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Summary

The current study included (135) samples , excluded only 35 patients
with abdominal pain at any location and with no particular suspicion of
appendicitis, other patients excluded were those that had peritonitis from
ruptured appendix and those that had incidental appendectomy whereby
appendix was removed during laparotomy for indication other than acute
appendicitis , divided into two groups : group I, included (50) patients
who suffered from fever, diarrhea , nausea, vomiting and abdominal pain
which migrate to the right iliac fossa , to explain the presence of acute
appendicitis , samples were collected from patients who were attending to
Imam Hussein medical city in Holy Karbala during the period of January
2024- June 2024 . Patients samples included appendix and blood in
compere with (50) blood samples collected from healthy (group II) that
were identical to patients group but not suffered from any symptoms of

acute appendicitis.

Current study demonstrates on demography pictures that include: age,
sex and clinical feature. Our results showed that appendicitis effects all
age group, samples collected from patients between (8 - 60) years old
.The majority rate of appendicitis were recorded (16-30) years with a
percentage 44% from the total cases , then (1-15) years with a percentage
40% , (31 - 45) years with 14% and the minority rate was 2 % which
belongs to years (46 - 60) , also this study shows that appendicitis
affects both sex with no significant differences between both groups but it
effect males (54%) more than females
( 46%). The present study recorded common clinical symptoms

accompanying acute appendicitis such as: abdominal pain , vomiting



, hausea, fever and diarrhea 50(100%) , 38(76%) , 37(74%) , 13(26%)
, 5(10%) respectively and show high significant difference between

patients with acute appendicitis and associated symptoms.

Current study  isolated types of bacteria habitation in human
appendices and evaluating the sensitivity of some antibiotics against
them, all samples showed positive growth . G+ bacteria were isolated at
a lower rate (6%) than G— bacteria (94%) ,there where highly significant
difference between G+ and G-bacteria  (p-value= 0.000017)
Escherichia coli  which accounted for 29(58%) isolates, followed by
Klebsiella pneumoniae isolates 8 (16 %) , 5(10%) isolates of
Psedomonas aeruginosa, 2(4%) isolates of Enterococcus faecalis, 1(2%)
isolates of Enterobacter aerogenes, 1(2%) isolates of Salmonella typhi
and 1(2%) of Proteus mirabilis . Staphylococcus aureus

2(4%).Whereas Staphylococcus epidermmidis was accounted as 1(2%).

The antibiotics sensitivity test performed on all isolates; both Imipenem
and Amikacin were effective antibiotics against G— bacteria; meanwhile,
Vancomycin , Penicillin , Rifampicin and Ticarcillin were effective
against G+bacteria, all species of gram positive bacteria had be isolated
were resistance to Benzyl penicillin and Oxacillin, most G—isolates were
resistance to Ticarcillin and Piperacillin 92.8%. G—isolates showed to

have more resistance than G+ isolates.

The hematological results showed there were a high significant
elevation in the count of total white blood cell (WBC) and neutrophils in
the acute appendicitis patients group compared to the healthy group ,
there was non- significances decrease in count of the platelets in acute

appendicitis  patients group compared to the healthy group. Current



study showed a significant decrease in the lymphocyte, RBCs, and

HCT count in patients compare with the healthy

The serological results demonstrated that there were high significant
difference for Procalcitonin , Interleukin-8(IL-8) , Interleukin-10(IL-10) ,
Interleukin IL-1Ra , Monocyte chemotactic protein- 1 (MCP-1) ,
Macrophage inflammatory protein (MIP)-1a (p-value = 0.00017) in the

serum levels of appendicitis group and healthy Healthy group

Current study showed histopathological changes which included
macroscopic and microscopic examination of all appendices . Some of
these appendices were enlarged and tissue surrounded by vesicles , and
some have fibrous and ulcerated walls of varying colors. The tissue
changes showed changes in the histological structure of  appendix,
represented by expansion of its lumen and congestion of the venous
blood vessels in the mucosa and sub mucosa , and increasing amount of
lymphatic tissue spread through the layers of appendix , lymphoid
follicular hyperplasia , infiltration of inflammatory cells that spread

through the layers of appendix.
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CHAPTER ONE
INTRODUCTION



1.1 Introduction

Acute appendicitis (AA) is one of the common causes in the emergency
unit due to the abdominal pain and appendectomy is one of the most
surgical procedure performed in the world (Benabbas et al., 2017), and it
Is a common gastrointestinal disease that affects all ages, with the highest
incidence in the children and young adults. The incidence varies
depending on race, gender, age, obesity, the time of year and country,
especially in underdeveloped countries due to poor hygienic conditions,
with the incidence being lower in populations that eats a high- fiber diet
(Ferris et al., 2017). Approximately with an average lifetime risk of 7-8%
(Bhangu et al., 2015).

The vermiform appendix is a tubular structure (blind tube, worm like
structure) on the cecum's posterior wall, 1.7 cm from the ileum valve,
where the colon's meets at the cecum and serves as a reservoir for
intestinal microbial flora; it also plays a role in the correct development
of lymphatic tissue in the stomach (Radenkovi¢ et al.,, 2021).
Histologically, the four typical sub layers that form the appendix wall
starting from the inside are mucosa, sub mucosa, muscularis external and
serosa (Bandyopadhyay et al., 2022) .The presence of lymph nodes in the
sub mucosa suggests their role in the immune system, appendix was
previously considered a vestigial organ in humans, but this idea is
incorrect since its role as a neuroendocrine and immunological factor has
been demonstrated (Dimberg et al., 2020). There is a neural proliferation
in appendix associated with increased immunologic reaction to the
vasoactive intestinal polypeptide (VIP) and to the peptide substance-P in
the patient with clinical diagnosis of acute appendicitis (AA) without
inflammatory reaction (Barroso et al., 2015). Increase in these mediators

In appendix can cause pain in the right iliac fossa in the presence of acute



appendicitis (Alshammari et al., 2020). Acute appendicitis is a high
incidence disease that requires rapid and accurate diagnosis combined
with laboratory investigations supplement by selectively focused imaging
, delayed diagnosis of acute appendicitis could lead to complications such
us perforated appendix, peritonitis, sepsis, increased morbidity and

mortality; however its diagnosis remains challenging (Li et al., 2021).

Two important components are attributed to the pathogenesis of acute
appendicitis: obstruction and infection by pathogenic event in the most
patient with acute appendicitis, the latter believed due to luminal
obstruction which may result from a variety of causes, i.e., lymphoid
hyperplasia, fecalith , foreign bodies and parasite ( Shahmoradi et al.,
2021). Bacterial infection is believed to be crucial for inflammation of
appendix (Takahashi, et al.,2021). It is evident that some bacteria can
pass through the intact appendix wall before perforation, while
progressive infection and subsequent tissue damage with necrosis allow

the bacteria to enter the abdominal cavity (Sakellaris et al., 2023).

The gold-standard treatment for appendicitis was appendectomy, which
was done by either an open or laparoscopic approach. (Teng et al., 2021).
Appendectomies represented the most common emergency surgical
procedure and the accurate diagnosis of appendicitis remains difficult and
delays in the diagnosis and surgery might lead to many complications
(Gignoux et al.,2018).

Acute appendicitis is connected to the production of cytokines, the
cytokine profile varies depending on how long the infection has been
present and whether or not it has had any repercussions (Wheeler, et al.,
2021).



Studies on acute appendicitis are few, as studies related to identifying

bacterial isolates associated with acute appendicitis and their role in

increasing the complications of inflammation are limited, so the

following study was conducted :

1.

Isolation and identification of bacterial profiles are associated with

appendicitis.

Study of the antimicrobial susceptibility of the isolated bacteria to

different antibiotics.

Investigation and comparision the level of some immunological
factor ( IL-8 , IL-10, IL-1Ra , IL MCP-1 , IL MIP -la &
Procalcitonin ~ in peripheral blood of patients with acute
appendicitis and healthy control and identified the significant level

to be used as a diagnostic test for acute appendicitis.

Hematological study of some cell blood counts test as: white blood
cells count (WBC), lymphocyte count , red blood cells count
(RBC) , hematocrit (HCT) , platelets count (PLT) and neutrophils.

. Histopathological evaluations of the inflamed appendix to confirm

acute appendicitis.



CHAPTER TWO
LITERATURES REVIEW



2.1 Anatomical and Histological Structure of Appendix

The appendix is the only organ in the body that does not have a fixed
anatomical position. It gets its name from its worm-like appearance. It is
located in the right lower quadrant of the abdomen (Jagdish & Ashoka,
2018). The position varies from person to person (M. A. Rahman et al.,
2019). It has been suggested that the location of the appendix is
influenced by age, sex, race, and other demographic characteristics
(Zacharzewska-Gondek et al., 2018). The appendix is a worm-like tube
filled with lymphoid follicles (Mohammadi et al., 2017). It has a thick
wall and a limited lumen because there are many lymphoid follicles in its
wall (Rahman & Karim, 2019). One crucial component of this structure
at an early age is the formation of large and numerous lymphoid follicles
in both the mucosa and sub mucosa layers (Salih & Abdullah, 2020). The
appendix has four coats that are visible from the outside inward: serous,
muscular, sub mucous, and mucous (Bornali & Sekhar, 2016). Because
lymphoid follicles can be seen in  lamina propria and sub mucosa of the
appendiceal wall, we can infer that quantity, existence, and function of
cells in these layers differ between the colon and the appendix (Kooij et
al., 2016). A triangular fold, called the mesoappendix, connects the
appendix to the lower portion of the ileal mesentery. The ileocolic artery
is called appendicular artery , supplies blood to the organ through a free
border in the mesoappendix and is a section of the colon with a free tip
and the ability to be retrocecal, subcecal, pre postileal or pelvic. with a
base attached to the posterolateral surface of caecum just below the
ileocecal junction. Surgeons need to know the specific anatomical
location of the appendix to quickly identify and treat acute appendicitis (
Shaikh & Gurukkal, 2018). The appendix has several characteristic

features and different cells. The various layers of the appendix include a



sub mucosa with an external muscularis and serosa located externally,
surrounded by an internal mucous membrane lined with columns of
enterocytes, goblet cells, enteroendocrine cells and Paneth cells.
(Bandyopadhyay et al., 2022). It is (2-15) cm long and is most
commonly seen intraperitoneally, retrocecally (65%), or in the pelvis
(30%) (Jagdish &Ashoka, 2018). The length and location of the appendix
could alter the clinical presentation of appendicitis and its susceptibility
to acute inflammation (Khatun, Thakur, & Shah, 2019). The appendix is
most likely a specialized tissue and is neither degenerated nor atrophied
due to its extensive vascularization and histological differentiation
(Sarkar et al., 2015). The lymphatic tissue of the appendix consists of
several  lymphoid follicles containing B lymphocytes and a modest
number of T lymphocytes, as well as macrophages and dendritic cells.
According to some authors, The enteric nervous system may play a role
in controlling the immunological activities of gut associated lymphoid

tissue, including the appendix (Radenkovi¢ et al.,2021).
1) The mucous membrane consists of three layers that run

from the inside to the outside
- The mucosal epithelium consists of simple columnar epithelium, the
intestinal glands (crypts of Lieberkiihn) embedded in the surface
epithelium, which are mainly lined by goblet cells, and about absorptive
cells (Girard et al., 2018). In the lower part of the glands, there are some
paneth cells, which produce antibiotics peptides, and numerous
endocrine cells (O’Dowd et al., 2020). These crypts are irregular in shape
and their walls are composed of a small number of argentaffin cells.
However, between the crypts and the muscularis mucosae , there are
neuroendocrine complexes that represent part of the parasympathetic

nervous system ( Soybel, 2008).



- The lamina propria is formed by loose connective tissue (Co. T), which
Is characterized by the presence of a mass of lymphoid tissue (Girard et
al., 2018).

- The muscularis mucosa consists of a thin layer of smooth muscle that
separates the mucosa from the loose vascular sub mucosa beneath ,the
muscle mucosa is influenced by the lymphocytes surrounding the follicles
(Vitetta et al., 2019).

2) The sub mucosa is a relatively thick layer rich in blood and
lymphatic vessels and nerves and housed in loose connective tissue
(Kahai et al., 2020).

3) The muscularis externa, this sub layer, consists of two complete
muscle layers : an internal circular smooth muscle located around the
appendix and an external longitudinal smooth muscle (Standring, 2016).
4) The serosal layer (the visceral layer of the peritoneum) contains
the

major blood vessels and merges with the serosa of the mesoappendix
(George et al., 2007).
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Fig. (2.1) Cross section in a normal or healthy human appendix demonstrates the

conventional sub-layers of the GIT (Manzoor, 2015).

2.2 Appendix function

From its identification over 400 years ago until the 21st century, the
function of the appendix in humans was not known, with numerous.
evidence from medicine suggesting that there was no function. However,
a major obstacle to understanding appendix was overcome in 2003
when it discovered that the immune system supports the growth of
beneficial bacteria in the gut of mammals (Bollinger,et al., 2003). This
important change in thinking enabled the conclusion that the human
appendix is a well-adapted (safe-house) for the maintenance of the
mutualistic gut bacteria . An apparent function of the identified human
appendix is well adapted to facilitate the maintenance of biofilms
(adherent bacterial colonies growing in an extracellular matrix)
containing a mutualistic intestinal flora. The appendix appears to play an

important role in the intestinal microbial ecology (Prestwich et al.,



2018).In addition, biofilms were found in the epithelial lining of the
mucosal epithelium . The concentration of biofilms in the appendix has
been found to be higher than in any other area of the intestine (Arjomand
et al., 2023). The structure of the appendix is expected to enhance the
protective role that biofilm formation has for commensal
microorganisms. Additionally, it has been shown that this type of biofilm
growth in the appendix not only increases the typical intestinal
microorganisms, but also prevents harmful organisms from adhering to
the surface of the large intestine (Arias et al., 2021). A multitude of
experimental findings suggest that secretory IgA (slgA) and mucin, two
of the body's most widely generated macromolecules, do both support the
development of biofilms on the intestinal epithelium (Liu, et al., 2021).
Both the mucin and sIgA assist in the formation of biofilm by
promoting the adhesive growth of the agglutinated gut flora, (Everett et
al., 2004) . While slgA stimulates the agglutination of bacteria, mucin in
turn binds these bacteria to the mucus layer. Overall, the appendix shows
a high density of mucin and slgA, which are produced by B cells in the
mucous membrane. Therefore, the outer layer of loose mucus of the
appendix has a promicrobiotic environment, which in turn supports its
function as a “safe house” (Bollinger et al., 2007). Consequently, the
acceptable conclusion is that the appendix may serve as a “safe house”
for commensal bacteria. This reservoir of intestinal flora could serve to
repopulate the digestive system after an infection such as dysentery or
cholera (Everett et al., 2004; Paterson-Brown, 2012). Figure (2.2) shows
the cycle of infection, purging of the gut by diarrhea and re inoculation
of the gut by commensal organisms from the appendix. The appendix also
performs some functions related to the gastrointestinal tract, the main
function being immunological in nature (Girard et al., 2018). The

lymphatic tissue of the appendix develops during the first year of life,



Some atrophy is observed during the teen , but the appendix has an
immunological function throughout life, although with an activity that
gradually declining activity (Kooij et al., 2016). It has also been stated
that appendix acts like tonsil , as the tonsil protects upper alimentary tract
from bacteria, the appendix also protects the small intestine from the
bacteria present in the large intestine (Marniok, et al., 2004; Ahmed, et
al., 2007). Mesenchymal stem cells are cells that can be produced in the
appendix during infancy and old age, as demonstrated by research by De
Coppi and colleagues. These cells have the potential to become
myoblasts, osteoblasts, and lipoblasts , according to the stimulus. They
came to the conclusion that the appendix serves as a storehouse for stem
cells that can mend intestinal damage at any time in a person's life (De
Coopi, et al., 2000).

Normal

Infection

N

Recovery

“

Diarrhea

t‘i‘ | “Safe

[ ] Beneficial bacteria House”

- Pathogenic organisms

(Fig-2.2)The cycle of infection purging of the gut by diarrhea and re inoculation
of the gut by commensal organisms from appendix (Laurin, et al., 2011)



2.3 Appendicitis
2.3.1.Acute Appendicitis(AA)

Acute appendicitis is one of the most common causes of abdominal
pain requiring surgical intervention to exclude suspected complications
(Akbulut et al., 2020).Approximately 7% of the population develops
acute appendicitis during their lifetime ((Téoule et al., 2020). The
etiology of acute appendicitis can vary greatly (Al-Saeedi & Al-Nasiri,
2019).The most important factor is lumen obstruction; The most common
cause of obstruction is said to be fecolith (Majed and Al Bakri, 1984).
However, a foreign body may be present (Sharma et al.,, 2017).
Appendicitis occurs when cellular capacity is reduced and bulk diet is
reduced due to excessive protein intake (Myageri et al., 2019). Although
the existence of chronic appendicitis is controversial, most physicians
have treated patients with acute abdominal pain that resolved with
appendectomy. In some cases, the history consists of a short-term pain in
the lower right abdomen and actually indicates chronic changes
associated with recurrent inflammation and fibrosis. Some surgeons have
suggested that detecting that the appendix is not filled or partially filled is
different from an enema or computer tomography and the failure of
contrast to drain from the appendix after several days following contrast
administration, It indicates chronic or recurrent appendicitis in a patient
with chronic abdominal pain. However, the patient with chronic
abdominal pain should be evaluated before surgery (Kim et al., 2016).



2.4 Incidence

2.4.1 Age Incidence

Appendicitis is rarely encountered before the age of two years. It is
unusual encountered the age of one year and more common in childhood
and adolescence. The highest incidence is in the 20 to 30 years, after
which there is a gradual decline, but no age is excluded (Pathan et al.,
2018; Sarkar, 2015).

2.4.2. Sex Incidence

While the sex ratio in acute appendicitis is approximately 1:1 in males
before puberty, the male/female ratio increases to 2:1 between the ages of
15 and 25. This ratio gradually decreases until the genders become equal
again . While the incidence of appendicitis is 1.4 times higher in men
than in women, the incidence of primary appendectomy is similar in both
genders ( Sarla , 2018). Primatesta and Coldacre (1994) examined the
statistical and temporal characteristics of emergency appendectomy
according to age and sex rate and divided appendectomy into three
categories.

1. Emergency appendectomy for acute appendicitis is more common in
the males that in females peaked in 10-19 year age group and declined
overtime.
2.Emergeney appendectomy as the main operation without appendicitis
recorded a diagnosis was more common in women than men (Female
male ratio 1.9:1) peaked at the age 15-17 years and did not decline
overtime.

3. Incidental appendectomy with other operations but without
appendicitis was more common in women (female male ratio 3:1).
Peaked al older ages than the first two groups and decreased over time.

significantly overt



2.5 .Etiology of appendicitis
2.5.1.0Dbstruction

Obstruction of appendix lumen has been widely held to be important
and some forms of luminal obstruction either by faecolith or structure
found in the majority of cases. Obstruction of the appendiceal orifice by
the tumor, particularly carcinoma of the caecum is an occasional causes
of acute appendicitis in middle age and elderly. Appendicitis is clearly
associated with bacterial proliferation within  appendix, no single
organism is usual (Childers et al., 2019).

2.5.2. Bacterial Appendicitis

Bacterial infection appears to play an important role in appendicitis. It
occurs when bacteria from the intestinal tract grow on the closed
appendix, causing swelling and infection. If the infection progresses, the
swelling can cut off blood flow to the appendix, which can lead to death.
The walls of the appendage may rupture, causing the appendix to rupture.
peritonitis (Shelton et al., 2003). There are many types of bacteria that
contribute to appendicitis. Aerobic and anaerobic bacteria have been
identified in appendicitis, with the most common anaerobe being
Bacteroid fragilis. The importance of beta-hemolytic streptococci in
appendicitis has been studied by (Jakobsen et al., 1987) reported that
only six cases were identified as streptococci. (Okoro ,1988) reported that
Yersinia enterocolitica constitutes 13.8% of the pathogens responsible for
appendicitis. A retrospective study by ( Guasco et al ., 1991) on the
microbiology of abdominal pus due to acute appendicitis or peritonitis
found that 45 samples (84.4%) were more positive for bacterial diagnosis
with polymicrobials (76.3%) than others. Species represented are E.coli
(28.4%), Bacteroid fragilis (78%), Streptococcus milleri (7.8%) and Ps.

aeruginosa (3.9%) Polymicrobial is mainly represented by



Enterobacteriaceae and Streptococcus spp. A study on inflamed
appendices revealed mixed infections , with the most common organisms
being E.coli, Enterococci, anaerobic streptococci and Clostridum
prfringenes (Rains & Capper 1988). . A bacteriological study involving
110 pediatric emergency cases was reported by (Barker ,1985). However,
during appendicitis, anaerobic bacteria have been observed to colonize
the appendix and ileum (Bennion et al., 1990; Park homenlco et al.,
1991). They examined the virulence properties of bacteria in the appendix
of children with appendicitis. (Baron et al.,1992) reported that bacteria
obtained from appendix specimens of patients with acute appendicitis
were fewer in number and less specific in terms of species compared to
specimens from patients with severe disease. Some appendicitis has been
found to be caused by Salmonella species. (Kazlow et al., 1991).
Additionally, (Parkhomenko ,1998) isolated Yersinia enterocolitica and

Citrobacter frundii from some appendicitis cases.

2.6 Risk Factors for Acute Appendicitis

According to current knowledge, there is no direct cause of appendicitis.
Although some things seem to be somehow related to appendicitis or
make infection more likely, they do not always cause infection. (Sharma
and Gupta, 2004). The following factors have been suggested to treat
acute appendicitis in various areas, including high fiber diet, good
carbohydrates, amebiasis, viral gastroenteritis and bacterial gastroenteritis
According to current knowledge, there is no direct cause of appendicitis.
Although some things seem to be associated with
appendicitis or seem to make it more likely to cause infection, they do not

always cause infection (Sharma and Gupta, 2004).



2.6.1. Diet

Supporting evidence from economical and geographical studies has
shown that changes resulting from a high-residue diet are associated with
an increased incidence of appendicitis (Ahmed et al 2018). Short (1920)
showed that when people from the African region migrated to urban
areas, appendicitis was more common. This may be due to departure from
a simple fiber-rich diet to a meat-rich diet, but this may not be the entire
explanation, as acute appendicitis can occur in both vegetarians and
breast-feeding children (Nicola et al., 2021). Reducing dietary fiber not
only slows fecal contamination, but also results in hard, solid stools that
are significantly smaller in size and more prone to stool formation. This
leads to high intra luminal pressure (Soliman, 2019). Urban black have

been reported to be free of appendicitis (Siraj et al., 2020).

2.6.2 Genetic Factors

Understanding the genetic factors that influence Appendicitis could
lead to a better understanding of the disease etiology (Orlova et al.,
2019).0ther studies have shown that most people with appendicitis have
close relatives (brothers and sisters). parent or both not seen in a control
group underwent abdominal operations other appendectomy. The
explanation for this family trend is unclear, but possible causes may
include dietary habits , a genetic difference in resistance to bacterial
infections or the inheritance of the fibrous tissue of peritoneum which
kinks the base of appendix (Fig.2-3) , therefore partially occluding the
lumen and thereby predisposing to appendicitis (Simo Alari et al., 2017).
From the evidence sometimes found today, it can be said that in some
cases certain genetic factors play an etiological role. In (1990) Blandino

et al. demonstrated the role of an



important gene. A follow-up study from the same group examining three
generations of families using a small-scale analysis of variance was
supplemented by a multivariate model. There is no definitive evidence to
support a dominant gene, but it cannot be ruled out that a rare gene is the
cause of some cases. Specific investigations into genetic and
environmental factors in this serious disease appear valuable, but at
present a positive family history of appendicitis may be associated with
other symptoms leading to a clinical diagnosis of appendicitis. (Yaseen
etal., 2018).



Appendicitis

Fig. ( 2.3) Different theories for the etiology of appendicitis



2.7 Bacterial species isolated from appendicitis
2.7.1 Escherichia coli

Gram-negative bacilli, some species have both pili and antigenic
antigens (CFA/I, CFA/II, CFA/III). Pili are responsible for binding to
bases and play an important role in pathogenesis (Pakbin et al. 2021). E.
coli capsule expresses K antigen, which helps bacteria attach to epithelial
cells (Arredondo et al ., 2023). In addition to virulence factors, E. coli can
also produce o- and p-hemolysins (Nielubowicz et al.,2010)
Colonization of the gut by virulent E coli type 1lc- fimbriated, P -
fimbriated O,s: K5: H1 serotype lead to perquisite for development of
appendicitis, the producing of green metallic sheen of colonies EMB the
specific diagnostic character for this species, agar is the specific
diagnostic character for this species.

2.7.2 Klebsiella spp.

Klebsiella spp. are non-motile gram-negative bacilli characterized by
the formation of long , highly mucoid colonies. The virulence of
Klebsiella is not well understood but the anti-phagocytosis capsule plays
a role in the infection by preventing the phagocytosis. It is believed to be
aerobactin, an iron binding protein and production of B- lactamase
enzyme which is involved in pathogenesis and antibiotic resistance
(Paczosa et al .,2016).

2.7.3 Proteus spp.

This organism is characterized by active motility, which h results in
what it called swarming phenomena , it can cause a disease only when
leaving the intestine and it produces the urease enzyme. Endotoxins
released during this process may play an important role in bacterial
virulence (Chakkour et al.,2024).



2.7.4 Enterobacter spp.

Gram negative bacilli has many virulence factor, small capsule and
siderophore production  contribute to infection and they can also
produce enzymes and some endotoxins that play important roles in
virulence and antibiotic resistance (Klebba et al.,2021 ). Enterobacter
species can produce antagonistic substances with antibacterial activity
against many bacteria except Acinetobacter and Pseudomonas (Davin et
al., 2019).

2.7.5 Salmonella spp.

It is gram negative bacilli, motile and peritrichous flagella. Salmonella
spp can penetrate the intestinal mucosa and cause intestinal infections that
can eventually lead to typhoid symptoms. Capsules of these organisms
can cause serious complications in immunosuppressed individuals
(Lamichhane et al., 2024).

2.7.6 Pseudomonas aeruginosa

It is gram negative and has many virulence factors that are important in
causing disease. These include capsule which associates in adherence and
effectively protect the bacteria from phagocytosis. The production of
extra cellular protease , hemolysin and cytotoxins play important roles
in virulence as well as siderophore that support the growth of the
organism . The soluble and media diffusible pigments produced by this
organism are important characteristics to diagnose Ps. aeruginosa
(Macfaddin, 2000).

2.7.7. Staphylococcus aureus

The pathogenicity of staphylococci is contributed in blood hemolysis,
plasma coagulation, and the production of extracellular enzymes and
toxins and Staph aureus has a polysaccharide capsule with a cell wall

composed of peptidoglycan and teichoic acid, which prevents lysis by



osmotic condition and aid the bacteria to attach mucosal surface, helps
bacteria adhere to the mucosal surface.
2.7.8. Staphylococcus epidermides

Staphylococci are gram positive bacteria containing a series of
opportunistic  pathogenic species (Otto, 2004). Among these,
Staphylococcus epidermidis is the causative agent of hospital infections
and medical device infections (Vuong and Otto, 2002). Normally, S.
epidermidis is harmless and is found as normal flora on the oropharynx,
skin and vagina (Sastry and Bhat, 2016). S. epidermidis forms white
colonies on blood agar , coagulase negative, catalase positive and does
not ferment mannitol. It tolerates salt, survives drying, and is highly
resistant to antibiotics. This bacteria is transmitted through personal
contact or contact with infected patients and hospital staff. The ability to
produce slime is an important factor in bacterial virulence .S. epidermidis
causes infection by adhering to the surface of intravenous plastic
catheters and prosthetic devices. Slime also inhibits the action of
lymphocytes and neutrophils. S. epidermidis is an important agent of
hospital acquired infection. It causes endocarditis with prosthetic valves,
osteomyelitis, sepsis in neonates and wound infections (Parija , 2012).
2.7.9. Enterococcus faecalis
Enterococci are gram positive, spherical, oval or coccobacilli arranged in
pairs and short chains and most of species are non-capsulated and non-
motile (Parija, 2012). There are at least 47 species of enterococci but less
than one-third of them are associated with human diseases. Enterococcus
faecalis is the most common and causes 85-90% of enterococcal
infections , E. faecium causes 5-10% growth in the temperature range of
35-37°C (Carroll, et al., 2016). Colonies in the blood medium are 1-2 mm
in diameter and are alpha-hemolytic in fact ,they are not hemolytic ; the



formation of alpha-hemolysis is due to the activation of the peroxidase
enzyme instead of hemolysins .They produce small, magenta colored
colonies on MacConkey agar. However, these enterococci showed greater
specificity than the streptococci isolated (Parija , 2012). The term
"Enterococcus” is derived from their presence in the intestinal tract and
that many biochemical and cultural features reflect that habitat. These
include the ability to grow in the presence of high concentrations of bile
salt and sodium chloride (Ryan and Ray, 2014). The Enterococci are
usually found in gastrointestinal and genital tract of human and animals
Enterococci are nonpathogenic but are now emerging as important agent
of nosocomial infection. They cause urinary tract infections, especially in
hospitalized patients, Indwelling catheter and urinary tract
instrumentation are important predisposing factors They are most often
isolated from cases of wound infections particularly intra-abdominal.
They also cause infection of the bile duct, bacteremia, and endocarditis
(Liu et al.,2024).

2.8. Antibiotics
Antibiotics are secondary metabolites produced by various organisms

active against bacteria and the most important form of antibacterial agent
for fighting bacterial infection . Antibiotic medications are broadly used
in the treatment and prevention of many infections. They may either Kkill
or inhibit growth of bacteria (Kang and Park, 2015). While several
antibiotics can completely kill other bacteria ,these are called bactericidal
and some of them able to inhibit bacterial growth, those are called
bacteriostatic (Holten and Onusko, 2000). The extreme use of antibiotics
has led to development of some resistant bacterial species, as it must be
used according to medical instructions or need to take it in order to
avoid and decrease the emergence of the antibiotics resistance (Le Page et
al., 2019



2.9 The Immunology of Appendicitis

Inflammation is primarily generated in response to pathogens or tissue
damage. The inflammatory process increases the response from innate
immune cells to contain and attempt to destroy or reduce a pathogen or to
repair damaged tissues . It also engages adaptive arm of immunity to
prepare it for antigen presentation. pathogen clearance and the tissue
regeneration (Gong et al.,2020) The classical indication of inflammation
are redness , heat, pain , swelling, and loss of function. It is triggered by
pathogen associated molecular patterns or damage associated molecular
pattern which activate various pattern recognition receptors such as toll
like receptors (TLRs), C-type lectin receptors ,nucleotide-binding and
oligomerization domain (NOD) like receptors (NLRs), or RIG-I-like
receptors  (Takeuchi et al.,2010) Most of these receptors are found on
the innate immune cells such as macrophages, monocytes, neutrophils,
and dendritic cells (Jang et al.,2015). These receptors do not have
incredible target recognition adaptability of the adaptive immune system
but do recognize highly conserved components of pathogen and markers
of cellular damage (Akira et al.,2001). When activated these cells
receptors initiate a cascade of signals that can trigger several responses,
one of these is the production of inflammatory mediator which further
drive the inflammatory response, Macrophages and T helper cells (Th)
are widely recognized as the major producers of many cytokines (Zhang
et al.,2007). Macrophages are particularly well suited to be the first line
of cytokine production due to their prevalence in almost every tissue in
the body (Kakar et al.,2020). The diagnostic role of some inflammatory
variables depend on the etiology and pathogenesis of AA  (Yoon et
al.,2002). AA arises from initial luminal obstruction of appendix (Hayes

et al.,2004). This results in local edema secondary to impaired blood and



lymphatic flow. Soon the bacterial barrier function of the appendicular
epithelium fail and bacterial invasion into the sub mucosal layers occur
(Lamps et al,.2008). The presence of bacteria in these areas result in the
activation of immune defenses and local infiltration by T cells,
monocytes and natural killer cells. Locally interleukins and chemokine's
are released to recruit these cells (Saliakellis et al.,2013). Cytokines are
soluble glycoprotein molecules with a small molecular weight (6 — 70
kilodaltons) produced by a wide variety of cell types (mast cells,
macrophages, natural killer (NK) cells, lymphocytes, stromal cells, and
many others).They are mainly contributed in the immunological response
and serve as essential mediators in the cellular communication network
(Kulbe et al., 2012). Furthermore, cytokines are essential health
determinants since they influence the maturation, proliferation, and
responsiveness of Immune and non-immune cells
(Neurath,2014).Variability in the levels of cytokines in biological fluids
such as serum, feces, sweat, and saliva is considered an important
indicator of disease progression and diagnosis. Excessive or abnormal
cytokine secretion, such as during a cytokine storm, can result in the
failure of organs and death. As a result, cytokine levels are now
considered a critical indicator for diagnosing clinical disorders .Cytokines
include a wide group such us chemokine's, pro-inflammatory, and anti-
inflammatory mediators. The largest producers of pro-inflammatory
cytokines are activated macrophages (Rivera et al.,2003). some cytokines
are being investigated for their potential use as precision medicine marker
. interleukin 8 (IL-8), interleukin 10 (IL-10), and monocyte chemo
attractant protein 1 (MCP-1), also known as CCL2, were all found to be

predictive of pediatric appendicitis and/or appendicitis severity.



2.10 Inflammatory markers
2.10.1 White blood cell

White blood cells (WBC) or leucocytes ,involved in the innate and
adaptive immune response consequently in appendicitis, an increase in
WBC is seen in children and adults (Anderson et al.,2004). In
experimental models as well as in the observational studies, a local and

systemic increase in the number of WBC is seen in early stage of disease

2.10.2 Procalcitonin
Procalcitonin (PCT) is a type of hormone that is produced by the Para

follicular thyroid cells (C cells) ,This hormone then cleaved to produce
calcitonin, which is a hormone that primarily work to lower the body's
calcium levels ( Lohar et al.,2014). Procalcitonin (PCT) is an
established lab markers for disease severity in patients with infection
and sepsis. Concentration of PCT selectively increases in the case of
bacterial infections, while in the case of viral infections the
concentration remains normal ( Lopez et al.,2003).1t has been seen that
the level of Procalcitonin correlates with severity of the inflammation
(Kouame et al.,2005). It is a better markers than C-reactive protein
(CRP) which also rise in inflammatory states( Delevaux et
al.,2003).PCT can help in making the diagnosis of acute appendicitis
and can prevent unnecessary appendectomies being performed.
2.10.3 Interleukin 8

IL-8 Interleukin 8 or neutrophil activating protein is a cytokine that
functions as a lymphocyte chemo attractant and as a neutrophil chemo
attractant / activator. It is produced in response to LPS-stimulated
monocytes and in a variety of cell types (i.e. endothelial cells

keratinocytes, fibroblasts, lymphocytes), in response to inflammatory



stimuli such as TNF-a and IL-1B. IL-8 induces shape change, chemo
taxis, release of granule contents, up regulation of adhesion proteins,
formation of bioactive lipids, and respiratory burst. This chemokine has
gained considerable attention because of its ability to attract and activate
leukocytes and its undisputed role as mediator of inflammation
(Dechkhajorn et al.,2020).

2.10.4 Interleukin-10

IL-10 is an immune regulatory cytokine; many cell types secrete IL-
10. Its function is inflammatory responses limitation, termination, and the
regulation of differentiation and proliferation of T cells, B cells, natural
Killer cells, antigen-presenting cells (APCs), mast cells, and
granulocytes.( lyer et al., 2012). IL10 is a protein of 160 amino acids. It
exists in non-covalent homodimer form. (Rasquinha et al.,2021).Its
molecular weight of approximately 18.5KD.IL1limmunomodulatory
functions are various, like supporting B cell differentiation and Ig
secretion in order to inducing a strong anti-inflammatory response
(Kotiranta-Ainamo, 2006). It was originally described as a murine Th2
cytokine, inhibiting Thl cytokines. As later studies showed that in
addition to the Th2 cells, there are different cell types (ThO and Th1l cells,
B cells and macrophages) that produce IL-10. However many of IL-10
effects of are similar to, or overlap with, those of Th2 cytokines and that
due apparently to the close correlation between IL-10 expression and the
induction of Th2-like responses (Rasquinha et al., 2021). While its key
features are associated with strong immunosuppressive effects, IL-10 has
immunostimulatory properties as well, It play a crucial role in preventing
overshooting inflammatory response and autoimmune pathologies. The
IL-10 family, together with interferon's, forms the class Il cytokine

family (Ouyang et al., 2011).



2.10.5. Monocyte chemotactic protein- 1

MCP-1 is a CC chemokine essential for monocyte recruitment in in
vivo models of inflammation, MCP-1 induce the recruitment of other
leukocytes such as T lymphocytes, basophils and eosinophil's. It is
mainly expressed by macrophages in response to cytokine such as TNF-a
, IL-6, and IL-1B. Upon stimulation, it can also be produced by a variety
of cells and tissues such as fibroblasts, endothelial cells and certain
tumor cells. Adhesion of human monocytes to P-selectin, the most rapidly
expressed endothelial tethering factor, increased the secretion of MCP-1
and TNF-o forms leukocytes stimulated with PAF (Mulholland et
al.,2019).

2.10.6. Interleukin-1 receptor antagonist (IL-1RA)

IL-1RA is a protein that in human is encoded by the ILLRN gene
(Chakrabarti et al .,2021). IL-1RA was initially called the IL-1 inhibitor
and discovered separately in 1984 by two independent laboratories . IL-
1RA is an agent that binds non-productively with the cell
surface interleukin-1  receptor (IL-1R), the same receptor that
binds interleukin_1 family (IL-1), preventing IL-1 from sending a signal
to that cell,IL-1RA is a member of the interleukin 1 cytokine family. IL-
1RA is secreted by various types of cells including immune cells,
epithelial cells, and adipocytes, and is a natural inhibitor of the pro-
inflammatory effect of IL1B (Dinarello et al.,2018) This protein inhibits
the activities of interleukin 1, alpha (IL1A) and interleukin 1, beta
(IL1B), and modulates a variety of interleukin 1 related immune and

inflammatory responses.
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2.10.7. Macrophage inflammatory protein (MIP)-1a
Macrophage inflammatory protein (MIP)-1a/CCL3 is an inflammatory
chemokine produced by cells during infection or inflammation. It belongs
to the CC chemokine family, which displays potent chemotactic
properties. The MIP-1 protein was first identified by Stephen D. Wolpe in
1988. His research group reported the appearance of a new heparin-
binding protein from the murine macrophage cell line in response to
endotoxin stimulation. This protein was called macrophage inflammatory
protein (MIP) because of its biological function of inducing an
inflammatory response characterized by neutrophil infiltration (Bhavsar
et al.,2015). The initial report of the separation of MIP-1 on SDS-PAGE
gel was described by (Sherry et al.,1988). Their findings suggested that
the MIP-1 protein was composed of two peptides. Partial sequencing
revealed two proteins: MIP-1a and MIP-1pB. Although these proteins
exhibited slight variation in the sequence of amino acid residue at their
NH, terminals, they share approximately 56.7 % sequence homology.
The genomic nucleotide sequence of murine MIPlais highly
homologous to human counterparts LD78alpha/GOS19-1/SCYAS
(Suzuki Y et al.,2004). Many researchers have independently isolated
human and murine MIP-1a and MIP-1pB in their laboratories. For this
reason, MIP-1a. has more than one name in published reports. However,
with the introduction of the new nomenclature, human MIP-1a is
currently called chemokine (C-C motif) ligand 3 (CCL3), and MIP-18 is
called chemokine (C-C motif) ligand 4 (CCL4) (Zlotnik and
Yoshie 2000). MIP-10/CCL3 is synthetized as a precursor protein with 92
amino acids. The premature protein splits at several sites, resulting in the
formation of biologically active mature protein. Chemokine exhibit a high
affinity toward proteoglycans. An increased tendency of MIP-1a/CCL3 to
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bind with heparin (a common proteoglycan) has been demonstrated
experimentally by ( Wolpe et al., 1988), and this binding can enhance
their activity (Ali et al., 2000).
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CHAPTER THREE

METHODS



3.1. Equipments and Materials
3.1.1. Equipments:

Table 3.1 : Details of the equipment’s and the manufacture
companies

I I B

- Light Microscope Olympus

VITEK 2 Compact Biomerieux France
system

Water distiller Gallenkump England
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3.1.2. Laboratory Supplies

Table 3.2 : Details of the laboratory supplies
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3.1.3 Culture Media

Table 3.3 : Details of the cultural media used

3.1.4. The Chemicals and stains

Table 3.4 : Chemical material and stains used in this study




E EthanOI 99% m-

3.1.5. Diagnostic kits

Table 3.5 : Details of the diagnostic Kits

- Human Procalcitonine (PCT) MORNMED “

Macrophage Inflammatory Protein-1 Alpha | MORNMED | China
(MIP-1ar)

MonocyteChemotactic Protein 1 (MCP-1) MORNMED “
interleukin-1 receptor antagonist (IL-1RA) | MORNMED




EI IL-10 MORNMED



3.2.Methods
3.2.1.Study design

Q\

WBC , neutrophil , lymphocyte , RBCs,
HCT, platelets

Schema (3.1):Study design



3.2.2. Questionnaire Sheets

The questionnaire sheet was filled out by the patient participating in
our study and included knowledge of their age, sex and other clinical
feature approved by them

3.2.3. Ethical Approval

Before the specimen was collected, written permission was obtained
from each study patients, and all subjects involved in this experiment
were informed. The university of Kerbala ,College of Education for Pure
Sciences Ethics Committee gave its approval to this study, under No.
3435, in 25/12/ 2023.

3.3. Bacteriological methods
3.3.1. Culture Media Preparation

The culture media was prepared according to the instructions of
manufacturing company and sterilized using an autoclave at a
temperature of 121°C and a pressure of at least 15 psi for 15 minutes.
After sterilization, the media were cooled to 45°C before use. The details

of culture media utilization are presented in Table (3.8).

Table (3.6) : The details of Culture Media utilization

N Culture Media Utilization references

Used for the purpose of preliminary
1 | MacConkey Agar [ diagnosis, and to detect its ability to | (Luis etal., 2004)

lactose fermentation

used to cultivate of micro-organism _
2 Blood Agar _ _ _ (Choi et al.,2024)
and determinehemolytic reaction




Brain Heart Infusion | Use for to preserve the isolates of )
3 _ _ (Choi et al.,2024)
Broth (BHI) bacteria at - 20 °C for long time

used for identify of Staphylococcus
(Collee et al.,

4 | Mannitol Salt Agar | and its species.
1996)

3.3. 2. Preparation of Solutions and stains

3.3.2.1. Preparation of 10% formalin

One quarter (¥ )volume of liquid formalin of 40% was added to %
volume of normal saline to prepared 10% of formalin to fix the appendix
samples for 24- 48 hours at room temperature.

3.3.2.2. Eosin stain

It was prepared by dissolving 1 gram of eosin powder in 99 ml of ethyl
alcohol at a concentration of 75% and then stored in tightly capped

bottles at room temperature and the dye was used to stain sections .

3.3. 2.3. Hematoxylin stain

It was prepared by mixing 20 grams of potassium alum with 1 gram of
hematoxylin dye and 0.5 grams of mercury oxide. Dissolve in 200 ml of
distilled water, then add to 10 ml of pure alcohol. and dyes were used to

stain sections Histology .

3. 4. Collection of samples

Samples of appendix were collected from patients with acute
appendicitis admitted to the Imam Hussein medical city in Holy Karbala.
After the operation  the samples were placed in 1 mL of normal saline
0.9% within a sterile screw-capped container, then transported to the
laboratory .The remain of the samples was placed in 10% formalin

fixative for histological examination .




3.5. Collection of Blood samples

About 5 ml of venous blood collected from a suitable vein is withdrawn
from the participant’s healthy and patients before operation and using 5
ml disposable syringes. The blood sample was divided into two aliquots,
the first aliquot blood (2ml) collected in the tube containing EDTA as
anticoagulant with a slow mix for hematological study, while the second
aliquot blood (3 ml) is dispersal in a gel tube for immunological study,
left about 40 min in room temperature then centrifuged for 5 min at 3000
rpm to separate serum and stored in eppendorf tubes at -20C° until
assayed.

3.6. Culturing of the samples

One gram of sample was taken and crushed in sterile Petri dish and
cultured on MacConkey Agar , Blood Agar and Mannitol Salt Agar and
incubated at 37°C for 24 hrs., for storage of bacteria the remain of
specimen placed in screw capped (glass tube) contain brain heart
infusion broth (BHI) and stored at -20°C , and after incubation period,
the growth was examined. If no growth were detected, then the plates
were re-incubated for a further 24 hours before discarding as negative
result.

3.7. Bacterial Identification using Vitek system

VITEK 2 system (figure 3-1) is used for identification of bacterial
isolates after overnight incubation the colonies grown on the agar plates
that were used for ID and antibiotic susceptibility testing (AST) using the
commercial automated Vitek2 system . As the protocol for institution,
the ID and AST results obtained using this traditional workflow were
used as the standard for comparison. (Ha et al., 2018).

1. After primary organism isolation, there is minimal handling with a

simple standardized inoculum



2. Place the inoculum into the VITEK 2 Cassette at the Smart Carrier
Station .
3. The VITEK 2 Card and sample are linked via barcode
4. Once the Cassette is loaded, the instrument handles all subsequent
steps for incubation and reading the results.

VITEK 2 Compact is an automated biochemical-based tool that includes
48 biochemical features and is widely used in clinical laboratories for
microbial detection (Ksigzczyk et al., 2016). Microorganisms can be
identified for up to 4 hours using VITEK 2 Compact. Each well assesses
a strain's metabolic function, including its ability to acidify, alkalize, and
enzymatically hydrolyze substrates, as well as bacterial growth in the
presence of inhibitors. The instrument detects bacterial growth and
metabolic changes in the microwells using fluorescence-based
instruments. The findings of the biotyping and biochemical-based
methods was influenced by the conditions of bacterial incubation, such as
media composition or pH (Ksigzczyk et al., 2016). A sterile microloop
was used to collect a few colonies of a pure culture that had been grown
on blood or macconkey agar for 18 to 24 hours. A bacterial suspension
was calibrated to McFarland Turbidity Standard of 0.5-0.63 in 3 mL of a
0.45 percent normal saline using a VITEK 2 DensiChek . The GN card
was placed on the cassette and placed in the instrument if the gram stain
was negative, and the GP card was placed on the cassette and placed in
the instrument if the gram stain was positive. The time between
suspension preparation and card filling was less than 30 minutes to
prevent turbidity modifications. The cards were incubated at 35.5 1 °C.
Colorimetric measurements were taken automatically every 15 minutes
when each card was taken out of the incubator. The results were read
after 10 to 18 hours incubation (Morka et al., 2018).



3.8. Determination of Antibiotic Susceptibility

Antibiotic susceptibility testing determines a bacterial isolates
susceptibility to a set of antibiotics. The cards were loaded into the
VITEK 2 automatic reader-incubator after being inoculated. Colony
counts were used to make sure the number and density of microorganisms
inoculated into the VITEK 2 cards were right (Bazzi et al., 2017).

e The microorganism was exposed to antibiotics and the examination
determines whether or not the microorganism can grow in the
presence of the antibiotics.

e The Minimum Inhibitory Concentration (MIC) an indicator of a
microorganism's sensitivity or resistance to an antibiotic is reported to
the clinician. Antibiotic susceptibility testing was used to detect
antibiotic resistance processes in bacteria. Antibiotic resistance
examination findings are used for clinicians to better assess the best

care for the infection and the specific patient.

3.9. Hematological test
3.9.1. Complete Blood Count (CBC)

In this test 2 ml of the non-hemolyzed blood is anti-coagulated with
EDTA at collection that was examined by using automated system
Sysmex XP300 hematology analyzer which is a computerized, highly
specialized machine that counts the number of total WBCs and different
types of cells such as neutrophil,

lymphocyte, RBCs, HCT, and platelets in a blood sample.
3.10. Histological examination



Tissue samples from the appendix after appendectomy were prepared for
histopathological study using to the methods of (Suvara et al., 2019),
which

included:

1) Fixation
Each tissue sample (Appendix) was usually cut into small fragments

about 2- 3 cm long before fixation to facilitate the penetration of the
fixative and preservation of the tissue. One of the best fixatives for

routine light microscopy is a buffered isotonic solution of 10%

formaldehyde for 48 hours.

2) Washing
The tissues were washed with tap water for three minutes before the
dehydration process.

3) Dehydration
The tissues were dehydrated by passing them through progressive

concentrations of ethanol alcohol 60%, 70%, 80%, 90% (for one hour per

each concentration), and 100% (overnight).

4) Clearing
The tissue was cleared by passing them through two steps of xylene for
30 minutes per each step.

5) Infiltration
The tissues were kept in a mixture of xylene and melted paraffin wax at

(58-60C°) with a ratio of 1:1 for 30 minutes in an electric oven at 60-65
C° temperature, then the organs were left inside pure melted Paraffin wax

through two steps s for 30 minutes per each step.

6) Embedding
Pure melted paraffin wax (60-62 °C) was poured out gently in a metal

template, then each sample was transferred to a template and a hot needle

was passed nearby the sample to remove the foam and bubbles around the



sample and left to solidify. The paraffin blocks were kept in the

refrigerator at 4-8 °C until sectioning them.

7) Sectioning

The paraffin blocks were cut by rotary microtome into 5 p thickness

sections and the ribbons of these sections were floated on distilled water

in a water bath at 40-45 and allowing the section to flatten out with
greater ease. The section was picked up with a clean slide after smeared
with a drop of Mayer's egg albumin.

8) Staining and Mounting

The slides were stained with Hematoxylin and Eosin stain , it was

performed via the following steps:

e Deparaffinization by passing the slides basket in two changes of
xylene each time for 15 minutes.

e Rehydration by passing through regressive concentrations of ethanol
alcohol 100% for five minutes, 90%, 80%, 70%, and 60% for 30
seconds per each concentration, followed by rinsing in tap water for
two minutes.

e Staining with Ehrlich's Hematoxylin stain for 3-5 minutes.

¢ Rinsing in running tap water for 2-3 minutes.

e Staining with Eosin stain for 30 seconds and dipping in tap water for
two minutes.

e Dehydration by passing through progressive concentrations of ethanol
alcohol 60%, 70%, 80%, 90% for 30 seconds per each concentration
and 100% for five minutes.

e Clearing by passing via two changes of xylene for 15 minutes per each

change.



e Sections were mounted by DPX then covered with cover slides and
left at room temperature to dry. The histological sections were
photographed using an Olympus light microscope, an Olympus high-
resolution digital camera

equipped with a microscope digital camera.

3.11. Principle of Immunological test

The principle of ELISA kit where based on Sandwich-ELISA principle,
the micro ELISA plate provided in these kits have been pre-coated with
one of an antibody specific to Human interleukin .Standards or samples
were added to the micro ELISA plate wells and combined with the
specific antibody ,then Horseradish Peroxidase (HRP) conjugate were
added successively to each micro plate well and incubated, after that free
components were washed away , the substrate solution was added to each
wells. Only those wells that contain Human antibody and HRP conjugate
would appear blue in color. Finally the enzyme-substrate reaction were
terminated by the addition of stop solution which can be noted by

changing the blue



y =43.183x-5.5925

L 1

0.2 04 06 038 1 1.2 1.4

1

1

0 16 1.8
Absorbance
color in to yellow,
Figure 3.2 : The standard curve of MIP-1
y =12197x- 21.246
300
250 /
200 /
150
’/
§ 100 /
50 ®
0 4/ Y T 1
0 0.5 1 1.5 25
Absorbance

Figure 3.3 : The standard curve of MCP-1




‘ y = 633.67x - 90.463

1400

1200 /
1000

800 /

600 o>‘////,

Concentration

400 ‘/”//'

/
200

0 T 1) L
0.5 1 1.5
-200

N

2.5

Absorbance

Figure 3.4 : The standard curve of 1L-8
180.89x - 25.587

450

400

350

300

250
200 1/’<;>

Concentration

150 P

100

50

1 1

1 1 1 1 1 |
02 04 06 08 1 1.2 14
Absorbance

0%
0

Figure 3.5 : The standard curve of 1L-10

'

1.6

'

1.8

L}

2




v =27.228x-3.0652

. el
/

§

Figure 3.6 : The standard curve of IL-1Ra

450
400 - S
350 e

Concentration

&>
0 %
0 0.5 1 1.5 2
Absrobance

2.5

Figure 3.7 : The standard curve of Procalcitonin
3.12. Statistical Analyses
The results were analyzed statistically in SPSS version 23 to find out
Chi-square , ANOVA (One away) at significance level (o) in (0.01land
0.05) and Correlation (r).




CHAPTER FOUR

RESULTS AND
DISCUSSION



4.1 Samples

This study involved 85 patients excluded only 35 patients with
abdominal pain at any location and with no particular suspicion of
appendicitis, other patients excluded were those that had peritonitis from
ruptured appendix and those that had incidental appendectomy whereby
appendix was removed during laparotomy for indication other than acute
appendicitis, 50 patients diagnosed with acute appendicitis , (27 males
and 23 females) subjected to appendectomy and collected directly from
operation theatre at Imam Hussein medical city in Holy Kerbala during
the period of January 2024 - June 2024 .

4.2 Characters of the patients
4.2.1. Distribution of Patients with Appendicitis According to sex

The results of the current study revealed that the incidence of
appendicitis in males were 27( 54%) whereas in females it was 23 (46
%) in figure (4.1) , there were no significant differences (P value = 0.
4237) between both sex . The results indicate that the majority of cases
were be in males patients then females , this result agree with study
reported by Abdulla et al(2023) it has been demonstrated incidence of
appendicitis in males were 77.2% whereas in females 27.8% which is in

accordance with current study.

P value = 0.4237




Figure 4.1: Distribution of appendicitis patients according to sex

The differences of distribution of appendicitis between both gender may
be due to different in samples size that included in each research or
exclusion of some patients cases , or may be due to misdiagnosis of
appendicitis cases in women which might have overlapped with other
diseases i.e. ovarian cystitis and other inflammation with different causes
(Naher and Ktab,2013).

4.2.2.Distribution of Patients with Appendicitis According to Age

There was a total of 100 people who took part in this research ;fifty of
them had acute appendicitis while the other fifty in good condition. The
ages of the people who took part in the study varied from 7 to 52 years
old in the healthyhealthygroups and 8 to 60 in the patient groups. The age

means of the patient groups were 21.12+10.86 years ,while the age mean
of the healthyhealthygroups were21.76x+11.79 years .Furthermore, there
was no significant difference between the two groups according to age (P

value = 0.7783). As shown, respectively in the table (4.1) .

Table 4 .1: Distribution of study groups according age



In the present study the majority rate of appendicitis was between (16-30)
ages with a percentage 44% from the total cases ,and then (1-15) with a
percentage 40% , and then (31 - 45) with a percentage 14 % ,the minority
rate was 2 %which belongs to age (46-60) ,as in figure (4.2). Current
results agree with Abdulla et al(2023) and agree with Albahadili (2016)
and agree with Mathkoor (2015) as well as Mohammed (2010) &AL-
Shahwany et al(2009) and agree with a study in Taiwan; where the
highest incidence in patients of appendicitis was between 15 - 29 years
(Lin, et al., 2015). Another study by Shaker et al (2024) recorded that
the age group ranging from 10 to 25 years was the most group affected by
appendicitis (63%).

60%

40%
M Healthy

M Patients 20%

Patients 0%

Healthy

45-31

60-46

Figure 4.2: Age groups of the study sample




In explanation of our results Almaramhy (2017 ) concluded that the
increase in the incidence of Appendicitis during the age (15-25) might be
because appendicitis occur due to obstruction of the appendix as a result
of lymphoid hyperplasia as the appendix contains excessive amount of
the lymphoid tissue in the sub mucosa which increases in the size and
number with growing age, reaching maximum the number and size
during teenager with a higher possibility of developing Appendicitis, or
may be because an increased number of people in this group are exposed
to the pathogens, which is transmitted through the digestive tract as a
result of various foods .Differences in the prevalence of appendicitis
between age groups may be related to family history and genetics, as a
family member is more likely to become infected (if previously infected)
than in families that don’t have infectious diseases before ( Itsbkowitz
and Jones, 2004 ). Appendicitis is most common between 10-20 years,
yet, can occur at any age therefore, it is feasible to refer to the fact that
appendicitis is more common in Yyounger than in elder people.
Differences in prevalence of appendicitis between age groups may be
related to family history and genetics , as a family member is more likely
to become infected than in families that don’t have infectious diseases

before(Shaker et al.,2024).
4.3 Clinical Features Related to Acute Appendicitis

The clinical features related to appendicitis are shown in figure (4.3) and
table (4.2). 50 (100%) showed right iliac fossa pain increased, vomiting
was seen in 38(76%) patients , while 37(74%) patients were with nausea,
other features were fever 13(26%) and diarrhea 5(10%) , there were
highly significant differences between the symptoms and patients. From
the results described above one can conclude that the right iliac fossa

pain is the commonest symptoms which may draw attention to the case as



suspected appendicitis ,those results were in accordance with related
study Kosloske (2004) who pointed out that the right iliac fossa pain was

the common feature of appendicitis.
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Figure 4.3: Symptoms of appendicitis patients

Table 4.2: Distribution of the acute appendicitis according to the clinical features
(n=50)

Clinical feature
Right iliac fossa pain 50 (100%)
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4.4. Isolation of bacteria from acute appendicitis

In this study all samples yielded positive results for bacterial growth ,
gram- negative bacteria were the common causes of appendicitis
compared with that of gram positive, they were 45(90%) isolates and

5(10%) isolates respectively as shown in table (4.3) , ,there where highly



significant difference between gram positive bacteria and gram negative
bacteria (p-value= 0.00001" shown in figure (4.4). Moreover the most
frequent pathogen was E. coli which accounted for 29(58%) isolates,
followed by Klebsiella pneumoniae isolates 8(16%) , 5(10%) isolates of
Psedomonas aeruginosa, 1(2%) isolates of Enterobacter aerogenes,
1(2%) isolates of Salmonella typhi and 1(2%) of Proteus mirabilis .
Staphylococcus aureus and Enterococcus faecalis recorded 2(4%).
Whereas Staphylococcus epidermmidis  was accounted as 1(2%) , as

presented in table (4.3).

Gram Positive
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Figure 4.4: Distribution of bacteria isolated from appendicitis patients

Table 4.3 : The type of bacteria isolated from appendicitis patients
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E. coli is the common organism present in the intestine multiplying
rapidly and quickly adhered to the tissue surfaces (Jawad et al.,
2022).The adhesion of microorganism to the epithelial cells of the tissue
Is the first stage of the infection followed by the invasive stage.
Klebsiella pneumonia isolates were 8(16%), this organism has the capsule
that plays an important role during the initial steps of the pathogenesis by
interacting with the mucus producing cells , several pilli involved in
adhesion to the epithelial cells of intestine (Brissac et al., 2021).The
explanation for the detection of Pseudomonas aeruginosa in appendix as
causative agent of appendicitis may be attributed to the abilty of this
organism to adhere and colonize epithelial tissue probably by pili and
by the algene (slime) layer surrounding the cells of this bacteria, also
Pseudomonas aeruginosa possesses other virulence factors (enzymes and
toxins) , enables it to cause infection (Theodorou et al.,2021).
Enterococcus faecalis, Salmonella typhi,, Proteus mirabilis and
Enterobacter aerogenes were also detected in appendicitis although in
low frequencies compared with the other gram negative. However the
implication of these bacteria in appendicitis are suspected, since they

belong to the enteric group and frequently present in the intestine and all



these bacteria have virulence factor enabling them to cause disease
(Tamura et al., 2022). In this study ,some of gram positive bacteria were
also represented by Staphylococcus aureus, Staphylococcus epidermmidis
were also isolated and identified from appendicitis cases but in low
frequencies in relative with gram negative. Gram positive bacteria are
rarely reported ,this may due to adhesive and colonizer factor being less
In gram positive compared with gram negative moreover most of gram
positive bacteria are fastidious to require special growth factors (vitamin,
amino acids, etc) and growth condition (02, CO2 ...etc) (Burke et
al.,2024). However qualitatively. The correlation between bacterial
infection and appendicitis is characterized by an increase in bacterial
presence leading to a higher incidence of appendicitis, studies have
shown that specific bacteria, such as Escherichia coli and Streptococcus
spp. are commonly found in patients with appendicitis, particularly in
complicated cases( Zachos et al.,2023).
4.5. Sensitivity patterns to antibiotics agents

This is an academic and practical study that determines the effect of
different types of antibiotics on microorganisms isolated from samples of
acute appendicitis. Also taken into consideration is the extent to which
bacteria respond to these antibiotics, and to determine what alternatives
are available for lragi surgeon to use in cases like these.
4.5.1. Antibiotics susceptibility for gram positive bacteria

From observation , the results of antibiotics susceptibility profile for
gram positive bacteria in patients with acute appendicitis found that all
species had been isolated were resistant to the Benzyl penicillin and
Oxacillin , whereas all species that had been isolated were sensitive
to the Rifampicin, Ticarcillin, Vancomycin and Pencillin. Isolates of

gram-positive aerobic cocci were resistant to Clindamycin, Fusidic acid,



Erythromycin and Tetracycline (66.6%), and resistant to Gentamicin and
Ciprofloxacin 33.3%.figure (4.5).
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Figure 4.5 : Antibiotic Susceptibility profile for 3 isolates of Gram positive bacteria by Vitek 2
system.

Gram positive bacteria in our study showed sensitivity to Penicillin,
Vancomycin, Rifampicin and Ticarcillin which agree with Morfin-Otero
(2015). Gram positive bacteria which have been characterized to be
sensitive to most common antibiotics in comparison with gram negative
bacteria due to the difference in the outer membrane structure which
looks to be permeable to most antibiotics in gram positive bacteria than
gram negative bacteria (Leus et al.,2023). Our study found that all
species of gram positive bacteria that had been isolated were resistance to

Benzyl penicillin and Oxacillin.

4.5.2. Antibiotics susceptibility for gram negative bacteria

From the observation of the results the antibiotics susceptibility of gram
negative bacteria showed all species that had been isolated were
sensitive to  Amikacin and Imipenem ,while most isolates were
resistance to Ticarcillin and
Piperacillin92.8%,Aztreonam78.5%,Ciprofloxacin72.7%,Ticarcillin/Clav



ulanicacid71.4%,Cefepime60%, Tobramycin57.1%
, Trimethoprim/Sulfamethoxazole 55.5%,Piperacillin/Tazobactam55%
,Gentamicin50% . figure (4.6).
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Figure 4.6 : Antibiotic Susceptibility profile for 47 isolates of Gram negative bacteria by Vitek 2
system.

Resistance may be attributed to the continuous and excessive intake of
the antibiotics by the patient that results in the development of the
bacterial resistance. Iraqi patients are well known for taking antibiotics
for everything without medical consultation so this is a very strong
reasons for this resistance. In some time use of lower dose of antibiotics
gives the appearance that bacteria are resistant whereas in actual fact they
are not affected by little doses of antibiotics given or use large doses of
antibiotic to patient with low immunity. Generally, combination of
antibiotics can lead to declined efficiency of drugs or sometimes
increased effect on bacteria (Basavegowda et al.,2022). Also problems of
resistance occur in patients susceptible to colonization as in hospital
which associated to presence of drug resistant bacteria that may originate
in hospital. Abdulkarem et al (2024) observed that acquired drug resistant



can also be the result of therapy failure. The importance of the use of
prophylactic antibiotic before operation has been demonstrated in a
number of studies as it was mentioned by Colleran et al (2005) who
founded the aim of this treatment line is to prevent post-surgical
infections following open appendectomy .The optimum type and dose of
antibiotics are unknown, so this carries the possibility of either under
treatment with increased risk of post-operative infection or over treatment
which could result in the microbial resistance. Swab taken during
appendectomy is used to direct antibiotic therapy according to the
microorganisms identified. It is of paramount importance that the cultural
technique used is optimal, microbiological reporting correct and the
clinician must use therapy that is indicated by the result. Gladman et al
(2004) who explained the culture findings should be specific to clinical
and operative findings and finally, the therapy should be of benefit in
reducing the possibility of early post-operative complication. There are
number of reasons to which the differences in the antibiotics sensitivity
reported in our study can be attributed. The unnecessary prophylactic use
of antibiotics should be discouraged since this may result in increased
selection of resistant variants or super infection with resistant flora
(Lalitha,2008).However, the poor quality of the antibiotic source, absence
qualityhealthyfor imported antibiotics and bad storage conditions for
imported antibiotic , all these participate in difference of results.
Antibiotic resistance significantly affects the management of bacterial
infections in appendicitis, leading to increased complications and
necessitating careful selection of empirical antibiotic therapy .Ongoing
surveillance of resistance patterns and adaptation of treatment protocols

are crucial to improving patient outcomes (Salam et al.,2023).



4.6 Studied markers
As shown from the statistical analysis of Table (4.4) the results were

significantly increased (p-value= 0.00017) in the mean of PCT patients
of appendicitis comparison withhealthy, as the mean of PCT for patients
and the healthy(231.10 and 64.11) ng/ml, respectively. Numerous studies
have shown that Procalcitonin level was high in the ideology of bacterial
origin especially in infected people as in our study patients . Other
studies showed that Procalcitonine can be used for freedom from
bacterial pathogens and that there is a positive significant correlation
between the increase in their level in patients with appendicitis (Marc et
al.,2002). Also Kaya et al (2012) demonstrated in similar work that
Procalcitonin accompanied by total WBC count were good predictor for
diagnosis of acute appendicitis. Yu et al (2013) used Procalcitonin and
WBC count for suspected acute appendicitis and found positive
correlation for mentioned parameters in patients and recommended for
using in the diagnosis of disease. Results agree with Raoof et al (2019)
who show that the maximum mean of PCT was observed in patients with
acute appendicitis as compared with healthy persons (17.31+£0.51 versus
6.22+0.34 ng/ml) with highly significant difference between the two
groups.The results were significantly increased (p-value=0001") in the
mean of IL-8 patients of appendicitis comparison with control, as the
mean of IL-8 for patients and thehealthy(624.19 and 144.96) ng/ ml ,
respectively. IL-8 is a chemokine produced by macrophages and
keratinocytes. In appendicitis, the obstruction of the appendiceal lumen
leads to bacterial overgrowth and inflammation. These triggers immune
cells to release pro-inflammatory cytokines, including IL-8, IL-8 is a
potent chemokine that attracts neutrophils to the site of inflammation and
promoting a robust immune response. Also studies have shown that

people suffered from acute perforated appendicitis increase in IL-8



levels in their serum, indicating the effectiveness of IL-8 as a diagnostic
marker for advanced appendicitis (Daneshmandi et al., 2009) . This
result agreed with Naqvi et al (2019) who reported that there were
significant differences in IL-8 (P<0.001) concentration between patient
and healthy, when measured children with appendicitis and
healthyhealthy, IL-8 elevated in patients with acute appendicitis in
the study of Yoon et al (2002). Whereas Stankovic et al (2019) ,
Zviedre et al (2016) & Dalal et al (2005) disagreed with us, also
Peeters et al(2020) found low serum levels of IL-8 in patients compared

to control.

Results were significantly increased (p-value=0.0001") in the mean of IL-
10 patients of appendicitis comparison withhealthy, as the mean of IL-
10 for patients and thehealthy(189.06 and 11.49) ng/ml, respectively.
We have identified elevated levels of IL-10 in the severe group compared
tohealthygroup. IL-10 is an anti-inflammatory cytokine that plays a
crucial role in the regulating immune responses. In the context of acute
appendicitis, research demonstrated that levels of IL-10 are significantly
elevated in the patients compared to healthy individuals, response to the
inflammatory process in appendicitis , as it helps to counterbalance pro-
inflammatory cytokines and prevent excessive tissue damage. Elevated
IL-10 levels can indicate an ongoing attempt by the immune system to
regulate inflammation and promote healing (Buchanan et al., 2019). Our
results agree with (Naqvi et al.,2019) who concluded that there were
significant differences in IL-10 concentration (P <0.01) between patient
and healthy , as well as Zviedre et al (2016) & Rivera-chavez et al
(2003) found that there was elevated level of IL-10 in the serum of
patients with AA compared with the healthyhealthyand agreement with
Stankovic et al (2019) who showed statistically different concentrations



between pathohistological groups and healthy groups . They were also

agree with Peeters et al(2020) who found high serum levels of IL-10 in

patients compared to healthy controls. IL-10 has also been found in other

studies to be increased during severe appendicitis (Ruber et al.,2006). IL-

10 was elevated in patients with acute appendicitis in the study of
(Yoon et al.,2002).

Results significantly increased (p-value= 0.0001") in the mean of IL-
1ra in patients of appendicitis compared with control, as the mean of IL-
1ra for patients and thehealthy(21.00 and 7.83) ng/ml, respectively.
Interleukin-1 receptor antagonist (IL-1ra) is an important cytokine that
plays a role in modulating the inflammatory response. .This results in
agreement with Rivera et al (2003) who concluded high levels of IL-1ra
in the plasma and peritoneal fluids of patients with appendicitis. It's also
in agreement with Peeters et al(2020) who found elevation of IL-1ra in
the serum of patients with appendicitis compared to healthy controls.

The results significantly increased (P value = 0.0001™) in the mean of
MCP-1 in patients of appendicitis comparison with control, as the mean
of MCP-1 for patients and thehealthy(151.21 and 34.53) ng/ml,
respectively. Monocyte chemoattractant  protein-1 (MCP-1) and
macrophage inflammatory protein-l1a (MIP-10) are members of the
Cysteine-Cysteine ( C-C) chemokine family, which has been shown to
play a major role in the migration of monocytes to an inflammatory focus
(Deshmane et al.,2009). The current results are consistent with other
studies that have focused on bacteria and their products especially
polysaccharides and endotoxin is one of the most important factor that
causes an increase in the secretion of a number of cytokines during
infection such as MCP-1to increase the speed of the immune response,
both local and systemic (Paajanen et al.,2002 ). Local MCP-1 synthesis of
endothelial cells in the peritoneal abdominal fluid respond to the activity



of microorganisms and promoting the formation of operative septic
complications (Riese et al.,, 2002; Riese et al., 2004).This is the
explanation to the statistically significant increase MCP-1 concentrations
in cases of AA in our study. Also (Nagvi et al.,2019) observed plasma
levels of MCP-1 were significantly different (p < 0.001) in children with
appendicitis compared to those with non-appendicitis abdominal pain
(361.5and 88.3) respectively .While this results is in disagreement with (
Zviedr et al.,2016) who concluded that there were no significant
differences between MCP-1 in both appendicitis and healthy. Results
were significantly increased (p-value= 0.0001) in the mean of MIP-1 in
patients of appendicitis comparison with controls, as the mean of MIP-1
for patients and thehealthy(45.91 and 2.493) pg/mL, respectively.
Studies suggest that increased levels of MIP-1 in appendicitis may
correlate with inflammatory response associated with the condition. For
instance elevated MIP-1 levels are thought to facilitate recruitment of
monocytes and other immune cells to the site of inflammation,
contributing to pathological process (Davis et al.,2021). Macrophage
inflammatory protein 1a (MIP-1a) belongs to a family of chemokine's
primarily produced by macrophage cells activated by bacterial endotoxin,
and has a crucial role in immune response to infection (Cook,1996). The
pro-inflammatory role of this cytokine reflected in the activation of
granulocytes and the induction of synthesis of other pro-inflammatory
cytokines. This chemokine plays significant role in attraction and
activation of granulocytes, and its serum concentration was expectedly

higher in acute appendicitis.



Table 4.4: The mean of immune markers in patients and healthy group.

Interleukins Healthy (N=50) Patients(N=50) P value
Mean + SD Mean + SD
Procalcitonin ng/ml 231.10 £ 79.14 0.0001

| IL-8 ng/mi 144.96 + 123.95 624.19 + 244 .47 0.0001

IL-10 ng/ml 11.49+7.62 189.06 + 65.18 0.0001 **
IL-1Ra ng/ml 7.83 £1.83 21.00+3.31 0.0001 **

MCP-1 ng/mi 34.53 +11.98 151.21 + 39.00 0.0001 **
MIP-1 Pg/mi 2.493 +2.432 45.91 +9.38 0.0001

4.7 The Hematological Study

The statistical analysis of the result in Table (4.5) showed that there was
a high significant increase (p-value=0.0001") in the mean of WBC in
patients of a cute appendicitis comparison to the control, as the mean of
WBC for patients and thehealthy(11.12 and 6.97) 10°/ul respectively,
there was insignificances decrease (p-value= 0.6231) in the mean of the
platelets in patients of a cute appendicitis comparison to the control, as
the mean of The platelets (258.96 and 264.84) cells/ul respectively.
There was a high significant increase (p-value=0. 001**) in the mean of
neutrophils in patients of a cute appendicitis comparison to the control, as
the mean of neutrophils for patients and thehealthy(12.45 and 4.50 )
cells/ul respectively, while the lymphocyte, RBCs, and HCT count, the
result showed a significant decrease between AA patients group as the
mean (1.86 , 4.87 and 37.60) cells/ul respectively, and controls (2.38

5.11 and 42.42) cells/ul respectively.

Table 4.5 :Complete blood count (CBC) of appendicitis patients and healthy

group



Markers Healthy (N=50) Patients(N=50) P value
Mean + SD Mean + SD
WBC (103 /ulL) 6.97+1.44 11.12£5.22 0.0001**

Platelets (cells/uL) | 264.84 + 46.16 258.96 + 70.57 0.6231
Neutrophils (cells/uL) 450 +0.35 12.45 +1.42 0.001**

Lymphocyte (cells/uL) 2.38 £0.57 1.86 £0.91 0.0009 **

‘ RBC (10%ul) 5.11 + 0.53 4.87 +0.46 0.0174 *

HCT % 42.42 +4.57 37.60 +3.93 0.0001 **

There is a possibility that the symptoms of acute appendicitis throughout

many people may be non-specific and will be similar to many other acute
abdominal illnesses. The choice of whether or not to have surgery is
likely to be crucial, but it will also be challenging due to the fact that
there is a significant risk of morbidity and death associated with surgical
intervention (Kamran et al., 2008). Due to the ease of interpretation, the
white blood cell count is test that frequently employed . Our result
agrees with the studies of Sucu et al (2018) , Kostakis et al (2018), Nia
and Zareifar (2018) and Oktay et al (2020) which showed there is an
increase in the total WBC count of the patients group who undergoes an
appendectomy. While the study of Kim et al (2016) showed a non-
significant difference in WBC count complicated appendicitis with the
uncomplicated appendicitis patients.

Platelets may be sequestered and destroyed to introduce new platelets into

circulation when IL-6 the inflammatory cytokine excreted as a result



of intra-abdominal inflammation in the conditions including acute
appendicitis and ovarian torsion, therefore ,early inflammatory phase
ought to be the period when big platelets are discovered followed by the
development into the late stage of the sepsis. In the meantime full blood
count examination should reveal the presence of the platelets of a small
size , which is indicative of serious intra-abdominal infections . Result
agree with the studies of Oktay et al (2020) who showed no significant
difference in the platelet counts between patients with AA and those
without AA. Also Yilmaz et al (2015) founded there is no significant
difference in the platelet counts between the children with appendicitis
and normal , and that means the platelet indices have no diagnostic value
in acute appendicitis when most of the estimations from the studies were
combined, it was shown that there had been no significant connection
between platelets level with acute appendicitis (Shen et al., 2021). The
current result showed a significant increase in the neutrophil count of AA
patients compared withhealthyand this result is in agreement with the
studies of Ulukent et al (2016) ,Yang et al (2019) and Tzortzopoulou et
al (2019) they have reported an elevation in the number of neutrophil in
AA patients. While Chen et al (2017) have reported non-significantly
values in the number of neutrophils between patients with prolonged
hospitalization and those who left the hospital within 15 days, the
significant increase in neutrophils may be related to belief that
neutrophils are the first line of the protection of the body against
microorganisms and the primary function of which to identify and
destroy invading microbe (Abbas et al., 2018). These phagocytes secrete
lytic enzymes and produce free oxygen radicals and high
antibioticspotential. Their activation is triggered by the bacteria , and by
secreted cytokines and chemokines (Stankovic et al., 2019). It rapidly

responds to the chemokine and predominates in the inflammatory



infiltrate for 6 to 24 hours (Finn, 2015). However, its possibly mediates
monocyte/macrophage function (Soehnlein et al., 2009). After the injury
neutrophils, macrophages and mast cells are recruited to involved area
and can produce a variety of pro-inflammatory cytokines (Marchand et
al., 2005).
4.8 The correlation between age and other parameters

There was no significant difference correlation between all parameters
in appendicitis with age , except WBC in patients were negative
correlation and significant differences as shown in table (4.6) . This can
be explained by the occurrence of physiological events at these ages that
affect the level and height of the WBC compared to adults in the normal
state (Lewis et al., 2001).Also the body's immune defenses play a role in
this increase due to the incomplete specialized immune system, especially
in children. Therefore, the process of protecting the body from infections
Is based on the shoulders of white blood cells. This agreement with Wu et
al(2003 ) which showed the adoption of the level of WBC in the early
diagnosis of infection in children and many studies have shown that older
patients often have lower WBC counts compared with younger patients
diagnosed with acute appendicitis, which can complicate the diagnosis
and management (Rafiei et al.,2019).Our result are in agreement with
Bhatti et al (2009) who found a significant difference between mean
WBC counts and different age groups (P value =0.004) and agreement
with AL-Hindi (2006) who showed a significant difference and negative
correlations between mean WBC counts and different age groups ,
increase in the total number of white blood cells in the first age groups

and decreased in adults and the elderly.



Table 4.6: The correlation between age and other parameters

Parameters Healthy group Patients group
r ( P value) r ( P value)

“ -0.204 (0.156) 0.021 (0.887)
IL-10 0.270 (0.058) 0.023 (0.874)

“ 0.166 (0.248) -0.292 * (0.039)

*. Correlation is significant at the 0.05 level (2-tailed). **. Correlation is significant at the 0.01 level (2-tailed).

4.9 The correlation between IL-8 and other parameters

There was no significant difference correlation between all parameters
in patients with appendicitis and IL-8 except with procalcitonin there
were positive correlation and significant differences between IL-8 and
Procalcitonin  (p-value= 0.022") .There were negative correlation and
significant differences with IL10, positive correlation and significant

differences with MCP-1 in healthy group as shown in table (4.7).
Table 4.7: The correlation between IL-8 and other parameters.

Parameters Healthy group Patients group
r (P value) r (P value)

_ -0.204 (0.156) 0.021 (0.887)

w 0.095 (0.511) 0.323 * (0.022)

IL-10 - 0.294 * (0.038) 0.075 (0.606)




IL-1Ra 0.170 (0.238) 0.110 (0.448)
MCP-1 0.288 * (0.043) -0.117 (0.418)

I MIP-1 -0.096 (0.509) 0.263 (0.065)
I_ -0.259 (0.069) -0.262 (0.066)

* Correlation is significant at the 0.05 level (2-tailed). **. Correlation is significant at the 0.01 level (2-tailed).

The positive correlation between IL-8 and procalcitonin in patients with

acute appendicitis underlines their balance roles in the immune response
toward bacterial infection , both markers were elevated in response to
infection . In acute appendicitis , IL-8 levels increase as a result of the
infection, mostly when appendix becomes infected with bacteria and
inflamed , high levels of IL-8 are frequently correlated with the severity
of infection .As the infection develops, immune system releases IL-8 to
recruit neutrophils and stimulate a local inflammatory response.
Therefore, IL-8 serves as indicator of the inflammation and the presence
of bacterial infection in appendicitis (Zeillemaker et al.,1996). While
procalcitonin hormone that is released in response for bacterial infection
PCT levels increase with severity of infection, high PCT levels certainly
seen in cases where the infection spread outside the appendix (Acharia et
al.,2017). Both markers increase proportionally causing positive
correlation in appendicitis .Whereas in healthy individuals show positive
correlation with no significant difference in the levels of IL-8 and PCT ,
this indicates that both markers can be present at similar levels in a
healthy state, while IL-8 is recruitment neutrophils during inflammatory
responses and procalcitonin is released in response for bacterial infection,
In the absence of infection both markers stay low, which contribute to
the lack of correlation (Stankovic et al.,2019).Negative correlation with
significant difference in healthy individuals between (IL-8) and (IL-10) is

due to the immune regulation, in healthy individual IL-8 and IL-10



demonstration a negative correlation , this suggests that as levels of IL-8
rise, levels of IL-10 tend to decline, and vice versa. This correlation
reflects balanced immune response where IL-10 an anti-inflammatory
cytokine, acts to inhibition pro-inflammatory effects of IL-8 , this
balance is essential for maintain homeostasis and preventing extreme
inflammation, which may lead to damage in the tissue (Peeters et
al.,2020). or due to the physiological homeostasis . The negative
correlation point to regulatory mechanism in healthy immune system.IL-
10 assists to suppress inflammatory response started by IL-8, which is
produced in response to different stimuli, includes infection and injury ,
this interaction assists to ensure that inflammation is properly controlled
, avoiding chronic inflammatory conditions (Kumar et al .,2015 ) . Many
studies agree with our study Rivera et al (2003) show that there is no
significant correlation between IL-8 and IL-10 levels in patients with
appendicitis. This lack of correlation may be attributed to acute
inflammatory environment current in appendicitis, where the level of IL-
8 are markedly raised due to recruitment of neutrophils to the place of
inflammation. Nevertheless, IL-10 may not be produced in enough
quantities to counterbalance this response, leading to the dissociation
between two cytokine. Positive correlation and significant differences
between IL8 and MCP-1 in healthy group agree with other studies that
show healthy individuals display significantly different levels of IL-8
and MCP-1 compared to patients. In a study including healthy adults,
levels of these cytokines were measured, showed that IL-8 levels were
positively correlated with MCP-1 levels. This suggests that as the body
encounters inflammatory stimuli, both cytokines are up regulated in
coordinated way( Lagzdina et al.,2023).Negative correlation with no
significant differences in IL-8 and MCP-1 levels in patients with acute

appendicitis may be due to the variability in immune responses. Many



factors such as stage of appendicitis (uncomplicated vs. complicated) and

the time of specimen collection can effect in cytokine levels, leading to a

consequence where differences not statistically significant (Naqvi et al.,
2019).

4.10 The correlation between MIP-1 and other parameters

There was no significant difference correlation between all parameters
with MIP-1 in patients and healthy group, as shown in table (4.8) .
Results indicate that MIP-1 levels don't correlate significantly

with other inflammatory markers or clinical parameters. This supports
conclusions from other studies that have explored cytokine profiles in
patients with acute appendicitis. For example, a study found that while
certain cytokines like IL-10 showed significant differences between
groups, MIP-1a did not demonstrate a strong correlation with clinical
results or inflammatory status (Stankovic et al.,2019). The search for
active biomarkers in acute appendicitis continues, with researchers
focusing on additional inflammatory markers such as IL-6, procalcitonin ,
and C-reactive protein  These markers showed more ability in the
correlating with  the disease severity and inflammatory response,
suggesting that they may be more useful than MIP-1 in clinical settings
(Akbulut and Sahin,2020). The lack of significant correlation between
MIP-1 and the measured parameters points to that clinicians should be
wary depending on MIP-1 as a diagnostic tool for acute appendicitis. A
comprehensive approach that excludes clinical evaluation, imaging
studies, and a panel of inflammatory markers may provide other accurate

diagnoses and treatment assessments.



Table 4.8: The correlation between MIP-1 and other parameters

Healthy group Patients group

|
T O
[
[
|

|

|

IL-1Ra 0.163 (0.259) 0.059 (0.685)

MCP-1 -0.029 (0.841) - 0.120 (0.406)
_ - 0.138 (0.340) 0.056 (0.699)

* Correlation is significant at the 0.05 level (2-tailed).  **. Correlation is significant at the 0.01 level (2-
tailed).

4.11 The correlation between IL-1Ra and other parameters
There was no significant difference correlation between all parameters

in patients with Appendicitis and IL-1Ra , where's there were negative

correlations and high significant differences between IL-1Ra and MCP-1

in healthy group, as shown in table (4.9).

Table 4.9: The correlation between IL-1Ra and other parameters.

Parameters Healthy group Patients group

r (P value) r (P value)

Age 0.061 (0.675) 0.077 (0.593)
W -0.111 (0.443) 0.259 (0.070)

“ 0.170 (0.238) 0.110 (0.448)
IL-10 0.256 (0.073) -0.196 (0.171)
MCP-1 - 0.464 ** (0.001) 0.027 (0.851)




MIP-1 0.163 (0.259) 0.059 (0.685)

“ - 0.264 (0.064) -0.083 (0.569)

*. Correlation is significant at the 0.05 level (2-tailed). **. Correlation is significant at the 0.01 level (2-tailed).

Negative correlations and high significant difference between IL-1Ra
with MCP-1 in healthy point to that when one is elevated the other is
probable suppressed to avoid overexcited inflammation, which could lead

to a chronic inflammatory conditions (Peeters et al.,2020).

While positive correlation with no significant difference between IL-1Ra
and MCP-1 in patients with appendicitis due to the body experiences an
acute inflammatory response characterized by raised levels of several
cytokines and chemokine's , such as MCP-1 and IL-1Ra. Nevertheless,
the immune response may not reflect the similar regulatory dynamics
seen in the healthy individuals. Instead both MCP-1 and IL-1Ra may be
inflammatory stimuli , leading to a raised at the same time due to the
condition where their levels not show significant differences( Peeters et
al.,2020).

4.12 The correlation between I1L-10 and other parameters
There was no significant difference correlation between all parameters
in  patients with acute appendicitis and IL-10, where's there were
negative correlations and significant differences between IL-10 with IL-8
and Procalcitonin (0.038)" , (0.017)" respectively , and there were
negative correlations and high significant differences between IL-10
with MCP-1 (0.000") in healthy group, as shown in table (4.10).



Table 4.10: The correlation between IL-10 and other parameters.

Healthy group Patients group
-0.294 * (0.038)
0.256 (0.073)
MCP-1 0.099 (0.495)
MIP-1 0.004 (0.980)

WBC -0.165 (0.253) -0.077 (0.595)

,|=
[REN
Y
QD

* Correlation is significant at the 0.05 level (2-tailed). **. Correlation is significant at the 0.01 level (2-tailed).

The negative correlation and significant differences between

procalcitonin (PCT) and interleukin-10 (IL-10) in healthy people were
due to maintains a balance between pro-inflammatory and anti-
inflammatory signals. When PCT levels increase due to an inflammatory
stimulus, 1L-10 levels might decrease as the body changes towards a pro-
inflammatory state to combat possible infections, both PCT and IL-10 are
mostly present in low levels. Nevertheless, presence of a significant
difference in their levels can point readiness of the body to respond to
any infections or inflammation , a higher PCT level compared to IL-10
may suggest an acute inflammatory response, even in the absence of
evident infection (Yang et al.,2023). The absence of correlation between
PCT and IL-10 in appendicitis agrees with Dale et al (2022) who show
there is no significant correlation between PCT and IL-10 levels in
patients with acute appendicitis whereas PCT level were raised in

complicated appendicitis, IL-10 levels didn't show corresponding



increase, suggest a lack of correlation between these markers. The lack
correlation may be due to different roles these biomarkers plays in the
immune response. PCT is mainly a marker of infection, whereas IL-10
assists to modulate inflammation. In the cases of appendicitis, the body
may show high levels of PCT due to the bacterial infection, whereas IL-
10 levels may not increase if the regulatory mechanisms are
overwhelmed or else if the inflammatory response is skewed in the
direction of a pro-inflammatory state Yamashita et al.,2016). Negative
correlation and high significant difference between (MCP-1) and (I1L-10)
in the healthy individuals suggest a balance between pro inflammatory
and anti-inflammatory signals. When MCP-1 level increase, indicate
increasing monocyte recruitment . whereas both MCP-1 and IL-10 are
essential in the inflammatory response related with appendicitis, their
weak correlation point to that they may function independent in disease
process. Studies have showed that while both MCP-1 and IL-10 are raised
through appendicitis, their correlation not strong. For instance one study
noted although IL-10 levels were significantly higher in complicated
appendicitis , the connection with MCP-1 was not strong, suggestive of
that other factors may effect on their levels independently ( Peeters et
al.,2020). Another study into pediatric appendicitis found significant
differences in IL-10 level across diverse stages of appendicitis but did
not found a strong relationship with MCP-1 levels, indicating that
whereas both cytokines are involved in the inflammatory response, their

connections may be indirectly linked (Stankovic et al.,2019).



4.13 Histopathological Study

4.13.1 Morphology of appendix

The macroscopic examination of the surgically removed appendices
showed inflamed appendices appear swollen and bigger than normal
appendices, as well as change color to pale and blood vessels clarity on
their surfaces , a change in color of the inflamed appendix was also
observed to blackish-red in color, it may be greenish-gray in color figure
4 -7 (a) , It was also observed on the surfaces of some of the affected
appendices that fatty vesicles extended along the length of the appendix,
distorting their shape, leading to difficulty distinguishing the direction of
the appendix figure 4-7 (b) , it was also noted that some inflamed
appendices are rough and ulcerated with part or all of the tissue becoming
fibrous, difficult to manage figure 4 -7 (c) ,the spread and abundance of
ulcers and fibrosis on the outer surface of the appendix is clear evidence
of the severity of the inflammation(Redmond et al.,2002).Macroscopic
examination of this study revealed that there was fecalith inside the
appendix and it recurred , the fecalith found in six samples, and the
fecalith were of different sizes , causing the obstruction of the appendix
cavity , which provides suitable conditions for bacteria to multiply and
attack the appendix tissue it causes inflammation and becomes infected
with pus figure 4-7 (d) , the presence of fecalith inside the appendix
cavity raises controversy the reason for their existence may be the result
of calcification of food waste with secretions from the digestive system ,
the pus has accumulated as a result of secretions from the mucous layer in
the cavity of the appendix due to obstruction of the appendix partially or
completely, then the pressure on the appendix wall increases and makes
the inflammation acute , as well as the nature of the diet for those
affected, as low-fiber foods encourage the formation of fecolith more



than foods containing large percentage of them, thus increasing the

possibility obstruction appendicle cavity (Robbins et al.,1996).

Figure 4.7: The macroscopic appendix feature from patients with acute

appendicitis.

(a) A severely inflamed appendix turns discoloured blackish red (b). An inflamed
appendix with fatty vesicles, distorted shape, and diameter (c) An inflamed appendix

with a rough and ulcerated wall . (d) The presence of fecalith inside the appendix

4.13.2 Histopathological features of acute appendicitis

The histological examination of resected appendices aims to achieve
two purposes: to enhance confirming the diagnosis of the inflammatory
condition, especially if no macroscopic changes are observed during the
surgical operation and to detect additional causes that may be discovered
during the examinations (Jones et al., 2007). Pathological evaluation was
the gold standard method for diagnoses of appendicitis by doing the



routine histopathological evaluation which performed to confirm the
diagnosis of appendicitis and it might reveal other important pathological
details (Lal et al.,2014).

All samples in our study showed changes in the histological structure of
appendix. The histological examination in figure 4.8 (a) showed that
there is destruction of the epithelial wall lining the appendix resulting
from its obstruction by a fecalith . Most of the destruction occurs in the
mucosal and sub mucosal layer, and the expansion and swelling of the
appendix makes the wall thin, and this result is similar to a number of

studies (Yilmaz et al., 2013).

An inflammation of appendix which were noted by hyperplasia
increasing in the number of lymphoid follicle noted in figure 4.8 (b)
which were appeared to be agreed with Bokhary & Riddell (2009) and
Singhal & Jadhav (2007). This may be regarded as a result of viral
gastroenteritis or mesenteric adenitis (XU et al.,2016).While Torigian et
al (2001) demonstrate that lymphoid hyperplasia might occur as a result
of bacterial infection. Lymphoid hyperplasia is a physiologic response to
inflammation particularly in gastrointestinal infections can regress if the
accompanying gastrointestinal inflammation is resolved, it is most
commonly identified in pediatric patients (Xu et al., 2016). Appendical
lymphoid hyperplasia may be regarded as secondary to stimulation,
especially for viral or bacterial infections, giardiasis, cow milk protein
allergy, or IgA deficiency (Mansueto et al., 2012). Lymphoid hyperplasia
of appendix is typically associated with inflammatory conditions such as
viral gastroenteritis and mesenteric adenitis, it is may be obstructing the
appendicular lumen, cause AA, which can progress to peritonitis, and

resolves spontaneously only in a few cases (Whittle et al., 2020).



It was also observed increasing in numbers of neutrophil, as in  figure
4.8(c). As a result for an immune response to infection to occur ,
appendix is one of the lymphatic organs involved in defense against
infection with pathogenic agents , including bacteria , also that would
explain increasing in numbers of different types of leukocyte such as
neutrophil (Carvalho et al., 2021).

It was also observed in some cases the appendical cavity expanded
significantly, and vascular changes were observed, represented by
congestion blood vessels and their cavities expand in the serosa and sub
mucosal layers figure4.8(d) which was noted to be agreed with Bokhary
and Riddell (2009) and agreement with Carr (2000) who founded
dilatation in the blood vessels of the serosal layer which might belong to
explain our finding of hyperemia and congestion. In most cases, gases
produced by bacterial species that cause inflammation as metabolites
contribute to increased pressure on the walls of appendix (Robbins et
al.,1996) .

The expansion of appendix cavity causes pressure on the arteries and
blood vessels supplying the appendix which leads to interruption of blood
supply, so it appears dark in color and blood clotting is observed in the
blood vessels with exudation of red blood cells within the tissues of the
appendix wall and its lumen . When the luminal pressure exceeds the
venous pressure, ischemia, or vasospasm, occurs, it may cause clotting of
the veins and capillaries, and when there is continued arteriolar inflow
and impaired lymphatic and venous drainage, mucosal ischemia develops,
and inflammation extends to the sub mucosal , muscular layers and serosa

causing congestion and hemorrhage in blood vessels (Alvarado, 2018).



The histological changes of the excised appendices in this study varied
greatly among them , this may be due to the degree of appendicitis in
those affected , or it may be due to its physiological and anatomical
nature for appendiceal tissue , which varies according to age groups ,
despite the seriousness of the condition the surgeon's attempt to perform
the surgical operation before it reaches advanced stages to avoid
perforation of the appendix is noted ,sometimes such cases happen this
may be due to the differences in symptoms of appendicitis and its
development the inflammatory condition between one patient and
another, especially young or old patients, the development of the
condition in them is faster than in young people due to their weak

immune resistance (Watson et al., 2007).



Figure(4.8) Histological cross sections from patients with acute appendicitis.

(a) Follicular hyperplasia with fecalith note the fecalith (yellow arrow) in lumen
(black arrow) , follicular hyperplasia in submucosa (green arrow) (H&E 4 x) (b)
lymphoid follicles are more active and larger than normal (reactive hyperplasia) in the
submucosal layer (green arrow) and neutrophil infiltration in the mucosa (blue arrow)
(H&E 10x) (c) neutrophil infiltration (green arrow) in the muscular externa (H&E
20x) (d) periappendicitis the congested blood vessels (red arrow),neutrop\r}il
infiltration ,(blue arrow), periappendicitis (white arrow) (H&E 10 x)



Conclusions

1- Acute appendicitis can be resulted due to the bacterial infection of
appendix, gram positive and negative were implicated in acute
appendicitis , gram negative was more common acute appendicitis than
gram positive and E. coli constitutes the predominant bacteria in acute

appendicitis.

2- This study showed that acute appendicitis occurs at all stages of life
and the age group ranges from ( 16 - 30 ) years are more susceptible for
acute appendicitis and males were affected more than females and there
were significant variations between symptoms and patients with acute

appendicitis.

3- Both Imipenem and Amikacin were effective antibiotics against gram
negative bacteria; meanwhile, Vancomycin , Penicillin , Rifampicin and
Ticarcillin were effective against gram positive bacteria, all species of
gram positive bacteria had be isolated were resistance to Benzylpenicillin
and Oxacillin, most gram negative isolates were resistance to Ticarcillin
and Piperacillin 92.8%. Gram negative isolates showed to be more

resistance to the antibiotics than gram positive isolates.

4 - We can depend on the levels of Procalcitonine , IL-10, IL8 , MCP-
1, MIP -1a and IL-1Ra from the serum of patients as predicator for
acute appendicitis.



5 - The hematological result showed high significant increase in White
blood cells (WBC) and Neutrophils in patients with acute appendicitis
compare to the control, that due to the presence of an inflammatory

response.

6- The histopathological study of all appendices specimens showed
inflammation in all layers of the tissues characterized by dilatation of
blood vessels with increasing  amount of lymphatic tissue spread
through layers of appendix, lymphoid follicular hyperplasia , large
amount of adipose tissue with fatty necrosis , infiltration of inflammatory

cells spread through the layers of appendix.



Recommendations

1. A broader spectrum study may be conducted to include a larger
number of patients and healthy individuals of different age groups to

determine the exact incidence of acute appendicitis and to avoid bias.

2. Study the possibility of the present of genetic finger human leukocyte
antigen (HLA) that may determine susceptibility of persons for acute

appendicitis.

3. Conduct an extensive study on pathogens from other microorganisms
and determine their proportion in causing acute appendicitis and its

relationship with the elevation of each type of the immune marker.

4. Investigating the anaerobic species present in the inflamed appendix
and their coexistence with aerobic bacteria to obtain a complete

impression of the bacteria that causes acute appendicitis .

5. Achievement of further studies to detect the role of diet type and nature

In acute appendicitis occurrence.

6. Investigating the virulence factors possessed by the bacterial species

found in surgically removed appendices, which are important in the

development of the condition , such as their possession of cilia and the
production of toxins.
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