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Summary 

Appendicitis is one of the most common surgical emergencies, 

especially in adolescents and young adults. It involves inflammation of the 

vermiform appendix, often due to obstruction of the lumen, which leads to 

microbial infection and immune activation. The current study aimed to 

evaluate the role of bacterial and fungal infections in appendicitis and their 

relationship with specific immunological markers including Toll-like 

receptor 4 (TLR4), Interleukin-17 (IL-17), Dectin-1, and Secretory 

Immunoglobulin A (sIgA) in both blood and appendix tissue. 

This case-control study was conducted at Al-Hilla Teaching Hospital 

from September 2024 to December 2024. The study population comprised 

100 patients diagnosed with appendicitis, whose ages ranged from 14 to 65 

years, in addition to 50 apparently healthy controls (AHC). Blood and 

appendix tissue specimens were obtained from the patients, while only blood 

samples were collected from the control group. The highest proportion of 

patients was observed within the 14–24 years age group (48%). Females 

accounted for a slightly higher percentage (54%) compared with males 

(46%). Furthermore, rural residents represented the majority of the patient 

group (66%). 

Specimens collected from appendectomy patients were cultured to 

identify bacterial and fungal pathogens. Bacterial isolates were obtained 

from appendix swabs of 100 patients diagnosed with appendicitis. After 

surgical removal, specimens were collected using gel transport swabs and 

cultured on Blood agar, MacConkey agar, UTI Chromogenic agar, and EMB 
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agar. All specimens showed bacterial growth after 24–48 hours of 

incubation. Escherichia coli was the most frequently isolated organism 

(88%), followed by Klebsiella pnemoniae (12%). All isolates were Gram-

negative and confirmed by Gram stain and the VITEK 2 Compact System. 

Fungal culture was performed using Sabouraud Dextrose Agar and 

Candida Chromogenic Agar, incubated at both 25°C and 37°C for 84 to 72 

hours. No fungal growth was detected in any of the specimens. These results 

suggest that fungi are unlikely to be involved in the pathogenesis of 

appendicitis in the studied cases. 

The levels of TLR4, IL-17, Dectin-1, and sIgA were measured in both 

serum and tissue using Enzyme-Linked Immunosorbent Assay (ELISA). 

Mean serum TLR4 levels were 18.72 ng/ml in patients and 18.67 ng/ml in 

controls, with no statistically significant difference (P = 0.083). However, in 

patients, serum levels were significantly higher than tissue levels (P = 

0.000). IL-17 levels were significantly elevated in serum in patients 

compared to controls (257.22 ± 132.93 ng/L vs. 109.71 ± 62.60 ng/L) and 

tissue (501.98 ± 183.24 ng/L)compared to serum among patients (P = 0.000 

for both).  

Dectin-1 levels showed no significant difference between patients and 

controls; however, within patients, tissue levels of Dectin-1 were slightly 

higher than serum levels. sIgA was significantly higher in appendix tissue 

than in serum within the patient group (3.10 ± 1.30 µg/ml vs. 1.60 ± 0.74 

µg/ml), while serum levels were lower in patients than in controls but 

without statistical significance. 
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Tetra-ARMS PCR was used to analyze TLR4 rs4986790 A/G 

polymorphism. The G allele was significantly associated with susceptibility 

to appendicitis (OR = 2.025; P = 0.028). The GG genotype occurred more 

frequently in males (30.43%) than in females (7.41%), with an odds ratio of 

5.47 (P = 0.0491). The G allele was also more frequent in males (45.65%) 

compared to females (25.93%) with an odds ratio of 2.40 (P = 0.0413). 

When analyzing the immune parameters based on genotypes, no 

significant differences were observed in TLR4, IL-17, or Dectin-1 levels 

among AA, AG, and GG groups (P > 0.05). However, sIgA levels differed 

significantly, with the highest levels in the GG group (1.76 µg/ml), followed 

by AG (1.51 µg/ml) and AA (0.88 µg/ml) (P = 0.007). These results suggest 

that the TLR4 polymorphism may influence mucosal immune responses by 

modulating sIgA production. 

In conclusion, this study highlights the major role of Gram-negative 

bacteria, particularly Escherichia coli, in the pathogenesis of appendicitis. 

IL-17 and sIgA were significantly elevated, especially in appendix tissue, 

indicating their involvement in local immune defense. Although fungi were 

not detected, Dectin-1 levels may still reflect immune modulation. The 

TLR4 rs4986790 G allele may be linked to increased disease risk and 

influence sIgA levels. These findings may support future approaches in 

understanding immune responses in appendicitis. 
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1-1 Introduction: 

Appendicitis, defined as inflammation of the vermiform appendix, 

is the most common cause of emergency abdominal surgery worldwide 

(Moris et al., 2021). 

Numerous studies have sought to examine the etiology of acute 

appendicitis; however, a consensus on its cause remains elusive. The 

traditional explanation for the pathophysiology of acute appendicitis has 

been direct luminal obstruction, which is frequently linked to parasites, 

lymphoid hyperplasia, fecoliths, and, in rare cases, cecal or appendiceal 

cancer (Lee et al., 2022). 

Numerous bacteria colonize the appendix, but the most frequent 

pathogens are Escherichia coli and bacteria from the Bacteroides fragilis 

group. Bacterial colonization and overgrowth in the appendix are 

encouraged when luminal obstruction takes place. Appendix infection and 

inflammation may result from the stagnant contents and elevated bacterial 

load causing an inflammatory response. Cytokines, chemokines, and other 

pro-inflammatory mediators are released as part of the inflammatory 

process in acute appendicitis. Immune cells like neutrophils and 

macrophages are drawn to the site of inflammation by these signaling 

molecules (Petruzziello et al., 2023). 

Although appendicitis is typically associated with bacterial 

infections, recent studies have suggested a possible involvement of fungal 

pathogens, especially in immunocompromised individuals, with Candida 

albicans occasionally identified in appendiceal specimens in such cases 

(Constantin et al., 2023). 
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The vermiform appendix is increasingly recognized not as a 

vestigial structure but as an immunologically active organ that plays a role 

in maintaining gut homeostasis. It serves as a reservoir for commensal 

microbiota and contributes to the development of mucosal immunity 

through the production of secretory immunoglobulin A (sIgA) and the 

activation of gut-associated lymphoid tissue (GALT) (Vitetta et al., 

2019). 

Toll-like receptor 4 (TLR4) plays a central role in the recognition 

of Gram-negative bacteria through lipopolysaccharide (LPS) sensing. 

Upon activation, TLR4 triggers downstream inflammatory pathways, 

including the Nuclear Factor kappa B (NF-κB) signaling cascade and 

cytokine production (Zamyatina & Heine, 2020).  

Elevated expression of TLR4 has been associated with the severity 

of inflammation in appendicitis patients (Su et al., 2025). A recent study 

reported significantly elevated TLR4 gene expression in patients with 

appendicitis compared to healthy controls, suggesting its potential 

involvement in the pathogenesis of the disease (Mahdi & AlSaimary, 

2024a). 

 IL-17, a pro-inflammatory cytokine generated by Th17 cells, is 

essential to immune responses. In appendicitis, IL-17 recruits neutrophils 

and increases the production of other cytokines and chemokines, 

escalating inflammation. High IL-17 levels in appendicitis indicate its role 

in its development (Reismann, 2022). 

C-type lectin receptor Dectin-1 is expressed on myeloid cells such 

as macrophages, dendritic cells, and neutrophils. It detects β-glucans in 

fungal and bacterial cell walls. Phagocytosis, ROS generation, and 
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cytokine release occur when Dectin-1 is activated. Moreover, Dectin-1 

signaling supports adaptive immunity by transforming naïve CD4+ T cells 

into Th17 cells, which regulate inflammation and immunity (Kalia et al., 

2021). 

Secretory IgA (sIgA) plays a critical role in maintaining intestinal 

homeostasis by neutralizing pathogens and shaping the gut microbiota. 

Deficient or dysregulated sIgA responses may compromise mucosal 

defense and contribute to inflammatory conditions such as appendicitis 

(Li et al., 2020) 

 

1.2. Aims of Study: 

The study aimed to investigate the relationships among bacteria, 

fungi, and some immunological parameters in patients with appendicitis 

through the following objectives: 

1. Collect the blood and appendix tissues after appendectomy. 

2. Isolation and identification of bacteria and fungi from tissue by using 

different methods and confirmed with the VITEK 2 system. 

 3. Evaluate IL-17, dectin-1, secretory IgA, and TLR4 concentrations by 

ELISA. 

4. Polymorphism of TLR4. 
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2. Literature Review: 

2.1 Appendicitis 

Appendicitis is the most common general surgical emergency in 

children and young adults and is defined as inflammation of the vermiform 

appendix. Despite its prevalence, diagnosis remains challenging, even for 

experienced surgeons, due to its widely varying clinical presentations 

(Dixon & Singh, 2020). Acute appendicitis is among the leading causes of 

admission to Emergency Departments (ED), affecting nearly 70% of 

individuals under 30 years old and about 10% of those over 60 

(Petruzziello et al., 2023). 

The appendix is a blind-ended organ, and it is widely accepted that 

appendicitis results from obstruction of the appendiceal lumen. This 

obstruction leads to a localized infection that cannot drain properly. 

Consequently, swelling induced by the blockage can cause local ischemia, 

tissue necrosis, bacterial invasion, and may ultimately result in localized 

abscess formation or widespread peritonitis, potentially leading to 

perforation (Dixon & Singh, 2020). 

The appendix normally harbors both aerobic and anaerobic bacteria, 

including Escherichia coli and Bacteroides species. Obstruction of the 

appendiceal lumen facilitates bacterial overgrowth, which triggers acute 

inflammation and abscess development. Studies using next-generation 

sequencing techniques have demonstrated that patients with complicated, 

perforated appendicitis carry a significantly higher bacterial phyla load 

compared to those with uncomplicated appendicitis (Bhangu et al., 2015). 
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Delayed diagnosis and treatment of acute appendicitis can result in 

serious complications such as abscess formation, peritonitis, sepsis, ileus, 

and even mortality (Podany et al., 2017; Hong et al., 2020).  

2.2 Epidemiology of appendicitis 

The global incidence of appendicitis ranges between 100 and 300 

cases per 100,000 individuals annually, with higher rates generally 

reported in developed countries (Ferris et al., 2017). The condition 

primarily affects adolescents and young adults, with most cases occurring 

between the ages of 10 and 30 years (Ohmann et al., 2002; De Costa, 

2022). 

Geographic and environmental factors significantly influence the 

epidemiological patterns of appendicitis. Studies have shown marked 

regional differences in incidence, which may be attributed to variations in 

hygiene standards, dietary habits, microbial exposure, and healthcare 

accessibility (De Costa, 2022). Seasonal fluctuations have also been 

documented, with a noticeable increase in appendicitis cases during 

summer months, suggesting the involvement of environmental triggers 

(Danwang et al., 2020). 

According to the Global Burden of Disease Study 2019, the age-

standardized prevalence, incidence, and years lived with disability (YLDs) 

due to appendicitis increased steadily between 1990 and 2019. The highest 

rates were reported among adolescents, with no significant differences 

observed between males and females (Guan et al., 2023). 

National data from Iraq largely mirror these global trends. Several 

hospital-based studies have reported a predominance of cases among males 

under the age of 30. For example, demographic analyses conducted in 
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Basrah and Baghdad identified peak incidence rates among males aged 20–

30 years (Shaker et al., 2024; Saleem & Alkawaz, 2021). Similar patterns 

were reported in Hilla and Sulaymaniyah, further confirming the 

consistency of age and gender distribution across different Iraqi regions 

(Al-Janabi et al., 2019; Hama et al., 2021). 

In terms of geographic distribution, recent observational studies in 

Iraq have reported a higher incidence of appendicitis cases among 

individuals residing in urban areas compared to those from rural or 

peripheral regions. An investigation in Basrah revealed that 56.8% of 

patients were from urban districts (Alshawi, 2024), while data from 

Baghdad demonstrated a similar trend, with a greater proportion of cases 

originating from city centers (Wahhab et al., 2024). 

 

2.3 Pathophysiology of Acute Appendicitis 

Although the exact etiology of acute appendicitis (AA) remains 

unclear, several contributing factors have been identified, including 

luminal obstruction, ischemia, bacterial overgrowth, inflammatory and 

infectious processes, traumatic injury, as well as dietary, genetic, and 

hygienic influences (Snyder et al., 2018; Petruzziello et al., 2023). Luminal 

obstruction typically results from lymphoid hyperplasia or fecalith 

formation, both of which impede the normal drainage of the appendiceal 

contents and lead to progressive distension of the lumen (Park et al., 2017; 

Di Saverio et al., 2020) 

Lymphoid hyperplasia of the mucosa or submucosa is considered 

the most common mechanism causing obstruction and may be triggered by 

infections (bacterial, viral, fungal, parasitic) or inflammatory conditions 

such as inflammatory bowel disease. Less common causes include 
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parasites (more prevalent in developing countries), fibrous bands, foreign 

bodies, carcinoid tumors, and cecal carcinoma. Symptom onset tends to be 

gradual with lymphoid hyperplasia, whereas fecalith-related obstruction is 

usually associated with a more abrupt clinical course (D'souza & Nugent, 

2016). 

The pathological cascade of AA begins with inflammation of the 

appendiceal wall, which may progress to localized ischemia, perforation, 

and the development of either a confined abscess or diffuse peritonitis 

(Figure 2-1) (Moris et al., 2021). 

At the molecular level, the condition is driven by a complex 

interplay of inflammatory mediators—including proinflammatory 

cytokines, chemokines, and adhesion molecules—that orchestrate the 

recruitment and activation of immune cells such as neutrophils and 

macrophages. These mediators not only underlie the clinical 

manifestations of appendicitis but also play a critical role in its 

complications, including perforation and abscess formation (Bhangu et al., 

2015; Elwan et al., 2023). 

 

 

Figure (2-1) Pathophysiology of Acute Appendicitis (Moris et al., 2021). 
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2.4 Diagnosis of appendicitis 

Although acute appendicitis (AA) is one of the most common causes 

of surgical emergency visits, it continues to pose a diagnostic challenge. 

Traditionally, diagnosis has been based on patient history, clinical 

evaluation, and laboratory investigations. However, the diagnostic 

accuracy of clinical assessment alone—without preoperative imaging—

remains suboptimal, especially in mixed-gender populations (Sippola et 

al., 2021). 

Laboratory tests can improve diagnostic confidence. One useful 

marker is the neutrophil count, a component of the white blood cell (WBC) 

profile, which is often elevated in patients with acute appendicitis 

compared to those with a normal appendix (Peksöz & Bayar, 2021). C-

reactive protein (CRP) is another important inflammatory biomarker that 

has shown higher specificity and diagnostic value than WBC or erythrocyte 

sedimentation rate (ESR) (Ramrao et al., 2020). A normal CRP level does 

not rule out appendicitis and should prompt further evaluation through 

ultrasonography or diagnostic laparoscopy. Combining CRP with clinical 

history and physical examination significantly improves diagnostic 

accuracy (Lateef et al., 2009; Ramrao et al., 2020). 

Imaging studies are essential in confirming the diagnosis. The most 

frequently used preoperative imaging modalities are ultrasound (US) and 

computed tomography (CT). If imaging confirms appendicitis, surgical 

intervention is usually warranted. In cases where ultrasound findings are 

inconclusive, CT is commonly used as a second-line investigation. If CT 

results are also non-diagnostic, the patient may undergo diagnostic 

laparoscopy or be observed clinically (D’Souza et al., 2021). 

In addition to imaging and laboratory tests, clinical scoring systems 

are used to stratify patients based on their risk of appendicitis. The most 
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widely utilized is the Alvarado score, which incorporates symptoms, 

clinical signs, and laboratory findings. While the score demonstrates good 

sensitivity, especially in male patients, its specificity is relatively low. 

Therefore, it is often used as a supportive tool rather than a definitive 

diagnostic method (Ohle et al., 2011; Bhangu et al., 2020). 

 

2.5 Classification of appendicitis  

 

Appendicitis can be categorized based on severity as either 

complicated or uncomplicated. Uncomplicated appendicitis is 

characterized by acute appendicitis devoid of clinical or radiographic 

indicators of perforation, such as inflammatory mass, phlegmon, or 

abscess. An appendiceal rupture followed by the formation of an abscess 

or phlegmon is a sign of complicated appendicitis (Krzyzak & Mulrooney, 

2020). 

 

Appendicitis may also be classified as acute or chronic based on 

clinical presentation. Acute appendicitis (AA) is the most frequent form 

and a leading cause of emergency abdominal surgery. Most cases, 

particularly those involving the development of appendicoliths (fecoliths), 

require immediate surgical removal of the inflamed appendix (Moris et al., 

2021). 

The rare medical condition known as chronic appendicitis (CA), on 

the other hand, is characterized by less severe and ongoing abdominal pain 

as well as a clinical picture that lasts for months or even years rather than 

just one or two days. However, using it as a preliminary diagnosis is not 

always feasible. (Kanat et al., 2021). Although the exact cause of chronic 

appendicitis is unknown, it is thought to be caused by temporary or partial 
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obstruction of the appendix and is not a surgical emergency (Lee et al., 

2021). 

From a histopathological perspective, appendicitis can be 

categorized as either gangrenous or non-gangrenous based on the presence 

of necrosis in the appendiceal tissue. Gangrenous appendicitis is 

characterized by areas of necrosis and severe transmural inflammation, 

indicating extensive tissue damage and disease progression. In contrast, 

non-gangrenous appendicitis lacks necrosis and typically presents with 

localized inflammation confined to specific layers of the appendiceal wall. 

(Peeters et al., 2020; Peeters et al., 2023). 

 

2.6 Appendicitis risk factors  

2.6.1 Age and Sex 

Appendicitis is most frequently diagnosed between the ages of 10 

and 20 years, with a reported male-to-female ratio of approximately 1.4:1. 

In the United States, the lifetime risk of developing appendicitis is 

estimated at 8.6% for men and 6.7% for women (Krzyzak & Mulrooney, 

2020). In another study, the incidence of acute appendicitis was reported 

as 16.33% in men and 16.34% in women, predominantly affecting 

individuals in their second and third decades of life (Fikri et al., 2023). 

2.6.2 Lifestyle Factors 

Lifestyle factors, particularly dietary habits, have been associated 

with the risk of developing appendicitis. Diets low in fiber and high in 

sugars, along with insufficient intake of fruits and vegetables, have been 

linked to an increased incidence of acute appendicitis (Peeters et al., 2023). 

Adequate dietary fiber intake is recognized as important for maintaining 

gastrointestinal health and reducing the risk of various conditions, 
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including appendicitis (Siraj et al., 2020). In addition, smoking has been 

reported as a contributing risk factor for appendicitis (Peeters et al., 2023). 

2.6.3 Genetic Factors 

A family history of appendicitis is associated with a higher risk of 

developing the condition. Individuals with a positive family history are 

approximately three times more likely to develop appendicitis compared to 

those without such a history (Gaitanidis et al., 2021). Although no single 

gene has been definitively linked to appendicitis, multiple candidate gene 

studies and genome-wide association studies (GWAS) have supported a 

genetic contribution to its pathogenesis (Ricaño-Ponce et al., 2022). It has 

been reported that 6–10% of patients undergoing appendectomy have at 

least one family member with a history of appendicitis. Furthermore, 

patients with abdominal pain and a positive family history of appendicitis 

exhibit a 1.4 to 3-fold increased risk of developing the condition (Tartar et 

al., 2022). 

2.6.4 Seasonal Variation 

Seasonal variation in the incidence of appendicitis has been 

observed in several countries, with higher rates typically reported during 

the summer months. Factors such as dehydration-related constipation and 

potential interactions between elevated temperatures and genetic 

predispositions have been suggested as possible explanations for this 

pattern (Simmering et al., 2022). 

2.6.5 Socioeconomic Factors 

Socioeconomic status has also been examined in relation to 

appendicitis incidence. Regions with higher socioeconomic status and 

educational attainment tend to have lower rates of acute appendicitis, while 
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the incidence of perforated appendicitis appears to be less influenced by 

these socioeconomic factors (Golz et al., 2020). 

2.7 Gut Microbiota 

The gut microbiota is a dynamic and diverse community of 

microorganisms inhabiting the human gastrointestinal tract. While bacteria 

constitute the majority of this community in terms of both biomass and 

diversity, smaller populations of archaea, eukaryotes (such as fungi and 

parasites) are also present and contribute to the overall ecosystem. The 

collective genetic and functional attributes of these microbial species are 

referred to as the gut microbiome (Ursell et al., 2012; Al Bander et al., 

2020; Golz et al., 2020) 

These microbes maintain a symbiotic relationship with the human 

host, performing several vital functions such as regulating host 

metabolism, synthesising essential vitamins, and providing protection 

against pathogenic organisms (LeBlanc et al., 2013; Kamada et al., 2013). 

In exchange, the host offers a nutrient-rich environment that supports 

microbial survival. The gut microbiota also plays a critical role in digestion 

by facilitating the fermentation and anaerobic degradation of otherwise 

indigestible substrates, thereby enhancing caloric extraction and 

contributing to gut homeostasis (Sekirov et al., 2010). 

Beyond its well-established roles in metabolism and immunity, 

emerging evidence suggests that alterations in gut microbiota 

composition—referred to as dysbiosis—may contribute to the 

pathogenesis of various gastrointestinal diseases, including acute 

appendicitis (Lee et al., 2022).  
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2.7.1 The role of the gut microbiome in the pathogenesis of 

appendicitis 

The gut microbiota has been implicated in the development of 

various diseases, including inflammatory bowel disease, obesity, and 

mental health disorders. Alterations in both the composition and function 

of the gut microbiome have also been associated with the onset of 

appendicitis (Lozupone et al., 2012; Zhao et al., 2020). 

Several theories have been proposed regarding the contribution of 

the gut microbiota to appendicitis, which is an inflammatory condition of 

the appendix. However, the precise mechanisms remain unclear (Elwan et 

al., 2023).  

One theory suggests that appendicitis may arise from an 

inflammatory response triggered by an imbalance or dysbiosis in the gut 

microbiota (Lee et al., 2022). Studies have demonstrated that changes in 

microbial diversity, such as an increase in pathogenic bacteria and a 

decrease in beneficial species, may elevate the risk of appendicitis (Lee et 

al., 2022; Lobionda et al., 2019). 

Another hypothesis proposes that the gut microbiota influences 

appendicitis development through modulation of the immune system. 

Dysbiosis can provoke abnormal immune responses in the appendix, 

resulting in inflammation and disease. The gut microbiota plays a critical 

role in training and regulating the host immune system (Kooij et al., 2016). 

In addition, research suggests that the gut microbiota may contribute to the 

formation of appendiceal biofilms, which microbial communities are 

adhering to the appendix lining. These biofilms have been implicated in 

the pathophysiology of various inflammatory diseases, including 

appendicitis (Bollinger et al., 2007; Elwan et al., 2023). 
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2.7.2 Role of Bacteria in the Pathogenesis of Appendicitis 

Bacteria have long been implicated in the pathogenesis of 

appendicitis, traditionally believed to result from obstruction of the 

appendix's lumen by feces, stool, or lymphoid hyperplasia, which 

subsequently leads to inflammation and bacterial overgrowth. While 

obstruction remains a key factor, recent studies have highlighted the 

potential role of bacterial infection and dysbiosis in the development of 

appendicitis. Enteric bacteria are the most prevalent organisms associated 

with appendicitis, with Escherichia coli and streptococci identified as the 

most frequent aerobic isolates (Jung et al., 2022).  

Among gut bacteria, certain opportunistic pathogens may contribute 

significantly to disease progression. Prevotella, a common gut microbe 

linked to systemic infections, has been suggested to influence the 

pathophysiology of acute appendicitis by impairing gut barrier function. Its 

overrepresentation in the appendix may trigger an inflammatory immune 

response through the release of pro-inflammatory mediators (Bi et al., 

2022).  

In addition, alterations in the appendiceal microbiome have been 

observed in patients with acute appendicitis. Oh et al. (2020) reported 

elevated levels of Campylobacter jejuni in affected individuals, suggesting 

a potential pathogenic role for this bacterium. Although the precise 

mechanisms underlying bacterial involvement in appendicitis remain 

incompletely understood, several hypotheses have been proposed. An 

imbalance favoring pathogenic bacteria may provoke appendiceal 

inflammation (Lee et al., 2022).  

Notably, patients with appendicitis exhibit reduced levels of 

beneficial Bifidobacterium and Lactobacillus, which are known for their 
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anti-inflammatory properties, and increased Enterobacteriaceae, which 

produce pro-inflammatory molecules (Lobionda et al., 2019). Moreover, 

certain bacteria within the gut microbiota have been shown to stimulate 

immune cell and cytokine production, thereby exacerbating inflammation 

and tissue damage in the appendix (Li et al., 2022).  

Another contributory factor may be the formation of bacterial 

biofilms within the appendix. These structured microbial communities can 

sustain inflammation and are implicated in the pathogenesis of appendicitis 

(Elwan et al., 2023). 

               

2.7.3 Role of Fungi in the Pathogenesis of Appendicitis 

While bacterial infections are the primary cause of appendiceal 

inflammation, fungal infections may also occur, especially in 

immunocompromised patients. (Carlini et al., 2016) Fungi can colonize the 

appendiceal mucosa or surrounding vessels, leading to inflammation that 

clinically resembles typical acute appendicitis (Constantin et al., 2023). 

Among fungal pathogens, Candida species are of particular 

relevance, as they are a normal component of the gastrointestinal flora. 

However, in states of immunosuppression, Candida spp. can become 

opportunistic pathogens capable of invading the gastrointestinal tract, 

including the appendix (Khoury et al., 2010; Larbcharoensub et al., 2013). 

Such invasion typically results in ulceration, pseudomembrane formation, 

inflammatory masses, and in severe cases, systemic fungal infections via 

hematogenous spread (Larbcharoensub et al., 2013). 

In addition to Candida, other fungal pathogens such as 

mucormycosis, histoplasmosis, and aspergillosis have been implicated in 
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case reports of fungal appendicitis (Constantin et al., 2023). One study 

estimated the incidence of fungal appendicitis at approximately 1.15% of 

appendicitis cases, though available data are largely limited to individual 

case reports and small series, particularly involving immunocompromised 

individuals (Carlini et al., 2016; Jung et al., 2022). 

It is hypothesized that fungal invasion of the appendiceal wall 

triggers an inflammatory response that may progress to complications such 

as perforation and peritonitis if not promptly managed (Choy et al., 2019). 

 

2.8 Gastrointestinal mucosal immunity  

The mucosal immune system is a tightly regulated mechanism that 

protects mucosal surfaces from invading pathogens while preventing 

inappropriate immune responses to harmless antigens such as food or 

commensal microbes. Antigen entry into the mucosal immune system is 

facilitated through specialized immune processes that initiate responses at 

inductive sites located within mucosa-associated lymphoid tissue (MALT) 

(Velikova et al., 2024). 

In humans, the gut-associated lymphoid tissue (GALT), a 

component of MALT, comprises three primary structures: Peyer’s patches, 

which are rich in lymphoid follicles located in the ileum; the appendix; and 

numerous isolated lymphoid follicles distributed throughout the intestinal 

tract. These structures are essential for antigen sampling and the activation 

of lymphocytes that participate in mucosal immune responses (Mörbe et 

al., 2021). 

The GALT includes both aggregated and non-aggregated lymphoid 

components. The aggregated structures comprise the appendix, intestinal 
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Peyer’s patches, and organized lymphoid nodules. In contrast, non-

aggregated components consist of intraepithelial lymphocytes and 

lymphoid cells within the lamina propria, all of which contribute to the 

immune defense of the gastrointestinal mucosa (Velikova et al., 2024). 

2.9 Immunological Role in Appendicitis 

2.9.1 The immunological functions of the Appendix 

The vermiform appendix is not a vestigial organ; rather, it plays a 

significant role in the immune system as a unique component of the gut-

associated lymphoid tissue (GALT), distinct from lymphoid tissues found 

in other intestinal regions. Its primary function involves interaction with 

and regulation of gut microbiota. The appendix contributes to GALT 

formation and facilitates recovery following diarrheal illnesses by 

promoting the recolonization of the colon with commensal bacteria (Kooij 

et al., 2016). 

Structurally, the appendix contains abundant lymphoid tissue that 

supports local protective immune mechanisms. This immune function is 

mediated by a complex network of immune cells. Antibody production 

within the appendix has been well documented, with IgA contributing to 

mucosal immunity and IgG supporting systemic immune responses 

(Hanson & Lanning, 2008; Vitetta et al., 2019). 

Anatomically, although the appendix is attached to the cecum and 

resembles the colon in structure, it differs in cellular composition and 

immunological function. Notably, the submucosa and lamina propria of the 

appendix wall contain a higher density of lymphoid follicles compared to 

the sparse lymphoid elements in the colon’s lamina propria (Figure 2-2) 

(Schumpelick et al., 2000; Arjomand Fard et al., 2023). 
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Microfold (M) cells play a critical role in recognizing pathobionts 

and initiating immune responses. These cells are present in mucosa-

associated lymphoid tissues, including Peyer’s patches and the lymphoid 

follicles of the appendix. M cells are capable of sampling antigens from 

the lumen and delivering them to dendritic cells and macrophages to 

initiate adaptive immune responses (Corr et al., 2008; Vitetta et al., 2019). 

Extending from the cecum, the appendix is enriched with immune 

cells and functions as an important site for GALT development, resembling 

Peyer’s patches. It has been proposed that the appendix acts as a reservoir 

for commensal bacteria. This, combined with its immune cell enrichment, 

enables the appendix to play a crucial role in modulating intestinal immune 

responses under both homeostatic and inflammatory conditions (Bollinger 

et al., 2007; The et al., 2024). 

 

Figure (2-2) A diagram showing the layers of the colon and appendix 

(Arjomand Fard et al., 2023) 
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2.9.2 Immune Response in Appendicitis 

Inflammation during appendicitis involves the activation of various 

immune cells and their complex interactions, orchestrated by numerous 

pro-inflammatory and anti-inflammatory cytokines, primarily released by 

macrophages and T lymphocytes (Stankovic et al., 2019; Mahdi & 

AlSaimary, 2024a). 

The appendix is predominantly colonized by Escherichia coli and 

Bacteroides fragilis. Luminal obstruction can lead to bacterial overgrowth 

and the accumulation of stagnant contents, ultimately triggering an 

inflammatory response. This process is characterized by the release of 

cytokines, chemokines, and other pro-inflammatory mediators. These 

signaling molecules recruit immune cells such as neutrophils and 

macrophages to the site of inflammation (Petruzziello et al., 2023; 

Reismann, 2022). 

Moreover, previous studies have demonstrated that the frequencies 

of CD4+ and CD8+ T cells differ between simple and complex 

appendicitis, highlighting the involvement of adaptive immune responses 

during appendiceal inflammation (Gorter et al., 2017; The et al., 2024). 

2.10 Toll like receptors (TLRs) 

Toll-like receptors (TLRs) are a family of pattern recognition 

receptors (PRRs) that play a critical role in the development and 

maintenance of the immune system. These receptors recognize both 

endogenous ligands associated with cellular damage and a broad spectrum 

of pathogens. Activation of TLR signaling pathways leads to the 

production of pro-inflammatory cytokines and other mediators of the 

immune response (Aluri et al., 2021). 
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TLRs are expressed on all immune cell types, including innate 

immune cells such as dendritic cells (DCs), macrophages, and natural killer 

(NK) cells, as well as adaptive immune cells like T and B lymphocytes. In 

addition, non-immune cells—particularly epithelial and endothelial cells—

also express TLRs (Delneste et al., 2007; Kim et al., 2023). Among these, 

DCs and macrophages serve as the primary sources of TLR expression, 

although expression levels may vary across different cell subsets (Nouri et 

al., 2021). 

In humans, ten distinct TLRs have been identified, each exhibiting 

unique ligand specificity. Based on their cellular localization, TLRs are 

categorized into two main groups: those located on the cell surface (TLR1, 

TLR2, TLR4, TLR5, TLR6, and TLR10) and those residing within 

endosomal compartments (TLR3, TLR7, TLR8, and TLR9). Surface TLRs 

primarily recognize structural components of bacterial cell walls, whereas 

endosomal TLRs detect both microbial and endogenous nucleic acids 

(Wicherska-Pawłowska et al., 2021). 

2.10.1 Toll like receptor 4 

Toll-like receptor 4 (TLR4) is a transmembrane protein composed 

of three domains: an extracellular domain, a transmembrane domain, and 

a cytoplasmic domain. The extracellular domain contains leucine-rich 

repeat (LRR) motifs, each comprising 20–29 residues, which serve as 

binding sites for ligands. Lipopolysaccharide (LPS), derived from Gram-

negative bacteria, is the primary ligand for TLR4 (Kim et al., 2007; Kim 

et al., 2023). 

Upon interaction with LPS, TLR4 initiates intracellular signaling 

cascades, including the nuclear factor kappa B (NF-κB) and mitogen-

activated protein kinase (MAPK) pathways. Activation of these pathways 
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leads to the production of pro-inflammatory cytokines—such as TNF-α, 

IL-1β, IL-6, and IL-12—and type I interferon, which are crucial for 

amplifying the inflammatory response and promoting pathogen clearance 

(Figure 2-3) (Lu et al., 2008; Swanson et al., 2020). 

 

Figure (2-3) Pro-inflammatory signaling pathways of TLR4 (Ciesielska et 

al., 2021). 

2.10.2 Toll like receptor 4 and appendicitis  

Stimulation of Toll-like receptors (TLRs) on myeloid cells of the 

innate immune system initiates signaling pathways that instruct 

lymphocytes to generate robust immune responses aimed at eradicating 

infections and maintaining homeostasis. Conversely, inappropriate TLR 

activation can contribute to the development of cancer, autoimmune 

diseases, and both acute and chronic inflammatory conditions (Wang et al., 

2024). 



Chapter two                                                                                   Literature Review 

 
 

11 
 

LPS-induced TLR4-mediated signaling, in conjunction with 

caspase-4/11 activation, promotes inflammasome assembly and the 

development of inflammation. This mechanism enables the host immune 

system to mount an effective defense against infectious challenges 

(Zamyatina & Heine, 2020). Recent studies suggest that bacterial 

lipopolysaccharide (LPS) may contribute to the pathogenesis of 

appendicitis by inducing a systemic anti-inflammatory response (Péterfi et 

al., 2006; Mahdi et al., 2024b). 

Furthermore, prior research has shown that plasma levels of Toll-

like receptors TLR1 and TLR4 are significantly elevated in patients with 

appendicitis compared to healthy controls, indicating that these receptors 

may play a key role in driving the inflammatory response and the 

progression of the disease (Mahdi et al., 2024). 

2.11 Interleukin 17 (IL-17) 

The IL-17 cytokine family comprises six proteins (IL-17A to IL-

17F) and five receptors (IL-17RA to IL-17RE), which are structurally 

distinct from all other known cytokine receptors (De Morales et al., 2020). 

Interleukin 17 (IL-17) is a pivotal cytokine involved in host defense against 

mucosal infections and serves as a key pathological mediator and 

therapeutic target in various autoimmune, inflammatory, and malignant 

diseases (Huangfu et al., 2023). 

Members of the IL-17 cytokine family perform diverse biological 

functions, including driving inflammatory pathology in the context of 

infection and autoimmunity, while also promoting protective immunity 

against numerous pathogens. In response to IL-1β and IL-23, IL-17A and 

IL-17F are primarily produced by CD4+ and CD8+ T cells, γδ T cells, and 

other innate immune cell populations. These cytokines contribute to host 
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defense by enhancing epithelial barrier function, promoting neutrophil 

recruitment, and stimulating the production of antimicrobial peptides. 

IL-17-mediated inflammation is typically regulated by regulatory T 

cells and anti-inflammatory cytokines such as IL-10, TGF-β, and IL-35. 

However, when dysregulated, as observed in chronic infections or 

autoimmune diseases, IL-17 responses can exacerbate immunopathology 

(Mills, 2023). 

2.11.1 Interleukin 17 and appendicitis 

Studies in the literature demonstrate a significant increase in 

inflammatory markers associated with Th1 and Th17 cell responses in 

appendicitis. Notably, IL-17 plays a critical role in recruiting neutrophils 

to the site of infection and stimulating the production of cytokines and 

chemokines. The involvement of IL-17 in initiating immune responses 

during appendiceal inflammation has been extensively documented 

(Reismann, 2022). 

Escherichia coli, the most commonly isolated bacterium in acute 

complicated appendicitis, has been shown to induce IL-17 expression 

during infection. Moreover, gangrenous appendicitis has been linked to the 

Th17-associated IL-23/IL-17 signaling pathway, characterized by elevated 

levels of IL-27, IL-17A, and IL-23A (Reismann, 2022). 

Furthermore, studies report that children with complex appendicitis 

produce higher levels of cytokines, particularly IL-17A from CD4+ T cells, 

compared to those with simple appendicitis (The et al., 2024). 

2.12 Dectin-1  

Innate immune cells are equipped with various pattern recognition 

receptors (PRRs) to initiate innate immune responses. Upon recognition of 
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antigens, PRRs activate these cells, triggering a range of reactions such as 

phagocytosis and secretion of inflammatory mediators. Among the diverse 

PRRs, C-type lectin receptors (CLRs) are essential for pathogen 

recognition. Dectin-1, a member of the CLR family, is a type II 

transmembrane lectin highly expressed in cells of the myeloid lineage, 

including neutrophils, dendritic cells (DCs), and macrophages (Mata-

Martínez et al., 2022; Zahra’a et al., 2023). 

Dectin-1 recognizes various ligands of both endogenous and 

microbial origin. This recognition initiates multiple responses, including 

pro-inflammatory processes such as phagocytosis, reactive oxygen species 

(ROS) production, and cytokine release. Additionally, ROS generation is 

influenced by mitochondrial metabolism upon Dectin-1 ligand binding. 

These Dectin-1-mediated signaling pathways present promising targets for 

therapeutic intervention. Importantly, Dectin-1 facilitates immune 

responses against a broad spectrum of pathogens, including bacteria, 

parasites, and fungi (Mata-Martínez et al., 2022). 

Structurally, Dectin-1 contains a single carbohydrate recognition 

domain (CRD) that specifically binds β-(1→3)/(1→6)-glucans, 

polysaccharides present in the cell walls of certain bacteria, fungi, and 

other pathogens (Brown, 2006; Kalia et al., 2021). 

Activation of Dectin-1 triggers numerous downstream cellular 

events, including the production of cytokines such as TNF-α, IL-1β, IL-2, 

IL-8, IL-10, IL-12, and CXCL2, induction of phagocytosis, and generation 

of ROS. Beyond these innate immune functions, Dectin-1 signaling also 

modulates adaptive immunity by promoting CD8+ T cell activation and the 

differentiation of naïve CD4+ T cells into T helper (Th)1 or Th17 subsets. 

Thus, as depicted in Figure (2-4), Dectin-1 signaling orchestrates a 
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coordinated immune response involving both innate and adaptive 

immunity (Mata-Martínez et al., 2022). 

 

 

Figure (2-4) Main signaling pathways downstream Dectin-1(Mata-

Martínez et al., 2022). 

2.13 Secretory immunoglobulin A  

Secretory immunoglobulin A (SIgA) is the predominant antibody 

found in mucosal secretions, especially within the gastrointestinal tract, 

where it plays a vital role in maintaining mucosal homeostasis and 

providing defense against pathogens (Li et al., 2020; Riedel et al., 2019). 

Structurally, mucosal SIgA primarily exists as a polymer composed 

of two IgA monomers linked by a joining (J) chain and associated with a 

secretory component (SC). This secretory component facilitates SIgA 
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transport across mucosal surfaces and enhances its stability in the harsh 

mucosal environment (Woof & Russell, 2011). The glycan-rich structure 

of SIgA enables broad interactions with microbial antigens, mediating 

immune exclusion by preventing pathogen adhesion and invasion, 

neutralizing toxins, and entrapping antigens within the mucus layer 

(Mantis et al., 2011; Pietrzak et al., 2020). 

Beyond serving as a protective barrier, SIgA plays a regulatory role 

in shaping the gut microbiota composition and modulating immune 

responses to maintain tolerance toward commensal microorganisms and 

dietary antigens, thereby preventing chronic inflammation (Sutherland & 

Fagarasan, 2012; Li et al., 2020).  

Furthermore, SIgA promotes antigen sampling by facilitating the 

delivery of luminal antigens to dendritic cells within the gut-associated 

lymphoid tissue (GALT), contributing to mucosal immune education and 

tolerance (Mantis et al., 2011). 

2.13.1 Secretory immunoglobulin A and appendicitis 

The human appendix is considered a peripheral lymphoid organ due 

to its rich concentration of lymphoid follicles, which support mucosal 

immunity by producing immunoglobulin A (IgA). Studies have shown that 

individuals who undergo appendectomy have significantly lower IgA 

levels in both serum and colonic secretions. These findings suggest that the 

appendix may play an important role in regulating both systemic and 

mucosal immune responses (Andreu-Ballester et al., 2007; Liu et al., 

2017). 
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 3.1 Materials  

  3.1.1 Instruments and apparatuses  

        The equipment and apparatus utilized in this study are detailed in    

table 3-1. 

Table (3-1) Equipment and Instruments. 

NO. Equipment and Instruments Company Country Origin 

1 Autoclave Tripod UK 

2 Burner Amal Turkey 

3 Centrifuge Memmert Germany 

4 Digital Camera Samsung China 

5 Disposable (Gel tube, Surgical blade, 

Syringe) 

Citro China 

6 Electrophoresis Clarivate UK 

7 ELISA System Biotech USA 

8 Eppendorf Tubes Eppendorf Germany 

9 Exispin Vortex Centrifuge Bioneer Korea 

10 Filter Paper Hettich UK 

11 Gel Electrophoresis Bioneer Korea 

12 Glassware Hettich UK 

13 High Speed Cold Centrifuge Eppendorf Germany 

14 Hood Bio LAB Korea 

15 Incubator Memmert Germany 

16 Light Microscope Olympus Japan 

17 Microwave Argose Germany 

18 Microcentrifuge Tubes Biobasic Canada 

19 Micropipettes (5-50, 0.5-10, 100-1000 µl) CYAN Belgium 

20 Oven  Olympus Japan 

21 Pasteur Pipettes Afco Jordan 
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22 Petri Dish Sterilin England 

23 Plain Tubes Citro China 

24 Power Supply Biorad USA 

25 Refrigerator Concord Lebanon 

26 Sensitive Balance Sartorius Germany 

27 Slide Sail Brand China 

28 Thermocycler PCR BioRad USA 

29 Thermostatic Incubator Zxinstrument China 

30 Tips (Different Sizes) Jippo Japan 

31 UV Transilluminator ATTA Korea 

32 Vitek 2 System Biomerieux France 

33 Vortex CYAN Belgium 

34 Water Bath Memmert Germany 

35 Water Distillatory GFL Germany 

 

3.1.2 Chemical materials 

        The chemical ingredients, reagents, stains, and solutions utilized in 

this work are presented in Table 3-2. 

Table (3-2) Chemical materials 

NO. Chemical Company and Origin 

1 Absolute Ethanol Scharlau (Spain) 

2 Agarose BioBasic (Canada) 

3 DNA Marker Ladder 100bp INtRON (Korea) 

4 Ethidium Bromide 10mg/ml BioBasic (Canada) 

5 Glycerol (C3H8O3) Merck (England) 

6 Gram Stain Set BDH (England) 

7 Nuclease Free Water Bioneer (Korea) 

8 TBE Buffer 10X BioBasic (Canada) 
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3.1.3 Culture media  

        Culture media were used in the present study were illustrated in Table 

(3-3). 

Table (3-3) Culture media 

NO. Type of Media Manufacturing 

Company 

Origin 

1 Blood Agar Base Himedia India 

2 Brain Heart Infusion Broth Himedia India 

3 Candida Chromogenic Agar Condalab Spain 

4 Eosin Methylene Blue Agar Himedia India 

5 MacConkey Agar Condalab Spain 

6 Nutrient Agar Himedia India 

7 Sabouraud Dextrose Agar Condalab Spain 

8 Urinary Tract Infections Chromogenic Agar 

(UTIC) 

Condalab Spain 

 

3.1.4: Commercial kits  

        The commercial kits utilized in the current study are presented in 

Table 3-4.  
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Table (3-4) Commercial kits 

No. Kit / Chemical Company Country 

1 gSYAN DNA Extraction Kit Geneaid Taiwan 

2 GoTaq® G2 Green Master Mix Kit Promega Korea 

3 Gram Stain BDH UK 

4 Human Dectin-1 Kit BT LAB China 

5 Human Interleukin 17 (IL-17) Kit BT LAB China 

6 Human Secretory Immunoglobulin A Kit BT LAB China 

7 Human Toll-like Receptor 4 (TLR4) Kit BT LAB China 

8 Vitek 2 System Kit Biomerieux France 

 

3.1.5 Molecular kits and reagents for genetic detection  

3.1.5.1 Genetic Detection Kits and Reagents kits  

          Kits and reagents are used in this study in Table (3-5).  

Table (3-5) The kits used in this study with their companies and 

countries of origin. 

No. Kit Company Country 

1 gSYAN DNA Extraction Kit Geneaid Taiwan 

 GST buffer   

GSB buffer 

W1 buffer 

Wash buffer 
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Elution buffer 

GD column 

Collection tube 2ml 

Proteinase K 10mg/ml 

2 GoTaq® G2 Green Master Mix kit Promega Korea 

 Taq DNA polymerase   

dNTPs (dATP, dCTP, dGTP, dTTP) 

Tris.HCl pH 9.0 

KCl 

MgCl2 

 Loading dye 

 

3.1.5.2 DNA Primers    

          The gene polymorphism Tetra-ARMS-PCR Primers were designed 

in study using NCBI-SNP data base and ARMS-PCR Primers design server 

(https://snp.biotech.edu.lk/arms.php). These primers were provided from 

(ScientificReseracher. Co. Ltd. Iraq), as shown in the following table. 

 

 

https://snp.biotech.edu.lk/arms.php
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Table (3-6) The Tetra-ARMS-PCR Primers for TLR4-rs4986790 A/G 

gene polymorphisms with their sequence and amplicon size 

T-ARMS-PCR 

Primer 

Sequence (5'-3') Product size 

 

Forward inner 

primer (A allele): 

GCATACTTAGACTACTACCTCGAGGA 

 

163 

 

Reverse inner 

primer (G allele) 

TGTCAAACAATTAAATAAGTCAATAAGAC 

 

209 

 

Forward outer 

primer 

GTTTAAATGTAATGAAAACTTGTATTCAA 

 

 

317 

 Reverse outer primer CTGTCCAAATTTACAGTTAACTAATTCT 

 

 

3.1.6 Enzyme –linked immunosorbent assay (ELISA) kits  

3.1.6.1   Human Toll-like Receptor 4, TLR4 ELISA Kit 

        The levels of TLR4 in serum and tissue were measured using a human 

Enzyme-Linked Immunosorbent Assay (ELISA) kit. The components of 

the kit and specimens were equilibrated at a temperature of 2-8°C prior to 

use, and their items are detailed in Table 3-7. 

Table (3-7) Contents of human TLR4 ELISA kit 

Components Quantity (96T) Quantity (48T) 

 

Biotinylated Human TLR4 antibody 1 ml × 1 1 ml × 1 

Plate sealer 2 pcs 2 pcs 
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Pre-coated ELISA plate 12 × 8-well strips × 1 12 × 4-well strips × 1 

Standard diluent 3 ml × 1 3 ml × 1 

Standard solution (16 ng/ml) 0.5 ml × 1 0.5 ml × 1 

Stop solution 6 ml × 1 3 ml × 1 

Streptavidin-HRP 6 ml × 1 3 ml × 1 

Substrate solution A 6 ml × 1 3 ml × 1 

Substrate solution B 6 ml × 1 3 ml × 1 

User instruction 1 1 

Wash buffer concentrate (25×) 20 ml × 1 20 ml × 1 

3.1.6.2 Human interleukin 17, IL-17 ELISA Kit. 

          Serum and tissue levels of IL-17 were quantified using a human 

Enzyme-Linked Immunosorbent Assay (ELISA) kit. The kit components 

and specimens were equilibrated at a temperature of 2-8°C before usage, 

with their details provided in Table 3.8. 

Table (3-8) Contents of human IL-17 ELISA kit 

Components Quantity (96T) Quantity (48T) 

 

Biotinylated Human IL-17A antibody 1 ml × 1 1 ml × 1 

Plate sealer 2 pcs 2 pcs 

Pre-coated ELISA plate 12 × 8-well strips × 1 12 × 4-well strips × 1 

Standard diluent 3 ml × 1 3 ml × 1 

Standard solution (640 ng/L) 0.5 ml × 1 0.5 ml × 1 

Stop solution 6 ml × 1 3 ml × 1 

Streptavidin-HRP 6 ml × 1 3 ml × 1 

Substrate solution A 6 ml × 1 3 ml × 1 
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Substrate solution B 6 ml × 1 3 ml × 1 

User instruction 1 1 

Wash buffer concentrate (25×) 20 ml × 1 20 ml × 1 

 

3.1.6.3 Human Dectin-1 ELISA Kit 

          The concentrations of dectin-1 in serum and tissue were quantified 

utilizing a human Enzyme-Linked Immunosorbent Assay (ELISA) kit.  

The kit components and specimens were equilibrated at a temperature of 

2-8°C before usage, with their details provided in Table 3-9. 

Table (3-9) Contents of human Dectin-1 ELISA kit 

Components Quantity (96T) Quantity (48T) 

Biotinylated Human Dectin-1 Antibody 1 ml × 1 1 ml × 1 

Plate Sealer 2 pcs 2 pcs 

Pre-coated ELISA Plate 12 × 8-well strips × 1 12 × 4-well strips × 1 

Standard Diluent 3 ml × 1 3 ml × 1 

Standard Solution (4800 ng/L) 0.5 ml × 1 0.5 ml × 1 

Stop Solution 6 ml × 1 3 ml × 1 

Streptavidin-HRP 6 ml × 1 3 ml × 1 

Substrate Solution A 6 ml × 1 3 ml × 1 

Substrate Solution B 6 ml × 1 3 ml × 1 

User Instruction 1 1 

Wash Buffer Concentrate (25×) 20 ml × 1 20 ml × 1 

Zipper bag 1 pc 1 pc 
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3.1.6.4 Human secretory immunoglobulin A, sIgA ELISA Kit. 

        Serum and tissue sIgA levels were quantified utilizing a human 

Enzyme-Linked Immunosorbent Assay (ELISA) kit.  The kit components 

and specimens were equilibrated at a temperature of 2-8°C before use, with 

details provided in Table 3-10. 

Table (3-10) Contents of human sIgA ELISA kit 

Components Quantity (96T) Quantity (48T) 

Biotinylated Human sIgA Antibody 1 ml × 1 1 ml × 1 

Plate Sealer 2 pcs 2 pcs 

Pre-coated ELISA Plate 12 × 8-well strips × 1 12 × 4-well strips × 1 

Standard Diluent 3 ml × 1 3 ml × 1 

Standard Solution (8 µg/ml) 0.5 ml × 1 0.5 ml × 1 

Stop Solution 6 ml × 1 3 ml × 1 

Streptavidin-HRP 6 ml × 1 3 ml × 1 

Substrate Solution A 6 ml × 1 3 ml × 1 

Substrate Solution B 6 ml × 1 3 ml × 1 

User Instruction 1 1 

Wash Buffer Concentrate (25×) 20 ml × 1 20 ml × 1 
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Zipper bag 1 pc 1 pc 

 

3.1.7: Culture Media Used for Microbial Isolation 

Various culture media were utilized for the isolation and identification of 

bacterial and fungal pathogens from appendiceal tissue samples. Each 

medium was selected based on its specificity for certain microbial groups 

and its diagnostic properties. 

3.1.7.1 Blood agar medium 

Blood agar is an enriched medium commonly used for the 

cultivation of fastidious organisms. It also facilitates the differentiation of 

pathogenic bacteria based on hemolytic activity (MacFaddin, 2000). 

3.1.7.2 MacConkey agar medium 

           A selective and differential medium designed to support the growth 

of Gram-negative bacteria while differentiating lactose fermenters from 

non-fermenters (MacFaddin, 2000). 

3.1.7.3 Nutrient Agar Media 

Used to activate the isolates and as short-term storage 

(MacFaddin, 2000).  

3.1.7.4 Brain heart infusion broth 

         It serves as long-term storage with the incorporation of 15% glycerol 

(MacFaddin, 2000). 

3.1.7.5 UTI chromogenic agar medium 
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          Chromogenic differential media for the identification, 

differentiation, and confirmation of enteric bacteria from materials such as 

urine (Abdullah et al., 2009). 

3.1.7.6 Eosin methylene blue agar 

EMB agar was used to differentiate Escherichia coli from other members 

of the Enterobacteriaceae family based on characteristic colony 

morphology and color (Forbes et al., 2007). 

3.1.7.7 Candida Chromogenic Agar 

This medium enhances the isolation and presumptive identification of 

Candida spp. based on colony coloration (Ghelardi et al., 2008). 

3.1.7.8 Sabouraud Dextrose Agar 

         Its low pH renders it more conducive to the separation of fungus 

rather than bacteria, while simultaneously facilitating identification by 

promoting the formation of distinctive spores and pigments in fungi (O'Day 

et al. 1979; Das et al. 2010). 

3.2 Methods 

   3.2.1 Design of study  

The specimens were processed according to the study design 

illustrated in Figure 3-1. 
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Figure (3-1) Study Design 

3.2.2 Study of population 

A total of 250 specimens were divided into: 

Patients: 100 blood specimens and 100 appendix tissue specimens were 

obtained from individuals aged 14 to 65 years, both males and females, 

who underwent appendectomy at Al-Hilla Teaching Hospital, Babylon 

Province, Iraq, between September and December 2024. 
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Control: Blood specimens from 50 apparently healthy individuals of 

similar age groups were collected and used as the control group for this 

study. 

3.2.3 Specimens collection 

 3.2.3.1 Blood collection 

Five milliliters of venous blood were collected from a total of 150 

individuals, including 100 patients diagnosed with appendicitis and 50 

healthy controls. One milliliter of blood from each individual was 

transferred into EDTA tubes for genetic analysis, while the remaining four 

milliliters were placed into disposable tubes containing separating gel. The 

EDTA tubes were stored at −20ºC until further analysis. Blood in the gel 

tubes was allowed to clot at room temperature for 30 minutes, then 

centrifuged at 2000 × g for approximately 15 minutes. The serum was 

collected and stored at −20ºC until use (Mei, 2014). 

3.2.3.2 Tissue collection 

A total of 100 appendix tissue specimens were collected following 

appendectomy surgery with the assistance of surgical doctors. Secretory 

materials were extracted from the appendix based on the method described 

by Shnawa and Abd (2005), with some modifications. The appendix was 

placed in a petri dish containing normal saline, then opened lengthwise 

using scissors and washed with saline. The mucous layer was gently 

scraped and suspended in 5 ml of normal saline, followed by centrifugation 

at 3500 rpm for 30 minutes. The resulting supernatant was used to estimate 

immunological parameters. 
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Additionally, a specimen was directly obtained from the inner 

mucosal surface of the opened appendix using a gel transport swab. This 

swab was cultured on appropriate media for bacterial and fungal isolation. 

3.2.4 Sterilization Methods 

Most culture medium and heat-resistant solutions were sterilized 

using an autoclave at 121°C and a pressure of 15 lbs/in² for 15 minutes. 

Glassware was sterilized in an electric oven at 180°C for 2 hours. 

3.2.5 Preparation of Culture Media 

       All culture media were prepared according to the company 

specifications and utilized as per (MacFaddin 2000; Forbes et al.2007). 

3.2.5.1 Blood Agar Base Media  

Blood agar base medium was prepared according to the 

manufacturer’s instructions and sterilized using an autoclave. After 

sterilization, the medium was cooled to 45°C, then supplemented with 5% 

blood solution. The mixture was gently stirred, poured into sterile petri 

dishes, and allowed to solidify. 

3.2.5.2 Brain Heart Infusion Broth Media 

Brain Heart Infusion broth was prepared following the 

manufacturer’s guidelines (Himedia, India) by dissolving 37 g of powder 

in 1 liter of distilled or deionized water. The solution was thoroughly 

mixed, heated to boiling with frequent stirring until completely dissolved, 

and then dispensed into final containers. 

 3.2.5.3 Nutrient Agar Media  
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Nutrient agar was prepared according to the manufacturer’s 

instructions (Himedia, India). Specifically, 28.0 grams of the medium were 

suspended in 1000 ml of purified or distilled water. The mixture was heated 

to boiling with continuous stirring until fully dissolved, then sterilized by 

autoclaving at 121°C under 15 lbs/in² pressure for 15 minutes. 

3.2.5.4 Macconkey Agar Media 

MacConkey agar powder (51.5 g) was suspended in 1 liter of 

distilled or deionized water, mixed thoroughly, and heated to boiling for 1 

minute with regular stirring until fully dissolved (MacFaddin, 2000). 

3.2.5.5 Eosin-Methylene Blue Agar Media 

This medium was prepared based on the manufacturer company by 

dissolving 40 gm of its powder into 1000 ml DW. After complete mixing 

and dissolving, it was autoclaved at 121 ºC for 15 min and pressure 15 

pounds per square (MacFaddin, 2000). 

3.2.5.6 UTI Chromogenic Agar Media 

         It was prepared according to the manufacturing company (Condalab, 

Spain). Suspend 47.5 grams of the medium in one liter of distilled water. 

Mix well and dissolve by heating with frequent agitation. Boil for one 

minute until complete dissolution. Sterilize in autoclave at 121 ºC for 15 

minutes. Cool to 45-50 ºC, mix well and dispense into plates. 

3.2.5.7 Candida Chromogenic Agar 

This medium was prepared according to the manufacturer’s 

instructions (Condalab, Spain). Specifically, 36.9 grams of the powder 

were suspended in 1 liter of distilled water. The mixture was heated with 
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constant stirring until fully dissolved, boiled for 1 minute, then poured into 

sterile petri dishes and allowed to solidify. 

 3.2.5.8 Sabouraud Dextrose Agar 

A total of 65 g of the medium was suspended in 1 liter of distilled 

water. The mixture was thoroughly mixed and dissolved by heating with 

frequent agitation, then boiled for one minute until completely dissolved. 

The medium was subsequently distributed into appropriate containers and 

sterilized in an autoclave at 121 ºC for 15 minutes. 

3.2.6 Isolation and Identification of the Bacterial Isolates 

 3.2.6.1 Culture Identification  

The swab collected from the mucosal surface of the appendix tissue 

was cultured using appropriate media (Blood Agar, MacConkey Agar, 

Eosin-Methylene Blue Agar, UTI Chromogenic Agar, Sabouraud Dextrose 

Agar, and Candida Chromogenic Agar) for the identification and 

differentiation of bacterial and fungal species based on their characteristics 

in these media. 

3.2.6.2 Microscopic identification  

A single colony was selected from the positive culture, and 

identification was based on morphological characteristics such as colony 

size, shape, color, pigment, translucency, edge, elevation, and texture. A 

small portion of the colony was smeared on slides and stained using Gram 

stain to determine Gram-positive or Gram-negative status and to observe 

bacterial morphology. Subsequently, bacterial isolates were definitively 

identified using the VITEK 2 system (MacFaddin, 2000). 

 



Chapter three                                                                                 Material And Methods 

    

 
 

30 
 

  3.2.6.3 Vitek 2 System 

The VITEK 2 System (bioMérieux, France) was used to validate the 

biochemical identification of bacterial isolates, following the 

manufacturer’s protocol. This automated system is designed to enhance the 

accuracy and efficiency of microbial identification through a fully 

integrated process that includes inoculum preparation, card loading, 

incubation, and data interpretation. 

A loopful of a single colony (24 hours old) was suspended in 3 ml 

of normal saline in a sterile test tube. The suspension was then standardized 

to a McFarland 0.5 turbidity (equivalent to 1.5 × 10⁸ cells/ml) using a 

densitometer. The standardized suspension was loaded into the 

identification card, which was then associated with a sample ID via 

barcode entry into the system software. The card was inserted into the filler 

module, and then transferred to the reader-incubator module. The 

instrument automatically controlled all subsequent steps, including 

incubation temperature, optical readings, and real-time data transfer for 

analysis. This process reduced the need for manual testing and improved 

both diagnostic precision and operator safety. 

 

1. Standardization 

Following primary isolation, the inoculum preparation, 

standardization, and dilution processes were streamlined. The standardized 

inoculum was introduced into the cassette, and the specimen identification 

number was entered into the computer software using a barcode. 

2. Traceability 



Chapter three                                                                                 Material And Methods 

    

 
 

33 
 

The barcode on the VITEK 2 card was scanned during 

manufacturing to link the card with the corresponding specimen ID. These 

manufacturer-provided barcodes connect the card to the patient’s 

information through a straightforward scanning process. 

3. Load and Go  

         The cassette was inserted into the filler module. Once the cards were 

filled, the cassette was transferred to the reader/incubator module. All 

subsequent procedures were managed automatically by the device. 

3.2.7 Preservation of Bacterial Isolates 

 1- Short-term Preservation 

Tubes with slant nutritional agar were inoculated via streaking, 

incubated at 37 °C for 24 hours, and thereafter stored at 4 °C until required. 

Isolates were cultivated monthly on nutrient agar and subsequently on slant 

nutrient agar (MacFaddin, 2000). 

2- Long-term Preservation 

A medium for the long-term preservation of isolates was created by 

combining 15 mL of glycerol with 85 mL of brain-heart infusion broth, 

which was subsequently distributed into many sterile, heat-resistant tubes 

for sterilization by incubation. Subsequent to cooling to ambient 

temperature, the tubes were injected with colonies cultivated on nutrient 

agar and incubated at 37 °C for 24 hours, followed by storage at -20 °C, 

with the understanding that the isolates may last for about 6 to 8 months. 

(McFadden, 2000).  
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3.2.8 Immunity Study by ELISA Test 

3.2.8.1 Estimation of human TLR4 Concentration  

1-Assay Principle 

         This kit is an Enzyme-Linked Immunosorbent Assay (ELISA). The 

plate has been pre-coated with Human TLR4 antibody. TLR4 present in 

the specimen is added and binds to antibodies coated on the wells. And 

then biotinylated Human TLR4 Antibody is added and binds to TLR4 in 

the specimen. Then Streptavidin HRP is added and binds to the 

Biotinylated TLR4 antibody. After incubation unbound Streptavidin-HRP 

is washed away during a washing step. Substrate solution is then added and 

color develops in proportion to the amount of Human TLR4. The reaction 

is terminated by addition of acidic stop solution and absorbance is 

measured at 450 nm. 

2-Reagent Preparation  

 All reagents were brought to room temperature before use.  

 Standard The 120 µL of the standard (16 ng/mL) was reconstituted 

with 120 µL of standard diluent to generate an 8 ng/mL standard stock 

solution. The standard was allowed to sit for 15 minutes with gentle 

agitation before making dilutions. Duplicate standard points were 

prepared by serially diluting the standard stock solution (8 ng/mL) 1:2 

with standard diluent, producing 4 ng/mL, 2 ng/mL, 1 ng/mL, and 0.5 

ng/mL solutions. 

 Wash Buffer Wash Buffer Concentrate 25x was Dilute 20 ml of it into 

deionized or distilled water to yield 500 ml of 1x Wash Buffer, then 

mixed gently until the crystals have completely dissolved. 
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3-Assay Procedure 

1. All reagents, standard solutions, and specimens were prepared 

according to instructions. Equilibrated all reagents to room temperature 

prior to use. The experiment was conducted at room temperature.  

2. Ascertain the quantity of strips necessary for the test. Inserted the strips 

into the frames for utilization. Preserved the unused strips at 2–8°C.  

3. A volume of 50 µl of standard solution was added to the standard well 

without adding biotinylated antibody, as the standard solution contained 

biotinylated antibody. 

 

4. A total of 40 µL of specimen was added to the specimen wells, followed 

by 10 µL of Human TLR4 antibody. Then, 50 µL of streptavidin-HRP was 

added to both the specimen and standard wells, excluding the blank 

control well. The solution was thoroughly mixed, and a sealant was 

applied to the plate. The plate was incubated at 37°C for 60 minutes. 

 

5. The sealer was removed, and the plate was rinsed five times with wash 

buffer. Each wash included incubation with 300 µL of wash buffer for 30 

seconds to 1 minute. For automated washing, each well was aspirated or 

decanted and washed five times with wash buffer. After washing, the plate 

was blotted onto paper towels or other absorbent material. 

6. A volume of 50 µL of substrate solution A was added to each well, 

followed by the addition of 50 µL of substrate solution B. The plate was 

then sealed with a fresh cover and incubated for 10 minutes at 37°C in the 

dark. Subsequently, 50 µL of Stop Solution was added to each well, 

resulting in an immediate color change from blue to yellow. 
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8. The optical density (OD) of each well was promptly measured using a 

microplate reader calibrated to 450 nm, within 10 minutes after the 

addition of the Stop Solution. 

3.2.8.2 Estimation of human IL-17 Concentration 

1- Assay Principle 

This kit is an Enzyme-Linked Immunosorbent Assay (ELISA). The 

plate has been pre-coated with Human IL17A antibody. IL17A present in 

the specimen is added and binds to antibodies coated on the wells. And 

then Biotinylated Human IL17A Antibody is added and binds to IL17A in 

the specimen. Then Streptavidin-HRP is added and binds to the 

Biotinylated IL17A antibody. After incubation unbound Streptavidin-HRP 

is washed away during a washing step. Substrate solution is then added and 

color develops in proportion to the amount of Human IL17A. The reaction 

is terminated by addition of acidic stop solution and absorbance is 

measured at 450 nm. 

2- Reagent Preparation  

 Prior to use, all reagents were allowed to come to room temperature.  

 Standard A volume of 120 µL of the standard (640 ng/L) was 

reconstituted with 120 µL of standard diluent to obtain a 320 ng/L 

standard stock solution. The solution was allowed to sit for 15 minutes 

with gentle agitation prior to dilution. Duplicate standard points were 

prepared by serial 1:2 dilution of the 320 ng/L stock solution with 

standard diluent, yielding concentrations of 160 ng/L, 80 ng/L, 40 ng/L, 

and 20 ng/L. Any remaining solution was stored at –20°C and used 

within one month. 
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 Wash Buffer Twenty milliliters (20 mL) of Wash Buffer Concentrate 

(25×) were diluted with deionized or distilled water to a final volume 

of 500 mL, resulting in 1× Wash Buffer. If crystals had formed in the 

concentrate, the solution was gently mixed until fully dissolved. 

3- Assay Procedure  

1. All reagents, standard solutions, and specimens were prepared as 

specified. Brought all reagents to room temperature before use. The test 

was performed at room temperature.  

2. The required number of strips for the experiment was determined. The 

strips were inserted into the frames for use. Unused strips were stored at 2–

8°C. 

3. Fifty microliters (50 µL) of standard solution was added to the standard 

well. The antibody was not added to the standard well since the standard 

solution contained a biotinylated antibody. 

4. Forty microliters (40 µL) of specimen was added to the specimen wells, 

followed by the addition of 10 µL of Human anti-IL17A antibody. Then, 

50 µL of streptavidin-HRP was added to both specimen wells and standard 

wells (excluding the blank control wells). The contents were mixed 

thoroughly. The plate was covered with a sealant and incubated for 60 

minutes at 37°C. 

5. The sealant was removed, and the plate was washed five times with wash 

buffer. Each wash included soaking the wells with 300 µL of wash buffer 

for 30 seconds to 1 minute. For automated washing, each well was 

aspirated or decanted and washed five times with wash buffer. The plate 

was then blotted onto paper towels or other absorbent materials. 

6. Next, substrate solution A (50 µL) was added to each well, followed by 

50 µL of substrate solution B. The plate was resealed and incubated in the 



Chapter three                                                                                 Material And Methods 

    

 
 

32 
 

dark at 37°C for 10 minutes. 

7. A volume of 50 µL of Stop Solution was added to each well, resulting 

in an instantaneous color shift from blue to yellow.  

 

8. Finally, the optical density (OD) at 450 nm was measured promptly 

within 10 minutes using a calibrated microplate reader. 

 

3.2.8.3 Estimation of human Dectin-1 Concentration 

 

1- Assay Principle  

        This kit is an Enzyme-Linked Immunosorbent Assay (ELISA). The 

plate has been pre-coated with Human DECTIN-1 antibody. DECTIN-1 

present in the specimen is added and binds to antibodies coated on the 

wells. And then Biotinylated Human DECTIN-1 Antibody is added and 

binds to DECTIN-1 in the specimen. Then Streptavidin-HRP is added and 

binds to the Biotinylated DECTIN-1 antibody. After incubation unbound 

Streptavidin   HRP is washed away during a washing step. Substrate 

solution is then added and color develops in proportion to the amount of 

Human DECTIN-1A.The reaction is terminated by addition of acidic stop 

solution and absorbance is measured at 450nm. 

2- Reagent Preparation 

 All reagents were brought to room temperature before use.  

 Standard Reconstitution of the standard was performed by combining 

120 μl of the 4800 ng/L standard with an equal volume (120 μl) of 

standard diluent, resulting in a 2400 ng/L stock solution. The mixture was 

incubated for 15 minutes with gentle agitation before further dilution. 

Serial 1:2 dilutions of the stock solution were prepared in duplicate to 
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obtain concentrations of 1200 ng/L, 600 ng/L, 300 ng/L, and 150 ng/L. 

The standard diluent was used as the zero calibrator (0 ng/L). Any leftover 

solution was stored frozen at –20°C and used within one month. 

 Wash Buffer Preparation of the wash buffer involved diluting 20 mL of 

25× Wash Buffer Concentrate with deionized or distilled water to reach a 

final volume of 500 mL of 1× Wash Buffer. The solution was mixed 

gently until all crystals were fully dissolved. 

 

3- Assay Procedure  

1. All reagents, standard solutions, and specimens were prepared as 

instructed. They were brought to room temperature before use. The assay 

was conducted at room temperature. 

2. The number of strips required for the assay was determined, and the 

strips were inserted into the frames for use. Unused strips were stored at 

2–8°C. 

3. Fifty microliters (50 µL) of standard solution was added to the standard 

well without adding biotinylated antibody, as the standard solution 

contained biotinylated antibody. 

4. A 40μl of the specimens was added to the specimen wells, followed by 

10 µL of anti-DECTIN-1 antibody. Then, 50 µL of streptavidin-HRP was 

added to both specimen and standard wells (excluding the blank control 

wells). The contents were mixed thoroughly. The plate was covered with 

a sealer and incubated for 60 minutes at 37°C. 

5. The sealer was removed, and the plate was washed five times with wash 

buffer. Each wash included soaking the wells with 300 µL of wash buffer 

for 30 seconds to 1 minute. For automated washing, each well was 
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aspirated or decanted and washed five times. The plate was then blotted 

onto paper towels or other absorbent material. 

6. Fifty microliters (50 µL) of substrate solution A was added to each well, 

followed by 50 µL of substrate solution B. The plate was covered with a 

fresh sealer and incubated in the dark at 37°C for 10 minutes. 

7. A volume of 50 µL of Stop Solution was added to each well, resulting 

in an immediate color change from blue to yellow. 

8. The optical density (OD) of each well was promptly measured using a 

microplate reader set to 450 nm within 10 minutes after adding the Stop 

Solution. 

 

3.2.8.4 Estimation of human sIgA Concentration 

1- Assay Principle  

This kit is an Enzyme-Linked Immunosorbent Assay (ELISA). The 

plate has been pre-coated with Human sIgA antibody. sIgA present in the 

specimen is added and binds to antibodies coated on the wells. And then 

biotinylated Human sIgA Antibody is added and binds to sIgA in the 

specimen. Then Streptavidin-HRP is added and binds to the Biotinylated 

SIgA antibody. After incubation unbound Streptavidin-HRP is washed 

away during a washing step. Substrate solution is then added and color 

develops in proportion to the amount of Human sIgA. The reaction is 

terminated by addition of acidic stop solution and absorbance is measured 

at 450 nm. 

2- Reagent Preparation  

 All reagents were brought to room temperature before use . 
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 Standard A diluent was used to generate a 4 μg/ml standard stock 

solution. The standard sat for 15 minutes with gentle agitation before 

making the necessary dilutions. Duplicate standard points were 

prepared by serially diluting the stock solution (4 μg/ml) 1:2 with 

standard diluent, resulting in 2 μg/ml, 1 μg/ml, 0.5 μg/ml, and 0.25 

μg/ml solutions. The standard diluent served as the zero standard (0 

μg/ml). Any remaining solution was frozen at -20°C and was to be used 

within one month. 

 Wash Buffer Twenty milliliters of Wash Buffer Concentrate 25x was 

diluted into deionized or distilled water to yield 500 milliliters of 1x 

Wash Buffer. If crystals had formed in the concentrate, they were mixed 

gently until completely dissolved. 

3- Assay Procedure 

 1. All reagents, standard solutions, and specimens were prepared as 

instructed. All reagents were brought to room temperature prior to use. The 

assay was performed at room temperature. 

2. The number of strips required for the assay was determined. The strips 

were inserted into the frames for use. Unused strips were stored at 2–8°C. 

3. Fifty microliters (50 µL) of standard solution was added to the 

standard well. Biotinylated antibody was not added to the standard well 

since the standard solution contained it. 

4. A volume of 40 µL of specimen was added to the specimen wells, 

followed by 10 µL of Human Anti-sIgA antibody. Then, 50 µL of 

streptavidin-HRP was added to both specimen and standard wells 

(excluding blank control wells). The contents were mixed thoroughly. 
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The plate was covered with a sealer and incubated for 60 minutes at 

37°C.  

5. The sealer was removed, and the plate was washed five times with 

wash buffer. Each wash involved soaking the wells with 300 µL of 

wash buffer for 30 seconds to 1 minute. For automated washing, each 

well was aspirated or decanted and washed five times. The plate was 

blotted onto paper towels or other absorbent material. 

6. Fifty microliters (50 µL) of substrate solution A was added to each 

well, followed by 50 µL of substrate solution B. The plate was covered 

with a fresh sealer and incubated in the dark at 37°C for 10 minutes. 

7. A 50 µL of Stop Solution was added to each well, resulting in an 

immediate color change from blue to yellow. 

8. The optical density (OD) of each well was immediately determined 

using a microplate reader set to 450 nm within 10 minutes after the 

addition of the Stop Solution. 

 

3.2.8.5 Calculating of Results of ELISA Test  

The standard curve was generated by plotting the average optical 

density (OD) for each standard on the vertical (Y) axis against the 

concentration on the horizontal (X) axis, followed by the construction of a 

best-fit curve through the data points on the graph. These calculations are 

optimally executed using computer-based curve-fitting software, and the 

best-fit line can be obtained through regression analysis. 

Figure (3-2) show the standard curve in TLR4, IL-17, Dectin-1, and 

sIgA. 
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Figure (3-2) The standard curve of immunological parameter 

A: TLR4    B: IL-17     C: Dectin-1     D: SIgA 

 

3.2.9 Molecular Examination  

3.2.9.1 Genomic DNA Extraction  

         Genomic DNA from blood specimens were extracted by using 

gSYAN DNA kit extraction kit (Frozen Blood) Geneaid. USA, and done 

according to company instructions as following steps: 
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1. A 200μl of frozen blood was transferred to sterile 1.5ml 

microcentrifuge tube, and then added 30μl of proteinase K and mixed by 

vortex. And incubated at 60℃ for 5 minutes. 

2. After that, 200μl of lysis buffer GSB was added to each tube and 

mixed by vortex vigorously, and then all tubes were incubated at 70℃ for 

10 minutes, and inverted every 3 minutes through incubation periods. 

3.  A 200μl absolute ethanol were added to lysate and immediately 

mixed by shaking vigorously. 

4.  DNA filter column was placed in a 2 ml collection tube and 

transferred all of the mixture (including any precipitate) to column. Then 

centrifuged at 10000rpm for 5 minutes. And the 2 ml collection tube 

containing the flow through were discarded and placed the column in a new 

2 ml collection tube. 

5. A volume of 400μl W1 buffer were added to the DNA filter column, 

then centrifuge at 10000rpm for 30 seconds. The flow through was 

discarded and placed the column back in the 2 ml collection tube. 

6. A 600μl Wash Buffer (ethanol) was added to each column. Then 

centrifuged at 10000rpm for 30 seconds. The flow through was discarded 

and placed the column back in the 2 ml collection tube. 

7. All the tubes were centrifuged again for 3 minutes at 10000 rpm to 

dry the column matrix. 

8. The dried DNA filter column was transferred to a clean 1.5 ml 

microcentrifuge tube and 50 μl of pre.heated elution buffer were added to 

the center of the column matrix. 
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9. The tubes were let stand for at least 5 minutes to ensure the elution 

buffer was absorbed by the matrix. Then centrifuged at 10000 rpm for 30 

seconds to elute the purified DNA. 

3.2.9.2 Genomic DNA estimation 

            The extracted blood genomic DNA was checked by using 

Nanodrop spectrophotometer (THERMO. USA), which measured DNA 

concentration (ng/µL) and check the DNA purity by reading the 

absorbance at (260 /280 nm) as following steps: 

1. After opening up the Nanodrop software, chosen the appropriate 

application (Nucleic acid, DNA). 

2.  A dry wipe was taken and cleaned the measurement pedestals 

several times. Then carefully pipette 2μl of free nuclease water onto the 

surface of the lower measurement pedestals for blank the system. 

3.  The sampling arm was lowered and clicking OK to initialized the 

Nanodrop, then cleaning off the pedestals and 1μl of blood genomic DNA 

was added to measurement.  

3.2.9.3 Tetra- ARMS-PCR Method 

         T-ARMS-PCR method was performed for detection and genotyping 

of TLR4- rs4986790 gene polymorphism in patients and healthy control 

specimens.  This method was carried out according to following steps:   

3.2.9.3.1 T-ARMS-PCR master mix preparation 

        T-ARMS-PCR master mix was prepared by using (GoTaq® G2 

Green Master Mix kit) and this master mix done two reactions for each 

specimens according to company instructions as following tables (3-11): 
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Table (3-11) Standard T-ARMS-PCR reaction Mix 

T-ARMS-PCR Master mix Volume 

DNA template 5µl  

Forward inner primer (wild allele) (10pmol) 1µl 

Reverse inner primer (mutant allele) (10pmol) 1µl 

Forward outer primer (10pmol) 1µl 

Reverse outer primer (10pmol) 1µl 

G2 Green Master Mix 12.5µl 

Nuclease free water 3.5µl 

Total volume 25µl 

           After that, these PCR master mix component that mentioned in table 

above were transferred into Exispin vortex centrifuge at 3000rpm for 3 

minutes. Then placed in PCR Thermocycler (BioRad. USA).  

3.2.9.3.2 PCR Thermocycler Conditions 

         The PCR Thermocycler conditions for the TLR4-rs4986790 gene 

were applied according to the protocol shown in Table (3-12). 

Table (3-12): PCR Thermocycler Conditions 

PCR step Temp. Time repeat 

Initial denaturation 95°C 5min. 1 

Denaturation 95°C 30 sec. 35cycle 

Annealing 62°C 30 sec. 
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Extension 72°C 30 sec. 

Final extension 72°C 5min 1 

Hold 4°C Forever - 

3.2.9.3.3 T-ARMS-PCR product analysis  

The T-ARMS-PCR products were analyzed by agarose gel electrophoresis 

following steps (Sambrook, and Russell, 2001): 

1. Agarose gel (2%)  was prepared in using 1X TBE and dissolving in 

water bath at 100 °C for 15 minutes, after that,  left to cool 50°C.  

2. Then 3µL of ethidium bromide stain were added into Agarose gel 

solution. 

3. Agarose gel solution was poured in tray after fixed the comb in proper 

position after that, left to solidify for 15 minutes at room temperature, 

then the comb was removed gently from the tray. 

4. The gel tray was fixed in electrophoresis chamber and fill by 1X TBE 

buffer. 

5. A 10µl PCR product were added in to each comb well and 3µl of (100bp 

Ladder) in First well. 

6. The electric current was performed at 100 volt and 80 mA for 1hour. 

7. The T-ARMS-PCR products were visualized by using UV 

transilluminator. 

3.2.10 Ethical approval   

 1. The study was conducted, and the cases were collected following the 

patients' consent (verbal agreement).  
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 2. Approval of the Babylon Science College Ethical Committee.  

 3. Prior to commencing the study, permission was granted by the 

Babylon Health Presidency, and the Ethical Committee of the Babil 

Health Directorate accepted the research plan on September 1, 2024 

(M240903). 

3.2.11 Statistical Analysis 

 

          All statistical analyses were performed using SPSS version 25. Data 

were presented as mean ± standard deviation (SD). ELISA concentrations 

for TLR4, IL-17, Dectin-1, and sIgA were calculated using Microsoft 

Excel 2010 (trend function). The independent t-test was used to determine 

the significance of differences between appendicitis patients and healthy 

controls, as well as between serum and tissue specimens. Pearson’s 

correlation test was applied to assess the relationship between serum and 

tissue levels of the studied markers. One-way ANOVA was used to 

evaluate the association between TLR4 rs4986790 genotypes and 

immunological marker levels. Odds ratios (OR) with 95% confidence 

intervals (CI) were calculated to estimate the risk associated with 

genotypes. A p-value less than 0.05 was considered statistically significant. 
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4.1 Demographic Characteristics of the Participants 

The current study included 100 patients diagnosed with appendicitis 

and 50 apparently healthy individuals as a control group (AHC). To analyze 

the distribution of appendicitis cases, three demographic variables were 

considered: age, sex, and place of residence. 

The age group 14–24 years represented the highest percentage of cases (48%), 

followed by the age group 25–35 years (30%), while the groups 36–46 years 

and 47–57 years accounted for 10% and 4% respectively, and the lowest 

percentage was observed in the age group above 58 years (8%). 

In terms of sex distribution, 54% of patients were female and 46% were male. 

Regarding geographic distribution, patients were categorized as residing 

either in central (urban area) or peripheral (rural) areas. In this study, 34% of 

patients were from urban area, while 66% were from rural areas, as 

demonstrated in Table 4-1. 

Table (4-1): Distributions of the Participants 

Groups  NO. (%) 

  Age (Years) 

14-24 84 (48%) 

25-35  30 (30%) 

36-46 10 (10%) 
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47-57 8 (4%) 

>58 4 (8%) 

Total 100 (100%) 

Sex groups 

Male 46 (46%) 

Female 54 (54%) 

  Place of residence 

Rural area  66 (66%) 

urban area  34 (34%) 

 

These results are consistent with the findings of Saleem and Alkawaz 

(2021) in Baghdad, who reported the highest frequency of appendicitis among 

patients aged 11–20 years (54.3%), which is comparable to the present study 

where the 14–24 years group represented the highest percentage (48%). 

However, they differ from the findings of Al Sehlany et al. (2022) in Hilla, 

Iraq, who reported the highest incidence (39.13%) in the 20–30-year age 

group. 

Regarding sex, the current study found that 54% of patients were 

female, aligning with the findings of Saleem and Alkawaz (2021), who 
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reported a higher prevalence among females (54.3%) compared to males 

(45.7%), and with Al Sehlany et al. (2022), who also observed a female 

predominance (53.3%). In contrast, Majrashi et al. (2018) reported a 

significantly higher proportion of male patients (69%) compared to females 

(30.9%). 

With respect to geographic distribution, the present study revealed that 

66% of patients resided in rural areas, while only 34% were from urban area. 

This finding contrasts with a Basra-based study by Alshawi (2024), which 

reported a higher incidence of appendicitis in urban areas (56.8%) compared 

to rural areas (43.2%). The discrepancy may be attributed to differences in 

healthcare accessibility and the likelihood of early medical intervention in 

urban settings, as well as differences in lifestyle between rural and urban 

populations. 

4.2 Isolation and identification of bacteria and fungi 

4.2.1 Bacterial studies 

In this study, bacterial isolates were obtained from appendiceal swab 

specimens from 100 patients who had acute appendicitis. Following 

appendectomy, specimens were obtained using gel transport swabs and 

cultivated on various media such as Blood Agar, MacConkey Agar, UTI 

Chromogenic Agar, and Eosin Methylene Blue Agar. All the cultures showed 

bacterial growth after 24 to 48 hours of incubation, with no cases of "no 

growth" observed. 
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The morphological and cultural properties were evaluated by 

examining colony size, shape, color, edge, and transparency on these various 

media as figure 4-1 and figure 4-2 demonstrated.    

 

 Figure (4-1) Morphological properties of Escherichia coli colonies on different media.  

           a- Escherichia coli on Blood agar       b- Escherichia coli on MacConkey Agar     

         c- Escherichia coli on EMB Agar              d- Escherichia coli on UTI chromogenic Agar 
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Figure (4-2) Morphological properties of klebsiella pnemoniae on different media. 

a- Klebsiella pnemoniae on Blood agar    b- Klebsiella pnemoniae on MacConkey Agar 

c- Klebsiella pnemoniae on EMB Agar    d- Klebsiella pnemoniae on UTI chromogenic Agar 

     

Each bacterial isolate was also Gram stained, and the reaction was 

performed and observed using an oil immersion lens. The results revealed that 

all isolates were Gram-negative bacteria. These findings align with a study 

that revealed 73.6% of the isolated bacteria in the appendix lumen were Gram-
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negative, while 23.4% were a mixed population of Gram-positive and Gram-

negative microorganisms. No culture included Gram-positive bacteria 

exclusively (Zachos et al., 2023). 

The VITEK 2 System, which offers automated identification based on 

biochemical profiling, was used to further identify the isolates. 

In the present study, Escherichia coli was identified as the predominant 

bacterial species 88 (88%) isolated from appendicitis patients, followed by 

Klebsiella pneumonia 12 (12%). (Figure 4-3).  

 

Figure (4-3): Distribution of bacterial isolates identified in appendicitis patients. 

        Several studies have investigated the bacterial profile associated with 

acute appendicitis. The study conducted by Abdurrazzaaq et al. (2018) 

investigated bacterial isolates in acute appendicitis at the University College 

88%

12%

 Escherichia coli

klebsella pnemonia
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Hospital in Ibadan, Nigeria. The most commonly identified bacteria were 

Escherichia coli (50%), Klebsiella spp. (15%), and Proteus spp. (8.3%). 

               In Kirkuk province, Iraq, researchers conducted a study to determine 

how some antibiotics affected bacteria isolated from appendices. According 

to Bazzaz et al. (2018), the culture results showed that 94% of the specimens 

had a single isolate, 2% had negative growth, and 4% had mixed growth. The 

gram-positive bacteria isolates accounted for 11.77%, which is less than the 

gram-negative isolates at 88.23%. There were a total of 51 bacteria isolates, 

with Escherichia coli being the most common at 34 (66.66%), followed by 

Enterococcus faecalis and Klebsiella pneumoniae both at 3 (5.89%), 

Citrobacter youngae, Ralstonia terrigena, and Pseudomonas aeruginosa each 

at 2 (3.92%), and other bacteria, each at 1 (1.96% or 1.92%). 

       A study was conducted in Babylon province, Iraq, to identify Bacterial 

Infections in Patients with Appendicitis. According to (Al-Janabi et al.2019), 

the investigation discovered several bacterial strains, and found that there is a 

relation between bacterial infection with appendicitis and Escherichia coli 

was predominant with 50.9% followed by Streptococcus pneumoniae 

(21.5%), Pseudomonas aeruginosa (13.7%), and Klebsiella pneumoniae 

(9.8%), while Staphylococcus aureus has shown a lowest isolation rate. 

         A study in Sulaymaniyah city, Iraq, by Hama et al. (2021) found that the 

most common bacteria in patients with appendicitis was Escherichia coli 

(27.27%), followed by Staphylococcus aureus and anaerobic Bacteroides 

fragilis (7.8%), Klebsiella pneumoniae (4.2%), and other bacteria. 
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        A study by Cimpean et al. (2022) looked into the bacteriological profiles 

of patients with acute appendicitis that was both complicated and 

uncomplicated. With an isolation rate of 37.9% in cases of uncomplicated 

appendicitis and 48.6% in cases of complicated appendicitis, Escherichia coli 

was the most commonly isolated organism in both groups. Members of the 

Streptococcus anginosus group and Bacteroides species were among the other 

frequently found bacteria. 

        Madhkoor et al. (2024) conducted a recent study in Basra Province. The 

research sought to discover the pathogenic microorganisms associated with 

appendicitis. Of the specimens, 80 (88.9%) yielded positive cultures, whereas 

10 (11.1%) resulted in negative cultures. The analysis identified 15 distinct 

bacterial isolates, with Escherichia coli being the predominant species at 80 

(44.9%), while other species were present in lesser proportions. 

4.2.2 Fungal studies 

        In the current study, the appendiceal specimens were cultured on 

Sabouraud Dextrose Agar and Candida Chromogenic Agar to check for fungi 

and incubated for 48 to 72 hours at 25°C and 37°C to allow for potential fungal 

growth. None of the specimens showed any discernible fungal growth. This 

finding aligns with previous literature indicating that fungi constitute only a 

minor component of the normal human gut microbiota compared to bacteria 

(Hallen-Adams & Suhr, 2017). 
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In Ukraine, research was carried out to find microbial agents linked to 

children's acute appendicitis. Two (2.7%) patients had Candida fungus, 

according to Zahrychuk et al. (2023). These cases of gangrene and 

gangrenous-perforated appendicitis suggest that fungal infections could exist 

in severe forms of the disease. 

       In a study by Larbcharoensub et al. (2013), researchers looked at 262 

appendectomy cases and discovered that about 1.15% were caused by fungal 

infections, specifically types of Candida and Aspergillus. It was noted that all 

the patients had weakened immune systems, and tests revealed pus-filled 

inflammation in the appendix wall along with visible fungal growth. These 

results indicate that fungal infections in the appendix, although rare, are 

possible, especially in immunocompromised patients. 

      In 2019 Choy et al. documented a rare case of fungal appendicitis in a 

woman without an immunosuppressive condition. Though not known to have 

any immunosuppressive properties, the appendiceal tissue included Candida 

fungus. After the patient had an appendectomy, antifungals proved to be 

efficient in treating the infection, so highlighting the need of considering 

fungal infections even in immunocompetent individuals. 

4.3 Immunological study  

4.3.1 Estimation of TLR-4 in serum and tissue in patients and AHC 

        The TLR 4 concentrations in the serum of patients and the apparently 

healthy control group were determined by enzyme-linked immunosorbent 
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assay, yielding a mean value of 18.72764 ng/ml and a standard deviation of 

0.028774 ng/ml, while the control group had a mean of 18.67014  ng/ml and 

a standard deviation of 0.156426 ng/ml. Although the mean value was slightly 

higher in patients compared to controls, this difference was not statistically 

significant (p = 0.083), as shown in Table 4-2. 

Table (4-2) The concentration of TLR4 in serum of patients and AHC. 

P value M±SD ng\ml TLR4 serum 

0.083 NS 18.72764 ±0.028774 

 

Patient 

18.67014±0.156426 AHC 

SD: standard deviation; NS: not significant at P > 0.05 

        The results align with a recent study in 2024 in Basra province, Iraq, to 

identify the immunohistochemical expression of Toll-like receptors TLR1, 

TLR4, and TLR5 in patients with acute appendicitis. The study revealed a 

significant elevation in the plasma concentrations of Toll-like receptors TLR1 

and TLR4 in appendicitis patients compared to the AHC group (Mahdi et al., 

2024b). 

        Another study by Arlt et al. (2015) looked at TLRs in the tissues of 

inflamed appendices compared to normal appendices and found that TLR4 

levels were much higher in patients with acute appendicitis than in those with 
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non-inflamed appendices (P = 0.01), with TLR4 amounts increasing from 

2486 ± 381 to 4694 ± 963 copies/20 ng mRNA. 

         Molteni et al. (2016) concurred that toll-like receptors are highly 

conserved entities that identify conserved pathogen-associated molecular 

patterns (PAMPs), hence serving as the initial defense against infections. 

TLR4 has been acknowledged as the receptor that detects gram-negative 

lipopolysaccharide (LPS). TLR4-mediated inflammation, initiated by 

exogenous or endogenous ligands, is implicated in various acute and chronic 

illnesses. 

       The current study appeared to demonstrate a significant increase (P= 

0.000) in TLR 4 concentrations in serum (18.727642 ±0.0287743) ng\ml 

compared to tissue (18.635642±0.0578208) ng\ml; no previous studies had 

provided an explanation. As table 4-3 demonstrates. 

Table (4-3): The concentrations of TLR4 in serum and tissue of patient. 

P value M±SD ng\ml TLR4 

0.000 S 18.727642 ±0.0287743 

 

Serum 

18.635642±0.0578208 Tissue 

SD: standard deviation; S: Significant at P ≤ 0.05 

      The results of the current study found no significantly increased TLR-4 in 

the serum and tissue of males compared to females; this could be due to 
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dietary differences, such as a higher consumption of fast food among males. 

As in table 4-4. 

Table (4-4): The concentrations of TLR4 in serum and tissue specimens 

of patients according to sex 

P value TLR4  M±SD ng\ml Parameters 

 Female Male 

0.728 NS 18.7255±0.02964 

 

18.7298±0.02904 

 

Serum 

0.518 NS 18.6435±0.06031 18.6278±0.05673 Tissue 

SD: standard deviation; NS: not significant at P > 0.05 

4.3.2 Correlation between TLR-4 serum and tissue in patients 

       Table 4-5 shows a correlation coefficient of 0.464 for both serum and 

tissue TLR-4 levels, with two-tailed p-values of 0.022. This correlation 

coefficient suggests a moderate positive relationship between TLR-4 levels in 

serum and tissue. Moreover, since the p-values are less than the commonly 

used significance level of 0.05, the correlations are considered statistically 

significant. 
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Table (4-5): Correlation of TLR4 in serum and tissue of patient. 

Tissue Serum TLR4 

 

0.464 

0.022 S 

 

1 

 

Pearson Correlation  

Sig. (2-tailed) 

S
er

u
m

 

 

 

1 

 

 

0.464 

0.022 S 

 

Pearson Correlation  

Sig. (2-tailed) 

T
is

su
e 

 

S: Significant at P ≤ 0.05 

      An old study in 2040 examined the correlation between certain genes 

associated with innate immunity, including changes in TLR4, and the severity 

of appendicitis; however, they did not directly quantify TLR4 protein levels 

in blood or tissue specimens  )Rivera-Chavez et al. 2004).  The current 

findings provide new visions by quantitatively evaluating TLR4 levels in 

blood and appendiceal tissue, highlighting the possible immunological role of 

TLR4 in local and systemic responses during appendicitis. 

4.3.3 Estimation of IL-17 in serum and tissue in patients and AHC 

       Table (4-6) displays the mean and standard deviation (M±SD) for serum 

IL-17 concentrations in both patients and the AHC group. Appendicitis 

patients had noticeably higher serum IL-17 concentrations 257.23±132.93 
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ng/L, whereas the AHC group had a lower average of 109.72±62.60 ng/L. The 

p-value of 0.000, marked with an asterisk, indicates a statistically significant 

difference between the two groups (P<0.05). 

Table (4-6): The concentration of IL-17 in serum of patient and AHC. 

P value M±SD ng\L IL-17 serum 

0.000 S 257.2286±132.93146 

 

Patient 

109.7160± 62.60039 AHC 

SD: standard deviation; S: Significant at P ≤ 0.05 

 

        This increase is consistent with earlier studies that found appendicitis and 

bacterial infections can affect IL-17 levels. A study by. Al-Khawaja & Al-

Shabaa, (2021) reported significantly elevated serum IL-17 levels in patients 

with acute appendicitis (210.1 pg/mL) compared to apparently healthy 

controls (52.43 pg/mL), with a statistically significant difference (P = 0.004). 

This study suggested that IL-17 could serve as a diagnostic biomarker for 

acute appendicitis. 

       A study by Rubér et al. (2010) reported that patients with gangrenous 

appendicitis exhibited significantly elevated levels of proinflammatory 

markers in serum, including IL-17, when compared to patients with 

phlegmonous appendicitis and nonspecific abdominal pain (P ≤ 0.04). 
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        The mean IL-17 level in the serum of patients with appendicitis was 

257.2286 ng/L, while tissue specimens exhibited a markedly elevated level of 

501.99 ng/L, showing a significant difference (P = 0.000) as shown in Table 

4-7.  

Table (4-7): The concentrations of IL-17 in serum and tissue of patient 

P value   M±SD ng\L IL-17  

0.000 S 257.2286±132.93146 Serum 

501.9877±183.24266 Tissue 

SD: standard deviation; S: Significant at P ≤ 0.05 

       A Recent study by The et al. (2024) found that IL-17A-producing CD4+ 

T cells were significantly increased in the appendix tissue of children with 

complex appendicitis compared to those with simple appendicitis. Increased 

local inflammation and microbial dysbiosis, specifically an increase in 

Proteobacteria, were linked to this rise in IL-17A levels. According to their 

findings, the severity of appendicitis may be influenced by a robust local Th17 

immune response. 

        A study conducted by Elliver et al. (2024) aimed to assess the 

relationship between serum levels of various Th1-associated cytokines, 

including IL-17A, and the risk of complicated appendicitis in children. The 

findings indicated that serum IL-17A concentrations did not significantly 

differ between children with uncomplicated and complicated appendicitis, 
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suggesting that the systemic inflammatory response in complicated 

appendicitis is intricate and not exclusively Th1-dependent. 

       The results of the current study found no significant difference in IL-17 

concentrations between males and females in either serum (P = 0.367) or 

tissue (P = 0.871). The mean serum IL-17 level was slightly higher in females 

(288.34 ± 158.58 ng/L) compared to males (226.12 ± 102.50 ng/L), while the 

tissue level was marginally higher in males (445.83 ± 260.76 ng/L) than in 

females (429.41 ± 209.17 ng/L). However, the lack of statistical significance 

indicates that sex does not influence IL-17 expression in this study population, 

as Table 4-8 demonstrated. 

Table (4-8): The concentrations of IL-17 in serum and tissue specimens 

of patients according to sex 

P value IL-17 M±SD ng\L Parameters 

 Female Male 

0.367 NS 288.3420±158.57991 226.1151±102.49719 Serum 

0.871 NS 429.4050±209.17499 445.8268±260.7627 Tissue 

SD: standard deviation; NS: not significant at P > 0.05 

       Currently, there is no evidence of significant sex-based differences in IL-

17 levels in serum or tissue, which is consistent with the findings of the 

present study. 
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4.3.4 Correlation between IL-17 in serum and tissue in patients 

        Pearson correlation analysis revealed no significant association between 

IL-17 levels in serum and tissue among patients (r = 0.025, p = 0.911), 

suggesting that IL-17 concentrations in these two compartments are not 

strongly related, as in table 4-9. 

Table (4-9): Correlation of IL-17 in serum and tissue of patient 

Tissue Serum IL-17 

 

0.025 

NS 0.911 

 

1 

 

 

Pearson Correlation  

Sig. (2-tailed) 

S
er

u
m

 

 

 

1 

 

0.025 

NS 0.911  

 

Pearson Correlation 

Sig. (2-tailed) 

 

T
is

su
e

 

 

NS: not significant at P > 0.05  

       A study by The et al. (2024) reported increased IL-17A expression in 

appendiceal tissue of children with complex appendicitis; however, no 

comparison with serum levels was conducted, leaving the relationship 

between local and systemic IL-17 responses unclear. 
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         In a study on inflammatory bowel disease (IBD), Fujino et al. (2003) 

reported elevated IL-17 levels in both serum and mucosal tissue of patients 

with active disease. While this finding highlights IL-17’s potential role in IBD 

pathogenesis, the study did not confirm a direct correlation between systemic 

and mucosal IL-17 levels, indicating that local and systemic immune 

responses may function independently. 

4.3.5 Estimation of Dectin-1 in serum and tissue in patients and AHC 

     The mean serum level of Dectin-1 among appendicitis patients was 

601.21 ± 332.11 ng/L, while it was 588.16 ± 238.59 ng/L in the AHC group. 

Statistical analysis showed no significant difference between the two groups 

(P = 0.902).  

Table (4-10): The concentrations of Dectin-1 in serum of patients and 

AHC 

P value M±SD ng\L  Dectin-1 serum 

0.902 NS 

 

601.2088±332.10803 Patients 

588.1647±238.58534 AHC 

SD: standard deviation; NS: not significant at P > 0.05. 

Despite the slight increase in serum Dectin-1 levels observed in appendicitis 

patients, the absence of statistical significance suggests that acute appendicitis 

does not markedly influence systemic Dectin-1 concentrations in this 

specimens. This finding implies that circulating Dectin-1 may not accurately 
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reflect localized immune responses within the appendix, or that serum 

measurements lack the sensitivity to detect subtle inflammation-associated 

changes in appendicitis. 

In the study by Al Madhoun et al. (2022), Dectin-1 levels were elevated in 

adipose tissue of individuals with obesity, suggesting its association with 

chronic metabolic inflammation. This indicates that Dectin-1 could be a 

marker of ongoing inflammation in adipose tissue. However, their study did 

not examine serum Dectin-1 levels, so it cannot be directly compared to this 

findings on serum levels in appendicitis patients. 

The mean serum Dectin-1 level was 601.21 ± 332.11 ng/L, while the mean 

tissue level was 693.45 ± 300.75 ng/L. However, statistical analysis revealed 

no significant difference between the two groups, with a P-value of 0.562, as 

table 4-11 illustrates. 

Table (4-11): The concentrations of Dectin-1 in serum and tissue of 

patients 

P value M±SD ng\L Dectin-1 

0.562 NS 601.21 ± 332.11  Serum 

693.45 ± 300.75  Tissue 

SD: standard deviation; NS: not significant at P > 0.05. 

       The current findings indicate that tissue concentrations were greater than 

those in serum; this may be attributed to Dectin-1, which serves to protect the 
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host from invading fungi while also potentially contributing to increased 

inflammation (Iliev, 2015). 

       A study by Wang et al. (2022) demonstrated that Dectin-1 plays a critical 

role in regulating the bacterial microbiota in the gut, which is essential for 

maintaining immune homeostasis, although their research focused on the gut, 

it highlights how Dectin-1 can influence inflammatory responses and immune 

modulation in specific tissues.  

The higher levels of Dectin-1 observed in tissue specimens may reflect a 

localized immune response, in which Dectin-1 participates in both pathogen 

defense and inflammation modulation, particularly in inflammatory 

conditions such as appendicitis (Rosas et al., 2008). 

      De Vries et al. (2009) demonstrated that Dectin-1 expression was 

significantly increased in inflamed colonic tissues of patients with 

inflammatory bowel disease (IBD), compared to non-inflamed regions of the 

same individuals. This upregulation was particularly observed on 

macrophages, neutrophils, and other immune cells involved in the 

inflammatory response. Their findings reinforce the concept that Dectin-1 is 

locally upregulated in inflamed tissues, supporting the current observation of 

elevated Dectin-1 levels in appendix tissue versus serum. 

 

      In terms of sex comparisons, the average serum Dectin-1 levels were 

elevated in females (649.18 ± 413.21 ng/L) compared to males 
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(553.24 ± 245.65 ng/L); however, this disparity was not statistically 

significant (P = 0.581). Tissue concentrations of Dectin-1 were elevated in 

females (744.66 ± 340.84 ng/L) relative to males (642.25 ± 264.84 ng/L), with 

no statistically significant difference (P = 0.487), indicating that sex did not 

markedly affect Dectin-1 levels in blood or tissue specimens among 

appendicitis patients, as emphasized in Table 4-12. 

Table (4-12) The concentrations of Dectin-1 in serum and tissue 

specimens of patients according to sex 

P value Dectin-1 M±SD ng\L Parameters 

Female Male 

0.581 NS 649.1778±413.21169 553.2402±245.65033 Serum 

0.487 NS 744.6600±340.84479 642.2456±264.84015 Tissue 

SD: standard deviation; NS: not significant at P > 0.05. 

To the best of current knowledge, no studies have compared Dectin-1 

expression based on sex in serum or appendix tissue from appendicitis 

patients. Al Madhoun et al. (2022) similarly examined Dectin-1 in adipose 

tissue and found no sex-related differences in protein levels, suggesting that 

its upregulation during tissue inflammation is sex-independent. Although their 

focus was metabolic inflammation, their results align with the present finding 

of equivalent Dectin-1 levels in male and female appendix tissue and serum. 
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4.3.6 Correlation between Dectin-1 in serum and tissue in patients 

     A weak positive correlation was observed between Dectin-1 levels in 

serum and tissue (r = 0.250, p = 0.410). However, this correlation was not 

statistically significant, indicating no meaningful association between serum 

and tissue concentrations of Dectin-1 in appendicitis patients, as table 4-13 

shows. 

Table (4-13) Correlation of dectin-1 in serum and tissue of patient. 

Tissue Serum Dectin-1 

0.250 

0.410 NS 

1 

 

Pearson Correlation 

Sig. (2-tailed) 

S
er

u
m

 

 

1 

 

0.250 

0.410 NS 

Pearson Correlation 

Sig. (2-tailed) 

T
is

su
e 

 

NS: not significant at P > 0.05. 

       No studies have yet directly investigated the correlation between Dectin-

1 levels in serum and appendix tissue in cases of acute appendicitis. This 

investigation discusses that gap for the first time. A weak positive correlation 

was noted; however, it lacked statistical significance, suggesting no clear 

relationship between systemic and local Dectin-1 expression in this condition. 
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4.3.7 Estimation of sIgA in serum and tissue in patients and AHC 

      Table 4-14 reveals that a p-value of 0.285 shows no significant difference 

in serum Secretory IgA levels between appendicitis patients (1.6076 ± 0.7493 

ng/L) and the AHC group (2.0255 ± 1.7382 ng/L). This suggests that 

Secretory IgA levels are not significantly affected by appendicitis in this 

study. 

Table (4-14): The concentrations of sIgA in serum of patient and AHC 

P value M±SD µg\ml Secretory IgA serum 

0.285 NS 1.607612±0.749275 Patient 

2.025496±1.738187   Control 

SD: standard deviation; NS: not significant at P > 0.05. 

This finding aligns with several previous studies that examined the 

relationship between sIgA and different groups. For example, Carvalho et al. 

(2022) found no significant differences in IgA serum levels between patients 

and controls, which is consistent with our results, suggesting no clear 

association between sIgA in serum and acute appendicitis. 

    The mean concentration of secretory IgA (sIgA) in patient serum was 

1.607612 µg\ml, whereas in appendiceal tissue it was 3.103411 µg\ml, 

indicating a statistically significant difference (P = 0.000) as illustrated in 

Table 4-15. 
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Table (4-15): The concentrations of sIgA in serum and tissue of patient. 

P value M±SD µg\ml Secretory IgA 

0.000 S 1.607612±0.749275 Serum 

3.103411±1.305151 Tissue 

SD: standard deviation; S: Significant at P ≤ 0.05 

The current study showed a significant decrease in sIgA concentrations in the 

serum of appendicitis patients compared to apparently healthy controls, while 

sIgA concentrations were significantly higher in tissue specimens compared 

to serum in the same patients.  

This finding aligns with Mantis et al. (2011), who noted that SIgA can directly 

neutralize bacterial virulence factors and influence intestinal microbiota 

composition through both Fab-dependent and -independent mechanisms.  

The increased SIgA levels in appendix tissue after appendectomy may be due 

to the high density of mucin and sIgA produced by B cells in the appendix 

mucosa, which creates a pro-microbiotic environment, reinforcing the 

appendix’s role as a "safe house" for beneficial microbes (Kooij et al., 2016). 

These results are consistent with those of Andreu-Ballester et al. (2007), who 

found that sIgA levels in both serum and colon decreased significantly after 

appendectomy in individuals of various ages. 

 This decrease is attributed to the exposure of antigens to Peyer’s patches and 

follicles, leading to lymphocyte proliferation and the generation of memory 
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cells that migrate back to the lamina propria, where they persist (Andreu-

Ballester et al., 2007; Liu et al., 2017). 

      The results of the current study found no significant difference in secretory 

IgA (sIgA) concentrations between males and females in either serum (P = 

0.718) or tissue (P = 0.644), with the mean serum sIgA level being slightly 

higher in females (1.6646 ± 0.701 µg\ml) compared to males (1.5506 ± 0.822 

µg\ml), while the tissue level was marginally higher in males (3.2305 ± 1.1536 

µg\ml) than in females (2.9764 ± 1.4818 µg\ml; however, the lack of 

statistical significance indicates that sex does not influence sIgA expression 

in this study population, as shown in Table 4-16. 

Table (4-16) The concentrations of sIgA in serum and tissue specimens 

of patients according to sex. 

P value sIgA  M±SD µg\ml Parameters 

Female Male 

0.718 NS 1.66464±0.70097 1.55057±0.82183 Serum 

0.644 NS 2.9764±1.48176 3.2305±1.15363 Tissue 

SD: standard deviation; NS: not significant at P > 0.05. 

      Although the differences in SIgA levels between males and females were 

not statistically significant in the present study, the observed trends suggest 

potential sex-related variations in immune responses. Serum SIgA levels were 
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higher in females, aligning with the findings of Klein and Flanagan (2016), 

who referenced data from Nigerian children aged 5–12 years, where males 

had higher serum IgA levels than females. While this finding reflects a 

specific population and age group, it supports the idea that immunoglobulin 

A expression may vary by sex. Additionally, Hodges-Simeon et al. (2019) 

reported that testosterone is positively associated with mucosal sIgA, whereas 

estradiol has a negative effect. This hormonal influence may explain the 

elevated tissue sIgA in males observed in this study, despite the lack of 

statistical significance. 

4.3.8 Correlation of sIgA in serum and tissue of patient. 

Table 4-17 presents the correlation analysis between serum and tissue levels 

of Secretory IgA (sIgA). The Pearson correlation coefficient between the two 

compartments is 0.320, with a two-tailed p-value of 0.128. As expected, the 

correlation coefficients for serum and tissue with themselves are both 1. The 

correlation value of 0.320 indicates a weak positive association between 

serum and tissue sIgA levels. However, since the p-value is greater than 0.05, 

the result is not statistically significant. 

In practical terms, this weak and non-significant association implies that there 

is no consistent linear relationship between the concentrations of sIgA in the 

blood and those in appendix tissue. This suggests that systemic and mucosal 

sIgA responses in appendicitis may be regulated independently, as further 

supported by the differing trends observed in their mean values between 

sexes. 
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Table (4-17) Correlation of sIgA in serum and tissue of patient. 

Tissue Serum Secretory IgA 

0.320 

0.128 NS 

1 

 

Pearson Correlation  

Sig. (2-tailed) 

S
er

u
m

 

 

1 0.320 

0.128 NS 

Pearson Correlation  

Sig. (2-tailed) 

T
is

su
e 

 

NS: not significant at P > 0.05. 

 

Sheikh-Mohamed et al. (2022) directly compared SARS-CoV-2–specific IgA 

responses in serum versus mucosal secretions (saliva) following mRNA 

vaccination. They found only a modest correlation between systemic and 

mucosal IgA at peak response (Pearson r ≈ 0.30–0.40), and noted that strong 

local (mucosal) IgA induction often occurred independently of serum levels. 

This finding is consistent with the present study’s observation of a weak, non-

significant correlation between serum and tissue sIgA (r = 0.320, p = 0.128) 

in appendicitis patients, suggesting that local tissue factors such as antigen 

exposure at the mucosal site are more influential in driving sIgA production 

than systemic signals.  Therefore, serum sIgA may not reliably reflect 

mucosal/tissue immunity in localized inflammatory conditions. 
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Lin et al. (2018) demonstrated that fecal IgA levels in IBD patients rise 

markedly, while serum IgA remains within the normal range, indicating that 

mucosal stimuli drive local SIgA production independently of systemic levels. 

This finding parallels the present study’s observation of a weak, non-

significant correlation between serum and tissue sIgA levels in appendicitis 

patients. 

4.4 Molecular study  

4.4.1 DNA Extraction and determination of purity 

DNA extraction Genomic DNA from blood specimens were extracted 

by using Geneaid DNA kit (Frozen Blood), and checked using Nano drop 

spectrophotometer at (260/280 nm), it was ranging between 1.8- 2.2, with 

purity average equal 2, and DNA concentration mean was 20 ng/μl. 

4.4.2 Detection of TLR4 (rs4986790) A/G Polymorphism 

The distribution of TLR4 rs4986790 A > G Polymorphism was detected 

by ARMS-PCR technique. At this locus there are three genotypes; GG, GA 

and AA. (AA) wild type homozygote was showed only A allele at 163bp. 

(GG) mutant type homozygote was showed only G allele at 209bp T-ARMS-

PCR product, whereas the (AG) heterozygote were showed as both A and G 

allele at 163bp and 209bp respectively, Figure (4-4) The genotype distribution 

had no deviation from Hardy-Weinberg equilibrium in all study groups. 
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Figure (8-4): Agarose gel electrophoresis image that showed the T-ARMS-PCR product 

analysis for TLR4 rs4986790 A > G gene polymorphism FROM patients and apparently 

healthy control specimens. Where M: marker (2000-100bp). The lane (AA) wild type 

homozygote was showed only A allele at 163bp T-ARMS-PCR product. The lane (GG) 

mutant type homozygote was showed only G allele at 209bp T-ARMS-PCR product, whereas 

the (AG) heterozygote were showed as both A and G allele at 163bp and 209bp T-ARMS-

PCR product. The outer internal control was observed at 317bp T-ARMS-PCR product. 

4.4.3 Genotypic and Alleles Analysis for studied gene in patients and 

apparently healthy control. 

The comparison of genotypes and allele frequencies concerning TLR4 

rs4986790 A > G SNP between patients with appendectomy and apparently 

healthy control is shown in Table (4-18). Risk analysis revealed that the 

homozygous GG genotype was significant risk factor (OR=1.98), which 

means that patients with heterozygous AG genotype are approximately two 

time more liable to develop disease in comparison with other genotypes. 

Furthermore, a statistically significant association was found between the G 
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allele and the risk of appendicitis (OR = 2.025; 95% CI = 1.075–3.814; p = 

0.028), suggesting that carriers of the G allele have a higher susceptibility to 

the condition. 

 

Table (4-18) Distributions of Genotypes and Allele Frequency for TLR4 

rs4986790 A > G in appendicitis patients and control 

CL 95% Odd ratio P value AHC Patients Genotype 

Reference 34 (68%) 24 (48%) AA 

(0.75-4.4427) 1.83 0.1841 NS 11 (22%) 17 (34%) AG 

(0.611-6.37) 1.98 0.2550  NS 5 (10%) 9 (18%) GG 

 50 50 Total 

Alleles frequency 

Reference            

0.028 S 

79(0.79) 65(0.65) A 

(1.075 -3.814) 2.025 21(0.21) 35(0.35) G 

S: Significant at P ≤ 0.05; NS: not significant at P > 0.05. 

      The findings of the current study are consistent with those of Rivera-

Chavez et al. (2004), who reported that genetic variations in innate immunity 

genes, including TLR4, influence the severity of acute appendicitis. Their 

study showed that certain TLR4 polymorphisms were associated with more 
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severe outcomes, such as perforated or gangrenous appendicitis, likely due to 

impaired innate immune responses and delayed bacterial clearance. 

      Similarly, the present study identified the G allele of the TLR4 rs4986790 

(Asp299Gly) polymorphism as a significant risk factor for appendicitis, with 

an odds ratio of 2.025, indicating a strong association with disease 

susceptibility. This polymorphism leads to a non-synonymous amino acid 

substitution in the third exon of the TLR4 gene, replacing aspartic acid with 

glycine at position 299, which is located in the extracellular domain. This 

substitution is known to reduce TLR4’s ability to recognize 

lipopolysaccharides (LPS) from Gram-negative bacteria like E.coli, a 

common pathogen in appendicitis (Ohto et al., 2012; de Oliveira and Silva, 

2012). 

Silva et al. (2022) revealed a notable correlation between the G allele of 

rs4986790 and susceptibility to infectious diseases, however their research did 

not directly address appendicitis. Nonetheless, their findings correspond the 

idea that this mutation impairs TLR4 signaling and impairs the host's capacity 

to respond effectively to bacterial infections. 

The TLR4 gene, located on chromosome 9q33.1, comprises three exons and 

is essential for non-specific immunity by identifying a diverse range of 

microbial ligands (Vaure and Liu, 2014). The rs4986790 A > G polymorphism 

(Asp299Gly) is among the most extensively examined variants and has been 

associated with the development of various diseases. Research indicates a 

correlation with increased susceptibility to pneumonia, inflammatory bowel 
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disease, Helicobacter pylori infection, and several types of cancer, as 

documented by Cai et al. (2015), Lin et al. (2019), and He and Jiang (2022). 

On the other hand, certain studies indicated a lack of association with 

conditions like asthma, coronary artery disease, and preeclampsia (Zhang et 

al., 2012; Jin et al., 2016; Guo et al., 2024). 

 There is also increasing evidence indicates that TLR4 polymorphism 

correlates with the onset of ulcerative colitis (UC) and Crohn’s disease (CD), 

as the allele frequencies of the TLR4 Asp299Gly polymorphism were found 

to be significantly elevated in patients with UC and CD (Franchimont et al., 

2004). 

 

     The serum levels of TLR4 rs4986790 (A/G) genotypes have been 

evaluated in appendicitis patients and compared to those in apparently healthy 

controls (AHC).The AA genotype showed identical mean serum TLR4 

concentrations in both patients and controls (18.7219 ± 0.0460 ng/ml vs. 

18.700 ± 0.04128 ng/ml), with no statistically significant difference (P = 

0.155). For the AG genotype, the mean concentration in patients (18.7450 ± 

0.03305 ng/ml) was slightly higher than in controls (18.7054 ± 0.02001 

ng/ml), and this difference was statistically significant (P = 0.055). In contrast, 

the GG genotype showed a non-significant difference between patients 

(18.7179 ± 0.02497 ng/ml) and controls (18.3330 ± 0.53344 ng/ml) with a P-

value of 0.075 as table 4-19 demonstrated.  
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Table (4-19) Concentration of TLR4 in serum according to SNPs in 

appendicitis patients and AHC Group Statistics 

TLR4-

rs4986790 A/G 

TLR4 concentration ng\ml 

M±SD   

P – value 

Serum patients AHC 

AA 18.7219 ± 0.0248 18.700 ± 0.04128 0.155 NS 

AG 18.7450 ± 0.03305 18.705 ± 0.02001 0.055 S 

GG 18.7179 ± 0.02497 18.3330±0.53344 0.075 NS 

SD: standard Deviation; NS: not significant at P > 0.05; S: Significant at P ≤ 0.05 

      The analysis of serum TLR4 concentrations among different rs4986790 

genotypes revealed no statistically significant differences between 

appendicitis patients and healthy controls. The AA genotype appeared to have 

no effect on TLR4 expression, as concentrations were nearly identical across 

groups. The AG genotype showed a slightly higher concentration in patients, 

with a borderline significance, suggesting a potential but limited influence. In 

contrast, although the GG genotype showed a noticeable reduction in controls, 

this difference did not reach statistical significance. Overall, these findings 

indicate that the rs4986790 polymorphism may not play a major role in 

modulating serum TLR4 levels in appendicitis. 
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     Mean ± standard deviation (M±SD) of TLR4 protein concentrations 

(ng/ml) in both the blood and appendix tissue of individuals with various 

TLR4 rs49867 (A/G) genotypes (AA, AG, GG) shown in Table 4-20, all 

genotype groups had statistically significant variations in serum and tissue 

levels (P < 0.05). 

Table (4-20) Concentration of TLR4 in serum and tissue according to 

SNPs in appendicitis patients 

TLR4-rs4986790 

A/G 

M±SD  concentration ng\ml P – value 

Serum patients Tissue patient 

AA 18.721 ± 0.0448 18.626 ± 0.0520 0.000 S 

AG 18.745 ± 0.0330 18.645 ± 0.828 0.012 S 

GG 18.717 ± 0.0249 18.642 ± 0.0368 0.002 S 

SD: standard Deviation; S: Significant at P ≤ 0.05 

      Table 4-21 demonstrates the distribution of TLR4 rs4986790 genotypes 

(AA, AG, and GG) and allele frequencies (A and G) in male and female 

patients. The AA genotype serves as the reference group. The frequency of 

the AG genotype is comparable between males and females (P = 0.6237). The 

GG genotype exhibits a statistically significant disparity, occurring more 

frequently in males (30.43%) than in females (7.41%), with an odds ratio of 

5.47 (P = 0.0491), suggesting that males are more predisposed to possess the 

GG genotype.  
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      The G allele exhibits a markedly higher frequency in males (45.65%) 

compared to females (25.93%), with an odds ratio of 2.40 (P = 0.0413). This 

indicates that the G allele may correlate with sex disparities in this group. 

Table (4-21) Distributions of Genotypes and Allele Frequency of TLR4-

rs4986790 A/G genotypes and in appendicitis patients male and female 

Alleles Number / percentage Odd ratio P value 

Male  Female 

AA 9 (39.13%) 15 

(55.56%) 

Reference 

AG 7 (30.43%) 10 

(37.04%) 

0.7438(0.2279 - 

2.4272) 

0.6237 

NS 

GG 7 (30.43%) 2 (7.41%) 5.4688(1.0069-

29.7015) 

0.0491 S 

Total 23 27  

Alleles frequency 

A allele 25 (54.35%) 40 

(74.07%) 

Reference 

G allele 21 (45.65) 14 

(25.93%) 

2.400(1.0352 - 

5.5640) 

0.0413 S 

S: Significant at P ≤ 0.05; NS: not significant at P > 0.05. 
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     The current study indicated that the G allele increased in males; this might 

be due to changing bad living habits, such as smoking, high‐salt and high‐fat 

diets, lack of exercise, etc. 

     

4.4.5 The association between ARMS-PCR finding and Immunological 

parameters (TLR4, IL-17, Dectin-1, SIgA) level in appendicitis patients 

The association between ARMS-PCR finding and Immunological 

parameters (TLR4, IL-17, Dectin-1, and SIgA) levels in patients with 

appendicitis is shown in Table (4-22), the mean levels of TLR4 were 18.72 ± 

0.026, 18.74 ± 0.033, and 18.71 ± 0.024 in patients with AA, AG, and GG 

genotypes respectively. No significant differences were observed among the 

genotypes (P = 0.169). 

Similarly, the mean levels of IL-17 were 288.17 ± 155.36, 210.63 ± 

79.37, and 252.37 ± 161.71 in AA, AG, and GG genotypes respectively, with 

no statistically significant difference between groups (P = 0.623). For Dectin-

1, the mean levels were 422.84 ± 143.61, 522.42 ± 262.90, and 675.84 ± 

242.20 in AA, AG, and GG genotypes respectively; again, the difference was 

not statistically significant (P = 0.233). 

In contrast, SIgA levels showed a significant difference among the 

genotypes. The mean values were 0.886 ± 0.331, 1.5124 ± 0.4521, and 1.7600 

± 0.4447 in AA, AG, and GG genotypes respectively, with the highest level 

observed in the GG genotype group (P = 0.007) 
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Table (4-22): The association between ARMS-PCR finding and 

Immunological parameters (TLR4, IL-17, Dectin-1, SIgA) level in 

appendicitis patients 

Immunologic

al parameters   

ARMS-PCR finding 

AA genotype  

n = 24 

AG  genotype  

n = 17 

GG genotype  

n = 9 

P-

value 

TLR4  (ng/ml)  

Mean± SD 18.72 ± 0.026 18.74 ±  0.033 18.71 ± 0.024 0.169 

NS 

IL-17 (ng/L) 

Mean± SD 288.17 ± 

155.36 

210.63 ± 

79.372 

252.37 ± 

161.71 

0.623 

NS 

Dectin-1 (ng/L) 

Mean± SD 422.84 ± 

143.61 

522.42 ± 

262.90 

675.84 ± 

242.20 

0.233 

NS 

SIgA (µg/ml) 

Mean± SD 0.886 ± 0.331 1.5124 ± 

0.4521 

1.7600 ± 

0.4447 

0.007 S 

SD: standard deviation; S: Significant at P ≤ 0.05; NS: not significant at P > 0.05. 
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In this study, no significant differences were observed in TLR4 protein 

levels (ng/ml) across the genotypes of rs4986790 (P = 0.169), suggesting that 

the mutation may not significantly affect the overall expression of TLR4 in 

serum under normal conditions. This is consistent with previous studies 

indicating that the Asp299Gly mutation in TLR4 mainly impacts the 

functional responsiveness to microbial stimuli rather than altering protein 

expression levels (Arbour et al., 2000). 

When examining IL-17 levels in relation to the rs4986790 

polymorphism, a decrease was observed in individuals with AG and GG 

genotypes compared to the AA genotype, although the differences were not 

statistically significant. This pattern may indicate a possible functional impact 

of the TLR4 rs4986790 variation on mucosal immune responses, specifically 

regarding IL-17 generation. IL-17, a pro-inflammatory cytokine generated by 

Th17 cells, is tightly linked to TLR4-mediated immune activation. The 

reduced levels observed among AG and GG carriers may indicate impaired 

TLR4 signaling pathways. 

This discovery aligns with data by Flores-Gonzalez et al. (2024), which 

indicated that people with the GG genotype demonstrated reduced TLR4 

activation, leading to decreased production of pro-inflammatory cytokines 

including IL-6, TNF-α, and FasL. The rs4986790 mutation, especially in the 

GG genotype, induces structural alterations in the TLR4 protein, diminishes 

its interaction with downstream signaling molecules, and fosters a 

hyporesponsive immunological response. These molecular modifications 

might clarify the decreased IL-17 response observed in the current study. 
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Dectin-1 levels did not show any statistically significant differences 

across the rs4986790 genotypes. The average concentrations among those 

with AA, AG, and GG genotypes revealed no appreciable variations (p = 

0.233). This result implies that, in regard to appendicitis, the TLR4 rs4986790 

polymorphism may not be dramatically influencing Dectin-1. 

The significant differences in SIgA levels considered across the TLR4 

rs4986790 genotypes in the present study might be linked to changes in 

immunological signaling caused by this polymorphism. By preventing the 

attachment of pathogens to epithelial surfaces, secretory IgA (SIgA) is 

fundamental in mucosal immunity. Crucially pattern recognition receptor 

TLR4 helps to control mucosal immune responses, including SIgA production 

regulation. 

According to Wells et al. (2011), TLR4 activation influences 

immunoglobulin production, including SIgA, through interactions with 

dendritic cells and T cells in the mucosal immune environment. Furthermore, 

Arbour et al. (2000) demonstrated that the rs4986790 polymorphism reduces 

TLR4 sensitivity to bacterial components, particularly lipopolysaccharides 

(LPS), potentially leading to altered mucosal immune responses. This reduced 

responsiveness may impact the production of mucosal antibodies like SIgA. 

Together, these findings support the notion that variations in TLR4, especially 

rs4986790, may influence SIgA levels, contributing to the immunological 

variability observed between genotypes. 
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Conclusions 

1. Appendicitis was most common among individuals aged 14–24 years, with 

a slightly higher occurrence in females than males, and it was more 

frequent in rural areas compared to urban areas. 

2. Escherichia coli was the most commonly isolated bacterium from 

appendix tissue specimens. 

3. No fungal growth was detected in appendicitis specimens, indicating that 

fungi are unlikely to play a role in the pathogenesis of the disease in the 

studied cases. 

4. The appendicitis induced Toll like receptors 4 and increased, IL-17 and 

Dectin-1 in serum compared the control.                                                             

5. The concentrations of immunological parameters differed between serum 

and tissue specimens from the same patients. 

6. The levels of IL-17, Dectin-1, and sIgA in patients were higher in tissue 

specimens than in serum. 

7. Analysis of TLR4 rs4986790 A/G polymorphism using tetra-ARMS PCR 

revealed that the A allele may be protective, while the G allele was 

associated with increased risk of appendicitis. 

8. Higher concentrations of TLR4 were detected in individuals with the AG 

genotype compared to other genotypes. 

9. TLR4 polymorphism may influence mucosal immune responses through 

modulation of sIgA production. 

 



Conclusions and Recommendations 
 

 
 
 

011 
 

Recommendations 

1. Further investigation of the virulence factors of bacterial isolates from 

appendix tissues is recommended. 

2. Study the IL-17 gene polymorphism in relation to appendicitis using tissue-

based analysis. 

3. Evaluate additional cytokines and immune markers in appendix tissue to 

better understand the local immune response. 
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 الخلاصة

الجراحية ، خصوصًا لدى المراهقين والشباب.  الطوارىءحالات تعُدّ الزائدة الدودية من أكثر 

يز عدوى بكتيرية تحف نتيجةتنشأ الإصابة نتيجة التهاب الزائدة الدودية، غالباً بسبب انسداد في تجويفها 

وتنشيط الاستجابة المناعية. هدفت الدراسة الحالية إلى تقييم دور العدوى البكتيرية والفطرية في 

-Toll التهاب الزائدة الدودية، ودراسة علاقتها بعدد من المؤشرات المناعية المهمة، وهي مستقبلات

like receptor 4 (TLR4)71-، الإنترلوكين (IL-17)7-، ديكتين (Dectin-1) والأجسام ،

 .في كل من الدم وأنسجة الزائدة (SIgA) المضادة المناعية الإفرازية

إلى كانون  0202 من أيلولأجُريت هذه الدراسة في مستشفى الحلة التعليمي خلال الفترة 

( مريض مشخصين بالتهاب الزائدة الدودية، وتراوحت 722شملت الدراسة )و، 0202الأول 

ً كمجموعة سيطرة 62( سنة، إضافة إلى )56–72) أعمارهم بين ً من الأصحاء ظاهريا ( شخصا

(AHC تم الحصول على عينات دم وأنسجة الزائدة من المرضى، في حين جُمعت عينات دم فقط .)

( 02–72من مجموعة السيطرة. وقد تبينّ أن أعلى نسبة من المرضى كانت ضمن الفئة العمرية )

لت نسبة أعلى قليلاً لدى الإناث )(. كما %24سنة وبنسبة ) (. في %25( مقارنة بالذكور )%62سُجِّّ

 (.%55حين شكّل سكان المناطق الريفية الغالبية العظمى من المرضى بنسبة )

تمت زراعة عينات الزائدة الدودية على أوساط غذائية مختلفة للكشف عن وجود البكتيريا أو 

ا بكتيرياً، وكانت جميع العزلات من البكتيريا سالبة الصبغة الفطريات. وقد أظهرت جميع العينات نموً 

(، تلتها الكلبسيلا الرئوية %44بصبغة كرام، حيث شكّلت بكتيريا الإشريكية القولونية النسبة الأعلى )

البكتيريا باستخدام الطرق التشخيصية المعتمدة، والتي شملت الزرع  نوعتحديد (. تم %70) بنسبة

    VITEK 2 جهاز الفايتكاسبة والفحص المجهري، وتم تأكيد التشخيص باستخدام على الأوساط المن

Compact System  . في المقابل، لم يلُاحظ أي نمو فطري في العينات، مما يشير إلى عدم وجود

 .دور للفطريات في مسببات التهاب الزائدة الدودية في هذه الحالات

في كل   SIgA، وTLR4  ،IL-17 ،Dectin-1 تم قياس مستويات المؤشرات المناعية

 المقايسة الامتصاصية المناعية للانزيم المرتبط من المصل وأنسجة الزائدة باستخدام تقنية

.(ELISA) أظهرت النتائج أن متوسط مستوى TLR4  74.10في المصل لدى المرضى كان 

 ختلاف معنوي إحصائي، دون االسيطرةمجموعة نانوغرام/مل في  74.51ل، مقابل نانوغرام/م



(P = 0.083). لكن داخل مجموعة المرضى، كانت مستويات TLR4  في المصل أعلى بكثير

، فكانت مستوياته مرتفعة بشكل واضح  IL-17 أما .(P = 0.000) مقارنة بمستوياتها في الأنسجة

نانوغرام/لتر مقابل  710.31±  061.00، )السيطرة مجموعة المرضى مقارنة ب مصل في

في أنسجة الزائدة الدودية لدى  IL-17 كما كانت مستوياتنانوغرام/لتر(  ±50.52  723.17

   (P = 0.000). مع دلالة إحصائية قويةفي المصل،  المرضى أعلى بكثير منها

، رغم رة السيطمجموعة لاحظ فروق معنوية بين المرضى و، لم تُ Dectin-1 بالنسبة لـ

، فكان SIgA أما .وجود ارتفاع طفيف في مستوياته داخل المرضى في الأنسجة مقارنة بالمصل

 ميكروغرام/مل 7.12 ± 1.72 مرتفعاً بشكل كبير في أنسجة الزائدة مقارنة بالمصل داخل المرضى

في مستويات المصل بين  ، في حين لم يكن هناك فرق معنويميكروغرام/مل 2.12±  7.52مقابل 

 .السيطرةمجموعة المرضى و

 عند الموقع TLR4 في جين (polymorphism) أجُري تحليل تعدد الأشكال الجيني

rs4986790 A/G  باستخدام تقنية Tetra-ARMS PCR  ًوأظهرت النتائج ارتباطًا معنويا ،

 = P ؛ OR = 2.025 نسبة الأرجحية) مع زيادة قابلية الإصابة بالتهاب الزائدة الدودية G للأليل

( مقارنة بالإناث %12.21كان أكثر انتشارًا بين الذكور ) GG لوحظ أن النمط الوراثي .(0.028

أكثر تكرارًا  G كما كان الأليل .(P = 0.0491) 6.21(، مع نسبة أرجحية مرتفعة بلغت 1.27%)

 2.40 (P = 0.0413). حية (، بنسبة أرج%06.31( مقارنة بالإناث )%26.56بين الذكور )

عند تحليل العلاقة بين الأنماط الوراثية ومستويات المؤشرات المناعية، لم تظهر فروق ذات 

 GGو AA، AG بين مجموعات Dectin-1 أو TLR4 ، IL-17 في مستوياتدلالة إحصائية 

(P > 0.05).ومع ذلك، لوحظت فروقات معنوية في مستوياتSIgA،  المستويات حيث سجلت أعلى

 AAمايكروغرام/مل( و 7.67) AGتلتها مجموعة ، مايكروغرام/ملGG  (7.15 ) في مجموعة

 TLR4 تشير هذه النتائج إلى أن تعدد الأشكال الجيني لـ (.P= 0.007مايكروغرام/مل() 2.44)

 . SIgA قد يؤثر في الاستجابات المناعية المخاطية من خلال تنظيم إنتاج

، في القولونية الاشريشيا تؤكد هذه الدراسة الدور الأساسي للبكتيريا سالبة الغرام، وخصوصًا

، خاصة في SIgAو IL-17 تطور التهاب الزائدة الدودية. كما توضح النتائج ارتفاعًا معنوياً في

، رياتأنسجة الزائدة، مما يدل على دورهما في الدفاع المناعي الموضعي. رغم عدم الكشف عن الفط



 في جين G تأثيرًا مناعياً معيناً. بالإضافة إلى ذلك، يرتبط الأليل Dectin-1 قد يعكس مستوى

TLR4 بزيادة خطر الإصابة، وله تأثير محتمل على مستويات SIgA  تسهم هذه النتائج في تعميق .

راتيجيات لتطوير است الفهم حول الاستجابات المناعية في التهاب الزائدة الدودية وقد تفتح آفاقاً جديدة

 .علاجية مستهدفة في المستقبل
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 وزارة التعليم العالي والبحث العلمي

 جامعة بابل / كلية العلوم

 قسم علوم الحياة

؛ الكلوبيولين ٧-يكتين؛ د٧١-تأثير الإصابة البكتيرية على الإنترلوكين

وتعدد الأنماط الجينية للمستقبل الشبيه     فرازياالمناعي ال

لدى مرضى التهاب الزائدة الدودية ٤-بالتول  

 رسالة مقدمة الى 

 مجلس كلية العلوم /جامعة بابل

جزء من متطلبات نيل درجة الماجستير في العلوم/ علوم الحياةوهي   

 من قبل الطالبة

 زهراء عبد الحسين عبد الواحد عباس 

(8102 -)بكالوريوس علوم / علوم الحياة  

                                                                 شرافإ  ب

الحسيني مهدي أ.د. ابتهال معز                أ.د. فريال جميل عبد عطيه          

 

هـ٧٤٤١  

 

م ٠٢٠٢    

 

 

A 


