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Abstract

Aim. To evaluate the features of pharynx tonsils mucous membrane colonization by pathogenic and opportunistic microor-
ganisms by using the pharynx palatine tonsils epithelium electron microscopic examination of the patients with infectious mono-
nucleosis and acute streptococcal tonsillitis.

Materials and methods. Two patients — patient P., 12 years old with a confirmed diagnosis of infectious mononucleosis and
patient A., 8 years old with confirmed acute streptococcal tonsillitis. The patients were taken a bacteriological examination of the
mucus and epithelium scraping from the surface of the pharyngeal tonsils. Tissue samples were examined in the electron microscopy
laboratory of the Lviv National University.

Results and discussion. 36 tonsils epithelial tissue micro preparations of patient A. and 41 micro preparations of patient P.
were studied. Streptococcus pyogenes, Str. pneumoniae, Str. viridans, Candida albicans, as well as non-pathogenic bacteria: Diph-
theroides sp., Neisseria sp., Corynebacterium spp. were identified as result of the patient P. bacteriological examination of mucus
from the surface of the pharyngeal tonsils. Staph. aureus, Str. viridans, Str. pneumoniae were identified during a bacteriological
examination of patient A. Eosinophils with a two-segmented nucleus, specific granularity, phagocytosed spherical bacteria in the cy-
toplasm were detected during the histological examination of the materials taken from the surface of the patient’s tonsils with acute
tonsillitis. Research showed that bacteria were accumulated not only in the structure of extracellular detritus. Numerous bacteria
accumulations were also found in the cytoplasm of the epithelial cells in the patient with infectious mononucleosis. The cell’s shape
looked like a bunch of grapes.

Conclusions. The electron microscopic examination showed differences in the coccal flora localization: the extracellular
localization of bacteria in the patient with acute bacterial tonsillitis and intraepithelial presence of the bacteria in the patient with
tonsillitis during infectious mononucleosis were found.
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1. Introduction

One of the most common symptoms of infectious mononucleosis (MI), which is caused
by Epstein-Barr virus (EBV), is tonsillitis in which the pathological process involves the palatine
tonsils, which are covered with a dense, membrane-like exudate [1]. The exudate contains bacte-
ria, bacterial residues and tissue detritus. According to the literature, most of the microorganisms
found in bacteriological studies of mucus from the tonsils of the pharynx in MI belong to the
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microflora, which in healthy individuals inhabits the surface of the tonsils. At the same time, beta-
hemolytic streptococci, mainly groups A, C, G, as well as representatives of anaerobic microflora
— Fusobacterium nucleatum, Prevotella intermedia are detected [2].

According to Stenfors et. al. [3] in infectious mononucleosis on the surface of one epithelial
cell located on the surface of the palatine tonsil can be fixed more than 500 different bacteria [4, 5].
Studies have shown that the adhesion of bacteria to the epitheliocytes of the tonsils, as well as the
epithelium of the nasopharynx is inversely proportional to the age of patients; at the same time, the
intensity of this process increases in accordance with the increase in the duration of the disease [6].
Persistence of EBV can activate the penetration of certain bacterial pathogens into the epithelial
tissues of the tonsils [7].

The aim of the study was to determine the peculiarities of colonization of the mucous mem-
brane of the tonsils by pathogenic and opportunistic microorganisms in patients with MI caused by
EBYV and acute streptococcal tonsillitis.

2. Materials and methods

The study was conducted on the basis of the Infectious Diseases Communal Clinical Hospital
in 2020. Two patients were under observation: a 12-year-old boy, P., who was in hospital with a diagno-
sis of MI, and an 8-year-old boy, A., who was diagnosed and treated for acute streptococcal tonsillitis.

The research methods used in the study are scientifically substantiated, comply with the
principles of the Helsinki Declaration of Human Rights (1950), the Council of Europe Convention
on Human Rights and Biomedicine (1997) and the requirements of current legislation of Ukraine.
In the course of the research work, the rights and interests of the research participants were observed
in accordance with the generally accepted norms of morality, ethics and deontology. Patients were
admitted to the study with the written informed consent of their parents. The protocol of the Ethics
Commission of the Danylo Halytsky Lviv National Medical University Ne3 dated 14.12.2016.

The diagnosis of infectious mononucleosis in patient P. was determined on the basis of typi-
cal symptoms of the disease, characteristic changes in the general blood test (in particular, the pre-
sence of atypical mononuclear cells in the blood smear) and elevated levels of specific immunoglo-
bulins (IgM to capsid antigen). Bacteriological examination of mucus from the surface of the tonsils
of the pharynx in this patient revealed: Streptococcus pyogenes at a concentration of 4.0 IgCFU,
Str. pneumoniae 3.7 1IgCFU, Str. viridans — 3.1 IgCFU, Candida albicans — 2.7 IgCFU, and also non-
pathogenic bacteria: Diphtheroides sp., Neisseria sp., Corynebacterium spp.

Acute streptococcal tonsillitis in child A. was diagnosed by the characteristic symptoms
of the disease, the presence of signs of inflammation in the general blood test (leukocytosis, ac-
celerated ESR), high levels of C-reactive protein and the results of bacteriological examination of
mucus from the tonsils (Staph. aureus at the concentration of 8.0 IgCFU, Str.viridans — 6.1 1gCFU,
Str.pneumonia — 2.5 IgCFU).

On the first day of the treatment in the hospital, patients were scraped from the surface of the
tonsils epithelium of the pharynx. Tissue samples were examined in the electron microscopy labo-
ratory of the Interfaculty Laboratory of Experimental Research Methods of Ivan Franko National Uni-
versity of Lviv. The material was fixed with a 1.5 % solution of OsO4 (CHEM, USA) in 0.2 M sodium
cacodylate (Fluka) at pH 7.2 for 2-2.5 hours and dehydrated in increasing concentrations of ethyl al-
cohol (50 %, 70 %, 90 %, 98 %) for 30 minutes per each concentration. After carrying out through
propylene oxide for 10 min, the samples were poured into epoxy resin Epon-812 (Fluka) followed by
polymerization for 24 h in a thermostat at a temperature of 60 °C. Sections were prepared on an ultra-
microtome UMTP-6M using a diamond knife DIATOM. Contrast was performed in 1 % uranyl acetate
solution and in Reynolds contrast medium [8, 9]. The sections were examined using a TEM-100 trans-
mission electron microscope (Ukraine) and photographed with a SONY-H9 digital camera (Japan).

3. Results of the research

A total of 36 preparations of the epithelial tissue of the patient A. tonsils and 41 prepara-
tions of patient P. tonsils were studied. It was found that most of the surface of the tonsils was
covered with a stratified squamous non-keratinized epithelium, which in some areas was subject
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to keratinization. Neighboring epitheliocytes formed numerous desmosomal contacts and plasma
membrane interdigitations. The nuclei of oval cells were with single invaginations of the nuclear
envelope. Freely scattered ribosomes, as well as individual mitochondria and elements of the gra-
nular endoplasmic reticulum were found in the cytoplasm. Numerous tonofibrils formed a charac-
teristic intracellular network. Under conditions of acute streptococcal tonsillitis in detritus, which
covered the surface of the epithelium of the tonsil, an accumulation of bacteria was found, which
in shape and location could be regarded as cocci; at the same time, pathological inclusions and
bacteria were not visualized in the cytoplasm of epitheliocytes (Fig. 1-3).

In the studied material obtained from patient P., eosinophils with a characteristic two-seg-
ment nucleus, a specific elliptical granularity, and, presumably, phagocytosed spherical bacteria in
the cytoplasm were observed in some preparations near the surface of the tonsils (Fig. 4).

Fig. 1. Electron micrograph of the epitheliocyte of the tonsil of a patient with
acute bacterial tonsillitis. Arrows indicate clusters of electron-dense bacteria that
are localized in the extracellular space filled with mucus and tissue detritus.
Magnification x6000

Fig. 2. Electron micrograph of scraping the surface of the palatine tonsil of a patient with
acute bacterial tonsillitis. The plasma membrane of the epitheliocyte is in a state of complete
destruction, the cytoplasm is filled with clusters of electron-dense bacteria (indicated by arrows).
Magnification x6000
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Fig. 3. Electron micrograph of the crypt of the tonsil of a patient with acute bacterial
tonsillitis. Clusters of electron-dense spherical and ovoid bacteria (marked with arrows) are
visualized in the mucus-filled extracellular space.

Magnification x10000

In the cytoplasm of cells of the superficial epithelium of the tonsil, the vesicular system,
large mitochondria, multiple fibrils and intracellular inclusions are well developed, the folds of the
cell membrane are clearly visible [10]. In addition to the accumulation of bacteria in extracellular
detritus, accumulations of numerous bacteria were found in the cytoplasm of epitheliocytes; some
of them had the appearance of grapes (Fig. 4-7).

Fig. 4. Electron micrograph of an eosinophil in the palatine tonsil of a patient with
infectious mononucleosis. Part of the electron-dense cytoplasmic granules is represented
by phagocytosed spherical bacteria (marked with arrows).

Magnification x6000

Electron microscopy revealed differences in the localization of coccal flora (which morpho-
logically can be classified as streptococci) in epithelial tissues in tonsillitis of various etiologies —
extracellular localization of bacteria in acute bacterial tonsillitis and intraepithelial in tonsillitis on
the background of MI.
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Fig. 5. Electron micrograph of epitheliocytes of the palatine tonsil surface of a patient with
infectious mononucleosis. Multiple colonies of bacteria in the cytoplasm of the cell are marked
with arrows, the cell free of bacteria is next to them. Magnification x6000

Fig. 6. Electron micrograph of scraping the palatine tonsil of a patient with infectious
mononucleosis. Multiple colonies of bacteria in the cytoplasm of the epitheliocyte and in the mass
of tissue detritus, which fills the intercellular space. Magnification x6000

Fig. 7. Electron micrograph of a fragment of an epitheliocyte of the surface of the palatine tonsil
of a patient with infectious mononucleosis. Numerous bacteria in the cytoplasm of the cell are
marked with the arrow. Magnification x10000
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4. Discussion of research results

The mucous membrane of the nasopharynx and oropharynx, and tonsils in particular, has
several rather complex mechanisms of protection against colonization and invasion of microorga-
nisms. On the first line of defense, pathogenic microorganisms can be adsorbed and neutralized
by a film of mucus that covers the surface of the tonsils and contains bactericidal substances such
as digestive enzymes, lysozyme, lactoferrin, defensins, etc. [11, 12]. Protective mechanisms in-
clude epithelial desquamation, nonspecific (peroxidase, interferons, lysozyme, complement) and
specific (immunoglobulins) factors, as well as mucociliary clearance and phagocytosis. All of the
above causes significant resistance of the mucous membrane of the nasopharynx and oropharynx
to bacterial invasion [8, 13, 14].

It can be assumed that EBV affecting B-lymphocytes leads to a decrease in their production
of immunoglobulins. Two types of immunoglobulins play an important role in the pathogenesis of
tonsillitis. They are: a secretory immunoglobulin A (sIgA), which prevents bacteria from settling on
the epithelial surface, and IgG, which induces bacteriolysis and enhances phagocytosis upon contact
with bacteria. The surface of the palatine tonsils is covered with a stratified squamous non-kerati-
nized epithelium, in which there are no ciliated cells, which makes it impossible to use the mecha-
nism of mucociliary clearance, which plays an important role in sanogenesis of the airways [9, 15].

Traditionally, streptococci have been classified as extracellular pathogens, but in recent
decades, a number of experimental studies have found that some streptococci, including Str. pyo-
genes, can be localized intracellularly (this may explain the presence of streptococci in the oral
cavity after antibiotic therapy) [10]. Intracellular invasion of streptococci was first described in
1994 by LaPenta et. al. who, using the cell culture infection model, demonstrated that Str. pyo-
genes can infect human epithelial cells that do not have the ability to phagocytose, with the same
frequency as classical intracellular pathogens such as listeria, chlamydia or salmonella [16—18].

Inflammatory changes in the mucous membrane of the oropharynx are also caused by in-
creased production of inflammatory mediators, stimulation of sensitive nerve endings, dilation of
blood vessels and increase their permeability, infiltration of immune response cells such as macro-
phages, mast cells, lymphocytes, polymorphonuclear leukocytes. In the development of these pro-
cesses, of course, the leading role is played by the activation of opportunistic bacterial microflora,
which always densely inhabits the mucous membranes of the oropharynx, against the background
of immunodeficiency caused by herpesvirus infection [19].

Several mechanisms of streptococcal invasion into epithelial and endothelial cells have been
studied. Sfbl and M proteins initiate this process by the fibronectin binding, which further interacts
with integrin receptors on the cell surface. Clustering of integrin receptors causes aggregation of the
caveolae, resulting in large invaginations of the plasma membrane, which are then colonized by strep-
tococci [20]. Some streptococci, using M-protein-bound fibronectin, induce focal adhesion complex-
es and penetrate the cell membrane by one of two mechanisms — zipper-like mechanism or membrane
ruffling [21]. The first mechanism directs streptococci to a safer cavernous-somatic compartment of
the cell, and the second directs bacteria to phagolysosomes, where most of them are destroyed.

It can be assumed that the high degree of bacteria adhesion to epithelial surfaces serves as
a basis for massive bacterial colonization, which is observed in EBV tonsillitis with the formation
of membranous layers [22-24]. In addition to the massive adhesion of bacteria, mainly cocci, on
the cells of the superficial epithelium of the tonsils of the pharynx, the phenomenon of bacterial
invasion of epitheliocytes in acute EBV infection is still insufficiently studied. The results of the
study indicate that EBV and B-hemolytic streptococcus play a synergistic role in the development
of inflammatory diseases of the upper respiratory tract.

Study limitations. There were several limitations in the study. First, biofilms with differen-
tiated bacteria were not studied. This research was limited by the results of conventional bacterio-
logical studies. Second, the number of patients included in the study has to be increased to achieve
significant differences in the data studied.

Prospect for further research. Further studies are needed to determine whether the iden-
tified features of bacterial colonization of the tonsils are a justification for the appointment of
adequate antibiotic therapy.
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5. Conclusion

Electron microscopic studies revealed differences in the localization of coccal flora (which
morphologically can be classified as streptococci) in epithelial tissues in tonsillitis of various etiolo-
gies. The extracellular localization of bacteria in acute bacterial tonsillitis and intraepithelial in tonsil-
litis on the background of EBV and streptococci in upper respiratory tract lesions in children with MI.
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