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INTRODUCTION

Palatine tonsils are secondary lymphoid organs located in the lateral pharyngeal
wall. Their function is to perform localised immune protection and such an ana-
tomic location is ideal to guarantee their continuous exposure to inhaled and
ingested antigens. However, in the same way they are exposed to various patho-
gens and therefore tonsillar infections and inflammations are common clinical
entities (Brandtzaeg, 2003; Klug, 2017).

Peritonsillar abscess (PTA) is a collection of pus between the palatine tonsil
capsule and the superior pharyngeal constrictor muscle (Mitchelmore et al.,
1995; Prior et al., 1995). It is the most frequent cause of acute admission in
otorhinolaryngology, accounting for around a third of all acute admissions
(Rusan et al., 2009). Most often, the PTA 1is considered to be a complication of
acute tonsillitis. However, the association between PTA and chronic and recur-
rent tonsillitis is not well established (Klug, 2017). PTA age peak is found in
young adults while the incidence peak of acute tonsillitis is found in children
and adolescents of school age (Windfuhr et al., 2016). In addition, acute tonsil-
litis incidence has seasonal trends; at the same time PTA occurrence is more
even throughout the year (Kordeluk et al., 2011). Therefore, causes other than
acute tonsillitis should be considered. It is proposed that PTA can also develop
from the small salivary glands (Passy, 1994). Smoking, poor oral hygiene and
male gender have been identified as risk factors for PTA (Windfuhr et al,
2016).

PTA patients usually look severely ill and untreated PTA can lead to life-
threatening airway obstructions from swelling or pus. In addition, infection can
spread to deeper neck spaces. PTA treatment consists of surgically opening the
abscess and adequate antimicrobial therapy. From the end of 19" century to
1970s and 1980s the PTA treatment gold standard was emergency tonsillectomy
whereby tonsils are removed and the abscess is completely opened. However,
from 1980, needle aspiration and incision and drainage were introduced and all
three methods are now accepted surgical interventions.

Most frequently the PTA pus contains mixed microbiota of aerobes and
anaerobes. The exact causative agents are still unclear. It is recognised that
Streptococcus pyogenes (S. pyogenes) can cause PTA. Recently, there has been
a growing interest in anaerobic bacteria. However, it is still unclear which
microbes can be considered to be the true causative agents and which are conta-
mination from oral and tonsillar microbiota (Ehlers Klug et al., 2009; Galioto,
2017; Slouka et al., 2020). Therefore, there is no common understanding of
what adequate antimicrobial therapy should be. Antimicrobial therapy and treat-
ment recommendation vary widely and not only between countries but also
among physicians (Powell and Wilson, 2012; Wikstén et al., 2014).

It is still unclear what leads to the development of PTA, and the lack of
consensus regarding which microbes are causing PTA has led to wide variations
in antimicrobial treatment options. Also, it is not ultimately clear if the patients



should be treated as in- or outpatients and which PTA patients need closer
monitoring.

The goal of the present PhD thesis is to evaluate several aspects of the
clinical picture of PTA patients, to clarify etiopathogenic factors and novel
therapeutic options. The collection of clinical data and all management of
patients was conducted at the Institute of Clinical Medicine, Department of
Otorhinolaryngology, University of Tartu. All microbiological analyses were
performed at the Institute of Biomedicine and Translational Medicine, Depart-
ment of Microbiology, University of Tartu.

10



REVIEW OF LITERATURE

1. Anatomy, histology and immunology
of the palatine tonsils

1.1 Anatomy of palatine tonsils

Tonsils are secondary lymphatic organs located in the oro- and nasopharynx of
most mammals except rodents. Humans have four sets of tonsils, the lingual,
palatine, pharyngeal and tubal tonsils (Figure 1). Together they form a circum-
ferential array known as Waldeyer’s ring, which provides immunologic surveil-
lance and produces immunoglobulins (Ig) (Cesta, 2006; Sidell and Shapiro,
2012).

The palatine tonsil represents the largest accumulation of lymphatic tissue in
Waldeyer’s ring and, in contrast to the lingual and pharyngeal tonsils, consti-
tutes a compact body with a definite thin capsule on its deep surface. Palatine
tonsils’ size and volume correlate with age, height, weight and body mass
index. The average tonsil volume is 1.5-1.8 cm?® for the right and left sides
(Flint and Cummings, 2010; Oztiirk, 2017; Aydin and Uner, 2020).

Tonsillar crypts are narrow epithelial diverticula, which considerably in-
crease the available surface area for direct antigenic stimulation. They invagi-
nate deeply into the tonsillar tissue and are lined with stratified squamous
epithelium. In an average adult’s palatine tonsils the estimated epithelial surface
area of the crypts is 295 cm?, in addition to the 45 cm? of epithelium covering
the oropharyngeal surface (Perry and Whyte, 1998; Nave et al., 2001).

The tonsillar capsule is a specialised part of the pharyngobasilar fascia that
covers the surface of the tonsil and extends into it to form septa that conduct the
nerves and vessels. The tonsil is not, therefore, easily separated from its cap-
sule, but the capsule is united largely by loose connective tissue to the pharyn-
geal muscles. It is easily possible to dissect the tonsil from its normal position
by separating the capsule from the muscle through this loose connective tissue.
This is the case with normal tonsils. In the case of inflammation (PTA or chro-
nic tonsillitis), the tonsil capsule is fixed with muscle fascia and pharyngeal
muscles. The easily distinguishable boundary between tonsil capsule and
muscle might therefore disappear and the tonsils are no longer easily dissectible
(Flint and Cummings, 2010).

The tonsillar fossa is composed of three muscles: the palatoglossus muscle,
which forms the anterior pillar; the palatopharyngeal muscle, which is the
posterior pillar; and the superior constrictor muscle of the pharynx, which forms
the larger part of the tonsillar bed. The muscular wall is thin, and immediately
against it on the outer wall of the pharynx lies the glossopharyngeal nerve. The
nerve innervates the posterior third of the tongue to provide general and taste
sensation.

The arterial blood supply of the palatine tonsils is provided by four different
arteries. The lower pole of the tonsil is supplied by the following arteries and
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their branches: the lingual artery provides the dorsal lingual branches, while the
facial artery provides the ascending palatine artery and the tonsillar branch, and
the ascending pharyngeal artery. The upper pole of the tonsil is supplied by the
ascending pharyngeal artery, which originates from the internal maxillary
artery. Venous drainage is through the peritonsillar venous plexus to the lingual
and pharyngeal veins, which in turn drain into the internal jugular vein (Flint
and Cummings, 2010; Ed. Pasha, 2017).

The nerve supply of the palatine tonsils is provided by the maxillary division
of the trigeminal nerve, giving the descending branches of the lesser palatine
nerves, and by the tonsillar branches of the glossopharyngeal nerve. The latter
can easily be injured during tonsillectomy or temporarily affected by postope-
rative oedema, which leads to reduced or loss of general sensation and taste
sensation to the posterior third of the tongue. Referring otalgia, frequently
encountered following tonsillectomy, is via the tympanic branch of the glosso-
pharyngeal nerve. Efferent lymphatic drainage courses through the upper deep
cervical lymph nodes, especially the jugulodigastric or tonsillar node located
behind the angle of the mandible (Flint and Cummings, 2010; Ed. Pasha, 2017).

Hard Palate

Pharyngeal Tonsil Nasal Cavity

(Adenocid)

Nasopharynx
Soft Palate
Uvula

Palatine
Tonsil

Oropharynx

Tongue

Lingual Tonsil

Laryngopharynx

Figure 1. Anatomy of upper airway and tonsillar tissue. Blausen.com staff (2014). “Me-
dical gallery of Blausen Medical 2014”. WikiJournal of Medicine 1 (2). DOI:10.15347/
wjm/2014.010. ISSN 2002-4436
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1.2 Histology of palatine tonsils

The oropharyngeal surface of the palatine tonsil is covered with stratified
squamous non-keratinized epithelium, whose superficial cells are polygonal in
shape and possess microridges on their apical membrane. These cells are con-
nected by tight junctions providing the continuity of the epithelial surface. The
superficial cell layer of the crypt epithelium consists of polygonal squamous
cells with numerous microridges on the apical surface; small pores — micro-
crypts, situated between these cells. The crypt epithelium forms a reticular
structure where epithelial cells with their slender cytoplasmic processes form a
network with intercellular spaces filled with non-epithelial cells, mostly
lymphocytes (Nave et al., 2001; Jovi¢ et al., 2015). Crypt epithelial cells are
connected by numerous desmosomes. In addition, specialised epithelial cells (M
cells) for the capture of luminal microparticles are present.

Fenestrated capillaries are frequently present in the subepithelial region and,
in the epithelium, small blood vessels, 20 pm in diameter, might be present.
Some of these vessels pass the whole thickness of the crypt epithelium. More-
over, Langerhans cells might be found in the crypt epithelium. Tonsillar
lymphoid follicles consist of the lymphoid and non-lymphoid cells. Two types
of non-lymphoid cells are placed in the follicular germinal centre: small
reticular cells with thin reticular fibres forming the reticular framework and
large antigen-presenting cells and macrophages. Lymphocytes are present inside
the follicle reticulum. Interfollicular lymphoid tissue mostly consists of the
reticular cells, reticular fibres and lymphocytes — but large interdigitating
dendritic cells are present and endothelial venules and arterioles might also be
found (Jovi¢ et al., 2015).

1.3 Immunology of palatine tonsils

When antigens enter the oropharyngeal cavity the reticulated crypt epithelium is
the first tonsillar compartment that is challenged immunologically. The M cells
not only transport the antigens across the epithelial barrier, but also form a
specific intraepithelial micro-compartment that brings together high concentra-
tions of foreign antigens, lymphocytes, and antigen-presenting cells such as
macrophages, B cells and dendritic cells (Figure 2) (Brandtzaeg and Halsten-
sen, 1992; Nave et al., 2001).

After passing the crypt epithelium inhaled or ingested antigens reach the
extrafollicular region or the lymphoid follicles. In the extrafollicular region,
interdigitating dendritic cells and macrophages process the antigens and present
them to CD4+ T lymphocytes (Brandtzaeg and Halstensen, 1992; Nave et al.,
2001).

13
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Figure 2. Schematic presentation of some important events in the immunology of pala-
tine tonsils. 1. Antigen is transported from tonsil crypt lumen through M cells to the
extrafollicular region. 2. Antigen is processed by dendritic cells and macrophages and is
presented to CD4+ lymphocytes (T helper cells). 3. In lymphoid follicle B lymphocytes
are stimulated by T helper cells. 4. Stimulated B lymphocytes proliferate and develop
into B memory cells and plasma cells. 5. B lymphocytes without stimulation by T
helper cells undergo apoptosis. Modified from (Kasendmm, 2005).

The lymphoid cells found in the spaces of the reticulated crypt epithelium of the
human palatine tonsil are mainly B lymphocytes and T helper cells (CD4+).
Approximately 50 to 90% of the intraepithelial lymphocytes are B cells. The
majority of B cells in the crypt epithelium are mature memory B cells with a
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high antigen presenting potential, permitting an early contact between antigen
presenting B cells and T cells, and leading to a rapid secondary antibody res-
ponse. Various Ig isotypes are produced in the palatine tonsils. Approximately
82% of the immunocytes in the germinal centre produce IgD, 55% IgM, 36%
IgG and 29% IgA. IgA is a substantial component of the tonsillar humoral
immune system (Perry and Whyte, 1998; Nave et al., 2001).

Follicular B helper T cells then stimulate follicular B lymphocytes so that
these proliferate and, while migrating from the dark zone of the lymphoid
follicle to the light zone, develop into antibody-expressing B memory cells and
antibody-producing plasma cells. The presence of antigen allows B cells to
survive this migration while, in the absence of stimulation, they undergo apop-
tosis (Brandtzaeg and Halstensen, 1992; Nave ef al., 2001; Brandtzaeg, 2003)

The immune response additionally requires the help of different cytokines.
Cytokines are predominantly produced at sites of local antigen stimulation by
intraepithelial lymphocytes, other lymphoid cells and non-lymphoid cells
(Andersson et al., 1994; Nave et al., 2001).

2. Peritonsillar abscess

2.1. Definition and epidemiology

PTA, formerly known as quinsy, is characterised by the accumulation of a puru-
lent secretion between the fibrous capsule of the palatine tonsil and the pharyn-
geal superior constrictor muscle (Mitchelmore et al., 1995; Prior et al., 1995;
Mazur et al., 2015). PTA has traditionally been regarded as a complication of
acute tonsillitis (Galioto, 2017). However, some studies have shown that PTA
can also develop from Weber gland infection and is not always secondary to
acute tonsillitis (Passy, 1994). In acute tonsillitis, inflammation is limited to the
tonsil. In the case of peritonsillitis, inflammation is within the surrounding
tissue of the tonsil and this might lead to the formation of PTA. Differentiation
between peritonsillitis and PTA could be clinically challenging. In some rare
cases, the abscess can form inside the tonsillar tissue (intratonsillar abscess),
which is clinically indistinguishable from the real PTA (Blair ez al., 2015).

Annual PTA incidence rate varies between different geographic regions. In
the USA it has been estimated to be 30 episodes per 100 000 people a year
(Herzon, 1995). In Israel, the incidence rate for PTA is lower: 9 episodes per
100 000 people a year (Marom et al., 2010). At the same time, in the Nordic
countries it tends to be higher: 37 episodes per 100 000 people a year in Sweden
(Risberg et al., 2008) and 41 episodes per 100 000 people a year in Denmark
(Ehlers Klug et al., 2009). PTA can affect people in every age group, but it is
less common among children under 12 years of age and among elderly patients.
The typical PTA patient is a teen or young adult. Among adolescents the annual
PTA case rate is significantly higher — 124—167 episodes per 100 000 people a
year (Risberg et al., 2008; Klug, 2014).
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2.2. Etiopathogenetic aspects

2.2.1. Causative agents

PTA pus contains mixed aerobic and anaerobic microbiota. The most significant
pathogen in PTA is considered to be S. pyogenes (Group A streptococci). How-
ever, S. pyogenes has been only been found in roughly one third of cases (Kieff
et al., 1999; Lepelletier et al., 2016; Slouka et al., 2020). Other bacteria often
associated with PTA are anaerobic Gram-negative rod Fusobacterium necro-
phorum (F. necrophorum) and the Streptococcus anginosus group (SAG, con-
taining S. anginosus, S. constellatus, S. intermedius) (Jousimies-Somer et al.,
1993; Ehlers Klug et al., 2009; Hidaka et al., 2011; Wikstén et al., 2015). SAG
is part of viridans group streptococci. Other viridans group streptococci include
the Streptococcus mitis group, Streptococcus salivarius group and Strepto-
coccus mutans group (Maeda et al., 2010).

Findings regarding PTA microbiota differ greatly between studies, especially
as concerns anaerobic microbiota percentage (Jousimies-Somer et al., 1993;
Ehlers Klug et al., 2009; Slouka et al., 2020). It may be that some microbes
play a bigger role in some geographic areas than in others. F. necrophorum has
been found to be the main causative agent in Denmark and Finland (Jousimies-
Somer et al., 1993; Ehlers Klug et al., 2009) but in other studies in different
countries it is much less commonly cultivated (Gavriel et al., 2009; Mazur et
al., 2015). A different spectrum of causative agents might also be related to
methodological factors.

In many cases, the patients have received antibacterial therapy before PTA is
treated and microbiological analyses are taken. This may also affect the results
and it is also often a reason why the microbial growth is not found in cultures
taken from PTA (Prior et al., 1995; Marom et al., 2010). Another problem with
identifying the correct cause of PTA is that bacterial cultures are obtained from
an area that is normally heavily colonised. The question then arises of what are
the true causative agents and what are the contaminants of normal oral micro-
biota (Brook, 1981).

Moreover, seasonal and age-related trends in PTA microbiota have been
shown. A study performed in Denmark showed that S. pyogenes is much more
commonly found in PTA pus in winter and spring than in summer and autumn
(Klug, 2014). Moreover, a study in the Czech Republic showed that S. pyogenes
is less frequently found in PTA pus among patients older than 50 years than
among younger patients (Slouka et al., 2020). At the same time these trends
differ between studies and generalisations are difficult to make (Segal et al.,
2009; Klug, 2014; Slouka et al., 2020)
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2.2.2. Risk factors and pathogenetic mechanisms

PTA patients are generally healthy young adults without chronic diseases. But it
has been found that smoking is much more common among PTA patients than
in the general population (Lehnerdt ef al., 2005; Marom et al., 2010). Moreover,
in a Danish population, smoking increased the risk of having PTA by appro-
ximately 150% (Klug et al., 2013). Some studies have found male gender to be
another risk factor — the predominance ratio being 3:1 (Matsuda et al., 2002;
Ong et al., 2004). On the other hand, most studies showed only small male
dominance or did show any gender difference at all (Templer et al., 1977; Segal
et al., 2009; Shaul et al., 2015). However, it has been found that, in women,
PTA presents at an earlier age than in men and that a higher rate of PTA
morbidity among men can be explained by the increased smoking rate (Risberg
et al., 2008; Kordeluk et al., 2011; Klug, 2014).

Some studies have also found seasonal trends in PTA cases, but there is no
consensus as to how seasons affect PTA and in which direction (Beeden and
Evans, 1970; Spires et al., 1987; Marom et al., 2010). A Danish study by Klug
looked at PTA-causing microbes and found no seasonal changes in incidences
of PTA, although there were seasonal changes in causing microbes (Klug,
2014). Seasonal changes in microbes might explain these differences in diffe-
rent geographic regions and seasons.

PTA is mostly considered to be a suppurative complication of acute tonsil-
litis where the bacteria spread from tonsillar mucosa to the surrounding tissue. It
is not described how the bacteria penetrate the tonsillar capsule and there is no
scientific literature which provides direct supporting evidence for this (Powell
etal.,2013; Klug et al., 2016). If PTA evolves from the Weber salivary gland it
is found that a blockage from scarring of the gland or their duct leads to infec-
tion — peritonsillitis, and this could evolve into PTA. The blockage is thought to
be caused by previous tonsillar infection or poor oral hygiene (Passy, 1994;
Powell et al., 2013; Klug et al., 2016). A study conducted in Finland showed
that most of the bacteria found from PTA pus were not opsonized by comple-
ment components or Ig (Lilja et al., 1998). The same study group had pre-
viously shown that this is generally the rule under healthy conditions for
bacteria on tonsillar surfaces which are coated with surface IgA (Stenfors and
Riisdnen, 1996). It is suggested that this blockage of Weber salivary glands
may lead to decreased IgA production (Lilja et al., 1998; Powell et al., 2013).

2.2.3. Complications

The earliest description of surgical drainage of PTA originates from the 14"
century by the French surgeon Guy de Chauliac and later by Chassaignac, who
first reported “tonsillectomy a' chaud” (quinsy tonsillectomy) in 1859
(McCurdy, 1977; Battaglia et al., 2018). In the 19" century, deaths due to PTA
in England varied between 110 and 623 individuals a year (Klug, 2017). Nowa-
days, due to surgical and antimicrobial therapy, severe complications of PTA
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are rare. A recent systemic review of literature of PTA complication found that
the most common complications were para- and retropharyngeal abscess, necro-
tizing fasciitis and Lemierre’s syndrome and mediastinitis. That study found
that simultaneous diagnosis of PTA and complication (59%) was more common
than the development of complications after PTA treatment (36%) or recogni-
tion of complications prior to PTA (6%) (Klug et al., 2020).

2.3. Clinical evaluation and diagnosis
2.3.1. Signs and symptoms

PTA patients are commonly found to be obviously ill, uncomfortable and in
pain, especially children and older adults. They usually present with high fever
and throat pain that is more pronounced on one side. Drooling is caused by
odynophagia and dysphagia. Trismus is frequently present as a result of irrita-
tion of the pterygoid musculature by the pus collection and inflammation. As a
result of trismus PTA patients often have problems swallowing and may
become dehydrated. Lymphadenopathy and cervical muscle inflammation may
result in limitations in neck mobility (Flint and Cummings, 2010; Bochner et
al.,2017; Hur et al., 2018).

Diagnosis of PTA is usually made by clinical examination. A typical clinical
finding in PTA is asymmetric peritonsillar swelling with displacement of the
tonsil downward and medially with reflection of the uvula toward the opposite
side. PTA must be distinguished from severe acute tonsillitis, peritonsillitis and
infectious mononucleosis (IM). At the same time, in rare cases IM and PTA
may co-exist. Retrospective studies have found that 1.5-6% of PTA patients
may have co-existent IM (Arkkila et al., 1998; Ryan et al., 2004; Powell and
Wilson, 2012).

Clinically distinguishing between peritonsillitis and PTA can, in particular,
be difficult. It can be performed with needle aspiration to detect or exclude pus
formation. However, false negative results may be present due to inadequate
technique or atypical abscess location (Klug, 2017).

2.3.2. Radiographic examination

Computed tomography (CT), magnetic resonance imaging (MRI) and ultra-
sound are the three most frequently used radiological examination methods to
assist in the diagnosis of PTA, in addition to clinical examination. CT/MRI and
ultrasound are used when patients are more ill than clinical findings suggest,
and extension of the infection into surrounding tissues of the neck is suspected.
Ultrasound is used as both a diagnostic tool and an assistive tool for aspira-
tion with high efficiency. Both intraoral and transcutaneous ultrasound are used.
Intraoral ultrasound is more sensitive, but because of trismus its use is not
always possible and it might also need specially trained personnel to use
(Araujo Filho et al., 2006; Powell and Wilson, 2012; Nogan et al., 2015).
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CT with contrast is highly sensitive for PTA and it is used in particular when
the spread of the infection is suspected (most often into parapharyngeal space or
mediastinum) and its use in diagnosing PTA has increased over time. A study in
Taiwan found, for diagnosing PTA in children, CT use has increased from 1.4%
in 2000 to 12% in 2012 (Lee et al., 2019). However, CT comes with cost,
waiting time and high radiation exposure, which limit its use (Smith-Bindman
et al., 2009; Nogan et al., 2015). MRI has the advantages of improved soft
tissue detail and allowing for the assessment of the carotid sheath without the
associated radiation of a CT. However, MRI takes longer, tends to be more
expensive and has greater problems of availability compared with CT (Powell
and Wilson, 2012).

2.3.3. Other diagnostic methods

C-reactive protein (CRP) and white blood cells (WBC) are the most frequently
used infection markers from blood in the monitoring of head and neck infection.
These parameters are frequently used to assess the severity of infection and
whether the origin of the infection is viral or bacterial (Christensen et al., 2013).
In the case of PTA, CRP and WBC are usually also elevated. Venous blood
tests can be also used to distinguish PTA from other diseases such as tumours,
which may present similar symptoms as PTA. In addition, a study conducted in
Taiwan by Liu showed that decreased haemoglobin level is an independent
predictor for longer hospital stay in the case of PTA (Liu et al., 2017).

Some methods other than imaging and clinical examination have been pro-
posed to help distinguish between acute tonsillitis, peritonsillitis and PTA.
Biomarkers in saliva and serum have been searched (Spiekermann et al., 2017).
Even artificial intelligence and machine learning are used to diagnose PTA with
an accuracy of 72.3% (Wilson et al., 2019). Currently however, other diagnostic
methods are not widely used.

2.4. Treatment options

2.4.1. Non-surgical treatment

Treatment for PTA usually consists of opening abscess with adequate anti-
bacterial therapy. At the same time there is no clarity regarding what adequate
antibacterial therapy should be. There are significant differences between stu-
dies and countries. Based on microbiological findings some authors recommend
wide-spectrum antibiotics such as penicillin with metronidazole, third-genera-
tion cephalosporin with metronidazole, clindamycin and amoxicillin with clavu-
lanate acid (Powell and Wilson, 2012; Galioto, 2017). In contrast, it has been
shown that the use of penicillin alone does not lengthen the hospital stay and
many authors recommend monotreatment with penicillin, especially in the
Nordic countries (Kieff et al., 1999; Risberg et al., 2008; Ehlers Klug et al.,
2009; Wikstén et al., 2014). Even though there are some surgical guidelines for
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the treatment of PTA (Windfuhr et al., 2016), there are no common clinical
practice guidelines available for the medical treatment of PTA (Wikstén ef al.,
2014).

However, in some cases medical treatment or surgery alone might be
enough. A retrospective nationwide cohort study in Taiwan of 28 837 PTA
patients showed that in 40.8% of cases antibiotic therapy alone was an effective
treatment for PTA (Wang et al, 2014). A study performed in the USA by
Lamkin showed that, among patients who received antibiotics as the first line of
treatment, only 4% needed further surgical treatment (Lamkin and Portt, 2006).
Treatment with antibiotics as a monotreatment has been shown to cause less
pain, opioid use and days off work. However, this option is only possible in
PTA cases without complications (Battaglia et al., 2018).

How the addition of glucocorticosteroids to PTA treatment affects clinical
outcome has been analysed in several studies. Steroids have been shown to
improve trismus and resolution of fever, and offer improved oral intake and
decreased length of hospital stay (Ozbek et al., 2004; Chau et al., 2014;
Battaglia et al., 2018).

In 2020, a meta-analysis was performed to compare medical treatment alone
and surgical intervention. There was no difference in odds of treatment failure
for patients with PTA managed through medical intervention alone compared to
surgical intervention. At the same time, the quality of many studies involved in
that meta-analysis was low (Forner et al., 2020). When choosing monotreatment
with antibiotics, clinicians should be aware of potential PTA life-threatening
complications. A systematic review of literature conducted by Klug showed that
men and patients over 40 have a significantly increased risk of PTA compli-
cations (Klug et al., 2020).

2.4.2. Surgical treatment

There are three surgical options for the draining of PTA: needle aspiration,
incision and drainage, and acute tonsillectomy. Treatment options and protocols
vary widely between countries and even within them (Wikstén et al., 2014).
Treatment with needle aspiration or incision and drainage leaves the opportu-
nity for PTA to recur. PTA recurrence rate varies between 9 and 22% (Serensen
et al., 1991; Powell and Wilson, 2012; Chung et al., 2014). Acute tonsillectomy
has fallen out of favour in some areas because of postoperative haemorrhage.
However, acute tonsillectomy is usually preferred in cases of young children
where cooperation is difficult and patients with severe trismus (Flint and
Cummings, 2010; Bochner et al., 2017). Moreover, acute tonsillectomy is the
method of choice when the spread of the disease to other spaces is suspected.
Usually, surgical treatment is combined with antibiotics (Galioto, 2017).
However, a German study by Knipping found no higher complication rate when
no additional antibiotic treatment was used after acute tonsillectomy (Knipping
et al., 2009). Another study found that 8 patients out of 9 who were treated with
ineffective antibiotics (antibiotics to which the putative causative agents were
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resistant) had complete resolution of PTA after the abscess was drained (So-
werby et al., 2013). These findings suggest that, in some cases, if the PTA is
surgically well treated and the abscess fully drained then surgical treatment
alone might be enough. Nonetheless, future studies are required to confirm this.

* k%

In summary, PTA is the most frequent cause of emergency hospitalisation in
otorhinolaryngology. At the same time, it is not fully agreed how PTA develops
and what the true causative agents would be. This has led to a wide variety of
treatment options. PTA pus is usually polymicrobial and there seems to be at
least some geographic differences. PTA is mostly studied in Western countries,
especially in Northern Europe, but information is lacking about Estonia and the
other Baltic States.

PTA patients are frequently severely ill when they are hospitalised. It is
unclear how many PTA patients have sepsis at the time of hospitalisation and
the effect of sepsis on treatment outcomes.

Moreover, since the pathomechanisms of PTA are unclear, there are few
evidence-based suggestions on how to prevent PTA or reduce its prevalence.

Our research has attempted to fill these gaps.
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AIMS OF THE STUDY

The main aim of the present thesis was to evaluate the etiopathogenetic factors,
aspects of the clinical picture and possible novel ways to treat and prevent
peritonsillar abscess.

Therefore, the specific objectives of the present thesis may be summarised as

the following:

1.
2.

To clarify the risk factors and pathogenetic aspects of PTA.

To evaluate the frequency and clinical significance of sepsis clinical picture
in the case of PTA.

To compare different specimens (tonsil fossa, pus, blood) and methods
(culture, NGS) in identifying the causative agents of PTA.

To assess antibiotic susceptibility of potential pathogens isolated from PTA
patients.

To assess the utility of some polyols for the treatment and prevention of
PTA.
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MATERIAL AND METHODS

3. Subjects and study design

The present research included 114 PTA patients. Patients were recruited in the
framework of two studies and the results were published as three separate
papers. All investigations were conducted as prospective studies. All patients
were admitted to the Department of Otorhinolaryngology, Tartu University
Hospital, Estonia with suspicion of PTA and were undergoing bilateral emer-
gency tonsillectomy. PTA diagnosis was confirmed intraoperatively by pus in
the peritonsillar space. The first group consisted of 22 patients enrolled from
November 2011 until May 2012. The second group consisted of 92 patients
enrolled from April 2016 until August 2017 (Table 1).

Table 1. Subjects and methods

Enrolment Number of Methods
subjects
Study I  November 2011— 22 Macroscopic oropharyngeal signs
May 2012 Tonsillitis index

Bacterial cultures of pus, tonsillar fossa,
blood
Antibiotic susceptibility testing

Study II April 2016— 92 Sepsis clinical signs

August 2017 Collection of S. pyogenes strains

Amylase in pus

Biomarkers from blood
Next-generation sequencing

Polyol susceptibility of S. pyogenes
strains

3.1. Participants of bacteriological study

All patients of the first study group were hospitalised due to PTA at the Depart-
ment of Otorhinolaryngology, Tartu University Hospital, between November
2011 and May 2012. This study group consisted of 22 consecutive patients (16
males and 6 females with a median age of 32, range 14—74). Patients with unila-
teral PTA were selected and the opposite side to PTA was used to evaluate the
macroscopic oropharyngeal signs. The macroscopic oropharyngeal signs were
evaluated and tonsillitis index (TI) was calculated before tonsillectomy for
PTA. During operation, the microbiological samples were collected for cultures
from three different locations — pus from the peritonsillar space, tonsillar fossa
biopsy and peripheral blood. From all outgrown bacteria the opportunistic
pathogens were selected for antibiotic susceptibility testing.
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3.2. Participants of sepsis evaluation and molecular study

All PTA patients admitted with PTA from April 2016 until the end of August
2017 were enrolled into the second study group. This group consisted of 54
males and 38 females (with a median age of 31.5 years, range 13-67). Exclu-
sion criteria included age under 12 years (previous studies have shown that PTA
is rare under the age of 12), current administration of immunosuppressive medi-
cations, immunosuppressive disease, current chemotherapy or radiotherapy, and
diabetes (both type I and type II).

The sepsis clinical signs were evaluated. Before emergency tonsillectomy,
blood samples for the detection of biomarkers were taken. Intraoperatively, the
pus and the tonsillar biopsy was collected for the evaluation of amylase and for
microbiological analyses (cultures and next-generation sequencing (NGS)). All
S. pyogenes strains outgrown from PTA pus were used for polyol susceptibility
testing.

4. Methods

4.1. Clinical information and evaluations

For both groups, the following information was obtained: age, gender, type of
antimicrobial therapy before admission, axillary temperature with an accuracy
of 0.1 °C. Measurement of axillary temperature was used over sublingual, be-
cause of the practice in our clinic to avoid excessive inconveniences for patients
with oral and pharyngeal abscesses (including PTA) and patients after surgeries
in that area.

4.2. Oropharyngeal evaluations

In the first group, evaluation of the presence or absence of five macroscopic
oropharyngeal signs was made on the tonsil in the opposite side of PTA and
these were as follows: tonsillar sclerosis, obstruction of the tonsillar crypts, scar
tissue on the tonsils, cryptic debris and lymphatic tissue aggregates. Tonsillar
sclerosis was defined as increased tightness of the tonsillar and peritonsillar
tissue by palpation together with fixation of the palatine tonsil in the tonsillar
fossa. Obstruction of the tonsillar crypts was documented when narrowing of
the crypt openings was observed, resulting in the loss of a clear cryptic pattern
of the tonsillar surface. Scar tissue on the tonsils was defined as white tissue
spots or streaks on the tonsillar surface. Cryptic debris was described as any
white or yellow matter in the crypts or in the supratonsillar cleft. Multiple round
or elongated yellow-coloured patches on the retropharyngeal mucosa were
described as lymphatic tissue aggregates, which are presumably due to the
enlargement of normal lymphatic structures in the throat.

We also calculated TI by multiplying the number of tonsillitis episodes per
year by the morbidity period in years (Fujihara et al., 2005). It approximately
represents the total number of tonsillitis episodes the patient has ever
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experienced. The basic clinical parameters of this group are presented in Table
1 of Paper L.

4.3. Assessment of sepsis

In the second group, heart rate and respiratory frequency were measured. Before
surgery, the blood samples were collected. Patients were also evaluated for
sepsis criteria based on the 2001 International Sepsis Definitions Conference
(Sepsis-2). Sepsis is defined as being the clinical syndrome by the presence of
both infection and systemic inflammatory response syndrome (SIRS) (Levy et
al., 2003). Criteria for SIRS are considered to be met if at least two of the
following four clinical findings are present: Temperature higher than 38 °C or
lower than 36 °C; Heart rate higher than 90 beats per minute; Respiratory rate
higher than 20 breaths per minute or arterial carbon dioxide tension lower than
32 mm Hg; WBC count higher than 12 x10°/L or lower than 4 x10°/L or with
10% immature forms. The basic clinical parameters of this group are presented
in Table 1 of Paper I1.

4.4. Therapeutic procedures

All patients underwent emergency tonsillectomy that was performed within 24
hours after diagnosis of PTA. All operations were performed under general
anaesthesia. Both tonsils were removed by blunt dissection.

During hospitalisation, the patients received intravenous antibiotics and
analgesics. Intravenous administration of fluids was used if needed. Most
patients were discharged from hospital the day after surgery. Oral antibiotics
and analgesics were prescribed at home. The most commonly used antibiotic
was penicillin.

4.5. Sample collection

For microbiological culture analyses, the samples were collected from three
regions — pus from peritonsillar space, tonsillar fossa, blood. The pus aspirate
was collected just before removing the tonsils when the patient was already
under general anaesthesia by puncturing the peritonsillar space. The second
microbiological sample was tissue biopsy from tonsillar fossa. A biopsy was
taken after removing the tonsil from the side of the PTA. Within 5 minutes of
removing the infected side tonsil, the peripheral blood cultures were drawn
aseptically into BACTEC Plus Aerobic/F and BACTEC Plus Anaerobic/F blood
culture bottles (Becton Dickinson, USA). Pus and biopsy specimens were
placed in sterile containers and immediately taken to a microbiology laboratory
and frozen or cultured within 2 hours.

For microbiological molecular analyses, the samples were collected from
two areas — PTA pus and tonsillar biopsy. The pus sample was taken after
opening the PTA with a swab. The tonsillar biopsy sample was taken after
operation from the removed tonsil from the PTA-affected side.
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4.6. Microbiological analyses
4.6.1. DNA extraction

In total, 182 samples (91 washouts of the pus swab materials and 91 tonsillar
biopsy specimens) were analysed by next-generation Illumina sequencing. Both
samples were collected from the same patient.

Bacterial DNA from washouts of the swab material was extracted with the
PureLink™ Microbiome DNA Purification Kit (Invitrogen, USA), using an
ELMI Sky Line instrument (ELMI Ltd, Latvia) according to manufacturer’s
instructions.

The frozen biopsy specimens (~25 mg) were suspended in 500 pL of lysis
buffer (200 mM Tris-HCI (pH 8.0), 25 mM ethylene diamine tetraacetic acid,
300 mM NaCl, 1.2% sodium dodecyl sulfate) and 20 uL of proteinase K (400
pug/mL) for DNA extraction. The mixture was incubated at 37 °C for 24 h. The
procedure of DNA extraction was continued according to the tissue protocol of
QIAamp DNA Mini Kit (Qiagen, Germany).

Extracted DNA samples were quantified with Qubit and diluted to 5 ng/pL.

4.6.2. Next-generation sequencing

DNA was amplified using the primers 16SF (5'- TCGTCGGCAGCGTCAGA
TGTGTATAAGAGACAGCCTACGGGNGGCWGCAG -3') and 16SR (5'-
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHVGGGT
ATCTAATCC -3') for PCR amplification of an approximately 460 bp region
within the hypervariable (V3-V4) region of prokaryotic 16S ribosomal RNA
gene (Klindworth et al., 2013). The first PCR mixture contained 12.5 uL of
KAPA HiFi HotStart ReadyMix (2X) (Kapa Biosystems, USA), 1 pL of each
primer (10 uM) and 6 pL of template DNA (5 ng/uL). The reaction volume was
brought to 25 pL with milliQ water. PCR conditions were 95 °C for 3 min
followed by 24 cycles of 95 °C for 30 sec, 55 °C for 30 sec, and 72 °C for 30 sec
with a final extension at 72 °C for 5 min. The PCR products were purified using a
0.8x solution of AMPure XP Beads (Beckman Coulter, Inc.). The purified pro-
ducts were quantified with Qubit, diluted to 10 ng/uL. and used as a template for
indexing PCR. Indexes and sequencing adapters were attached to the PCR pro-
ducts in the indexing PCR, using Illumina Nextera XT dual index primers (Illu-
mina Inc., USA). The indexing PCR contained 5 uL of each index primer, 15 puL
of KAPA HiFi HotStart ReadyMix (2X) and 5 pL of template DNA (10 ng/uL).

The conditions for the second PCR cycling were 95 °C for 3 min followed by
7 cycles of 95 °C for 30 sec, 55 °C for 30 sec, and 72 °C for 30 sec with a final
extension at 72 °C for 5 min. Indexed PCR products were purified using a 1.9x
solution of AMPure XP Beads, quantified and combined into a final library pool
in equimolar concentrations. The library pool was quantified using Illumina-
specific KAPA Library Quant Kit (Kapa Biosystems, USA). Sequencing was
carried out on an [llumina MiSeq System using MiSeq Reagent Kit v3 in paired
end 2 x 300 bp mode.
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DNA sequence data were analysed using BION-meta, currently unpublished
open source program, according to authors’ instructions (McDonald et al.,
2016). First, sequences were cleaned at both ends using a 99.5% minimum
quality threshold for at least 18 of 20 bases for the 50-end and 28 of 30 bases
for the 30-end, then joined, followed by the removal of contigs shorter than
350 bp. The sequences were cleaned from chimeras and clustered by 95% oligo-
nucleotide similarity (chimera length of 8 bp, step size 2 bp). Lastly, consensus
reads were aligned to the SILVA reference 16S rRNA database (v123) using a
word length of 8 and similarity cut-off of 90.

4.6.3. Culture methods

Pus and biopsies were cultured semi-quantitatively in the anaerobic box with a
10 pl sterile loop. The biopsy samples were ground in a mortar under sterile
conditions before cultivation. Blood agar plates (Oxoid; UK) were employed for
aerobic bacteria, chocolate agar plates for Haemophilus sp, Tryptic Soy-Serum-
Bacitracin-Vancomycin agar (TSBV; Oxoid, UK) for Aggregatibacter sp, and
Fastidious Anaerobe Agar (FAA; LabM, UK) for anaerobic bacteria. The plates
were incubated at 36.6 °C either aerobically for 2 days (blood agar), in a CO,-
enriched atmosphere for 5 days (chocolate and TSBV agar) or anaerobically for
7 days using the anaerobic glove box (FAA). The count of bacteria was
evaluated semi-quantitatively: the growth in the first sector (+), in the second
sector (++), in the third sector (+++), and in the fourth sector (++++). Identi-
fication of isolated microorganisms was performed using MALDI Biotyper
(Bruker Daltonics).

4.6.4. Antibiotic susceptibility testing

For antibiotic susceptibility testing, only the opportunistic pathogens were se-
lected. The selected microorganisms were S. pneumoniae, S. pyogenes, S. para-
sanguinis, SAG, R. mucilaginosa, and F. necrophorum. Minimum inhibitory
concentrations (MIC) were assessed using the E-test method and the guideline
“The European Committee on Antimicrobial Susceptibility Testing. Breakpoint
tables for interpretation of MICs and zone diameters. Version 5.0, 2015.
http://www.eucast.org.” Mueller-Hinton agar plates were used, and the cultures
were incubated for 24 hours at 35 °C. Streptococci were incubated in a micro-
aerophilic atmosphere (10% CO:) and anaerobes were incubated in an anaerobic
glove box (Sheldon Manufacturing Inc, with a gas mixture: 5% Hz, 5% CO.,
90% Nz).

Exact MIC values, which were used to determine sensitivity for each speci-
men, were: S. parasanguinis — penicillin, ampicillin/sulbactam (MIC suscep-
tible < 0.25; resistant > 2); clindamycin (MIC susceptible < 0.5; resistant > 0.5);
SAG — penicillin, ampicillin/sulbactam (MIC susceptible < 0.25; resistant > 2);
clindamycin (MIC susceptible < 0.5; resistant > 0.5); S. pneumoniae — penicillin
(MIC susceptible < 0.06; resistant > 2); ampicillin/sulbactam (MIC susceptible
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< 0.5; resistant > 2); cefuroxime, erythromycin (MIC susceptible < 0.25;
resistant > 0.5); clindamycin (MIC susceptible < 0.5; resistant > 0.5);
ciprofloxacin (MIC susceptible < 0.125; resistant > 2); S. pyogenes — penicillin,
ampicillin/sulbactam (MIC susceptible < 0.25; resistant > 0.25); clindamycin
(MIC susceptible < 0.5; resistant > 0.5); F' necrophorum — penicillin (MIC
susceptible < 0.25; resistant > 0.5); ampicillin/sulbactam (MIC susceptible < 4;
resistant > 8); clindamycin (MIC susceptible < 4; resistant > 4); metronidazole

(MIC susceptible < 4; resistant > 4).

4.6.5. Polyol susceptibility testing

A total of 36 S. pyogenes strains, 31 from pus of PTA patients from Study II
and 5 throat strains from culture collections (CCUG 23117, CCUG 53553,
DSM 25932, DSM 25943 and DSM 11728) were included. Erythritol (ERY),
(Cargill R&D Centre Europe, Belgium) and xylitol (XYL), (>99%, Sigma-
Aldrich Co, USA) were tested. Tested substances were sterilised by filtration at
the desired concentration and added to the brain-heart infusion (BHI), (Oxoid
Limited, UK) medium (sterilisation by autoclaving at 121 °C for 15 min). The
bacteria were incubated at 37 °C in 10% CO, for 24 hours on blood agar (Oxoid
Limited, UK).

The microtiter plate wells (Cellstar® 96 well polystyrene suspension culture
microplates, F-bottom, Greiner Bio-One GmbH, Austria) were inoculated with
equal amounts (200 pl) of bacterial (the final test-concentration of 10° CFU/ml)
and polyol solution. The bacterial cells were grown at 37 °C in 10% CO, on the
microtiter plate. The density of bacterial growth was detected spectrophoto-
metrically in an absorbance microplate reader (Labsystems Multiskan® MCC/
340, Fisher Scientific, USA) at 620 nm. The measurement time points were 0
and 24 hours.

The tested polyol concentrations (weight/volume) were 2.5%, 5% and 10%.
The polyol effect was calculated as the difference between average BHI and
polyol test values. Polyol effectivity scores were calculated as a summary effect
of three polyol concentrations (2.5%, 5% and 10%) where each polyol con-
centration gave -1, 0 or +1 points depending on whether the S. pyogenes growth
increased, remained unchanged or decreased in the presence of polyols com-
pared to the growth in BHI, respectively. All experiments were performed in
triplicate and repeated twice. Each value represents the average of two median
results from triplicate experiments.

Four S. pyogenes strains were selected for the growth curve study, two with
high polyol effectivity scores (ERY score 3, XYL score 3) and two with low
polyol effectivity scores (ERY score -3, XYL score -1). One of the high score
and one of the low score strains were from high amylase pus and one of the
high score and one of the low score strains were from low amylase pus. For the
growth curve study, the microtiter plates were prepared similarly to the growth
inhibition study. The following incubation at 37 °C took place in a spectro-
photometer with an integrated incubator (Multiscan Go 1510-00361, Thermo
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Fisher Scientific Oy, Finland. Skanit Software 3.2) in aerobic conditions. The
density of bacterial growth in microwells was detected spectrophotometrically
at 620 nm in 1-hour intervals from 0 to 24 hours with preceding shaking of 5
seconds.

4.7. Other laboratory analyses

Blood samples were transported to the United Laboratory of Tartu University
Hospital where white blood cell count, CRP, procalcitonin (PCT), anti-strepto-
lysin O and amylase were determined using standard methods. Amylase levels
in the 5-fold diluted pus were measured by kinetic colorimetric method in
United Laboratory of Tartu University Hospital.

We also measured amylase in PTA pus. For that we diluted pus 5-fold and
transported the diluted pus samples to the United Laboratory of Tartu Univer-
sity Hospital. Amylase was measured by a kinetic colorimetric method.

4.8. Statistical analysis

For statistical analyses, SigmaStat (Systat Software, USA) and Excel (Micro-
soft, USA) software programs were used. The differences between the groups
were calculated with t-test (in the case of normal distribution) and Mann-Whit-
ney rank sum test (in the case of nonparametric distribution) as well as Fisher’s
exact test and Chi-squared test. Spearman correlation was used to determine
correlations between the parameters. Statistical significance was assumed at p <
0.05 for all parameters.

The NGS data were analysed using t-test, Mann-Whitney U test and Wilco-
xon rank sum test. The diversity of microbiota was described by richness, Shan-
non ‘H’ diversity and Simpson’s indices. SILVA reference 16S rRNA database
(release 138) with a word length of 8, similarity cut-off of 90 and renewed
taxonomic paths was used (Figure 4). All names of validly described species in
the SSU and LSU databases have been checked for changes (basonyms, syno-
nyms and orthographical corrections) against the DSMZ “Bacterial Nomencla-
ture up to date (PNU)” service as of June 2019 (https://www.arb-silva.de/
documentation/release-138/). Therefore, the taxonomic bacterial classification
names (e.g. for some phyla) may differ slightly from the traditional nomencla-
ture (https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi).

4.9. Ethical considerations

Participation in the studies was voluntary. All subjects were informed about the
studies’ nature and, after the signing an ethics-committee-approved informed
consent form, they were entered into the studies. The studies were conducted in
compliance with the “Ethical principles for medical research involving human
subjects” of the Helsinki Declaration and approved by the Ethics Review
Committee on Human Research of the University of Tartu (protocols no: 202T-
2 and 255/T-1).
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RESULTS AND DISCUSSION

5. Clinical picture in PTA patients

5.1. Oropharyngeal and other characteristics

Study I consisted of 22 patients and Study II consisted of 92 patients with PTA
(Table 2). In both studies there was a male dominance: in the first study 72.7%
and in the second study 58.9% of the PTA patients were male. Some other
authors have found that PTA is seen with equal representation among both
sexes while the others have noted male dominance (Kronenberg et al., 1987;
Serensen et al., 1991; Ehlers Klug et al., 2009). In our first study male domi-
nance was at a ratio 3 to 1 — this is among the greatest gender differences in the
literature, similarly to the findings of Matsuda (Matsuda et al., 2002).

Table 2. Clinical data of the PTA patients

Study I Study II
16 M (72.7%), 6 F 54 M (58.7%), 38 F
Gender (27.3%) (41.3%)
Antlmlgrob})al therapy before 72.7% 48.9%
admission (%)
Median Range Median Range
Age (years) 32 14-74 31.5 13-67
Temperature (°C) 38.4 37.1-39.1 37.6 36.0-39.4
Duration of symptoms before 55 1230

hospitalisation (days)

In both studies, the median age, age range and duration of symptoms were very
similar. Our data are similar to some other Scandinavian data where the average
duration of symptoms before diagnosis of PTA was 5 days, but with a greater
range of 1-60 days. At the same time the median age in Denmark was 2 days
and patients affected with PTA were accordingly younger, 21 years in Denmark
and 25.6 years in Sweden (Risberg et al., 2008; Ehlers Klug et al., 2009).

In the first study 68.2% and in the second study 73.9% of patients had a
fever of more than 37.1 °C. Antibiotic consumption before admittance was
higher in Study 1. Antibiotic therapy was mostly prescribed by family doctors
and it ranged widely. Antibiotics that were prescribed in the first study were
penicillin V, amoxicillin, cefadroxil, and clindamycin. Three patients out of 16
who had taken antibiotics before hospitalisation had taken two courses, the
second choice being always clindamycin. In the second study, antibiotics that
patients had taken before hospitalisation were penicillin V, amoxicillin,
amoxicillin with clavulanic acid, azithromycin, clarithromycin, clindamycin,
cefadroxil, cefuroxime, cefprozil and ciprofloxacin.
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In Denmark and Sweden, 38% and 21% of the patients had antibiotic treat-
ment before hospitalisation, respectively (Risberg er al., 2008; Ehlers Klug et
al., 2009). In addition, in Sweden the majority of patients were treated with
penicillin V and 94% patients in Denmark with penicillin-type antibiotics. In
both our studies less consistency was seen in the choice of antibiotics and signi-
ficantly wider spectrum antibiotics were used. This is probably due to the fact
that Estonia does not have nationwide clinical guidelines for the treatment and
management of PTA.

5.2. Comparison of patients with and
without sepsis symptoms

The patients of Study II were divided into two groups based on fulfilling sepsis
criteria (we used criteria referred to as Sepsis-2) (Levy et al., 2003). Forty-
seven patients out of 92 (51.1%) had sepsis symptoms during hospitalisation.
There were no differences between patients’ age or duration of symptoms
before hospitalisation between those groups.

Patients with sepsis symptoms had statistically significantly higher values in
terms of body temperature, heart rate, respiratory rate and WBC count in
comparison with the non-sepsis group. This is understandable because those are
the four clinical findings which sepsis diagnosis is based upon. WBC had a
strong positive correlation with CRP (r=0.943, p=0.0167) and PTA patients
with sepsis seemed to have higher CRP levels, but this finding was not
statistically significant (p=0.071). Patients who had not received any kind of
antibiotic treatment before hospitalisation had more sepsis symptoms
(accordingly 31 vs 16). The positive effect of antibiotics has previously been
shown: a systematic review showed that antibiotic prescription significantly
reduces PTA incidents compared to a placebo (Spinks et al., 2013). Moreover,
we found that patients who smoked had significantly more sepsis symptoms:
36% of the patients in sepsis group were smokers compared to 11% of patients
in the group without sepsis symptoms.

There was no difference between pus amylase levels in the groups with and
without sepsis symptoms. Out of 9 patients with very high levels of pus amylase
5 patients had sepsis symptoms (1304—7004 U/L) and 4 patients were without
sepsis symptoms (860—10019 U/L).

We also evaluated two inflammation biomarkers — CRP and PCT. Two
patients had very high levels of PCT — 38.05 and 49.94 ng/mL (one with
symptoms of sepsis and the other without). If we excluded these two values,
then there was no difference in PCT levels between study groups (median
values 0.08 and 0.07) and PCT overall increase in blood samples was very
small.
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5.3. Association with Weber salivary gland infection

Twelve patients out of 92 had amylase levels in their pus at least twice as high
(94-10019 U/L) than in their serum. Average pus amylase was 765.3 U/L and
median pus amylase was less than 3 U/L (Table 3). Average serum amylase
was 45.3 U/L with range (20-108 U/L) and median 43.0. There was no diffe-
rence in other clinical symptoms between patients who had high amylase levels
in their pus versus patients who did not. This result is similar to the finding of
El-Saied, who did not see any clinical differences between the high levels of
amylase group and low levels of amylase group (El-Saied et al., 2012). The
only difference between the groups in the study was that the patients with
recurrent PTA always had lower levels of amylase (lower than 65 U/L). We
were not able to confirm that, because our study groups did not include patients
with recurrent PTA. Also, in two studies conducted by El-Saied, almost half of
the patients had amylase of more than 65 U/L (El-Saied et al., 2012, 2014). In
our study only 13% of patients had high elevation of amylase in their pus. High
amylase levels in PTA pus are associated with Weber salivary glands. There-
fore, only a small number of our patients can be associated with PTA originated
from Weber salivary glands.

6. Anamnesis of PTA patients

6.1. Former tonsillitis episodes

In Study I, we collected data about previous tonsillitis episodes and macro-
scopic oropharyngeal signs which refer to previous tonsillar infection and
chronic tonsillitis. Most of the patients (63.6%) did not report any previous
problems with their tonsils, 31.8% patients had one to three episodes of
tonsillitis a year and only one patient had tonsillitis episodes more often than
three times a year. Calculated TI score median was 0 and mean 4.04 (with range
0-36). After excluding the one person with a TI score of 36, the mean value of
TI dropped to 2.16. Other studies have reported recurrent tonsillitis percentage
from 7.9% to 85% (Templer et al., 1977; Stringer et al., 1988; Wolf et al.,
1994; Chung et al., 2014; Tachibana et al., 2014) This may be related to the fact
that recurrent tonsillitis is very differently defined in different studies and thus,
comparison is difficult. None of the patients in our study had previously
experienced PTA, but it might be due to fact that the vast majority of the
patients in our region are treated with acute tonsillectomy which prevents future
episodes.

We evaluated 5 oropharyngeal signs that were previously shown to indicate
long-term recurrent inflammatory process in tonsils (Kasendmm et al., 2004). In
Study I the median value was 4 out of 5 (range 0-5), 83.3% of patients had
cryptic debris; 72.2% of patients had scar tissue on tonsil and tonsillar sclerosis;
61.1% of patients had obstruction of the tonsillar crypts; 55.6% of patients had
lymphatic tissue aggregates on the retropharyngeal mucosa. This indicates that
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most of the patients had an underlying chronic or recurrent inflammatory
process in their tonsils although their own complaints were small. Long-term
chronic or recurrent inflammation leads to a sclerotic process in the tonsil and in
the surrounding tissue (Kasendmm ef al., 2004). When Weber’s salivary glands
theory was put forward by Passy he argued recurrent tonsillitis probably plays a
role in the development of PTA. Repeated tonsillar infections leads to scarring
in the tonsils and surrounding tissues. This scarring can cause ductal obstruction
to Weber’s salivary mucous gland secretions, resulting in infection and
eventually PTA formation (Passy, 1994).

6.2. Other possible risk factors

In Study II, 22% of PTA patients were smokers. This is similar to the overall
smoking rate in the Estonian population of 21% (Tekkel and Veideman, 2017).
This is in contrast to many other studies, where smoking is associated with
higher risk of PTA (Schwarz et al., 2018; Kim et al., 2020). In a study
performed in the UK researchers found that smoking increased PTA risk by
70% and in Denmark researchers found that smoking increased the PTA risk by
approximately 150% (Dilkes et al., 1992; Klug et al., 2013). However, in
Canada Sowerby et al. reported an even lower smoking rate among PTA
patients than in their region overall (Sowerby et al., 2013). On this basis we are
not able to confirm that smoking increases PTA, at least in the Estonian
population.

7. Oral microbiota in PTA patients

7.1. Microbiota of pus and tonsillar fossa - bacteriological study

A total of 62 different bacteria were found from pus, tonsillar fossa biopsy and
blood samples (Table 4). All 22 tonsillar fossa biopsies were positive while
only 16 (72.7%) of pus samples and 2 blood samples were positive. A total of
49 different bacteria were discovered from tonsillar fossa, 32 different bacteria
from pus and 3 from blood samples. The median number of different bacteria
found in tonsillar biopsies was 6 (range 1-10, average 5.7) and in pus samples 3
(range 0-9, average 2.7). Our findings are similar to other studies where
average species counts found from pus samples are between 1 and 3 but the
highest average species count found from pus is 7.7 (Brook, 1981). However,
not all studies have evaluated anaerobes in PTA (Matsuda et al., 2002;
Megalamani et al., 2008). Also, in Study I, the preceding antibiotic treatment
rate was very high, and may affect positive culture results and the number of
microbes detected in PTA pus, tonsillar fossa and blood samples.

Pus is the most common microbiological specimen for PTA patients. To the
best of our knowledge our study was the first to evaluate bacterial growth from
tonsillar fossa biopsy, in addition to pus. A slightly similar study was conducted
in Denmark where they evaluated growth from PTA pus, on PTA tonsil surface
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and from tonsil core (Klug ef al., 2011). In this study the researchers also found
that pus aspiration gave the smallest average bacterial growth — 3.7 isolates while
from surface swabs 5.1 isolates and from tonsillar core 5.8 isolates were detected.
This study is in good agreement with ours, indicating that isolates found from
PTA pus are less numerous than from other areas, and thus tonsillar fossa biopsy
or tonsillar core biopsy should be considered as preferred specimen.

In tonsillar fossa, the most frequent genera of bacteria were Streptococcus
spp., followed by Neisseria spp. and Actinomyces spp. The most common
species were S. parasanguinis and S. pneumoniae, both with 55%. R. mucilagi-
nosa was present in 31.8% of tonsillar fossa biopsies but was never found in pus
samples and blood samples. Also, in tonsillar fossa we found 6 Staphylococcus
spp., but none of them were found from pus cultures or blood samples.

In 54.5% of pus samples multiple organisms were present, in 18.2% of pus
samples only one organism was present and 27.3% of pus sample gave no
growth. The most frequently found bacteria in pus cultures were different
streptococci. Out of 16 positive pus cultures SAG was present in 9 cases. At the
same time SAG was much less frequently found in tonsillar fossa biopsies
where only 4 samples were positive for SAG.

Most of the studies relating to PTA have looked at SAG as a member of the
viridans streptococci group. Viridans group streptococci are very frequently
found in PTA pus (Brook, 1981; Matsuda et al., 2002; Sakae et al., 2006). But
there is also great variability among different studies (Sunnergren et al., 2008;
Ehlers Klug et al., 2009; Gavriel et al., 2009; Hsiao et al., 2012). The difference
in percentage arises if all viridans streptococci are looked at together or SAG is
looked at separately. In addition, viridans streptococci can also be found as
commensals in the oral and nasopharyngeal microbiota of healthy individuals
(Salavert et al., 1996). Therefore, in some cases their occurrence in PTA pus
samples might also reflect contamination from oral microbiota (Sunnergren et
al., 2008; Ehlers Klug et al., 2009; Gavriel et al., 2009; Segal et al., 2009;
Mazur et al., 2015).

S. pyogenes is the only bacterium which is recognised as a true pathogen in
PTA (Klug, 2017). At the same time, we only found S. pyogenes in 4 tonsillar
fossa biopsies (18.2%) and from 6 pus samples out of 22 (27.2%). Our study is
well aligned with other authors and their studies, where S. pyogenes is usually
found in a quarter to a third of cases. In addition, S. pneumoniae has been as-
sociated with PTA in some former studies and this bacterium was also frequently
found in our specimens (Haeggstrom et al., 1987; Sunnergren et al., 2008).

We used special culture media and growth conditions to reveal anaerobic
bacteria. The most common anaerobes that are associated with PTA are F.
necrophorum and Prevotella spp. (Mitchelmore et al., 1995; Ehlers Klug et al.,
2009). In our study F. necrophorum was only once found from pus samples and
twice from tonsillar fossa biopsy. Prevotella spp. was also only once found
from pus samples and three times from tonsillar fossa. Another fusobacterium,
F. nucleatum that may be also associated with PTA, was isolated from 3 pus
samples (Jousimies-Somer et al., 1993).
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In 9 patients out of 16 with positive pus samples (56.2%), one or more orga-
nisms that were found in the pus were also present in the tonsillar fossa biopsy
samples (altogether 20 specimens). At the same time, all except one pus sample
had one or more specimens in the pus that were not found in the tonsillar fossa
biopsy.

Only in two patients were the blood samples culture-positive (9.1%). The
bacteria found from blood cultures were Streptococcus mitis (S. mitis) and
Streptococcus oralis in one patient and Peptostreptococcus anaerobius in
another.

7.2. Microbiota of pus and tonsillar fossa - molecular study

The tonsil biopsies and pus samples of 91 patients were analysed by applying
NGS. More than 200 genera of bacteria from 35 different phyla were found in
these samples. Both sample types had quite similar species Shannon ‘H’
diversity (proportion of the species) and Simpson’s indices (number of the
species/relative abundance of the species) (Figure 3). The difference between
the two materials was found in species richness (number of species in a
community) — this marker was significantly higher in pus samples than in tonsil
biopsies (p=0.014).

richness shannon invsimpson
0.014 0.21 0.18
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Figure 3. Species richness, Shannon ‘H’ diversity and Simpson indices in the tonsillar
biopsy (B) and pus (T) specimens.

The majority of the bacteria found in tonsil biopsies and pus swabs belonged to
four phyla (Ph.) — Firmicutes, Fusobacteria, Bacteroidetes and Proteobacteria
(Figure 4). In pus swabs, the phyla Firmicutes (p<0.001) and Actinobacteria
(p=0.006) were more numerous than in tonsil biopsies. In tonsil biopsies,
Proteobacteria (p<0.001), Bacteroidetes (p=0.009) and Synergistetes (p=0.042)
were more abundant than in pus swabs. Bacteria of phylum Fusobacteria were
found equally from both locations and accounted for nearly a quarter of all
revealed microbes.
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On a genus level, Fusobacterium (Ph. Fusobacteria) and Streptococcus (Ph.
Firmicutes) were the most predominant genera, accounting for nearly half of
bacterial genes found in these specimens. Fusobacterium displayed a similar
abundance in both specimens while Streptococcus was more abundant in pus
(p<0.001). Prevotella and Porphyromonas (both Ph. Bacteroidetes) held the 3™
and 4" place.

On a species level, the analysis revealed that phylum Fusobacteria mostly
consisted of two species — F. nucleatum and F. necrophorum. Phylum Fir-
micutes primarily consisted of streptococci and the most common species were
S. pyogenes, S. mitis and S. anginosus. The most common species in the phylum
Bacteroidetes were Prevotella oris and Porphyromonas endodontalis, and in the
phylum Proteobacteria Haemophilus parainfluenzae and Sphingomonas faeni.

While comparing two sampling sites, the analysis revealed that F. necro-
phorum was more abundant in pus than tonsillar biopsy samples (p=0.02) while
no significant difference was found in the case of F. nucleatum. In addition, ton-
sillar biopsy displayed significantly more Sphingomonas faeni (p<0.001),
Chryseobacterium hominis (p<0.001) and some environmental bacteria of the
group Allorhizobium-Neorhizobium-Pararhizobium-Rhizobium spp. (p<0.001)
than pus. At the same time, the pus swabs revealed more S. mitis (p=0.003), S.
anginosus (p<0.001), Parvimonas micra (p=0.003) and Prevotella oris (p=0.024)
than biopsies while the abundance of S. pyogenes was not statistically different.

While comparing the results obtained by two different methods (cultures,
NGS) we found that both methods revealed Streptococcus as the most common
genus. Some differences were found on a species level — according to the cultu-
res, the most common streptococci were SAG while, according to NGS, the
most common was S. pyogenes. Some previous studies have also revealed that
S. pyogenes may be difficult to culture from tonsil tissues while molecular
methods reveal this species more frequently (Kasendmm et al., 2005). In addi-
tion to S. pyogenes, fusobacteria were also more frequently found by NGS.

According to NGS, 8. pyogenes was present in 70% of pus samples and 66%
of biopsy samples, F. necrophorum in 75% of pus samples and 82% of biopsy
samples, and F. nucleatum in 86% of pus samples and 89% of biopsy samples.
All pus samples contained at least one of these bacteria or their combination
while four tonsillar biopsy samples were negative for all these three bacteria.
We additionally compared the samples with a low proportion (<5%) of S. pyo-
genes and fusobacteria (10 pus and 13 tonsillar biopsy samples), to search for
other possible causative agents. In these selected pus samples, S. mitis, S. angi-
nosus and Prevotella oris were more abundant, while in tonsillar biopsy samples
S. mitis, Haemophilus parainfluenzae, Prevotella nigrescens and Mycoplasma
hominis prevailed. Further studies should reveal their actual role in PTA. The
biopsy samples contained some environmental bacteria (Allorhizobium-Neorhi-
zobium-Pararhizobium-Rhizobium spp, Chryseobacterium hominis, Sphingo-
monas faeni), too, but their role in the disease should be evaluated with caution
since contamination cannot be ruled out.
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A culture study revealed that tonsillar fossa biopsy is more suitable for
microbiological analysis than pus since more pathogens were found from ton-
sillar fossa. A similar result was seen in a Danish study by Klug where less
microbes were cultured from pus samples than tonsil surface and core samples
(Klug et al., 2011). At the same time, our study revealed that both pus and
biopsy samples are suitable for microbiological analysis when NGS method is
applied.

Summarising the results of both microbiological studies, the most com-
mon bacteria in tonsillar biopsy and pus were S. pyogenes and two species of
fusobacteria, F. necrophorum and F. nucleatum that can be considered as the
true causative agents of PTA. Our findings are in close alignment with other
authors who have considered S. pyogenes and F. necrophorum as the main
causative agents of PTA (Sunnergren et al., 2008; Ehlers Klug et al., 2009;
Wikstén et al., 2015; Slouka et al., 2020). According to our study, F. nucleatum
should be added to this list. Most of the previous studies that have investigated
the microbiology of PTA have used culture methods. To our knowledge this is
first time that NGS was used to evaluate PTA microbiota, including comparison
of different locations.

7.3. Antibiotic susceptibility of putative causative agents of PTA

We determined antibiotic susceptibility for 14 S. parasanguinis, 11 S. pneumo-
niae, 10 S. pyogenes, 10 SAG, 2 F. necrophorum and 7 R. mucilaginosa strains.
We revealed high resistance only among S. pneumoniae for erythromycin (64%)
and ciprofloxacin (82%) (Figure 5).

Antibiotic sensitivity has been shown to vary greatly among different geo-
graphic areas and depends a great deal on how widely the antibiotics are used
and how easily they are prescribed. According to our study, in our population
penicillin and other beta-lactam antibiotics are suitable as empirical treatment.

Penicillin alone is also the most commonly used antibiotic for PTA in four
Nordic countries (Wikstén et al., 2014). This is in contrast to some older studies
where researchers have found much greater resistance to penicillin and recom-
mend the use of penicillin with metronidazole or broad spectrum antibiotics
(Hall, 1990; Brook ef al., 1991; Prior et al., 1995; Shaul et al., 2015).
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Figure 5. Antibiotic susceptibility of opportunistic bacteria isolated from tonsillar fossa
and PTA pus.
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We also determined the MIC values for R. mucilaginosa, which were 0.016 and
0.125 for penicillin; 0.047, 0.094, 0.5 and 0.38 for cefuroxime; and 0.75, 2 and
6 for ciprofloxacin. These data were not included to the table since no MIC cut-
off values for R. mucilaginosa susceptibility and resistance exist.

8. Activity of polyols against PTA-associated S. pyogenes

All tested polyol concentrations, except ERY 2.5%, showed a statistically rele-
vant inhibitory effect against PTA strains compared to BHI (Figure 6). Here,
10% XYL was more effective than 10% ERY. The growth of all throat-derived
type strains was inhibited by both polyols in all studied concentrations.

100%

80%

60%

40%

20%

0%
ERY XYL ERY XYL ERY XYL

2.5% 5% 10%

% of S. pyogenes PTA strains

Binhibited Onot inhibited

Figure 6. Effect of different concentrations (2.5%, 5% and 10%) of ERY and XYL on
the growth of S. pyogenes PTA strains (n=31)

We also looked separately at the strains from the patients with high and low
levels of amylase in their pus. ERY effectivity score of isolated S. pyogenes
strains was negative or zero in two thirds (4/6) of high pus amylase cases com-
pared to only 2 of 12 of low pus amylase cases. XYL effectivity score was
negative in half of the high pus amylase cases (3/6) compared to 2 of 12 low
pus amylase cases.

Strains with high polyol effectivity scores and low polyol effectivity scores
in a 24-hour study showed similarly good effectivity of ERY and XYL in the
exponential growth phase compared to BHI in growth curve study. Both polyols
consistently inhibited the growth of all studied strains in all studied concentra-
tions in the exponential growth phase. To date, the effect of polyols to S. pyo-
genes has not been studied to any great extent. A study conducted in Finland by
Kontiokari looked at the XYL effect on microbiota found from pharynx and
middle ear fluid. In this study XYL in concentrations of 5% and 10% showed a
slight but statistically significant inhibition effect to S. pyogenes strains found
from asymptomatic children (Kontiokari et al., 1995).
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GENERAL DISCUSSION

Pathogenetic aspects

Most commonly PTA is considered to be a complication of acute tonsillitis
(Mitchelmore et al., 1995; Prior et al., 1995). However, it has been shown that
PTA can also arise from small salivary gland infection (Weber salivary glands)
(Passy, 1994). Other pathogenesis routes have also been speculated such as
association with His duct (Ilemma et al., 1992), but these theories are not widely
accepted. El-Saied et al. found that almost half of patients with PTA have high
levels of amylase in the pus (more than 65 U/L). In the same study they also
evaluated amylase levels in neck abscess and dental abscess pus and found that
amylase is not increased in these locations (El-Saied et al., 2014). They pro-
posed that their data show the origin of PTA from Weber salivary gland infec-
tion. We conducted a similar study and observed that 13% of PTA patients had
amylase levels at least twice as high as in blood, which is lower than El-Saied et
al. found. El-Saied also found that all patients with increased amylase levels in
PTA pus had their first episode of PTA (El-Saied ef al., 2014). We were not
able to repeat that part of the study, because our first line of treatment for PTA
is acute tonsillectomy, which prevents subsequent episodes of PTA. This is
most likely the reason why we rarely see recurrent episodes in our population.
The treatment option might also be one of the causes that affects the overall
morbidity of PTA, because using tonsillectomy as the first line of treatment will
reduce overall morbidity by preventing recurrent episodes.

When Passy proposed his Weber salivary glands theory, he argued that
recurrent tonsillitis causes fibrosis and Weber salivary gland ducts’ obstruction
leads to inflammation and formation of PTA (Passy, 1994). A histological com-
parison study of tonsils removed due to PTA, acute tonsillitis and chronic
tonsillitis revealed that the tonsils of PTA patients had more intense periductal
inflammation than the two other groups, thus supporting Weber’s salivary
glands theory (Kaltiainen et al., 2017). In Study I we found that most of patients
did not report previous tonsillitis episodes before PTA. At the same time, when
we evaluated macroscopic oropharyngeal signs for recurrent tonsil infection and
sclerosis, we found that most PTA patients had these signs (median 4 out of 5).
This is an indication of underlying sub-clinical chronic or recurrent tonsillitis.
We argue that this tonsil scarring and fibrosis might be the etiopathogenetic
factor for PTA. Studies have shown that the recurrence of PTA is greater among
patients with prior tonsillar infection (Chung et al., 2014; Wang et al., 2014). At
the same time acute tonsillitis is more frequent in the winter months, but peri-
tonsillitis and PTA occurrence does not change with the seasons (Kordeluk et
al., 2011; Klug, 2014). This indicates that PTA may not be limited to the comp-
lications of acute tonsillitis. However, PTA pathogenesis from acute tonsillitis
or Weber salivary glands might not be the complete opposite of each other. In
2016 a unified hypothesis was presented by Klug proposing that bacteria
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initially infect the tonsillar mucosa and spread via the salivary duct system to
the peritonsillar space, where an abscess is formed (Klug et al., 2016).

Microbiological aspects

Most studies have revealed mixed oral microbiota of aerobic and anaerobic
bacteria from PTA pus. At the same time the percentage of anaerobic bacteria
largely differs between studies, ranging from 10 to 100 (Brook, 1981; Klug,
2017; Segal et al., 2009) and aerobes 16 to 98 (Brook, 1981; Prior et al., 1995;
Segal et al., 2009; Mazur et al., 2015; Klug, 2017). It is still unclear what the
true causative agents of PTA are. The only consensus is that S. pyogenes can
cause PTA. However, S. pyogenes is found from PTA pus in the case of only
around a fifth to a third of cases (Ehlers Klug et al., 2009; Gavriel et al., 2009;
Mazur et al., 2015). It is proposed that other bacteria might also play a
significant role in the development of PTA. In our culture study, S. pyogenes
was grown in 6 out of 22 pus samples and from those six in 2 cases S. pyogenes
was grown as a monoculture. Our findings confirm that S. pyogenes might
cause PTA, but it is difficult to connect PTA with S. pyogenes alone. In Study I,
the most frequently found bacteria were different species of genus Streptococcus
spp. Many streptococci have been associated with tonsillar diseases. Large
colony-forming beta-haemolytic streptococci from groups C and G have been
recovered from tonsillar surface swabs from acute tonsillitis patients with higher
frequency than from healthy controls (Meier et al., 1990; Cimolai et al., 1991,
Turner et al., 1997; Klug, 2017). SAG have been associated with abscesses in the
head and neck region (Han and Kerschner, 2001; Hirai et al., 2005; Foxton et al.,
2012). S. pneumoniae has been associated with rhinosinusitis and otitis media
(Loughran et al., 2019; Molloy et al., 2020). However, there is currently a lack of
consistency in the literature that SAG and other streptococci then S. pyogenes can
be considered as the true causative agent of PTA.

We performed another microbiological study comparing the specimens from
tonsillar biopsy and pus, applying NGS. This study also revealed S. pyogenes as
a major causative agent of PTA, being present in two thirds of specimens. This
study also revealed that both fusobacteria (F. necrophorum and F. nucleatum)
are frequently found. These three bacteria accounted for nearly a third of the
mean microbial mass in PTA pus, and at least one of these three bacteria was
present in each pus specimen. Some previous studies, especially those perfor-
med in Finland and Denmark, have similarly found that F. necrophorum is
often in PTA pus and noted that it might be causative agent of PTA (Jousimies-
Somer et al., 1993; Savolainen et al., 1993; Klug et al., 2011). In our cultural
study the fusobacteria were not very common and many other studies have also
rarely reported F. necrophorum (Sakae et al., 2006; Marom et al., 2010; Hsiao
et al., 2012), but this might be because culture methods are mostly used and
molecular methods might give more reliable results, especially for anaerobic
bacteria. Our NGS study revealed fusobacteria in the majority of pus and biopsy
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specimens. The intriguing finding in our study was that F. nucleatum can be
also very frequently found in PTA pus. Here, future studies are needed to clarify
if . nucleatum can also be considered as a potential causative agent of PTA.

Because there is so much inconsistency between studies, it has made it diffi-
cult to reach an agreement on other possible causative agents. At the same time,
polymicrobial infection that is common in the case of many other diseases is
also highly likely in the case of PTA (Galioto 2017). The infectious community
may involve several streptococci and anaerobic bacteria that have a synergistic
lifestyle. Inflammation is caused by this community rather than by any of these
bacteria separately.

In 2004, Kasendmm et al. (2004) conducted a study in our department where
they collected blood cultures from patients to whom tonsillectomy was per-
formed due to recurrent tonsillitis. In his study the rate of positive blood cultu-
res during tonsillectomy was as high as 44% (Kasendmm et al., 2004). Tonsil-
lectomy was performed on patients in a relatively healthy state, without preope-
rative antibiotics. In Study I we used the same culture media and the same
protocol for collecting blood cultures during tonsillectomy for PTA. In our
current study only 2 blood cultures out of 22 were positive. At the same time
most of our PTA patients (72.7%) had received antibiotic therapy before hospi-
talisation. This could be a reason why in Study I the percentage of positive
blood cultures was so low. The same argument that prior antibiotic therapy
might alter microbiological sample results has also been proposed by many
other authors (Hoffmann ef al., 1987; Jokipii et al., 1988; Mitchelmore et al.,
1995; Klug, 2017). In addition, the patients had different diagnoses (tonsillitis
versus PTA). With this in mind it has been difficult to identify other true causa-
tive agents of PTA. At the same time this shows that preoperative antibiotic
therapy is effective for preventing intraoperative bacteraemia.

Choice of antibiotics for treatment of PTA depends on local antibiotic sensi-
tivity, overall countries’ antibiotic policy and physicians’ preferences. Penicillin
is the most commonly used antibiotic in the case of PTA in the Nordic countries
(Risberg et al., 2008; Wikstén et al., 2014; Klug, 2017). However, in many
areas authors prefer and recommend broad-spectrum antibiotics (penicillin with
metronidazole, clindamycin, clarithromycin), because culture findings have
shown high resistance to penicillin (Hall, 1990; Brook et al., 1991; Prior et al.,
1995; Powell and Wilson, 2012). Although culture findings might show the
resistance to penicillin of putative causative agents, the studies on clinical out-
comes have not shown that broad-spectrum antibiotics give better results than
penicillin alone (Hallgren et al., 2021). In addition, a study performed in Fin-
land by Wiksteén revealed that penicillin combined with metronidazole may lead
to adverse effects, but does not prevent recurrence nor enhance recovery com-
pared to the use of penicillin alone (Wikstén et al., 2016). In Study I we had
higher antibiotic resistance only among S. pneumoniae for erythromycin and
ciprofloxacin. Therefore, Study I’s findings correlate with Nordic studies that
penicillin alone is suitable for the treatment of PTA. If we consider the possi-
bility of the polymicrobial infection including both streptococci and anaerobic
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bacteria then if we target the streptococci with penicillin then probably the anae-
robic bacteria alone cannot continue the infectious process. This may explain
the good clinical experience with penicillin treatment.

Risk factors

Although we excluded patients under the age of 12, which increases the median
age of PTA patients in our studies, it still seems that in the Estonian population
the typical PTA patient is older compared to Scandinavian studies (Risberg et
al., 2008; Ehlers Klug et al., 2009). In part, this might be explained by the male
dominance in our study population. In the studies carried out in Denmark and in
Sweden the female and male morbidity in PTA was equal. However, both
authors showed that women are affected at a younger age than men (Risberg et
al., 2008; Ehlers Klug et al., 2009; Klug, 2014). Therefore, a higher proportion
of men affected with PTA in Estonian population also raises the median age.
Female dominance has been shown in primary health care visits due to acute
pharyngitis and acute tonsillitis (Fine et al., 2012). In contrast, in both of our
studies we had male dominance. In Study I we had male dominance with a ratio
of 3:1. This finding might be due to the small sample size. Most of the other
studies relating to PTA have also found male dominance or equal distribution
between the sexes (Spires et al., 1987; Brook et al., 1991; Matsuda et al., 2002;
Ehlers Klug et al., 2009). This has partially been explained by smoking.
Smoking and passive smoking have been associated with many respiratory
tract infections and other diseases such as otitis media (Arcavi and Benowitz,
2004; Salvi, 2014; Toskala and Kennedy, 2015; Christensen et al., 2018).
Smoking is also the most well-recognized risk factor for the development of
PTA (Hidaka et al., 2011; Klug et al., 2013; Schwarz et al., 2018). In Denmark
researchers calculated that 16% of PTA cases could potentially be avoided if
everybody stopped smoking (Klug, 2017). At the same time, in Study II we did
not find a difference between overall smoking in our population and among
PTA patients. In Study II the overall smoking rate was 22% and in 2016 the
overall smoking rate in Estonia among 16-year-olds and over was 21.3%
(29.9% in men and 15.5% in women) (Tekkel and Veideman, 2017). In Study II
we only asked about active smoking. Schwarz et al. reported that PTA risk is
only smaller in patients who have never smoked, and even previous smoking
increases risk for PTA (Schwarz et al., 2018). It has been shown that smokers
have different microbiota in their upper airways compared to non-smokers, con-
taining more potential pathogens (Brook and Gober, 2005). A study performed
by Hidaka found that SAG was significantly more commonly found among
smokers (Hidaka et al., 2011). In Study [ SAG was the most commonly found
bacteria in PTA pus. Moreover, it has been shown that smokers have alterations
in both lymphoid and non-lymphoid compartments in their palatine tonsils
(Torre et al., 2005). Many studies have shown that smoking causes impairment
in cell-mediated immunity (Moszczynski et al., 2001; Sopori, 2002; Robbins et
al., 2004; Mehta et al., 2008). In addition, smokers have lower levels of serum
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lysozyme and smoking causes a decrease in serum Ig concentrations together
with a reduction of the absolute number of nature killer cells (Moszczynski et
al., 2001). We argue that the negative effect of smoking on immunity is pro-
bably the reason why smokers have a more severe clinical picture of PTA and
fulfilled more Sepsis-2 criteria in Study II.

Clinical aspects

Half of the patients in Study II fulfilled the Sepsis-2 clinical criteria. We found
that smokers had significantly more sepsis symptoms than non-smokers.
Smoking itself tended to be a risk factor since there was no relation between the
number of cigarettes smoked per day or duration of smoking in years. Also,
patients who had not received antibiotic treatment before hospitalisation had
significantly more sepsis symptoms. However, there was no difference in
complication or hospital stay between the sepsis group and the group without
sepsis symptoms. Most of the patients were discharged home a day after tonsil-
lectomy and nobody needed re-hospitalisation. We therefore did not see that
assessment of Sepsis-2 clinical criteria provides additional clinical information.
It has been noted before that Sepsis-2 criteria and definition might be not ideal
for sepsis diagnostics (Kaukonen et al., 2015; Marik and Taeb, 2017). This has
led to the development of new methods to better assess sepsis and in 2016 a
new definition and assessment was put forth (Shankar-Hari et al., 2016). For
clinical evaluation the Sequential Organ Failure Assessment (SOFA) score is
recommended and it has shown superior predictive value for in-hospital morta-
lity than the Sepsis-2 score. However, the complexity of the method, the lack of
requisite data for many patients, and concerns that it may result in late identifi-
cation relative to other methods have raised questions about its practicality in
clinical practice (Marik and Taeb, 2017). In view of the above, new simplified
version from SOFA known as “quick SOFA” or qSOFA has been created
(Shankar-Hari et al., 2016). Future studies could show whether gSOFA more
precisely evaluates which PTA patients are at a higher risk of having compli-
cations and need closer monitoring and are not suitable for medical treatment
alone and need surgical intervention.

Laboratory markers

In Study II we evaluated WBC and some other inflammatory biomarkers — CRP
and PCT — to assess their usefulness in PTA. CRP is a major acute phase
protein whose concentration may increase more than 1,000-fold in severe
inflammatory states (Black et al., 2004). PCT levels have been found to be very
high in patients with severe invasive bacterial infections compared to patients
with mild local bacterial infections or viral infections (Hamade and Huang,
2020). In Study II all patients had increased CRP values and WBC and CRP
were in strong positive correlation. At the same time, most patient had very
small increase in PCT values. Only two patients had very high levels of PCT
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(accordingly 49.94 and 38.05 ng/mL). However, the course of disease of those
two patients did not differ in any way from other PTA patients. Therefore, we
can suggest that PCT is not a good diagnostic marker in the case of PTA. At the
same time CRP and WBC can both used as a diagnostic tool for inflammation
due to PTA.

Polyols’ efficiency

Effect of polyols has primarily been studied on salivary microbiota. ERY and
XYL have shown a reduction in dental plaques and reduction in the levels of
Streptococcus mutans in dental plaque and saliva (Mékinen et al., 2005; de
Cock et al., 2016). However, during the last decade polyols have also received
increased attention in otorhinolaryngology, especially XYL in treatment of
chronic rhinosinusitis. This is due to its antimicrobial and anti-biofilm forma-
tion effect. In chronic rhinosinusitis, nasal irrigation with XYL added to salt
water have shown an additional beneficial effect compared to salt water alone
(Weissman et al., 2011; Lin et al., 2017). Moreover, use of XYL in nasal
irrigation has been included in the latest European guideline — European Posi-
tion Paper on Rhinosinusitis and Nasal Polyps (Fokkens et al., 2020). As far as
we are aware, our study was the first to evaluate the ERY and XYL effect on S.
pyogenes strains from PTA patients.

In our study, we found XYL to be more effective against S. pyogenes strains
than ERY. Both polyols showed a high inhibitory effect against most of the
strains, especially among throat strains. In 2013, the Cochrane systematic re-
view concluded that using antibiotics for the treatment of sore throat reduces
PTA within two months compared to those taking placebo. However, this study
also found that the overall benefits are small. Protecting sore throat sufferers
against suppurative and non-suppurative complications in high-income count-
ries requires treating many with antibiotics for one to benefit (Spinks et al.,
2013). The wide use of antibiotics leads to antibiotic resistance and causes
adverse effects. Polyols are safe, well tolerated and they do not increase anti-
biotic resistance. Therefore, polyols such as ERY and XYL may have potential
in preventing PTA and may have a beneficial effect in case of S. pyogenes
throat infection and can be used in the patients with sore throats.
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CONCLUSIONS

. Risk factors for the development of PTA are scarring and fibrosis of within
tonsils and peritonsillar tissue due to previous recurrent inflammations.
Smoking and not receiving antibacterial treatment before hospitalisation are
associated with more acute clinical picture of PTA.

. Although half of PTA patients fulfil clinical criteria for sepsis, it does not
worsen or extend clinical course of PTA. Sepsis-2 criteria seem to be too
sensitive and have low clinical value for PTA diagnosis.

. Tonsillar fossa sample is the best specimen for microbiological analysis
using the culture method since it has a significantly higher yield of patho-
genic bacteria than culture of free pus. In case of molecular diagnostics, both
pus samples and biopsy samples are suitable. Most common causative agents
of PTA tend to be S. pyogenes, fusobacteria and SAG.

. Penicillin alone proves to be the most optimal initial choice for PTA treat-
ment since the main causative agents — streptococci — are susceptible to this
antibiotic.

. The polyols ERY and XYL have inhibitory effect against most S. pyogenes
strains and may therefore have potential in preventing PTA and beneficial
effect in relieving S. pyogenes throat infection.
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SUMMARY IN ESTONIAN

Peritonsillaarse abstsessi etiopatogeneetilised ja
kliinilised aspektid

Sissejuhatus

Peritonsillaarne abstsess (PTA) on mida kogunemine kurgumandli kapsli ja iile-
mise neeluahendaja lihase (musculus constrictor pharyngis superior-i) vahele.
PTA puhul on tegu kdige sagedasema erakorralist hospitaliseerimist vajava hai-
gusega korva-nina-kurguhaiguste valdkonnas (Rusan ef al., 2009). Haiguse ravi
seisneb abstsessi kirurgilises avamises ja adekvaatses antibakteriaalses ravis.
Alates 19. sajandi 16pust on kuldstandardiks olnud erakorraline abstsess-tonsil-
lektoomia, kus eemaldatakse kurgumandlid ja sellega avatakse tdielikult ka
abstsess. 20. sajandi 16pust on hakatud kasutama lisaks abstsessi aspireerimist
stistlaga voi abstsessi avamist 10ikega ja selle dreneerimist. Kdik kolm metoodi-
kat on aktsepteeritud ning meetodi valik soltub viga palju piirkonna traditsioo-
nidest ja arsti eelistustest (Powell and Wilson, 2012).

Abstsessi midas leitakse enamasti poliimikroobseid kooslusi, mis hdlmavad
nii aeroobseid kui ka anaeroobseid baktereid. Kuna proovid voetakse mikroo-
bide poolt tugevasti koloniseeritud piirkonnast, siis on raske eristada voimalikke
tdelisi PTA tekitajaid suumikrobioota kontaminantidest. Uldiselt peetakse PTA
kindlaks tekitajaks Streptococcus pyogenes-t, samas leitakse S. pyogenes-t
ainult viiendikus kuni kolmandikus abstsessiméda proovidest. Selleparast oleta-
takse, et ka teised bakterid voivad PTA tekitada, kuid puudub iildine konsensus,
millised need bakterid voiksid olla. Seepérast on soovitatud antibakteriaalset
ravi laiatoimeliste antibiootikumidega, mis kataks kodikvdimalikud tekitajad.
Varasemad uuringud on leidnud, et monoteraapia penitsilliiniga on sama efek-
titvne kui ravi laia toimespektriga antibiootikumidega, samas vahemate korval-
toimetega. Voimalik, et abtsess-tonsillektoomia korral, kus kogu abstsess ava-
takse tdielikult, piisab ka ainult kirurgilisest ravist ja tiisistumata juhud tiien-
davat antibakteriaalset ravi ei vajagi (Wikstén et al., 2016).

Traditsiooniliselt on PTA peetud dgeda tonsilliidi tiisistuseks. Samas on édge
tonsilliit enamasti hooajaline haigus, mis on sagedasem talvel ning harvem
suvel. Sellist hooajalist erinevust enamasti PTA puhul niha ei ole. Lisaks on
dge tonsilliit kdige sagedasem lastel ja teismelisel, samas kui PTA haigestumine
on suurim noortel tiiskasvanutel. PTA on enamasti {ihepoolne haigus, samas
kui dge tonsilliit on alati kahepoolne. Lisaks voib PTA esineda isegi siis, kui
kurgumandlitel pole tonsilliidi nihte ja eelnevat iseloomulikku haigestumist.
Sellepérast arvatakse, et PTA voib alguse saada ka véikeste mandli iimber ole-
vate siiljenddrmete pdletikust, mida kutsutakse Weberi siiljendédrmeteks (Passy,
1994).

Seega on mitmed olulised PTA aspektid seni teadmata: kuidas PTA tdpselt
kujuneb ja millised on riskifaktorid, millised mikroobid méngivad abstsessi
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tekkes rolli, kui paljudel patsientidel esineb sepsis ja mis on selle tdhtsus ravi-
tulemuste osas, ning kas on vdimalik PTA teket ennetada.

T66 eesmargid

Antud doktoritdd pdhiline eesmérk oli hinnata PTA etiopatogeneetilisi faktoreid,

haiguse kliinilist pilti ja voimalike uusi viise haiguse ennetamiseks ja raviks.
Tapsemad tilesanded olid seega:

1. Selgitata PTA riskifaktoreid ja patogeneesi;

2. Hinnata sepsise siimptomite olemasolu ja tihtsust PTA korral;

3. Hinnata erinevatest piirkondadest (mandlilooz, mida, veri) voetud mikrobio-
loogiliste proovide ja erinevate mikrobioloogiliste meetodite (kiilv, sekve-
neerimine) efektiivsust PTA tekitajate leidmiseks;

4. Hinnata PTA patsientidelt isoleeritud patogeensete mikroobide antibiooti-
kumtundlikust;

5. Hinnata poliioolide vdimalikku potentsiaali PTA ennetamises ja ravis.

Uuritavad ja meetodid

Kogu uurimisrithm koosnes 114 patsiendist, kes olid haaratud uuringusse kahes
erinevas etapis, millest esimene viidi 14bi novembrist 2011 kuni mai 2012
(holmates 22 patsienti) ning teine aprillist 2016 kuni august 2017 (hdlmates 92
patsienti). Kokku oli uuringutes 70 meest ja 44 naist vanuses 13—74 aastat. Kdik
patsiendid hospitaliseeriti Tartu Ulikooli Kliinikumi K&rvakliinikusse PTA
kahtlusega ja neil teostati erakorraline abstsess-tonsillektoomia. Abstsessi diag-
noos kinnitus méda leiuga operatsioonil.

Esimese grupi patsientidel hinnati enne operatsiooni makroskoopilisi orofa-
riingeaalsed tunnuseid, mis viitavad kurgumandlite sidekoestumisele ja varase-
matele poletikkudele: kurgumandlite tihkenemine, kurgumandlite kriiptide
ahenemine, armkude kurgumandlite peal, mandlikorkide olemasolu ja liimfaati-
liste koeviitide tekkimine neelu tagaseinale. Esimese grupi patsientidel arvutati
vilja ka tonsilliidi indeks, mis nditab elu jooksul 1dbipdetud dgedate tonsilliitide
ildarvu. Lisaks voeti kiillvid kolmest erinevast kohast — abstsessi médast,
mandliloozist ja verest. Mikroobid isoleeriti ja samastati rutiinmeetoditega.
Patogeensetel bakteritel méirati ka antibiootikumtundlikus.

Teise grupi patsientidel médrati peale hospitaliseerimist sepsise kliinilised
stimptomid (Sepsis-2 alusel), mille jaoks modddeti kehatemperatuur, pulsi- ja
hingamissagedus ning leukotsiiiitide arv veres. Lisaks mééarati neil patsientidel
verest poletikumarkerid (C-reaktiivne valk ja prokaltsitoniin) Abstsessi madast
ja verest médrati ka amiilaas. Operatsiooni ajal voeti proovid (abstsessi madast
ja kurgumandli biopsia) mikrobioloogiliseks analiiiisideks (mikrobioloogilised
kiilvid ja uue pdlvkonna sekveneerimine). Koikidel isoleeritud S. pyogenes-e
tiivedel méairati tundlikkus poliioolide (ksiilitooli ja eriitritooli) suhtes.
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Uuringus osalemine oli koikidele patsientidele vabatahtlik ja enne andmete
kogumist tditsid kdik patsiendid kirjalikult informeeritud ndusoleku vormi.
Molemal uuringul oli eetikakomitee ndusolek (protokollid: 202T-2 ja 255/T-1).
Statistiliseks analiilisiks kasutati SigmaStat (Systat Software, Chicago, IL) ja
Excel (Microsoft, Redmond, WA) arvutiprogramme. Kasutati t-testi, Mann—
Whitney Rank Sum, y* ja Fisheri tdpset testi. Statistiliselt oluliseks loeti p
védrtust alla 0.05.

Tulemused

Molemas uuringugrupis oli mehi rohkem kui naisi. Keskmine vanus oli esime-
ses grupis 32 ja teises 31.5 aastat. Meie PTA patsiendid olid veidi vanemad kui
Rootsis ja Taanis, kus keskmine haigestumise vanus oli vastavalt 25.6 ja 21
eluaastat (Risberg et al., 2008; Ehlers Klug et al., 2009). Keskmiselt tekkisid
stimptomid 5 pdeva enne kui diagnoositi PTA. 72.7% esimeses ja 48.9 % teises
grupis olnud patsientidest olid saanud enne hospitaliseerimist antibiootikum-
ravi. Ravi oli méératud enamasti perearsti poolt ja selleks oli kasutatud esimese
grupi puhul penitsilliini, amoksitsilliini, tsefadroksiili ja klindamiitsiini, teise
grupi puhul lisaks neile ka amoksitsilliini koos klavulaanhappega, asitromiit-
siini, klaritromiitsiini, tsefuroksiimi, tsefprosiili ja tsiprofloksatsiini. Vorreldes
Taani ja Rootsiga oli antibiootikumi saajate protsent meie uuringus suurem ja
kasutati ka erinevamaid antibiootikume. Taanis oli 38 % ja Rootsis ainult 21 %
patsiente saanud enne hospitaliseerimist antibiootikumravi ja enamikel juhtudel
oli kasutatud selleks penitsilliini (Risberg et al., 2008; Ehlers Klug et al., 2009).

Meie uuringus oli pooltel patsientidel (51.2%) hospitaliseerimisel tdidetud
sepsise kriteeriumid (Sepsis-2) (Levy et al., 2003). Sepsise kriteeriumid tiitnud
ja mittetditnud patsientidel polnud erinevust vanuses, siimptomite kestvuses,
amiilaasi tasemes siiljes ega prokaltsitoniini tasemes veres. Samas esines sepsise
siimptome rohkem neil patsientidel, kes polnud saanud enne hospitaliseerimist
antibiootikumravi ja kes suitsetasid.

13 % patsienditel oli PTA médas korge amiilaasi tase. Seda seostatakse We-
beri siiljenddrmetest lahtunud pdletikuga. Vorreldes El-Saied uuringuga, kus
pooltel patsientidel oli mirgatavalt tGusnud amiilaasi tase méadas, oli meie
uuringu puhul vastav protsent vdiksem (El-Saied ef al., 2012).

Enamikul patsientidest ei olnud varasemaid kaebusi kurgumandlite osas voi
olid kaebused véhesed. Samas olid enamikel patsientidel olemas makroskoopi-
lised orofariingeaalsed tunnused, mis viitavad kurgumandlite sidekoestumisele
ja varasemale pdletikule. Sellepdrast on kahtlus, et PTA haigetel on vaatamata
dgedatele kurgumandlite pdletike puudumisele olemas krooniline pdletikuline
protsess kurgumandlite koes.

Maidast, kurgumandliloozi biopsiast ja vereproovidest kasvas kiilviuuringus
kokku vilja 62 erinevat mikroobi. Vereproovid olid positiivsed ainult 2 pat-
siendil, mis vO0ib toendoliselt olla tingitud sellest, et kolmveerand patsientidest
oli saanud enne proovide vOtmist antibiootikumravi. MandlilooZi proovidest
kasvas rohkem mikroobe vélja kui midast (vastavalt 5.7 ja 2.7 erinevat
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mikroobi iithe patsiendi kohta) ja seda peaks arvestama materjali kogumisel
mikrobioloogilisteks kiilvideks. Kdige sagedamini leitavad bakterid olid strep-
tokokid, sh anginosus grupi streptokokid ja tunnustatud PTA patogeen S. pyo-
genes, mis oli leitav 4 biopsia- ja 6 méidaproovist. See tulemus on sarnane teiste
uuringutega, kus S. pyogenes-t leitakse ligi kaudu veerandil juhtudest.

Ligikaudu sarnaseid tulemusi niitas ka meie teine uuring, kus kasutasime
uue pdlvkonna sekveneerimist. S. pyogenes oli selle meetodiga leitav isegi
kahes kolmandikus proovidest. Vidga sageli leiti selles uuringus ka fusobakte-
reid, nii F. necrophorum’it, mille olulisust PTA tekitajana on varasemad uurin-
gud ndidanud kui ka F. nucleatum’it, mille seos PTA-ga vajab edasisi uurin-
guid. Kui kiilviuuringu puhul séltus uuringu tulemus uuritavast materjalist, siis
uue pdlvkonna sekveneerimiseks olid nii mida kui ka biopsia vordselt sobili-
kud. Patogeensetel mikroobidel médrasime ka antibiootikumtundlikkuse. Strep-
tokokid olid penitsilliini osas hea tundlikkusega, korgem resistentsus esines
iiksnes S. pneumoniae-1 eriitromiitsiini (64%) ja tsiprofloksatsiini (82%) osas.
Kuna PTA korral tuleb arvestada segainfektsiooni voimalusega, kus iiheks kom-
ponendiks on streptokokid ja teiseks anaeroobsed bakterid, siis streptokokkide
elimineerimisel ei pruugi anaeroobid {iksinda olla suutelised infektsiooni jétka-
ma, mis seletab head kliinilist kogemust penitsilliinraviga.

Uuritud poliioolid (ksiilitool ja eriitritool) niitasid kontsentratsioonist sdltu-
vat inhibeerivat efekti enamiku S. pyogenes’e tiivede suhtes, XYL inhibeeriv
efekt oli mdnevorra suurem kui ERY-1. Seega on poliioolidel potentsiaali kasu-
tamiseks PTA ennetuses.

Uurimust66 jareldused

1. Riskifaktorid PTA tekkeks on kurgumandlite ja peritonsillaarse koe armis-
tumine korduvate pdletike tottu. Suitsetamine ja antibakteriaalse ravi puudu-
mine enne hospitaliseerimist on seotud PTA 4dgedama kliinilise pildiga.

2. Kuigi pooltel PTA patsientidel on tdidetud sepsise kliinilised kriteeriumid, ei
ole nende patsientide haiguse kulg kokkuvottes pikem ega raskem. Sepsis-2
kriteeriumid on liiga sensitiivsed ja madala kliinilise tdhtsusega PTA korral.

3. Mandliloozi biopsia on parim koht mikrobioloogilise analiiiisi votmiseks, kui
kasutada kiilvimeetodit. Molekulaarsete meetodite korral sobivad méda ja
biopsia vordselt hésti. Kdige sagedasemad PTA tekitajad on S. pyogenes,
fusobakterid ja SAG grupi streptokokid.

4. Esmaseks PTA raviks sobib penitsilliin, kuna pdhilised PTA tekitajad —
streptokokid — on tundlikud penitsilliini suhtes.

5. Poliioolid ERY ja XYL omavad inhibeerivat efekti enamike S. pyogenes-e
tiivede osas ja seega vOivad omada ennectavat efekti S. pyogenes-e tekitatud
kurgupdletike ja PTA korral.

64



ACKNOWLEDGEMENTS

I wish to thank and express my deepest gratitude to all those who made this
work possible. Especially to:

My supervisor professor Reet Méndar, for continued guidance and repeated
help in writing papers, laboratory work and especially in writing this thesis. She
has given me moral support and much needed critical advice when it was
required. She has taught me lots about science and I have learned much from
her.

My supervisor associate professor Priit Kasendmm for first giving me the
idea to investigate this topic and support for starting my PhD studies. He has
taught me to write scientific papers and constantly given precise comments on
how to write better. He has showed me the wide fields of otorhinolaryngology
and been excellent role model for which otorhinolaryngologists should aspire to
become.

Siiri Koljalg for excellent advice and ideas, and for her role in preparing
Paper III.

Jelena Stiepetova for all the help with next-generation sequencing and
analysing the data.

Tiiu R66p for helping me around in laboratory and all the assistance she has
provided me. Her kind spirt and support helped me a lot and I am very grateful
for that.

I wish to show my appreciation to associate professor Triin Jagoméigi and
associate professor Tamara Vorobjova for being reviewers of this thesis.

I want to thank Liis Jaanimée, Ave Kivisild, Epp Sepp, Imbi Smidt and
Anirikh Chakrabarti for their assistance and contribution in writing papers
together.

I want to thank Tartu University Hospital Ear Clinic staff for all their support
and collaboration.

Finally, I want to thank my family and my friends who have helped me a lot
and have giving me will and encouragement to take this thesis on.

65






PUBLICATIONS



CURRICULUM VITAE

Name: Risto Vaikjarv

Date of birth:  January 21, 1987

E-mail: risto.vaikjarv@hotmail.com
Education:

20152022 University of Tartu, Faculty of Medicine,
20122015 University of Tartu, Otorhinolarynology residency
2006-2012 University of Tartu, Faculty of Medicine (MD)
2003-2006 Tallinn Secondary Science School

1994-2003 Kadriorg German Gymnasium

Professional career:

2018— Ear-Nose-Throat Clinic

20152018 4 Clinic

2015-2017 Ear Clinic, Tartu University Hospital

20122015 Residency at Ear Clinic, Tartu University Hospital

Research and development work:

1.

Main fields of research: Peritonsillar abscess — etiopathogenetic aspects,
microbiology, clinical picture and practice, prevention

List of Publications:

Vaikjarv R, Kasendmm P, Jaanimée L, Kivisild A, R66p T, Sepp E, Méandar
R. Microbiology of peritonsillar abscess in the South Estonian population.
Microb Ecol Health Dis. 2016 Apr 22;27:27787. doi:10.3402/mehd.v27.
27787. eCollection 2016.

Vaikjarv R, Méandar R, Kasendmm P. Peritonsillar abscess is frequently
accompanied by sepsis symptoms. Eur Arch Otorhinolaryngol. 2019 Jun;
276(6):1721-1725. doi:10.1007/s00405-019-05424-6. Epub 2019 Apr 16.
Koljalg S, Vaikjarv R, Smidt I, R66p T, Chakrabarti A, Kasendmm P, Mén-
dar R. Effect of erythritol and xylitol on Streptococcus pyogenes causing
peritonsillar abscesses. Sci Rep. 2021 Aug 4;11(1):15855. doi:10.1038/
$41598-021-95367-y.

. Professional organisations:

Society for Estonian Otorhinolarynologists and Head and Neck Surgeons
(member)
Estonian Sleep Medicine Association (member)

97



ELULOOKIRJELDUS

Nimi: Risto Vaikjarv

Stinniaeg: 21. jaanuar 1987

E-mail: risto.vaikjarv@hotmail.com
Haridus:

2015-2022 Tartu Ulikool, arstiteaduse doktoridpe
2012-2015 Tartu Ulikool, otorinolariingoloogia residentuur

20062012 Tartu Ulikool, arstiteaduskond (MD)
2003-2006 Tallinna Reaalkool
1994-2003 Kadrioru Saksa Giimnaasium

Teenistuskiik:

2018- Korva-Nina-Kurguhaiguste Kliinik,
2015-2018 4kliinik,

2015-2017 Tartu Ulikooli Korvakliinik

2012-2015 Residentuur Tartu Ulikooli Korvakliinikus

Teaduslik ja arendustegevus:
1. Peamised uurimisvaldkonnad: Peritonsillaarse abstsessi etiopatogenees,
mikrobioloogia, kliiniline pilt ja kisitlus, ning ennetus.

[\

. Publikatsioonide loetelu:

e Vaikjarv R, Kasendmm P, Jaanimie L, Kivisild A, R66p T, Sepp E, Méndar
R. Microbiology of peritonsillar abscess in the South Estonian population.
Microb Ecol Health Dis. 2016 Apr 22;27:27787. doi: 10.3402/mehd.v27.
27787. eCollection 2016.

e Vaikjarv R, Méndar R, Kasendmm P. Peritonsillar abscess is frequently
accompanied by sepsis symptoms. Eur Arch Otorhinolaryngol. 2019 Jun;
276(6):1721-1725. doi: 10.1007/s00405-019-05424-6. Epub 2019 Apr 16.

e Kboljalg S, Vaikjarv R, Smidt I, R66p T, Chakrabarti A, Kasendmm P, Mén-

dar R. Effect of erythritol and xylitol on Streptococcus pyogenes causing

peritonsillar abscesses. Sci Rep. 2021 Aug 4;11(1):15855. doi:10.1038/
$41598-021-95367-y.

W

. Kutseorganisatsioonid:
Eesti Korva-Nina-Kurguarstide ja Pea- ja Kaelakirurgide Seltsi liige
— Eesti Unemeditsiini Selts liige

98



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

DISSERTATIONES MEDICINAE
UNIVERSITATIS TARTUENSIS

. Heidi-Ingrid Maaroos. The natural course of gastric ulcer in connection

with chronic gastritis and Helicobacter pylori. Tartu, 1991.

Mihkel Zilmer. Na-pump in normal and tumorous brain tissues: Structu-
ral, functional and tumorigenesis aspects. Tartu, 1991.

Eero Vasar. Role of cholecystokinin receptors in the regulation of beha-
viour and in the action of haloperidol and diazepam. Tartu, 1992.

Tiina Talvik. Hypoxic-ischaemic brain damage in neonates (clinical,
biochemical and brain computed tomographical investigation). Tartu, 1992.

. Ants Peetsalu. Vagotomy in duodenal ulcer disease: A study of gastric

acidity, serum pepsinogen I, gastric mucosal histology and Helicobacter
pylori. Tartu, 1992.

Marika Mikelsaar. Evaluation of the gastrointestinal microbial ecosystem
in health and disease. Tartu, 1992.

Hele Everaus. Immuno-hormonal interactions in chronic lymphocytic leu-
kaemia and multiple myeloma. Tartu, 1993.

Ruth Mikelsaar. Etiological factors of diseases in genetically consulted
children and newborn screening: dissertation for the commencement of the
degree of doctor of medical sciences. Tartu, 1993.

Agu Tamm. On metabolic action of intestinal microflora: clinical aspects.
Tartu, 1993.

Katrin Gross. Multiple sclerosis in South-Estonia (epidemiological and
computed tomographical investigations). Tartu, 1993.

Oivi Uibo. Childhood coeliac disease in Estonia: occurrence, screening,
diagnosis and clinical characterization. Tartu, 1994.

Viiu Tuulik. The functional disorders of central nervous system of che-
mistry workers. Tartu, 1994.

Margus Viigimaa. Primary haemostasis, antiaggregative and anticoagulant
treatment of acute myocardial infarction. Tartu, 1994,

Rein Kolk. Atrial versus ventricular pacing in patients with sick sinus
syndrome. Tartu, 1994.

Toomas Podar. Incidence of childhood onset type 1 diabetes mellitus in
Estonia. Tartu, 1994.

Kiira Subi. The laboratory surveillance of the acute respiratory viral
infections in Estonia. Tartu, 1995.

Irja Lutsar. Infections of the central nervous system in children (epidemi-
ologic, diagnostic and therapeutic aspects, long term outcome). Tartu, 1995.
Aavo Lang. The role of dopamine, 5-hydroxytryptamine, sigma and
NMDA receptors in the action of antipsychotic drugs. Tartu, 1995.

Andrus Arak. Factors influencing the survival of patients after radical
surgery for gastric cancer. Tartu, 1996.

99



20.

21.

22.

23.

24.

25.

26.

217.
28.
29.
30.
31.
32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

Tonis Karki. Quantitative composition of the human lactoflora and
method for its examination. Tartu, 1996.

Reet Méindar. Vaginal microflora during pregnancy and its transmission
to newborn. Tartu, 1996.

Triin Remmel. Primary biliary cirrhosis in Estonia: epidemiology, clinical
characterization and prognostication of the course of the disease. Tartu,
1996.

Toomas Kivastik. Mechanisms of drug addiction: focus on positive rein-
forcing properties of morphine. Tartu, 1996.

Paavo Pokk. Stress due to sleep deprivation: focus on GABA, receptor-
chloride ionophore complex. Tartu, 1996.

Kristina Allikmets. Renin system activity in essential hypertension. As-
sociations with atherothrombogenic cardiovascular risk factors and with
the efficacy of calcium antagonist treatment. Tartu, 1996.

Triin Parik. Oxidative stress in essential hypertension: Associations with
metabolic disturbances and the effects of calcium antagonist treatment.
Tartu, 1996.

Svetlana Pii. Factors promoting heterogeneity of the course of rheumatoid
arthritis. Tartu, 1997.

Maarike Sallo. Studies on habitual physical activity and aerobic fitness in
4 to 10 years old children. Tartu, 1997.

Paul Naaber. Clostridium difficile infection and intestinal microbial eco-
logy. Tartu, 1997.

Rein Pihkla. Studies in pinoline pharmacology. Tartu, 1997.

Andrus Juhan Voitk. Outpatient laparoscopic cholecystectomy. Tartu, 1997.
Joel Starkopf. Oxidative stress and ischaemia-reperfusion of the heart.
Tartu, 1997.

Janika Korv. Incidence, case-fatality and outcome of stroke. Tartu, 1998.
Ulla Linnamigi. Changes in local cerebral blood flow and lipid peroxida-
tion following lead exposure in experiment. Tartu, 1998.

Ave Minajeva. Sarcoplasmic reticulum function: comparison of atrial and
ventricular myocardium. Tartu, 1998.

Oleg Milenin. Reconstruction of cervical part of esophagus by revascular-
ised ileal autografts in dogs. A new complex multistage method. Tartu,
1998.

Sergei Pakriev. Prevalence of depression, harmful use of alcohol and
alcohol dependence among rural population in Udmurtia. Tartu, 1998.
Allen Kaasik. Thyroid hormone control over B-adrenergic signalling
system in rat atria. Tartu, 1998.

Vallo Matto. Pharmacological studies on anxiogenic and antiaggressive
properties of antidepressants. Tartu, 1998.

Maire Vasar. Allergic diseases and bronchial hyperreactivity in Estonian
children in relation to environmental influences. Tartu, 1998.

Kaja Julge. Humoral immune responses to allergens in early childhood.
Tartu, 1998.

100



42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Heli Griinberg. The cardiovascular risk of Estonian schoolchildren.
A cross-sectional study of 9-, 12- and 15-year-old children. Tartu, 1998.
Epp Sepp. Formation of intestinal microbial ecosystem in children. Tartu,
1998.

Mai Ots. Characteristics of the progression of human and experimental
glomerulopathies. Tartu, 1998.

Tiina Ristimie. Heart rate variability in patients with coronary artery
disease. Tartu, 1998.

Leho Koiv. Reaction of the sympatho-adrenal and hypothalamo-pituitary-
adrenocortical system in the acute stage of head injury. Tartu, 1998.

Bela Adojaan. Immune and genetic factors of childhood onset IDDM in
Estonia. An epidemiological study. Tartu, 1999.

Jakov Shlik. Psychophysiological effects of cholecystokinin in humans.
Tartu, 1999.

Kai Kisand. Autoantibodies against dehydrogenases of a-ketoacids. Tartu,
1999.

Toomas Marandi. Drug treatment of depression in Estonia. Tartu, 1999.
Ants Kask. Behavioural studies on neuropeptide Y. Tartu, 1999.
Ello-Rahel Karelson. Modulation of adenylate cyclase activity in the rat
hippocampus by neuropeptide galanin and its chimeric analogs. Tartu, 1999.
Tanel Laisaar. Treatment of pleural empyema — special reference to
intrapleural therapy with streptokinase and surgical treatment modalities.
Tartu, 1999.

Eve Pihl. Cardiovascular risk factors in middle-aged former athletes.
Tartu, 1999.

Katrin Ounap. Phenylketonuria in Estonia: incidence, newborn screening,
diagnosis, clinical characterization and genotype/phenotype correlation.
Tartu, 1999.

Siiri Kéljalg. Acinetobacter — an important nosocomial pathogen. Tartu,
1999.

Helle Karro. Reproductive health and pregnancy outcome in Estonia:
association with different factors. Tartu, 1999.

Heili Varendi. Behavioral effects observed in human newborns during
exposure to naturally occurring odors. Tartu, 1999.

Anneli Beilmann. Epidemiology of epilepsy in children and adolescents in
Estonia. Prevalence, incidence, and clinical characteristics. Tartu, 1999.
Vallo Volke. Pharmacological and biochemical studies on nitric oxide in
the regulation of behaviour. Tartu, 1999.

Pilvi Ilves. Hypoxic-ischaemic encephalopathy in asphyxiated term infants.
A prospective clinical, biochemical, ultrasonographical study. Tartu, 1999.
Anti Kalda. Oxygen-glucose deprivation-induced neuronal death and its
pharmacological prevention in cerebellar granule cells. Tartu, 1999.
Eve-Irene Lepist. Oral peptide prodrugs — studies on stability and
absorption. Tartu, 2000.

101



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Jana Kivastik. Lung function in Estonian schoolchildren: relationship
with anthropometric indices and respiratory symptomas, reference values
for dynamic spirometry. Tartu, 2000.

Karin Kull. Inflammatory bowel disease: an immunogenetic study. Tartu,
2000.

Kaire Innos. Epidemiological resources in Estonia: data sources, their
quality and feasibility of cohort studies. Tartu, 2000.

Tamara Vorobjova. Immune response to Helicobacter pylori and its
association with dynamics of chronic gastritis and epithelial cell turnover
in antrum and corpus. Tartu, 2001.

Ruth Kalda. Structure and outcome of family practice quality in the
changing health care system of Estonia. Tartu, 2001.

Annika Kriiliner. Mycobacterium tuberculosis — spread and drug
resistance in Estonia. Tartu, 2001.

Marlit Veldi. Obstructive Sleep Apnoea: Computerized Endopharyngeal
Myotonometry of the Soft Palate and Lingual Musculature. Tartu, 2001.
Anneli Uuskiila. Epidemiology of sexually transmitted diseases in Estonia
in 1990-2000. Tartu, 2001.

Ade Kallas. Characterization of antibodies to coagulation factor VIIIL
Tartu, 2002.

Heidi Annuk. Selection of medicinal plants and intestinal lactobacilli as
antimicrobil components for functional foods. Tartu, 2002.

Aet Lukmann. Early rehabilitation of patients with ischaemic heart
disease after surgical revascularization of the myocardium: assessment of
health-related quality of life, cardiopulmonary reserve and oxidative stress.
A clinical study. Tartu, 2002.

Maigi Eisen. Pathogenesis of Contact Dermatitis: participation of Oxida-
tive Stress. A clinical — biochemical study. Tartu, 2002.

Piret Hussar. Histology of the post-traumatic bone repair in rats. Elabora-
tion and use of a new standardized experimental model — bicortical perfora-
tion of tibia compared to internal fracture and resection osteotomy. Tartu,
2002.

Tonu Rétsep. Aneurysmal subarachnoid haemorrhage: Noninvasive moni-
toring of cerebral haemodynamics. Tartu, 2002.

Marju Herodes. Quality of life of people with epilepsy in Estonia. Tartu,
2003.

Katre Maasalu. Changes in bone quality due to age and genetic disorders
and their clinical expressions in Estonia. Tartu, 2003.

Toomas Sillakivi. Perforated peptic ulcer in Estonia: epidemiology, risk
factors and relations with Helicobacter pylori. Tartu, 2003.

Leena Puksa. Late responses in motor nerve conduction studies. F and A
waves in normal subjects and patients with neuropathies. Tartu, 2003.
Krista Loivukene. Helicobacter pylori in gastric microbial ecology and
its antimicrobial susceptibility pattern. Tartu, 2003.

102



83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Helgi Kolk. Dyspepsia and Helicobacter pylori infection: the diagnostic
value of symptoms, treatment and follow-up of patients referred for upper
gastrointestinal endoscopy by family physicians. Tartu, 2003.

Helena Soomer. Validation of identification and age estimation methods
in forensic odontology. Tartu, 2003.

Kersti Oselin. Studies on the human MDR1, MRP1, and MRP2 ABC
transporters: functional relevance of the genetic polymorphisms in the
MDR]I and MRPI gene. Tartu, 2003.

Jaan Soplepmann. Peptic ulcer haemorrhage in Estonia: epidemiology,
prognostic factors, treatment and outcome. Tartu, 2003.

Margot Peetsalu. Long-term follow-up after vagotomy in duodenal ulcer
disease: recurrent ulcer, changes in the function, morphology and Helico-
bacter pylori colonisation of the gastric mucosa. Tartu, 2003.

Kersti Klaamas. Humoral immune response to Helicobacter pylori a study
of host-dependent and microbial factors. Tartu, 2003.

Pille Taba. Epidemiology of Parkinson’s disease in Tartu, Estonia. Pre-
valence, incidence, clinical characteristics, and pharmacoepidemiology.
Tartu, 2003.

Alar Veraksits. Characterization of behavioural and biochemical pheno-
type of cholecystokinin-2 receptor deficient mice: changes in the function
of the dopamine and endopioidergic system. Tartu, 2003.

Ingrid Kalev. CC-chemokine receptor 5 (CCRS5) gene polymorphism in
Estonians and in patients with Type I and Type II diabetes mellitus. Tartu,
2003.

Lumme Kadaja. Molecular approach to the regulation of mitochondrial
function in oxidative muscle cells. Tartu, 2003.

Aive Liigant. Epidemiology of primary central nervous system tumours in
Estonia from 1986 to 1996. Clinical characteristics, incidence, survival and
prognostic factors. Tartu, 2004.

Andres, Kulla. Molecular characteristics of mesenchymal stroma in
human astrocytic gliomas. Tartu, 2004.

Mari Jérvelaid. Health damaging risk behaviours in adolescence. Tartu,
2004.

Ulle Pechter. Progression prevention strategies in chronic renal failure and
hypertension. An experimental and clinical study. Tartu, 2004.

Gunnar Tasa. Polymorphic glutathione S-transferases — biology and role
in modifying genetic susceptibility to senile cataract and primary open
angle glaucoma. Tartu, 2004.

Tuuli Kédambre. Intracellular energetic unit: structural and functional
aspects. Tartu, 2004.

Vitali Vassiljev. Influence of nitric oxide syntase inhibitors on the effects
of ethanol after acute and chronic ethanol administration and withdrawal.
Tartu, 2004.

103



100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

Aune Rehema. Assessment of nonhaem ferrous iron and glutathione
redox ratio as markers of pathogeneticity of oxidative stress in different
clinical groups. Tartu, 2004.

Evelin Seppet. Interaction of mitochondria and ATPases in oxidative
muscle cells in normal and pathological conditions. Tartu, 2004.

Eduard Maron. Serotonin function in panic disorder: from clinical expe-
riments to brain imaging and genetics. Tartu, 2004.

Marje Oona. Helicobacter pylori infection in children: epidemiological
and therapeutic aspects. Tartu, 2004.

Kersti Kokk. Regulation of active and passive molecular transport in the
testis. Tartu, 2005.

Vladimir Jirv. Cross-sectional imaging for pretreatment evaluation and
follow-up of pelvic malignant tumours. Tartu, 2005.

Andre Oun. Epidemiology of adult epilepsy in Tartu, Estonia. Incidence,
prevalence and medical treatment. Tartu, 2005.

Piibe Muda. Homocysteine and hypertension: associations between
homocysteine and essential hypertension in treated and untreated hyper-
tensive patients with and without coronary artery disease. Tartu, 2005.
Kiilli Kingo. The interleukin-10 family cytokines gene polymorphisms in
plaque psoriasis. Tartu, 2005.

Mati Merila. Anatomy and clinical relevance of the glenohumeral joint
capsule and ligaments. Tartu, 2005.

Epp Songisepp. Evaluation of technological and functional properties of
the new probiotic Lactobacillus fermentum ME-3. Tartu, 2005.

Tiia Ainla. Acute myocardial infarction in Estonia: clinical characte-
ristics, management and outcome. Tartu, 2005.

Andres Sell. Determining the minimum local anaesthetic requirements for
hip replacement surgery under spinal anaesthesia — a study employing a
spinal catheter. Tartu, 2005.

Tiia Tamme. Epidemiology of odontogenic tumours in Estonia. Patho-
genesis and clinical behaviour of ameloblastoma. Tartu, 2005.

Triine Annus. Allergy in Estonian schoolchildren: time trends and
characteristics. Tartu, 2005.

Tiia Voor. Microorganisms in infancy and development of allergy: com-
parison of Estonian and Swedish children. Tartu, 2005.

Priit Kasenomm. Indicators for tonsillectomy in adults with recurrent
tonsillitis — clinical, microbiological and pathomorphological investi-
gations. Tartu, 2005.

Eva Zusinaite. Hepatitis C virus: genotype identification and interactions
between viral proteases. Tartu, 2005.

Piret Koll. Oral lactoflora in chronic periodontitis and periodontal health.
Tartu, 2006.

Tiina Stelmach. Epidemiology of cerebral palsy and unfavourable neuro-
developmental outcome in child population of Tartu city and county,
Estonia Prevalence, clinical features and risk factors. Tartu, 2006.

104



120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.
131.

132.

133.

134.

135.

136.
137.

138.

139.
140.

Katrin Pudersell. Tropane alkaloid production and riboflavine excretion
in the field and tissue cultures of henbane (Hyoscyamus niger L.). Tartu,
2006.

Kiilli Jaako. Studies on the role of neurogenesis in brain plasticity. Tartu,
2006.

Aare Mirtson. Lower limb lengthening: experimental studies of bone
regeneration and long-term clinical results. Tartu, 2006.

Heli Tdhepold. Patient consultation in family medicine. Tartu, 2006.
Stanislav Liskmann. Peri-implant disease: pathogenesis, diagnosis and
treatment in view of both inflammation and oxidative stress profiling.
Tartu, 2006.

Ruth Rudissaar. Neuropharmacology of atypical antipsychotics and an
animal model of psychosis. Tartu, 2006.

Helena Andreson. Diversity of Helicobacter pylori genotypes in
Estonian patients with chronic inflammatory gastric diseases. Tartu, 2006.
Katrin Pruus. Mechanism of action of antidepressants: aspects of sero-
toninergic system and its interaction with glutamate. Tartu, 2000.

Priit Poder. Clinical and experimental investigation: relationship of
ischaemia/reperfusion injury with oxidative stress in abdominal aortic
aneurysm repair and in extracranial brain artery endarterectomy and possi-
bilities of protection against ischaemia using a glutathione analogue in a
rat model of global brain ischaemia. Tartu, 2006.

Marika Tammaru. Patient-reported outcome measurement in rheumatoid
arthritis. Tartu, 2006.

Tiia Reimand. Down syndrome in Estonia. Tartu, 2006.

Diva Eensoo. Risk-taking in traffic and Markers of Risk-Taking Beha-
viour in Schoolchildren and Car Drivers. Tartu, 2007.

Riina Vibo. The third stroke registry in Tartu, Estonia from 2001 to 2003:
incidence, case-fatality, risk factors and long-term outcome. Tartu, 2007.
Chris Pruunsild. Juvenile idiopathic arthritis in children in Estonia.
Tartu, 2007.

Eve Oiglane-Slik. Angelman and Prader-Willi syndromes in Estonia.
Tartu, 2007.

Kadri Haller. Antibodies to follicle stimulating hormone. Significance in
female infertility. Tartu, 2007.

Pille O6pik. Management of depression in family medicine. Tartu, 2007.
Jaak Kals. Endothelial function and arterial stiffness in patients with
atherosclerosis and in healthy subjects. Tartu, 2007.

Priit Kampus. Impact of inflammation, oxidative stress and age on
arterial stiffness and carotid artery intima-media thickness. Tartu, 2007.
Margus Punab. Male fertility and its risk factors in Estonia. Tartu, 2007.
Alar Toom. Heterotopic ossification after total hip arthroplasty: clinical
and pathogenetic investigation. Tartu, 2007.

105



141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.
160.

Lea Pehme. Epidemiology of tuberculosis in Estonia 1991-2003 with
special regard to extrapulmonary tuberculosis and delay in diagnosis of
pulmonary tuberculosis. Tartu, 2007.

Juri Karjagin. The pharmacokinetics of metronidazole and meropenem
in septic shock. Tartu, 2007.

Inga Talvik. Inflicted traumatic brain injury shaken baby syndrome in
Estonia — epidemiology and outcome. Tartu, 2007.

Tarvo Rajasalu. Autoimmune diabetes: an immunological study of type
1 diabetes in humans and in a model of experimental diabetes (in RIP-
B7.1 mice). Tartu, 2007.

Inga Karu. Ischaemia-reperfusion injury of the heart during coronary
surgery: a clinical study investigating the effect of hyperoxia. Tartu, 2007.
Peeter Padrik. Renal cell carcinoma: Changes in natural history and
treatment of metastatic disease. Tartu, 2007.

Neve Vendt. Iron deficiency and iron deficiency anaemia in infants aged
9 to 12 months in Estonia. Tartu, 2008.

Lenne-Triin Heidmets. The effects of neurotoxins on brain plasticity:
focus on neural Cell Adhesion Molecule. Tartu, 2008.

Paul Korrovits. Asymptomatic inflammatory prostatitis: prevalence, etio-
logical factors, diagnostic tools. Tartu, 2008.

Annika Reintam. Gastrointestinal failure in intensive care patients. Tartu,
2008.

Kristiina Roots. Cationic regulation of Na-pump in the normal, Alzhei-
mer’s and CCK, receptor-deficient brain. Tartu, 2008.

Helen Puusepp. The genetic causes of mental retardation in Estonia:
fragile X syndrome and creatine transporter defect. Tartu, 2009.

Kristiina Rull. Human chorionic gonadotropin beta genes and recurrent
miscarriage: expression and variation study. Tartu, 2009.

Margus Eimre. Organization of energy transfer and feedback regulation
in oxidative muscle cells. Tartu, 2009.

Maire Link. Transcription factors FoxP3 and AIRE: autoantibody
associations. Tartu, 2009.

Kai Haldre. Sexual health and behaviour of young women in Estonia.
Tartu, 2009.

Kaur Liivak. Classical form of congenital adrenal hyperplasia due to
21-hydroxylase deficiency in Estonia: incidence, genotype and phenotype
with special attention to short-term growth and 24-hour blood pressure.
Tartu, 2009.

Kersti Ehrlich. Antioxidative glutathione analogues (UPF peptides) —
molecular design, structure-activity relationships and testing the protec-
tive properties. Tartu, 2009.

Anneli Réitsep. Type 2 diabetes care in family medicine. Tartu, 2009.
Silver Tiirk. Etiopathogenetic aspects of chronic prostatitis: role of
mycoplasmas, coryneform bacteria and oxidative stress. Tartu, 2009.

106



161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.
181.

182.

Kaire Heilman. Risk markers for cardiovascular disease and low bone
mineral density in children with type 1 diabetes. Tartu, 2009.

Kristi Riiiitel. HIV-epidemic in Estonia: injecting drug use and quality of
life of people living with HIV. Tartu, 2009.

Triin Eller. Immune markers in major depression and in antidepressive
treatment. Tartu, 2009.

Siim Suutre. The role of TGF-f isoforms and osteoprogenitor cells in the
pathogenesis of heterotopic ossification. An experimental and clinical
study of hip arthroplasty. Tartu, 2010.

Kai Kliiman. Highly drug-resistant tuberculosis in Estonia: Risk factors
and predictors of poor treatment outcome. Tartu, 2010.

Inga Villa. Cardiovascular health-related nutrition, physical activity and
fitness in Estonia. Tartu, 2010.

Tonis Org. Molecular function of the first PHD finger domain of Auto-
immune Regulator protein. Tartu, 2010.

Tuuli Metsvaht. Optimal antibacterial therapy of neonates at risk of early
onset sepsis. Tartu, 2010.

Jaanus Kahu. Kidney transplantation: Studies on donor risk factors and
mycophenolate mofetil. Tartu, 2010.

Koit Reimand. Autoimmunity in reproductive failure: A study on as-
sociated autoantibodies and autoantigens. Tartu, 2010.

Mart Kull. Impact of vitamin D and hypolactasia on bone mineral
density: a population based study in Estonia. Tartu, 2010.

Rael Laugesaar. Stroke in children — epidemiology and risk factors.
Tartu, 2010.

Mark Braschinsky. Epidemiology and quality of life issues of hereditary
spastic paraplegia in Estonia and implemention of genetic analysis in
everyday neurologic practice. Tartu, 2010.

Kadri Suija. Major depression in family medicine: associated factors,
recurrence and possible intervention. Tartu, 2010.

Jarno Habicht. Health care utilisation in Estonia: socioeconomic determi-
nants and financial burden of out-of-pocket payments. Tartu, 2010.

Kristi Abram. The prevalence and risk factors of rosacea. Subjective
disease perception of rosacea patients. Tartu, 2010.

Malle Kuum. Mitochondrial and endoplasmic reticulum cation fluxes:
Novel roles in cellular physiology. Tartu, 2010.

Rita Teek. The genetic causes of early onset hearing loss in Estonian
children. Tartu, 2010.

Daisy Volmer. The development of community pharmacy services in
Estonia — public and professional perceptions 1993-2006. Tartu, 2010.
Jelena Lissitsina. Cytogenetic causes in male infertility. Tartu, 2011.
Delia Lepik. Comparison of gunshot injuries caused from Tokarev,
Makarov and Glock 19 pistols at different firing distances. Tartu, 2011.
Ene-Renate Pédhkla. Factors related to the efficiency of treatment of
advanced periodontitis. Tartu, 2011.

107



183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

Maarja Krass. L-Arginine pathways and antidepressant action. Tartu,
2011.

Taavi Lai. Population health measures to support evidence-based
health policy in Estonia. Tartu, 2011.

Tiit Salum. Similarity and difference of temperature-dependence of the
brain sodium pump in normal, different neuropathological, and aberrant
conditions and its possible reasons. Tartu, 2011.

Tonu Vooder. Molecular differences and similarities between histo-
logical subtypes of non-small cell lung cancer. Tartu, 2011.

Jelena StSepetova. The characterisation of intestinal lactic acid bacteria
using bacteriological, biochemical and molecular approaches. Tartu, 2011.
Radko Avi. Natural polymorphisms and transmitted drug resistance in
Estonian HIV-1 CRF06_cpx and its recombinant viruses. Tartu, 2011, 116 p.
Edward Laane. Multiparameter flow cytometry in haematological malig-
nancies. Tartu, 2011, 152 p.

Triin Jagomigi. A study of the genetic etiology of nonsyndromic cleft lip
and palate. Tartu, 2011, 158 p.

Ivo Laidmie. Fibrin glue of fish (Salmo salar) origin: immunological
study and development of new pharmaceutical preparation. Tartu, 2012,
150 p.

Ulle Parm. Early mucosal colonisation and its role in prediction of inva-
sive infection in neonates at risk of early onset sepsis. Tartu, 2012, 168 p.
Kaupo Teesalu. Autoantibodies against desmin and transglutaminase 2 in
celiac disease: diagnostic and functional significance. Tartu, 2012, 142 p.
Maksim Zagura. Biochemical, functional and structural profiling of
arterial damage in atherosclerosis. Tartu, 2012, 162 p.

Vivian Kont. Autoimmune regulator: characterization of thymic gene
regulation and promoter methylation. Tartu, 2012, 134 p.

Pirje Hiitt. Functional properties, persistence, safety and efficacy of
potential probiotic lactobacilli. Tartu, 2012, 246 p.

Innar Téru. Serotonergic modulation of CCK-4- induced panic. Tartu,
2012, 132 p.

Sigrid Vorobjov. Drug use, related risk behaviour and harm reduction
interventions utilization among injecting drug users in Estonia: impli-
cations for drug policy. Tartu, 2012, 120 p.

Martin Serg. Therapeutic aspects of central haemodynamics, arterial
stiffness and oxidative stress in hypertension. Tartu, 2012, 156 p.

Jaanika Kumm. Molecular markers of articular tissues in early knee
osteoarthritis: a population-based longitudinal study in middle-aged sub-
jects. Tartu, 2012, 159 p.

Kertu Riinkorg. Functional changes of dopamine, endopioid and endo-
cannabinoid systems in CCK2 receptor deficient mice. Tartu, 2012, 125 p.
Mai Blondal. Changes in the baseline characteristics, management and
outcomes of acute myocardial infarction in Estonia. Tartu, 2012, 127 p.

108



203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

Jana Lass. Epidemiological and clinical aspects of medicines use in
children in Estonia. Tartu, 2012, 170 p.

Kai Truusalu. Probiotic lactobacilli in experimental persistent Salmo-
nella infection. Tartu, 2013, 139 p.

Oksana Jagur. Temporomandibular joint diagnostic imaging in relation
to pain and bone characteristics. Long-term results of arthroscopic treat-
ment. Tartu, 2013, 126 p.

Katrin Sikk. Manganese-ephedrone intoxication — pathogenesis of neuro-
logical damage and clinical symptomatology. Tartu, 2013, 125 p.

Kai Blondal. Tuberculosis in Estonia with special emphasis on drug-
resistant tuberculosis: Notification rate, disease recurrence and mortality.
Tartu, 2013, 151 p.

Marju Puurand. Oxidative phosphorylation in different diseases of
gastric mucosa. Tartu, 2013, 123 p.

Aili Tagoma. Immune activation in female infertility: Significance of
autoantibodies and inflammatory mediators. Tartu, 2013, 135 p.

Liis Sabre. Epidemiology of traumatic spinal cord injury in Estonia.
Brain activation in the acute phase of traumatic spinal cord injury. Tartu,
2013, 135 p.

Merit Lamp. Genetic susceptibility factors in endometriosis. Tartu, 2013,
125 p.

Erik Salum. Beneficial effects of vitamin D and angiotensin II receptor
blocker on arterial damage. Tartu, 2013, 167 p.

Maire Karelson. Vitiligo: clinical aspects, quality of life and the role of
melanocortin system in pathogenesis. Tartu, 2013, 153 p.

Kuldar Kaljurand. Prevalence of exfoliation syndrome in Estonia and its
clinical significance. Tartu, 2013, 113 p.

Raido Paasma. Clinical study of methanol poisoning: handling large out-
breaks, treatment with antidotes, and long-term outcomes. Tartu, 2013,
96 p.

Anne Kleinberg. Major depression in Estonia: prevalence, associated
factors, and use of health services. Tartu, 2013, 129 p.

Triin Eglit. Obesity, impaired glucose regulation, metabolic syndrome
and their associations with high-molecular-weight adiponectin levels.
Tartu, 2014, 115 p.

Kristo Ausmees. Reproductive function in middle-aged males: Asso-
ciations with prostate, lifestyle and couple infertility status. Tartu, 2014,
125 p.

Kristi Huik. The influence of host genetic factors on the susceptibility to
HIV and HCV infections among intravenous drug users. Tartu, 2014,
144 p.

Liina Tserel. Epigenetic profiles of monocytes, monocyte-derived macro-
phages and dendritic cells. Tartu, 2014, 143 p.

Irina Kerna. The contribution of ADAMI2 and CILP genes to the
development of knee osteoarthritis. Tartu, 2014, 152 p.

109



222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234,

235.

236.

237.

238.

239.

Ingrid Liiv. Autoimmune regulator protein interaction with DNA-depen-
dent protein kinase and its role in apoptosis. Tartu, 2014, 143 p.

Liivi Maddison. Tissue perfusion and metabolism during intra-abdominal
hypertension. Tartu, 2014, 103 p.

Krista Ress. Childhood coeliac disease in Estonia, prevalence in atopic
dermatitis and immunological characterisation of coexistence. Tartu,
2014, 124 p.

Kai Muru. Prenatal screening strategies, long-term outcome of children
with marked changes in maternal screening tests and the most common
syndromic heart anomalies in Estonia. Tartu, 2014, 189 p.

Kaja Rahu. Morbidity and mortality among Baltic Chernobyl cleanup
workers: a register-based cohort study. Tartu, 2014, 155 p.

Klari Noormets. The development of diabetes mellitus, fertility and
energy metabolism disturbances in a Wfsl-deficient mouse model of
Wolfram syndrome. Tartu, 2014, 132 p.

Liis Toome. Very low gestational age infants in Estonia. Tartu, 2014,
183 p.

Ceith Nikkolo. Impact of different mesh parameters on chronic pain and
foreign body feeling after open inguinal hernia repair. Tartu, 2014, 132 p.
Vadim Brjalin. Chronic hepatitis C: predictors of treatment response in
Estonian patients. Tartu, 2014, 122 p.

Vahur Metsna. Anterior knee pain in patients following total knee arthro-
plasty: the prevalence, correlation with patellar cartilage impairment and
aspects of patellofemoral congruence. Tartu, 2014, 130 p.

Marju Kase. Glioblastoma multiforme: possibilities to improve treatment
efficacy. Tartu, 2015, 137 p.

Riina Runnel. Oral health among elementary school children and the
effects of polyol candies on the prevention of dental caries. Tartu, 2015,
112 p.

Made Laanpere. Factors influencing women’s sexual health and re-
productive choices in Estonia. Tartu, 2015, 176 p.

Andres Lust. Water mediated solid state transformations of a polymorphic
drug — effect on pharmaceutical product performance. Tartu, 2015, 134 p.
Anna Klugman. Functionality related characterization of pretreated wood
lignin, cellulose and polyvinylpyrrolidone for pharmaceutical applications.
Tartu, 2015, 156 p.

Triin Laisk-Podar. Genetic variation as a modulator of susceptibility to
female infertility and a source for potential biomarkers. Tartu, 2015, 155 p.
Mailis Tonisson. Clinical picture and biochemical changes in blood in
children with acute alcohol intoxication. Tartu, 2015, 100 p.

Kadri Tamme. High volume haemodiafiltration in treatment of severe
sepsis — impact on pharmacokinetics of antibiotics and inflammatory
response. Tartu, 2015, 133 p.

110



240.

241.

242.

243.

244.

245.

246.

247.

248.

249.

250.

251.

252.

253.

254.

255.

256.
257.

258.

Kai Part. Sexual health of young people in Estonia in a social context: the
role of school-based sexuality education and youth-friendly counseling
services. Tartu, 2015, 203 p.

Urve Paaver. New perspectives for the amorphization and physical
stabilization of poorly water-soluble drugs and understanding their dis-
solution behavior. Tartu, 2015, 139 p.

Aleksandr Peet. Intrauterine and postnatal growth in children with HLA-
conferred susceptibility to type 1 diabetes. Tartu. 2015, 146 p.

Piret Mitt. Healthcare-associated infections in Estonia — epidemiology
and surveillance of bloodstream and surgical site infections. Tartu, 2015,
145 p.

Merli Saare. Molecular Profiling of Endometriotic Lesions and Endo-
metria of Endometriosis Patients. Tartu, 2016, 129 p.

Kaja-Triin Laisaar. People living with HIV in Estonia: Engagement in
medical care and methods of increasing adherence to antiretroviral therapy
and safe sexual behavior. Tartu, 2016, 132 p.

Eero Merilind. Primary health care performance: impact of payment and
practice-based characteristics. Tartu, 2016, 120 p.

Jaanika Kéarner. Cytokine-specific autoantibodies in AIRE deficiency.
Tartu, 2016, 182 p.

Kaido Paapstel. Metabolomic profile of arterial stiffness and early bio-
markers of renal damage in atherosclerosis. Tartu, 2016, 173 p.

Liidia Kiisk. Long-term nutritional study: anthropometrical and clinico-
laboratory assessments in renal replacement therapy patients after inten-
sive nutritional counselling. Tartu, 2016, 207 p.

Georgi Nellis. The use of excipients in medicines administered to neo-
nates in Europe. Tartu, 2017, 159 p.

Aleksei Rakitin. Metabolic effects of acute and chronic treatment with
valproic acid in people with epilepsy. Tartu, 2017, 125 p.

Eveli Kallas. The influence of immunological markers to susceptibility to
HIV, HBV, and HCV infections among persons who inject drugs. Tartu,
2017, 138 p.

Tiina Freimann. Musculoskeletal pain among nurses: prevalence, risk
factors, and intervention. Tartu, 2017, 125 p.

Evelyn Aaviksoo. Sickness absence in Estonia: determinants and
influence of the sick-pay cut reform. Tartu, 2017, 121 p.

Kalev Noupuu. Autosomal-recessive Stargardt disease: phenotypic
heterogeneity and genotype-phenotype associations. Tartu, 2017, 131 p.
Ho Duy Binh. Osteogenesis imperfecta in Vietnam. Tartu, 2017, 125 p.
Uku Haljasorg. Transcriptional mechanisms in thymic central tolerance.
Tartu, 2017, 147 p.

Zivile Riispere. IgA Nephropathy study according to the Oxford Classi-
fication: IgA Nephropathy clinical-morphological correlations, disease
progression and the effect of renoprotective therapy. Tartu, 2017, 129 p.

111



259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

277.

Hiie Soeorg. Coagulase-negative staphylococci in gut of preterm neonates
and in breast milk of their mothers. Tartu, 2017, 216 p.

Anne-Mari Anton Willmore. Silver nanoparticles for cancer research.
Tartu, 2017, 132 p.

Ott Laius. Utilization of osteoporosis medicines, medication adherence
and the trend in osteoporosis related hip fractures in Estonia. Tartu, 2017,
134 p.

Alar Aab. Insights into molecular mechanisms of asthma and atopic
dermatitis. Tartu, 2017, 164 p.

Sander Pajusalu. Genome-wide diagnostics of Mendelian disorders:
from chromosomal microarrays to next-generation sequencing. Tartu,
2017, 146 p.

Mikk Jiirisson. Health and economic impact of hip fracture in Estonia.
Tartu, 2017, 164 p.

Kaspar Tootsi. Cardiovascular and metabolomic profiling of osteo-
arthritis. Tartu, 2017, 150 p.

Mario Saare. The influence of AIRE on gene expression — studies of
transcriptional regulatory mechanisms in cell culture systems. Tartu, 2017,
172 p.

Piia Jogi. Epidemiological and clinical characteristics of pertussis in
Estonia. Tartu, 2018, 168 p.

Elle Poldoja. Structure and blood supply of the superior part of the
shoulder joint capsule. Tartu, 2018, 116 p.

Minh Son Nguyen. Oral health status and prevalence of temporo-
mandibular disorders in 65-74-year-olds in Vietnam. Tartu, 2018, 182 p.
Kristian Semjonov. Development of pharmaceutical quench-cooled
molten and melt-electrospun solid dispersions for poorly water-soluble
indomethacin. Tartu, 2018, 125 p.

Janne Tiigimde-Saar. Botulinum neurotoxin type A treatment for
sialorrhea in central nervous system diseases. Tartu, 2018, 109 p.

Veiko Vengerfeldt. Apical periodontitis: prevalence and etiopathogenetic
aspects. Tartu, 2018, 150 p.

Rudolf Bichele. TNF superfamily and AIRE at the crossroads of thymic
differentiation and host protection against Candida albicans infection.
Tartu, 2018, 153 p.

Olga TSuiko. Unravelling Chromosomal Instability in Mammalian Pre-
implantation Embryos Using Single-Cell Genomics. Tartu, 2018, 169 p.
Kirt Kriisa. Profile of acylcarnitines, inflammation and oxidative stress
in first-episode psychosis before and after antipsychotic treatment. Tartu,
2018, 145 p.

Xuan Dung Ho. Characterization of the genomic profile of osteosarcoma.
Tartu, 2018, 144 p.

Karit Reinson. New Diagnostic Methods for Early Detection of Inborn
Errors of Metabolism in Estonia. Tartu, 2018, 201 p.

112



278.

279.

280.

281.

282.

283.

284.

285.

286.

287.
288.

289.

290.

291.

292.

293.

294.

295.

296.

297.

Mari-Anne Vals. Congenital N-glycosylation Disorders in Estonia. Tartu,
2019, 148 p.

Liis Kadastik-Eerme. Parkinson’s disease in Estonia: epidemiology,
quality of life, clinical characteristics and pharmacotherapy. Tartu, 2019,
202 p.

Hedi Hunt. Precision targeting of intraperitoneal tumors with peptide-
guided nanocarriers. Tartu, 2019, 179 p.

Rando Porosk. The role of oxidative stress in Wolfram syndrome 1 and
hypothermia. Tartu, 2019, 123 p.

Ene-Ly Jogeda. The influence of coinfections and host genetic factor on
the susceptibility to HIV infection among people who inject drugs. Tartu,
2019, 126 p.

Kristel Ehala-Aleksejev. The associations between body composition,
obesity and obesity-related health and lifestyle conditions with male
reproductive function. Tartu, 2019, 138 p.

Aigar Ottas. The metabolomic profiling of psoriasis, atopic dermatitis
and atherosclerosis. Tartu, 2019, 136 p.

Elmira Gurbanova. Specific characteristics of tuberculosis in low de-
fault, but high multidrug—resistance prison setting. Tartu, 2019, 129 p.
Van Thai Nguyeni. The first study of the treatment outcomes of patients
with cleft lip and palate in Central Vietnam. Tartu, 2019, 144 p.

Maria Yakoreva. Imprinting Disorders in Estonia. Tartu, 2019, 187 p.
Kadri Rekker. The putative role of microRNAs in endometriosis patho-
genesis and potential in diagnostics. Tartu, 2019, 140 p.

Ulle Véhma. Association between personality traits, clinical characteris-
tics and pharmacological treatment response in panic disorder. Tartu,
2019, 121 p.

Aet Saar. Acute myocardial infarction in Estonia 2001-2014: towards
risk-based prevention and management. Tartu, 2019, 124 p.

Toomas Toomsoo. Transcranial brain sonography in the Estonian cohort
of Parkinson’s disease. Tartu, 2019, 114 p.

Lidiia Zhytnik. Inter- and intrafamilial diversity based on genotype and
phenotype correlations of Osteogenesis Imperfecta. Tartu, 2019, 224 p.
Pilleriin Soodla. Newly HIV-infected people in Estonia: estimation of
incidence and transmitted drug resistance. Tartu, 2019, 194 p.

Kristiina Ojamaa. Epidemiology of gynecological cancer in Estonia.
Tartu, 2020, 133 p.

Marianne Saard. Modern Cognitive and Social Intervention Techniques
in Paediatric Neurorehabilitation for Children with Acquired Brain Injury.
Tartu, 2020, 168 p.

Julia Maslovskaja. The importance of DNA binding and DNA breaks for
AIRE-mediated transcriptional activation. Tartu, 2020, 162 p.

Natalia Lobanovskaya. The role of PSA-NCAM in the survival of retinal
ganglion cells. Tartu, 2020, 105 p.

113



298.

299.

300.

301.

302.

303.

304.

305.

306.

307.

308.

309.

310.

311.

312.

313.

314.

315.

Madis Rahu. Structure and blood supply of the postero-superior part of
the shoulder joint capsule with implementation of surgical treatment after
anterior traumatic dislocation. Tartu, 2020, 104 p.

Helen Zirnask. Luteinizing hormone (LH) receptor expression in the
penis and its possible role in pathogenesis of erectile disturbances. Tartu,
2020, 87 p.

Kadri Toome. Homing peptides for targeting of brain diseases. Tartu,
2020, 152 p.

Maarja Hallik. Pharmacokinetics and pharmacodynamics of inotropic
drugs in neonates. Tartu, 2020, 172 p.

Raili Miiller. Cardiometabolic risk profile and body composition in early
rheumatoid arthritis. Tartu, 2020, 133 p.

Sergo Kasvandik. The role of proteomic changes in endometrial cells —
from the perspective of fertility and endometriosis. Tartu, 2020, 191 p.
Epp Kaleviste. Genetic variants revealing the role of STAT1/STAT3
signaling cytokines in immune protection and pathology. Tartu, 2020,
189 p.

Sten Saar. Epidemiology of severe injuries in Estonia. Tartu, 2020, 104 p.
Kati Braschinsky. Epidemiology of primary headaches in Estonia and
applicability of web-based solutions in headache epidemiology research.
Tartu, 2020, 129 p.

Helen Vaher. MicroRNAs in the regulation of keratinocyte responses in
psoriasis vulgaris and atopic dermatitis. Tartu, 2020, 242 p.

Liisi Raam. Molecular Alterations in the Pathogenesis of Two Chronic
Dermatoses — Vitiligo and Psoriasis. Tartu, 2020, 164 p.

Artur Vetkas. Long-term quality of life, emotional health, and associated
factors in patients after aneurysmal subarachnoid haemorrhage. Tartu,
2020, 127 p.

Teele Kasepalu. Effects of remote ischaemic preconditioning on organ
damage and acylcarnitines’ metabolism in vascular surgery. Tartu, 2020,
130 p.

Prakash Lingasamy. Development of multitargeted tumor penetrating
peptides. Tartu, 2020, 246 p.

Lille Kurvits. Parkinson’s disease as a multisystem disorder: whole trans-
criptome study in Parkinson’s disease patients’ skin and blood. Tartu,
2021, 142 p.

Mariliis P6ld. Smoking, attitudes towards smoking behaviour, and nico-
tine dependence among physicians in Estonia: cross-sectional surveys
1982-2014. Tartu, 2021, 172 p.

Triin Kikas. Single nucleotide variants affecting placental gene expression
and pregnancy outcome. Tartu, 2021, 160 p.

Hedda Lippus-Metsaots. Interpersonal violence in Estonia: prevalence,
impact on health and health behaviour. Tartu, 2021, 172 p.

114



316.

317.

318.

319.

320.

Georgi Dzaparidze. Quantification and evaluation of the diagnostic
significance of adenocarcinoma-associated microenvironmental changes
in the prostate using modern digital pathology solutions. Tartu, 2021,
132 p.

Tuuli Sedman. New avenues for GLP1 receptor agonists in the treatment
of diabetes. Tartu, 2021, 118 p.

Martin Padar. Enteral nutrition, gastrointestinal dysfunction and intes-
tinal biomarkers in critically ill patients. Tartu, 2021, 189 p.

Siim Schneider. Risk factors, etiology and long-term outcome in young
ischemic stroke patients in Estonia. Tartu, 2021, 131 p.

Konstantin Ridn6i. Implementation and effectiveness of new prenatal
diagnostic strategies in Estonia. Tartu, 2021, 191 p.



	II artikkel.pdf
	II artikkel.pdf
	Peritonsillar abscess is frequently accompanied by sepsis symptoms
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study group
	Clinical examination
	Surgical procedures
	Laboratory methods
	Statistical methods

	Results
	Clinical and laboratory data
	Comparison of patients with and without sepsis symptoms

	Discussion
	Conclusions
	Ethical consideration

	Acknowledgements 
	References






