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ARTICLE INFO Ear or nose are quite vulnerable to foreign bodies. Foreign bodies cause various side
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of the ear or nose is a foreign body and is a field of increased contamination and
reproduction of pathogenic and opportunistic microorganisms. The aim of the study

UDC: 579.262:616.288.71-089.85-06- was to determine the infectious forms of complications that occurred after prolonged

002.3-022.7 use of metal foreign bodies and to study the ability of biofilms by microorganisms
isolated from the pathological contents of the foreign body of the auricle. 93 patients

CORRESPONDING AUTHOR who applied to the ENT department of Kharkiv Regional Hospital for complications after
e-mail: mishina1969mmm@gmail.com  jmplantation of metal foreign bodies and 10 people, control group, which had no foreign
Mishina M. M. bodies, and were randomly selected from healthy individuals, were examined, to

determine the qualitative composition of the microbiocenosis of the auricle skin. The
material for the study was pathological discharge from a foreign body of the auricle.
The microbiological study was performed using MICRO-LA-TEST identification Kits.
Studies of the formation of biofilms were studied by determining the ability of bacterial
strains to adhere to the surface of polystyrene. The obtained cultures were washed with
suspension media individual for each family of bacteria. The optical density of bacterial
suspensions was measured using a microplate reader "MultiskanEX" (type 355).
Statistical analysis of the obtained data was performed using MSExcel, Statisica 10
software. As a result of the conducted researches the dependence between the
development of infectious complications of the auricle in the presence of metal foreign
bodies and the microbiocenosis of the pathological focus was revealed. The study
allowed to establish the structure of the microbial landscape of the skin of the auricle
in the area of the metal foreign body, to determine the dominant forms of complications
of infectious origin, after prolonged use of metal foreign bodies and to study the ability
to form biofilms by microorganisms from different metals. The ability of various types
of microorganisms to form biofilms when using products from different types of metals
has been studied. It is established that the use of metal foreign bodies made of silver
and gold reduces the risk of purulent-inflammatory process. It is proved that the optical
density of biofilms of most microorganisms isolated from the pathological contents of
the area of foreign bodies made of silver and gold is significantly lower than when using
steel and titanium products.

Keywords: microbiocenosis, microorganisms, purulent-inflammatory process, auricle,
complications, foreign bodies, biofilms.

Introduction

The microbial landscape of the skin of the auricle under  the role of Pseudomonas aeruginosa has increased to an
the influence of external factors has changed over time. If  average of 78 % of cases [29]. In some cases, bacterial or
previously the leading causative agent of purulent- bacterial-fungal associations act as an etiotropic factor.
inflammatory complications of implantation of metal foreign  The ratio of different types of microorganisms that are part
bodies was considered Staphylococcus aureus, recently  of the microflora of the skin of the auricle can serve as an
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indicator of the functional value of the mechanisms of
protection of the microorganism. The microflora of the skin
is the result of a set of complex relationships of micro- and
macroorganisms, taking into account the influence of many
aggressive environmental factors, including the puncture of
the auricle [14]. It is known that most bacteria in the
environment exist in the form of biofilms attached to
substrates, the formation of which is a complex and regulated
biological process [1, 27]. The formation of biofiims by
microorganisms is one of the mechanisms of bacterial
survival in the environment [5, 17].

From the studied features of skin microbiocenosis in
pathological conditions, namely in the occurrence of
purulent-inflammatory process, the existence of the
phenomenon of mutual enhancement of pathogenicity in
associations of fungi of the genus Candida and bacteria
has been proved [23]. In this case, fungi cause sensitization
of the body, suppress the functional activity of cellular
immunity and neutrophil phagocytosis, contribute to the
development of allergodermatoses and the spread of
microbial infection [2].

Under stressful conditions for the body, which includes
the implantation of metal foreign bodies, there is a selection
of opportunistic pathogens that acquire the properties of
pathogenicity and persistence [4, 8]. As a result, the
translocation of microbes and toxins into the bloodstream
and infection of lymphoid tissue occurs and is maintained,
so opportunistic pathogens can become etiological agents
of infectious diseases of the skin. Today, most
microbiologists recognize that a significant number of
microorganisms in natural and artificial environments exist
in the form of structured, attached to the surface of groups -
biofilms, which show a change in phenotype, expressed by
changes in growth parameters and expression of specific
genes [9, 15, 19]. The film usually includes 15-20 % of the
bacterial mass, which is firmly attached to a surface, and
80-85 % of the protective matrix, which reduces the effect of
antibiotics and antiseptics on target microcultures by tens,
hundreds and even thousands of times [20, 28]. Biofilms
are continuously changing heterogeneous groups that may
consist of a single species of bacteria or fungi or, more
often, may be polymicrobial. It is known that the formation
and development of microbial communities is coordinated
by the system "quorum sensing" (QS), the main function of
which is the production of signaling molecules and the ability
of bacteria to perceive these signals [7]. The QS system
controls the cell density of the bacterial population, the
production of many extracellular pathogenic factors, which
provides bacteria with the opportunity to overcome the
protective mechanisms of the macroorganism during
infection [21]. In the case of QS inhibition, the production of
bacterial virulence factors is reduced and the formation of
the biofilm is disrupted [12, 28].

The purpose of the study is to determine the infectious
forms of complications that occurred after prolonged use of
metal foreign bodies and to study the ability to form biofilms

by microorganisms isolated from the pathological contents
of the foreign body of the auricle.

Materials and methods

The work was performed on the basis of the ENT clinic of
Kharkiv National Medical University. We examined 93
patients who applied to the ENT department of the Kharkiv
Regional Hospital for complications after implantation of
metal foreign bodies and 10 people, control group, to
determine the quality of the microbiocenosis of the skin of
the auricle, who had no foreign bodies, and were randomly
selected from healthy persons.

The obtained material from the area of the foreign body
of the auricle was taken and delivered to the laboratory in
accordance with the requirements of collection and delivery
of material for microbiological laboratories proposed by the
Shupyk National Medical Academy of Postgraduate
Education (Kyiv). The material for the study was pathological
discharge from a foreign body of the auricle.

The study was conducted in compliance with the basic
bioethical provisions of the Council of Europe Convention
on Human Rights and Biomedicine (04.04.1997), the
Helsinki Declaration of the World Medical Association on
the ethical principles of scientific medical research with
human participation (1964-2008), and the order of Ministry
of Health of Ukraine Ne 690 dated 23.09.2009. The
conclusion of the Commission on Ethics and Bioethics of
Kharkiv National Medical University confirms that the study
was conducted in compliance with human rights, in
accordance with current legislation in Ukraine, meets
international ethical requirements and does not violate
ethical standards in science and standards of biomedical
research (minutes of the meeting of the commission on
ethics and bioethics of KhNMU Ne 7 from 15.12.2020).

The microbiological study was performed using MICRO-
LA-TEST identification kits, which are designed for standard
identification using micromethods and allow the
identification of most clinically important microorganisms in
a short time. The following nutrient media were used for
primary seeding: 5 % blood agar, Chistovich's yellow-salt
agar, Endo medium, Hottinger's medium, Tarozzi's semi-
liqguid medium, Saburo's medium.

When determining the concentration of microbial cells,
the percentage of viable cells is determined, which is
determined by the number of living cells per unit volume of
suspension (number of colony-forming units in ml - CFU/
ml). Standardization of the microbial suspension was
performed using the McFarland turbidity standard (McF -
McFarland) using a device "Densi-La-Meter". Studies of the
formation of biofilms were studied by determining the ability
of bacterial strains to adhere to the surface of polystyrene in
96-well plates for enzyme-linked immunosorbent assay [17,
20, 26]. Cultures were grown according to generally accepted
methods in microbiology on the suspension media
recommended for each family of bacteria. The obtained
cultures were washed with suspension media individual for
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each family of bacteria. The optical density of the initial
bacterial suspension was measured on a "Densi-La-Meter"
and adjusted to the appropriate McFarland concentration
using a suspension medium. The optical density was
measured using a microplate reader "MultiskanEX" (type
355), which is a photometer with replaceable filters and is
able to perform standard photometric measurements.

Statistical analysis of the obtained data was performed
using MSExcel software, Statisica 10 [3, 30]. These
programs have a complete set of proven statistical
procedures, with an in-depth understanding of the
relationships between data and the structure of forecasts
[30]. The results of the mean values of the indicators between
the groups were compared using parametric (Student's test)
and non-parametric criteria (U Mann-Whitney, x? Pearson)
[13, 22].

The probability of intergroup differences of particles is
calculated using Fisher's exact criterion ¢. We used the
method of correlation analysis as well as methods of
descriptive statistics. The difference between the indicators
was considered probable at p<0.05.

Results

The total number of the group was 93 people, with an
absolute predominance of women (94.6 %), which
corresponds to a gender ratio of 1:18. The structure of
complications found in patients of the clinical group was
dominated by perichondritis of the auricle and secondary
infection; the category of "other" complications included
atheroma formation, rupture and defects of the earlobe, etc.

In total, 26 cases of secondary soft tissue infection, 18
cases of auricle defects, 15 cases of perichondritis, 7 cases
of contact dermatitis, 7 cases of keloid scars, and 20 other
complications were registered in the structure of
complications, incl. atheroma and ruptures of the earlobe.

When comparing the frequency of complications, it was
found that people who use silver, gold or composite jewelry,
the chances of developing different types of pathology are
almost the same (Table 1).

Exclusion criteria were the presence of traumatic brain
injury, generalized infectious, somatic and genetic diseases.

Table 2 shows the results of comparing the frequency of
complications in patients with metal foreign bodies of the
clinical group.

The structure of the microbiocenosis of the skin of the
auricle of the control group was represented by the following
microorganisms: Peptostreptococcus spp. - (2.2+0.2)x10?
CFU/ml; Staphylococcus aureus - (1.5+0.5)x102 CFU/m;
Micrococcus spp. - (1.4£0.3)x10" CFU/ml; Enterococcus spp.
- (2.1£0.2)x10" CFU/ml; Candida spp. - (2.4+0.3)x102 CFU/
ml; Actinomyces spp. - (1.6+0.2)x10" CFU/ml;
Staphylococcus epidermidis - (1.4£0.2)x10%2 CFU/ml;
Enterobacter spp. -(2.2+0.4)x10'" CFU/ml; E. coli -
(1.4£0.1)x10" CFU/ml; Staphylococcus pyogenes -
(1.1£0.1)x10" CFU/ml.

As a result of the study, it was found that out of 93 people,

Table 1. Comparison of the frequency of complications of metal
foreign bodies depending on the chemical composition of jewelry.

Silver Gold Alloy Titanium
Silver 2=0.950 2=0.522 sz:gé')ﬁ7
p=0.333 p=0.471 o
2=3563 | “2-13424
Gold =0.058 p=0.000
P ¢2=0.041
X2=7,042
Aloy p=0.012
¢2=0.041

Table 2. Stratification characteristics of complications in individuals
of clinical groups of the contingent of the prospective stage of the
study.

Number of
Number of | Material of Complications complications
examined products
absolute %
Clinical group (persons with implants in the auricles), n=93
atheroma 12 12.9
! g_roup silver contact dermatitis 5 54
(n=21)
secondary infection 4 4.3
perichondritis 7 7.5
Il group . .
(n=25) gold secondary infection 1 11.8
keloid scars 7 7.5
rupture of the earlobe 6 6.5
auricles defect 13 14.0
111 group "
(n=37) alloy contact dermatitis 2 2.2
perichondritis 8 8.6
secondary infection 8 8.6
rupture of the earlobe 2 2.2
v 9r°“p titanium auricles defect 5 54
(n=10)
secondary infection 3 3.2

complications occurred in 21 people (22.6 %) who used
silver products (group I). In the microbiological analysis of
patients in the area of a foreign body in patients with
atheroma, the degree of contamination of Staphylococcus
aureus (5.8+0.4)x10%, S. pyogenes (7.4+0.8)x10°,
Staphylococcus epidermidis (5.4+0.6)x103%, Candida spp.
(4.1£0.8)x10? was 2 times higher than in the control group.
However, their number is acceptable values for a normal
microbial landscape (n=x10"*). The analysis of the condition
of the microflora of the skin of the auricle of patients with
contact dermatitis showed that the number of opportunistic
pathogens did not exceed normal values and corresponded
to the control group. Among the complications after prolonged
wearing of silverware, was a secondary infection, which is
localized in the area of the foreign body. As a result of the
study it was found that the degree of contamination of the
foreign body area was quite high, in the area of secondary
infection were isolated: Staphylococcus aureus (9.6+0.8)x108
CFU/ml; Staphylococcus epidermidis (6.3+0.2)x10% CFU/ml;
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Candida spp. (3.4+£0.4)x10® CFU/ml, which were the
etiological factors of secondary infection in the area of the
metal foreign body. Pathogenic properties of microbial
contamination were manifested due to the reproduction of
microorganisms and their penetration from the surface into
the wound tissue.

Further studies were performed to determine the ability
of microorganisms sown from the pathological contents of
a foreign body to form biofilms. According to the results of
the study, it was found that all isolates formed dense diurnal
biofilms: Peptostreptococcus spp. - (1.942+0.083) OD;
Staphylococcus aureus - (2.959+0.091) OD; Micrococcus
spp. - (1.683+0.042) OD; Enterococcus spp. - (2.214+0.071)
OD; Candida spp. - (3.622+0.091) OD.; Actinomyces spp. -
(3.462+0.083) OD; Staphylococcus epidermidis -
(2.7911£0.060) OD; Enterobacter spp. - (2.382+0.080) OD;
E. coli - (1.640+£0.041) OD; Staphylococcus pyogenes -
(2.732+0.091) OD.

Among 93 people, 25 (26.9 %), who wore gold products,
had complications in the form of perichondritis and keloid
scars by 7 and 11 - secondary infections of the metal foreign
body, group II. Microbiological examination of patients with
perichondritis revealed that the microbial landscape of the
skin of the auricle of the experimental group of patients
differed from the control group in content, Staphylococcus
aureus (8.4+0.9)x10*, Staphylococcus pyogenes
(6.3%£0.5)x10%, Candida spp. (6.2+0.6)x10° Ta E. coli
(1.4£0.2)x104, which exceeded the contamination of the
foreign body area of the control group by 2 - 3 degrees.
However, their number corresponded to the values of the
normal microflora of the skin of the auricle. Among the
complications of wearing gold products is the occurrence of
secondary infection. As a result of the study, as in the use of
silver products, etiological agents found that the degree of
contamination of the foreign body was an order of
magnitude higher than in the group of patients who used
silver products and 3 - 7 orders of magnitude higher than
in the control group. From the area of secondary infection
were identified: Staphylococcus aureus (4.6+£0.4)x10° CFU/
ml; Staphylococcus epidermidis (3.7+0.3)x10” CFU/ml; E.
coli (4.810.4)x10” CFU/ml; Enterobacter (8.6+0.8)x10” CFU/
ml; Candida spp. (9.8+0.3)x10% CFU/ml; Actinomyces spp.
(7.81£0.8)x10°%. It was found that the microorganisms
isolated from the pathological content formed dense
biofilms: Peptostreptococcus spp. - (1.986+0.082) OD;
Staphylococcus aureus - (2.312+0.093) OD; Micrococcus
spp. - (1.342+0.041) OD; Enterococcus spp. - (2.420£0.073)
OD; Candida spp. - (3.761+£0.080) OD; Actinomyces spp. -
(3.521+0.062) OD; Staphylococcus epidermidis -
(1.573+0.060) OD; Enterobacter spp. - (2.640+0.082) OD;
E. coli - (1.462+0.044) OD; Staphylococcus pyogenes -
(2.19110.090) OD.

Among the identified complications in patients wearing
gold products, keloid scars were observed in 7.0 %. When
determining the structure of the microbiocenosis of the
skin of the auricle of patients with keloid scars, after using

gold products, it was found that there was no significant
difference between the composition of microorganisms in
the normoflora of the control group and the experimental.

It was found that among the persons who sought help
37 (11.5 %) used alloy products, group lll. Of these, 6 -
cases of rupture of the earlobe, 13 - ear defects, 8 cases of
perichondritis and secondary infection and 2 - contact
dermatitis.

Microbiological examination showed that the degree of
contamination of the skin of the auricle of patients with
rupture of the earlobe when using surgical alloy products
was higher by 2 - 3 orders of magnitude than in the control
group. The microflora was presented: Staphylococcus
aureus (5.8+£0.4)x10® CFU/ml; Peptostreptococcus spp.
(8.2+0.6)x10° CFU/ml; E. coli (2.9+0.8)x10% CFU/ml;
Staphylococcus epidermidis (5.4+0.6)x10% CFU/ml;
Enterobacter spp. (7.2+0.9)x10% CFU/ml; Candida spp.
(4.1£0.8)x10®% CFU/mI. A complication after prolonged
wearing of surgical alloy products was the occurrence of
contact dermatitis in the area of a foreign body. The analysis
of the condition of the microflora of the skin of the auricle
showed that the degree of microbial contamination
corresponded to the control group. Of all cases of
complications after wearing alloy products, perichondritis
of the auricle was detected in 21.6 %. The structure of the
microbiocenosis was presented by: E. coli (6.8+0.3)x10°
CFU/ml; Staphylococcus epidermidis (2.4+0.7)x10® CFU/
ml; Enterobacter spp. (6.7+0.8)x10% CFU/ml Ta Actinomyces
spp. (4.240.3)x105 CFU/m.

After a microbiological study, it was found that the degree
of contamination in the area of foreign bodies in secondary
infection was quite high, and we identified: Staphylococcus
aureus (6.8+0.6)x10° CFU/mI; Staphylococcus epidermidis
(3.8+0.4)x10° CFU/ml; Candida spp. (8.4+0.8)x10¢ CFU/
ml; E. coli (5.410.6)x10® CFU/ml; Enterobacter spp.
(4.2£0.5)x108 CFU/mI, which were the etiological factors of
secondary infection in the area of foreign bodies. A
particularly favorable moment for the development of
infection was the presence of damaged tissues and
hemorrhages in the wound, which contributed to the
development of microorganisms. The main form of bacterial
existence is biofilms, not individual planktonic cells. Being
in this phenotypic form for a long time, microorganisms
produce extracellular polysaccharides and become more
tolerant to biocides, namely antibiotics, antiseptics and
disinfectants and recover quickly after mechanical
destruction, and again form dense biofilms within 24 hours.
Therefore, according to the results of the study, it was found
that all isolates formed dense daily biofilms:
Peptostreptococcus spp. - (2.159+0.040) OD;
Staphylococcus aureus - (2.942+0.082) OD; Micrococcus
spp. - (1.931+0.070) OD; Enterococcus spp. - (2.672+0.044)
OD; Candida spp. - (3.984+0.062) OD; Actinomyces spp. -
(3.841+0.083) OD; Staphylococcus epidermidis -
(2.283+0.092) OD; Enterobacter spp. - (2.958+0.081) OD;
E. coli - (2.1941£0.060) OD; Staphylococcus pyogenes -

8 ISSN 1861-031X EISSN 2616-6208

Biomedical and Biosocial Anthropology



Mishina M. M., Bondarenko O. V.

Micrococcus spp.

Enterococcus

Peptostreptococcus spp.
S. pyogenes

S. aureus

Candida spp

Actinomyces spp.

Enterobacter

S. epidermidis

Olgroup @Il group

E.coli

eGd 1,46 WKL

1,05 1

olll group OlV group

Fig. 1. Optical density of biofilms formed by microorganisms isolated from the zone of metal foreign bodies.

(2.68110.044) OD.

In the study of the group of patients who used titanium
products - 10 (10.8%), group IV. The structure of
complications was represented by: ruptures of the earlobe
when wearing tunnels in 2 patients, in 5 - ear defects and
in 3 - secondary infection of metal foreign bodies.

The microbiological study found that the degree of
contamination of the skin of the auricle of patients with
rupture of the earlobe after using titanium products was
higher than in the control group, the microflora was
represented by: Staphylococcus aureus 4x10” CFU/ml;
Peptostreptococcus spp. 9x10° CFU/ml; E. coli 8x10% CFU/
ml; Staphylococcus epidermidis 8x107 CFU/mlI;
Enterobacter spp. 4x10% CFU/ml; Candida spp. 7x10* CFU/
ml wmn; Staphylococcus pyogenes 9x10%° CFU/ml;
Micrococcus spp. 8x10° CFU/mI, the number of which
exceeded normal values of skin colonization by these
microorganisms.

In the study of the area of secondary infection were
identified: E. coli (3.6+0.3)x10” CFU/mI, Staphylococcus
aureus (8.4+0.8)x108 CFU/ml; Staphylococcus epidermidis
(6.5+0.6)x10® CFU/ml; Candida spp. (4.2+0.4)x10° CFU/
ml, Enterobacter (3.910.4)x10” CFU/ml; Enterococcus
(4.6£0.4)x10° CFU/ml, which were the etiological agents of
secondary infection. Further research was conducted to
determine the ability of microorganisms sown from the
pathological contents of the foreign body zone to form
biofilms. It is proved that when using titanium products,
from pathological secretions microorganisms had the
ability to form dense biofilms, forming an association of
microbes: Candida albicans, E. coli, Staphylococcus
aureus Ta Staphylococcus epidermidis. The optical density
of biofilms of microorganisms isolated from the
pathological contents of the area of the foreign bodies of
the auricle using titanium products were significantly higher

than those used when using silver or gold products:
Peptostreptococcus spp. - (2.061+0.042) OD;
Staphylococcus aureus - (2.540+0.073) OD; Micrococcus
spp. - (1.661+0.041) OD; Enterococcus spp. - (2.512+0.032)
OD; Candida spp. - (3.864+0.040) OD; Actinomyces spp. -
(3.683+0.043) OD; Staphylococcus epidermidis
(1.872+0.061) OD; Enterobacter spp. - (2.893+0.060) OD;
E. coli - (1.7531£0.040) OD; Staphylococcus pyogenes
(2.531+£0.042) OD.

Discussion

Analyzing the data obtained, it can be argued that the
number of microorganisms that colonize the skin of the
auricles increases in the presence of foreign bodies of
alloys and titanium. Prolonged use of metal foreign bodies
made of silver and gold reduces the possibility of purulent-
inflammatory process and prevents the formation of dense
biofilms, as one of the main factors of pathogenicity and
resistance of microorganisms to antimicrobial drugs.

The formation of biofilms is one of the main strategies
that increases the survival of bacteria in the environment,
including in the host organism [6]. The ability of
microorganisms to exist in biofilms creates great difficulties
for medical practice [10, 29], as it significantly increases
the resistance of bacteria to antibacterial drugs [16, 21], as
well as to the effects of disinfectants [18], adverse
environmental factors such as low or high pH levels, high
osmotic power and the body's immune defenses [11]. The
formation of bacterial biofilms on implants and equipment,
catheters, artificial heart valves, lenses, venflons is the
cause of a number of purulent-inflammatory processes
with severe course [16]. Despite its great popularity and
prevalence, the implantation of metal foreign bodies in the
auricles has certain problems related to human health.
The implantation of metal foreign bodies is associated
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with perforation of the skin, mucous membranes, muscles,
cartilage, with the subsequent implantation in them of
various products made of surgical steel, titanium, noble
and polymeric materials [3, 24]. Then there may be
complications: violation of the microbiocenosis of the skin,
purulent-infammatory processes of the ear or nose, the
formation of keloid and hypertrophic scars, bleeding,
defects of the auricles, allergic reaction to foreign body
material [9, 25]. In case of insufficient observance of the
rules of asepsis, namely: use of non-sterile instruments,
insufficient treatment of the implantation site, violation of
care techniques after implantation, use of low-quality
products, the wound is infected with pathogenic
microorganisms [24].

This study showed that the predominant forms of
complications of infectious origin, after prolonged use of
metal foreign bodies, are perichondritis of the auricle 16.1
% and secondary infection 27.9 %. Since one of the main
factors of non-specific protection of the body from
environmental microorganisms is the skin, those
microorganisms that are opportunistic pathogens and
contaminate our skin, when this mechanical barrier is
damaged, due to the emergence of a favorable environment
(blood, serum in place of damage), begin to show their
pathogenic factors. Among them, toxins, pathogenic
enzymes and the ability to form biofiims, which cause
specific inflammation, which is manifested by infectious-
inflammatory processes. It was proved that
microorganisms that are isolated from the area of the metal
foreign body had the ability to form dense biofilms. The
formation of biofilms by isolated microorganisms is one of
the mechanisms of the existence of bacteria in the
environment [21]. Biofilms are highly organized, mobile,
heterogeneous biological systems, which consist of actively
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2. Studies have shown that the use of silver and gold
products prevents the formation of dense biofims, as one
of the factors of pathogenicity and resistance of
microorganisms, as well as reduces the possibility of
purulent-inflammatory processes of the auricle.
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