria.
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Figure 4. Energy dispersive X-ray analysis of nanobacteria; nanobacteria can cause
in vitro biomineralization via the accumulation of minerals, especially calcium and
phosphate.

5. Discussion

In atherosclerosis, plaques are formed inside the ar-
teries. The plaques contain fat, cholesterol, calcium, and
other substances found in the blood. Over time, plaques
are hardened to narrow the arteries. Then, the flow of
oxygen-rich blood is limited to the organs. Atherosclero-
sis can lead to serious problems, including heart attack,
stroke, or even death. The existence of nanobacteria as
nidi in any part of the body can lead to the accumulation

of minerals. Hence, the nanobacteria precipitation in the
interior of arteries as a spark can initiate reactions that
eventually occlude the arteries, so caused atherosclerosis
(22, 23). So far, different studies have been conducted on
nanobacteria as a controversial issue. Confirming the re-
sults obtained from previous research, our results showed
that nanobacteria were found in most extracted specimens
from patients with atherosclerosis. Based on previous in-
vestigations and the results of the current study, minerals
are accumulated on the cell membrane by nanobacteria
to ultimately create hard apatite shells (7, 24). The ability
to create these structures was confirmed using some ap-
proaches such as monoclonal antibody and turbidity as-
says. In the current study, we observed that the optical ab-
sorption increased with increasing the size of white sedi-
mentations (containing nanobacteria based on SEM micro-
graphs). Moreover, our results showed that with increas-
ing the nanobacteria incubation time, the coating thick-
ness of these organisms increased due to the accumula-
tion of mineral components. Their protecting cover is so
impenetrable that it is not readily accessible with anti-
nanobacterial agents (24). To check whether the results
obtained from nanobacteria culture are not attributed to
the growth of any other organisms, it is very necessary to
apply two approaches in experiments. First, all compo-
nents should be sterilized. For sterilization and restrict-
ing the penetration of foreign entities, we used 0.2-µm fil-
ters. Hence, we ensured that the culture medium had min-
imum pathogen interference. Second, the existence of any
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organisms should be shown by electron microscopy. In
this study, no contamination was seen in microscopy and
staining methods.

This study opens new opportunities for the investiga-
tion of the pathogenesis of nanobacteria in atherosclero-
sis. Nonetheless, achieving more details on CNPs patholog-
ical properties needs more research.
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