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Abstract

Appendicitis poses a challenge throughout the entire process from diagnosis to effective
treatment in paediatric patients. Considering that non-surgical or conservative treatment is used
to treat acute appendicitis (AA) in children, this leads to one of the most important emergent
problems in paediatric surgery — to differentiate between acute uncomplicated appendicitis
(AuA) and acute complicated appendicitis (AcA) during the onset of treatment because AcA
attests to the delayed diagnostic processes and requires only emergency surgical treatment. In
Latvia, AcA occurs in more than 35 % of cases. Our previous studies have shown that at the
Children's Clinical University Hospital (CCUH) Riga, Latvia, the total number of operated AA
cases remains unchanged, however, the number of AcA cases is increasing.

The current diagnostic dilemmas of AcA show the need to search for new early
diagnostic indicators in paediatric patients in order to reduce the incidence of complications
and prevent lethal risks. The first challenge in the diagnosis of AA is the differentiation between
AA and differential diagnoses that are non-appendicitis (NnAA). Currently, the diagnosis of AA
relies on typical clinical findings, anamnesis and the Alvarado score, all of which lack
sensitivity and specificity and rely on the cooperation and fluency of patients and/or their carers.
Other techniques such as computed tomography (CT) and diagnostic laparoscopy are used, but
the negative aspects outweigh the productivity of the diagnostic value (Podany et al., 2017).
The introduction of ultrasound (US) imaging and blood test values (leucocytosis and an
increased C-reactive protein (CRP)) as diagnostic tools has decreased the need for diagnostic
laparoscopies, but despite this, the current negative appendectomy rate is still at 1-40 %
(Maloney et al., 2019). This research primarily aims to find a more productive solution to
effectively diagnose AA by differentiating between AA and nAA.

It is already known that AcA is an inflammation of the complex origin of the appendix.
Although it was traditionally considered to be simply an obstruction of the appendiceal lumen,
there is increasing evidence that the disease can be caused by specific pathogenic
microorganisms, with Yersinia enterocolitica being more specific (Fernandes et al., 2020).
Some previous studies have confirmed a polymicrobial process, but it is not yet possible to
identify the main pathogen and its source (Rogers et al., 2016); (Salo et al., 2017);
(Bhattacharya et al., 2022); (Camacho-Cruz et al., 2022).

This has also led to increased interest and research in antibiotic therapy as a non-invasive
treatment for AA. The increased use of antibiotics raises questions about the prevalence of
microorganisms as causative agents in appendicitis, which is the focus of the present study.
Differentiation between AuA and AcA is also an increasing problem, especially in emergency

situations, and the prevalence of specific microorganisms for each of these classifications



essentially leads to a different antibiotic treatment strategy. Therefore, this study additionally
aims to identify which microorganisms are more prevalent in AuA and AcA respectively as
well as the subsequent proposed antibiotic strategy.

This also leads to the challenging task of rapid confirmation of AA and further
differentiation between AuA and AcA in an emergency. Atypical differentiation and multiple
differential diagnoses are two of many factors that hinder this rapid confirmation. Therefore,
this study aims to further enable rapid diagnosis of AA and differentiation between AuA and
ACA in an emergency setting.

The focus on immunological pathways is expanding and, consequently, the number of
proposed biomarkers is increasing, although none has achieved widespread use to date (Selleck
et al., 2017). The search for the optimal biomarker may be futile, but in combination with
a medical history and clinical findings, it is possible to improve the quality of diagnostic
approaches, thereby reducing complications and overall hospital costs incurred by reducing
unnecessary imaging and surgery.

This was a prospective cohort study. The patients were divided into three groups: AcA
(acute complicated appendicitis), AuA (acute uncomplicated appendicitis) and a Ctr (control
group). Out of a total of 153 patients, 97 had AA (acute appendicitis) and 56 were in the Ctr.
Our results show that urine leucine-rich alpha-2 glycoprotein 1 (LRG1) is an accurate marker
in confirming the diagnosis of AA. The concentration of serum and urine LRG1 is useful in
detecting the severity of AA with respect to AcA and AuA. The biomarker serum neutrophil
gelatinase-associated lipocalin (NGAL) increases significantly on Day 0 and should be used in
the differential diagnosis of acute abdominal pain. CRP and serum interleukin-6 (IL-6) remain
non-specific biomarkers due to limitations and can be used to diagnose AA and differentiate
AcA from AuA. Pseudomonas aeruginosa is more commonly identified in acute complicated
appendicitis and is susceptible to agents of the cephalosporin group, such as ceftazidime.
However, P. aeruginosa has phenotypic resistance to cefotaxime; therefore, cefotaxime should
be excluded from empirical treatment of acute complicated appendicitis. Antibiotic treatment
strategies for acute complicated appendicitis should include antibiotics with different
mechanisms of action to achieve a synergistic effect and prevent the development of antibiotic
resistance. The incidence of extended-spectrum beta-lactamase (ESBL)-producing
microorganisms was low in these cases of acute appendicitis. Serum antibodies to Yersinia
enterocolitica were not detected in AA patients and therefore cannot be used to predict of AA.

Research into the appendix microbiome and the new biomarkers NGAL and LRGL1 in
blood serum and LRGL1 in urine may provide a better understanding of complicated acute

appendicitis in terms of etiopathogenesis and early diagnostic accuracy, as well as timely
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diagnosis of disease severity and possible disease prognosis. It should be emphasised that the
results of the study in Latvia could improve the quality of medical care in other countries.

The obtained results can also contribute beyond the borders of Latvia, as they have been
published in international databases, as well as the text of the doctoral thesis is in English, so
that other colleagues who are interested in this topic can familiarise themselves with the
researched material and it is possible to introduce changes in their daily practice in connection
with in paediatric patients with acute appendicitis.

Keywords: acute appendicitis, acute complicated appendicitis, acute uncomplicated
appendicitis, surgery, paediatric patients, leucine-rich alpha-2 glycoprotein 1 (LRG1),
neutrophil gelatinase-associated lipocalin (NGAL), interleukin-6 (IL-6), Escherichia coli,

Pseudomonas aeruginosa, Yersinia enterocolitica



Anotacija
Kompleksa kliniska, molekularbiologiska un mikrobiologiska izp&te
bérna vecuma akiita komplicéta un nekomplicéta apendicita gadijjuma

Visa procesa laika, sakot no diagnostikas Iidz efektivai arstéSanai apendicits ir
izaicinoSa diagnoze b&rna vecuma pacientiem. Nemot véra nekirurgiskas arstéSanas metodes
pielietosanu akiita apendicita (AA) pacientiem b&€rna vecuma, viena no svarigakajam
neatlickamas bérnu kirurgijas problémam ir akiita nekomplicéta apendicita (AnA) un akita
komplicéta apendicita (AkA) nodaliSana arstéSanas sakuma perioda, jo AkA liecina par
novélotu diagnostikas procesu un prasa tikai neatlickamu kirurgisku arst€Sanu. Latvija AkA
sastopams vairak neka 35 % gadijumu. Misu l1dzsingjie petijumi liecina, ka VSIA BKUS lidz
pe&dejam laikam, pie tendences kop&jam operéto AA gadijumu skaitam saglabaties iepriekseja
Iimeni, AkKA skaits pieaug.

Sodien eksistéjosas AkA diagnostikas problémas rada nepieciesamibu meklét jaunus
agrinas diagnostikas indikatorus pacientiem b€rna vecuma, lai samazinatu komplikaciju
attistibas biezumu, ka ar1 novérstu letalitates riskus. Pirmais izaicinajums AA diagnostika ir ta
atSkirSana no citam neapendicita (jeb nAA) diferencialdiagnozém. Paslaik AA diagnostika ir
atkariga no kliniskas atrades, ripigas anamnézes ievaksanas, un Alvarado skalas, kura péd¢ja
laika tiek biezi pielietota un ir augsti veért€§jams AA diagnostikas paliglidzeklis, tomér tai trukst
adekvatas jutibas un specifiskuma, ka ar1 no pacientu (un/vai pacienta aizbildnu) sadarbibas un
komunikacijas spgjam. Tiek izmantotas arT citas diagnostikas metodes, piemé&ram,
datortomografija (DT) un diagnostika laparoskopija, bet So metozu negativie aspekti samazina
to diagnostikas vertibas produktivitati (Podany et al., 2017). Ultrasonografijas un asinsainas
parametru (leikocitoze un paaugstinats C-reaktivais olbaltums (CRO)) ka diagnostikas riku
izmantoSana ir samazinajusi diagnostiskas laparoskopijas nepiecieSamibu, tacu, neskatoties uz
to, pasreiz€jais negativas apendektomijas biezums joprojam ir 1-40 % (Maloney et al., 2019).
Savukart Sobrid pieejamie biomarkieri ir neprecizi un to novélota reakcija samazina
neatliekamas palidzibas arstu un bérnu kirurgu iesp&jas sniegt savlaicigu un potenciali efektivu
terapiju. Tadgjadi 1 pétijuma merkis, pirmkart, ir atrast produktivaku risinajumu savlaicigai un
efektivai AA diagnostikai, nodalot AA un nAA.

Jau zinams, ka AKA ir sarezgitas izcelsmes aklas zarnas tarpveida piedekla iekaisums.
Lai gan tradicionali par AA izsaucgju tiek uzskatita piedeékla limena obstrukcija, nesenos
petijumos giitie pieradijumi liecina, ka slimiba, iesp&jams, attistas tieSas specifisku patogénu
mikroorganismu invazijas dél. To starpa tiek mingta ari Yersinia enterocolitica (Fernandes

etal., 2020). Dazos agrakos pétijumos ir apstiprinats polimikrobials process, tomér galveno



slimibas izsauc€ju un ta izcelsmi noteikt nav izdevies (Rogers et al., 2016); (Salo et al., 2017);
(Bhattacharya et al., 2022); (Camacho-Cruz et al., 2022). Sis fakts ir palielinajis ekspertu un
specialistu interesi, ka arT p&tijumu skaitu par antibakterialo terapiju ka neinvazivu metodi AA
arsteSsanai. Nemot véra, ka miusdienas palielinas neinvazivas antibakterialas terapijas
izmantoSana apendicita arstéSanai, ST p&tijuma méerkis ir noskaidrot, kuri mikroorganismi ir
sastopami pie AA izraisiSanas pétijuma ieklauto pediatrisko pacientu grupas (t. i., AKA un AnA
grupas). Konkrétu mikroorganismu izplatiba katra no $im grupam ir noteicosais faktors
atSkirigam antibakterialas arst€Sanas stratégijam, tapec $1 petijuma vél viens merkis ir noteikt,
kuri mikroorganismi prevale AnA un AKA grupas, ka ari parbaudit So Kkonkréto
mikroorganismu jutibu un rezistenci un izvertét iesp&jamo antibakterialo Iidzeklu arstésanas
efektivitati.

lespg&jamo biomarkieru apjoms, ko var izmantot akiita apendicita diagnostic€Sanas
procesa, ka ari koncentréSanas uz imunologiskajiem mehanismiem palielinas, tac¢u pagaidam
neviens no Siem biomarkieriem vél netiek kliniskaja praksé plasi izmantots (Selleck et al.,
2017). Viena optimala biomarkiera atrasana varétu sagadat lielas piiles, tacu kombinacija ar
pacienta medicinas vesturi un kliniskam atradém var&tu uzlabot diagnostikas kvalitati un
atrumu, kas rezultésies ar samazinatu komplikaciju risku, ka ar1 ar samazinatam slimnicas
kopgjam izmaksam un, protams, izvairiSanos no nevajadzigiem att€lveidoSanas izmekl&jumiem
un kirurgiskam operacijam.

Sis ir prospektivs kontrolétu grupu pétijums laika posma no 2017. lidz 2020. gadam, kur
pacienti tika iedaliti 3 grupas: AkA (akiits komplicéts apendicits), AnA (akiits nekomplicéts
apendicits) un Ktr (kontroles grupa). No 153 pacientiem 97 bija AA un 56 bija Ktr grupa.
legitie rezultati parada, ka urina LRG1 (leucine-rich alpha-2 glycoprotein 1) ir precizs
markieris AA diagnozes apstiprinasanai. Seruma un urina LRG1 koncentracija ir noderiga, lai
noteiktu AA smagumu (t.i., AKA vai AnA). Biomarkieris NGAL (neutrophil gelatinase-
associated lipocalin) asins seruma ievérojami palielinas 0. diena un to biitu nepiecieSams
izmantot akiitu védera sapju diferencialdiagnostika. Specifisko 1paSibu dé] CRO un seruma
IL-6 (interleukin-6) ir nespecifiski biomarkieri, tacu tos var turpinat izmantot AA diagnostikas
procesa un AkA un AnA diferencésana.

Pseudomonas aeruginosa biezak tiek konstatéta AkA gadijuma un péc jutibas
parbaudes ta ir uznémiga pret cefalosporinu grupas antibiotikiem, pieméram, ceftazidimu,
tomer Pseudomonas aeruginosa ir fenotipiska rezistence pret cefotaksimu, tapéc tas biitu
jaizsleédz no AkA empiriskas arst€Sanas vadlinijam. Lai panaktu sinergisku efektu un novérstu
antibakterialo lidzeklu rezistences attistibu, arstéSanas stratégija butu jaieklauj antibakterialie

lidzekli ar dazadiem darbibas mehanismiem. Saja pétijuma ESBL (paplaSinata spektra



beta-laktamazes) veidojoSo mikroorganismu sastopamiba bija zema. Yersinia enterocolitica
seruma antivielas AA pacientiem netika atklatas, tapéc tas nevar tikt izmantotas AA
prognozgesanai.

P&tot aklas zarnas tarpveida piedekla mikrobiomu un jaunus asins seruma NGAL un
LRG1 un urina LRG1 biomarkierus, varétu tikt sasniegta pilnvértigaka komplicéta akiita
apendicTita etiopatogenézes izpratne un agrina diagnostiska precizitate, ka ari savlaicigi noteikts
slimibas smagums un iesp&jama slimibas prognoze. Jauzsver, ka petijuma rezultati Latvija
varétu uzlabot arstnieciskas palidzibas kvalitati pie salidzino$i zemas sociali ekonomiskas
situacijas valsti.

legtitie rezultati var sniegt ieguldijumu arT arpus Latvijas robezam, jo ir public&tas
starptautiskas datu baz€s, ka arT promocijas darba teksts ir anglu valoda, lai citi kolégi, kas ir
ieinteres€ti $aja t€ma, var iepazities ar izp€tito materialu un iesp&jams ieviest izmainas sava
ikdienas praksg saistiba ar aktitu apendicitu pediatriskiem pacientiem.

Atslégvardi: akits apendicits, akuts komplic@ts apendicits, akiits nekomplicéts
apendicits, kirurgija, pediatriski pacienti, leucine-rich alpha-2 glycoprotein 1 (LRG1),
neutrophil gelatinase-associated lipocalin (NGAL), interleukin-6 (IL-6), Escherichia coli,

Pseudomonas aeruginosa, Yersinia enterocolitica
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Abbreviations

AA Acute appendicitis

AcA Acute complicated appendicitis

AUuA Acute uncomplicated appendicitis
AUC Area under the receiver operating characteristic curve
B-cells B lymphocytes

CCUH Children’s Clinical University Hospital
CRP C-reactive protein

CT Computed tomography

Ctr Control group

DDST Double disk synergy test

ED Emergency department

ESBL Extended spectrum beta-lactamase

EUCAST European Committee on Antimicrobial Susceptibility Testing

IL-1B Interleukin-1 beta

IL-22 Interleukin-22

IL-6 Interleukin-6

IQR Interquartile ranges

LRG1 Leucine-rich alpha-2 glycoprotein 1
LRR Leucine-rich repeat

Mdn Median

nAA Non-appendicitis

NGAL Neutrophil gelatinase-associated lipocalin
ROC Receiver operating characteristic
S-IL-6 Serum interleukin-6

S-LRG1 Serum leucine-rich alpha-2 glycoprotein 1
S-NGAL Serum neutrophil gelatinase-associated lipocalin

SoB Study on biomarkers

SoMaS Study on microbiota and susceptibility
Thi7 T helper 17 cells

TNF-a Tumour necrosis factor alpha

U-IL-6 Urine interleukin-6

U-LRG1 Urine leucine-rich alpha-2 glycoprotein 1
U-NGAL Urine neutrophil gelatinase-associated lipocalin
usS Ultrasound
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Introduction
Aim
To evaluate new urine and serum biomarkers, bacterial aetiology and antibacterial
susceptibility for the early and accurate diagnosis of acute appendicitis (AA), and
differentiation of acute uncomplicated (AuA) and acute complicated (AcA) appendicitis in

paediatric patients.

Objectives

The following objectives were set to achieve the aim of the study:

1. Determine serum levels of inflammatory biomarkers (CRP), interleukin-6 (IL-6),
neutrophil gelatinase-associated lipocalin (NGAL), and leucine-containing alpha
glycoprotein 1 (LRG1) in patients with a diagnosis of AA.

2. Determine the level of inflammatory biomarkers (CRP, IL-6, NGAL and LRG1) in
the urine of patients with a diagnosis of AA.

3. Determine the serum level of Yersinia enterocolitica antibodies in patients with
a diagnosis of AA.

4. ldentify the causative agents of AuA and AcA, to evaluate their antibacterial

sensitivity.

Hypothesis
e The role of blood serum biomarkers NGAL and LRG1 and urinary biomarker
LRG1 is essential in the early diagnosis of AcA and differentiate AuA from AcA
in children aged seven to 18 years.
e Appendiceal microbiota and antibacterial susceptibility of causative agents may
contribute to the treatment of acute complicated and uncomplicated appendicitis in

paediatric patients.

Novelty

The study shows that the urine biomarker LRG1 plays an important diagnostic and
differentiating role in the uncomplicated and complicated form of AA. Urine can be obtained
non-invasively. The U-LRG1 detection method provides a quick result and gives an opportunity
to evaluate future treatment tactics.

The study has proved the antibacterial sensitivity of the most common AcA bacteria,

which will allow to develop an algorithm for antibacterial therapy in cases of AuA and AcA.
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1 Literature overview

Acute appendicitis (AA) is one of the most common paediatric abdominal diseases. It
requires surgery and, despite advances in diagnosis and treatment, is still predominantly based
on typical clinical findings and patient history, and a unified understanding of the aetiology and
pathogenesis of appendicitis is still lacking (Essenmacher et al., 2018); (Snyder et al., 2018).
Acute appendicitis is the most common indication for emergency abdominal surgery in children
and requires prompt evaluation and stage recognition to avoid morbidity and mortality
(Hosseinpour, Ahmadi, 2016). Acute appendicitis can lead to abscess, peritonitis, sepsis, ileus
or death due to delayed diagnosis and treatment (Podany et al., 2017); (Hong et al., 2020).

1.1  Epidemiology

The incidence of appendicitis in Western countries ranges between 100 and 150 cases
per 100,000 person-years. In North America, for example, there were 378,614 cases of
appendicitis per population in 2015, and the incidence there has been steadily decreasing since
the 1990s. In the Baltic States, the incidence of appendectomy between 2005 and 2013 was
143-200 operations per 100,000 person-years across all age groups (Ferris et al., 2017). The
incidence specifically of paediatric appendicitis in the Scandinavian and Baltic countries from
2004-2014 decreased to 80.7-120.8 cases per 100,000 person-years (Rautava et al., 2018).

1.2 Anatomy, physiology, and pathogenesis

The physiology of the appendix is also not fully understood. It is known that the
vermiform appendix plays a role in the development and maturation of the immune system
(Almaramhy, 2017). The involvement of microbes in the pathogenesis of appendicitis is not
fully understood, but recent research suggests that the appendix acts as a microbiota reservoir
in the gastrointestinal tract. It is thought to ensure repopulation of the microbiota during acute
illness, when the gastrointestinal tract is colonised by pathogens such as acute gastroenteritis,

and following antibacterial treatment (Heather et al., 2017).

1.3 Clinical features and diagnostics

Diagnosis of AA currently relies on typical clinical findings and anamnestic evidence,
despite the development of various diagnostic techniques. The Alvarado score is a commonly
used tool for grading AA symptoms, but it lacks specificity and sensitivity (Almaramhy, 2017).

Although appendicitis is particularly common in children, the assessment of the clinical history
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is often hampered by a lack of cooperation and fluency (Almaramhy, 2017). It is particularly
difficult to collect the patient history of young children, who may be less cooperative and a less
accurate sources of information. To promote accuracy, assessment methods such as computed
tomography (CT) and diagnostic laparoscopy are used, but these are still time-consuming,
costly, and invasive (e.g. CT-radiation increases the long-term risk of cancer) [46]. Current
diagnostics such as leucocytosis, increased serum CRP, and abdominal ultrasound (US)
imaging have helped to reduce the frequency of diagnostic laparoscopy (Pedram et al., 2019).
Laparoscopy is considered a diagnostic method for abdominal pain of unclear aetiology and
suspected appendicitis. Rates of negative appendectomy in children range from 1 % to 40 % in
the literature (Maloney et al., 2019).

Ultrasound can be used to diagnose AA and, in most cases, can even differentiate
between acute uncomplicated appendicitis (AuA) and acute complicated appendicitis (AcA).
However, this all depends on the skill of the radiologist or sonographer (Rawolle et al., 2019).
This has stimulated the search for a non-invasive strategy to reduce these error rates, which has
led to the introduction of novel biomarkers being introduced for both the assessment and
detection of appendicitis (Hodge et al., 2021)

Multiple studies have revealed the success of the efficient diagnostic scheme offered by
inflammatory biomarkers as a non-invasive analysis, increasing the accuracy and speed of
diagnosis and dramatically reducing healthcare costs (Hodge et al., 2021); (Hajibandeh et al.,
2021). As immunological pathways are better understood, more biomarkers have been proposed
as potential diagnostic tools, but none are in widespread use. Compared to IL-6 and CRP, no
other biomarkers have been shown to be effective in the diagnosis of appendicitis. The prospect
of a biomarker with even higher accuracy rate than those currently being investigated is
exciting.

The introduction of novel biomarkers as part of the diagnostic criteria offers a non-

invasive method that can yield similar information and diagnostic accuracy.

1.4 Leucine-rich alpha-2 glycoprotein (LRG1)

A potential new biomarker of inflammation, also produced by neutrophils, is leucine-
rich alpha-2 glycoprotein 1 (LRG1). It is thought to not only have a particularly important and
rapid diagnostic precision ratio, but also to determine specificity in the development of acute
appendicitis with drug-independent serum levels (Naka, Fujimoto, 2018); (Tintor et al., 2023)
Although its full mechanism of action is still unclear, LRGL1 is thought to play a role in the
activation and chemotaxis of neutrophils as they enter areas of inflammation (Naka, Fujimoto,
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2018); (Camilli et al., 2022). LRG1 is a 50kD membrane-associated acute phase protein of the
leucine-rich repeat (LRR) motif, consisting of 312 amino acids — 66 of which are leucine (Naka,
Fujimoto, 2018); (Camilli et al., 2022). LRGL1 is produced and secreted by hepatocytes, so it is
not strictly dependent on any of these cells, and is upregulated in acute phase responses of
microbial infections at inflammatory sites (Naka, Fujimoto, 2018). Its normal serum level is
thought to be 21-50g/mL (Zhang et al., 2018).

Numerous pro-inflammatory markers such as IL-6, IL-1B, IL-22, TNF-a, and
lipopolysaccharides stimulate the transcription of LRG1; therefore, it is not dependent on
asingle stimulating factor. Another peculiar facet of LRG1 is the remarkably increased
concentration at the local site of inflammation, which may differentiate infections on the basis
of marked LRG1 deposition (Camilli et al., 2022). The current diagnostic issues of AcA
highlight the need to find new early diagnostic indicators for paediatric patients in order to

reduce the incidence of complications.

1.5 Interleukin-6 (IL-6)

Interleukin-6 (IL-6) is a highly multifunctional inflammatory marker of inflammation
that is strongly dependent on TNF-a and IL-1 for its production. Its functions are very diverse,
including initiation of acute phase protein synthesis in the liver, activation of haematopoiesis,
activation of B cells, and participation in the formation of T helper 17 cells (Th17) (Wu et al.,
2016). IL-6 is found at high levels in patients with sepsis. Recent literature has shown that this
marker is an ideal biomarker for bacterial infections and could serve as an early rapid diagnostic

tool for clinically suspected appendicitis (Wu et al., 2016).

1.6 Neutrophil gelatinase-associated lipocalin (NGAL)

Neutrophils are the primary responders to inflammation, and if their numbers in the
bloodstream are increased, this could also mean an increase in neutrophil gelatinase-associated
lipocalin (NGAL). NGAL is thought to increase in the bloodstream along with neutrophils in
the respiratory and gastrointestinal tracts, and in the renal system when epithelial tissue is
damaged. Serum NGAL levels appear to increase in correlation with epithelial damage under
stress, e.g. processes such as inflammation, infection and ischaemia (Bakal et al., 2016);
(Selleck et al., 2017). Thus, theoretically, both IL-6 and NGAL serum levels would be higher
in AcA than in AuA, where organ tissues are less stressed. The focus on immunological

pathways is increasing, as is the number of proposed biomarkers, although none has yet
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achieved widespread use. Compared to IL-6 and CRP, no other biomarkers have been shown

to be effective in the diagnosis of AA.

1.7 Treatment

Historically, the only effective treatment for appendicitis and prevention of septic
complications has been surgery, namely, an appendectomy, which has been practised for over
130 years (Rogers et al., 2016). This view has been challenged in recent years as conservative
treatment with antibiotics has replaced surgery (Coccolini et al., 2018); (Becker et al., 2018).
Clinical research has demonstrated the efficacy of antibacterial treatment, yet 27 % of patients
still require surgery each year (Kakar et al., 2020).

The therapeutic plan for acute appendicitis in children has evolved to favour non-
surgical antibacterial treatment over surgical treatment. Complicated appendicitis is the most
common cause of intra-abdominal infection in children (Aiyoshi et al., 2021). To reduce the
risk of postoperative complications in complicated appendicitis, such as wound infections and
intra-abdominal abscesses, antibiotics are included in treatment protocols. However, there is no
consensus on the optimal choice of antibiotic regimen for acute appendicitis in children.
Furthermore, the most appropriate regimen may change depending on the geographical
distribution of species of pathogenic and opportunistic pathogens and their antimicrobial
resistance. Therefore, it is important to clinically assess the aetiopathology of paediatric
appendicitis (simple and complex) and to analyse the antimicrobial susceptibility of its
causative agents (Schulin et al., 2017); (Bhattacharya et al., 2022).

The recent interest in and evidence for non-surgical treatment with antibiotic therapy
leads to the recurring problem of differentiating AuA from AcA when presenting to the
Emergency Department (ED) at the start of conservative management, as complicated cases
indicate a delay in diagnosis and require emergency surgery. Rapid confirmation of AA is
hampered by a number of factors, including atypical presentation and multiple differential
diagnoses, making complications more likely. These cases account for more than 35% of all
AA cases in Latvia. Our current research has shown that the total number of AA cases treated
surgically at the Children's Clinical University Hospital has not changed, but the incidence of
AcA has increased (Kakar et al., 2021). The increased use of conservative treatment requires
evaluation of algorithms for antibacterial treatment, as these may vary among clinical

institutions.
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2 Materials and methods
2.1  Study setting and study population.

The research was designed as a prospective, single-centre, randomised, controlled
cohort study including children aged 7 to 18 years who were admitted to the Children’s Clinical
University Hospital due to acute abdominal pain and signs and symptoms consistent with
possible appendicitis. All patients were examined to confirm or exclude this diagnosis.
Preoperative screening involved physical examination, complete blood count, abdominal
ultrasound (US) and detection of serum values of C-reactive protein (CRP) and
interleukin-6 (IL-6).

All procedures performed in this study involving human participants followed the
ethical standards of the institutional and/or national research committee, and the studies met the
requirements of the Patient’s Data Protection Law and the principles of the Declaration of
Helsinki. The Ethics Committee’s approval was obtained from both the Children’s Clinical
University Hospital and Riga Stradin$ University (reference number: SP-37/2018 and
21/27.04.2017, respectively) between January 2017 and 2020, during which the research was
conducted. Clinical data collected prior to surgery included patients’ age, sex, and current
medical history.

The study group included patients with confirmed AA who were treated with
appendectomy, either laparoscopic or conventional laparotomy. Patients with suspected
appendicitis, but with previous abdominal surgery, pregnancy, and chronic medical conditions
that could potentially affect the renal, gastrointestinal, or respiratory systems (e.g. inflammatory
bowel disease, chronic pancreatitis, acute kidney injury, and immunosuppressed patients) were
excluded. This exclusion was due to the limited study group size of approximately 150 patients.
The control group (Ctr) included patients without a suspected inflammatory process in the
respiratory, renal or gastrointestinal tract, but who were admitted to the emergency department
for the treatment of different types of traumas (e.g., fractures, dislocations, contusions, muscle
tears, testicular torsion, blunt abdominal trauma).

Microbiological culture swabs were taken intraoperatively from the appendix and
peritoneal cavity. Depending on the intraoperative and bacteriological findings, two groups
were established — acute complicated appendicitis (AcA) and acute uncomplicated
appendicitis (AuA).

The paediatric surgery team supervising patients with appendicitis received a written
consent form from the caregiver and assent from the patient if they were 13 years of age or

older. The consent form informed the patient and the caregiver about the research objective and
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methodology used to study the biological material. Informed consent was obtained from
a parent of each individual participant included in the study. The size of the patient group was
divided to be equal to limit the assumption of variances such as the Levene’s test.

The consent and assent concerned the research objective and methodology used for
investigating the biological material (Abdurrazzaaq et al., 2018); (European Committee on
Antimicrobial Susceptibility Testing (EUCAST); (Clinical Breakpoints and Dosing of
Antibiotics). A schematic image of the study is shown in Figure 2.1.
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Figure 2.1 Schematic image of the study

2.2  Study protocol

Each patient’s medical history, physical examination, Alvarado score, complete blood
count, biochemical blood analysis, CRP and IL-6 were collected by the treating physician
according to the hospital protocol (Nr. REK-052/01), and if the Alvarado score was six or more,
a paediatric surgeon was consulted. All patients were examined to confirm or exclude this
diagnosis. Depending on the need, preoperative screening involved physical examination,
complete blood count, abdominal ultrasound (US), and detection of serum values of CRP and
IL-6. Once appendicitis was confirmed and all inclusion criteria were met, a consent form was

given to the patient and his/her caregiver for both the AA and control groups.
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According to the diagnostic and treatment algorithm for AA at the Children’s Clinical
University Hospital (CCUH), Riga, the criteria for AuA are Alvarado score > 7, CRP cut-off
values 8.4 mg/L or IL-6 cut-off values 36.2 pg/ml and signs of AA shown in the ultrasound.
The criteria for AcA from the ultrasound are Alvarado score > 7, CRP cut-off values > 8.4 mg/L
or IL-6 cut-off values > 36.2 pg/ml; signs of AA, and peritoneal irritation symptoms are also
presented.

IL-6, NGAL and LRG1 concentrations were measured on days 0, 2 and 5 (baseline,
second and fifth postoperative day respectively). Patients were operated on by the hospital’s
paediatric surgeons with the author present. Intraoperatively, a microbiological culture swab
from the peritoneal cavity was collected. Patients were classified as ACA or AuA by the
presence or absence of bacterial growth in the peritoneal cavity. After the removal of the
appendix, an extra submucosal swab was taken to avoid bacterial dissemination from
subsequent swabs. The appendix was dissected longitudinally and under sterile conditions, and
swab samples were taken from the distal and proximal part of the appendiceal lumen. Each pair
was placed in Amies medium for immediate transfer and subsequent bacterial culture (Rainer
et al.,, 2017). They were cultured under aerobic and anaerobic conditions. Cultivation was
performed on blood agar (Supplement, Oxoid, Hampshire, UK; Defibrinated Sheep blood E&O
laboratories limited, Falkirk, Scotland), MacConkey (Oxoid, UK) and trypticase soy (Oxid,
UK) agar. Bacterial identification was performed using the VITEK2 analyser (Biomerieux,
Auvergne-Rhone-Alpes, France).

The primary outcome was a difference in biomarker levels between AA and the Ctr and,

secondarily, whether there was a difference in biomarkers between AcA and AuA.

2.3 Serum Biomarker Collection and Analysis — SoB
2.3.1 Sample collection, transport, and storage

On the day of hospital admission, blood and urine samples were taken from all patients.
The minimum amount of blood per patient for IL-6, NGAL and LRG1 was 300 pul, 100 ul and
300 pl respectively. After centrifugation, serum was collected and stored at —80 °C. Midstream,
clean-catch urine specimens (minimum amount of IL-6 200 pul; NGAL 100 ul; LRG1 200 pl)
were collected and centrifuged at 2000 rpm for 10 minutes at 4 °C to remove cell debris from
the urine. The supernatant was stored at —80 °C till further analysis.

Serum and urine samples were assayed for IL-6, NGAL and LRG1 preoperatively, and

on days 2 and 5 postoperatively.
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2.3.2 Measurement of LRG1, NGAL and IL-6 levels

Commercially available Kkits were used to determine biomarker levels in serum and
urine: human LRG1 enzyme-linked immunosorbent assay (ELISA) kit (Catalogue No. NBP2-
60577, Novus Biologicals, USA), human lipocalin-2/NGAL Quantikine® ELISA, and human
IL-6 Quantikine® ELISA (R&D Systems, Minneapolis, MN, USA). All procedures performed
with these concentrations were performed according to the instructions of these kits. IL-6
(Immunoassay Control Group 1 QC01-1, R&D System Inc., Minneapolis, MN, USA) and
NGAL (Immunoassay Control Set QC115, R&D System Inc., Minneapolis, MN, USA) controls
were used to ensure experimental quality. All the samples were tested in three separate wells
and results were obtained within approximately 2—4 hours. All of these kits used a quantitative
sandwich enzyme immunoassay technique. Biomarkers from patient samples were captured on
pre-coated antibodies on specific polyclonal wells and then recognised by the detection
antibodies. After washing away the unbound materials, a peroxidase chromogen substrate was
added to measure colour intensity. The LRG1 kit required the addition of streptavidin-
peroxidase conjugate before adding substrate solution. The minimum detectable LRG1 serum
level was 0.313 ng/mL. Results were measured at 450 nm with wavelength correction at

570 nm. Values obtained in ng/mL were converted to pg/mL for further calculations.

2.3.3 Urine Biomarkers Collection and Analysis

The same kit and instruction manual procedure were employed for urine analyses.
Midstream, clean-catch urine specimens of at least 200 ul were collected in a sterile cup on
admission, and subsequently for the AA participants on postoperative days 2 and 5. Most AA
patients had their Day 0 urine sample collected during surgery through a urinary catheter. Urine
samples were centrifuged at 2000 rpm for 10 minutes at 4 °C and then these supernatants were
stored at —80 °C before analysis. The following day, the samples were transported to the
laboratory for processing. The same steps of ELISA as for the serum biomarkers were

performed on these samples.

2.4  Microbiological studies and evaluation — SoMasS

Tests were conducted on antibacterial susceptibility and evaluation on the subsequent
results was in accordance with the recommendations of the European Committee on
Antimicrobial Susceptibility Testing (EUCAST), specifically “Clinical breakpoints and dosing
of antibiotics” (Version 10.0, 2020).

19



Overnight cultures were suspended in physiological saline to 0.5 McFarland units
(McFarland Densitometer DEN-1, Biosan, Latvia). The suspension was inoculated on Mueller-
Hinton agar (Oxid, UK). Selected antibiotics were placed on the inoculated plates and included
ceftazidime 10 ug, ampicillin 10 pg, cefotaxime 5 pg, meropenem 10 ug, imipenem 10 pg,
amikacin 30 ug, gentamicin 10 pg, ciprofloxacin 5 pg, chloramphenicol 30 pg, ertapenem
10 pg, amoxicillin+clavulanic acid 30 pg, and piperacillin+tazobactam 36 pg (Liofilchem,
Italy). The plates were incubated at +35 + 1 °C temperature for 18 + 2 hours. A double disk
synergy test (DDST) was used to confirm extended spectrum beta-lactamase (ESBL). Disks
containing cephalosporins (cefotaxime, ceftazidime) were applied to plates next to a disk with
clavulanic acid (amoxicillin+clavulanic acid). A positive result was indicated if the inhibition
zones around any of the cephalosporin disks were augmented in the direction of the disk
containing clavulanic acid. Results were evaluated by measuring the zone of inhibition, and
resistance was interpreted in accordance with the EUCAST breakpoints.

Haematoxylineosin staining was performed, and the grade of inflammation was
assessed, differentiating gangrenous and phlegmonous appendicitis. Serodiagnosis of Yersinia

enterocolitica was performed using indirect (passive) haemagglutination.

2.5  Statistical analysis

Microsoft Excel 2016 and (Microsoft, USA) IBM SPSS Statistics 27 (IMB, USA) were
used for statistical analyses, and all data were validated by a statistical analyst to ensure
accuracy. Medians and interquartile ranges (IQRs) were used to express the results for
guantitative data. Comparisons between groups were calculated using the Mann-Whitney
U-test for two groups and the Kruskal-Wallis test for all three groups of quantitative variables,
for non-parametric distributions. Pearson Chi-square and Fisher Exact Tests were used for
nominal variables to determine associations between them.

In the study of diagnostic biomarkers for AA, a receiver operating characteristic (ROC)
curve was generated by plotting the false-positive fraction versus the true-positive fraction for
each possible cut-off score, and the area under the ROC curve (AUC) was calculated to
determine the clinical significance of the biomarkers and their diagnostic value for appendicitis.

Binary logistic regression is an appropriate statistical technique when the dependent
variable is binary. It represents two groups of interest with values of 0 and 1, such as yes/no,
presence/absence or success/failure. The procedure for estimating coefficients is maximum
likelihood, and the goal is to find the best linear combination of independent variables to

maximise the likelihood of obtaining the observed outcome frequencies. The predictive values
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of the biomarkers were assessed using receiver operating characteristic (ROC) curve and binary
logistic regression models. Two different models were analysed — AA vs Ctr and AcA vs AuA.
A p-value of < 0.05 was considered statistically significant.
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3 Results

Samples were collected from 153 patients eligible for this research. 97 (63.4 %) were
diagnosed with appendicitis and 56 (36.6 %) had no suspected infectious or inflammatory
pathology. The age of the participants ranged from seven to 18 years, with a median of 13 (IQR
10.0-15.0) years (AuA), 12 (IQR 9.0-14.0) years (AcA) and 13.5 (IQR 10.3-15.0) years (Ctr).
Of these, 89 (58.2 %) were boys and 64 (41.8 %) were girls.

Suspected appendicitis required an urgent diagnostic laparoscopy in 85 (87.6 %)
patients and laparotomy in 12 (12.4 %) of the cases (there were four AuA patients and eight
AcA patients). Intraoperative swabs of free peritoneal fluid were taken to determine the
presence of bacterial growth in the peritoneal cavity, as the acute complicated (AcA) and
uncomplicated appendicitis (AuA) were differentiated on the basis of bacterial growth. Patients
with a positive culture from peritoneal cavity samples were classified in the AcA group, with
52 patients (53.6 %), and those with a negative culture were classified in the AuA group, with
45 patients (46.4 %).

3.1  Results — biomarkers
3.1.1 Demographics characteristics of the patients

Nine AuA (22.5 %) and 31 AcA (77.5 %) patients required a drainage tube placement.
More than half of the patients (60.8 %) who required a drainage tube were diagnosed with AcCA
(p < 0.001). A simple comparison suggests that AcA had a slightly longer median postoperative
hospital stay, six versus five days. The demographic characteristics of the patients are shown in
Table 3.1.

Table 3.1
Demographic characteristic of the patients
. AuA AcA Ctr* Total
Indicator p-value
n =45 n=>52 n =56 n =153
Gender, n (%)
Boy 22 (14.4) | 28(18.3) | 39(25.5) | 89(58.2) 0.081a
Girl 23 (15.0) | 24 (15.7) 17 (11.1) | 64 (41.8) '
13.0 12.0 13.5
Age, Mdn (IQR) (10.0-15.0) | (9.0-14.0) | (10.3-15.0) B 0.101c
Type of surgery, n (%)
Laparoscopy 41 (91.1) 44 (84.6) - 85 (87.6) 0.333
Laparotomy 4 (8.9) 8 (15.4) — 12 (12.4) '
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Table 3.1 continued

. AuA AcA Ctr* Total
Indicator p-value
n=45 n=>52 n =56 n =153
Drainage tube, n (%)
Yes 9 (20.9) 31 (60.8) - 40
<0.001a

No 34 (79.1) | 20(39.2) - 54
Length of hospital stay, days (IQR) 5 (4-6) 6 (4-9) - - 0.002b

AcA — Acute complicated appendicitis, AuA — Acute uncomplicated appendicitis, Mdn — Median, IQR —
Interquartile range (Q1 — Q3), *a — Pearson Chi-square test, b — Mann-Whitney U-test, ¢ — Kruskal-Wallis test

3.1.2 Preoperative and postoperative biomarker levels per appendix status

The preoperative baseline values of IL-6, NGAL and LRGL1 are presented in Table 3.2,

together with the levels on postoperative days 2 and 5. The lowest baseline level (Day 0) of all

observed parameters was found in the control group (Ctr) without infectious disease, while the

highest was observed in AcA. The drastic decrease in the levels of the biomarkers S-IL-6 and

S-NGAL can be observed from Day 0 to Day 5, as the inflammation settles postoperatively,

data are presented in Table 3.2.

Table 3.2
Preoperative and postoperative biomarker levels per appendix status
Biomarkers | oLiml(0R) | or ngimi (OR) | or waimi (16R) | PVAI
Day 0
e (11-125?5172-21) (25.076%3?30.92) (2.4961‘;.49) <0001
serum | NGAL (81.3%91.50) (104.1932%%)8.15) (73.4%(113??7_38) <0.001
HRe! (62-g4(1)j3%-43) (71.1%%1156.13) (27.3331%.37) <0.001
- (0-55?;3277-93) (2.8121—'225.10) (1.3%%?3.98) 0.227
Urine  |NGAL . 421?83_57) (1_13;31%,45) . 413;2156.73) 0.889
HREL (0_0%;18,73) (o.o%fls.ss) (O.ng)(‘)l.lo) <0001
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Table 3.2 continued

Day 2
o (281 23,00 (684.9973) - 0.131
serum | NGAL (58.(;43;%72.41) (71.32—7&;%.20) - 0.001
LRG1 (61(;3—%9603) (70_3827_.1984.10) - 0.048
IL-6 (1.131%.97) (2,02;82?1.71) - 0.439
Urine NGAL (1.32flg.18) (0_821'_6387) - 0.633
HRe (003029 (0.06.098) - 0.017
Day 5
o 240.10.70) A72.12.48) - 0.838
serum | NGAL (60.5(?;88%.99) (64,2%5_.]?35.50) - 0.220
LRG (56.886;;%.28) (62,182;%2,03) - 0.110
o (0.625%.56) (0.05411%.82) - 0.900
Urine | NGAL (1.2(21;?%.50) (1_1273’59.46) - 0.281
LRG1 (0.0%?3.27) (0_003'_18.25) - 0.102

Biomarker levels are expressed as medians, IQR (25 %, 75 %), IL-6 is measured in pg/ml, NGAL in ng/mL and
LRGL1 in pg/ml, AcA — Acute complicated appendicitis, AuA — Acute uncomplicated appendicitis, Ctr — Control,
IL-6 — Interleukin-6, NGAL — Neutrophil Gelatinase-associated Lipocalin, LRG1 — Leucine-rich Alpha-2
Glycoprotein 1, #The group did not undergo abdominal surgery; thus, only biomarkers Day 0 are included in this
study

3.1.3 Serum IL-6 levels

The median serum IL-6 (S-IL-6) levels on Day 0 for the AuA, AcA and control groups
were 22.57 pg/ml, 70.59 pg/ml, and 6.44 pg/ml respectively (Figure 3.1). The distribution of S-
IL-6 on Day 0 was statistically higher (Kruskal-Wallis test, T stat = 63.32, p < 0.001) in AcA
compared to the control group (pairwise comparison, p < 0.001), and the distribution of S-1L-6
was statistically higher in AcA compared to AuA (pairwise comparison, p = 0.007) and in AuA
compared with the control group (pairwise comparison, p < 0.001). A decrease in biomarker

levels can be observed between Day 0 and Day 5, as the inflammation settles postoperatively.
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Figure 3.1 Serum IL-6 levels on operative Day 0, postoperative Day 2
and postoperative Day 5 in patients with AcA, AuA and Ctr

3.1.4 Urine IL-6 levels

The urine IL-6 (U-1L-6) samples were inconclusive and, thus, not specific enough to
differentiate between AcA and AUuA or between infectious disease and non-infectious disease
(Figure 3.2).
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Figure 3.2 Urine IL-6 levels on operative Day 0, second postoperative Day 2
and fifth postoperative Day 5 in patients with AcA, AuA and Ctr
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3.1.5 Serum NGAL levels

The median serum NGAL (S-NGAL) levels on Day 0 for AuA, AcA and Ctr were
128.20 ng/mL, 169.90 ng/mL, and 90.37 ng/mL, respectively (Figure 3.3). The distribution of
S-NGAL on Day 0 was significantly different (Kruskal-Wallis tests, T stat = 19.04, p < 0.001)
in AcA compared to Ctr (pairwise comparison, p < 0.001). S-NGAL values of AuA were higher
than those of Ctr (pairwise comparison, p = 0.087). Thus, the S-NGAL values were the highest
in AcA.

S-NGAL levels on the second postoperative day decreased to 107.1 ng/mL in AcA and
73.67 ng/mL in AuA (p =0.001).

S-NGAL levels on the postoperative Day 5 decreased to 85.25 ng/mL in AcA and
69.8 ng/mL in AuA (p = 0.220).

p<0.001*
( p=0.033* |
180.00 {15990
— *
160.00 p=0.001
140.00 555 ‘ “. p=0.220
£ 120.00 { *
= 107.10 [ I
o
— 100.00
é 90.37 8525
= 80.00 73.67 69.80
£
S 60.00
v
40.00
20.00
0.00
Days 2 5

HAcA BAuA ECir

Figure 3.3 Serum NGAL levels on operative Day 0, second postoperative Day 2
and fifth postoperative Day 5 in patients with AcA, AuA and Ctr

3.1.6 Urine NGAL levels

The urine NGAL (U-NGAL) samples were inconclusive and thus not specific enough
to differentiate between AcA and AuA or between infectious and non-infectious disease
(Figure 3.4).
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Figure 3.4 Urine NGAL levels on operative Day 0, second postoperative Day 2
and fifth postoperative Day 5 in patients with AcA, AuA and the Ctr

3.1.7 Serum LRG1 levels

The median serum LRG1 (S-LRG1) levels on Day 0 for AuA, AcA and Ctr were
70.56 pg/ml, 88.12 pg/ml, and 34.08 pg/ml, respectively (Figure 3.5). The Day 0 serum LRG1
median value is more than twice as high in AuA compared to Ctr, and almost three times as
high in AcA. The distribution of serum LRG1 on Day 0 was significantly different (Kruskal-
Wallis test, T stat=88.30, p<0.001) in AcA compared to Ctr (pairwise comparison,
p < 0.001); equally, the distribution of S-LRG1 was significantly different in AuA compared to
Ctr (pairwise comparison, p <0.001). LRG1 values of AcA were higher than those of AuA
(pairwise comparison, p = 0.074). S-LRG1 levels declined to 80.97 pug/ml and 66.73 pg/ml in
AcA and AuA (p=0.110) respectively on the fifth postoperative day, which were also
significantly lower than the levels on admission to the ED (p < 0.001) (Table 3.2). Thus, these
results suggest that S-LRG1, as a novel biomarker after appendectomy, correlates with patient
recovery.
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Figure 3.5 Serum LRG1 levels on operative Day 0, postoperative Day 2
and postoperative Day 5 in patients with AcA, AuA and Ctr

An additional assessment of the relationship between S-LRG1 concentration and disease
severity in AA patients is shown in Figure 3.6, which shows that appendiceal mucosal
inflammation correlates significantly with increased S-LRG1. There was a significant
difference between control and AcA and/or AuA (p <0.001, p <0.001), as well as disease
severity p = 0.001 when comparing only AcA versus AuA.
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Figure 3.6 S-LRG1 of each patient group

S-LRG1 levels are increased in patients with AA (n = 97) compared to the control group (n = 56),
****p < 0.001. S-LRG1 could detect disease progress when analysing AcA (n = 52) and AuA (n = 45),
***p =0.001. A significant difference was recognized when the control group was compared
to AcA and AuA separately, * p < 0.001 and ** p < 0.001, respectively.

3.1.8 Urine LRG1 levels

The urine sample of the LRG1 Day 0 level biomarker was conclusive, thus denoting
a significant difference between AcA and the Ctr as well as between AuA and the Ctr (Table
3.2). These differences are shown in Figure 3.7, where the Day 0 values are 0.35 pg/ml (AcA),
0.1 pg/ml (AuA) and 0.04 pg/ml (Ctr). There was a significant difference between the Ctr
versus AcA and AuA (p < 0.001, p = 0.005).

Urine LRG1 (U-LRG1) levels on postoperative Day 5 decreased to 0.10ug/mL in AcA
and 0.04pg/mL AuA (p =0.102). Urine LRG1 levels were significantly higher at the time of
admission to the ED than on postoperative Day 5 (p < 0.001).
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Figure 3.7 Urine LRG1 levels on operative Day 0, second postoperative Day 2
and fifth postoperative Day 5 in patients with AcA, AuA and the Ctr

Further assessment of whether U-LRG1 levels are associated with disease activity in
patients with AA is demonstrated in Figure 3.8. This shows that appendiceal mucosal
inflammation correlates significantly with increased U-LRGL1 levels (p = 0.001). There was
a significant difference between control versus AcA and AuA (p < 0.001, p = 0.005), however,
disease severity (AcA vs. AuA) could not be differentiated (p = 0.089).
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Figure 3.8. U-LRG1 of each patient group

U-LRG1 levels are increased in patients with AA (n = 97) compared to the control group (n = 56),
**** < 0.001. u-LRG1 was not able to detect disease progress when analysing AcA (n = 52) and AuA (n = 45),
*** p =0.089. A significant difference was recognized when the control group was compared
to AcA and AuA separately; * p < 0.001 and ** p = 0.005, respectively.

U-LRG1 levels decreased to 0.10 pg/ml in AcA and 0.04 pug/ml in AuA on the fifth
postoperative day (p =0.102). U-LRGL1 levels were significantly higher at the time of
admission to the emergency department than on postoperative Day 5, (p < 0.001) (Table 3.2.).
U-LRGL1 concentrations dropped by more than 50 % (52/93 patients) after resection of the
diseased appendix. Thus, these results suggest that U-LRG1, as a novel biomarker, correlates

with improved patient recovery after appendectomy.

3.1.9 Comparison of serum and urine biomarker levels

The urine samples for all three biomarkers together were inconclusive and therefore not
specific enough to differentiate between AcA and AuA (Table 3.3). When comparing AcA with
AUA, a significant difference was seen between baseline (Day 0) S-IL-6, S-NGAL and S-LRG1
individually (p < 0.001, p = 0.033, and p = 0.001) (Table 3.3).
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Evaluating preoperative biomarker levels of AcA versus AuA

Table 3.3

AUA, ng AcA, ng
Biomarkers or pg or pg/ml or pg or pg/ml p-value
Median (IQR) Median (IQR)
Day 0
2257 70.59
IL-6 (11.15-42.21) (25.06-300.92) <0.001
128.20 169.90
Serum NGAL (81.44-184.50) (104.95-258.15) 0.033
70.56 88.12
LRG1 (62.64-83.43) (71.12-106.13) 0.001
2.37 11.22
IL-6 (0.55.27.93) (2.82-29.10) 0.115
. 2.93 3.34
Urine NGAL (1.41-8.57) (1.10-10.45) 0.739
0.10 0.35
LRG1 (0.03-0.73) (0.05-1.38) 0.089

Biomarker levels are expressed as medians, IQR (25 %, 75 %), IL-6 is measured in pg/ml, NGAL in ng/mL and
LRG1 in pg/ml, AcA — acute complicated appendicitis, AuA — acute uncomplicated appendicitis, Ctr — control,
IL-6 — Interleukin-6, NGAL — neutrophil gelatinase-associated lipocalin, LRG1 — leucine-rich alpha-2
glycoprotein 1.

3.1.10 Threshold sensitivity and specificity of biomarkers

The S-1L-6 cut-off value in patients with AA was 20.25 pg/ml; S-NGAL cut-off was
103.75 ng/mL and S-LRG1 cut-off was 51.69 ug/ml (p <0.001), as shown in Figure 3.9,
Figure 3.10, Figure 3.11, Figure 3.12, and Table 3.4.
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Figure 3.9 ROC curve analysis of appendicitis (AcA and AuA)
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vs control group of serum LRG1
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Figure 3.12 ROC curve analysis of appendicitis (AcA and AuA)
vs control group of urine LRG1

Table 3.4

The ROC curves for biomarkers in appendicitis vs non-appendicitis patients

Biomarkers | AUC | 95% CI p-value | Cut-off | Sensitivity | 1-specificity | Specificity
IL-6 0 0.856 | 0.798-0.915 | <0.001 | 20.25 0.719 0.089 0.911
NGAL 0 0.689 | 0.604-0.773 | <0.001 | 103.75 0.729 0.393 0.607
LRG10 0.945 | 0.905-0.985 | <0.001 | 51.69 0.938 0.089 0.911
U-LRG10 |0.703 | 0.619-0.787 | <0.001 | 0.175 0.542 0.161 0.839
CRPO 0.851 | 0.790-0.931 | <0.001 2.45 0.825 0.111 0.889

The ROC curves demonstrated AUC of 0.856 (95 % CI 0.798-0.915), AUC of 0.689
(95 % CI1 0.604-0.773) and AUC of 0.945 (95 % CI 0.905-0.985), respectively (Figure 3.13).
The ROC curve for U-LRG1 showed an AUC of 0.703 (95 % CI1 0.619-0.787) and for CRP
an AUC of 0.851 (95 % C1 0.790-0.931). IL-6 for appendicitis had a sensitivity of 71.9 % and
specificity of 91.1 %, while S-LRG1 had a higher sensitivity and specificity of 93.8 % and

91.1 % respectively.
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Figure 3.13 The ROC curves demonstrate AUC 0.856 (95 % CI 0.798-0.915) for IL-6,
AUC 0.689 (95 % CI 0.604-0.773) for S-NGAL, AUC 0.945 (95 % CI 0.905-0.985)
for S-LRG1 and AUC 0.703 (95 % CI 0.619-0.787) for U-LRG-1
The binary logistic regression shows that among the biomarkers taken on admission

IL-6 and LRG1 were significantly associated with the diagnosis of appendicitis (Table 3.5).

Table 3.5
Binary logistic regression results and coefficient values used for this study
AA vs Ctr
Covariates B S.E. Wald | p-value OR 95 % CI for OR

IL-60 0.072 0.024 9.058 0.003 1.075 1.025-1.126
NGAL 0 0.002 0.004 0.332 0.564 1.002 0.995-1.010
LRG10 0.100 0.018 29.765 <0.001 1.105 1.066-1.145
Constant -6.548 1.194 30.076 | <0.001 0.001 -

B represents the estimated regression coefficients for the covariates, with standard error (S.E.) given, OR
represents ODDs ratio. The Wald statistics is the ratio of B to S.E. of the regression coefficient squared.

The binary logistic regression model was estimated using the maximum likelihood
estimation (MLE). The overall model 1 was statistically significant: model
X? (3.153) = 126.446 with a p-value of < 0.001. The Hosmer-Lemeshow test was used to assess
the goodness-of-fit of the model. The resulting test statistic was not statistically significant
(X?=5.518, p = 0.701), therefore the null hypothesis (HO: there is no difference between the
observed and the model predicted values of the appendicitis) was rejected. This meant that the
model fit the data well to a statistically acceptable level. Consequently, the model was able to
correctly predict 92.8 % of those with appendicitis (1) and 89.3 % of those without appendicitis
(0). Overall, 91.5 % of all cases (0.1) were correctly predicted. Another test statistic, the
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Nagelkerke R2, was used to measure the usefulness of the model which indicates how useful
the explanatory variables were in predicting the response variable. The Nagelkerke R2, which
varies between 0 and 1, was 0.769, indicating that the model was useful in predicting
appendicitis (Table 3.6). The logistic regression coefficient, standard error, Wald’s chi-square,
p-value, and odds ratio for each of the predictors are shown in Table 3.4. The Wald and

associated p-value are used to test the statistical significance of each coefficient (B) in the

model.
Table 3.6
Overall statistics of the Binary logistic regression models
Model -2 Log Cox & Snell Nagelkerke Hosmer Lemeshow
likelihood R Square R Square Chi-square
AA vs Ctr 74.535 0.562 0.769 5.518
AcA vs AuA 116.895 0.161 0.216 14.696

Model 2 was also statistically significant overall: model 2 (3.97) = 17.070 with a p-value
of 0.001. The Hosmer-Lemeshow test statistic was not statistically significant (X? = 14.696,
p = 0.065), indicating that the model fit the data well at a statistically acceptable level.
Consequently, the model was able to correctly predict 65.4 % of those with complicated
appendicitis (1) and 77.8 % of those with uncomplicated appendicitis (0). In total, 71.1 % of all
cases (0.1) were correctly predicted. The Nagelkerke R2 was 0.216 indicating that the model
was useful in predicting complicated appendicitis (Table 3.6). The logistic regression
coefficient, standard error, Wald’s chi-square, p-value, and odds ratio for each of the predictors

are shown in Table 3.7.

Table 3.7
Binary logistic regression results and coefficient values used for this study
AcA vs AuA

Covariates B S.E. Wald |p-value| OR |95 % CI for OR
IL-6 0 0.002 0.001 1.475 | 0.225 | 1.002 0.999-1.004
NGAL 0 0.003 0.002 1.608 | 0.205 | 1.003 0.998-1.008
LRG10 0.020 0.010 3.490 | 0.062 | 1.020 0.999-1.041
Constant -2.149 0.870 6.101 | 0.014 | 0.117 -

B represents the estimated regression coefficients for the covariates, with standard error (S.E.) given,
OR represents ODDs ratio. The Wald statistics is the ratio of B to S.E. of the regression coefficient squared.

The combined diagnostic model of IL-6, LRG1, NGAL in serum was established by
binary logistic regression analysis (Table 3.8). The ROC curve showed that the combined
diagnostic model 1 (AA vs Ctr) reached a sensitivity of 92.8 %, a specificity of 89.3 % and an
area under the curve of 0.96 (95 % CI 0.93-0.99, p <0.001). The ROC curve showed that
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the combined diagnostic model 2 (AcA vs AuA) reached a sensitivity of 67.3 %, a specificity
of 77.8 % and an area under the curve of 0.74 (95 % CI1 0.63-0.84, p < 0.001).

Table 3.8
ROC
Model AUC | 95% CI | p-value | Cut-off | Sensitivity | 1-specificity | Specificity
AA vs Ctr 0.96 | 0.93-0.99 | <0.001 | 0.50 0.928 0.107 0.893
AcAvs AuA| 0.74 | 0.63-0.84 | <0.001 | 0.49 0.673 0.222 0.778

3.2  Results — microbiota and susceptibility

Esherichia coli was the predominant representative of intraluminal appendiceal
microbiota in both complicated and uncomplicated cases, in a total of 79 patients (81.4 %).
Pseudomonas aeruginosa was the predominant microorganism of the extraluminal appendiceal
microbiota (ACA/AUA: 15/5). There was no statistically significant difference between the
results of the samples taken from the anatomical parts of the appendiceal lumen. There were
some differences in the microbiota of the proximal and distal parts of the appendix between
patients with acute complicated and acute uncomplicated appendicitis. In the AcA group,
35 cases (55 %) had identical microbiota, while in the remaining 17 cases (35 %) had different
microbiota in the distal and proximal parts. In the AuA group, 24 cases (53 %) had identical
microbiota, but in 21 cases (47 %) had different microbiota.

E. coli was the predominant species, with P. aeruginosa being the second most
commonly isolated microorganism (Table 3.9). More than half of the patients (77.5 %), who
received a drainage tube were diagnosed with AcA (p < 0.001). A comparison between the two
groups suggests the median postoperative hospital stay was slightly shorter in the AuA group,
five days versus six days. Preoperative Y. enterocolitica antibody detection was negative in all

cases. Other demographic and clinical characteristics of the patients are shown in Table 3.10.

Table 3.9

Types of isolated bacteria, frequency, and percentage in both acute complicated appendicitis
and acute uncomplicated appendicitis

Bacteria Type NOIACA % NO.AUA % Total Isolates, No. p-value
Escherichia coli 43 54.4 36 45.6 79 0.424*
Pseudomonas aeruginosa 15 75 5 25 20 0.024*
Klebsiella pneumoniae 2 33.3 4 66.7 6 0.417*
Citrobacter braakii 0 0 3 100 3 0.102*
Bacterioides fragilis 2 40 3 60 5 0.665"
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Table 3.9 continued

. AcA AUuA
Bacteria Type Total Isolates, No. p-value
No. % No. %
Kocuria kristinea 1 50 1 50 2 > 0.999*
Other cases 40 64.5 22 35.5 62 0.001%
Total 103 - 74 - 177 —

AcA — Acute complicated appendicitis, AuA — Acute uncomplicated appendicitis, other cases — other or/and mixed
from others, # — Pearson Chi-square test, * — Fisher Exact test.

Bacterial culture resulted in positive intraluminal samples with the growth of one or
more strains from each appendix. Table 3.9 shows the number of cases of the most common
isolates per the subdivision of AcA and AuA. Mixed strains were often found in culture. The
most common bacteria isolated from the appendix were E. coli in 79, followed by P. aeruginosa
in 20, Klebsiella pneumoniae in 6, Bacterioides fragilis in 5, and Citrobacter braakii in
5 samples (Table 3.9, Figure 3.14).

Table 3.10
Characteristics and distribution of study population
Indicator AcA AuA Total p-value
Children, n (%) 52 (53.6) 45 (46.4) 97 0.477
Age, median (IQR) 12 (9-14) 13 (10-15) - 0.085
Laboratory Values, median (IQR)
9 16.91 14.64 B
WBC count (x10°/L), (13.68-20.13) | (12.91-16.72) 0017
25.65 13.16
CRP (g/L), (5.28-87.22) | (2.96-3857) | 0.186
83.90 80.70
Neu (80.40-87.00) | (73.95-84.75) | 0.028
Alvarado Score, points, median (IQR) 8 (7-9) 7 (6-9) — 0.092
Type of surgery, n (%)
Laparotomy 8 (66.7) 4 (33.3) 12
Laparoscopy 44 (51.8) 41 (48.2) 85 0.333
Drainage tube, n (%) 31 (77.5) 9 (22.5) 40 <0.001
I(_It(e?r}g;h of Hospital Stay, days, median 6 (4-9) 5 (4-6) B 0.002

AcA — Acute complicated appendicitis, AuA — Acute uncomplicated appendicitis, WBC — White Blood Cells,
CRP — C—Reactive Protein., Median values are presented with IQR (25 %, 75 %)
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Figure 3.14 Types of organisms isolated

The 79 samples isolating E. coli showed various antibacterial susceptibilities, for
example, five strains (8.5 %) were resistant to ceftazidime; 32 (54.2 %) to ampicillin; six
(10.2 %) to cefotaxime; six (10.2 %) to imipenem; eight (13.6 %) to ciprofloxacin; six (10.2 %)
to chloramphenicol; two (3.4 %) to ertapenem; 18 (30.5 %) to amoxicillin/clavulanic acid, one
(1.7 %) to piperacillin-tazobactam, and one (1.7 %) to gentamicin. All strains were susceptible
to meropenem and amikacin. In addition, five ESBL-producing E. coli strains were also
isolated.

P. aeruginosa, the second most common causative agent, showed a high prevalence in
cases of acute complicated appendicitis. Susceptibility testing showed a good response to
ceftazidime with only 26.3 % of isolates being resistant. Ampicillin resistance was found in
78.9 % of isolates, while in 63.2 % to cefotaxime, in 36.8 % to imipenem, in 52.6 % to
chloramphenicol, in 10.5% to ciprofloxacin and piperacillin/tazobactam, in 63.2 % to
ertapenem and in 84.2 % to amoxicillin/clavulanic acid. All strains tested were susceptible to
meropenem, amikacin and gentamicin. The antibacterial susceptibility of other bacteria that
were isolated in this study is shown in Table 3.11. Citrobacter spp. tested were resistant to all
antibiotics except for amoxicillin/clavulanic acid, while Klebsiella spp. were resistant to

cefotaxime, amikacin, gentamicin and chloramphenicol.
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Antimicrobial resistance and susceptibility of isolated pathogens

Table 3.11

Indicator E. colin, % P. aeruginosa n, % Klebsiella n, % Citrobacter n, %
R S R S R S R S
5 54 5 14 1 8 — 5
CAZ 8.5 91.5 26.3 73.7 11.1 88.9 — 100
32 27 15 4 7 2 - 5
AMP 54.2 45.8 78.9 21.1 77.8 22.2 — 100
6 53 12 7 — 9 — 5
CTX 10.2 89.8 63.2 36.8 — 100 - 100
- 59 — 19 1 8 — 5
MRP - 100 — 100 11.1 88.9 — 100
M 6 53 7 12 1 8 - 5
10.2 89.8 36.8 63.2 11.1 88.9 — 100
- 59 — 19 - 9 — 5
AK - 100 - 100 - 100 - 100
CN 1 58 — 19 - 9 — 5
1.7 98.3 — 100 - 100 — 100
cIp 8 51 2 17 1 8 - 5
13.6 86.4 10.5 89.5 11.1 88.9 — 100
c 6 53 10 9 - 9 — 5
10.2 89.8 52.6 47.4 - 100 - 100
ETP 2 57 12 7 1 8 — 5
3.4 96.6 63.2 36.8 11.1 88.9 — 100
18 41 16 3 2 7 5 —
AUG 30.5 69.5 84.2 15.8 22.2 77.8 100 —
T7p 1 58 2 17 1 8 — 5
1.7 98.3 10.5 89.5 11.1 88.9 - 100

Abbreviations: CAZ — ceftazidime, AMP — ampicillin, CTX — cefotaxime, MRP — meropenem, IMI — imipenem,
AK — amikacin, CN- gentamicin, CIP — ciprofloxacin, C — chloramphenicol, ETP — ertapenem,

AUG - amoxicillin/clavulanic acid, TZP — piperacillin/tazobactam.
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4 Discussion

Appendicitis remains difficult to diagnose and treat effectively in paediatric patients.
This study focused on several elements — biomarkers, pathogens, and disease severity — to
understand their correlations.

The enrolled patients were intentionally divided into AcA and AuA study groups based
on intra-abdominal bacteriological findings and micro- and macro-perforation of the appendix
vermiformis, rather than histological findings, taking into account the microbiological aspect of
the study.

Research has shown that appendiceal luminal obstruction by the formation of a closed
loop is the cause of appendicitis. Lymphoid hyperplasia in the follicles of the submucosa is the
typical cause of luminal obstruction in children. Faecolith is mentioned as a precipitating
obstructive factor, while parasites (e.g. nematodes) and inflammatory constrictions are less
common causes (Bhangu et al., 2015). Obstruction leads to increased bacterial proliferation,
thus increasing the intraluminal pressure, which subsequently impedes blood flow, leading to
congestion and ischaemia, which promotes bacterial colonisation.

Although obstruction is the leading theory of the pathogenesis of appendicitis, it is not
fully consistent with the data obtained in research and clinical practice. Therefore, bacteria are
also thought to play a role in the pathogenesis. Another hypothesis stresses the importance of
genetic predisposition as the prevalence of appendicitis is higher in first-degree relatives.
Finally, perforated and non-perforated appendicitis representing the progression of the disease
from early to late stages, are epidemiologically recognised as two distinct processes (Bhangu
et al., 2015); (Abdurrazzaaq et al., 2018); (Essenmacher et al., 2018). There is a dispute
regarding the most common causative agents being Escherichia coli and anaerobic Clostridium
perfringens, while other authors cite Klebsiella spp. and Enterobacter spp., or Bacteroides
fragilis, Pseudomonas aeruginosa and Peptostreptococcus spp. as the most common
(Parthiban, Harish, 2017); (Abdurrazzaaq et al., 2018); (Martin et al., 2023).

Choosing of the correct empirical antibacterial therapy is complex, as it requires
a clinician to decide on the most appropriate antibiotic treatment prior to receiving the results
of laboratory tests, isolating of the pathogen and determining its antimicrobial susceptibility.
Therefore, in order to establish an accurate algorithm for the most effective empirical treatment,
it is essential to know the most common pathogens in a given geographical region, their
antimicrobial resistance profile and their ability to develop resistance to the most commonly
used antibiotics (European Committee on Antimicrobial Susceptibility Testing (EUCAST):

Clinical Breakpoints and Dosing of Antibiotics). There is some debate about the prevalent
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causative agents, with some authors considering E. coli and anaerobic Clostridium perfringens
to be the most common (Rekomendacijas Antibakterialo Lidzeklu LietoSanai Kirurgiskaja
Praksé. KS/MET-011-00. Bérnu Kliniska Universitates Slimnica. 2019) while others indicate
Klebsiella spp. and Enterobacter spp. (Drugbank Online Ceftazidime.); or Bacteroides fragilis,
P. aeruginosa, Enterococcus spp., alpha and gamma haemolytic streptococci as the most
common (EUCAST: Clinical Breakpoints and Dosing of Antibiotics).

P. aeruginosa was one of the common causative agents isolated in our study, however,
the spectrum of ceftriaxone does not cover this microorganism; therefore, cefotaxime would
also not be an appropriate choice for the treatment of acute complex appendicitis (Nguyen et al.,
2018). The results of our research show that approximately 53 % of P. aeruginosa isolates were
resistant to cefotaxime, and about a third against ceftazidime. Cefotaxime is included in the
Children’s Clinical University Hospital guidelines for treatment efficacy of up to 90 % against
ceftazidime-resistant strains of P. aeruginosa (Mazuski et al., 2016); (Qin et al., 2017).

Although both cefotaxime and ceftazidime are third-generation cephalosporins,
ceftazidime-resistant strains have been identified. According to research data, the frequency of
resistance to ceftazidime in P. aeruginosa isolates in Eastern European countries is
approximately 26 %, which is highly consistent with the results of our study (Pilmis et al.,
2021). Mechanisms of resistance to ceftazidime in P. aeruginosa include the production
of beta-lactamase encoded by genes acquired by horizontal gene transfer or by increased
production of a drug-induced, broad-spectrum, chromosomally encoded class C beta-lactamase
with altered affinity (University of California San Francisco. Pediatric Appendicitis Clinical
Algorithm, 2019). Intrinsic antimicrobial resistance of P. aeruginosa must also be taken into
account. The purpose of using ceftazidime for the non-surgical treatment of simple appendicitis
is to limit bacterial growth associated with P. aeruginosa within the appendix, to prevent the
destruction of the appendiceal wall and its subsequent perforation. Further research is needed
to determine the practical implications of our findings.

In our study, P. aeruginosa was prevalent in samples obtained from patients with acute
complicated appendicitis. All strains were sensitive to meropenem, which inhibits cell wall
synthesis and is not affected by beta-lactamase (Sarkar et al., 2017). Drusano et al. 2018
investigated the potential use of fosfomycin in the treatment of P. aeruginosa infections and
found that the bacteria rapidly developed resistance to fosfomycin. Therefore, they suggested
switching treatment from monotherapy to combination therapy with fosfomycin and
meropenem. A synergistic effect was observed with fosfomycin wiping out the meropenem-
resistant mutants and meropenem working against the fosfomycin-resistant strains. As a result,

this combination was recommended as a treatment strategy for wider use in the future.
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Another combination showing encouraging results in research settings is meropenem in
combination with ceftazidime (Schulin et al., 2017). Over the past decade, antibiotic
combinations of ceftazidime/avibactam, ceftolozane/tazobactam and piperacillin/tazobactam
have been investigated as potential treatment options (Fournier et al., 2021).

Avibactam is a member of the class of azabicycloalkanes. Avibactam is a non-beta-
lactam beta-lactamase inhibitor available in combination with ceftazidime. This combination
was approved by the Food and Drug Administration (FDA) on 25 February 2015 for the
treatment of complicated intra-abdominal infections in combination with metronidazole
(Drusano et al., 2018). This combination has shown an efficacy of up to 90 % against
ceftazidime-resistant strains of P. aeruginosa (Feng et al., 2017). Combined treatment with
ceftazidime-avibactam and colistin has shown promise in the treatment of XDR (extremely
drug-resistant) P. aeruginosa infections (Naka, Fujimoto, 2018). Ceftazidime and avibactam
cannot be used against microorganisms with intrinsic resistance. Strains resistant to ceftazidime
and avibactam should be treated with other effective antimicrobials or in combination with
other antibiotics (Drusano et al., 2018).

Ceftolozane-Tazobactam. Ceftolozane-tazobactam was approved by the FDA in 2014,
shortly before ceftazidime-avibactam was approved for the same indications. It is highly
effective in combinations with meropenem and levofloxacin (Solomkin et al., 2015);
(Wagenlehner et al., 2015); (Nguyen et al., 2018).

Piperacillin/Tazobactam. The combination of piperacillin/tazobactam includes an
anti-pseudomonal penicillin and a beta-lactamase inhibitor. The mechanism of action is based
on inhibiting the biosynthesis of cell wall mucopeptides by binding to one or more penicillin-
binding proteins. The antibiotic is highly effective during the growth or log phase (Anonymous,
2021). Treatment protocols vary widely, but most commonly involve hospital treatment for one
to two days (e.g. piperacillin/tazobactam, ceftriaxone and metronidazole or ciprofloxacin and
metronidazole) until symptoms resolve and the WBC count normalises. This is followed by
outpatient oral antibiotic therapy (e.g. amoxicillin/clavulanic acid or ciprofloxacin and
metronidazole) (Georgiou et al., 2017).

In our research, amikacin showed significant efficacy against isolates from the samples.
It is a broad-spectrum semi-synthetic aminoglycoside antibiotic, derived from kanamycin with
antimicrobial properties. Amikacin binds irreversibly to the bacterial 30S ribosomal subunit,
specifically trapping 16S rRNA and S12 protein within the 30S subunit. This leads to
interference with the translation initiation complex and misreading of mRNA, preventing
protein synthesis, and resulting in the bactericidal effect. This agent is typically used for short-

term treatment of severe infections caused by susceptible strains of gram-negative bacteria
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(Anonymous, 2019). Data on amikacin-resistant Pseudomonas are scarce. Research conducted
by Loho et al. showed that only two of the 20 P. aeruginosa isolates were resistant to amikacin.
Its combination with doripenem is synergistic and improves treatment results (Loho et al.,
2018).

The most isolated microorganism from our patients’ samples was E. coli, especially
those treated for acute uncomplicated appendicitis. This finding concurs with the results
obtained by other authors (Bhangu et al., 2015); (Abdurrazzaaq et al., 2018); (Bazzaz et al.,
2018); (Essenmacher et al., 2018); (Rickard et al., 2018); (Snyder et al., 2018); (Turel et al.,
2019). Our data reveal that strains of E. coli are sensitive to antibacterial agents such as
amikacin, imipenem, and meropenem, which is in line with recent studies by other researchers
(Hao et al., 2016). There were strains resistant to other antibacterial agents included in the
treatment guidelines, such as cefotaxime and ceftazidime were six and five out of 59,
respectively. Only five isolates (8,5 %) were ESBL-positive. This is consistent with data from
other studies determining the prevalence of ESBL-producing E. coli in Latvia. 11 % of E. coli
present in animal microbiota produce ESBL, whereas in the adult population, ESBL are
produced by only 1.6 % of E. coli (Kakar et al., 2020); (Kakar et al., 2021).

To prevent further spread of infection in cases of acute appendicitis with complications,
such as perforation, empirical treatment could include ceftriaxone (in combination with
metronidazole) or ertapenem for children over one month of age. Other options for empirical
treatment could include piperacillin/tazobactam, imipenem or meropenem. The main aim of an
appropriate antibacterial treatment regimen is to prevent complications associated with the
infection. Empirical antibiotic treatment should be based on information about the most isolated
microorganisms in a given area and their antimicrobial resistance profile (Terentjeva
etal., 2019).

Appendicitis remains a major diagnostic challenge, relying heavily on clinical
assessment of patients and scoring systems to guide diagnosis. Modern diagnostic methods are
used to confirm the diagnosis of appendicitis and to predict its course and severity (Podany
etal., 2017). Current inflammatory markers such as leucocytosis and CRP are too vague to
accurately diagnose appendicitis with high specificity or sensitivity (Almaramhy et al., 2017).
The success of an efficient diagnostic scheme provided by inflammatory biomarkers can
drastically reduce healthcare costs, increase the accuracy and speed of diagnosis, and provide
non-invasive treatments, In recent years, numerous attempts to find a single biomarker that
would be indicative of paediatric AA have yielded insufficient results, especially in
differentiating AcA from AuA (Daly et al., 2017); (Kakar et al., 2020); (Rogers et al., 2016).
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For this reason, a combination of biomarkers is likely to be the most accurate way to make the
correct diagnostic and treatment decisions.

In this part of the study, we compared three biomarkers: LRG1, NGAL and IL-6 in the
diagnosis of acute appendicitis in children and its severity. According to the results, S-NGAL,
S-LRG1, U- LRG1 and S-IL-6 can be effective biomarkers in the differential diagnosis of acute
abdominal pain in children presenting to the emergency department depending on the onset of
symptoms.

The primary objective of this study was to evaluate these three biomarkers in
differentiating acute complicated appendicitis from AuA. S-LRG1 concentrations were
significantly elevated in the AcA group compared to the AuA group, and in AuA and AcA
compared to Ctr. This indicates that S-LRG1 correlates with the severity of appendicitis and
could be used in clinical life to predict high vulnerability to complicated appendicitis
(sensitivity 59.6 % and specificity 77.8 %). This could be explained by neutrophils secreting
LRGL1 in the presence of bacteria (Naka, Fujimoto, 2018). Its role in inhibiting cell apoptosis
by binding to cytochrome C stimulates lymphocyte survival in the appendix and protects
appendiceal tissue from susceptibility to toxicity (Rainer et al., 2017). In addition, LRG1 binds
to accessory receptors of transforming growth factor-b and regulates a signalling pathway that
stimulates angiogenesis, which may enhance tissue inflammation (Hao et al., 2016).
Neutrophils act as first responders to infection, which explains the rapid detection of AA by
LRG1, as it is secreted by neutrophils. Additionally, LRG1 has a longer half-life than CRP, so
the time range of AA is in favour of LRG1 (Naka, Fujimoto, 2018); (Wagatsuma et al., 2021).
However, Rainer et al. 2017 showed that both whole-blood LRG1 mRNA and plasma LRG1
concentrations were elevated in patients with AA, which may have a role as a diagnostic
marker.

The difference in serum IL-6 was significant in all three groups. IL-6 alone has been
shown to have sensitivity of 67.3 % and specificity of 71.1 % in differentiating between AcA
and AuA (Kakar et al., 2021). IL-6 polymorphisms have previously been associated with the
severity of AA. In our study, serum IL-6 concentrations were significantly elevated in the AcA
group compared to the AuA group. Peeters et al., 2020, have also found that IL-6, interleukin-
8 (IL-8) and tumour necrosis factor alpha (TNF alpha) levels were higher in complicated
appendicitis.

Our previous study in a smaller cohort suggested that the levels of NGAL levels were
elevated preoperatively in paediatric patients with acute appendicitis and low in patients without
abdominal inflammation, but not strong enough to differentiate between AcA and AuA (Kakar
et al., 2020). Bakal et al., 2016, have concluded that NGAL is useful for the diagnosis of
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paediatric appendicitis, and our results support this finding. NGAL is expressed in neutrophils
and at low levels in the renal system, and gastrointestinal and respiratory tracts. When one or
more of these organ tissues suffer epithelial damage, the serum level of NGAL temporarily
increases. NGAL is secreted into the blood at high levels within two hours of injury (Kari et al.,
2018). According to this study, NGAL can be used as a marker, preferably together with LRG1
and IL-6 to determine between AcA and AuA. When these biomarkers are used together, the
diagnostic accuracy, sensitivity and specificity reach higher levels. In conclusion, NGAL could
be used as a predictive biomarker in the early stages or to establish the diagnosis, however, its
level decreases within a few days. Therefore, the time frame for using NGAL requires further
research to evaluate when the biomarker has greater diagnostic value.

Our previous study concluded that LRG1 was significantly higher in the AA group
compared to the control group and that there is high sensitivity (93.8 %) and specificity
(91.1 %) for diagnosing AA with S-LRG1. The cut-off value proposed is 51.69 pg/ml (Kakar
et al., 2021). Yap et al. suggested that S-LRG1 analysis could replace the IL-6 value in the
Alvarado score. This could help to diagnose AA without radiological confirmation, which is
supported by this study. According to the results of this study, the S-LRG1 ROC curve shows
greater accuracy and is therefore a better choice than IL-6 for the diagnosis of AA. Subacute
appendicitis cannot be detected by CRP, IL-6, or leukocytes.

Non-invasive diagnostic methods, especially for children, are more useful in clinical
practice and were therefore included in the study. In this study, U-1L-6 and U-NGAL showed
no significant difference between any of the groups, which was also seen in our previous study
with a smaller study population. Conditions with kidney injury can increase U-NGAL, as
proven by Kari et al. 2018 in relation to kidney injury. Since there is no renal damage in
appendicitis, this presumably leads to the normal levels of NGAL in urine (Kari et al., 2018).
In contrast, U-LRG1 levels are significantly elevated in paediatric appendicitis, making it an
excellent marker for paediatric appendicitis. It has been previously stated that LRG1 is an
accurate diagnostic method, superior to current urinary inflammatory markers (Kentsis et al.,
2012); (Naka, Fujimoto, 2018); (Kakar et al., 2021).

It should be emphasised that the results of the study in Latvia could improve the quality
of medical care in countries with relatively low socio-economic status.

In a recently published systemic review and meta-analysis on leucine-rich alpha-2
glycoprotein 1 as a biomarker, the authors highlight LRG1 as a potential non-invasive

biomarker for the diagnosis of paediatric acute appendicitis (Montero et al., 2023).
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Conclusions

Biomarker U-LRGL1 is an accurate marker in AA diagnosis confirmation. Novelty is in its
detection in the urine sample, therefore, is non-invasive and quick test. Concentration of
serum and urine LRG1 is useful in detecting the severity of AA with respect to AcA and
AUA.

Biomarker serum NGAL increases significantly on Day O and should be used in the
differential diagnosis of acute abdominal pain.

CRP and serum IL-6 remain as unspecific biomarkers and can be used for diagnosis of AA
and differentiation of AcA and AuA.

P. aeruginosa is identified more frequently in acute complicated appendicitis, and is
susceptible to agents of the cephalosporin group, such as ceftazidime; however, P.
aeruginosa has phenotypic resistance to cefotaxime. Therefore, cefotaxime should be
removed from the empirical treatment algorithm of acute complicated appendicitis.

The incidence of ESBL-producing microorganisms was low in acute appendicitis cases
included in the study.

Antibodies against Yersinia enterocolitica were not detected in the serum of AA patients,

so they cannot be used as a prognostic criterion for AA.
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Limiting factors

There were some limitations to this study. It was a single-centre study with a small
sample size. Shortage of resources during odd hours, courier services, microbiology laboratory
working hours, restrictions due to the COVID-19 pandemic limited the number of participants.
Most patients received either antibiotic and/or intravenous fluid therapy prior to surgery and
sample collection, which may have affected biomarker concentrations. The use of ELISA Kits
in other publications makes comparison with the results of this study difficult. The analysis of
samples was performed in a clinical research laboratory, not in the hospital laboratory, which
may have affected concentrations. Patient quotas limited the range of patient types that could
be included, but this study has provided a basis for future, broader studies that are already
underway. Patients under seven years of age were excluded - as this age group tends to have
a different pathophysiology for appendicitis, as there is a strong association with bouts of viral
infections such as gastroenteritis - and pre-hospital history information can be quite limited.
The diagnosis of appendicitis must be ruled out from non-specific abdominal pain, and
laboratory investigations and surgical consultation are often the tools of the trade. Patients with
non-surgical abdominal pain were not included in this study due to the patient quotas. It should
be noted that biomarkers may have different levels within the time frame of pathology and
therefore, non-specific results between patients presenting to the emergency department.
Furthermore, the enrolled patients were intentionally divided into the AcA and AuA study
groups based on intra-abdominal bacteriological findings and micro- and macro-perforation of
the appendix vermiformis, rather than histological findings, taking into account the
microbiological aspect of the study. Kari et al., 2018, suggested that the diagnosis of acute
kidney injury (AKI) is more accurate when the values are examined within a time frame of

12 hours after the onset of the injury.
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Proposals

Considering the obtained results, it would be recommended to use serum and urine
LRG1 (S-LRG1 and U-LRG1) and serum NGAL (S-NGAL) biomarkers in daily clinical
practice in the diagnosis of acute appendicitis and in the differentiation of complicated and
uncomplicated cases.

According to the obtained antibacterial sensitivity results, which were determined for
the isolated microorganisms, it would be desirable to improve the antibacterial therapy
guidelines for paediatric patients in the treatment for acute appendicitis, including the Children's
Clinical University Hospital in Latvia.
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To our knowledge, this is the first time that these biomarkers serum and urine IL-6,
NGAL and LRG1 have been compared together in a complex study for the diagnosis of
paediatric acute appendicitis and differentiation between AcA and AuA.

According to the results of this novelty study, S-NGAL, S-LRG1, U-LRG1 and S-IL-6
may be effective biomarkers in the differential diagnosis of acute abdominal pain in children
presenting to the emergency department, depending on the onset of symptoms.

2 hypotheses were made and both were confirmed in this study, because the role of
blood serum biomarkers NGAL and LRG1 and urinary biomarker LRG1 is essential in the early
diagnosis of AcA and differentiate AuA from AcA in children aged seven to 18 years, as seen
in the results obtained. And the microbiota in the appendix can promote the management of
acute complicated and uncomplicated appendicitis in paediatric patients, as data were obtained
on different microorganisms for each group of patients, as well as on their sensitivity and

resistance to different antibacterial agents.
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Abstract

Purpose The study aim is to determine whether serum and urine interleukin-6 (IL.-6) and neutrophil gelatinase-associaed
lipocalin (NGAL) can be included in the early diagnostic algorithm for pediatric appendicitis.

Methods Prospective single-center cohort study included 92 children divided into control, acute complicated appendicitis
(AcA) and acute uncomplicated appendicitis (AnA ) groups. Serum and urine samples were assayed for IL-6 and NGAL
preoperatively. and on the second and fifth postoperative days. Intraoperative and bacteriological findings divided the
appendicitis patients.

Results Average serum biomarker levels were higher in appendicitis patients versus the control, and the following values
were produced via receiver operating characteristic (ROC) analysis. NGAL and IL-6 cutoff values were 113.95 ng/ml and
24.64 pg/ml, respectively, NGAL had 68.3% sensitivity and 65.5% specificity, while IL-6 had 72.6% and 86.2%. Comparing
AcA and AnA. IL-6 was the only biomarker of significance yielding 77.4% sensitivity and 58.1% specificity with a 26.43 pg/
ml cutoff value. Urine biomarkers were non-specific in differentiation appendicitis severity and ultimately, between infec-
tious and non-infectious disease.

Condlusion Although NGAL provided measurable useful diagnostic information in evaluating children for appendicitis, its
values were not sufficient for appendicitis severity. Serum [ L-6 remains a strong biomarker for suspected acute appendicitis
and has promising results predicting its severity.

Keywords Pediatric appendicitis - Appendectomy - Biomarkers - NGAL - IL-6

Introduction
(=1 Mohit Kukar Acute appendicitis is one of the most common pediatric
mohiez@gmail.com abdominal pathologies that require surgery, and despite
Y 2 = " advances in diagnostic tests, it still predominantly relies on
' De of Biclogy and Microbiclogy, Riga Stradins : So . s TR
i Fm{;?mm::fieh. 16, Riga ,:g - typical clinical findings and patient medical history [, 2].
2 X A A It is particularly difficult to collect the patient history
Department of Pﬁv;g&ihmcr&"ml of young children, who may be less cooperstive and & less
3 Pedintri al accurate source of information [I-4]). Various laboratory
?H,,C:ﬂ:fm,-, }h;m:," _,d:,:;.:rm NHS values such as leukocytosis, increased C-reactive protein,
Foundation Trust, London, UK and imaging such as abdominal ultrasound and computer
4 Department of Pedistric Surgery, Riga Stradins University, tomography have proven useful in decreasing the rate of
Dazirciema iela, 16, Riga, Latvia unnecessary diagnostic laparoscopies [5]. Laparoscopy
3 Faculty of Medicine, Riga Stradins University, Dzirciems is considered a diagnostic method for abdominal pain of
iele, 16, Rige, Latvia unclear etiology and suspected appendicitis. If an inflamed
& D of Statisticx, Riga Stradins Univensity, Drirc appendix is left untreated, it could progress to peritonitis,
ok, 16,Rige, Latvia abscess, sepsis and death [6-8). Nowadays, acceptable
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negative appendectomy rates vary from 4 to 45% with a high
incidence among women of reproductive age. and 3.6-213%
in children depending on age and gender [6. 9].

Over the past decade, attempts have been made to limit
the use of computed tomography due to long-term can-
cer risk and to decrease the rate of unnecessary surgeries
and overall complications {4). The introduction of novel
biomarkers as part of the diagnostic criteria offers 2 non-
invasive method that can yield similar information and
diagnostic accuracy [10]. Interleukin-6 (IL-6) is a highly
multifunctional inflammatory marker, the formation of
which is highly dependent on tumor necrosis factor-alpha
(TNF-a) and interleukin-1 beta (IL-1@). Its functions are
vastly diverse. including initiation of acute-phase protein
synthesis in the liver, activation of hemopoiesis, activa-
tion of B-cells, and participation in the formation of Th17
[11-13].IL-6 is found in large amounts in patients with sep-
sis. Recent literature has revealed that this marker is an ideal
biomarker for bacterial infections and could serve as anearly
rapid diagnostic tool in clinically suspected appendicitis [2,
12]. Neutrophils are primary respondents to inflammation
and, if their count in the bloodstream is increased, then
this could also mean an increase in neutrophil gelatinase-
associated lipocalin (NGAL). Renal system, respiratory and
gastrointestinal tract tissues express low levels of NGAL.
Serum NGAL levels appear to increase in correlation with
epithelial damage under stress, for instance processes such
s inflammation, infection and ischemia [14-16). Thus, theo-
retically both IL-6 and NGA L serum levels would be higher
in acute complicated appendicitis (AcA) rather than in acute
uncomplicated appendicitis (AnA ). in which the organ tis-
sues are subject to less stress.

Focus on immunological pathways is ex panding, and con-
sequently the magnitude of proposed biomarkers. although
none have currently achieved widespread use [16]. The
search for the optimal biomarker may be futile, but in com-
bination with medical history and clinical findings, it is
possible to improve the gquality of diagnostic approaches;
therefore, decrease complications, and reduce the overall
costs incurred by the hospital as the result of a reduction in
unnecessary imaging and surgeries. Our primary objective
was to demonstrate the poientizl of the inflammatory protein
mediator NGAL and IL-6 in a prospective cohort study of
children with suspected appendicitis—AcA and AnA.

Methods

This study included children between the ages of 7 and 17
admitted to the Children’s Clinical University Hospital in
Riga due to acute abdominal pain with signs and symptoms
suggesting the possibility of appendicitis. All patients were
examined to confirm orexclude the diagnosis. Preoperative
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screening involved physical examination, complete blood
count, abdominal ultrasound (US) and detection of serum
values of C-reactive protein (CRP) and interleukin-6 (IL-
6). Depending on the intraoperative and bacteriological
findings. two groups were established—acute complicated
appendicitis (AcA ) and acute uncomplicated appendicitis
(AnA). In addition, a third group was created, consisting of
control patients without any suspected inflammatory pro-
cesses in the renal system or respiratory or gastrointesti-
nal tracts. Therefore, patients in the control group mainly
consisted of those admitted to the orthopedic emergency
department. The pediatric surgery team supervising these
patients received a written consent form from the caregiver
and assent from the patient if they were 13 years of age or
older. With this consent form, the patient and caregiver were
informed about the research objective and methodology of
the biological material. A total of 92 patients were eligible
for and included in our research—32 AcA, 31 AnA and 29
Control.

Sample collection

On the day of hospital admission, all patient blood and urine
samples were taken. The necessary amount of blood per
patient for IL-6 and NGAL was 300 pl and 100 pl, respec-
tively. A fter centrifugation serum was collected and stored
at — 80 °C. Midstream, clean-catch urine specimens (IL-6
200 pl; NGAL 100 pl) were collected and centrifuged at
2000 rpm for 10 min at 4 °C as to remove cell debris from
urine. The supernatant was stored at — 80 °C before the
moment of analysis. A ppendicitis patient samples were sub-
sequently collected on the second and fifth postoperative
day.

Measurement of NGAL and IL-6 levels

NGAL and [L.-6 concentrations were determined using com-
mercially available enzyme-linked immunosorbent assay
(ELISA) kits (Quantikine® ELISA, human lipocalin-2/
NGAL and Quantikine® ELISA, human IL-6; R&D Sys-
tems, Minneapolis, MN, USA). Al procedures performed
on these concentrations were applied per the manual of these
kits. To secure experiment quality, [L.-6 (Immunoassay Con-
trol Group 1 QCOI-1, R&D System Inc., Minneapolis, MN,
USA) and NGAL (Immunoassay Control Set QC115,R&D
Sysiem Inc., Minneapolis, MN, USA) controls were used.
All samples were measured in triplets and each individual
result was obtained in approximately 2-3 h.

Statistical analysls

For statistical analysis, Microsoft Excel 2016 and IBM SPSS
Statistics 22 were utilized. Results were ex pressed as median
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values and interquartile ranges (IQR ). The comparisons
between groups weare calculated using both the Mann—Whit-
ney U test (2 groups) and Kroskal-Wallis test (3 groups)
for non-parametric distribution, while Fisher exact test was
applied on normally distributed varisbles to debermine cor-
mlations between them. The receiver operating character-
istic (ROC) curve determined the clinical importance of
the hiomarkers and their diagnostic valoe regarding acute
appendicitis. A p valoe of <005 was considered statisti-
cally significant.

Results

The study included 92 children—d42 boys and 50 girls.
Patients” ages ranged from 7 to 17 years, with an average of
12.3 £3.1 years. From these 92 patients, 63 {68.5%) wenr
disgnosed with appendicitis and 29 (31.5%) had no infec-
tious or inflammation- mediated pathologies. Suspicion of
appendicitis required an urpent diagnostic lapamscopy in 53
{B4.1%) pationts and laparotomy in 10 (15.9%) of the cases.

Intraoperative swabs of free abdominal liquid were col-
lected, establishing the presence of bacterial growth in
the abdominal cavity. Hence, acule complicated and acuie
uncomplicaied appendicitis were difieentizied based on the
growth of bacteria. Positive- growth established the Ach
group of 32 {530.7%) and no growth established AnA group
of 31 (49.2%).

More than half of patients (61.3%) that had a drainage
twhe inserted were diagnosed with AcA (p=00004). A sim-
ple comparison suggests that AnA had a slightly shorter

median postoperative hospital stay, 5 versus 6 days. The
distribution of the study population is shown in Table 1.

Basaline preoperative values of IL-6 and MGAL ame
presented in Table 2, along with the values of the second
and the fifth postoperative days. The lowest baseline level
(day 0) of all ohserved parameters was found in the con-
trod group without the infectious disease, whilst the high-
est was observed in AcA. The median serum NGAL O lev-
els for AcA, AnA and control group were 16990 ng/ml,
133.70 ng'mL., and 90.14 ng/ml, respectively. The distribuo-
tion of 5-NGAL (serum-MGAL) 0 was statistically higher
(T-stat=11.023, p=0.004) in AcA compared to the control
group (p= 0.003). MGAL values of AnA wene higher than
those of the control group. Thus, the NGAL values of AcA
were the highest.

NG AL levels on the second postoperative day decreased
to 10718 ng/mL in AcA and 75.12 ngi/ml in AnA
(p-<0.001). Although the values wemne significantly differ-
ent on the sacond postoperative day (p < 0.001), there was
no significant difierence between the MNGA L values in AcA
and AnA precperatively {p=0.612) (Table 2, Fig. 1).

The baseline distribution of serum [L-6 was statistically
significant across AcA, AnA and control group. The awerage
distribution of serum [L-6 differed significanthy between the
diagnostic groups, T-stat= 28967, p<0.001. The diffeence
wis seen between the control group vs. AnA (p= 0009),
between control group vs. AcA (p< 0.001), as well a5 the
difference between AnA vs Ach (p=01045).

A drastic decrease in the levels of biomarkers can be
observed from day 0 until day 5, as the inflammation settles
postoperatively; it is presented in Tablke 2 and demonstraied

Table 1 Chamcteristics and

I . Ach And Cird® Tatal pvalue
distributian of study population =132 n=11 =1 =92

Gender, n (%)
Bay 15(16.3) 17 (1B8.5) 1B (19.5) 50(54.3) 0.492
Girl 17 (1B.6) 14 (15.2) 11{11.5) 42(457)

Ape+ 5D 123131 123131 123+31

Type of surgery. o (%)
Laparotomy TI(21.2) 3 (10.m 10(15.9) 0.301
Laparuscogy 26 (TH.E) T (90,0 33 (B4.1)

Drrainapge twbe, n (%)
Yex 19 {61.3) T(24.1) 26 (43.3) 0004
Mo 12 {387} 22759 44 (56.T)

Length of bospital stay, & (59 5 (4-£) 0.x21
ey (IR )

Medizn values o poecented with IR (258, T5%)

AcA acute complicated appendiritis, And scule mnoomplicated appendicitis, Cirl control, 57 AL neatophil
pelatimmse-associated lipocalin, LRG keucine-rich alphe ghycoprotein- 1, IL-8 inerleukin-6

*The Control group did not enderpe abdominal surpery
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negative appendectomy rates vary from 4 to 45% with a high
incidence among women of repmdoctive age. and 3.6-21.3%
in children depending on age and gender [6, 9]

Over the past decade, attempts have been made to limit
the use of computed tomography due to long-term can-
cer risk and to decrease the mte of unnecessary surgeries
and overzll complications [4]. The introduction of novel
biomarkers as part of the diagnostic criteria offers a non-
imvasive method that can yield similar information and
dingnostic accuracy [10]. Inerdeukin-6 (IL-6) is a highly
multifunctional inflammatory marker, the formation of
which is highly dependent on tumor necrosis factor-alpha
(TMF-a) and interlenkin-1 beta (IL-1{). Its functions ame
vastly diverse, including imitiation of acute-phase protein
synthesis in the liver, activation of hemopoiesis, activa-
tion of B-cells, and participation in the formation of Th17
[11-13]. IL-6 is found in large amounts in patients with sep-
sis. Recent liemture has revealed that this marker is an ideal
biomarker for bacterial infections and could serve as anearly
rapid diagnostic tool in clinically suspected appendicitis [2,
12]. Meutrophils ame primary respondents to inflammation
and, if their count in the bloodstream is increased, then
this could also mean an increase in neutrophil gelatinase-
associated lipocalin (MG AL). Renal system, respimtory and
gastrointestinal tract tissues expmess low levels of MGAL.
Sarum NGAL levels appear to increas in cormelation with
epithelial damape under stress, for instance processes such
a5 inflammation, infection and ischemia [14-16]. Thus, theo-
metically both IL-6 and MGA L serum levels would be higher
in acute complicated appendicitis (A cA) rather than in acute
uncomplicated appendicitis (AnA ). in which the organ tis-
sues are subject to less stress.

Focus on immunological pathways is ex panding, and con-
sequently the magnitude of proposed biomarkers, although
none have curmently achieved widespread use [16]. The
search for the optimal biomarker may be futile, bat in com-
bination with medical history and clinical findings, it is
possible to improve the guality of disgnostic approaches;
therefore, decrease complications, and reduce the overall
costs incurned by the hospital as the result of a redoction in
unnecessary imaging and surgeries. Our primary objective
was io demonstraie the poientizl of the inflammatory protein
mediator MGAL and IL-6 in & prospective cohort stady of
children with suspected appendicitis—AcA and AnA.

Methods

This study included children between the ages of 7 and 17
admitted to the Children's Clinical University Hospital in
Riga due to acote shdominal pain with signs and symptoms
suggesting the possibility of appendicitis. All patients wen
examined to confirm or exclude the diagnosis. Preoperative
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screening involved physical examination, complete blood
count, abdominal ultrasound (US) and detection of serum
values of C-reactive protein (CRP) and interleukin-6 (IL-
6). Depending on the intraoperative and bacteriological
findings, bwo groups wene established—acute complicated
appendicitis (AcA ) and acole uncomplicated appendicitis
(AnA). In addition, a third group was created. consisting of
control patients without any suspecied inflammatory pro-
cesses in the renal system or respiratory or gastrointesti-
nal tracts. Therefore, patients in the control group mainly
consisted of those admitted to the orthopedic emergency
department. The pediatric surgery team supervising these
patients received a written consent form from the caregiver
and assent from the patient if they weme 13 years of age or
obder. With this consent form, the patient and caregiver wene
informed about the research objective and methodology of
the biological material. A total of 92 patients wene eligible
for and included in our research—32 AcA, 31 AnA and 29
Control.

Sample collection

On the day of hospital admission, all patient blood and urine
samples wemne taken. The necessary amount of blood per
patient for [L-6 and MGAL was 300 pl and 100 pl, respec-
tively. After centrifugation serom was collected and stored
at — B0 °C. Midstream, clean-catch urine specimens (I1L-6
300 pl; NGAL 100 pl) were collected and centrifuged at
‘3000 rpm for 10 min at 4 °C a5 to remove cell debris from
urine. The supernatant was stored at — 80 °C before the
moment of analysis. Appendicitis patient samples wene sub-
sequently collecied on the second and fifth postoperative
day.

Measurement of NGAL and IL-6 levels

MGAL and [L-6 concentrations wene determined using com-
mercially available enzyme-linked immunosorbent assay
(ELISA) kits (Quantikine® ELISA, human lipocalin-2/
MG AL and Quantikine® ELISA, human IL-6; R &D Sys-
tems, Minneapolis, MM, USA). All procedures performed
on these concentrations wene applied per the mameal of thesa
kits. To secume experiment quality, IL-6 (Immunoassay Con-
trol Group 1 QC01-1, R&D System Inc., Minneapolis, MN,
USA) and NGAL (Immunoassay Control Set QC115, R&D
Sysiem Inc., Minneapolis, MM, USA) controls were used.
All samples were measured in triplets and each individual
result was obtained in approximately 2-3 h.

Statistical analysls

For statistical analysis, Microsoft Excel 2016 and [BM SPS5
Statistics 22 were utilired. Resnlts were ex pressed as median
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Table 2 PT\EMM, Binmmker AcA, ng orpg'ml (IQR)  AnA, ng or pgfml (QR)  Cid, ng or ppfmil (IQR)*  pvale

per appendin staius Diay 0

Serum NOAL  169.90 (104.58-254.25) 13370 (RO.50-1B8.20)  90.14 (70.80-139.15) 0004

Lirime M{IAL 13 (1.51-842) 4.19(1.44-E90) 3.4 {1 47-6.55) 0_B4&

Serum [L-6 48.39 (26.62-132.98) 2157 (11.67-48.4T) 10.30 {4.97-18.53) <0001

Urine IL-6 11.22 (4.21-31.98) 20570 (1.82-65.37) 1893 (2L77-100.49) 0.568
Day 2

Serum NOAL  107.158 (B1.50-169.30) 7512 (60 53-ER.43) <0001

Lirime M{IAL 1ES0.92-7.31) 3ER (1L67-16.00) 0.222

Serum [L-6 1133 (661-33.04) T.11 (2.37-29.90) 0,102

Urine IL-6 15.14 (3.36-31.58) 556 (L07-18.80) 0.15%
Day 5

Serum MOAL  B5.33 (65.52-103.81) 6934 (58 26-91.10) 0.174

Lirime M{IAL 2180 (1.22-5.8T) 568 (1.27-30.18) 0088

Serum [L-6 4.41 (1.598-15.67) 551 (2.54-T1.BE) 0.322

Urine [L-46 B.26 (2. 16- 10209 1791731134} 0109

Binmarker beve bs e expressed as medians, IQR (25%, 73%)

IL-6 is measured in pp'ml and MOAL in ng'ml

AcA acute complicated appendicitis, And acule wncomplicated appendicitis, Cirl contral, NG AL neutrophil
pelatinaseassocisted lipocalin, [L-§ inerleukin-6

*The group did ot undergo ahdominal surgery; thus, only biomarkers day 0 mre included in the study.
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A1 Serum MNOAL levels on operative day (01, 2nd posioperative
day (Z) and Sth postoperative dey (5) in patients with Ach, AnA
oompeed o the control group. Difference in serem MOAL valoes
wem significantly higher (p<0.004) hetween AcA and Control on the
operation oy (0}

in Fig. 2. The median 5-IL-6 0 levels were 48.39 pg/ml
(AcA), 2257 pg/ml (AnA) and 10.30 pg/ml {Control).

If AcA and AnA wemr caeporized as the same type of
“appendicitis” and compared to the control group, a sig-
nificant difference batween the baseline NGAL and IL-6
individually (p=0.002; p-<0.001) (Table 3) could be sean.

The urine samples of both IL-6 and MGAL weme non-
informative and, thus, not specific to differentiate between
Ach and AnA or between infectious disease and non-infec-
tious disease (Table 2).

The MGAL cutoff value for patients with appendicitis was
113.95 ngfml and IL-6 cotoff was 21.64 pgiml (p=0.002;
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Fg.2 Serum IL-6 levels on operative day 0], 2nd post-operative
day (Z) and 3th postoperative day (5) in patients with Ack, AnA
and Cirl Serum MOAL values were significantly higher (p< 0001}
hetween Ach and And; between AcA and Cirl on the operative dey
m

p< 0001} The ROC curves demonstrated AUC 070 (95%
CI 0.59-0.81) and AUC 0.73 {95% C1 0.73-0.90), respec-
tively (Figs. 3a, 4a). MGAL for appendicitis had a sensitiv-
ity of 68.3% and specificity of 65.5%, while IL-6 showed a
higher sensitivity and specificity of 72.6% and 86.2%. The
efficiency of NGAL as a predictive biomarker AcA versus
AnA was found to be insignificant (p=0.461) AUC 0.60
(95% O 0.46-0.74). Contrarily, IL-6 was a good predic-
tive biomarker for determining whether the patient had AcA
(p<0.001) AUC 0.70 (95% CI 0.56-0.83) with a cutoff
waloe at 26.43 pgml and a sensitivity of T7.4% and speci-
ficity of 58.1%.
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Table 3 Evaluating pee-

operative B levels of Binmarker Appendicitis mg or pg'ml (IQR) Cirl. ng or pgfenl IQR ) P
appendicitis vs contml group Diay 0
Serum NOAL 144,80 (104 B0-244.30) 90,14 (TOLB0-139.15) 0002
Urine NGAL 169 (171-E86) 323 (1 58-6.84) 0711
Serum [L-6 3291 (21 45-95.36) 10.93 (589 18.53) < 0001
Urine [L-6 14.64 (302-36.17) 1657 (237-141.50) 0.298
Binmarker leve s are expressed as medians, IQR (25%, 75%)
pvalues were derived using Mann-Whitrey [ Test
IL-6 is measured in pg'mil and NGAL in ngfml
Appendicitis AcA and AnA, Cirl control, NGAL nestrophil gelstinase-associsted Hpocal, [1-5 interleukin-6
n LF - E 8
—_ e
et . J as »
B
[ f
g e | & o
! : ]
2] [ _— I
Cut-off value 113.95ng/mi |
oz p=0.002 o I
Sensitivity of 68.3% |
l, ! Specficity of 65.5% p=0.461
e ' - ' . v ag = ' ' ' ' y
5 az aa " as 8 a8 a2 o - e 8
1- Specificity 1 - Bpucifizity

A2 The ROC curve for MEAL in appendicitis vs. non-appendicitis patients demonsirates AUC 0.70 (95% (3 0.55-0.81) at a cutoff value of
11395 ngfml fa). ROC curve for AnA versus Ach patients demonstrates AUC 6.2 (95% C1 0.46-074) (b)

Discussion

Appendicitis continues to have a major diagnostic chal-
lenge, which heavily relies on clinical assessment of
patients and scoring systems to guide diagnosis. Modern
disgnostic methods ame atilized with the aim of confirming
the diagnosis of appendicitis and to predict its course and
saverity [17]. None of the inflammatory markers such as
white blood cell count, C-reactive protein and procalci-
tomin have bean established as a singular marker ensuring
high specificity or sensitivity in the diagnosis of appen-
dicitis [17, 18].

I'm this study, two novel biomarkers wene assessed in
pediatric patients with acute appendicitis. Their marked
expression is believed to represent the inflammatory
process oocurring in patients with appendicitis [14-16,
19]. Neutrophil gelatinase-associated lipocalin (NGAL)
also known as Lipocalin-2 (LCMN2) and oncogene 24p3
is 1 20 kDa protein that iz encoded by the LCNZ pene in

68

humans [19]. NGAL is involved in the innate immunity by
sequestrating iron that in turn limits bacterial growth. It is
expressad in neutrophils and in low levels in the renal sys-
tem, and gastrointestinal and respiratory tracts [19]. When
one or more of these organ tissues experience epithelial
damage, the serum level of NGAL temporarily increases.
MNGAL is secreted in high levels in the blood within 2 h of
imjury [19]. Since NGAL is protease resistant and small,
the protein is easily excreted and detected in the urine. An
NGAL level in patients with acute kidney injury (A KI) has
been associated with the severity of their prognosis and is
widely used as a biomarker for kidney injury.

‘W found that NGAL levels are increased in patients
with acute appendicitis pre-operatively and low in patients
without any abdominzl inflammation, which supports
results found by Bakal et al. [14]. NGEAL was useful to
clinically distinguish patients who had appendicitis from
patients who did not have infectious or inflammation-
mediated pathologies.
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Fig. 4 The ROC curve for IL-6 appendicitis vs. non-appendicitis patients demonstrae AUC 073 (95% C1 0.73-090) &t a cutoff value of
2164 pgifmil (m). ROC corve for AnA vs. AcA patients demonstrates AU 070 (95% C10.56-0.83) at & cuiodf value of 26.42 pg'mi (b)

In contrast to other studies, our study also aimed to
measure the severity of appendicitis by subdividing cases
into AcA and AnA. However, serum N-GAL (5-NGAL)
wis not & good biomarker to detect the severity of AcA.
This mzy be due to biomarkers having a limited time frame
of utility, which could influence diagnostic accuracy. Ataie
et al. suggested that the diagnosis of AKI investigating
MNGAL levels is more accurate within a time frame of 12 h
following the onset of injury [19]. Another study revealed
an early increase of IL-6 immediately after tissue trauma
(within & h) and an increase in C-meactive proiein levels
at a later stage of epithelial damage (within 12 h) [20]. In
conclusion, MGAL could be used as a predictive biomarker
in the early stages or for establishing diagnosis, however,
its level decreases within a few days. Therefore, the time
frame for using MG AL necessitates further research to
avaluate when the biomarker has greater diagnostic value.

Unlike 5-MGAL, the difierence in serum [L-6 was sig-
nificant among &l] three groups. Serum [L-6 in AcA was five
times higher than the control group and three times higher
than And. This difference in IL-6 levels between Ach and
AnA can determine the severity of appendicitis. Regarding
the clinical course of appendicitis, we found that patients
had a significantly lower level of serum NGAL and IL-6
on their fifth postoperative day than before surgery. Post-
operatively, hiomarkers declined to the level of those in the
control group.

The fact that certain individuals within the control group
had slightly elevated values, could potentially suggest a em-
porary epithelial inflammation in the renal sysiem, gastroin-
testinal or respiratory tracts [17-19].
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Non-invasive diagnostic markers are exceptionally
attractive in pediatrics; howewer, they are rarely applied
due to patient compliance issues and lack of evidence that
uring biomarkers can be of dizgnostic value. Although we
assayed MGAL and IL-6 in urine, no significant difierence
wis observed between patients with appendicitis and with-
out appendicitis. Atseiet al. showed promising results of
elevated wrine-NGAL (U-MGAL) in caze of pediatric AKI
within 12 h of onset of injury [19]. The predictive and meli-
able value of U-MGAL in AKI is based on the increased
production of MGAL in renal tubules and subsaquent e lease
imto urine. According to oor study, U-MGAL levels in urine
weare not significant in patients with appendicitis and,
therefore, cannot be used in the assessment and diagnosis
of appendicitis [19]. Results received by Oikonomou et al.
from their investigation of U-NGAL and 5-NGAL (NGAL
concentration in serum) in inflammatory bowel disease,
confirm this statement [21]. In the absence of pathology,
NGAL is detected in the systemic circulation and kidneys.
It is filtered through the glomerulus and luminal NGAL is
then reabsorbed from the proximal tubule by the megalin-
dependent pathway [21-23]. In AKI, NGAL is upregulated
at the distal part of the nephron impairing the reabsorption
pattern in the tubules, and leading to elevated U-MGEAL and
5-MGAL [19, 22, 23]. Renal function is not impaired in
patients with appendicitis; therefore, NGAL is reabsorbed
within the standard range. Since our study reported nega-
tive results regarding urine biomarkers, we believe that our
mesults have significant value towards the clinical prediction
of appendicitis and that these and other non- invasive hio-
‘markers could be of importance in the near futuse s reseanch.
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Our study has some limitations that deserve mention-
ing. A single-centered institution with limited number
of resources during odd hours and need for consent of
patients along with their parents constrained the numhber
of participants. Future research projects need to include a
larger cohort population. The investigation of NGAL as a
biomarker in pediatric appendicitis requires more research.
In prospective studies, it should be stressed that biomark-
ers could have different levels within the time frame of
pathology and, therefore, variable results bebween patients
presenting to the emergency department at different times
after onset. Future studies must consider other inflamma-
tory biomarkers to increase dizgnostic efficacy of severity
of appendicitis.

Conclusion

Serum neutrophil gelatinase- associated lipocalin can be an
effective biomarker in the differential diagnosis of acute
ahdominal pain in children presenting to the emergency
department. It can be helpful to distinguizh between sus-
pected appendicitis and non-infectious abdominal dis-
eases. The use of biomarkers will not alter the clinical
evaluation; howewer, it can be a useful addition in the diag-
nosis of complicated and uncomplicated appendicitis. Its
application could serve to improve cost effectiveness of
dizgnostic approaches in children who are suspected to
have acute appendicitis, however, not to differentiate the
severity in an acute setting. Further research would be of
value toevaluate MGAL's dynamics to gain an understand-
ing of when and how to use this biomarker. Interleukin- 6
can be an effective predictive biomarker for differentiating
among patients with acute complicated appendicitis and
those with acute uncomplicated appendicitis.
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Abstrack Purpose: This prospective, single-center cohort study analyzes the potential of nflamoma-
tory probein mediator leucine-rich alpha-2 glycoprotein 1 (LRGI) for the eary and accurate diagnosis
of acute appendicitis (AA), and diffemntiation of acuke complicated {AcA) from uncomplicated
appendicitis (Aud). Methods Participants wete divided into the AcA, Aud, and control groups, and
their seruwm (s-LRG1) and urine LRG1 {u-LRG1) levels were assayed preoperatively en the second
ard Fifth postoperative da_\-'s. Results 153 patients panju:ipabed, 97 had AA Preo]:lemﬁ% u-1RG1
with a cut-off value of .18 pg/ml generated an area under the feceiver operated characteristic
(AUC) curve of .70 (95% CT 0.62-07%) for AA versus control (p < 0L001), while the results for AcA
versus Aud were not significant (AUC 0,60, 95% C1 049-0.71, p= 0.089). The s-LRGI levels of AA
versus the comtrol with a cut-off value of 51.69 e/ ml generated an AUC of 0.9 (95% CT0.91-0.99,
F< 0001 The cut-off value of s LRGT was 84 06 _uEJmL for diapwmis of AcA from Auwd, and
thesefore, significant (AUC 0.69, 95% C10.59-0.80, p = 0.001). Conclusions: LRG] exhibited excellent
diagnostic performance as an inexpensive, non-invasive, rapid, and accurate biomarker able to reflect
the pathogenesis of AA . LRG has the potential to splaee advanced imaging to diagnese clinically
ambiguous AA cases.

Keywords pediatric appendicitis; biomarkers; serum LRGL; urine LEG]

1. Introduction

Acute appendicitis (A4) is the most common pediatric surgical emergency, which
may result in abscess, peritonitis, sepsis, ileus or death due to delayed diagnosis and treat-
ment [1-3]. A4 diagnoesis currently depends on typical clinical findings and anamnestic
evidence despite the advancement of various diagnostic techniques. The recent interest
and evidence of non-surgical treatment with antibiotic therapy leads to the recurrent is-
sue of differentiating acute uncomplicated appendicitis (AuA) from acute complicated
appendicitis (AcA) upon presentation in the emergency department. Sevift confirmation of
appendicitis is impeded by a variety of factors such as atypical presentation and multiple
differential diagnoses, thus elevating the likelihood of complications. In Latvia, delayed
diagnosis is caused by perpetuating diagnostic steps in more than 35% of the cases [4].
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The Alvarado score is a frequently utilized tool for AA symptom gradation, yet it lacks
spedificity and sensitivity [5]. Although appendicitis is particularly common in children, the
clinical history assessment is often marred by the lack of cooperation and fluency [&-10]. To
promote accuracy, evaluation methods such as a computed tomography (CT) and diagnostic
laparoscopy are applied, but nevertheless these ame time inefficient, costly, and invasive
fe.g., CT-radiation increasing the long-term cancer risk) [9] Current diagnostics such as
leukocytosis, increased serum C-reactive protein (CRP), and abdominal ultrasound (US)
imaging have assisted in decreasing the frequency of diagnostic laparoscopies [10]. Despite
these diagnostic tools, current negative appendectomy rates of 4-45%: have stimulated the
search for a non-invasive strategy to lower these error figures, which has led to a rise of novel
biomarkers being introduced for both the assessment and detection of appendicitis [1,11].

Multiple studies have revealed the sucoess of the effident diagnostic scheme provided
by inflammatory bicmarkers as a non-invasive analysis, increasing accuracy and speed of
diagnosis, and reducing healthcare costs dramatically [12]. As immunological pathways
are better understood, more biomarkers have been proposed as potential diagnostic tools,
however, none are in widespread use. In comparison to Interleukin-6 (11-6) and CEF, no
other biomarkers have been proven effective in diagnosing appendicitis. The prospect of a
biomarker with an even higher accuracy rae than those currently irvestigated is galvanizing,

Leucine-rich Alpha-2 Glycoprotein (LRG1) is a novel biomarker and is hypothesized
to not only have a particularly vital and rapid diagnostic precision ratio, but also can
defermine specificity in acute appendicitis development with drug-independent serum-
valoes [7,13,14]. Although its complete mechanism of action is still unclear, LRG is thought
to play a role in the activation and chemotaxis of neutrophils as they enter areas of inflamma-
tion [13,14]. LRG-1 is a 50 kI membrane-associated acute phase protein of the Leucine-rich
Repeat (LEE) motif, consisting of 312 amino acids— 66 of which are leucine [14,15]. LRG-1
is produced and secreted by hepatocytes, neutrophils, macrophages, and intestinal epithe-
lium, enabling it to not be strictly contingent on any of these cells, and is upregulated in
acute phase responses of microbial infections at inflammatery sites [13-15]. Its normal
serum level is hypothesized to be 21-50 pg/ mL [15].

Mumerous pro-inflammatory markers such as [L-6, I1-18, I1-22, TNF-a, and lipopolysac-
charides stimulate the transcription of LR, therefore, it is not contingent on a singular
stimulating factor [15]. Another peculiar facet of LEG1 is the remarkably increased concen-
tration at the local site of inflammation, possibly distinguishing infections based on marked
LRG1 deposition [15]. The current diagnostic isswes of AcA show the necessity to find new
early diagnostic indicators for pediatric patients to reduce the incidence of complications.
The primary study objective is to demonstrate that LRG1 could potentially differentiate
AcA from Aud in a prospective cohort study with cases of pediatric acute appendicitis.

2. Materials and Methods
21, Study Design and Sefting

A prospective, single-center, randomized controlled cohort study consisted of children
admitted to the Emergency Department (ED) at the Children’s Clinical University Hospital
(CCUH]) in Riga with suspected appendicitis. This tertiary hospital is the only facility in
Latvia specialized in treating children, and mone than 6000 patients annually are admit
ted to the EI). The study meets the basic principles of the Helsinki Declaration and the
mrequirements of the Patient’s Data Protection Law. The Ethics Committee’s approval was
received by both the Children’s Clinical Unive rsity Hospital and Riga Stradins University
(reference mumber: SP-37 /2018 and 21/27 04.2017, respectively) between January 2017 and
2020, during which the research was conducted.

2.2 Study Population

Participants of this study were children between the ages of 7 and 17 who presented
to the EDY with suspected appendicitis. Control group participants were patients without
any suspected inflammatory process in the urinary, gastrointestinal or respiratory tracts;
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therefore, the included ED admitted pediatric patients of similar ages treated for various
traumas (e.g., fractures, dislocations, contusions, muscle tears, testicular torsion, blunt
abdominal trauma). The exclusion criteria for suspected appendicitis patients inv ohred
prior abdominal surgery, pregnancy, and chronic medical and malignant conditions that
could potentially affect the urinary, gastrointestinal, or respiratory systems (e.g., inflam-
matory bowel disease, chronic pancreatitis, acute kidney injury, and immunosuppressed
patients). The allotment of approximately 150 patients limited the study to not include
patients with non-specific abdominal pain, therefore, the focus needed to be determined
whether the biomarker levels differ in appendicitis patients and patients without any gas
trointestinal, urinary or respiratory tract afflictions. Patient group size was divided to be in
equal amounts in order to limit the assumption of variances similar to the Levene” s test.

2.3 Study Protocol

Each patient’s medical history, physical examination, Alvarado score, and biochemical
blood analysis wem collected by the treating physician per the hospital’s protocol (Ne REK-
052/01). If a patient with suspected appendicitis received an Ab-arado score of six or more,
a surgical consultation was prescribed and, if necessary, additional radiological imaging
was considered, such as abdominal US and for CT. Onee appendicitis was confirmed and
all inclusion criteria were met, a consent form was given to the patient and his or her
caregiver. This consent form contained the research objective, methodology of biological
materials used, and the process of biological material collection. This same consent form
was given to caregivers and patients of the control group.

All participants were screened for LRGI levels from serum and urine specimens on
the day of admission, and subsequently on the second and fifth postoperative day for
AM participants. The current trend for treating pediatric appendicitis to predominately
petfum:l. minimal invasive techniques for surgical treatment and therefore, laparcscopic

omy is more common. The patients were operated by certified pediatric surgeons
cf the CCUH with a co-author as an assistant or the operating surgeon. Intraoperatively,
microbiological cultures were obtained from the patient’s peritoneal cavity. After appen
dectomy, additional microbiclogical cultures were taken from the appendix and then the
appendix was sent for further histological examination. Patients were objectively classified
as AuA or Ach by the absence or presence of bacterial growth in the peritoneal cavity:
The primary outcome was to determine whether there is a biomarker level difference
between appendicitis and non-appendicitis patients; secondarily, whether this biomarker
differentiated between AuA and AcA.

24 Serum LRGI Collection and Analysis

Commercially available Human Leucine-rich alpha-2-Glycoprotein 1 ELISA kit (Cata-
log No. NBP2-60577, Novus Biclogicals, USA) were used to determine LRG1 levels, per the
manufacturer’s instruction manual. The minimum amount of blood required per patient
for LEG1 was 300 pl. per analysis (baseline, second and fifth postoperative day). The serum
was collected and stored at —80 7C after centrifugation. All of the samples were measured
in three different wells with results appearing within approximately 2—4 h. This kit used the
ELISA method to detect human LRG1 that employs a quantitative sandwich enzyme im-
munoassay technique. The patient samples were sandwiched by the immobilized antibody
and pre-coated LEGI-specific polyclonal antibody wells, and subsequently recognized by
the streptavidin-percxidase conjugate. After the unbound materials were washed away, a
peroxidase enzyme substrate was added from which the color intensity could be measured.
The minimum detectable LR(G1 serum level was (1313 ng/ ml. Obtained values in ng/mL
were converted to ug/mL for further calculations.

2.5 Urine LRG-1 Collection and Analysis
The same kit and instruction manual procedure were employed for urine analyses
Midstream, clean-catch urine specimens of at least 200 ul. were collected in a sterile cup on
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admission, and subsequently for AA participants on the second and fifth postoperative
day. Most AA patients had their day (! urine sample collected during operation through a
urine catheter Urine samples were centrifuged at 2000 rpm for 10 min at 4 *C and then
these supernatants were stored at —80 °C before analysis. The following day, the samples
were transported to the laboratory for processing. The same steps of ELISA, as performed
on sLRG1, were also executed on these samples.

1.6 Statistical Analysis

Microsoft Excel 2016 and IBM SPS5 Statistics 26 were utilized for statistical analyses
and the data was validated by a statistical analyst for accuracy. Eesults were expressed
as median values and interquartile ranges (IQR). The comparison between groups was
calculated using the Mann-Whitney U-Test for two groups and Kruskal-Wallis test for
all three groups for quantitative variables, which do not follow normal distribution. The
Fisher Exact Test and Pearson Chi-square test were applied on qualitative variables to
determine associations between the groups. A meceiver operated characteristic (ROC) curve
was generated by plotting the false-positive fraction versus the true-positive fraction for
every passible cut-off score, and area under the ROC curve (AUC) was calculated; thenefore,
this determined the clinical importance of the biomarkers, as well as their diagnostic value
mregarding appendicitis. A p-value of <0105 was considered statistically significant.

3. Results
3.1 Oinical Charadt eristics of the Study Population

During the study, samples were collected from 153 patients eligible for this research;
97 weme diagnosed with appendicitis and 56 had no suspected infectious or inflammatory
pathology. Participant ages ranged from 7 to 17 years, with a median of 12 years; 58% of
which identified as male and 42% female. Patients with AA underwent appendectomy,
and intrapperative swabs of free peritoneal fluid were collected to detect potential bacterial
growth in the peritoneal cavity to distinguish AcA 52 (53.6%) from Aud 45 (46.4%).

Patients were predominately operated laparoscopically (87.6%), and only four AuA
and eight AcA patients were operated conventionally. Nine Aud (22.5%) and 31 AcA
(77.5%) patients required the placement of a drainage tube; 3 AA patients received an ab-
dominal ultrasound, but only 69 patients” diagnoses were confirmed for acute appendicitis.
Demographics and clinical characteristics of the patients are presented in Table 1.

Table L Demographics and clinical characteristics of cohort population.

AuA AcA Cer Total p-Value
m=43 m=52 o= 56 n=153
Gender, n (%)
Boy 23(14.4) 7 (16.3) 30 {35.5) 89 (58.2) n0sEL
Girl 23(150) 1157 7Ly 64 (4L8)
Age. Mdn (JR) 120 (1 D-15.0) 120 (3.0-14.0) 135 (103-15.0) - 0100 ==
T of s L)
yp![apm\;m;y 41911) 24 (BAA) - BEERE e
Laparotommy 485} B(154) - 1Z(124)
Ultrasound, n (%) 30(435) 3 (B6S5) - &9 (ILE3) 0349
Drainage tube, n (%)
Yes 9 (209 ) - “@ <fLodi*
No el 20(39.2) - 54
Length of hospital stay, days (IJR) 5 (d-6) 6 (43 - - woaz ==

AcA = Acute complicated appendicitis, AwA = Acute uncomplicated appendictiy Ctr = controd group. Median values ane pesentsd with
HOR (25%; 75%). *—Pearson Chi-square fest, **—Mann-Whitney U-test, ***— Kruskal-Wallis test
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3.2 Serum Leucine-Fich Alpha Glycoprotein-1 Levels

Baseline preoperative s-1LRG] concentrations are presented in Table 2, along with
values of the second and fifth postoperative days. s-LRG1 median value is mome than twice
as high in AuA compared to control group and almost three times as high in AcA. The me-
dian preoperative = LEG] values for AcA, Aud, and the control group were 88.12 pg/ml,
70.56 ug/ml, and .08 pg/ml respectively. Additional assessment of the dependency be-
tween s-LRG1 concentration and disease grade in AA patients is demonstrated in Figure 1,
which reveals that appendiceal mucesal inflammation significantly correlates with an
increased s-LRG1. There was a significant difference between control and AcA and/or
Aud (p< 0.001, p< 0001), as well as disease severity (AcA versus AuA) p =0.001 when

compared between AcA vs. Aud only

Table L Pre- and post-operative LRG] kevels per appendicitis status.

AcA, ug/ml (1QR) AuA, pg/mL (IQR)  Control, pg/mL (IQR) p-Value
DAY D

Serum TIL56 (62 64834 6212 (TL12-106.13) 3408 (7 50-42.797) <0001
Urire 0.10 {0.0-0.73) 0.35 {0.05-1.38) .04 (0.02-0.10) <L
DAY 2

Serum 7499 (51.00-96.03) B7.90 (T.32-104.10) 0048
Urire (1088 {01001 28) 021 (0060 98} 0.m7
DAY 5

Serum 6673 (56,0585 78) S0L.97 (62.14-99.03) 0110
Urine (04 {02037 0,10 0.00-0.25) 010z

Ach= Acuie complicated appendicitis, AuA = Acute uncomplicated appendicitis, LRGI = Leucine-rich alpha ghycoprotein-1. Median
values are presnted with IR (25%; 75%).

s-LRG1 day 0

200

15D

100

=]

-
5% nED  Com T

AU ArA
Group

Figune 1L & LRG] of each patient group. &L RGT kbvels ame ncreased in pal:iunl-_-.with AA (n=49T) L'umpamd to the comrol
group [ = 56), *** p < 0001 &LRGI could detect disease progress when analy zing AcA (r = 52) and Auh (0 = 45),
= = 0001 A significant difference was recognized when the conbrol group was compaged o AcA and Aud separately;
*p <01 and ** p < 0001, espectively.
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=LRG1 levels declined to 809 pg/ml and 66.73 pg/mL in AcA and Aud {p=0.110)
respectively on the fifth postoperative day, which were also significantly lower than levels
at EI admission (p < (L001) (Table 2). Thus, these results suggest s-LRG1, as a novel
biomarker after appendectomy, correlates with patient recovery.

3.3 Urine Leucine- Rick Alpha-2 Glycoprofein-1 Leves

Baseline preoperative values and values on the second and fifth postoperative days
of u-LRG1 are shown in Table 2. The median precperative u-LRG1 levels for Ach, Aud,
and control group were (.35 pg/mL, 0.10 pg/ml, and (.04 pg/mL respectively; therefore,
the control group presented with the lowest baseline level. Further assessment of whether
u-LRC1 levels were associated with disease activity in patients with AA is demonstrated in
Figure 2. This reveals that appendiceal mucosal inflammation significantly cormelates with
increased u-LRG1 levels (p = 0.001). There was a significant difference between control
versus AcA and Aud (p < 0001, p= 0L005); however, disease severity (AcA vs. AuA) could
not be differentiated (p = (LOBS).

i
f & |
53
bl
1
0 4
o
'E W ek
- Ii—-“—||
g | 1
]
L]
12 5
i i i 1
ELs Ak Cw
Group

Figume 2 wLRGI of each patient group. wLRG] levels ame increased in patients with A (n= 97)
compared to the control group (r = 56), *** p < 001 u-LRG] was not able to detect disease
progress when analyzing AcA (n = 52) and AuA (n = 45), ™ p = 0089, A significant difference
wias fecognized when the control group was compaed to AcA and Aud separately; * p< 0.001 and
** p= 0005, mespectively.

u-LRGI levels on the fifth postoperative day declined to 0.10 pg/mL in AcA and
0.4 pg/ml AuA (p= 0102} wLRG1 levels were significantly higher at the time of
admission to the ED than on the fifth postoperative day, (p < 0.001) (Table 2). u-LRG1
concentrations dropped by mome than 50% (52/ 93 patients) after the diseased appendix
was resected. Thus, these results suggest u-LRG1, as a novel biomarker, cormelates with the
improvement of patient recovery post-appendectomy:

34, Threshold Sensitroity and Specfiaty of Leucine-Rich Alpha-I Glycoprotein-1

Given the potential role of LRG as a biomarker for clinical diagnosis of AA, additional
investigation of its diagnostic accuracy in detecting the complicated course of disease was
performed by analyzing sensitivity and specificity of serum and urine LRG1 through the
application of ROC curves and AUC analysis. The s-LRG1 cut-off value for patients with
AA was 51.69 ug/mL, and for AcA was 84.05 ug/ mL. The ROC curves demonstrate an
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AUC of 0.95 (95% CI 0.91-0.99) and 0.69 (95% CI 0.59-0.80) respectively (Figure 3A,B).
s-LRG1 in A A had 93.8% sensitivity and 91.1% specificity, while in AcA, it displays a lower
sensitivity and specificity: 59.6% and 77.8%.
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Figure 3. Analysis of s-LRG1 and u-LRG1 for sensitivity and specificity. The ROC curve for s LRG1
analysis AcA va AuA children demonstrated AUC of 0.69 (95% CI 0.59-0.80) at cut-off value of
84.05 pg/ mL and for -LRG1 AUC of (160 (95% CI 0.49-071) (A) The ROC curve for s-LRG1 analysis
AA va. Ctr demonstrates AUC of 0.95 (95% CI 0.91-0.99) at cut-off value of 51.69 pg/mL and for
wLRG1 AUC of 070 (95% CI 0.62-0.79) at cut-off value of 0.175 ug/mL (B).
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The wLREGT cut-off value for AA patients was 0175 pg/ml, and for AcA was not
significant. The ROC curves demonstrate an AUC of 070 (95% C1062-079) and (.60 (95%
CT0.45-0.71) respectively (Figure 3A,B). u-LRG] for appendicitis had a sensitivity of 54.2%
and specificity of 83.9%. The efficency of u-LRG] as a predictive marker of AcA versus
AuA was found to be insignificant (p = 0.08Y) (Figure 3A). Contrarily, u-LRG1 proves to be
an adequate predictive marker of AA (p < 0,001) (Figure 38).

4. Discussion

Accurate, early diagnosis of acute appendicitis continues to be a major diagnostic
challenge, and biomarkers potentially can confirm appendicitis and determine the severity.
Current inflammatory markers of leukocytosis and CRF are too vague to accurately deter-
mine appendicitis with high specificity or sensitivity [5]. The authors of this study assessed
LRG1 as a potential diagnostic tool because its marked expression is believed to represent
an increased inflammatory process in patients with appendicitis. The primary objective
was toevaluate the significant potential of LRG1 in distinguishing AcA from AuA as to
commence adequate therapy. This study demonstrated that patients with appendicitis had
significantly elevated s-LRG1 and v LEG1 concentrations compared to the control group
and had a significant difference of s-LRG1 concentrations in AcA and Awd, indicating that
5LRG1 cormelates with the severity of appendicitis.

This study met many limitations as testing was performed at a single-center with
a finite range of resources during inconsistent hours which limited patient participation.
Most patients received either antibiotic and,/or intravenous fluid therapy prior to surgery
and sample collection, which may have affected biomarker concentrations. The usage of
different Human Leucine-rich alpha-2-Glycoprotein 1 ELISA kits by other publications
make the comparison with the results of this study arduous. The analysis of LRG1 samples
was performed at a clinical research laboratory, not at the hospital’s laboratory, and there-
fore, concentrations could hawve been affected. The required duration to process urine and
serum LEG1 im a clinical care setting has been reported to be two hours by Sald et al. with
the new generation "Ultrafast ELISA Assay” [16]. Patient quota limited the multiple types
of patients that could be included; however, this study provided a basis for future broader
studies, which are already underway. Patients under seven were excluded—as that age
range tends to have a different pathophysiclogy for appendicitis as there is a strong link
to bouts of viral infections such as gastroenteritis—and pre-hospitalization anamnestic
information can be quite limited. The authors already have started another research study
which includes these young patients.

A diagnosis of appendicitis needs to be ruled out from non-specific abdominal pain,
and quite frequently, laboratory analyses and a surgical consult are the tools. Patients
with non-surgical abdominal pain were not included in this study due to the patient
quota. It was important to determine whether there was any basis for expanding this
type of study regarding LRG1 diagnostic abilities in acute appendicitis. Multiple recent
publications demonstrate the correlation between an enriched s-L.LRG1 concentration and
the confirmed diagnosis of AA in children, which also is supported by this study’s find-
ings [7,12-14,17-19]. A vast amount of clinical reports observes increased s-LRG1 levels in
the development of a variety of disorders such as inflammatory disorders (intestinal, renal,
and respiratory systems), oncological pathology (e, colorectal cancer, hepatocellular
carcinoma, pancreatic cancer, ovarian cancer, lung cancer) and other chronic conditions
(e.g., ulcerative colitis (UC), hydrocephalus, heart failure) [15,20-29]. The presence of
LRG1 in diseased appendices and serum can be explained by neutrophils secreting LRG1
in response to bacteria [12,14,19,25,30]. Its role in inhibiting cell apoptosis by binding to
Cytochrome C stimulates lymphocyte survival in the appendix and protects appendiceal
tissue from susceptibility to toxicity [31]. In addition, LRG1 binds to accessory receptors of
Transforming Grow th Factor- § regulating a signaling pathway that stimulates angiogenesis,
which may enhance tissue inflammation [25,30]. These studies also did not include patients
with non-specific abdominal pain and therefore, further investigation is warranted.
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Yap et al. revealed the efficient combination of s-LRG1 analysis with Alvarado score
assessment had improved diagnostic accuracy of AA, creating the possibility of diagnosing
AA at the ED without radiological confirmation [19]. The data show that s-LRG1 has
markedly high specificity and sensitivity for the confirmation of suspected AA (Figure 38),
which leads to agreement with the suggested strategy of Yap et al. to replace IL-6 with
s-LRC1 in the Alvarado score with a proposed lower limit of 51.6% ug/ml. as a standard
for suspect AA. Anupamet al. produced a cut-off value of 40.15 pg/mlL [30]

Time is a vital factor in the progression of AA. Subacute appendicitis cannot be de-
tected by CRF, IL-6 or leukocytes. Neutrophils act as first responders to infection, which
explains the rapid detection of AA by LRGI, as it is secreted by neutrophils. Additionally,
LRG1 has a longer halt-life than CRF, thus the time range in AA is in favor of LRGI [15]
CEF production is primarily dependent on liver stimulation by 1L-6, whereas LRG1 is
secreted by hepatocytes, intestinal epithelium, neutrophils, and macrophages if induced
by I1-22, IL-18, TNF-x and LFS apart from IL-6 [13-15,30]. Markedly high =LEG1 is
immediately associated with high vulnerability to a complicated appendicitis and hence
is indicated for emergency appendectomy Elevation of s LRG, to an ambiguous extent
with low potential of AcA, grants valid grounds for antibiotic therapy. [t was demon-
strated in this study that LR levels lowered in response to treatment in patients”
post-appendectomy and receiving antibiotic therapy. Toevaluate positive treatment re-
sponse, s-LRG1 can be re-evaluated on second and fifth day of antibiotic therapy to exclude
the necessity of invasive treatment. This proposal may aid future approach to conservative
AM treatment strategy.

u-LRG1 levels of pediatric appendicitis patients were significantly elevated in com-
parison to the control group in this study (0.10-0.35 ug/mL and (.04 pg/ mL respectively,
p = (L001). This confirms previcusly published statements on LRG1 as an accurate diag-
nostic method, superior to current urinary inflammatory markers [13,14,16,17,32]. From
Figure 3, the authors deduct that starting from a u-LRG1 value of 0,175 pg/ml. could
indicate AA. Anupam et al generated a cut-off value of 0.042 pg/mlL using an alternative
ELISA [30].

The nenal threshold and selective filtering of LRG1T are unknown, but its marked eleva-
tion in urine proposes its local release by inflammatory sites (e.g., mescappendix) and for
neutrophils [12,14,33]. Lee et al. explained LR(G1 expression in urine by analyzing renal
tubular injury caused by proteinuria, which induces an MLEP3 activation and maturation
of [L-1f, and themefore, results in a positive stimulation of LRG] in tubularepithelial cells in
various renal disorders [22]. It is necessary to investigate more on the physiology of LRG1
in the kidney as it is increased in AA cases, which typically do not have renal impairment.
Rodriguer-Suarez et al. found that, beside the merit of LRGI to AA diagnosis, their results
of increased u-LRG1 levels corresponded to the histological severity of AA [32]. When they
applied Selected Reaction Monitoring (SEM), their results demonstrated that u-LEG1 is
elevated 100-fold in patients with acute appendicitis compared to those without [32]. This
study’s results with ELISA merely showed a mild significant difference between AA and
control, and thus, when comparing AcA and Aud, there was no sufficient difference (0.42
and (.33 pg/ mL respectively, p = 1.000).

The physiological characteristics of LRG1 include the ability to distinguish AA severity,
its rapid response to inflammation, resolute accuracy, enduring half-lite, and inde pendence
from stimulatory and secretory mechanisms. Therefore, LRG1 qualifies as a more adequate
and efficient biomarker compared to those currently applied. It should be emphasized
that the results of the study in Latvia could improve the quality of medical care in rela-
tively low socic-economic situated countries. Thus, urinalysis of LRG1 as an inexpensive,
non-invasive diagnostic tool that could substitute imaging techniques, aliering present
diagnostic guidelines. Howewver, prospective studies in large populations should consider
other inflammatory markers so as to increase diagnostic efficacy of severity of appendici-
tis. The accuracy of w-LRG1 and s-LRG1 in diagnosing AA should be more elaborately
imvestigated, focusing on its pathophysiology (e.g., in the renal and intestinal tract). LRG1
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deserves a wider research scope in various institutions to continue its verification as a
valuable diagnostic tool in A A; the approach of which must involve the exclusive use of
one type of Human Leucine-rich alpha-2-Glycoprotein 1 ELISA kit. The response of LRG1
to antibiotic treatment promises interesting possibilities of altering therapy evaluation. Ad-
ditional investigations remain to be completed regarding the response of LRG1 to diverse
types of bacteria and different classes of antibiotic and intravenous fluid therapy: The fact
that = LRG1 is significantly increased in AcA when compared to Aud, enables speculation
of its spread to the peritoneal fluid, which, thus far, is insufficiently examined. Cut-off
values of s-LRG1 or u-LRG1 for the determination of AA or AcA need to be investigated
further so a standard of diagnostic LRG1 values may be confirmed. Furthermore, the
potential of LRG1 mRMNA as an accurate marker for A A should be investigated.

5. Conclusions

The results suggest that along with clinical suspicion of AA, LRG1 is an accurate
marker in diagnosis confirmation. The severity of AA with respect to AcA and AuwA can
be distinguished by the s LRG1 concentration, and therefore, the evaluation of s-LRG1
could prove useful to initiate adequate therapy and analysis of disease status. wLRG1 and
sLRG1 exhibited excellent diagnostic performances as inexpensive, non-imvasive, rapid,
and accurate biomarkers that reflect the pathoge nesis of AA. The results of this study could
improve the quality of medical care in relatively low socio-economic countries
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Abbreviations

AA Appendicitis

Ach Acute complicated appendicitis

Aud Acute uncomplicated appendicitis

ELIEA Enzyme-linked immunosorbent assay
-6 Interleukin &

#LRGl  Serum Leucine-rich alpha-2 glycoprotein 1
TNF-x Tumor necrosis factor-alpha

wLRG]  Urine Lencine-rich alpha-2 glycoprotein 1

References

L Joshi MK; Jeshi B; Alam, 5.E; Agarwal, 5.; Kumag 5 Negative Appendectomy: An Audit of ResidentPerformed Surgery.
Heww Can Its Incidence Be Minimized? Indian | Swrg. 2015, 77, M13-917. [CrossHef]
1 D'Souza, N.; Nugent K. Appendicitis. BMJ Cliin. Evid 2014, 8, 0408,

81



Annex 2 continued

Diagnostics 201, 11, B&D 11 of 12

3 Blomgvist, PG Andersson, RE B Granath, E; Lambe, M E; Ekbom, A B Mortality after appendectomy in Sweden, 1987-1996.
Ann. Surg. 2000, 233, 455460, [CrossRef] [PubMed]

4 Zwiedre A; Engelis, A ; Trefjakovs, F; Jurka, A.; Zile, L; Petersons, A, Role of serum cytokines in acute appendicitis and acute
mesentkeric lymphadenitis among childeen. Medicne 2006, 52, 201-297. [CressRed] [Pubbed)

3 Pedany, A B. Acube Appendicitis in Pediatric Patients: An Updated Narrative Review. |. Clin. Gastroenferol Treal. 2007, 3, 1-9.
[CrossRef]

6 Kingsnorth, A; Reilly, D.O. Clinical teview Acute pancreatitia. BM] 2006, 332, 1072-1076 [CrossRed] [PubMed]

7. Kharbanda, AB.; Rai, AJ.; Cosme, ¥; Liu, K; Dayan, P5. Novel serum and urine markers for pediatric appendicitis. Amd Emerg.
Med. 22, 19, 56-62. [CrossBef] [Fubbed]

&  Almaramhy, H.H. Acute appendicitis in young children less than 5 years: Review article. ltal. [ Pedietr. 2017, 43, 1-9. [CrossRef]

9 Wray, C; Kao, L5; Millas, 5.G.; Teao, K; Ko, TC Acute Appendicitie: Controversies in Diagnosis and Management. Curr. ProbL
Surg. 2013, 50, 54-86. [CrossHef]

10. Coursey, CA; Nelsan, R.C.; Patel MB; Cochran, C; Dodd, LG.; DeLong DM, Vaslef, 5. Making the diagnosis of acute
appendicitis. Do more preoperative CT scans mean fewer negative appendectomies? A 10-year study. Radidlogy 2010, 254,
460-468. [CrossHef]

11 Bachug RG.; Hennelly, K; Callahan, M.L; Chen, C.; Monuteaux, M.C. Diagnostic imaging and negative appendectomy rates in
childrer: Effects of age and gender. Pedintrics 2002, 129, 877-884. [CrossRef]

12 Kentsis, A; Lin, YY.; Kumek, K; Calicchio, M; Wang, ¥Y.; Monigatti, F; Bachug, B Discovery and Validation of Urine Markers of
Acutke Pediatric Appendicitis Using High-Accuracy Mass Spectrometry. Ann Emerg. Med 2010, 55. [CrossBed]

13, Kentsis, A Ahmed, 5; Kok, K; Brennan, E; Bradwin, G.; Skeen, H.; Bachur, B Detection and di.agmeﬁ: value of urine
leucine- rich e 2-gly coprotein in childfen with suspected acute appendicitis. Ann. Emerg. Med. W12, 60, 78-83. [CrossRef]

14 Naka, T; Fujimoto, M. LRG is a novel inflammatory markers clinically wseful for the evaluation of disease activity in rheumatoid
arthritis and inflammatory bowel disease. Immumol Med. 2008, 41, 62-67. [Cros=Raf]

15. Serada, S; Fujimoto, M.; Terabe, F; lijima, H.; Shinzaki, 5.; Matsuzaki, 5.; Maka, T. Serum leucine-rich alpha-2 glycoprotein is a
disease activity biomarker in ulcerative colitis. Inflamm. Bowd. Dis. 2012 15, 2166-2179. [CressRef] [PubMed]

16 Kentsig, A Challenges and opportunities for discovery of disease biomarkers using urine probeomics. Padialr. Inf. 2011, 53, 1-6.
[CrossRef] [FubMed]

17. Druban, L.J.; Lance, A; L3, 5; Price, AE; Emerson, .T,; Baxter, S.A.; Avalos, B.R. Leucine rich &2 glycoprotein: A novel
neutrophil granule protein and modulator of myelopoiesia. PLoS ONE 2017, 12, e0170261. [CrossRef] [PubMed]

18 Zhang Q; Huang, R ; Tang, Q; Yu, ¥; Huang, Q. ; Chen, Y Wang, X Leucine-rich alpha-2-glycoprotein-1 is up-regulated in
colopectal cancer and is a tumor promotes. Oncoolarget's Ther, W08, 1T, 37451752 [CrossFed]

19 Oikonemou, KA ; Kapsoritakis, A N Theodaoridow, C.; Karangelis, D.; Germenis, A ; Stefanidis, |; Potamianes, S P Neutrophil
gelatinase-associated lipocalin (NGAL) i inflammatory bowel disease: Association with pathophysiology of inflammation,
established markers, and disease activity. J. Gastroenterd. 2012 47, 519-530, [CrossRed]

20, Shinzak, 5; Matsuwoka, K; lijima, H.; Mizuno, 5.; Serada, S.; Fujimoto, M.; Maka, T. Leucine-rich Alpha-2 glycoprotein is a serum
bicsmarker of mucosal healing in ulcerative colitis. |. Crohm’s Colilis 2017, 11, 8401 [CrossRef] [PubMed]

21 O'Donnell, LC; Druhan, L] ; Avales, BR Molecular characte rization and ex pression analysis of leucine rich al pha?-gly coprotein,

a novel marker of granuloeytic differentiation. | Lewkoc. Biol. 2002, 72, 475-485.

Wms, CH;Li, M Lin, LIL; Zhou, BY; Fu, j.;?_ha.ns, 2 Yun, P LRGI ex pession indicates unfav orable clinical outoome

hepatocellular carcinoma. Oncolarger 2015, 6, 4211842129, [CrossRei]

Andersen, |0.; Boylan, KLM,; Jemmerson, R Geller, MLA; Misemer, B; Harrington, K.M.; Skubitz, A PN. Leucine-rich

alpha-2-glycoprotein-1 is upregulated in sera and tumors of ovarian cancer patients, J. Ooarian Res. 2010, 3, 21. [CrossRei]

24 Zhang, |; Zhu, L Fang, | Ge, 20 Li X LRG] modulates epithe lial-mesenchymal transition and angiogenesis in colodectal cancer

via HIF-1e activation. |. Exp. Clin. Cancer Res. 2006, 35, 29. [CrossRef]

Hae, L; Xie, H; Zhang, B.; Chen, D; Wang, 5.; Zhang, H; He, 5. LRG1 downregulation in allergic aitway disorders and its

expression in peripheral blood and tissue cells. [ TransL Med. 2018, 14, 202, [CrossRef] [PubMed]

Codina, K.; Vanasse, A; Kelekar, A; Veays, V; Jemmerson, B Cytochrome cindued ly mphocy te death from the cutside inc

Inhibition by serum leucine-rich alpha-2-glycoprotein-1. Apoplosis 2010, 15, 136-152 [CrossRef] [PubMed]

Bozkurt, 5; Kose, A ; Erdogan, 5; Bozali, G.L; Ayrik, C; Arpaci, BB; Tirkmenoghs, O MPY and other inflammatory markers in

diagnmdnﬁamle appendh:‘rl's. I Pak. Med. Assoc 2015, 65, 637641,

Sandanayake, N.S; Sinclaig |; Andrecla, E; Chapman, M.H; Xue, A Webster, G ].; Pereira, SP A combination of serum

leucine-rich & 2-glycoprotein 1, CA1%-9 and interleukin-g differentiate biliary tract cancer from bendgn biliary strictures. Br. J.

Cancer 2011, 105, 1370-1378. [CrossRef] [PubMed)

Yap, T.L.; Fan, J.I0; Chen, ; Ho, MLE; Choo, C5; Allen, ].; Nah, 5.A. A novel noninvasive appendicilis score with a usine

biomarkec |. Pedidtr. Surg. 28, 5, 91-96. [CrossRed]

Kakar, M; Delmore, M ; Broks, B ; Asane, L; Bulnese, M.; Saxena, A ; Engelis, A Kroica, |; Saxena, A ; Petersons, A Determin-

img, Acute Complicated and Uncomplicated Appendicitis Using Serum and Urine Biomarkers: Interleukin-6 and Neutrophil

Gelatinase Lipocal. Pediatr. Surg. Inl. 2020, 36, 629-636. [CrossRef]

2

E o8 B I

2

82



Annex 2 continued

Diagnastics 203, 11, 850 120f12

31  Raimer, TH; Leung, L.Y; Chan, CPY; Leung, YK ; Cheng, N.M.; Lai, FB.S; Graham, CA. Circulating human leucine-rich
a-2-glycoprotein 1 mBNA and prokein levels to detect acute appendicitis in patients with acute abdominal pain. Chin. Blochem
2017, 50, 485400 [CrossRef] [PubMed]

32 Salon, M.; Roth, B.; Stenstrodim, B; Ambjdmssen, E.; Ohlsson, B, Urinary biomarkers in pediatric appendicitia. Pediatr. Surg. Inl.
20146, 32, T95-804 [CrossRef] [PubMead]

33 Lee, H; Fujimoto, M.; Ohkawara, T.; Honda, H.; Serada, 5.; Terada, ¥; Naka, T. Leudine rich o2 glycoprokein is a polential
wrinary biomarker for fenal tubular injuey. Biochem. Biophys. Fes. Commun. 2018, 498, 1045-1051. [CrossRef] [PubMed]

83



@ medicina

Third Publication

by

Arfice

Microbiota Assessment of Pediatric Simple and Complex
Acute Appendicitis

Mohit Kakar %%*(, Aigars Reinis 37, Juta Kroica *%, Amis Engelis 20, Renars Broks %, Lasma Asare 4,
Marelize Vermeulen %, Simone Oliver Senica 57, Amulya Saxena * and Aigars Petersons 12

check for

updates
Citatines Kakar M ; Reinis, A ;
Bresca, |; Engpedia, A ; Bk, BL;
Asae, L ; Vermwuken, M Seauea, 50;
Samuena, A Petersons, A Macnobiota
Asssment of Pedialvic Snphe and
Compler Acube Apperalicitie.
Meficing 2002, 55, 1144 hatpse/ /
s oo 1030 erwndicanaBans1144

Academs: Editee: Johanoes Mayr

Reeivind 20 July 202
Acorplat 16 Augsit 2022
Pubishet 23 Augnat 2T

Publisher’s Note MOP] siaps seatral
with fupard bo jurisdctional clains @
praabilishud s s institutical afs-
i

oMo

Copyright & 2027 by the awthers
Licumare MDFL, Basel Switmirbend
This artick: & an open s anticle
dislfibobed whder e Edde asd
comditions of e Ceative Commens
Abts e (00 BY) ligense fhitpse/
vttt o oy B/ by
dofp

'Depmmut’ Pediatric Sm'Eu'_y; Children's Clinical Unh!nit:,anrp:inL [N-1004 Kiga, Latvia
Department of Pediatric Surgery, Riga Stradins University, IV-1007 Riga, Latvia

Department of Biology and Microbiology Figa Stradins University, LV-100F Riga, Latvia

Statistics Unit, Riga Stradins University, IV-1046 Riga, Latvia

Faculty of Medicine, Riga Stradins University, IN-1007 Riga, Latvia

'Depmmut’ Pediatric Sm'Eu'_y; Chelses Chﬂdzn's]']nrprinl, Cheleey and Westminstesr NHS Fdn Tross,
Imperial College London, London SW10 9NH, UK

*  Comespondence: mohiten@gmail com

N e s e =

Abstrack Background and Objectives. The aim of this study is o determine the prevailing micro-
bricda in samples from pediatric patients with acule appendicitis, as well as evaluate the antibacterial
sensitivity of the isolated microorganisms, comparing the data obtained with the clinic's antibacterial
therapy guidelines. Materials and Methods. The study group consisted of 93 patients bebween the
ages of 7 and 18. All patients undenwent a laparoscopic of conventional appendectomy. The chil-
dren wene hospitalized with signs and symptoms sugpestive of acube appendicitis. Microbiclogical
cultures from the appendix and abdominal cavity were collected intraoperatively. Results. E. cali
was identified in most cases irrespactive of the clinical presentation of acute appendicitie. Maost
strains were susceptible to ampicillin and amoxicilling clavulanic acid. Five strains of E. ol produced
extended spectrum beta-lactamase (ESBL). Psendomonas aeruginesa (P aeruginosa) was the second
most commonly isolated causative agent Furthermore, it wis common in cases of acule complex
appendicitia. Most strains of I geruginoss were resistant to amoxicilling clavulanic acid, ertapenem,
ampicillin and cefotaxime, yet wene susceptible to ceftazidime. Regardless of the clinical presenta-
ton, the samples yvielded mixed isolates. Conclusion. E coll is the main causative agent of acute
appendicitis in the pediatric population displaying susceptibility te various antibictics. I asniginesa
was moge prevalent in cases of acute complex appendicitis. . geruginosa isolates wepe susceptible to
ceftazidime; howev e, they wene rasistant to cefotaxime, which should, thesefom, be removed from
guidelines for empirical antibacterial treatment of acube appendicitis due to phenoty pic resistance of
P aeruginosa. We ecommend antibiotics with distinct implementation to avoid anibiotic fesistance.

Keywonds: simple and complex pediatric appendicitis; microbiota; P! eeruginosa; enpirical antimiceo-
bial treatment; antibacterial susceptibility

1. Introduction

The therapeutic plan for acute appendicitis has advanced in children to favor non
surgical antibacterial treatment over surgical treatment. Complicated appendicitis is the
most commen cause of intra-abdominal infections in children [1]. In order to decrease the
risk of post-operative complications in cases of complicated appendicitis, such as wound
infections and intraabdominal abscesses, antibiotics are included in the treatment protocols.
However, there is a lack of unity with regards to the optimum choice for antibiotic regimens
in cases of acute appendicitis in children. Momeover, the most suitable regimen can be
subject to change depending on the geographical distribution of species of pathogenic
and opportunistic pathogens as well as their antibacterial resistance. Thus, it is important
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to assess the etiopathology of pediatric appendicitis (simple and complex) clinically and
analyze the antibacterial susceptibility of its causative agents [2,3].

The aim of this study is to determine the prevailing microbiota in samples from pe-
diatric patients with acute appendicitis, as well as evaluate the antibacterial sensitivity of
the isclated microorganisms, comparing the data obtained with the clinic’s antibacterial
therapy guidelines. The results of the study showed that P geruginosa was mome common in
cases of acube complex appendicitis than in acute simple appendicitis. It was resistant to ce-
fotaxime, which should therefore not be recommended for empirical antibacterial treatment
of acute appendicitis. Antibiotics with different mechanisms of action should be used for
treatment of acute complex appendicitis to avoid the development of antibiotic resistance.

2. Materials and Methods

A total of 93 patients (47 males, 46 females) between the ages of 7 to 18 were enrolled
for this study due to limitations with the ethics approval. Patients wene admitted to the
Children’s Clinical University Hospital with complaints of acute abdominal pain in con
junction with signs and symptoms suggestive of appendicitis. Patients were screened
pre-operatively to confirm or exclude this diagnosis. All patients underwent a laparoscopic
or conventional appendectomy. Microbiological culture swabs from the appendix and
peritoneal cavity were collected intracperatively. The pediatric surgery team supervising
the patients with appendicitis received written consent forms from the respective camne-
givers and assent from the patients if they weme 13 years of age or clder. The consent
and assent were concerning to the research objective and methodology used for inves
tigating the biological material [4,5]. Ethical approval All procedures executed in this
study involving human contenders were in accordance with the ethical standards of the
institutional and/or the national research committee (Riga Stradins University, reference
number: 21,/27.(4.2017; as well as with the Children’s Clinical University Hospital, refer-
ence number: SP-37 /2014.), the 1975 Helsinki declaration and its amendments were also
included or other comparable standards of ethics. Data including patients’ age, sex, and
medical history were poised prior to surgery.

Immediately following the appendectomy, the appendix was anatomized under barren
circumstanoes, paired swab samples were taken from the intraluminal side of the appendic
and an extra swab sample was taken from the submucosa. Specimens were placed in
Amies transport medium for immediate transfer and subsequent bacterial culture [£].
They were cultured under aerobic and anaerobic conditions. Cultivation was performed
on blood agar (Supplement, Oxoid, Hampshire, UK; Defibrinated Sheep blood—E&:O
laboratories limited, Falkirk, Scotland), MacConkey (Oxoid, UK) and try pticase soy (Ohid,
UK) agar. Bacterial necognition was performed using the VITEK? analyzer (Biomerieux,
Awvergne-Ehone-Alpes, France).

Tests were conducted on antibacterial susceptibility, evaluations on the subsequent
mresults were in accordance with recommendations from the European Committee on
Antimicrobial Susceptibility Testing (EUCAST), more specifically “Clinical breakpoints and
dosing of antibiotics” (Version 8.0, 2020) [7]. Cultures that were cultivated overnight wene
suspended in physiclogical saline of up to 0.5 McFarland units (McFarland Densitometer
DEN-1, Biosan, Riga, Latvia). The inoculation of the suspension was on Mueller-Hinton
agar (Ckid, UK). Selected antibiotics were placed on the inoculated plates and included
ceftazidime 10 pg, ampicillin 10 pg, cefotaxime 5 pg, meropenem 10 pg, imipenem 10 pg,
amikacin 30 pg, gentamicin 10 ug, ciprofloxcacin 5 pg, chloramphenicol 30 pg ertapenem
10 ug, amoxicilling clavulanic acid 30 ug and piperacillin/ tazobactam 36 pg (Liofilchem,
Roseto degli Abruzzi, Italy). Plates wem inoculated at a temperature of +35 + 1 °C for
18 £ 2 h. According to the EUCAST standard, the double-disk synergy test (DDST) was
used to detect extended spectrum beta-lactamase E. colf (ESBL). Results were assessed by
measuring the zone of inhibition, and resistance was explained in accordance with the
EUCAST breakpoints.
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Statistical analysis was performed using Microsoft Fcel 2006 (Microsoft, USA) and
IBM SPS5 Statistics 26.0 (IMB, USA). Results were exhibited as interquartile ranges (IQR)
as well as median values. The comparison of quantitative data, which do not follow
standard distribution between groups, was calculated using the Mann-Whitney U-Test,
while Pearson Chi-square and Fisher exact tests weme applied on nominal variables to
determine associations among them. A p-value of <0.05 was scrutinized as statistically
significant The data was entered in 5PS5 and validated by an additional statistical analyst
for reliability.

3. Results

Depending on bactericlogical as well as intraoperative findings, there was an establish-
ment of two patient groups (Table 1). The AcA group consisted of 49 patients (527%) with
a positive culture sample from the peritoneal cavity whemeas those with a negative culture
were classified in the AsA group, this group consisting of 44 patients (47.3%). E. coliwas
identified in 79 patients (84.9%:), thus it is the most common representative of appendiceal
intraluminal microbiota in simple and complex appendicitis. F. aeruginess was the most
prevalent microorganism of the extraluminal appendiceal microbiota (AcA /AsA: 15/5).

Table 1. Overview of study population.

Ack Asd Total pr-Value
Children, n (%) 49 (527) 4 {47.3) a3 0264
Age, median (IOR) 12 (a-14) 13 (10-15) - 0194
Laboratory values, median (I0R)

WEBC count { x10°/ L), 17.01 {13.75-2025) 1479 (13.20-1676) - 0019

CRP (g/L}, 75 93 (45089 68) 15.62 (2.86-39.29) - 0201

Meu B4 50 (B093-E7.00) 80,80 (7 3.90-84.60) 0012

Alvarado Score, points, median (I0R) B (749 7 (6-19) - 0048

Type of surgery, 1 (%)

Laparofoomy 7(63.6) 4({3a.4) 11

Laparoscopy 42 (51.2) 40 (48.8) 82 0439

Dirainage tube, 1 (%) A0 Few) 9{23.1) 39 <0001

Length of hospital stay, days, median (I0R) b (459 5(4-a) - 0.0m

And = soute simple appendicitis, AcA = acute complex appendicitis, WBC = White Blood Cells, CRP = C-Resctive
Protein. Medisn values ame presented with IDR (25%, 75%).

A majority of the patients (76.9%), who had an inserted drainage tube, wemwe diagnosed
with AcA (p < (.007) (Table 1). In a comparison between both groups, it was suggested that
AuA had a slightly shorter median postoperative hospital stay, of five versus six days. The
clinical characteristics of patients are shown in Table 1.

In Table Z, the number of the prevalent isolates per group is shown, AcA and AsA,
mrespectively. A total of 25 different species were identified from samples obtained from
patients with AsA, while 38 species were identified from samples of patients with AcA.
The most commonly isolabed isolate from the appendices wene E. cali, which was found
in 79 samples, followed by F aeruginesa found in 20 samples, Sphingomonas paucimobilis
(5. paucimolilis) in 9 samples, Klebsieln pnaumoniae (K. puewmoniae) in 7 samples, Bacteriordes
[fragilis (B. fragilis) im 5 samples and Citrobacter braakis (C. braakir) in 3 samples (Table 2).
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Antibacterial susceptibility testing results are listed in Table 3. A total of 79 isolates of
E. cali were identified and varied in antibacterial susceptibility. All strains were susceptible
to meropenem and amikacin. Five (8.5%) strains were resistant to ceftazidime; thirty-two
(54.2%:) to ampicillin; six (1002%) to cefotaxime; sic (10.2%) to imipenem; eight (13.6%) to
ciprofloxacin; six (1002%:) to chloramphenicol; two (3.4%) to ertapenem; eighteen (30.5%)
to amaoxicilling clavulanic acid; one (1.7%) to piperacillin/tazobactam; and one (1.7%) to
gentamicin. Additionally, five ESBL-producing strains of E. coli were also isolated.

Table 3. Antimicrobial sesistance and susoepiibility of isolated pathogens.

E colin, % P asmginosan, % Kilehsiellan, % Citrobacter r, %
R s R 5 K 5 R s
. 5 54 5 14 1 B 5
CAZ &5 915 263 7a7 111 as 100.0
2 7 15 1 7 2 5
AMP 542 458 789 2.1 778 73 100.0
. 6 53 12 7 9 5
o 102 w08 632 6.8 100.0 100.0
ca 19 1 B s
MRF 1000 100.0 111 889 100.0
i 6 53 7 12 1 5 5
102 w08 44 612 111 as 100.0
) 19 o L]
AK 1000 100.0 100.0 100.0
1 1.1 19 o L]
o 17 93 100.0 100.0 100.0
. 8 51 2 17 1 8 5
136 86.4 105 89.5 111 8RS 100.0
& Lx] 10 9 o L]
c 02 208 526 74 100.0 1000
e 2 57 12 7 1 8 5
: 34 9.6 E32 36.8 111 8BRS 100.0
) 18 1 16 3 2 7 5
AUG 305 0.5 842 158 222 778 1000
._ 1 58 2 17 1 8 5
e 17 a3 105 #0.5 111 as 100.0

Abbmviations: CAZ—ceftaridime, AMP—ampidlling CTX—cefotaxime, MEP—meropenem, [IMI—imipenem,
AK—amikacin, CN—gentamicin, (P —ciproflexacn, C—chloramphenicol, ETP—ertapenem, AUG—amoxicillin
# clavulanic acid, TZP—piperadlin/ tarobactam.

P aerugiosa, the second most common causative agent, showed a high prevalence in
acute complicated appendicitis cases. A good response was shown during susceptibility
testing to ceftazidime with only 26.3% of isolates being resistant. Ampicillin resistance was
noted in 78.9% of isolates, while in 63.2% to cefotaxime, in 36.8% to imipenem, in 52.6%
to chloramphenicol, in 10.5%: to ciprofloxacin and piperacillin/ tazobactam, in 63.2% to
ertapenem and in 84.2% to amoxicilling clavulanic acid. All tested strains wemne susceptible
to meropenem, amikacin and gentamicin. Antibacterial susceptibility of other backeria
that were isolated in this study are shown in Table 3. Citrobacter spp. tested resistant to
all antibiotics with the exception of amoxicilling/ clavulanic acid, whike Klebsiella spp. was
resistant to cefotaxime, amikacin, gentamicin as well as chloramphenicol.

4. Discussion

The choice of the correct empirical antibacterial therapy is complex as it requires a
clinician to dedide on the most suitable antibiotic treatment prior to receiving the results of
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In the past ter-year period, antibiotic combinations of cefatizidime /avibactam, ceftolozane /
tazobactam and piperacillin/tazobactam have been explored as prospective treatment
options [20].

Avibactam is an affiliate of the class of azabicycloalkanes. Avibactam is a non-beta-
lactam beta-lactamase inhibitor that is accessible in combination with ceftazidime. This
combination was approved by the Food and Drug Administration (FDA) on 25 February
2015 for the treatment of complex intra-abdominal infections in combination with metron-
idazcle [21]. This combination has shown an efficacy of up to %0% against ceftaridime-
esistant strains of P aeruginese [22]. Combined treatment with ceftazidime-avibactam
and colistin has shown promise in treating infections with XDR (extremely drug-resistant)
P aeruginesa [23]). Levels of antimicrobial resistance to ceftazidime and avibactam across
different regions do not show significant variability. They retain sufficient activity against
Gram-negative bacteria, especially the Enterobacteriacene family. P aeruginosa is less sus
ceptible to ceftazidime and avibactam compared to Enterobacterinceae. Ceftazidime and
avibactam cannot be used against microorganisms with intrinsic resistance. Strains that
display resistance to ceftazidime and avibactam should be treated with other effective
antimicrobials or in combination with other antibiotics [14].

Ceftolozane/ tazobactam was accepted by the FIMA in 2014, shortly before ceftaridime /
avibactam was approved for the same indications. It is highly effective in combinations with
meropenem and kevofloxacin [20]. Nevertheless, antimicrobial resistance remains an issue
with around 10% of P asrugiess strains displaying resistance to ceftolozane /tazobactam [24].

The combination of piperacillin/ tazobactam includes an anti-pseudomonal peni-
cillin and a beta-lactamase inhibitor. The mechanism of action is based on inhibition of
biosynthesis of mucopeptides of the cell wall by binding to one or multiple penicillin-
binding proteins. The antibiotic is highly effective during the growth or log stage [25,26].
Treatment protocols have extensive variations, yet most commonly include in-hospital
treatment for one to two days (e.g., ceftriaxone / metronidazole, piperacilling tazobactam
or ciprofloxacing metronidazole) until symptoms are resobved and the WBC count is nor
malized. This is followed by oral antibiotic therapy in the outpatient setting (e.z., amoxi-
cillin/ clavulanic acid or ciproflexacin and metronidazole) [27].

Amikacin in our study demonstrated significant efficacy against isolates from the
samples. It is a broad-spectrum semi-sy nthetic aminoglycoside antibiotic, derived from
kanamycin with antimicrobial properties. Amikacin is bound irreversibly to the bacterial
305 ribosomal subunit, subsequently locking 165 rRNA and 512 protein within the 305
subunit This keads to interference with the translaticnal initiation complex and misreading
of mEMNA, thereby hampering protein synthesis and resulting in a bactericidal effect This
agent is usually used for short-term treatment of severe infections due to susceptibility of
wvarious strains of Gram-negative bacteria [25]. Data are scarce regarding amikacin-resistant
Psendomonas spp. Loho et al. showed that only two P asruginesa isolates were resistant
against amikacin. [ts amalgam with doripenem is synergistic and improves treatment
results [29].

The most confined microorganism from our patients’ samples was E. coli, especially in
those treated for acute simple appendicitis. This finding concurs with results obtained by
other authors [4,8,30-34]). Our facts reveal that strains of E. coli are sensitive to antibacterial
agents such as amikacin, and meropenem, which are in line with recent studies by other
mresearchers [31]. Strains resistant to other antibacterial agents included in the treatment
algorithms were also discovered in this study, such as cefotaxime and ceftazidime. In
total, & strains of 4% weme found to be resistant to cefotaxime and 5 strains to ceftazidime.
Omly five isolates (8.5%) were ESBL-positive. This falls in with the data from other studies
determining the prevalence of ESBL-producing E. coli in Latvia. Data from the leading
hospitals in Latvia showed a decline in the number of ESBL-producing Enferobacterinceae in
2020w hen compared with data collected in 2017. About 15-20% of E. coli isolates displayed
ESBL activity [32].
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To prevent the continued spread of infection in cases of acute appendicitis with compli-
cations, such as perforation, empirical treatment could include ceftriaxone (in combination
with metronidazole) or ertapenem for children above the age of 1 month. Other options for
empirical treatment could include piperacillin/ tazobactam, imipenem or meropenem. The
main aim of an appropriate antibacterial treatment regimen is to prevent complications
associated with infection. Empirical antibiotic treatment should be based on information
about the most commoenly isolated microorganisms in a specified region and their profile
of antibacterial mesistance [34].

The purpose of using ceftazidime for non-surgical treatment of simple appendicitis
is to limit bacterial growth associated with B aeruginesa within the appendix, in order
to prevent the destruction of the appendiceal wall and its subsequent perforation. Fur
ther research is necessary to determine what practical implications the findings of our
study have.

The study had some limitations and deserves a word. Although the study was
conducted in one of the biggest tertiary children’s hospitals in the country, we faced a
limited number of resources in the odd hours, courier services, microbiological laboratory
working hours, the COVID-19 pandemic and, lastly, in the beginning, the ethics committees’
nor-approval for children below the age of seven years.

5. Conclusions

E. cali is the main causative agent of acute appendicitis in children demonstrating
susceptibility to various antibiotics. . aeruginesa is identified more frequently in cases of
acute complex appendicitis compared to cases of acute simple appendicitis. P aernginesa is
susceptible to agents of the cephalosporin group, such as ceftazidime, however, P asruginesa
has phenotypic resistance to cefotaxime, which was also confirmed in our study. Therefore,
cefotaxime should be removed from the guidelines for empirical treatment of acute appen-
dicitis. Antibiotics with distinct implementation should be recommended for the treatment
of acute complex appendicitis to prevent the development of antimicrobial resistance.
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Treatment strategles for acule uncomplicated appendicitis have evalved and now consenative
antibactenal treatmant is recommeandad ovar surgical treatment, espacially for pasdiatric pationts.
The aim of this siudy was o evaluate microbiofa in paedialric patienis with acule uncomplicated
and complicated appendicitis, and antibacledal susceptbilty of the causative microorganisms.
Bacteriplogical identification was conducled using the VITEKZ analysar. Antibactarial susceptityl-
ity tests ware performed and the resulls wene evalualed in accondance with the recommendations
of the European Committee on Anlimicrobial Susceptibilty Testing (EUCAST) “Glinical braak-
points and dosing of antibiotics” (Version 7.0, Januvary 2018). Serodiagnosis of Yersinia
enterocolitica was perdormed using indirect haemagglutination. The results revealed differences in
microbiata in cases of acule complicaied and acule uncomplicated appendicltis. Pseudomonas
aeruginosa was identified more frequently in cases of acule complicaled appendicitis. Mixed cul-

ture was prevalent in cases of both acute complicated and acute

uncomplicated appendicitis.

Vary few positive extended specirum betaJactamase (ESBL) Escherichia coli cultures were iden-
tified Most of strains of Pseudomonas aeruginosa weng resislant fo amoxicilin with clavulanic
acid ertapenam, ampiclin and cefolaxime. Some of E. coll isolates ware rasistant 1o ampicilin

and fo amoxicilin with clavulanic acid.

Key words: appandicitis, microbiofa, Pseudomonas aernuginosa, Escherchia coll exfended spec-
trum bela-lactamass, antibaclanal susceptibility.

INTRODUCTION

Acute appendicitis (AA) is one of the most common paedi-
atric abdominal pathologies. It requires surgery, and despite
advances in diagnostics and treatment, 2 uniform wnder-
standing of the actiology and pathogenesis of appendicitis is
still missing (Maher er al, 2013; Essenmacher er al., 201,
Smyder er al., 2018). The physiology of the appendix has
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alzn not been fully investigated. Itis recognized that the ver-
miform appendix plays a mle in the development and
maturation of the immune system (Gebbers and Laissne,
2 Rhee e el 2005). Involvement of micmobes in the
pathogenesis of appendicitis is mot entirely understood;
however, recent research suggests that the appendix func-
tions a5 8 micmohiota resarvoir in the gastmintestinal tract.
The belief is that it ensures the repopulation of micmobiota
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during acute illncsses, in which the gastrointestingl tract is
colonised by pathogens such acute gastroenteritis, and after
antihactenial treatment (Guiname ef ol 30130

Historically, the only effective treatment method of appen-
dicitis and prevention of septic complications has been sur-
gery, namely, an appendectomy, which has been practiced
for over 13 years {Rogers er al., 2016). This view has been
challenged in recent years as conservative treatment using
antibiotics has supplanted surgical imterventions {Lamps,
20110). Clinical mescarch has demonstrated the efficacy of
antihacterial treatment, bot nonctheless, 7% of pau':m
each year still requine surgery (Roberts, |98E).

Onc of the most important issucs in pacdiatric surgery is
distinguishing between acute uncomplicated appendicitis
{AnA) and acute coa'n]:llicmd appmdicit'is {AcA) upon
COMMENCing conservative reatment, as complicated cases
indicate a delay in establishing diagnosis and require emer-
gency surgery . These cases constitute more than 35% of all
A cases in Latvia. Our current research showed that the
total number of AA cases treated surgically at the Chil-
dmen’s Clinical University Hospital has not changed, but
there has been anincreased incidence of AcA (Kakars er al,
2017). Increase use of conservative Testment necessitates
the evaluation of algorthms for antibacterial treatment, as
they can differ among clinical institwtions (Salo er al,
2017).

The aim of this study was to evaluate microbiota in pacdiat-
ric patients with acute uncomplicated and complicated ap-
pendicitis, and antibacterial susceptibility of the casative
MiCTOOTZANISM S,

MATERIALS AND METHODS

This study mncluded children between the ages of seven and
17 admitted to the Children’s Clinical University Hospitl
due to acute abdominal pain with signs and sy mptoms sug-
gesting the possibility of appendicitis. All patients were ex-
amined to confirm or exclude this diagnosis. Preoperative
mming involved ]:lh}':ic.nl examination, coa'n]:l'l.d: hlood
count, abdominal ultrasound (US) and detection of serum
values of C-reactive protein (CRP) and interlenkin-6 (IL-6).

The pasdiatric surgery team supervising patients with ap-
pendicitis received a written consent form from the care-
giver and assent from the patient if they were 13 years of
age or older. The consent form provided information to the
patient and the caregiver sbout the research objective and
methodology usad for examining the biological material.

Ethical approval: All procedunes performed in this study in-
volving human participants were in accordance with the
cthical standands of the institutional and/or national rescarch
oot tee {RJEa Suadil;gi University; reference number:
2127 04,2007 ; and Children’s Clinical University Hospital;
reference number, SP-37/201 §), and with the 1964 Helsinki
declamation and its later amendments or comparable cthical
standands. Informed consent was obtained from a parent of
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cach individual participant included in the study. Clinical
data collected prior @ surgery included patients’ age, sex,
and current medical history.

Altogether, a otal of 67 patients werne eligible and recruitad
for this study. All of these patients had an appendectomy,
and cither laparcscopic or conventional lapamtomy was
performed in all of the patients. Intrapperatively, a micro-
biological culture swab from the peritoncal cavity was col-
lected. After the removal of the appendix, an extra submu-
cosal swab was taken © avoid hacterial dissemination from
the following swabs. The appendix was dissected longimdi-
nally and under sterile conditions, and swab samples were
taken from the distal and proximal part of the appendiceal
lumen. Each pair was placed in Amics medium for immedi-
ate transfer and subsequent bacterial culture { Schulin ot al.,
2017). They wemre cultivated under aerohic and anasmbic
conditions, Cultivation was performed on blood agar (Sup-
plement, Oxid, UK; defibrinated sheep blood — E& O labo-
ratories limited, Scotland), MacConkey {Oxid, UK) and
tripticase soy (Oxid, UK) agar. Bacterial identification was
performed using the VITEK2 analyser (Biomericux,
France).

Antibacterial susceptibility tests wene performed and the re-
sults weme evaluated in accordance with the recommenda-
tions of the European Committes on Antimicrobial Suscep-
tibility Testing (EUCAST), "Clinical breakpoints and
dosing of antibiotics™ (Wersion 7.0, January 2019) {Anony-
mous, 2019). Ovemight cultures wene suspended in phy sio-
logical saline to 0.5 McFardand units (McFarand Densi-
tometer DEN-1, Biosan, Latvia). The suspension was
inooulated on Mucller-Hinton agar (Oxid, UK ). Sclected an-
tibiotics were placad on the inoculated plates and included
ceftazidime 10 pE, a:n]:liciu'in 1 118 cefotmime 5 P g, meTo-
penem 10 pg, imipenem 10 pg, amikacin 30 pg, gentamicin
10 pg, cipmfloxacin 5 g, chloramphenicol 30 pg, entape-
nem 10 pE, amaoxicillinsclavulanic acid 30 pE, and ]:l'ipu'—
acillin+tazohactam 36 pg (Liofilchem, Raly). The plates
were incubated at +35 = 1°C temperature for [E= 2 h A
douhle disk SymeTgy test (DDST) was vsad to confirm ex-
tended spectrum beta-lactamase (ESBL). Disks containing
cephalosporing (cefotaxime, ceftazidime) were applied to
platcs next to a disk with clavulanic acid (amoxicillin-
clavulanic acid). A positive result was indicated if the inhi-
bition zones around any of the cephalosporin disks were
augmented in the direction of the disk containing clavulanic
acid. Results werne evaluated by measuring the zone of inhi-
bition, and resistance was interpreted in accordance with the
EUCAST break points.

Hacmatoxy lin-eosin staining was performed and the grade
of inflammation was asscssed, differentiating gangremous
and phlegmonous appendicitis. Serodiagnosis of Fersinia
enterocolitica was performed using indirect (passive) hae-
magg hitination.

For statistical analysis, Microsoft Excel 2016 and IBM
SPSS Statistics 22 were employed. Results were expressod
as median values and interquartile ranges (KJR). The com-
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parizon between groups was made using both the Mann—
Whitney U-Test {two groups) and Kruskal-Wallis test
(three groups) for non-parametric distribution, and the
Fisher Exact Test was applisd on normally distribwted vari-
ahles to determine comelations between them. A p-value of
<105 was considered statistically significant. The data was
entered in SPSS and validated by an additional statistical
analyst for accuracy.

RESULTS

A otal of 67 children having amrived at the Emergency De-
panment were included in this study (33 males, 34 females).
Patient age mnged 7-17 years with a median age of 12
years. Depending on the intrmoperative and bactericlogical
findings, two patient groups were established (Table 1). Pa-
tients with positive culture from samples of the peritoneal
cavity were classified in the AcA group, which consisted of
3 patients (50.7%). Those patients with a negative culitume
were classified im the AnA group, which conzisted of 33 pa-
tients {49.3%). There was no statistically significant differ-
ence between the results of the samples tken from the ana-
tomical parts of the appendiceal lumen, E coli was the
prevalent representative of appendiceal intraluminal micro-
biota in both complicated and uncomplicated cases, total-
ling 51 patients {T76.0%). P. aeruginosa was the prevalent
micmorganism of $ie extraluminal appendiceal microbiota
(AcA/AuA: IH1). There wene some differences in microbi-
ota of the proximal and distal parts of the appendix between
patients with acute complicated and acute uncomplicated
appendicitis. In 22 of 3 AcA cases (35.0%) microbiota
were identical but the microbiota in distal and prowimal
parts differad for the rtmn'ining 12 cases {35.05:).

Bacteria were grown from samples of submucosa in both
acute complicated and uncomplicated appendicitis. E coli
wasz the ]:s:valcnt :p:c:i:s, with P, gerig osa h:'ing the sec-
ond most commonly isolated microorganism (Table 1), His-
tological examination of surgically removed specimens
showed a significant comelation between gangrenous ap-
pendicitis in AcA and phlegmonous appendicitis in AnA
({Chi-square = 15246, df = 1, p < 0.001). More than a half
of the patients (61.3%) who had a drainage twbe insened
were diagnosed with AcA (p = 0.004). A simpk compari-
son suggested that AnA had a slighdy shorer median post-
opcrative hospital stay of five versus six days. Yersinia en-
ferocolifica antibody detection preoperatively was negative
in all cases, The remaining demographics and clinical char-
acteristics of the patients are shown in Table 2.

Bacterial culture resulted in posifive intraluminal samples
with growth of one or several stmins from each appendix.
Table I shows the mumber of cases of the most common
iznlates for the AcA snd AndA ]:ua.ﬁcnt groups. Fr:qu:m‘l}',
mixed strains were found at culture. The most common bac-
teria isolated from the appendix were Escherichia ooli in 46
(37.4%), followed by Prewdomonas aeriginosa in 16
(13.0%), Kiebsiella prenmonige in nine (T 3%), Bacrerioi-
dex fragiis in =iz (4.95%), and Citrobacter braakii in four
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Tahle 1. Types of isolated hacteria, frequency and percermge in acme
camplimed sppendicitic md aone mcomplicasd appendicts

Ach Ank Toml  |povake
No | % | Na | % | BolaesNa

Escherichia enli M 471 W 518 51 a4
Praudomonas 3928 1 T 14 s
arr ging sa

Klehdidls prewmoniae 3 500 % 500 & 480
Cirobacter hraokii 0 0 3 1000 4 ansae
Baserinidesfragilic 1 00 & 800 5 asl
Mined cases M 511 M 488 45 0867
Toul a0 a3 123

AchA, aonte complicated appen dicitis; AnA, aomte mnonmplicased ap pendi-
citis, ® Peurson (hi-aquare e, * Fisher Fract et

Table 2 Chamactesisfios and diswibotion of the smdy populason

| Ak | |Tct|.l | pevaloe

AnA

Children, n (%) MYST) X(E8F) &7 038R
Age, median (TQR) 12315 11{0=15) = 0200
Laboraiwy valoes

WEBC aomm i 10°), 16.7 145 = <000l

CRP(gT. .6 L% ] = 0050
Droration of symptoms., b (TQR) 28 (16=51) A12=) = 00R
Alvarado score, points -] 7 = =000l
Type of surgery., m (%)

Laparatamy T{akay 44 1l .

Laparcsoopy &R0y WSlE M
Hastalogy, m {#)

Phl =g mom cs 02y M4(Ma M <000]

Gangranoms ZR(TL) H{Z5E 3
Draimage mhe, m (%) 194704y B{29.5) o 0008
Lengih of hospital stay, davs LTS ] 5{4-6) - 006

TOR)

Ach, e complicated sppendicitis; AnA, acoe oncomplicaed ppendi-

ats; IQR, mengquartile range; WBC, white blood cells; (RFP, Comactive
prowein. Median valoes me presenied with TOR (258, 75%)

n

ar
an
15
3 1 n
m . mE
Feruginosn
is 3
k] 1@ X, presmoni
-! 1] W {irabactir &6
l W8 fragits
5 1 aq & " i
F) 3 WiAcra San ana cukrs
1 II 1 11
. L M -
Ank Ach Feshoneal crety

Time point of ranb seecmen
Fig I. Types of organisms isolaed.

sn:n]:ll:s {3.3%) (Tahle 2, Flg. 1). The 46 sm'n]:ll:s 'isol.ating
E. coli had vanous antibacterial sensitivities: four (-8.7%)
strains were mesistant to ceftazidime; 17 (~37%) to ampicil-
lin; three {~6353%) to cefolmxime: one (~2.17%) to imipe-
nem; four {~§.7%) to cipmofloxacin three (~6.5%) to chlo-
ramphenicol; two (~4 34%) to entapenem; nine (~19.5%) to
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amoxicillin/clavulanic acid, and two {~4.34%) to piperacil-
lin-tazobactam. All strins wen sus:cq:lu'hl: o meTopenent,
amikacin and gentamicin, Additionally, two ESBL-pmo-
ducing strains of E ooli wene also isolated.

P aeruginosa was isolated from 15 samples. Antibacterial
msistance was shown for four (26.7%) strains to cef
tazidime:; 11 (73.3%) to ampicillin; eight (33.3%) to cefo-
taxime; five (33.35%) o imipenem; five (33.3%) to chloram-
phenicol; 11 (73.3%) to enapenem; 11 (73.3%) o
amoxicillin‘clavulanic acid and one (6.67%) to piperacil-
lin-tazobactam. All strins were susceptible to mempenem,
amikacin, g:numicin and c‘i]:lmﬂoxax:i n. (her hacteria
from the Enteroba dferiaceas family were ako solated, such
as Cirobacrer spp.. Kiebsiella spp_. and others, Cirrobacrer
spp. were resistant to amoxicillin'clavulanic acid, and Kleh-
siella spp. were resistant to ampicillin

DISCUSSION

Research has shown that appendiceal luminal obstrction,
by creating a closed loop, is the cause of appendicitis. Lym-
phoid hyperplasia in the follicles of the submucosa is the
typical cause of luminal obstruction in children. Faccolith is
mentioned as a precipitating obstuctive factor (Bhangu er
al., 2015), while pamsites {c.g. nematodes) and inflamma-
tory constrictions amre less common causes. Ohstruction
leads to increased bacterial proliferation, thus increasing the
intraluminal pressure that subsequently impedes hlood flow,
which results in congestion and ischemia that promotes bac-
terial colonisaton.

Although obstruction is the leading theory behind patho-
E:n::is of app:ndic‘ilis, it iz not fully consistent with the
data obtained in research and clinical practice. Therefore,
hacteria are believed to also play a role in the pathogenesis,
There is also a hypothesis highlighting the imporance of
genetic predisposition as the prevalence of appendicitis is
higher among first-degree relatives. Finally, perforated and
non-perforaied appendicitis, which mpresent disease pro-
gression from an cady to alate stage, anc cpidemiologically
mcognised as two distinct processes (Bhangu er al, 2015,
Abdussemes er al., 2018, Essenmacher er al., 2018). Thene
iz a dispuie reganding whother the most common caus ative
agents are E ooli and anacrobic Clostridiem perfringens
(Abdussemee ef al, 2018), as opposed to Klebsiella spp.
and Enterobacrer spp. (Parthiban and Harish 2017), or
Bacteroides fragilis, Psedomonas aeruginosa and Pepio-
streprococcus spp. (Roberts, 1988 Lamp:, 20010; Guillet-
Caruba er af., 2011 Chen er al., 2012).

The msults of our study demonstrated that 33 0% of P. ae-
ruginosa isolates wene resistant to cefotaxime, and abowt 2
third against ceftazidime. Cefotaime is incuded in the
guidelines of the Children’s Clinical University Hospital for
treatment of intraperitoneal infections in paediatric patients
(Anonymous, 2013). Altough both antibictics belong to
third generation cephalosporins, ceftazidime has shown
meore efficacy in the treatment of infections with gram nega-
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tive bacteria, especially Psendomonas spp., an important
causative ent of nosocomial infections (Anonymons,
2019). Treament typically involves the use of beta-lactam
antibiotics; however, ceftazidime is the most important anti-
bacterial agent, which functions as a cell wall synthesis in-
hibitor by binding to penicillin-binding protein 3 (PBFP3)
(Koss er al, 2016). Mevertheless, ceftazidime-mesistant
sirgins have heen discovered. Resktance mechanizms
against coftazidime in F. aeniginosa include the production
of beta-lactamase encoded by genes acquined via horizontal
gene transfer, or by increassd production of a dmig-induced,
ba'm.d-s_p:m chromosomally encoded class C beta lacta-
masc with an alered affinity (Fisher and Mobashery, 2014).
The frequency of resistance against ceftazidime in isolates
can fluctuate between 35% to 86% (Du er gl 2010; Moha e
al , 2015).

In cur study, P. aeruginosa was prevaknt in samples ob-
tained from patients with acute complicated appendicitis.
All strains weore sensitive to moropencm, which inhibits cell
wall synthesiz and is not affected by beta-lactamasze (Bald-
win er al., 2008). Drusano ef al. (2018 investigated the po-
tential use of fosfomycin in the treatment of infections with
FP. aeruginosa and discoverad that the bacteria rapidly de-
veloped resistance against fosfomycin. Therefone, they sug-
gested switching treatment from monotherapy © combina-
tion therapy with fosfomycin and mempenem. A synergistic
effect was observed with fosfomycin eradicating the
mempenem-resistant mutants and mempenem working
aga'inst fosfomy cin-resistant strains. Thus, this combination
was recommended as 4 teatment strategy for wider use in
the future (Dmsano er al, 201E). Another combination dis-
playing promising results in research settings is meropenem
in cmjunclion with ceftazidime fF:nE eral, 217 In the
past decade, the following antibiotic combinations have
been investigated as potential treatment options {Gracia er
al. W1E).

Coftazidime-Avibactam. Avibactam is a member of the
class of azahicycloalkanes. Avibactam is a non-heta-lactam
beta-lactamase inhibitor that is available in combination
with ceftazidime { Avycaz). This comhbination was approved
by the Food and Drug Administration (FDA) on 25 Febru-
ary 2015 for the treatment of complicated intra-abdominal
infections in combination with metronidazole { Anomy mous,
2019). This combination has shown efficacy of up to W%
against ceftazidime-resistant strains of P. aeruginosa
(Mazuski er al, 2016 Qin er al., 2017). Combined treat-
ment with ceftazidime-avibactam and colistin has shown
promise im treating infections with XDR (extremely
drug-resistant) P. aeruginesa (Xipell er af, 2017).

Ceftolozane- Tazobactam, Ceftolorane-tazobactam was
approved by the FDA in 2014, shortly before cefiazidime-
avibactam was approved for the same indications. It is
highly effective in combinations with mempenem and levo-
floxacin (Solomkin er al, 3015; Wagenlchner er al, 2015;
Gimacia er al., 2018).

In our study, amikacin demonstrated significant cfficacy
against igolaes from samples, It is a broad-spectrum semi-
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synthetic aminoglycoside antibiotic, derived from kanamy-
cim with antimicrobial propertics. Amikacin irmeversibly
hinds to the bacterial 305 ribosomal subunit, specifically
locking 168 rRNA and 512 protein within the 308 subunit
This leads to interference with the tmanslational initiation
complex and misreading of mRNA, thereby hampering pro-
tein synthesis and mesulting in the bactericidal effect. This
agent is usually used in shont-term treatment of serious in-
fections due to susceptible strains of Gram-negative bactenia
(Anonymous, 2019). Data is scarce negarding amikacin-re-
sistant pseudomonas. Reseamch conducted by Loho e al
(2018) showed that only two of 20 P aeruginosa isolaes
wene resistant against amikacin, Its combination with
doripenem is synergistic and improves treatment results,

The most commonly isolated micmoorganism from our pa-
tients " samples was E ooli, especially from those treated for
acute uncomplicated appendicitis. This finding concurs with
mzults obtained by other austhors (Maher er al, 2013;
Bhangu efal. 2015; Abdussemes eral, 2018; Bazzaz ef al,
2018, Essenmacher e af, 201E; Rickand er al, 2018
Soyder er ol 2018; Turel er ol 2018). Our data revesled
that strains of E coli are sencitive to antibacterial agents
such as amikacin, imipenem, and meropenem, which is in
line with recent studies by other researchers (Bazzaz ef ol
M1 8). There wene strains resistant aga'inst other antibacte-
rial agents included in the treatment guidclines;  three and
four of 47 were resistant to cefotaxime and ceftazidime, re-
spectively. Only two isolates were ESBL-positive. This
complics with data from other studics that showed the prev-
alence of ESBL-producing E. coli in Latvia. 11% of E coli
present in animal microbiota produce ESBL (Terentjeva ef
al_, 2019), wheress in the adult population, ESBL ane pmo-
duced by only 1.6% of E coli (My er ai, J018).

CONCLUSKHINS

In cases of acute complicated appendicitis, P. aeruginosa is
the prevalenmt micmoorganism, whemeas E. colil is the most
commonly isclated microorganism in acwte uncomplicated
appendicitis. Antibiotic treatment strategies in cases of
acute complicated appendicitis should include antibiotics
with different mechanisms of action to achicve a syncrgistic
effect and prevent the development of antibiotic nesistance.
Mixed culture results were prevalent in both acute compli-
cated and acute uncomplicated appendicitis. The incidence
of ESBL pmoducing microorganisms was low in these acute
appendicitis cazes,
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MIKROBIOTAS BAKTERIOLOGISKA [EVERTESANA BERNIEM AKOTA APENDICTTA GADIIUMA

PEdEjo gado 15)E r mainijmies skita nekomplicEa apendicie Sralanas takiika, kurss sevaros rekomendSta antibakien 35 e rapdja nevis
kirurfiska operdcija, ipati bémiem. 5 pEGjuma markis bija EvEnEl mikrobion pedistrisks vecums pasientiem & akitn komplicsm wn
nekomplicsn spendiciin, k3 i izvénsl etolofako ermin@ju antibakiendlo juiba. Dol dka izmaniots heledolodidki meodes,
mikroorganizmu dentifikScijs veikia, izmantojor VITEK2 analizstory. Antibakien 315 jufbaes testi tika ved un rezulist @vEren sakand
ar Ewopss antimikrobidl® jutibes egsianss (EUCAST, Verstia Mr. 70, 2009 g. janvans) rekomendSciim. Yersimia enferscolitioa
serodiagnoaik ika wmaniols netield hemagluiniclas redakcija. PEjuma rerultiti becing, ka i microbiota at@idhas akita komplicSta wm
nekomplicsta apendicita gadfjumd. Akiita komplicita spendicita gadijums prevaldja Pewdomonay e niginesa. Akl apendicin gadijuma
plrsvard izdafits mikoorgansmu ascicas No pliijumd ieklautjen moentiem ks ssevidos gadjumos tka izdalin ESHL
producEdjl. Dala Preudomonay aeruginesa celmu bija rexstenid pret amoksiciling ar klavolinskdhd, enapenfmu, ampiciline wm
cefakdmu Dala wdafn E. coll celmu bija rezistenti pret ampiciFnon un amaksieilinn o Mavo kb
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IZGUDROJUMA APRAKSTS

[001] Izpudrojums attiecas uz medicinu, proti, uz abdomindlo kinurgiju, un to var Emantot,
paradoties akiitim sapsm vEdera dobuma bémiem, lai noteiktu gangrenoza apendicita atfistibas
risku.

Zinamais tehnikas [imenis
[002] Akfits wckmsums apendicita gadfjuma ir visizplaftikd kiurgiskd shmiba bEmiem
vecumd [fdz 18 gadiem. BEmiem apendektomija veido no 70 hde 75% no Grkirtas
kirurgiskajam manmpulicijam. Gangrenoea apendicita nska noteikiana ir nopictna problzma, jo
akiits ickaisums apendicita gadijumd samérd bies “atdarina™ citu akiitu ickaisumu védera
dobuma, piemEram, akiitu iekaisumo mezentenila limfadentta (merenterita) gadijuma bErmiem.
Pacienta vesclibas stivoklis strawgi pashktings, paridis padinnita sirds darbiba, padtringta
elposana, temperatiira pasugstings [Tde 38,5 - 39° C. Pacientam ir asas sdpes vEderd, var biit
vemSana. Asins analtze parada letkocTtu skaita palichngsancs lide 30 000, Sipes vispirms aptver
wvisu videra lejasdalu, pSc tam “parvietojas” uz apaksgjo labo stin. Diezgan biek pacientam
tick diagnosticéts akiits apendicits. Veic operdciju, un tikai operdcijas laiki tiek atklats
mezenterials limfadenits (mezenterits). ArsteZana notick, ievadot vEédera dobuma antibiotiku
maisTjumu [1, 2].
[003] Akfitam gangrenozam apendicitam raksturigs strutains iekaisums ar apendiksa sieninas
nekroz, tds perforiciju un sekojodu pentoniiu. Akita gangrenoza apendicita diagnoze nek
noteikta tikai péc apendiksa mtraoperativis vizuilas novertéianas. Jebkuras manipulacijas ar
gangreno# wmainitu apendiksu nosledzas ar ta phisanu. PEdEa laka novErojum liecina, ka
akiitu apendiciiu ne vienm@r vajag operct, Tpasi tas attiecas uz bérniem. Bet akiita gangrenoza
apendicita gadijuma opericija ir obligati nepiecieiama. Saistibd ar izklasfito problému ir svarig
noteikt gangrenoea apendicita atiisfibas nsku bEmiem vecumd lide |8 gadiem.
[004] Zinims akiita apendicita attfstibas riska noteikfanas papgmiens bEmiem, irmantojot
Alvarado skalas knténjus [3]. Alvarado skald etilpst sefi klimiskie simptomi un divi
laboratorijas testi [4, 5].
[005] Zindms akiita ickaisuma attistibas riska noteiksanas pangmiens apendicita gadijuma
bErniem, pichetojot novokeina blokadi [6, 7]. Movokaina blokide mazina spazmas dafados
viderns dobuma orginos, kas atrodas $aja inervétaji zond. Zindmais panmiens var izraisit
klimzsko 1zpausmju samasnaianos.
[0046] Finims akiita ickaisuma atfistibas riska noteikianas panémiens apendicita gadijuma
béErniem, izmantojot vEdera dobuma organu ultraskanas mekl&ian [£]. Veic vEdera dobuma
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un asins plismas kart&anu. KonstatZjot piedékla sieninas kontrastainu @iméjumu, un,
vizualizZjot piedékli "vainaga” formd, tick noteikts ickaisuma attistibas nsks akiitd apendicita
gadijumi bErniem.
[007] Zinims akiita ickaisuma atfstibas riska noteikianas panmiens apendicita gadijuma
bérniem, izpEtot leikocTtus [9, 10]. Mosaka intoksikicijas leikocitiro indeksu, C-reakfva
olbaltuma Fmeni, imiinglobulina G un iminglobulina E limeni, apréking punktus, summé tos
péc formulas un, ja punkiu summa ir 5 un vairik, prognoez akiita apendiciia at@stibas risku.
[008] Zinims akiita ickaisuma atfistibas nska noteikSanas panZmiens apendicita gadijuma
pacientiem, mantojol dadidus biomarkierus un matematisko algontmu, la egiitu testa
noveErtEumu [11].
[0049] Zinims akiita ickaisuma atfistibas riska noteikEanas pan@miens apendicita gadijuma ar
klinisko simptomatiku, kas imitg labis puses meru kolikas [12]. Pacientam ar aizdom&m par
akiitu apendicitu vienlaikus nosaka laktoferina koncentriiciju izk&rnfjumos un urina paraugos.
100 reizes atskaidita fekiliju ekstrakta un urina paraugi vienddos apjomos [0 pl ar automatisku
pipeti tick ievaditi plaksnes va sloksnes iedob@s laktofering iminfermentilai analfzei. Ja fekila
laktoferina koncentricija ir lielika par 7500 ng'g un urind laktofering koncentracija ir no O dz
60 ng/ml, nosaka akiita apendicita nisku, 1zslEdeot akiito labGs puses mern patologias nsku.
[010] Mav #inims gangrenoza apendiciia atifstibas nska noteikfanas pap@miens bEmiem.

Lrpudrojuma mérkis un biifiba
[011] Izgudrojuma mérkis ir irstradit gangrenoza apendicita vai mezenteriila limfadenita
atfistibas riska noteikéanas pangmienu b&Emiem.
[012] Merki realizE, pateicoties tam, ka akiita ickaisuma védera dobumi gadijuma pirms
kirurgiskds opericijas veikSanas, rmantojot kvantitativis “sendwvicu™ tipa ELISA principu,
asins serumd un urind nosaka citokinu davdzumu, interleikine — 6 (fL-6), lipokalinu (NGAL),
alfa-2-glikoprotetnu | (LRG1) un, ja interleikina daudrums asins seruma ir 641 pg/ml un
vairdk, lipokalina daudeums asins seruma ir 251 ng/ml un mazak, bet alfa-2-glikoproteina |
daudzums asins serumd ir 81.4 ng'ml un mazak, tad pastiv gangrenoza apendicita atfstibas
nsks.
[013] Zinfm citokinu (limfocite signaliiinas) pEtijumi, petot stresa stivoklT esofas Shnas: 1)
interleikin-6 ({L-6), 2) olbaltumu lipokalinu, asocitu ar neitrofilu fFelatinga  ( Newtrophil
gelatinase-associated lipocalin (NGAL)), 3) alfa-2-glikoproteinu | ({Lewcine-rich alpha-2-
glveoprotein | (LRGI)).
[014] Intereikin-6 (IL-6) ir ickaisuma pozifivs citokins, ko ra?o daffdas &lnas, stimulg
imiinatbildi, to sintezE makrofigi un T-Sdnas [13].
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[015] Olbaltumviela NGAL — lipokalins, asocigts ar neitrofilu Felatinizi. Atkariba no
dazidiem patologiskiem apstikliem MGAL sekretgjas un ekspresgjas ar dazidim Siinfm, kas
atrodas stresa stivoklT — ar imiindm £0inam. hepatocTtiem, elpofanas un gremosanas trakta
epitElija sinam [14].

[016] Alfa-2-glikoproteins | (LRG 1) piedalas signala mijiedarbibi sinu adh@zijas un dodidu
imiinprocesu attisfibas gadijumos [15].

[017] ELISA ir jitign metode, jo katra fermenta molekula var parveidot daudzas substriita
molekulas, kas darbojas kil reakceijas pastiprindti]s. Antigéns ir saistits ar cietu virsmu, primira
antiviela sasaistds ar antigénuw, bet sekundird endAmu-savienota poliklingla antiviela sasaistis ar
primiare antivielu. Engsims parvers substritu par nokrasotn galigo produktu, kas veido
precipititu proporcionili antivielu daudezumam pacienta asins seruma. Monoklondls antiviela
sasastis uz ciclds virsmas un saisia antigénu, ja tas ir pacienta asins serumd, un substratu, kas
parvérs par nokrisoto produktu proporcionili antivielu daudzumam pEtamajd asins seruma.
Kvantitativas “sendvicu” tipa ELISA reakeijas veiksanai manto specidlas cilveka specifiskis
antivielas (&) [16].

[018] PapEmienu realieg sekojosi.

[019] Ve citokinu wpét, irmantojot kvantitative “sendviéu” tipa ELISA (encyme-finked
immunosorbent assay) principu. lrmanto bomarkierus IL-6, NGAL (rafotdjs R&D Systems,
Minnzapolis, MN, US4) un LRG (raZoti)s Novuy Siofogicals, US4).

[019] Lzmanto IL-6 ki biomarkien reakcijd ar 100 pl asins seruma un 100 pl urina. Asinim
néma 2 ml stobrinu. Urinam pEma 15 ml stobrinu.

[020] Lzmante NGAL ki biomarkien reakeija ar 2 pl asins seruma un 10 pl urina. Asinim
nema 2 ml stobrinu. Urinam pgma 15 ml stobrinu.

[021] NGAL biomarkierl urina paraugus atikaida 5 reizes, bet asins seruma paraugus 25
reizes, mantojot kita kalibricijas atikmiditdju. Ja bija paredzama augstika vai zemika
koncentricija, tad atgkaidijumi attiecigl maindj s, lal icklautos biomarkiera noteiksanas robefis.
[022] LRGI biomarkierd urina paraugus atSkaida 200 reizes, bet asins seruma paraugus 10000
reizes, Izmantojol biomarkiera atikaidi@ju. Ja bija parcedzama augstaka van zemaka
koncentracya, tad atikaidijunm attiecig maind)as, la ieklautos biomarkiera noteiksanas robeiis.
[023] Paraugus centrfugs ar dtrumo 2000 apgr/min. 10 miniites 4° C temperatiira. No asinim
panem serumu un no urina td augsgjo slini. Turpmakiem pétijumiem paraugus sasaldé - 807 C
temperatiira, lai, ilglaicTgn uzglabjot, nenotiktu proteinu degradacija.

[024] IL-6 biomarkierT izmanto kvantitativd “sendvicu™ tipa ELISA principu. Biomarkiert
nodrofingtd mikroplatite ir parklata ar cilveka specifiskajam IL-6 antivielam. Pirmaja reakeijas
solt mikroplafizu bedritgs previeno standartus un paraugus, un Skidumos esodais [L-b piesaistas
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pie imobilizétajam antivielim. Mazgaianas solf skalo visas pic antiviclim nepiesaistijusas
vielas. P& tam pievieno cilveku specifisko IL-6 ensimu-savienotu poliklondlu antivielu. Pgc
atkArtotas mazgisanas, kad tiek aizvikt nepiesaisfijuids antivielas - enyima reagenti, pievieno
substrita kidumu, un proporciongli IL-6 daudinmam attfstis krisas imtensitate. lekrisojuma
atfistizanis tick apturéta, pievienojot stop Skidumu (2N sErskibe), un krisas intensitati méra
mikroplagu fotospektometra.

[025] MWGAL biomarkier? izmanto kvantitafiva “sendvicu™ tipa ELISA principu. Biomarkiert
nodrofingtd mikroplafite ir parklita ar cilvéka specifiskajam NGAL antivielam. Pirmaja
reakcijas soli mikroplatiu bedrités pievieno standartus un paraugus. Skidumos esodais NGAL
plesaistis pie imobihzEajam  antivielim. Mazgiianas sol skalo visas pie antivielam
nepicsaistijuds vielas. Péc tam pievieno cilvEku specifisko NGAL ensfimu-savienotu
poliklondlu antivielu. PEc atkanotas mazgisanas, kad tick arzvakti nepiesaisfjusis antivielas -
enzima reagentl, pievieno substrita Skidumu, un proporciondli NGAL daudeumam attistds
krisas intensitite. lekrisojuma atffsfiZands tick aptur@ta, pievienojot stop Skidumu (2N
strskiibe), un krisas intensitati méra mikroplagu fotospektometrd.

[026] LRG1 biomarkieri tick manots kvantitativis “sendvicu” tipa ELISA  princips.
Biomarkier tiek nodrofindta 96 bedriiu mikroplatite, kas parklata ar cilvéka specifiskajam
poliklonilajam antivielam. Pirmaja solf pievieno standartus un paraugus, un skTdumos esoiais
LRG1 pesmstis imobilizgtayam antivielam. Mazgisanas solf skalo visas nepiesaistijusis viclas.
Mikamajd soli pievieno cilvéka LRGI specifiskds biotimilétis poliklonilis antivielas.
Mazgatanas sol atkirio. PEc tam pievieno streptavidina peroksidizes konjugftu, kas atpazTst
biotinilét@s poliklondlas antivields un piesaistds tim. Velreiz atkirto mazgiSanas soli un
pievicno peroksidizes enzima substritu. Proporciondli LRG] daudeumam attistds krasas
intensitite. lekrisojuma atfistiiands tick apturta, pievienojot stop Skidumu (0.5 N salsskibe),
un krisas mtensitit méra mikroplasu fotospektrometra.

[027] Tick irmantotas biomarkicros nodrofindtis 96 bedriffu mikroplatites, kas visos
gadijumos jau ir parklatas ar attiecigd biomarkiera cilvéka specifiskajam poliklondlajam
antivielam. Biomarkieru attiecigie standarti ir liofilizSta veida, un pirms lietoSanas ir jJizskidina
attiecigi biomarkiera atskaidit@ja (LRG 1) vai dejonizéti/'destilétE Gdent (NGAL). Visas pirgjis
wviclas ir skidrd koncentréta verda, kas jaatikaida ar destilEtw/dejomiztu Gdem van atbeciga
biomarkiera atskasditaju.

[028] L restridatu jaunw, ticamu un savlaicigo akiita gangrenoza apendicita attisfibas nska
noteikianas panémicnu bémiem [idz 18 gadu vecumam, laika posma no 2018, gada [idz 2020,
gadam VSIA Bému kliniskajd universitites slimnica (BEUS) tka veikis, uz kliniskis gaitas,

laboratorisko un frstéianas rezultdtu analts pamatots, prospektivs pétfjums. PEGjuma tika
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ieklauts 539 pacient ar akiitim sipém vEderd un sikoinZ)o klimske diagnos “awdomas par akiitu
apendicitu™. PEffjuma protokold “aizdomas par akiitu apendiciiu® definSta ki diagnoze
pacientam, kuram BEUS Neatlickamas palididAbas nodald jegfiti un izvEnEl venoro asins
paraugi, veiktn vizuald diagnostika (vEdera dobuma orginu un retroperitonedlds telpas
ultrasonografija) un papildus nozim@ta bErnu kirurga konsultdcija, lan apstipringtu van 1zsl8giu
akiitu védera dobuma kirurgisku slimibu. PE@juma procesa visiem 59 pacientiem tika veikt
citokinu  pEtijumi, izmantojot kvantitativis “sendviéu™ tipap ELISA principu. Izmantoja
interleikinu — 6 (IL-6), lipokalinu (NGAL), un alfa-2-glikoproteinu 1 (LRG1). PEfjuma procesa
30 pacientiem noteica akiitn mezentendly hmfadenftu. 29 pacientiem apstprindja akita
pgangrenoea  apendicita atfistibas iespEju. Jaunais gangrenoza apendicita attistibas riska
noteikianas panémiens tika izstridits, pamatojoties uz 29 pacientu fizikalds, loboratonskas un
radinlogiskis irmeklESanas datiem. Kirurgiska Grstéiana bija indicéta visiem 29 b&miem, un 10
bérniem akiita gangrenoea apendicita diagnoze tika apstiprindta opericijas lmika, ki an
precizéta ar aklds zamas piedékla patohistologisko izmeklzZZanu.

[029] Tika novErotas statistiskl ticamas atSkirTbas starp akfitu gangrenozu apendicTiu un akdtu
mezenteridlu limfadenttu. PEMjumam nepieciefamie dati tika apstraditi ar programmu SP55 for
Windows J9.0. Lai novertétu citokinu interleikinu — 6 (IL-6), ipokalinu (NGAL), un alfa-2-
glikoproteinu | (LRG 1) vidEjis vErtTbas, standarinovirzs un atikirtbu starp ptimo un kontroles
grupu, rezultat statistiskaja apstrads mantoja ANOVA un Hi kvadrata (Chi square) metodi.
MainTgo lielumu salidrindsanni starp dazadim pacientu grupim lietoja “t"testu un Kruskala-
Vollisa ( Kruskal-Wailis) un Mamna-Vitnija {Mann-Whitney) testu, rmantoja ROC (recefver
aperator characteristics) [Tk, noteica laukumu zem knes AUC (area under the curve) un (3
95 % ticamibas mtervalu Cl (comfidence interval). P vErtiba, kas mazaka par 0,05, tika ueskatia
par statistiski noeTmigu.

[030] Pemjums WSIA BEUS tika veikts saskand ar WSIA BEKUS Mediciniskis &tikas
komitejas atlauju un Helsimku Deklariicrjas prasibam.

Lzgudrojuma Tstenoéanas piemérn
[031] Konkréti piemér, kas apstiprinija ticama un savlaiciga akiita gangrenoza apendicita
atfistibas nska noteilkSanas panfmiena efektuvitt bEmiem lide 18 gadu vecumd ar sdpém
viderd
1. picmirs

[032] Paciente B., meitene 7 gov., tika staciongta V3lA BKUS ar akiitim sapem vEdera 6
stundas. MovErgjot pacienti, pec jaund papémiena raditaju kntEnpem, [L-6 daudrums asins
serumi 641 pg/ml, NGAL daudzums asins seruma 251 ng/'ml un LRG 1 daudeuma asins seruma
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1 ng/ml, noteica gangrenoza apendicita atfistibas nsku pirmajas | — 24 stundas. Pacienter veica
konvenciondlo apendektomiju 7 stundas 40 mindites no saslimzanas brtza. Moteica diagnoz —
pangrenoys apendicTts, kas apstiprindjas morfologiski péc veiktis operacijas. Bems pec
rvesclofanas tika 1zraksfits no staciondra.
1. piemérs

[033] Pacients I, #Zns, 11 v, tika stacion@ts VSIA BKUS ar akiitim sipém védera 24
stundas. NovErigjot pacientu, péc jauni panémiena raditdju kntEnjiem, [L-6 daudzums asins
serumd %22 pg'ml, NGAL dauderums asins serumd 36 ng/ml un LRG1 daudzuma asins seruma
4] ng/ml, noteica gangrenoza apendicita atfistibas nsku 24 - 48 stundds. Pacientam veica
konvenciondlo apendekiomiju 53 stundas 20 miniites no sasliméanas briza. Moteica diagnoz —
akiits gangrenozs, perforgjs apendicits, kas apstiprindjas morfologiski pgc veikiis operacijas.

BErmns péc 1zvesclodanas tika izraksiits no staciondra.

Riipnieciska izmantozama
[034] Laika periodd no 2018, Iidz 2020. gadam V51A BKUS pétjjumi tika icklauts 5% bErm
vecumi no 7 [Tdz 12 gadiem. Pediatru kirurgijas brigide, kas urrauga pacientus ar apendicTiu,
sanéma rakstiskas pickriSanas veidlapu, kas sniedza informdciju par So pEfjumu.
[035] Visiem paciemtiem bija asas sipes vEderd, dafiem bija vemsana. Temperatiira
paaugstindjas [idz 38,5 — 39,0 ° €. Asins analize radija leikocitu skaita picaugumu lidz 30000
— 35000. Sapes aptvEra vEdera apakigjo dalu, un dafiem pacientiem (3 parvietojis uz labo
apakiFo stiri.
[036] Visiem pacientiem veica izmek]&jumus, lai apstipringtu vai izslégtu diagnozi: novErgja
firisko stivokli, veica pilnu asins analiz, noteica C-reaktivo proteinu asins seruma un veica
videra dobuma ultraskanu,
[037] Visiem 39 pacientiem tika veikt citokinu p2jumi, izmantojot kvantitamvas “sendvicu®”
tipa ELISA principu. Lzmantoja interleikinu — 6 (IL-8), lipokalinu (NGAL), un alfa-2-
glikoproteinu | (LRGI).
[038] Lrzmantojot jauno pangmienu, 10 bEmiem (no kopE)a skaita) konstatE)a akiita gangrenoza
apendicTta attisithas nska iespjas, un savlaicigi 1 — 72 stundu laikd veica apendektomijas
operficiju. Ticama, akita gangrenoza apendicTta atfistibas riska iespEjas apstiprindja
morfologiski — péc opericijas veikianas. Memot vEra rezultatus, kun iegiit ar jauno pangmienu,
jaunais panémiens var bt rekomendZjams plasai mantofanai pediatriem klinikds un

ambulancés, Gtris neatlickamas mediciniskas palidetbas irstiem un citiem specialistiem.
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PRETENZLIAS

1. Gangrenoza apendicita atfisttbas riska noteilkSanas papSmiens bErmiem, kas
raksturigs ar to, ka akiita ickaisuma vEdera dobumid gadijumia, pirms kirurgiskis operdcijas
veikianas, rmantojot kvantitafivo “sendviéu” tipa ELISA principu, asins serum@ un uring
nosaka citokinu daudzumu, konkréti, interleikinu — 6 (JL-6), lipokalinu (NGAL), alfa-2-
ghkoproteinu 1 (LRG1).

2 Panémiens saskand ar 1. pretenziju, kas raksturigs ar to, ka, ja interleikina
daudzums asins serumi ir 641 pg/ml un vairik, lipokaling daudzums asins serumi ir 251 ng/ml
un mazik, bet alfa-2-glikoproteing | daudrums asins serumi ir 814 ng/ml un mazak, tad pastav
gangrenoza apendicTta atifstibas nsks.
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Decision of the Research Ethics Committee of Riga Stradins University

Veidlapa Nr. E-9(2)
RSU ETIKAS KOMITEJAS LEMUMS NR. 21 /27.04.2017.

Riga. Dzirciema icla 16, LV-1007
Fel 67061596

Komitejas sastavs Kvalifikicija Nodarhosaniis
1. Profesars Olals Bruvers Dr.theo. 1cologs
2 Profesore Vija Sile Dr.phil filozofs
3 Asocproll Santa Purvina Demed farmahologs
4 Asoc.prol. Valdemars Arnis Dr biol. rehabilitologs
5. Profesore Regina Kleina Dr.med. patalogs
6. Profesors Guntars Pupelis De.med. Kirurgs
7. Asoc.proll Viesturs Liguts Dramed. toksikologs
8. Docente Iveta Jankovska Dr.med.
9. Docents Kristaps Circenis Dr.med.
Picteikuma iesnicdzéjs: Mohits Kakars, kirurgs
BKUS Kirurgijas khinika
Pétijuma nosaukums: .. Kompleksa  Kliniska, molekularbiologiska izpeie bema
veeuma akiita komplictta apendicita gadijuma™
lesnicoSanas datums: 27.04.2017.

Pétijuma protokols: Izskatot augstak minéta petijuma picteikuma materialus
tprotokolu) ir redzams. ka pétijuma merkis tick sasniegts icdalot pacientus vairakas grupas un veicon
ar pacientiem, bez kada apdraudéjuma vesclibai, drosibai un dzivibai. kliniski-analitisku darbu
{asins un citu paraugu nemsanu, atticeigas analizes), ieguto datu apstradi un analizi, ka an izsakol
prickslikumus. Personu (pacientu. dalibnieku) datu aizsardziba. brivpratiga informeta bérnu vecaku
(likumigo parstavju) pickrisana picdalitics petijuma un konfidencialitite tick nodrosingta. Lidz ar
to picteikums atbilst pétijuma étikas prasiban.

lzskaidrofanas formuliirs: ir

PickriSana picdalitics pétijuma: ir

Komitejas I[Emums: pickrist pétijumam
Komitejas prickssédetajs Olals Bruvers Tituls: Dr, miss.. prof.
Paraksts

[tikas komitejas sédes datums: 27,04.2017,

107

Annex 6



Annex 7

Statement from the research application register

EDUS hitp:/fedus bims Iviindex php“extmod=doc_pnnt&dok reg=610&detar.

Statiskie / Stud&josa pétnieciskd darba/Nedefinéta pétijuma pieteikumu registrs ()
Dokuments bez satura

Dokumenta statuss

Saskanots

Registracijas numurs SP-37/2018

Atbildigd pétnieka uzvards, vards  Kakars Mohits

Pétnicka e-pasts mohits.kakars@bkus.lv
Talrupa Nr. 28769660

kKompleksa kliniska, molekularbiclodiska un mikrobiclodiska izp8te b&rna

P&tijuma nosaukums vecuma akdta komplicEta apendicita gadijuma.

1.Izveidot tris pétijuma pacientu grupas no VSIA BKUS drstéto pacientu vidus
vecum3 no 7 lidz 18 gadiem ar sekojo3am diagnozém: kirurdiski Srstéts akots
komplicgts apendicits (AkA), kirurdiski Srstéts akiits nekomplicgts apendicits
(AnA), k3 arf izveidot kontroles grupu. 2. Noteikt Yersinia enterocolitica
antivielu limeni asins seruma visds pacientu grupas. 3. Noteikt jaunu
biomarkieru NGAL un LRG [imeni asins seruma un LRG limeni urind visas
pacientu grupds. 4. Veikt baktericlodisku asins kultGras, vEdera dobuma un
aklas zarnas piedék]a mikrobiocma analizi AnA un AkA grupu pacientiem.

PEtijuma metode

Izveidot jaunu laboratoro biomarkieru paneli, ko ieklaut praktiskis

Darba mérka grupa rekomendacijds un ieviest bErnu kirurdijas klinikd AkA agrinas diagnostikas
algoritma veida.

Izglitibas iestade RSU

Morises laiks no 15.01.2018

Morises laiks lidz 01.09.2020

Saistits ar promaodijas darbu 13

Etikas atfaujas numurs Nr. 21/ 27.04.2017

Etikas ajaujas izsniedzsjs RSU Etikas komiteja

Atskaites datums
Atzinums par pabeigsanu
I=guvumi BKUS
Piezimes
Saistitie dokumenti
Atvasinatie dokumenti

Atzime par parakstu
R licija/Uzd
Atbildes [ Jautdjumi
Darbam [ Izpildei

1 iti
Saskanojumi / Vizas
Mr. Statuss  Autors Izpilditdji  Kontrolé Izpildits Terming Komentsri
Dace
- ", Liga Dace Zavadska _21'03'2018 NepiecieSamas piekrifanas formas dalibai
41234 Brakmane Zavadska 06.04.2018 pEtijuma-Pacientu piekrisanas forma!
11:30 01.04.2018
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Patient consent form used in the study

Projekta “Kompleksa kliniska, biologiska un mikrobiologiska
izpéte bé&rna vecuma akiita nekomplicéta apendicita un akiita

komplicéta gadijuma™.

Skaidrojums slimnieka veciku (aizbildna) atlaujas sanems3anai
biologiskd materidla panemsanai un izmeklésanai

Vis3 pasaulé un arf Latvija berniem vecuma grupi no 7 1idz 18 gadiem
viens ne biefakajiem akitu vedera sapju iemesliem ir akOts apendicits.
Nemot verd nekirurgiskds drsté§anas metodes pielietofanu akfta apendicita
[AA) pacientiem bérnu vecum3, viena no svarigikajdm neatliekamas bernu
kirurgijas problémim ir akGta nekomplicéta apendicita (AnA) un akfta
komplicEta apendicTta (AkA) nodalifana arst@5anas sakuma periodi, jo AkA
liecina par novElotu diagnostikas procesu un prasa tikai neatliekamu
kirurgisku arsteianu. Sodien eksistgjosas AkA diagnostikas problémas rada
nepieciefamibu meklst jaunus agrinds diagnostikas indikatorus pacientiem
bEma wvecumd, lai samarzindtu komplikdciju attistibas biefumu, k3 ard
noverstu letalitates risku.

Laika posm3 no 2017. lidz 2020, gadam VSIA BEUS paredzéts veikt
prospektivu, randomizém pEtfjumu, kurd ieklaus bErmus vecuma no 7 11dz 18
gadiem ar akftu apendicitu. Tiks weikta klfniska, biologiska un
mikrobiologiska izp&te, sniedzot ieguldijumu patologijas etiopatogenze un
radot krit€rijus akita nekomplicgta un akita komplicgta apendicTta agrinai
diagnostikai.

Tiks veidotas 3 pacientu grupas. katrd grupd ieklaujot 30 pacientus. t.s.
1 kontroles grupa (K). Pacientu arstgfanu nodrodinis VSIA BEUS Bému
kirurgijas kiinik3 praktiz&joii sertificgti bernu kirurgi.

Visiem pacientiem pirms ieklaufanas pEtfjumi tiks veikts AA
skrinings. AA skriningd bez kifhiskd stivokla noveErtSjuma tiks ieklauti
sekojodi objekttvi krit€riji: pilna asins aina (PAA), C-reakfivaiz olbaltums
(CRO), interleikins-6 (IL-8) un vEdera ultrasonografija (USG). leklavtajiem
pacientiem tiks veikta asins seruma un Wina paraugy  panemsana
biomarkieru NGAL (serum3) un LRG (serumi vn urind) noteikianai. Tapat
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tiks veikta Fersinia enterocolitica asins serologija. AnA un AkA grupu
pacientiem pirms operacijas tiks ieglta asins kultdra.

Operacijas laik3 tiks panemta mikrobiologiska kultira no pacienta vEdera
dobuma un akl3s zarnas pied&kla limena proksimald un distili gala. PEc tam
aklds zarnas pied&klis tiks nosOtits histologiskai izmekls$anai. Balstoties uz
atradi operdcijas laikd, pacienti tiks iedalfi AkA un AnA grupd, ti tiks
pabeigta pacientu randomizicija. AkA un AnA grupu pacientiem tiks veikti
asins seruma un urina paraugu paneméiana biomarkieru NGAL (serumi) un
LR (serumi un wind) noteikianai arT 2.un 5. pEcoperdcijas diend.

Tzmeklgjumi slimniekam, slimnieka vecakiem (aizbildnim) bis bezmaksas.
Tapat slimnieks, slimnieka vec3ki (aizbildnis) nesanems finansidlu atlidzibu
par izmekl&jumu veikianu. Tiks ievEroti Helsinku deklaricijas pamatprincipi
un pacientu dam aizsardzibas likuma prasthas. PEc slimnieka vec3ku
(aizbildna) velEfands tiks sniegta informicija par iegitajiem izmeklgjumu
rezultatiem.

Petfjuma mérku un vzdevumu realizicija neapdraud pacientu droiibu.
Slimnieki tiks inform&ti par pStfuma mérki un biologiskd materiila
panem3ianas veidu.

Gadfjumos, ja slimnieks, slimnieka wvecdki (aizbildnis) nepiekrifis
izmeklgjumu veikianai, izmeklgjumi netiks veikti. Atteikums neietekmés
uzsdktis drstEianas apjomu un kvalitat

Ar nepieciefamo izmeklgumuo biitthu esmu iepazistindts un piekri, ka

manam bémam slimibas diagnostikas un arst€ianas etapos tiks panemts un
1zp&fTts biologizks materidls.

Pacients ... ... (vErds, uzvArds)
Pacientapersomas kods ... ...
Pacienta paraksts ... ...

Pacienta vecaku (aizbildna) ... (vErds, uzvards)
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Pacienta vec3ku (aizbildna) personas kods: ...

Pacienta vec3ku (aizbildna) paraksts: ..................

Datums:

woeen o (AtEIfrEjums)

Projekta vaditZja paraksts: ..

(atéifrejums)
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Yersinia antibody request form

s . v
E. Galija Labornatonija
Brivibas gatve 366, Riga, LV-1006, Latvija
Tel. 67801054, fax 67543867, e-mail: info@esl.lv

| Nosatljuma veidlapa

| PEtnieks: Prof. Arnis Engelis (ENGAR)

Maksatajs:  Rigas Stradina universitate {JERSU)

| Atzimét £adi: ]

Vards, uzvards vai pacienta numurs

Pacients: Dzimsanas datums:

Dzimums: o virietis o sieviete

Analizéjamais

materials nemts: Datums: ___.__ Laiks: ___ :_
Test&Zanas [ prof. Arnis Engelis (ENGAR, EMAIL)
parskatu
sanéméji: [<] Dr. Mohits Kakars (KAKMO, EMAIL)

Mikrobiologijas analizes

6305 | oJersiniju antivielas

Petnieks:

(Paraksts un ta atsifréjums/zimogs)
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