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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 (nAA). 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); (Salö 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 
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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 LRG1 in 

blood serum and LRG1 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 
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Anotācija 

Kompleksa klīniska, molekulārbioloģiska un mikrobioloģiska izpēte  

bērna vecuma akūta komplicēta un nekomplicēta apendicīta gadījumā 

Visā procesa laikā, sākot no diagnostikas līdz efektīvai ārstēšanai apendicīts ir 

izaicinoša diagnoze bērna vecuma pacientiem. Ņemot vērā neķirurģiskās ārstēšanas metodes 

pielietošanu akūta apendicīta (AA) pacientiem bērna vecumā, viena no svarīgākajām 

neatliekamās bērnu ķirurģijas problēmām ir akūta nekomplicēta apendicīta (AnA) un akūta 

komplicēta apendicīta (AkA) nodalīšana ārstēšanas sākuma periodā, jo AkA liecina par 

novēlotu diagnostikas procesu un prasa tikai neatliekamu ķirurģisku ārstēšanu. Latvijā AkA 

sastopams vairāk nekā 35 % gadījumu. Mūsu līdzšinējie pētījumi liecina, ka VSIA BKUS līdz 

pēdējam laikam, pie tendences kopējam operēto AA gadījumu skaitam saglabāties iepriekšējā 

līmenī, AkA skaits pieaug. 

Šodien eksistējošās AkA diagnostikas problēmas rada nepieciešamību meklēt jaunus 

agrīnās diagnostikas indikatorus pacientiem bērna vecumā, lai samazinātu komplikāciju 

attīstības biežumu, kā arī novērstu letalitātes riskus. Pirmais izaicinājums AA diagnostikā ir tā 

atšķiršana no citām neapendicīta (jeb nAA) diferenciāldiagnozēm. Pašlaik AA diagnostika ir 

atkarīga no klīniskās atrades, rūpīgas anamnēzes ievākšanas, un Alvarado skalas, kura pēdējā 

laikā tiek bieži pielietota un ir augsti vērtējams AA diagnostikas palīglīdzeklis, tomēr tai trūkst 

adekvātas jutības un specifiskuma, kā arī no pacientu (un/vai pacienta aizbildņu) sadarbības un 

komunikācijas spējām. Tiek izmantotas arī citas diagnostikas metodes, piemēram, 

datortomogrāfija (DT) un diagnostikā laparoskopija, bet šo metožu negatīvie aspekti samazina 

to diagnostikās vērtības produktivitāti (Podany et al., 2017). Ultrasonogrāfijas un asinsainas 

parametru (leikocitoze un paaugstināts C-reaktīvais olbaltums (CRO)) kā diagnostikas rīku 

izmantošana ir samazinājusi diagnostiskās laparoskopijas nepieciešamību, taču, neskatoties uz 

to, pašreizējais negatīvās apendektomijas biežums joprojām ir 1–40 % (Maloney et al., 2019). 

Savukārt šobrīd pieejamie biomarķieri ir neprecīzi un to novēlotā reakcija samazina 

neatliekamās palīdzības ārstu un bērnu ķirurgu iespējas sniegt savlaicīgu un potenciāli efektīvu 

terapiju. Tādējādi šī pētījuma mērķis, pirmkārt, ir atrast produktīvāku risinājumu savlaicīgai un 

efektīvai AA diagnostikai, nodalot AA un nAA. 

Jau zināms, ka AkA ir sarežģītas izcelsmes aklās zarnas tārpveida piedēkļa iekaisums. 

Lai gan tradicionāli par AA izsaucēju tiek uzskatīta piedēkļa lūmena obstrukcija, nesenos 

pētījumos gūtie pierādījumi liecina, ka slimība, iespējams, attīstās tiešas specifisku patogēnu 

mikroorganismu invāzijas dēļ. To starpā tiek minēta arī Yersinia enterocolitica (Fernandes 

et al., 2020). Dažos agrākos pētījumos ir apstiprināts polimikrobiāls process, tomēr galveno 
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slimības izsaucēju un tā izcelsmi noteikt nav izdevies (Rogers et al., 2016); (Salö et al., 2017); 

(Bhattacharya et al., 2022); (Camacho-Cruz et al., 2022). Šis fakts ir palielinājis ekspertu un  

speciālistu interesi, kā arī pētījumu skaitu par antibakteriālo terapiju kā neinvazīvu metodi AA 

ārstēšanai. Ņemot vērā, ka mūsdienās palielinās neinvazīvas antibakteriālās terapijas 

izmantošana apendicīta ārstēšanai, šī pētījuma mērķis ir noskaidrot, kuri mikroorganismi ir 

sastopami pie AA izraisīšanas pētījumā iekļauto pediatrisko pacientu grupās (t. i., AkA un AnA 

grupās). Konkrētu mikroorganismu izplatība katrā no šīm grupām ir noteicošais faktors 

atšķirīgām antibakteriālās ārstēšanas stratēģijām, tāpēc šī pētījuma vēl viens mērķis ir noteikt, 

kuri mikroorganismi prevalē AnA un AkA grupās, kā arī pārbaudīt šo konkrēto 

mikroorganismu jutību un rezistenci un izvērtēt iespējamo antibakteriālo līdzekļu ārstēšanas 

efektivitāti.  

Iespējamo biomarķieru apjoms, ko var izmantot akūta apendicīta diagnosticēšanas 

procesā, kā arī koncentrēšanās uz imunoloģiskajiem mehānismiem palielinās, taču pagaidām 

neviens no šiem biomarķieriem vēl netiek klīniskajā praksē plaši izmantots (Selleck et al., 

2017). Viena optimālā biomarķiera atrašana varētu sagādāt lielas pūles, taču kombinācija ar 

pacienta medicīnas vēsturi un klīniskām atradēm varētu uzlabot diagnostikas kvalitāti un 

ātrumu, kas rezultēsies ar samazinātu komplikāciju risku, kā arī ar samazinātām slimnīcas 

kopējām izmaksām un, protams, izvairīšanos no nevajadzīgiem attēlveidošanas izmeklējumiem 

un ķirurģiskām operācijām.  

Šis ir prospektīvs kontrolētu grupu pētījums laika posmā no 2017. līdz 2020. gadam, kur 

pacienti tika iedalīti 3 grupās: AkA (akūts komplicēts apendicīts), AnA (akūts nekomplicēts 

apendicīts) un Ktr (kontroles grupa). No 153 pacientiem 97 bija AA un 56 bija Ktr grupā. 

Iegūtie rezultāti parāda, ka urīna LRG1 (leucine-rich alpha-2 glycoprotein 1) ir precīzs 

marķieris AA diagnozes apstiprināšanai. Seruma un urīna LRG1 koncentrācija ir noderīga, lai 

noteiktu AA smagumu (t. i., AkA vai AnA). Biomarķieris NGAL (neutrophil gelatinase-

associated lipocalin) asins serumā ievērojami palielinās 0. dienā un to būtu nepieciešams 

izmantot akūtu vēdera sāpju diferenciāldiagnostikā. Specifisko īpašību dēļ CRO un seruma  

IL-6 (interleukin-6) ir nespecifiski biomarķieri, taču tos var turpināt izmantot AA diagnostikas 

procesā un AkA un AnA diferencēšanā.  

Pseudomonas aeruginosa biežāk tiek konstatēta AkA gadījumā un pēc jutības 

pārbaudes tā ir uzņēmīga pret cefalosporīnu grupas antibiotiķiem, piemēram, ceftazidīmu, 

tomēr Pseudomonas aeruginosa ir fenotipiska rezistence pret cefotaksīmu, tāpēc tas būtu 

jāizslēdz no AkA empīriskās ārstēšanas vadlīnijām. Lai panāktu sinerģisku efektu un novērstu 

antibakteriālo līdzekļu rezistences attīstību, ārstēšanas stratēģijā būtu jāiekļauj antibakteriālie 

līdzekļi ar dažādiem darbības mehānismiem. Šajā pētījumā ESBL (paplašināta spektra  
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beta-laktamāzes) veidojošo mikroorganismu sastopamība bija zema. Yersinia enterocolitica 

seruma antivielas AA pacientiem netika atklātas, tāpēc tās nevar tikt izmantotas AA 

prognozēšanai.  

Pētot aklās zarnas tārpveida piedēkļa mikrobiomu un jaunus asins seruma NGAL un 

LRG1 un urīna LRG1 biomarķierus, varētu tikt sasniegta pilnvērtīgāka komplicēta akūta 

apendicīta etiopatoģenēzes izpratne un agrīnā diagnostiskā precizitāte, kā arī savlaicīgi noteikts 

slimības smagums un iespējamā slimības prognoze. Jāuzsver, ka pētījuma rezultāti Latvijā 

varētu uzlabot ārstnieciskās palīdzības kvalitāti pie salīdzinoši zemās sociāli ekonomiskās 

situācijas valstī. 

Iegūtie rezultāti var sniegt ieguldījumu arī ārpus Latvijas robežām, jo ir publicētas 

starptautiskās datu bāzēs, kā arī promocijas darba teksts ir angļu valodā, lai citi kolēģi, kas ir 

ieinteresēti šajā tēmā, var iepazīties ar izpētīto materiālu un iespējams ieviest izmaiņas savā 

ikdienas praksē saistībā ar akūtu apendicītu pediatriskiem pacientiem. 

Atslēgvārdi: akūts apendicīts, akūts komplicēts apendicīts, akūts nekomplicēts 

apendicīts, ķirurģija, 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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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. Identify the causative agents of AuA and AcA, to evaluate their antibacterial 

sensitivity. 

 

Hypothesis 

• 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. 

• 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, LRG1 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). LRG1 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-1β, IL-22, TNF-α, and 

lipopolysaccharides stimulate the transcription of LRG1; therefore, it is not dependent on 

a single 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-α and IL-1β 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 Rīga Stradiņš 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. 

 

 

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-Rhône-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 μl, 100 μl and 

300 µl respectively. After centrifugation, serum was collected and stored at −80 °C. Midstream, 

clean-catch urine specimens (minimum amount of IL-6 200 μl; NGAL 100 μl; LRG1 200 μl) 

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 kits 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 μg/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 μl 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 ℃ and then these supernatants were 

stored at −80 ℃ 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 – SoMaS 

 

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).  
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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 μg, ampicillin 10 μg, cefotaxime 5 μg, meropenem 10 μg, imipenem 10 μg, 

amikacin 30 μg, gentamicin 10 μg, ciprofloxacin 5 μg, chloramphenicol 30 μg, ertapenem 

10 μg, amoxicillin+clavulanic acid 30 μg, and piperacillin+tazobactam 36 μg (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 

quantitative 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 AcA 

(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 

  

Indicator 
AuA AcA Ctr* Total 

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) 

Age, Mdn (IQR) 
13.0  

(10.0–15.0) 

12.0  

(9.0–14.0) 

13.5  

(10.3–15.0) 
– 0.101c 

Type of surgery, n (%) 

Laparoscopy 41 (91.1) 44 (84.6) – 85 (87.6) 
0.333a 

Laparotomy 4 (8.9) 8 (15.4) – 12 (12.4) 
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Table 3.1 continued 

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, c – Kruskal-Wallis test 

 

3.1.2 Preoperative and postoperative biomarker levels per appendix status  

 

The preoperative baseline values of IL-6, NGAL and LRG1 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 
AuA, ng or pg 

or μg/ml (IQR) 

AcA, ng or pg 

or μg/ml (IQR) 

Ctr, ng or pg 

or μg/ml (IQR) 
p-value 

Day 0  

Serum 

IL-6 
22.57  

(11.15–42.21) 

70.59  

(25.06–300.92) 

6.44  

(2.49–12.49) 
< 0.001 

NGAL 
128.20  

(81.44–184.50) 

169.90  

(104.95–258.15) 

90.37  

(73.46–137.38) 
< 0.001 

LRG1 
70.56  

(62.64–83.43) 

88.12  

(71.12–106.13) 

34.08  

(27.50–42.37) 
< 0.001 

Urine 

IL-6 
2.37  

(0.55–27.93) 

11.22  

(2.82–29.10) 

6.84  

(1.37–38.98) 
0.227 

NGAL 
2.93  

(1.41–8.57) 

3.34  

(1.10–10.45) 

3.25  

(1.41–10.73) 
0.889 

LRG1 
0.10  

(0.03–0.73) 

0.35  

(0.05–1.38) 

0.04  

(0.02–0.10) 
< 0.001 

  

Indicator 
AuA AcA Ctr* Total 

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 
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Table 3.2 continued 

Biomarkers 
AuA, ng or pg 

or μg/ml (IQR) 

AcA, ng or pg 

or μg/ml (IQR) 

Ctr, ng or pg 

or μg/ml (IQR) 
p-value 

Day 2 

Serum 

IL-6 
7.48  

(2.81–23.44) 

13.55  

(6.84–33.73) 
– 0.131 

NGAL 
73.67  

(58.04–92.41) 

107.10  

(71.04–167.20) 
– 0.001 

LRG1 
74.99  

(61.00–96.03) 

87.90  

(70.32–104.10) 
– 0.048 

Urine 

IL-6 
4.42  

(1.15–16.97) 

6.89  

(2.04–21.71) 
– 0.439 

NGAL 
2.66  

(1.34–12.18) 

2.65  

(0.81–9.87) 
– 0.633 

LRG1 
0.08  

(0.03–0.28) 

0.21  

(0.06–0.98) 
– 0.017 

Day 5 

Serum 

IL-6 
4.45  

(2.40–10.70) 

5.07  

(1.72–12.48) 
– 0.838 

NGAL 
69.80  

(60.20–89.99) 

85.25  

(64.20–105.50) 
– 0.220 

LRG1 
66.73  

(56.98–85.28) 

80.97  

(62.14–99.03) 
– 0.110 

Urine 

IL-6 
2.44  

(0.65–8.56) 

2.18  

(0.00–10.82) 
– 0.900 

NGAL 
4.89  

(1.26–13.50) 

2.39  

(1.17–5.46) 
– 0.281 

LRG1 
0.04  

(0.02–0.27) 

0.10  

(0.03–0.25) 
– 0.102 

Biomarker levels are expressed as medians, IQR (25 %, 75 %), IL-6 is measured in pg/ml, NGAL in ng/mL and 

LRG1 in μg/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-IL-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-IL-6) samples were inconclusive and, thus, not specific enough to 

differentiate between AcA and AuA or between infectious disease and non-infectious disease 

(Figure 3.2). 

 

 

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). 

 

 

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 μg/ml, 88.12 μg/ml, and 34.08 μg/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 μg/ml and 66.73 μg/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 μg/ml (AcA), 

0.1 μg/ml (AuA) and 0.04 μg/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 0.10µg/mL in AcA 

and 0.04µg/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-LRG1 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). 

  



 

31 
 

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),  

**** p < 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 μg/ml in AcA and 0.04 μg/ml in AuA on the fifth 

postoperative day (p = 0.102). U-LRG1 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-LRG1 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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Table 3.3 

Evaluating preoperative biomarker levels of AcA versus AuA 

Biomarkers 

AuA, ng 

or pg or μg/ml 

Median (IQR) 

AcA, ng 

or pg or μg/ml  

Median (IQR) 

p-value 

Day 0 

Serum 

IL-6  
22.57  

(11.15–42.21)  

70.59  

(25.06–300.92)  
< 0.001  

NGAL  
128.20  

(81.44–184.50)  

169.90  

(104.95–258.15)  
0.033 

LRG1  
70.56  

(62.64–83.43)  

88.12  

(71.12–106.13)  
0.001  

Urine 

IL-6  
2.37  

(0.55–27.93)  

11.22  

(2.82–29.10)  
0.115 

NGAL  
2.93  

(1.41–8.57)  

3.34  

(1.10–10.45)  
0.739 

LRG1  
0.10  

(0.03–0.73)  

0.35  

(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 μg/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-IL-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 μg/ml (p < 0.001), as shown in Figure 3.9, 

Figure 3.10, Figure 3.11, Figure 3.12, and Table 3.4. 

 

 

Figure 3.9 ROC curve analysis of appendicitis (AcA and AuA)  

vs control group of serum IL-6 
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Figure 3.10 ROC curve analysis of appendicitis (AcA and AuA)  

vs control group of serum NGAL 

 

 

Figure 3.11 ROC curve analysis of appendicitis (AcA and AuA)  

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 

LRG1 0 0.945 0.905–0.985 < 0.001 51.69 0.938 0.089 0.911 

U-LRG1 0 0.703 0.619–0.787 < 0.001 0.175 0.542 0.161 0.839 

CRP 0 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 % CI 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 % CI 0.619–0.787) and for CRP 

an AUC of 0.851 (95 % CI 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-6 0 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 

LRG1 0 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 

X2 (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 

(X2 = 5.518, p = 0.701), therefore the null hypothesis (H0: 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 

likelihood 

Cox & Snell  

R Square 

Nagelkerke  

R Square 

Hosmer Lemeshow  

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 (X2 = 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 

LRG1 0 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 % CI 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 

AcA vs 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 
AcA AuA 

Total Isolates, No. p-value 
No.  % No.  % 

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 

Bacteria Type 
AcA AuA 

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)  

WBC count (x109/L), 
16.91  

(13.68–20.13) 

14.64  

(12.91–16.72) 
– 0.017 

CRP (g/L), 
25.65  

(5.28–87.22) 

13.16  

(2.96–38.57) 
– 0.186 

Neu 
83.90  

(80.40–87.00) 

80.70  

(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 

Length of Hospital Stay, days, median 

(IQR) 
6 (4–9) 5 (4–6) – 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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Table 3.11 

Antimicrobial resistance and susceptibility of isolated pathogens 

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. 

Indicator 
E. coli n, % P. aeruginosa n, % Klebsiella n, % Citrobacter n, % 

R S R S R S R S 

CAZ 
5 54 5 14 1 8  – 5 

8.5 91.5 26.3 73.7 11.1 88.9  – 100 

AMP 
32 27 15 4 7 2  – 5 

54.2 45.8 78.9 21.1 77.8 22.2  – 100 

CTX 
6 53 12 7  – 9  – 5 

10.2 89.8 63.2 36.8  – 100  – 100 

MRP 
 – 59  – 19 1 8  – 5 

 – 100  – 100 11.1 88.9  – 100 

IMI 
6 53 7 12 1 8  – 5 

10.2 89.8 36.8 63.2 11.1 88.9  – 100 

AK 
 – 59  – 19  – 9  – 5 

 – 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 

AUG 
18 41 16 3 2 7 5  – 

30.5 69.5 84.2 15.8 22.2 77.8 100  – 

TZP 
1 58 2 17 1 8  – 5 

1.7 98.3 10.5 89.5 11.1 88.9  – 100 
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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 (Rekomendācijas Antibakteriālo Līdzekļu Lietošanai Ķirurģiskajā 

Praksē. KS/MET-011-00. Bērnu Klīniskā Universitātes Slimnīca. 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 

et al., 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 

et al., 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 

LRG1 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 μg/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-IL-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 
 

1. Biomarker U-LRG1 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.  

2. Biomarker serum NGAL increases significantly on Day 0 and should be used in the 

differential diagnosis of acute abdominal pain. 

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

and differentiation of AcA and AuA. 

4. 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. 

5. The incidence of ESBL-producing microorganisms was low in acute appendicitis cases 

included in the study.  

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

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

 



 

48 
 

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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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.  
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