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SUMMARY [

SUMMARY

At present time, bacterial infection predisposing to chronic ear
discharge has been thoroughly investigated in this area. Work on
immunology of ear in cases of chronic ear discharge; has been
scarce or nill. The aim of the present work was to investigate mucosal
as well as systemic immune responses of chronic ear discharge

patients.

Y¢o patients with chronic ear discharge who attended to
otorhinolaryngology unit at teaching hospital in Al- Najaf were
subjected to a retrospective study for determination of the bacterial
profile of chronic ear discharge. The most widely associated bacteria,
in chronic otitis media were Pseudomonas aeruginosa Y17 , Proteus
mirabilis Y+7 , Staphylococcus aureus ! 9% E. coli, ) +%, B- hemolytic
Streptococci were 7 and Klebsiella species were Y.

New ).+ patients were enrolled in a prospective study just to
reaffirm the bacterial profile and the study indicate the most common
three bacterial associated with chronic ear discharge were Ps.
aeruginosa ¢17; P. mirabilis Y47, S. aureus V7.

Surface antigens( whole cell antigens) were prepared from these
species by heat kiling of Gram negative bacterial isolates of Ps.
aeruginosa and P. mirabilis and by benzalchonium chloride for Gram

positive S. aureus. Immunological studies were accomplished on top
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three bacterial isolates Ps. aeruginosa, P. mirabilis and S.aureus.

Humoral and cellular immune responses of CED patients to
these most common bacterial isolates at both systemic and mucosal
compartment. Patients with other species were not included.

Natural humoral immunity of these patients was assayed by
measuring total serum protein, serum Ig and secretory Ig (mucosal
Ig). Cases of CED patients caused by the three bacterial Ps.
aeruginosa, P. mirabilis and S. aureus were as follows:

In Ps. aeruginosa patients the total serum protein increased
with mean value of 71°.13g/L. Serum with Ig mean value was
increased to Ye.Ag/L. Serum albumin slightly decreased to YY.Yeg/L.
Mucosal Ig increased with mean value +.YVg/L.

In P. mirabilis patients, the total serum protein raised up with
mean value 1¢.¢g/L; serum Ig increased to Y1.71Y/L,.serum albumin
decreased to Y+.Yg/L, mucosal Ig increased to +.£Vg/L.

Total patients serum protein in cases of S. aureus increased
with mean value 11.g/L, serum Ig raised up to Y°.°, serum albumin
came down to YV. A¢ g/L. the mucosal Ig was +.£A g/L.

Specific humoral immunity was determined in those patients
affected by bacteria mentioned above at the systemic and mucosal
system.

In Y+ patients with CED that were caused by Ps.aeruginosa, the titers
of specific antibodies was measured. Mean serum value was Y¢:
when whole cell antigen were used as counter antigen, and the

mucosal mean titer was Y4.Y using whole cell antigen (by standard
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tube agglutination method).

In Y+ patients with P. mirabilis chronic ear discharge the mean
systemic titer was YY¢ and mucosal titer mean value was Y¢ when
somatic antigens were used in standard tube agglutination method.
These values were characterized by increased titers mean value in
mucosal and peripheral blood.

In case of S. aureus ten patients with CED were studied for
serum and mucosal specific immunoglobulin. The serum mean value
was YY1 and mucosal Ig titer was Y¢. The titer at systemic and
mucosal raised up more than normal value.

Phagocytic activity of polymorph nuclear cells was determined
by nitroblue tetrazolium reduction test (NBT) at the peripheral blood
and local system.

In Ps. aeruginosa, the number of PMNs as measured by NBT
test at the peripheral blood raised up with mean value Y:. Y7 and
mucosal mean value YV7.

P. mirabilis patients NBT systemic value was YV. ¢/ with no
significant increase observed. At the mucosal system the mean value
for NBT increased to YV.¢{7.

In patients with S. aureus the systemic NBT increased to Y°.)7
and mucosal ¢ +.A%Z compared with normal subject.

For the determination of cellular immune responses, two
parameters were performed, Leukocyte inhihibitory factor and E-
rosette formation .Ten patients were taken for each parameter in

each case, as fallows:
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In Ps. aerugiosa the LIF percentage raised up with systemic
LIF of 1Y/ and at the mucosal it was ¢37 when CFCF were used as a
sensitizer.

E-rosette formation was increased at local and peripheral
blood. It was YY.Y and ¢1.Y% at the systemic and mucosal
respectively.

P. mirabilis did not induce systemic and mucosal cellular
immune response when LIF was used as a parameter. It was AYZ at
the systemic as AY’ at the mucosal one when cell free culture filtrate
was used as a sensitizer. The systemic E-rosette formation also did
not increase, it was Y1.1/, and it was raised up at the mucosal
system and reached up to Y.V,

S. aureus ear infection was characterized by a significant
increase of LIF and E-rosette formation as the systemic and mucosal
system, the LIF was ©)Z. and ¢)Z at systemic and mucosal
respectively. E-rosette formation was YA.e/ at the systemic and ¢V%
at the mucosa! system.

Lipopolysaccharide was extracted and purified from Gram
negative bacteria in CED patients and the study was done by using
LPS as a sensitizer in LIF.

In Y+ patients with Ps. aeruginosa CED, LIF was measured by
using LPS as a sensitizer. The LIF significantly increased at both
systemic and mucosal system. It was °Y/ and ¢)7 at peripheral and
local system respectively.

In Y+ patients with CED by P. mirabilis the LIF was measured at
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peripheral blood and cells from ear discharge by using LPS as
sensitizer. The LIF significantly increased. It was ©°). as the
peripheral blood and ¢Y/ at the mucosal one as compared with

normal subject.
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CHAPTER ONE : INTRODUCTION !

INTRODUCTION

\-V.OVERVIEW

Injury, infection, degenerative disease and cancer are the four
main causes of human death at the age before childbearing (Playfair
and Chain, Y+ ). Infection from the immunology point of view can
be vaccine preventable and nonvaccine preventable (Bluestone,
Y44A). Among the nonvaccine preventable are gut, genitourinary,
integument as well as respiratory infections. A rather common
complaine an ear discharge can be seen mostly in childhood in our
community the mid-Euphrates as well (Al-Mola et al, Y24A),

Otitis media, however, are medically classified as upper
respiratory tract affections. Several studies have been conducted on
microbial profile of Otitis media at mid-Euphrates (Aubaidy, Y334A;
and Al-Tallah, Y+« +).

\-Y Reasoning:

The mucosal versus systemic immune state of chronic ear

discharge patients were not tackled by Iraqi researchers so far our

knowledge had been indicated. A mucosal immunological studies of
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Otitis media have been tackled on by other workers (Daly, et al,
Y444; and Straetemans, et al, Y:+)). Thus the present work has
been planned
\-¥. AIM OF THE STUDY

The main aim of the present work has been the investigation
of humoral and cellular immune response on patients with chronic
ear discharge both at mucosal and systemic levels. To verify this

aim several steps have been followed, as shown below:

\-Performing a retrospective bacterial screen on chronic ear

discharge.

Y-Doing prospective study on ):: cases of chronic ear

discharge (CED) patients to fix up the bacterial profile.

Y-Selection of the three commonly associated bacterial
causals and making immunologic assay using whole cell antigen

and cell free culture filtrates.

¢-Purification and assay of Lipopolysaccharides of the gram
negative bacteria , then using this pure LPS for assaying humoral

and cellular immune responses.

e-Comparing results of the immune function test for step ¥

and ¢ to draw correlation and conclusions.
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LITERATURES REVIEW

Y-\: Ear: a structure function relationship:

The ear has three major parts: the outer ear, middle ear
with Eustachian tube ET and an inner ear. Both the ET and
middle ear ME are important in relation to the accumulation of
fluid behind the tympanic membrane. ME is an air-filled chamber
which contains the auditory ossicles. The ET connects the ME
with the nasopharynx. The nasopharyngeal two thirds of the tube
are cartilaginous, while the tympanic one third is bony and
blends into the ME Cavity (Proctor, Y41V; Holborow, Y4VY+; and
Prades, et al. Y34A),

The mucosal lining of the ET consists of epithelium and
sub epithelial connective tissue, which contain numerous blood
capillaries and nerve fibers (lim, Y4Y¢). The nasopharyngeal end
of the ET has a squamous epithelial lining. This lining is
mucociliary and continuous with two strand of ciliated cells on
the floor of the ME cavity. The mucocilliary epithelium is covered
with mucus blanket this provides the basis for tubotympanic
mucociliary transport which clears the ME cavity (Sade, 31YV;
lim, Y4V¢). ET has three important functions with respect to the
ME: ventilation, protection and clearance. ME is protected by the
functional anatomy of ET and by immunological and mucocilliary

defense of the mucosal lining. Clearance of ME is achieved by
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mucociliary transport in the ET. Ciliary movement is directed
towards the nasopharynx and transport ME secretion via mucus
blanket on top of the cilia (Sade, Y31V).

The mucocilliary system is the primary defense of the
tubotympanum to keep middle ear sterile. The dysfunction of ET
Is considered to be an etiological factor in the development of
otitis media (Takahashi, et al. Y1A3). Studies on different
population of children indicate that ET function is impaired in
children with otitis media with effusion or otitis-prone children
compared to healthy children (Stenstrom, et al. Y4%); Bylander
and stenstrom, Y34A)

Impairment of clearance function can result from epithelial
damage by viral or bacterial infection originating in nasopharynx
e. g. non typable Haemophilus influeuzae and influenza A virus
(Wilson, et al. Y4Ae; and Ohashi, et al. Y34)Y),

Y-Y-A: Ear affections an overview

The source of ear affection could be exogenous,
endogenous of oral, lymphatic or haematogenic origins
(Hellstrom, et al. Y34V). Ear affection can be classified on basis
of the temporal sequence of the disease process (not severity).
The terms acute, subacute and chronic are recommended. Acute
otitis media (AOM) is an inflammation of middle ear that presents
with a rapid onset of signs and symptoms, such as pain, fever,
irritability, anorexia, or vomiting (Bluestone and Klein, Y3AY).



CHAPTER TWO: LITERATURES REVIEW °

Chronic disease implies middle ear fluid that has been present
for three months or longer and has had many synonyms,
including serous OM, secretory OM, and ((glue ear)). The sub

acute is the time in between (Kenna, Y1%A),

Y-Y-B: Ear potential pathogens.

The profile of potential ear pathogens covers virus,
bacteria and/or fungi (El-Gamal, et al. Y34Y; Heikkinin, et al.
Y444). Studies abroad showed the following profile: the bacteria
are most frequently cultured from effusions during ongoing acute
otitis media and/or secretory otitis media are Streptococcus
pneumoniae, Hemophilus influenzae , Moraxella catarrhalis that
gain access through ET from nasopharynx. In chronic OM,
Staphylococcus aureus and Pseudomonas aeruginosa are
frequent pathogen (Stenfors, Y3144), While Iragi and vicinity
studies have the following profile: Streptococcus pneumoniae,
Staphylococcus aureus, Escherichia coli, Klebsiella spp., and
Ps. aeruginosa (Al-Toraihi, Y+« +; Al-Snafi, et al. Y23%),

Y- Y. Ear potential bacterial pathogens.

It was focused on the top of three ear potential bacterial

pathogens as in the following:
f-r-1. Pseudomonas aeruginosa.

Ps. aeruginosa typically causes an array of diseases only
in individual with impaired host immune defenses and it is

referred to as opportunistic pathogen and the host as immune
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compromised individual which include patients undergoing
Immunosuppressive therapies (e.g. cancer treatment) or those
receiving treatment for traumatic skin damage (burn wound) and
those with human immunodeficiency virus infection and those
with cystic fibrosis (Kielhofner, et al. Y44Y; Govan and Deretic,
Y447). Recent clinical data indicated that Ps. aeruginosa was the
fourth leading cause of nosocomial infection (Jarvis and Marion,
Y44Y). Ps aeruginosa may produce three colony types: rough,
smooth and mucoid colonies, the later is frequently obtained
from respiratory and urinary tract secretions which is attributed to
production of alginate slime. The smooth and mucoid colonies
are presumed to play a role in colonization and virulence
(Kenneth, Y+ Y).

Most Pseudomonas infections are both invasive and
toxinogenic .The ultimate infection may be seen as composed of
three distinct stages: (1) bacterial attachment and colonization
(Y) local invasion (¥) disseminated systemic disease (Kenneth,
Y.+Y). Ps. aeruginosa has a series of virulence associated
antigens such as fimbrae, slime layer proteases, cytotoxins
(Todar, Y++Y). These antigen and their specific host responses
will be mentioned with ear mucosal response to infections
Y-¥-¥. Proteus spp as pathogen.

The genus Proteus comprises three medically important
species Proteus mirabilis, P. vulgaris and P. penneri, they cause

mainly wound and urinary tract infections.



CHAPTER TWO: LITERATURES REVIEW v

P. mirabilis is the most common pathogen which may be
explained by its high carriage rate (Y°%) in human intestine
(Chow, et al. Y4Y4). This part of the body is the major reservoir of
these bacteria in human and this can result in auto infections or
transmission of bacteria from patient to patient in hospital
(Warren, et al. Y3AY),

P. mirabilis has been described as opportunistic etiological
agents in many infections including respiratory tract, ear, eyes,
nose and throat (Cooper, et al. Y4V); Pennar, Y34Y).

P. mirabilis has several virulence associated antigens such
as fimbrae, outer membrane proteins, lipopolysaccharide (LPS),
capsular antigen, IgA protease and other proteinases (Rozalski,
et al. Y43V).

This will be thoroughly discussed in ear mucosal immune
response to specific affections.

r-r-r, Staphylococcus aureus.

S. aureus is a pyogenic gram positive human pathogen. It
was involved in several infections including that of respiratory
tract. This is with an emphasis on otitis media and chronic ear
discharge (Stenfors, Y444). As a pathogen, it gains assess ear
either as a result of exogenous or endogenous routes. S.aureus
has several virulence associated antigens such as surface
proteins, surface factors protein A, couagulase, membrane
damaging toxins and exotoxins (Todar,Y::Y ). These will be

thoroughly discussed in ear mucosal immune responses to
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infection as well as systemic response.
Y- ¢: Ear versus systemic affections.

The infections of nose, tonsils, teeth, gum periodontal area
as well as the infection of buccal cavity may be transmitted to the
ear through Eustachian canal (Kenna, Y43%A). Blood and /or
lymph circulations may be a possible vehicle for potential
mucous invading pathogens which may find their way to
Eustachian canal then to the middle ear causing disease.
Common cold and influenza may have such complications
(Tarlow, Y34A),

Reversal of ear affection may be possible from middle ear
cavity through mucous transported from middle ear cavity to
nasopharynex (Block, Y44V).

Y- ¢: Mucosal, humoral and cellular immune system.

Mucosa -associated lymphoid tissues (MALT) aggregation
of noncapsulated lymphoid tissue is found especially in lamina
properia (LP) and submucosal areas of gastrointestinal,
respiratory and genitourinary tract. The lymphoid cells are
present as either solitary or aggregated nodules containing
germinal center (secondary follicles). In humans, the tonsils
contain considerable amount of lymphoid tissue often with large
secondary follicles and intervening T-cell zones with  high
endothelial venules. Similar accumulations of lymphoid tissue
are seen lining the bronchi and along the genitourinary tract, the

digestive, respiratory and genitourinary mucosa contain
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dendtritic cells for uptake processing and transport of antigen to
the draining lymph nodes(Kuby, Y24V),

The mucosa is bombarded immediately after birth by a
large variety of microorganisms as well as by protein antigens
from the environment. Mucosal immune system has generated
two arms of adaptive defense to handle these challenges: (i)
antigen exclusion performed by secretory IgA (SIgA) and
secretory IgM (SIgM) antibodies to modulate or inhibited
colonization of microorganisms and dampen penetration of
potentially dangerous soluble luminal agents. (ii) suppressive
mechanisms to avoid local and peripheral over reaction
(hypersensitivity) against innocuous substances bombarding the
mucosal surface. The latter arm is referred to as "oral tolerance"
when induced via the gut against dietary antigens (Brandtzaeg,
Y447).  Secretory immunity is preferentially stimulated by
pathogens and other particulate antigen taken up through thin M
cells located in the dome epithelium covering inductive mucosa
associated lymphoid tissue. M cells contain deep invagination of
the basolateral plasma membrane which forms pockets
containing B and T lymphocytes, dentritic cell and macrophages
(Hathaway and Kraehenbuhl, Y::+). Many enteropathogenic
infectious bacteria and viral agents use the M cell as portal of
entry and reach professional antigen presenting cells (APC)
including B-cells and follicular dentritic cell .In addition, mucosal

dentritic cell may capture antigen and migrate via draining lymph
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to regional lymph node where they become active APCs which
stimulate T-cell for positive or negative (down regulatory)
immune response (Brandtzaeg, Y+ +Y).

Mucosal inductive sites in human, such as peyers
patches in the intestinal tract and the nasal associated
lymphoreticular tissue in the oropharyngeal cavity, stand as
sentinels to the intestinal and respiratory tracts and represent the
major site where mucosal immune response are initiated.
Common features of these inductive sites are microfold or M-cell.
Although the precise function of M-cell has not yet been
established, recent studies have indicated that they are involved
in uptake, transport, processing and possibly presentation of
microbial antigens (Allan, et al. Y43Y; and Neutra, et al. Y431 3,
b). The interaction of epithelial cell to differentiate in to M-cell in
vitro (Kernels, et al. Y14A), indicating the importance of
lymphocyte-epithelial cell interactions for maintaining M-cells in
follicle-associated epithelium of the peyers patches. These
lymphocyte M-cell interaction which can occur in the pocket of
the M-cells are mediated through thin cellular extensions,
indicating that cell-ceil interactions are intricate part of M-cell
function and that they may facilitate transfer of luminal antigen,
virus, bacteria and other protein component (Neutra, etal. Y437),

M-cells are well suited for efficient endocytosis and
transcytosis, they lack the rigid brush border cytoskeleton of the

enterocyte of their neighbors, and their apical surfaces have



CHAPTER TWO: LITERATURES REVIEW X

broad membrane microdomains from which endocytosis occur.
The M-cell basolateral membrane is directly invaginated to form
large intraepithelial "pocket" containing T- Lymphocytes
(including CD¢{+ cells and CDf{°Ro+ memory cells) B-
Lymphocytes and Macrophages (Neutra, et al. Y%31). This
structural specialization brings the basolateral cell surface to
within a few microns of the apical and greatly shortens the
distance that transcytotic vesicles must travel to cross the
epithelial barrier. Endocytic or phagocytic uptake of foreign
antigens or particles is followed by rapid transcytosis to the
intraepithelial pockets, with little or no retention in M-cell
lysosomes. After M-cell transport, antigens are processed and
presented by macrophages, dentritic cells, and B-cell within and
between epithelium, resulting in generation of IgA-committed,
antigen specific B-lymphoblast that proliferate locally in the
germinal center of organized MALT and migrate via blood stream
to distant mucosal area and glandular tissues where they
differentiate into plasma cells. The dimeric or polymeric IgA
antibody thus produced are selectively bound by  epithelial
polymeric  immunoglobulin  receptors. Transcytosis across-
epithelial cells and released into glandular and mucosal
secretions (Apodaca, et al. Y44Y). M cell transcytosis is an
important first step in initiation of a secretory immune response.
The importance of mucosal immune system was quickly

realized after the discovery that SIgA is the most abundant
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isotype of antibody in secretions and the elucidation of its unique
structural properties. SIgA is the major isotype in human
digestion tract and milk, as evidenced by both Ig levels and the
presence of Ig-producing cells (Brandtzaeg and Farstad, Y119).
SIgA structure affords the molecule resistance to most proteases
and increases its functional affinity for corresponding antigens.
Unlike serum, IgA which is highly sensitive to protease, the Fc
region of S-IgA is wrapped within a secretory component (Sc)
molecule, which renders associated chains protease resistant
(Mestecky and Russell, Y3A1). In addition, the hing region of IgA
Is either absent in the IgAY or replaced by a pseudohing
structure with low flexibility, which is also protected from many
enzymes by the presence of special carbohydrate chains (Mattu,
et al. Y49A). The functional capacity of the S-lgA molecule is
increased by its dimeric and even tetrameric status, as
demonstrated for other polymeric immunoglobulin (Hornick and
Karush, Y4VYY). It has been clearly established that the secretory
iImmune system is compartmentalized and independent from the
systemic immune system (Lue, et al. Y41¢). When antigen
penetrates the epithelial layer through M-cell in mucosa-
associated lymphoid tissue, it triggers the immune response
(Neutra, et al. Y4317).The activated cells undergo a circulating
cycle via blood and lymph where they mature and reach the
"high" endothelial veinules (HEV), and then disperse to areas of

the subepithelial stroma.
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It has been found that cells of the secretory system
often, but not always, tend to migrate toward their tissue of origin
(Brandtzaeg &Farstad Y44114). In the stroma, these Ig-producing
cells synthesize polymeric IgA through epithelium covalently
linked with adjoining (J) chain required for Ig binding to the
transmembrane precursor of Sc (Brandtzeag and prydz, Y4A¢),
called the polymeric Ig receptor (PIgR) (Mostov, et al. Y3A+ ),

The PIgR is initially localized to the basolateral surface of
epithelial cells and allows active transcytosis of IgA through the
epithelium and its release into the lumen as SIgA after cleavage
of the ectoplasmic domain of the PIgR. Covalent disulfide
bridges between IgA and the PIgR appeared during transport.
This well designed system ultimately leads to “"immune
exclusion" on the mucosal surface (Brandtzaege, Y%%1) i.e.
preventing the entry of new pathogen through the mucosal
barrier .In addition, transcytosis results in immune elimination
(Brandtzaeg, ) 19¢) which consists of the active transport of IgA-
bound pathogens from either the stroma (Kactzel, et al. Y43)Y) or
the epithelium where it is ultimately released (Mazanec, et al.
V44Y). The sequences of events of mucosal immune response

are:
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Mucosal immune response

Inductive phase

-Priming of lymphocyte =antigen presentation

-Migration of lymphocyte from inductive site in mucosa
(e.g.peyers patches).
RegionII lymph nodes

Blood circulation

l

Mucosal effectors sites (lamina properia)

l

Effectors phase
Production of antibody predominately of SIgA

All isotype expressed in lamina properia

Beside the humoral immune mechanisms, mucosal
immune system contains also cellular immune mechanisms such
as CDA" cell mediated immunity(CMI) and CD¢" cytokine
production, and forms early line of defense. Beside supporting
humoral immunity, CD¢'T- helper cells function in CMI as

producer of cytokines ,which mediate delayed type
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hypersensitivity and support cytoxic T- lymphocyte (CTLs) which
as such are critical components of the CMI responses to
intracellular pathogens. Both antigen specific and non specific
(Natural-killer cells, antibody-dependent cytotoxicity) cytotoxic
cell types can control growth of intracellular pathogens by two
distinct mechanisms. First they can respond to the infection by
secreting a number of cytokines such as IFN-gd and TNF-ad
(Chiasari, Y44Y) or chemokines such as Rantes, macrophage
inflammatory protein-lao (Yang, et al. Y34V¥; Fehniger, et al.
Y44A). These soluble factors inhibit growth of intracellular
pathogens such as virus without destroying the host cell.
Second, cytotoxic cells can effectively and efficiently recognize
and lyse infected cells and prevent multiplication of virus.

Cytotoxic T-lymphocyte plays an important role in
elimination of cells infected with various intracellular pathogens
by recognizing specific antigen\MHC complexes. Antigen -
specific CTLs inhibit further spread of pathogens and help to
terminate infections. Compartmentalization of pathogen specific
CTL responses have been reported and located at the site of
initial infection, for example, CTLs preferentially
compartmentalize in mucosa- associated lymph reticular tissues
after pulmonary and intestinal infection (Frederik, etal. Y« «+).
Y-1: Ear as a compartment of mucosal immune system.

In any circumstances where the ear becomes in a

pathophysiological state, an impaired mucociliary clearance
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which results from epithelial damage by viral or bacterial
infection originating in nasopharynx can contribute to the
accumulation of secretions in the middle ear (Karja, et al. Y2AY),

As a consequence of ET dysfunction, pathogens can enter
the normally sterile ME cavity, and the presence of bacteria and
virus in the ME initiate an inflammatory response which
subsequently may change the gas composition and also tissue
characteristic.

What is typical of the non-specific protective modalities of
middle ear cavity (MEC) is that they are present at birth, react
promptly against a broad spectrum of microorganisms, have no
memory system for their action and are present for life; the
mucociliary clearance system is unceasingly transporting mucus
containing trapped foreign material from the MEC to the
nasopharynx. The viscous properties of the mucus film definitely
play an important role in entrapping bacteria which have
advanced in to MEC. In addition, the mucous layer contains
several substances having antibacterial effect like lactoferin
lysozyme, fibronectin, lactoperoxidase (Stenfors, Y449).

Although the role of complement is not clear in MEC, the
final phase of activation of complement cascade is the formation
of membrane attack complex (Walpart, Y44Y). The best known
opsonins are the complement cleavage product C¥b, C-reactive
protein and, of course, antibodies (IgG", IgGY, IgM) (Prellner, et

al. Y4A%), Leukocytes are very few in healthy MEC, and these



CHAPTER TWO: LITERATURES REVIEW Vv

cells are attracted to mucous membrane whenever an
inflammatory reaction is induced. Ultimately many pathogenic
bacteria invading the MEC are killed by phagocyte. The rapid
release from macrophage of cytokines such as TNF and IL-)
leads to systemic activation of phagocytic cells and their
adhesion to endothelium facilitating their passage to inflamed
tissue.

The upper respiratory tract is the site of initial exposure
to ingested and inhaled antigens. The nasopharynx is part of the
upper respiratory tract and is closely related to the ME and ET.
Walleye's ring (predominantly represented by the adenoid) which
belongs to the mucosa- associated lymphoid tissue (MALT),
which forms, the primary defense against pathogens at the port
of entry of upper respiratory tract. The lymphoid cells of the ring
are able to sample, recognize and destroy any inhaled
pathogens. In addition, effectors and memory lymphocytes are
produced here which may migrate to a neighboring mucosal site
(i.e. the middle ear) to reinforce the local immune system (Van
Kempen, etal. Y+ ++)

Another mechanism against infection in the upper
respiratory tract is the production of SIgA antibody by mucosal
lining and Ilymphoid ring e.g. the adenoid. SIgA in
nasopharyngeal secretions inhibits bacterial adherence and
reduced nasopharyngeal bacterial colonization, both important

factors in the protection against otitis media (Lim and
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Mogi,) 44 ¢),

¥-1-): Pseudomonas aeruginosa immunogens versus ear
mucosal and systemic immune responses during infections
as in the following:

Y-1-V-V Fimbrae.

The fimbrae of Pseudomonas will adhere to the epithelial
cells of the upper respiratory tract and by interence to other
epithelial cells as well .These adhesins appear to bind to specific
galactose or mannose or sialic acid receptors on epithelial cells.
Colonization of the respiratory tract by Pseudomonas requires
fimbrial adherence and may be aided by production of a
protease enzyme that degrades fibronectin in order to expose
the underlying fimbrial receptors on epithelial cell surface. Tissue
injury may also play a role in colonization of respiratory tract
(Fick, Y4A3),  Mucoid strains, which  produce an
exopolysaccharide (alginate) have an additional or alternative
adhesion which attaches tracheobronchial mucin (N-acetyl
glucosamine) .Beside pili and mucoid polysaccharide, there are
possibly two other cell surface adhesins utilized by
Pseudomonas to colonize respiratory epithelium or mucin in
addition, it is likely that surface bound exoenzyme S can serve
as an adhesin for glycolipid on respiratory cells
Y-1-)-Y: Bacterial slime layer

The ability of P. aeruginosa to invade tissues depends

upon it resistance to phagocytosis and to the host immune
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defense, and the extracellular enzymes and toxin that break
down physical barriers and contribute to bacterial invasion.
Bacterial capsule or slime layer effectively protect cells from
opsonization by antibodies; complement deposition, and
phagocyte engulfment.
¥-1-1-¥: Proteases

Two extra cellular proteases have been associated with
virulence that exerts their activities at the invasive stage:
elastase and alkaline protease .Elastase has several activities
that relate to virulence. The enzyme cleaves collagen, 1gG, IgA
and complement. Alkaline protease interferes with fibrin
formation and will lyse fibrin. Elastase & alkaline protease
together are also reported to cause the inactivation of ga'ma
interferon (IFN) and tumor necrosis factor (TNF) (Liu, Y3717 ; Liu,
14v4),
Y-1-)-¢: Cytotoxin:

Ps. aeruginose produce three other soluble proteins
involved in invasion: cytotoxin and two hemolysin (phospholipase
and lecithinase). Cytotoxin (pore-forming protein originally
named Leukocidin) have effect on neutrophiles but also appeare
to be cytotoxic for most eukaryotic cell. Ps euroginosa produce

two extracellular protein toxins, Exoenzyme S and exotoxin A.



CHAPTER TWO: LITERATURES REVIEW Y.

the first exototoxin impairs the function of phagocytic cell in blood
stream and internal organs to prepare for invasion by Ps.
aeruginosa. Exotoxin A has exactly the same mechanism of
action as diphtheria toxin, it causes the ADP ribosylation of
eukaryotic elongation factor ¥ (Stanley, et al. Y3AY). Also Weber,
and Osborn (Y3AY) found that toxin -A and elastase inhibit
protein synthesis in macrophage of mice thus indirectly affect
phagocytosis.

Immunological response to Ps. aeruginosa antigen are
various cell associated and secreted antigens of Ps. aeruginosa
have been studied, among pseudomonas antigen, the mucoid
substance, which is an extracellular slime consisting
predominantly of alginate, was found to be heterogeneous in
terms of size and immunogenicity. It was found that crude slime
extracted from Ps. aeruginosa has activity against phagocytosis
in animal but their effect on phagocytosis in human is not well
known (Laharague, et al. Y3A¢), In addition, Garzelli, et al. (Y4v?)
found that bacteria killed by heat inhibit humoral immune
response in mice by impairing production of antibody and, that
heat-killed bacterial cell inhibit B-lymphocyte response. Rubin, et
al. (V?AY) found that Ps. aeruginosa inhibit proliferation of

lymphocyte and DNA synthesis in this cell.
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Effect of secreted substances by Ps. aeruginosa are well
studied by different scientist .It was found that the effect of these
substances depend on their type, their molecular weight and
biological activities. Nonoyama, et al. (Yivd) found that
substances with high molecular weight inhibited phagocytosis
and killed polymorphnuclear cell. The scientist purified these
substances and described them as protein in nature. Sorensen,
et al. (Y 9AY) found that substances with low molecular weight like
pyocyanin inhibit lymphocyte proliferation. Kharazmi, et al. (YA€)
found that the effect of alkaline protease and elastase stopped
chemotaxis in agarose.

Y-1-V-¢: Lipopolysaccharide

LPS molecules are located in the cell wall and thus play an
important structural role which mediates interaction with
neighboring environment. The tripartite nature of LPS divides the
molecule into hydrophic lipid-A region, central core
oligosaccharide region and repeating polysaccharide referred to
as --antigen or --polysaccharide. The terms "smooth" and
“rough" are often used to describe the LPS phenotype.
Attachment of the --antigen to core-lipid -A results in smooth
LPS phenotype, while core-lipid A lacking +-antigen is referred to
as rough LPS. The contribution of smooth LPS to virulence has
been demonstrated repeatedly by using various animal model
systems (Rocchelta, et at. Y449).

Cryz, et al. (Y%A¢) showed that a wild-type strain of Ps.
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aeruginosa with smooth LPS was more virulent than were
Isogenic mutants. In a burned -mouse infection model, the
mutant, which has rough LPS, has °:7 lethal dose more than
\,+++-fold higher than that of the wild type strain .Recent studies
by Preston, et al. (Y4%¢) with mouse cornea infection model and
with neonatal -mouse challenge model confirm that intact smooth
LPS is required for Ps. aeruginosa virulence . In vitro
experiments have shown that rough mutants of Ps. aeruginosa
deficient in +- antigen synthesis are sensitive to the killing effects
of human serum while wild- type strain with smooth LPS are
serum resistant (Hancock and Speert , Y3AY ; Dasgupta, et al.
144¢),

When LPS is shed by bacteria into host tissues, it is
usually bound by LPS binding protein (Lamping, et al. Y331),
which is transferred to the CD)¢ receptor on macrophage,
thereby inducing secretion of cytokines including tumor necrosis
factor alpha,interleukin-Y (YL-),'L-1,L-A,and ‘YL-)+(Lynn and
Golenbock,Y44Y). These cytokines are known markers of
inflammatory responses. The lipid A region of LPS composed of
a phosphorylated diglucosamine moiety substituted with fatty
acid, is thought to be responsible for most of the biological
activities of LPS through the induction of these
immunomodulating molecules. Release of this inflammatory
mediator enhances host defense against bacterial infection.

Excessive LPS stimulation of the immune system can occur,
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whereby elevated levels of activated and recruited immune cells
results in septic shock and even death (Lynn and Golenbock,
Y44Y). Ps. aeruginosa is one of the top three pathogens
responsible for sepsis due to gram-negative bacteria, and LPS
from this organism is capable of overstimulating the immune
system (Dulley, Y4%+). Interestingly, Ps. aeruginosa lipid A is less
toxic than that of entric organisms, probably due to the presence
of mostly pentaacyl rather than hexoacyl chain (Kulshin, et al.
Y44Y). Attached to the lipid A is the core oligosaccharide region
of LPS, which can be subdivided into inner and outer core. The
outer core region of Ps. aeruginosa LPS has recently been
proposed to function as bacterial legand for association and
entry of the organism into corneal cells during the infection stage
of keratitis (Zaidi, et al. Y421). Recently Pier, et al. (Y%%1a), and
Pier, et al. (Y%%1b) assessed the role of cystic fibrosis
transmembrane regulator protein (CFTR) as a receptor for the
binding of Ps. aeruginosa to host epithelial surface. In these
studies CFTR - minus epithelial cell lines showed poor ingestion
and uptake of Ps. aeruginosa compared to cell lines transfected
with CFTR. These authors have proposed that the presence of
CFTR in normal host could be a defense mechanism whereby
efficient epithelial-cell ingestion of Ps. aeruginosa followed by
cellular desquamation and swallowing, could facilitate bacterial
killing by the digestive system of the host.

The O-antigenic region is highly immunogenic and elicits



CHAPTER TWO: LITERATURES REVIEW Y¢

a strong antibody response from the host. Resistance to serum
is conferred by the presence of O-antigen on the cell surface,
and the extent of this serum resistance is influenced by O-
antigen structure, chain length, and the amount of O-antigen
substituted on core lipid A (Joiner, YiAe). Ps .aeruginosa
produces two forms of O-antigen known as A band
(homopolymer), and B band (heteropolymer). The A band O-
polymersaccharide region is composed of D-rhamnose (D-Rha)
residues (approximately V. D-Rha residues) (Yokota, et al.
Y4AV). This is shorter than B-band O-antigen which is thought to
mask under lying A-band O-polysaccharide, since A"B" strains
are not agglutinable with A-band specific monoclonal antibodies
(Lam, et at. Y4A%). Several studies have demonstrated that Ps.
aeruginosa LPS confers serum resistance and elicits protective
immune response (Hancock and Speert, Y3AY; Cryz, et al. Y A¢;
Engels, et al. Y44¢). Recently, a panel of Ps. aeruginosa LPS-
deficient mutants was used to determine that B- band LPS
confers serum resistance to the organism while A-band LPS is
not protective against serum- mediated lysis (Dasgupta, et al.
V44¢), Studies have also indicated that while antibodies directed
toward B-band LPS are highly protective of neutropenic mice
upon challenge with smooth LPS strains, antibodies against A

band LPS are not protective (Hatano, et al. Y44¢2].

¥-1-Y. Proteus mirabilis immunogens versus ear mucosal
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and systemic responses during infection as in the following:
¥-1-Y-\: Fimbriae and adherence ability.

Bacterial adhesions to epithelial surface is thought to be
one of the most virulent factors ( Reid and Sobel, Y3AY). The
data obtained by several authors suggest that adhesion of
bacteria to epithelial cells is very important in the process of
infection (Savoia, et al. Y4AY ; Cellini, et al. Y4AY). Fimbrated
Proteus are easily phagocytosed while partially or unfimbriated,
they are resistant to phagocytosis (Silverblate and Ofek, YVYA),

Ultrastructural studies of Proteus strain have shown two
types of fimbriae thick and thin. The first type which is also
known as type IV fimbriae, was found mannose resistant and
named Proteus -like fimbriae (MR\P). The second type Il
fimbriae, which is mannose resistant Klebsiella -like fimbriae
(MR\K). These types of fimbriae are associated with their ability
to hemagglutinate untreated (MR\P) or tanic acid treated (MR\K)
erythrocyte from several animal species (Old and Adegbola,
YdAe: Clegg and Geriach, Y4AY; and Gabidullin and Ishkidin,
V4A9).

Hornick, et al. (Y4%)) showed that these types of fimbrae
are absent in P. mirabills isolates. Silverblatt and Ofek (Y3VA)
demonstrated that MR\P fimbriae are more important for the
adherence of bacteria to epithelial cell than MR\K
hemagglutinin.  Strains  possessing MR\K hemagglutinines

adhere no better to these cells than do depiliated bacteria. It was
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found that rat infected intraurethrally with strains of P. mirabilis
expressing either MR\P or MR\K hemagglutinins, a higher
frequency of cortical abscess was observed within one week with
strains having MR\P fimbriae than in those infected MR\K strain
(Silverblatt and Ofek, YiYA), MR\K hemagglutinin is completely
different from the MR\P fimbriae in the tissue binding pattern.
¥-1-Y-Y. Outer membrane protein (OMP).

OMP possesses immunogenic properties and mitorgenic
activity for B-cells (Metchers, et al. Yive; Chen, et al. YiA+),
Furthermore outer membrane lipoproteins and their synthetic
analogs function as adjuvant and can also activate macrophage
to produce a tumor necrosis factor (TNF) (Hoffman and Bessler,
Y4AA). The outer membrane of P. mirabilis contains three major
proteins. OMPA which is effective as immunomodulator of
immune response to LPS, and greatly enhances the level -
specific IgG (Karch, et al. Y3AY),

This protein is also a mitogen for murine B-cells in vitro.
The other part of protein (sgkDa protein) inhibite oxygen radicals,
as well as ('L-)) production, and enhance TNF secretion by
LPS-stimulated macrophage (Weber, et al. Y3AY),

Y-1-Y-¥: Lipopolysaccharide (endotoxin).

Proteus is an antigenically heterogeneous genus,
principally because of structural differences of its --specific
polysaccharide chain of LPS (:-antigen) as well as its H-antigen.

The virulent factors of these bacteria are the LPS (endotoxin)
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which function as surface antigen and exert a number of
pathophysiological activities (Rozalski, et al. Y44Y). Carbohydrate
part of the LPS, the :-specific polysaccharide (:-antigen) and the
core oligosaccharide are the targets of specific antibodies
induced by LPS in the host immune system, whereas lipid-A is
responsible for the endotoxic activities (Mamat, et al. Y339).

Based on the --antigens two species, P.mirabilis and P.
vulgaris were classified in to 1:-+-serogroups (Penner and
Hennessy, Y4A«; Larsson, Y4A¢),

A peculiar feature of Proteus +-specific
polysaccharides is their acidic nature due to the presence of
hexuronic acids, their amides with amino acids, phosphate
groups and other acidic non sugar components, which often
serve as epitopes recognized by specific antibodies (Knirel, et al.
V44Y; Knirel, et al. Y4%4). Most Proteus O-antigens have a
unique structure, but some of them possess marked structural
similarities to another, which accounts for the serologica! cross -
reactivity of strains. LPs from smooth and rough form proteus
strains induce production of nitric oxide (NO) and TNF by
macrophage isolated from CYH\HeN but not C¥\HeJ mice. Lipid-
A from proteus strains also induced NO and TNF production,
although lipid-A was less potent than LPS. The effects of LPs
were mainly dependent on CD) ¢ (Swierzko, etal. Y« ).

¥-1-Y-£: Capsular antigen:

For along time, it was believed that proteus strains did not
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produce the typical capsule antigens characteristic of some gram
negative bacteria .The capsule structure also termed as slime
material or glycocalyx, was demonstrated to be a potential
pathogenic factor of proteus strains because of its positive effect
on struvit crystal growth and stone formation (Beynon, et al.
V44Y). The acidic character of proteus capsule due to the
presence of uronic acid, pyruvic acid or phosphate groups
enable them to bind metal cataion (e.g. Mg+Y ) via electrostatic
interactions.

Y-1-Y-¢: [gA, protease:

Human immunoglobulin A (IgA) which occurs in two
Isotypic forms, IgAY, and IgAY, is unlike other immunoglobulin in
that it exists in a variety of molecular forms each with a
characteristic distribution in various body fluids (Kerr, Y44+,
Mestecky, et al. Y444). Serum IgA, is predominantly a monomer
of IgAY (V1. KDa). This IgA is composed of two a) chains, each
of 1+KDa and contains one variable domain, a hinge region, and
three constant domains (CH'), CHY and CHY). The a) chains are
linked by disulfide bonds to each other and to two light chains (A
or K chains) that are identical to those found in other
immunoglobulin. In normal human serum, ‘:7Z of the IgA
comprises dimeric and higher polymeric forms .The proportion of
IgA in these forms increases in a number of disease states
(Roberts and Shepherd, Y44+).Dimeric and polymeric forms of

IgA contain an additional protein known as J chain, which links
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the IgA monomers via the tail piece -an YA amino acid extension
of the a-chain (Mestecky, et al. Y444). Secretory IgA(S-IgA) is the
form of IgA synthesized at mucosal surfaces to protect them
from microbial attach. S-lgA is dimeric or polymeric IgA
complexed with heavily glycosylated protein called secretary
component (Sc). Sc is part of a cell surface receptor that
mediates the transport of polymeric IgA across the epithelial
barrier (Mostov, Y44¢). Sc is thought to provide stability to the
structure of SIgA to increase its resistance to proteolytic
degradation (Kerr, Y4%%:). Colostral S-IgA is composed of
approximately equal proportions of S-IgAY and S-IgAY although
the ratio differs in other secretion. The protinase that are
produced are highly specific and cleave, almost exclusively, IgA»
from human and from higher apes at the hinge (Qiu, et al. Y437),
Human IgA)Y, in its secretory form is also cleaved by them,
suggesting that the hing is not protected by Sc. These IgA),
proteinases are unable to cleave IgAY because it lacks the
sequence of the IgAY hing. Although these IgA) proteinases are
extremely specific, recent studies have identified other
nonimmunoglobulin substrates susceptible to cleavage by them
(Hauck and Meyer, Y43V; lin, et al. Y44V, Senior, etal. Y++)). The
gAY proteinases are believed to be virulent factors because they
are produced in vitro (Insel, et al .)4AY; Kilian and Russell, Y34%),
Most strains of Proteus mirabilis of diverse type produce an E D

T A -sensitive metallo-proteinase, which, unlike the IgA)
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proteinase previously described is able to cleave not only IgA»
but also IgAY, IgG and other immunoglobulin substrates (Senior,
et al. Y4AY; loomes, et al. Y34+),

¥-1-¥. S. aureus immunogens versus ear mucosal and
systemic immune responses during infections as in the
followings:

S.aureus expresses many potential virulence associated
antigens such as:

Surface protein that promote colonization of host tissues.

Invasin that promote bacterial spread in tissues include
leukocidin, kinases, and hyaluronidase (Sheagren, Y1A¢),

Surface factors that inhibit phagocytic engulfment like
capsule and protein-A (SPA) that contain five homologus
extracellular 1g-binding domains in tandem, designated E, D, A,
B, and C which exists in both secreted and membrane
associated forms possesses two distinct Ig-binding activities
each domain can bind Fc (the constant region of IgG involved in
effectors functions) and Fab (the Ig fragment responsible for
antigen recognition (Boyle, Y34+).

Biochemical properties that enhance their survival in
phagocytes are Carotinoids, and catalase production (Brooks, et
al. Y44A),

Immunological disguises include protein-A, and coagulase.

Membrane damaging toxins that lyse eukaryotic -cell

membrane are hemolysin, leukotoxin, and leukocidin (Sheagren,
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14A%),

Exotoxins that damage host tissues or otherwise provoke
symptoms (SEA-G, TSST, and ET).

Virulent forms of Staphylococci of which S. aureus is
perhaps the most common, resist phagocytosis. This may be
partly due to capsule formation in vivo and partly to the
elaboration of factors such as coagulase enzyme which could
protect the bacterium by a barrier of fibrin. It has been suggested
that the ability of cell wall component, protein -A, to combine with
the FC portion of IgG (other than subclass 1gGy) is responsible
for inhibition of phagocytosis by virulent strains, but 1gG-
proteinA complex fix complement and one study reports that
protein -A actually increases complement mediated phagocytosis
(Roitt, Y44Y). It seems to be accepted that S. aureus is readily
phogocytosed in the presence of adequate amounts of antibody
but a small proportion of the ingested bacteria survive and they
are difficult to eliminate completely. Where the infection is
inadequately controlled, sever lesions may occur in the
immunized host as a consequence of type IV delayed
hypersensitivity reactions. Thus, staphylococci were found to be
virulent when injected into mice passively immunized with
antibody, but caused extensive tissue damage in animal
previously given sensitized T- cells (Bloom and Zinkernagel,
Y447, Blackwell, Y347),

¥Y-1-¢  Pathogenesis and ear mucosal responses to
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endotoxins:

Endotoxins are high molecular weight complexes of
lipopolysaccharide (LPS), that constitutes the major cell wall
component in all gram-negative bacterial families (Mecuskey, et
al. Y437), These molecules have been intensively investigated
because of increasing appreciation of their potentially pathogenic
role in wide variety of human disease states (Rietschel, et al.
1447,

Purified endotoxin is a complex glycolipid composed of a
biologically active lipid (lipid A) linked to a polysaccharide region
(Glauser, et al. Y44), Reitschel, et al. Y4421). In addition to LPS,
other endotoxic cell membrane molecules have been identified,
including lipooligosaccharide (LOS, as short chain endotoxin)
and certain lipoproteins.

The basic endotoxin molecular structure consists of two
distinct regions; hydrophilic  carbohydrate (polysaccharide)
portion which include an O-specific side chain and an inner and
outer core region, and hydrophobic toxic lipid-A component,
(Glauser, et al. Y44Y). Although the general structure is highly
conserved among gram- negative bacteria, there is considerable
variability at the --specific chain between bacterial species.

Since the - specific chain is enzymatically constructed
by the sequential addition of oligosaccharides, the endotoxin of
a given bacterium at a given point in time is a heterogeneous

mixture of molecules with short, inter mediate and long *-specific
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chains thus, there is no precise or standard way to measure
molecular composition or molecular weight of endotoxin.
Evolutionary pressure exerted by phagocytic cell and
macrophages on Gram-negative bacteria may account for some
of this heterogeneity (Nikaido, Y4V+).

The structural variation in the --specific side chains
produces two distinct morphological types of Gram-negative
bacterial growth in culture ,the "rough” (or short - - specific chain-
containing LPS) and the "smooth" (long chain containing LPS).
Variants in laboratory and in animal experiment, the smooth
phenotype emerges as an important virulence factor, conferring
resistance to complement mediated serum Kkilling of bacteria
(McCallum, et al. Y3A%), Smooth strains of salmonella
demonstrate accelerated rates of proliferation and mortality in
mouse model infection (Lyman, et al. Yiv1) .The lipid A
component of endotoxin, is highly conserved from one Gram-
negative bacterial family to another and give the endotoxin
molecules its toxicity (Rietschel, et al. Y331), whether as a
component of a viable microorganism or when shed from the cell
wall. The most powerful evidence implicating lipid A as
biologically-active portion of endotoxin involves upper respiratory
tract. The lymphoid cells of the ring are able to sample,
recognize and destroy an inhaled pathogen. In addition effectors
and memory lymphocyte are produced here which may migrate

to neighboring mucosal sites i.e. the ME to reinforce the local
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immune capacity (Van Kempen, et al. Y+++). Another defense
mechanism against infection in the upper respiratory tract is the
production of secretory IgA (SIgA). Antibody by mucosal lining
and lymphoid ring e.g. the adenoid-SIgA in nasopharyngeal
secretions inhibit adherence and reduces nasopharyngeal
bacterial colonization, both important factors in the protection
against otitis media (Lim and Mogi Y24¢).

Studies using synthetic molecules, showed that lipid A
independent from all carbohydrate constituents, is as toxic as its
naturally occurring endotoxin counterpart (Ulevitch and Tobias,
Y44e). The actual endotoxic activity of LPS is believed to be
dependent up on specific conformation of lipid A portion of the
molecule. At high concentrations this conformation appears to be
three- dimensional non- lamellar structure (Shenep, et al. Y3AA),
It is believed that this conformation enables endotoxin to
maximally interact with humoral and cellular host factors,
triggering the inflammatory cascade.
¥-1-¢-) Routs of exposure to endotoxin:

Human may be exposed to endotoxin via two routs: the
first and most widely appreciated is systemic or localized Gram-
negative infection of exogenous source as aconsequences
of infection by specific pathogen. Bacteria and bacterial cell wall
fragments can cause local or systemic inflammatory response.
However even when the bacteria are successfully killed, their

residual endotoxin can continue to fuel an inflammatory
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response. It was found that antibiotic treatment highly increase
endotoxin load and exacerbate the inflammatory response.

The second, less well-recognized rout of endotoxin
exposure is bacterial translocation from the gut (Lemair, et al.
Y44y, Van leeuwen, et al. Y44¢).The gastrointestinal tract
normally contains a population of non pathogenic bacterial flora,
primarily gram negative facultative anaerobes. Outer membrane
fragment of Gram negative bacteria including endotoxin, are
continuously produced within the normal gut, without apparent
harm to the host (Van leeuwen, et al. Y44¢). In fact, there is a
considerable evidence showing that minute amount of endotoxin
are constantly being shed in to the portal circulation by the
healthy gut and cleared by cells in the liver (Mathison and
Ulevitch, Y4Y% ; Nolan, Y3AY). During this process, LPS is
normally taken up by endothelial and kupffer cell, and possibly
hepatocyte, via pinocytosis or receptor-dependent mechanism
(Van leeuwen, et al. Y44¢) and is thereby rendered harmless to
the host before reaching the systemic circulation. Pathologic
translocation may lead to endotoxin-related illness when one or
more of the natural host controls of this process fail, allowing
excessive quantities of bacteria or endotoxin to exit the gut via
lymphatic or vascular channels (Dietch, Y44+, Van Deventer, et
al. Y394,

Endotoxin  exerts its highly complex array of

pathophysiologic effects by interacting in the host with naturally-
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occurring cellular and humoral element (Bone, et al. Y44Y; Bone,
et al. Y41°; Rietschel, et al. Y4%1). These elements routinely
mediate the normal host response against infectious agent. In
systemic inflammatory response syndrome (SIRS) or sepsis, the
host normal homeostatic mechanisms break down and the
inflammatory response manifests as fever, vascular leakage, and
shock (Suffredeni, et al. Y A4).

Y-1-£-Y Activation of cellular mediator.

Endotoxin interacts with virtually all components of the
cellular immune system. It is taken by neutrophil leading to cell
activation and the subsequent enhancement of the phagocytic
ability of these cells. Further, it may activate neutrophils to
express cell adhesion molecules which mediate neutrophil -to-
neutrophil, neutrophil-to-vascularendothelial cell and neuterophil
-to-tissue binding, causing local inflammation and vascular
leakage (Glauser, et al. Y24)). LPS also appear to affect various
populations of lymphocyte, stimulating B-cell proliferation and
antibody production, activating T-cells to secrete cytokines and
down regulating T-suppressor cells (Rietchel, et al. Y347),

The most widely studied and probably the most
significant cellular effects of endotoxin involve the interaction
with cells of monocyte /macrophage lineage which express a
membrane receptor known as CD)¢ (Remick, Y34¢). Circulating
LPS is bound by glycoprotein serum factor, lipopolysacchride

binding protein (LBP), which a facilitate to its principal cellular
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receptor, the CDY¢ molecule (Ulevitch & Topias, Y1%¢). The
importance of this interaction is demonstrated by experiments in
which preventing LPS-LBP, binding to monocyte blocks the
activity of endotoxin (Remich, Y44¢), Binding of LPS-LBP to
CD) ¢ induces monocytes to produce and secrete apro-and anti-
inflammatory cytokines, including interleukins (YL-), YL-1, YL-A,
‘L-V+), macrophage migration inhibitory factors and TNF
(Remick, Y449e),

Recognition of bacterial endotoxin (LPS) elicit multiple
host responses, including activation of cells of innate immune
system .LPS exposure occur repeatidly during septicemia,
making strict regulation of gene expression necessary. Such
regulation might prevent, for example the continuous production
of pro-inflammatory cytokines such as tumor necroting factor
(TNF), which could lead to vascular collapse. Tolerance to LPS
is characterized by a diminished production of TNF during
prolonged exposure to LPS, and is therefore likely to represent
an essential control mechanism during sepsis (Bohuslav, et al.
V49A).

LPS preparations are known to contain substances which
activate cells through Toll-like receptor Y(TLR-Y).and it is
suspected that bacterial lipoproteins responsible for this
activation (Muroi, et al. Y+:¥Y ). TLRY has recently been
associated with cellular responses to numerous microbial

products, including LPS and bacterial lipoprotein. However
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many preparations of LPS contain low concentrations of
highly bioactive contaminant described previously as "endotoxin
protein" suggesting that these contaminants could be
responsible for the TLRY -mediating signaling observed upon
LPS stimulation (Hirschfeld, et al. Y:++). Although CD)¢ and
TLR¢ have been identified as the key molecule involved in LPS
inducing signal transduction in innate immune system
,accumulating evidence indicates that multiple receptor are also
involved. Recently has been identified a cluster of receptor
involving heat-shock proteins Y+ and 4+, chemokine receptor ¢
as well as growth differentiation factor © that are formed after
following LPS stimulation (Triantafillow and Triantafillow Y+ +Y).

Y-1-£.¥ Stimulation of other humoral mediator.
Gram-negative bacteria activate the complement system
through two separate pathways; bacteria and bacterial cell wall
components complexed with antibodies activate the classical
(anti-body dependent). Complement pathway intended to kill the
bacteria, while the bacteria and endotoxin directly activate the
alternative (non-antibody) pathway (Glauser, et a/. Y44)Y). The
resulting complement cascade induced by LPS produces, among
other mediators, anaphylotoxins C¥a and C¢a, which contribute
to vasodilatation, increased vascular permeability, and

circulatory collapse. In addition complement components induce
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adhesion and activation of platelet aggregation, release of
lysosomal enzymes and arachidonic acid metabolites and
microvascular injury. The damage from inappropriate
(pathologic) complement consumption is interlinked with over
production of cytokines .

Y-V. Mucosal versus systemic immune Responses
during ear affections:

In systemic immune response much research into
immunological defense against MC infection has been focused
on Streptococcus pneumonia one of the main pathogens for
otitis media. Effective defense by means of phagocytosis against
infection with pneumococci depend on opsonization by specific
antibodies and complement (Prelliner, et at. YiA3). Specific
antibodies directed towards the polysaccharide capsule of this
bacteria protect children from upper respiratory tract infections
including otitis media. The antipneumococcal activity
predominantly belongs to the IgG), and IgGY subclasses.
Although the colonization of pathogen stimulate the production of
mucosal as well as serum antibodies, IgA mucosal antibody limit
the duration and frequency of colonization. Serum IgG anti body
protect children against the development of otitis media but does

not affect colonization. Antibody detected in the middle ear often
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reflects passive transfer from serum rather than local production
(Faden, Y- +)). Although secretory IgA is critical for protection of
the nasopharynx, its function in the middle ear has still not been
resolved. The evidence strongly suggests that IgG) and IgGY
sub classes are responsible for eradication of middle ear
pathogens (Bernstein, Y+ +)).

The nasopharyngeal tonsil, or adenoid, is a major
inductive site for the synthesis of J-chain-positive B-cells that
may migrate to other areas of the upper respiratory tract, such as
the nasal mucosa, middle ear and parotid gland during
inflammation. The production of SIgA by both nasopharyngeal
tonsil and nasal mucosa play a major role in local immune
protection against bacteria and viruses. The release of cytokines
from THY and THY lymphocyte must be appropriate for B cells to
produce IgA. The factors or mechanism responsible for this are
not, at present, known, but it appear that there is a difference in
the profiles of cytokine secretion by ThY and ThY lymphocytes in
adenoid in both otitis-prone, as well as non otitis-prone children.
There are other modalities of therapy to protect the nasopharynx
from colonization with pathogenic bacteria or viruses which
include the production of specific antibodies against bacterial

surface proteins that have been identified as mucin-binding
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protein (Bernstein, et al. Y343V),

The nasal mucosa is the first site of contact with inhaled
antigens. The nature of local immune responses and role of
nasal -associated lymphoid tissue (NALT) in those responses
have been rarely studied .To characterize the cell involved in
mucosal derived immune responses, NALT and peyer's patch
(PP) from normal mice, and mice immunized intragastrically or
intranasaly with cholera toxin were isolated and analyzed
(Philippa, et al. Y43VY). Compared with PP cells, unstimulated
NALT cells contained a higher proportion of T-cells. The
CD¢:CDA ratio in NALT cell preparations was less than that
observed in PP and more closely resembled that seen in spleen.
(Zuercher, et al. Y+ +Y). Additionally the total B-cell frequency in
NALT cell isolates Y:/ lower than that observed in PP cell
preparations. Although NALT and PP cell isolates contained both
mature B- cells and cells undergoing activation to express
surface IgA, unlike PP, NALT showed no significant frequency of

IgA switched cells. (Kodama, etal. Y+++).
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Materials and Methods

¥-\: Solutions
¥-V-V: Normal Saline (NS):

This solution was prepared at concentration :.A°/ by
dissolving +.Aeg of sodium chloride (NaCl), (BDH Company,)
in small amount of distilled water (D.W.), then complete to
final volume of . +ml with distilled water and autoclaved for
‘Yemin at YY)c. Normal saline was used in titration of
antibodies in systemic and mucosal with causative agent
antigens of otitis media and preparation of antigen of Gram
positive (McCoy and Kennedy, Y41:, Garvey, et al. YiVYV).
¥-\-Y: Formal saline (FS):

The solution was prepared by adding -:.°eml of
formaldehyde (H-CHO), (BDH Company), to %%.eml sterile
normal saline, the final concentration of formalin in this
solution is :.°%. The solution used as a solvent for
immunoglobulin from otitis media and serum immunoglobulin
(Pears, YiA°) and in preparation of Gram negative bacterial
antigens (Lehman, et al. Y41A),
¥-\-¥: Basal Eagle Medium (BEM):

Prepared following Sigma - company instruction as: one
gram of Eagle medium was dissolved in sterile distilled water
(Y +*ml). This solution was membrane filtered through usually
+.¢o piurat followed by -.YYum sterile Millipore filter by
syringe filter device. The solution preserved at sterile plastic

universal AFMA-Dispo in refrigerator ¢C°. This BEM was used
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as cell nutritive solution helpful for measuring migration
inhibitory factors of leucocytes in blood and otitis media
exudates
¥-V-¢: Alsever Solution (AS)

The solution was prepared by dissolving:
Y..«o g Dextrose .
*A.v+ g trisodium citrate (dehydrated)
«£ Y+ g NaCl
Dissolved in Y +++ mL D.W., PH was adjusted to 1.\ by ‘e’ of
citric acid. The solution was membrane filtered through
«.YYum Millipore filter in syringe type device, and used as
leucocytes preservative (Garvey, et al. YiVYV),
¥-V-¢: Ammonium sulfate:

This solution was prepared at concentration of (¢+7) by
dissolving ¢+g of Ammonium Sulfate (NH¢)YSO¢, (BDH
company), molecular weight YY. Y in small amount of distilled
water. Then the volume completed to ‘Y:+ml in volumetric
flask. This solution was used to separate immunoglobulin
(Keay, et al. Y44V),
¥-1-%: Biuret solution:

Prepared by dissolving Yg of Copper Sulfate
CuS-¢.°Hyr (MW= Y£3.2) in . .ml of distilled water then 2g
of Sodium Potassium tartarate and then ¢g of Potassium
lodide and after complete dissolving Y:«'ml of Sodium
Hydroxide +."M was added and the volume completed to final
volume YL by adding distilled water. This solution was used

for measuring the total protein and serum and secretory



CHAPTER THREE MATERIALS AND METHODS £t

immunoglobulin (Bishop, et al. Y3A?),
¥-\-V: Standard albumin solution:

The solution prepared by dissolving 1:g of bovine
albumin in small amount of Sodium Hydroxide +.7 N and then
the volume was completed to | liter by using the same solution
to final concentration of albumin %.g/L. A serial double
dilutions was prepared as Y:V, Y: Y, Yo £ VAT NI YY YA
,V:YYA g\L respectively. The dilution made by +."N Sodium
Hydroxide for preparation of standard curve for determination
of total protein and immunoglobulin concentrations (Bishops,
et al. YiAe),
¥-V-A: Benzalconium chloride (Y:Y+«+);

This solution was prepared in concentration (Y/Y+++) by
adding +.Yml of Alkyl Benzyl Dimethyl Ammonium Chloride
CYYH¢0oCIN (the concentration inside the bottle ©+7%) to small
amount of sterile distiled water with agitation for
homogenization then the volume was completed to V:-ml.
This solution was used in preparation of antigen of Gram
positive bacteria (Banker, Y4A+),
¥-Y: Culture Media
¥-Y-V: Mannitol salt agar.

This medium used for diagnosis of Staphylococcus
aureus and prepared using instruction of company.
¥-Y-Y: MacConKey agar.

Used for Isolation of Gram negative bacteria
¥-Y-¥: Pepton water:

Used for preparation of cell free culture filtrates for
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causative organism in otitis media.
¥-Y-t: Brain-heart infusion broth:

Prepared following the instructions of company and
used in cultivation of Gram negative bacteria for the
preparation of dry weight and isolation of endotoxins of this
microorganisms.
¥-Y-o: (Master) Agar- A:

Prepared by dissolving Yg in Y:+ml of distilled water
sterilized by autoclave. Used for study of Leucocyte Inhibitory
Factor (LIF) in blood and exudates of otitis media.
¥-Y-1: Nitrobluetetrazolium:

Prepared by dissolving (+.)) g of stain powder in Yml
methanol alcohol, then add °©-ml of phosphate buffer saline.
Kept at ¢C° away from light and used in NBT test (Metcalf, et
al. YaAT).
¥-¥. Ear discharge samples;
¥-¥-\: Bacteriological evaluation of chronic ear discharge
patients:

From ).+ patients of chronic otitis media samples were
taken using sterile disposable swabs immediately cultured on
blood agar, MacConKey agar and Mannitol salt agar for
isolation and biochemical identifications of causative bacteria
and determination the top three dominant organism in case of

chronic otitis media (Crucshank, et al. Y4Ye; and MacFaddin ,
Y . h).
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¥-¥-Y Immunological aspects of patients with chronic
otitis media:
Inflammatory cell preparation:

From the )+ ear swabs, after culturing they were taken
and transferred to a universal sampling tube containing Y-eml
sterile normal saline, shaked well by vortex and centrifuged at
o«++rpm for Y+min. The precipitate was washed three times
with normal saline and preserved at ratio of ):) in, alsever

solution, for studying LIF as showed in figure (V).
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SvIab

(Normal saline)

Shake by vortex for © min

Centrifuged at ®+++rpm/Y+ min

Supernatant pe&let
Collected and add equivalent volume washed three
of ¢+Z ammonium sulfate or adding times

gradually the ammonium sulfate till

saturation or separation accomplished precipitate
by PEG

Keep at ¢C° for Yhr for precipitation resuspended
Of Immunoglobulin in alsever
solution
Centrifugation ¢+« +«rpm/Y+min .Yeemi

l Prepare of film Save at ¢C° for
Precipitate .
for Giemsa LIF. NBT,

Add :.°e formal saline to measure .
stain E- rosett

the titer of mucosal immunoglobulin

Figure(Y):Flow chart for the investigation of chronic ear discharge

patient swab sample ( Shnawa and THwaini, Y+++).
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¥-¢ Blood Samplings
¥-¢-): Blood without anticoagulant:

Half of the blood samples were collected from healthy
and patients from veins by disposable syringes in °ml volume
without anticoagulant. The blood left at room temperature for
Y+ min and then centrifuged for © min at -+« rpm. The serum
was collected by Pasteur pipette and decomplementized and
preserved at freeze in tube at  -YAC® until used.
¥-¢-Y Blood with anticoagulant:

The second half of blood sample that was colleted in
previous section (Y-¢-Y) was tubed in AFMA-Dispo-EDTA tube
that contains EDTA as anti coagulant. The sample was mostly
processed for LIF (Soberg, Y314). At critical rare occasion it
was preserved in refrigerator for overnight then processed for
measuring systemic leucocytes migration inhibitory factor as

showed in figure(Y),
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Blood

’ ’

Blood without antigcoagulant

Blood with antigcoagulant

l l

Serum separation Migration inhibitory factor
For systemic leucocyte with

l cell free culture filtrates of

causative bacteria or their

Total protein purified LPS preparation ,

determination NBT, E-rosett.

v

Ig separation

Determination the
Content by biuret

method

v

Determination of titer of
Antibody with antigen
Prepared

Figure(Y):Flow chart for the investigation of chronic ear discharge
patient blood sample.
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¥-o: Separation of immunoglobulin:
¥-o-\: Separation of serum immunoglobulin:

‘- To a °ml of serum, equal volume of ¢:7Z Ammonium
Sulfate was added. The mixture left in refrigerator for
Y+min at ¢c.

Y-Centrifuged at ©++ «rpm for Y +min

Y-supernate was discarded and the precipitate was taken.

¢-oml of formal saline & °ml of Ammonium Sulfate was
added mixed well and left at room temperature for V-
Yemin.

°-Centrifuged at Yo« «rpm for Y +min.

1-Discard the supernatant and the tube overlapped on
filter Paper to dry the precipitate

V-Disolve the pellet at +.Yeml formal slain .

¥-o-Y: Separation of secretory immunoglobulin of middle
ear

Heavy swab from cases of otitis media was taken and
immediately emerged in universal bottle containing Y-°ml of
sterile normal saline shaked well by vortex ,the swab was
removed and the solution was centrifuged for Y.min at
o+« .rpm, the supernatant was taken and equal volume of ¢+
of Ammonium Sulfate was added or gradually adding
ammonium sulfate powder until saturation. The mixture was
kept at refrigerator ¢C° for Yhr for precipitation of
immunoglobulin ~ (Shnawa and Thwaini, Y--Y), and

resuspended in formal saline.
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¥-1. Measurement of protein concentration:
¥-1-V: Measurement of total protein in serum:

Biuret method is used in measurement of total protein in
serum according to Bishops, et al. (Y 9A°) as follows:

- To °ml of Biureat solution in a test tube +.Yml of serum was
added and regarded as test sample.

Y- +.Yml of distilled water was added to °ml of Biureat solution
in another test tube (control)

Y- The test tubes in (¥ and Y) were mixed by vortex and
leaved for ¥+ min at room temperature, in dark

¢- The optical density was measured at a wave length ¢¢+nm
by using spectrophotometer (Spectronic Y+).

°- The equation of standard curve was applied when optical
density, a, b is constant; y is the concentration of protein in
sample. The standard curve was prepared by using
standard dilution of bovine albumin.
V=1 £ 04V + 16V Y11 x + VYA

¥-1-Y: Measurement of serum immunoglobulin;

The separated immunoglobulin at (Y-°-)) measured by
(Bishop, et al. Y4A2¢) method.
¥-1-¥: Measurement of secretory immunoglobulin in otitis
media:

Biuret method was used in measuring the concentration
of secretory immunoglobulin with some modification since the
concentration of immunoglobulin was low.

‘-To eml of Biuret solution +.Yml of immunoglobulin

solution was added this represent the immunoglobulin to
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be measured
Y- «.Yml of distilled water added to °ml of Biuret in a test
tube used as control.
Y- The two test tube were mixed by vortex and leaved for
¥+ min at room temperature.
¢- The optical density was measured for the test and
control using the wave length ¢ .nm.
The concentration of immunoglobulin was measured using the
equation of standard curve.
¥-1-£: Measurement of albumin in blood sample:

Add about Yml ether to the rest of serum -sulfate-
sulphite mixture, stopper and shake ¢+ times, twice each
second for Y+ second using a movement of the arm of about
¢.cm. It is important not to shake more vigorously other wise
the albumin may be denatured. The time of shaking should be
between Ye-Yo S-centrifuges for ®min that is just long enough
for a firm globulin layer to form. Cap the tube during the
centrifuging. The air space in the tubes was less than Yml. If it
Is larger some of the albumin may be denatured and low
results be obtained. After centrifuging, tilt the tube and insert a
pipette in to clear solution below the globulin layer. Care was
taken not to disturb the precipitate. Asparate Yml and add to
°ml of biuret reagent in a test tube (Wooten and

freeman, ) 4AY),
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¥-V: Preparation of surface antigens for sharing bacteria
in otitis media:

¥-V-\: Preparation of surface antigens of Gram positive
bacteria:

The procedure of McCoy and Kennedy, Y41+, was depended
with some modification:

Y- A pure Ythr culture of causative Gram positive bacteria
was prepared on blood agar medium.

Y- Iml of sterile normal saline was added on the surface of
the plate and growth was harvested.

Y- The harvested suspension mixed well by vortex for Ymin.

¢- oml of this suspension was centrifuged at ¢+ ++rpm for
°min.

°- The pellet was resuspended by °ml of normal saline and
mixed well by vortex, centrifuged at Ye+ »rpm for emin.

1- The supernatant was discarded and the pallet
resuspended in °ml of benzalconium chloride (:)+++) and
mixed well by vortex.

Y-This suspension was taken and tubed in a tube of
opacimeter W.O.H. International References and the volume
ml was completed by adding another benzalconium chloride
until the opacity of the suspension become equal to the
opacity of the standard tube. The concentration of tested
suspension was V- IU.

A- By vortex the suspension mixed well and incubated at
YVC for Y+min.

1-Sterility test was done for antigenic suspension by
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culturing on nutrient solid medium .
¥-vV-Y: Heat killed whole cell bacterial antigen:

The surface antigen of causative Gram negative
bacteria was prepared as mentioned by Smith, Y4Ve and
Svanborg-Eden, et al. Y3Ae, with some modifications:

Y-A Yihr pure cells of causative Gram negative on solid
MacConekey medium

Y-Formal saline ("ml) was added on surface of solid media,
and the growth was harvested by loop.

¥-The washed cell was mixed by vortex for Ymin.

¢-oml of this suspension centrifuged ¢+ + «rpm for emin.

°-The sediment washed by °ml of formal saline and
centrifuged after mixing by vortex at Y+ «rpm for °min.

1-The supernatant was discarded and the sediment was
resuspended in °ml of formal saline and mixed by vortex.

Y-Y ml of the suspension (from the step 1) was taken and
transferred to tube of (opacimeter) and completed by adding
formal saline until the opacity of the suspension in the tube
was equal to opacity of the standard tube , now the final
concentration for the suspension Y+ |.U.

A-The suspension mixed well by vortex for Ymin.

1-The suspension was heat treated in water bath at 1:C°
for ).ehr.

\ «-Sterility test was made for antigenic suspension on solid
nutrient medium. Growth of bacteria indicate contamination
and bacterial growth should be absence to exclude

contamination and proves stirity.
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¥-A: Test for mucosal and systemic immunity:

¥-A-\: Test for mucosal and systemic humoral immunity:
¥-A-V-): Standard tube agglutination method (Garvey et
al,yavv):

¥-A-V-) A: Mucosal:

Immunoglobulin solution was serially double diluted in
which +.Yeml of the ear mucosal immunoglobuline was made
in a set of agglutination tubes containing +.Y® formal saline to
obtain the dilutions :Y, Y:¢, Y:AL YY1 V:¥Y and so on then
+.Yeml of the antigenic suspension was added to each tube .
¥-A-V-\ B: Systemic:

The serum immunoglobulin was diluted in serial
decimal-double dilution manner, in which +.Yml serum was
used to obtained the dilutions Y:Y«+, VY« Ve VA SN
V:¥Y., V1€ and so on, then to each tube of serum dilution in
the set, +.°ml of the antigenic solution was added.

The reaction mixtures in section Y-A-)-) were shaken gently
and incubated at YVC* for Ythr then results were scored as
the reciprocal of the highest dilution that gives clear positive
results (Titer).

¥-A-Y: Test for mucosal and systemic cellular immunity:
Y-A-Y-\: Preparation of the leucocytes sensitizers:

The preparation of cell free culture filterate by cultivation
of causative bacteria for otitis media on broth for Y¢ hr and the
liquid media was centrifuged at ©+++ rpm for Y© min this
culture supernatant was membrane filterated through Millipore

filter in syringe device, the resulted filtrate was collected and
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distributed in sterile bottle and preserved in refrigerator until
use as sensitizer (Shnawa and Thwaini, Y« +Y).

¥-A-Y-Y: Leucocytes inhibitory factor (LIF):

a- Mucosal LIF:

Measurement of LIF in otitis media discharge system
(Mucosal) was done for measurement the factor that inhibit
the migration of leucocyte in case of otitis media that caused
by 'bacteria following Soberg, (Y 1714) method as follow:

Y-Agar-A medium was prepared in sterile plastic plate (Y
agar), and two wells were done with Y cm in diameter on plate
of agar.

Y-From cells of exudates of otitis media in step (Y-Y-Y) that
preserved in alsever solution, capillary tube filled and put in
the well after centrifugation by Haematocrit for Y +min

Y-In each well -.Yml of Eagle Basal medium was added
and one of the well used as control.

¢-Addition of «.Yml of cell free culture filterate prepared in
step (Y-A-)) for one well and the well leaved as control

°- The plate incubated at YVC in jar in a humid environment
for Y¢hr, and then inhibition of migration was measured.

1- Measuring the factor of inhibition of Macrophage by
oculometor.

b- Peripheral blood LIF:

Measurement of migration inhibitory factor in systemic
blood:

\-Preparation of Agar -A medium in sterile plastic plates

and Y wells were made as in (Y-A-))
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Y- Capillary tube containing systemic blood from patients
with otitis media was put in each well after centrifugation by
haematocrite for Y +min (Leucocyte and buffy coat).

Y-Eagle basal medium (+.)) ml was put in each well , one
of the well was control.

¢- +.Yml of antigen (cell free culture fillerate) of causative
bacteria was added in one well.

°- Incubation at YYC° for Y ¢hr in humid environment.

1- Measurement of LIF by oculometer. Same steps were
used for control and normal saline was added instead of
culture filtrate as mentioned by Soberg, (Y97%). LIF was

measured as follow:

Factor of inhibition = Diameter circle of migration of cell with antigen <100

Diameter cicle of migration without antigen

Y-A-¥: The E- rosette test for T cell Enumeration:
The procedure applied as following Burrell method
(Y 4v4) with some modifications:
Y- ¥ ml of blood was drown from patients and transferred to
EDTA tube.
Y- Carefully layered Y ml of this blood on to the surface of
tube containing gradient medium (lymphopreb).
Y- Centrifuge at ¢+ +g for ¥+ min at R®.
¢- The leukocytes will appear as a fluffy white coating at the
plasma-medium interface while the erythrocyte will be on
the bottom of the tube. Carefully remove as much of the

upper plasma layer possible and save.
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°- Remove the white cells with capillary pipettes taking as
little of the lympho-prep from the lower layer as possible.
1- Centrifuge at ¢+ +g for © min and discard the supernatant.
Y- Wash three times in buffered saline at ¢++g for ¥ min
each. Resuspend of saline to which +.+° ml autologous
plasma has been added.
A- To a tube containing +.) ml of plasma-lymohocyte
mixture, add +.) ml of sheep RBCs () *Zsuspension).
- Mix gently, incubate at YVC for Y° min, and spin
immediately at Y+ +g for Y© min.
\+- Incubate for Yhr at ¢C with the supernatant still on the
pellet.
VY- Very gentle resuspen the cell in supernatant by gentle
tilting the tube back and forth ¥-Y times.
Y- Make smear on the slide from this mixture, leave to dry.
\¥- Fix by methylalcohol for Y+ min.
\ ¢- Stain the smear with Giemsa stain for Y min.
Yo-Wash with tap water and leave to dry.
V1- Examine under light microscope with oil emersion lens.
¥-A-£: Nitroblue tetrazolium reduction test (NBT test):
Blood was obtained from patient with otitis media and
healthy individuals. Yml of blood was drawn into a plastic
syringe, transferred to EDTA containing  tube, mixed
thoroughly by gentle shaking. :.Yml of this blood was
transferred into a clean, siliconesed tube and mixed with
equal amounts of NBT solution the tube was incubated at

YYCO for Y+min with humidity source at the end of this period
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the blood/NBT mixture was again mixed and blood film was
made. The films were dried in air and stained with lishman
stain. The slide examined under the microscope with oil
immersion lens and )++ neutrophiles were counted. Only
those neutrophiles with a large black deposit were classified
as NBT positive and the percentage of these cells was
recorded (Park, et a/. Y41A),

¥-4: Endotoxin preparation:

¥-4-1: Preparation of bacterial dry weight:

Brain-heart infusion broth was inoculated by Proteus
mirabilis or Pseudomonas aeruginosa that were isolated from
cases of otitis media. And by using shaking incubators for
over night to obtain growth at the log phase; the culture was
cooled centrifuged at ©+++ rpm for Y+ min The precipitate
which represents the cells of bacteria was dried at incubators
for ¢A hrs at ¢2C°. The dried cells were mixed with ethanol
alcohol, mixed well and centrifuged at ©+++ rpm for Y+ min the
precipitate was mixed well with acetone and centrifuged
again; the precipitates was washed twice with ether and the
precipitate was dried in incubator or oven at ¢°C° for ¢A hrs
and this represent the dry weight of bacterial growth.
¥-4-Y: Lipopolysaccharide preparation:

The method, of LPS preparation devised by Westphals,
et al. (Y%°Y) was followed. Bacteria (Y« g of dry weight) are
suspended in Y1+ ml of distilled water and mixed with Y1 ml|
of Ve’ phenol(prepared by adding ¢ ml of water to Y- g of

liquid phenol) the mixture left at Y°C° for Y+ min with
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occasional shaking then centrifuged at ¥+++ to ¢+++ rpm. The
upper aqueous phase should be collected. The remaining
material was washed with water, centrifuged and the upper
layer combined with first supernatant and this fluid was
dialyzed for Y to ¥ days against tap water and ' day against
distilled water, and then concentrated to a ¢+-2+ml volume.
LPS is precipitated from dialyzed with six volumes of acetone
mixed with a small volume of saturated alcoholic solution of
sodium acetate. The sediment was collected by centrifugation
with alcohol and acetone and dried in vacum.
¥-4-¥: Purification of lipopolysaccharide:

A sephadex Ge: was used for purification of LPS
extracted from Gram negative bacteria (Ps. aeruginosa, and
P. mirabilis). The dimensions of the column were selected

according to the following equation (scopes, AY):

Columndiame'[er:e;/%OLPS

Y+« mg of LPS was dissolved in Y+ ml of normal saline
according to this equation the diameter of column was Y,A cm
Column length= Y+ X Column diameter
=YX Y.A= ot cm

¥-y+.  Studying of standard curve for protein
concentration.

Standard Albumin was used at a concentration 1+g/L
and a series of dilution was made and the optical density was

estimated by Biuret method:
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¥-V: Chronic Ear Discharge Patients (CEDP):

The study patients were the attendance of otolaryngology
consultation units at Najaf (ENT). Three series of patients were
investigated. Retrospective conservations for Y¢e patients
constitute the series number one. Series number two;
however, )+ patients were for prospective study. The third
series consisted ¢+ of CEDP due to the top three bacterial
pathogens.
¥-\Y: Study Plane:

The plane includes the following sections:

Retrospective study.

Prospective study.

Immune function parameters

Immunologic investigation using whole cell antigens and cell free
culture filtrate.

Immunologic studies using purified LPS preparations.
Comparative immunology of BCED.

¥-\¥: Study Battery:

For humoral serum antibody agglutination assay was used.
Nitrobluetetrazolium reduction test (NBT) was performed for
assessing phagocytosis. E-rosette was done to detect T cell and
leukocytes inhibitory factor and delayed type hypersensitivity was
attempted.
¥-V¢: Scores:

Normal, value for immune function parameters, Abnormal

and subnormal values were noted among BCED patients
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¥-\e: Text presentation:

Statistical trends were followed for presenting value as
absolute observation. Mean, median and ranges values were
emphasized in testing values. Comparative views to the

obtained facts were followed.
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¢-¢. The immune status of patients with chronic otitis media
caused by Pseudomonas aeruginosa:

When purified lipopolysaccharide (LPS) was used as antigen,
the extracted LPS demonstrated a high humoral immune response
at the systemic and local immunity.

Non specific immunity was also investigated and the data are
listed in the (table ¢-))). The total serum protein concentration
slightly increased with control value 1¥.% g/L. The immunoglobulin
slightly increased and ranged between Yd.AA-¢. +) g/L compared
with normal value Y).) g/L. In specific humoral immune response
the titer of antibody increased at the systemic immunity and
ranged between Y1.- 1¢. with mean and median value YA¢, YY.
respectively. At the mucosal level the titer ranged between YY-)YA
with mean and median values 1:.A, ¢ respectively ( using
standard tube agglutination method).

LPS was able to detect nonspecific cellular immune
response when phagocytic activity was measured by NBT test
That increased at the peripheral blood Y%-Y4% and in local
(mucosal) system was YA-£Y%,

In specific cellular immune response the systemic LIF ranged

between ¢)-1Y7/ with inhibition of migration ranged YV-°47. At the
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mucosal immune response the LIF ranged between Y¢-oY/
compared with normal value 4Y7..

E-rosette formation also increased at systemic and mucosal
immunity as compared with normal value at the healthy patients. It
ranged between YA-£:9% at systemic and ¢Y-°+% at the mucosal

response. The normal value was Y1%.
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Table ¢-)): Pseudomonas aeruginosa CBED immune status

using LPS as antigen and sensitizer.

Systemic Mucosal Systemic Mucosal
TPC g Ig

Sequences
Albumin
E-rosette
E-rosette

>

Medium [ Mean

YA AA-E v Q0
YV AY-¢.« Q.
AYoY LYY




CHAPTER FOUR RESULTS av

¢-1.The specific and nonspecific immunity to Proteus
mirabilis CBED enlisted in Table (¢-\Y).

The nonspecific humoral immunity was characterized by slight
increase in total serum protein ¢V.Y)- V. +Vg/L in comparison with
normal value 1Y.4g/L. The immunoglobulin concentration also
slightly increased in systemic (peripheral blood) and mucosal
(local) system with mean value ¥1.1Y and +.£)g/L respectively. The
systematic mean value was YA.Ag/L whereas the mucosal value
was -.Yig/L.

At the specific humoral immunity level, it was demonstrated
that systemic and mucosal immune response represented in
increase of titer of specific immunoglobulin Y1:-1¢+ in systemic
iImmune response and YY-1¢ in mucosal when pure LPS were
used as antigen. The mean value for titers at the systemic YA¢ and
£€).7 at the mucosal system of middle ear. The median titer was
YY. and Y'Y in systemic and mucosal respectively.

At the cellular level, purified LPS extracted from P.mirabilis
induce cellular immunity at both systemic and mucosal
compartments. The tests NBT, LIF and E-rosette formation were
used as parameters for cellular nonspecific and specific immune
response.

Nonspecific cellular immune response, using NBT test for
measuring phagocyteic activity, increased in comparison with

control YY%. The systemic NBT test ranged YY-YY% and mucosal
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NBT ranged YA-£204,

Specific cellular immune response was measured by LIF. It
gave the following results: the systemic LIF was ¢¥-1+7 and YV-oY/
at the mucosal level. The latter showed more inhibition of migration
of leucocytes than the first one in comparison with normal value
vy,

In E-rosette formation by T-lymphocyte with sheep RBCs, the
data showed increase in E-rosette formation value that ranged in
systemic YY-YY% and Y1-YV% in mucosal when compared with

control Y190,
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Table ¢-)Y: Proteus mirabilis CBED immune status using LPS

as antigen and sensitizer.

| Systemic Mucosal Systemic Mucosal
TPC Ig Ig

g/L

g/L

Sequences

Albumin
E-rosette
E-rosette

<

Medium [ Mean

YV AV-FY AR

- -
- -

.

- A
> ~
1 1
-— o
b -—

.

> o
Q b i

Voo EoY WY
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RESULTS

£-): Retrospectives investigation:

It was evident that Ps. aeruginosa was the major gram negative
ear associated pathogens (Y17%). This was followed by Proteus spp
(Y+7). Meanwhile S. aureus was the major gram positive ()47%) ear
etiogen (Table ¢-Y).
£-Y: Prospective investigation:

The bacteriologic investigation of ‘:+ BCED patients showed
that Ps. aeruginosa was (¢17%), P. mirabilis (Y4%) and S. aureus (V7).
These were the top three major ear associated bacterial pathogens
(Table, ¢-Y). So these were elected for the detailed immunologic

studies.
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Table ¢-Y: Normal. Subnormal and abnormal values for chronic ear

discharge patients.

Parameter Name Normal Value [Subnormal JJAbnormal

\VValue

NBT %
E-rosette %

LIF %
Total Serum Protein(g/L)

Serum Ig (g/L)

Serum albumin (g/L)

Table ¢-Y: Retrospective view in chronic ear discharge

Etiologic agent in CED

Pseudomonas aeruginosa

Proteus spp

Staph. aureus

E. coli

[3-hemolytic streptococci

Streptococcus pneumoniae

Klebsiella spp
Total
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Table ¢-Y: Prospective investigation in chronic ear discharge.

Bacterial agent NO. of Cases

Ps. aeruginosa €7

P. mirabilis 4

S. aureus

[3-hemolytic streptococci

Klebsiella spp.

S. pneumonae

a-hemolytic streptococci

Total
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¢-Y: Immunology:
¢-Y¥-\: Bacterial chronic ear discharge serology:

The study of serum specific agglutinins showed titer ranges
between Y1:-1¢. for S.aureus, Y1:-YY+ for Ps. aeruginosa and 1--
Y'Y . for P. mirabilis, while Y1-YY were for each of the Ps. aeruginosa,
P. mirabilis and S. aureus specific mucosal antibodies. One to two
fold rises in titers when LPS was used in the assay for Ps.
aeruginosa and P. mirabilis using standard tube agglutination
method. The specific antibody titer means are presented in
Tablet.¢.
¢€-Y-Y: NBT in chronic bacterial ear discharge

Nitroblue tetrazolium reduction test assessment showed high
mucosal phagocytic activity in all etiological agents tested. From the
data presented, NBT mean value was ¢+.A% in S. aureus, Ps.
aeruginosa YV% and YV.{% in P. mirabilis. Systemic increase in
NBT activity was also noted slightly more than normal value, it was
Y+.Y% in Ps.aeruginosa, YV.¢% in P. mirabilis and Y°.'% in S.

aureus (Table, ¢-9).
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Table ¢-¢: Humoral systemic and mucosal bacterial specific
antibody titer mean in CED patients, using standard tube

agglutination method

Bacterial agent Systemic titer mean Mucosal titer mean

Whole cell Whole cell

antigen antigen

Ps. aeruginosa

P. mirabilis

S. aureus

Table ¢-¢: Nitroblue tetrazolium reduction test activity in bacterial

chronic ear discharge patients.

Bacterial agent Systemic NBT Mucosal NBT

Mean % Mean%

Ps. aeruginosa

P. mirabilis

S. aureus
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£-Y-Y: Leucocytes inhibition test (LIF):

The mucosal LIF assessments showed highly significant
LIF indices than in peripheral blood LIF indices. Systemic LIF was
1Y/ for Ps. aeruginosa using CFCF as a sensitizer and Y/ when
using LPS. The mucosal LIF was ¢47and ¢)7 when CFCF and LPS
were used as a sensitizer respectively. For P. mirabilis CFCF
sensitizer gave non significant LIF value. Systemic and mucosal
were AY-4¢7 and YY-4:7 respectively. On using LPS as a sensitizer
¢Y-1. and YVY-oYZ were noted for systemic and mucosal accordingly.
In S. aureus CED, LIF values ranged from ¢1-247 and from Y1-¢V/
for systemic and mucosal LIF respectively. LIF% mean is presented
in Table (£-7).
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Table ¢-7: LIF% mean in patient with bacterial chronic ear discharge

Bacterial agent LIF% mean
CFCF CFCF m
1y

€9

P. mirabilis AY AY

Ps.aeruginosa ‘

S. aureus o) ¢)
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£-Y-t E-rosette test:

The mucosal E-rosette was ¢1.1% which was higher than that
of systemic E-rosette, YV.Y% for Ps. aeruginosa while the mucosal
E-rosette was Y).Y% and Y1.1% for systemic E-rosette in P.
mirabilis. In case of S. aureus, it was ¢)% for mucosal and YA.2% for
systemic E-rosette. The E-rosette mean values of these patients

group are enlisted in Table ¢-V,
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Table ¢-V: E-rosette Mean % in patients with chronic ear

discharge.

Bacterial agent E-rosette Mean %

Ps. aeruginosa

P. mirabilis

S. aureus
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¢-¢. Immunology of specific groups in chronic ear discharge
patients.
¢-¢-) Staphylococcus aureus immunological status:

The assay antigens were whole cell antigen (WCA) and cell
free culture filtrate (CFCF). The immunology of S. aureus CED, both
of humoral and cellular immune parameters was investigated (Table
£-A).

The non specific humoral response was studied and the mean
value of total protein in the serum ranged between ©4.V-VYY +Yg/L.
The normal value was Y.4. The mean and median value were 2.V,
1) respectively.

The specific humoral immune response was assessed by the
determination of antibody titers in serum and it ranged between )1 .-
¢+ the highest liter value was ¢ -.

The local, however, humoral immune parameters were
assessed by determination of mucosal antibody titers. The titer
ranged between Y1-YY; the highest titer was YY whereas the lowest
one was 1 (table £-A),

At the cellular level different parameters were taken including
phagocytic activity (NBT), LIF and E rosette formation by T-
lymphocyte.

Non specific cellular immune response was studied represented
by NBT test and gave the following values: At the systemic immune
system it ranged between Y «-£+7 with mean and median value Y°.)
and Y1 % respectively. The mucosal value ranged between Y¢-¢17

the median value was ¢YZ and mean value was ¢+ .M.
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Specific cellular immune response was studied and the
LIF at both of the systemic and mucosal ranged between ¢1-237 at
the systemic and Y1-¢47 at the mucosal system. The mean and
median values were °Y% and ©°Y/ respectively at the mucosal
system the mean and medina value were ¢)/. for each one.

E-rosette formation by T- lymphocyte was also investigated as
specific cellular immune response and it ranged at systemic
between Y +-£1%and mucosal as YY-£AZ the median and mean value
was Y/ and ¢/ respectively. At the systemic, the mean and

median values were YA.© and YAZ.
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Table (£-A): Immune status of patients with chronic otitis media
caused by S. aureus

Systemic Mucosal Systemic Mucosal

Conc. | Con.

Total Immun Immun-

Protein | Globuli
g/L

Globuli

Sequences

Albumin

Sequences
E-rosette%
E-rosette%

-
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£-¢£-Y: Ps. aeruginosa immunological status.

The humoral and cellular immunity of Ps. aeruginosa was
investigated and results are listed in table (¢-4), the data showed
inductions of humoral immunity at both of the systemic and mucosal
level. The titer at serum ranged between Y1:-YY. and Y1-YY at the
mucosal immunity when whole cell antigen was used.

At the cellular immune function levels Ps. aeruginosa induced
non-specific cellular immmune response.

In NBT test it ranged between Y1-Y4% at the systemic and YA-
¢Y% at the mucosal system, the mean and median values were
Y+Y% ,Y4% at the systemic and YV%, ¢:% at the mucosal
respectively.

In specific immune response at the cellular level Ps.aeruginosa
induced cellular immunity when LIF and E-rosette were used as
parameters. LIF value ranged between ©Y - V.7 with mean and
median values 1Y% , 1Y% respectively at the systemic immunity. LIF
rang at the mucosal immunity between £¢)-2A% with mean and
median value ¢3% , ©)% respectively.

E- rosette formation also increased more than normal value
(Y1%) and ranged YA-£:9% at the systemic level and ¢Y-©+% at the

mucosal system.
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Table ¢-%: Immune status of patients with chronic otitis media

caused by Pseudomonas aeruginosa.

Humoral CeIIuIar

Titer/ Titer/ |_
WCA

IF

rosette

rosette

Mean

Median
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¢-¢-Y: P. mirabilis immunological status.

The immune features of P. mirabilis in patients with BCED are
enlisted in (table ¢-Y+). The humoral and cellular immunity was
investigated.

The humoral immunity at the systemic and mucosal
showed increase in the titer of specific immunoglobulin which
ranged between Y1:-YY. at the systematic and Y1-YY at mucosal
system, with mean and median value YY¢, 1. respectively at the
systemic and Y¢, Y'Y at the mucosal when whole cell antigens were
used. Thus, P. mirabilis induce humoral local and systemic
immunity.

In case of non specific cellular immune response NBT test
showed slightly increase in phagocytic activity and ranged between
YY-YY0% at the systemic and YA-£{°% at the mucosal system in
comparison with normal value Y £%.

P. mirabilis, however, did not induce cellular immunity,
when LIF used as parameter, so that LIF ranged AY-4°% at the
systemic and VY- 4.7 at the mucosal which were near to the normal
value 1Y%.

E-rosette formation ranged between Y1- YV0% at the
mucosal and YY-YY% at the systemic immune system which indicate
an increase in T-cell rosette formation in mucosal system in

comparison with normal value Y1%.
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Table ¢-)+: Immune status of patients with chronic otitis media

caused by Proteus mirabilis.

Tlter/ Tlter/ E rosette
WCA WCA %

Sequences
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CONCLUSIONS

Y- The retro-and prospective studies have shown that the three
top bacterial species in chronic ear discharge were Ps.

aeruginosa, P. mirabilis and S. aureus.

Y- The three bacterial in CED patients induce systemic humoral
iImmunity characterized by increasing the antibody titers in

patients' serum.

Y- Mucosal humoral immune response was also induced in CED
patients with increasing antibody titer specific to the three

bacterial species.

¢- Cell free culture filterate of Ps. aeruginosa and S. aureus
sensitize cellular immune response in both systems (systemic

and mucosal) of CED patients.

- Cell free culture filterate did not sensitize cellular immune

response at both systems in case of P. mirabilis CED patients.

1-  LPS extracted from Gram negative species have large potency
to express humoral and cellular immune response at both

systems.

V- Purified LPS extracted from P. mirabilis showed a high
significant immune response at both level cellular and humoral
immune system in local and peripheral blood as compared with

the culture filterates.

A- All these bacterial species studied induce non-specific humoral
immune response at serum represented by increasing total

serum proteins, serum lg and decreased serum albumin.
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RECOMMENDATIONS

The study of pro-inflammatory, inflammatory and IL-):
cytokines in management of chronic infections like CED and

cancer disease.
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DISCUSSION

¢-\: The profile of bacteria associated with chronic ear
discharge:

Otitis media is an infection or inflammation of middle ear.
This inflammation begins when infections that cause sore
throats, colds or other respiratory problems spread to the
middle ear. These can be viral or bacterial infection. Children
are more likely to suffer from otitis than adults. This is because
children have more trouble fighting infections as their immune
system are still developing. Another reason has to do with the

closed Eustachian tube (Gates, Y141).

One more factor that makes children more susceptible to
otitis media is that the adenoids in children are larger than
they are in adults. Adenoids are composed largely of cells
(Lymphocytes) that help in fighting infections. Enlarged

adenoids can interfere with Eustachian tubes opening.

In addition, adenoid may also become infected, and the
infection spread in to the Eustachian tubes. Other factors that
contributed to otitis media are cold climate, high altitude and

exposure to cigarette smokes.

Bacteria reach the middle ear through the lining or
passage way of the Eustachian tubes and can then produce
infection, which causes blocking of Eustachian tube, swelling
of lining of middle ear and migration of white cells from blood
stream to help overcome the infection. In this process the

white cells
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accumulate often killing bacteria and die
themselves, leading to the formation of pus, a thick yellowish

white fluid in the middle ear(Berman et al, Y44V).

In middle ear infections, microorganisms ascending from
nasopharynx via the Eustachian tube in the middle ear cavity
play a central role. In chronic suppurative otitis media with
continuously discharging ear, indicating a drum perforation, S.
aureus, coagulase negative Staphylococci, Ps. aeruginosa
and Proteus species are the predominant microorganism

(Johnson, et al. Y3A%; Karma, et al YiVA),

Following the above information, we dealt with a case
that was characterized with chronic ear infection that was

associated with bacterial agent only. All the regarded cases

were accompanied by ear discharge that was used for culture

and isolation of mucosal immunoglobulin.
¢-1-V: Retrospective study:

In retrospective study (Table, ¢-Y) the Ps. aeruginosa was
the majority dominant microorganism in case of BCED and
contribute in Y1/ of incidence, the other two dominant bacteria
were Proteus species gains Y:/Z of occurrence and the

S.aureus was equal to Y47,

e-\-Y: Prospective study:

The present prospective results, showed the same
observations that Ps. aeruginosa was the dominant bacteria

¢17 followed by P.mirabilis Y47 and S. aureus VZ. In case of
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BCED (table, ¢-Y), similar findings have been
documented about the profile of dominant bacteria in chronic
discharging ear by other workers (Johnson, et al.; YAl

Karma et al. YiVA).
¢-Y: Immune function parameters of CED.
¢-Y-A: Humoral (mucosal and systemic) immunity:

The mucosal surface is protected specifically by
secretory IgA (SIgA) and to lesser extent IgM through external
translocation of locally produced dimeric IgA and pentameric
IgM. Their active transport is mediated by the epithelial
polymeric receptor ( pigR) also called transmembrane
secretory component. Paracellular passive external transfer
of systemic and locally produced antibodies also provide
mucosal protection, making the biological importance of
secretory immunity difficult to assess (Johansen et al.
Y444;and Roe, et al. Y1449),

Induction of a secretory immune response is often
associated with elevation of corresponding serum IgG and IgA
(in human mainly monomeric) (Brandtzaege, et al. Y43%),
These antibodies can reach external secretion by passive
paracellular diffusion and may thus contribute to immune

exclusions (Johansen, et al. Y334),

The enlisted data (table, ¢-¢) indicate increasing of titer of
antibodies in systemic and mucosal for each of bacterial agent
In the two cases whole cell antigen and for LPS separated

from gram negative bacteria. When whole cell antigens were
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used for determination of antibody titers indicate in Ps.
aeruginosa was YY: and in P.mirabilis was Y1+ and for
S.aureus was YY-. Using LPS separated and purified, the titer
of antibodies also increased in patients with BCED to reach
YY. in Ps. aeruginosa and to YY+ in P.mirabilis titers which

were more than the base titers in normal one.

At the mucosal humoral response the titer measured was
Y1 in Ps. aeruginosa and Y'Y for each of P. mirabilis and of S.
aureus when whole cell antigen were used. The titers scored
high values when LPS used in titration of antibodies present in
ear discharge, it was 1¢ in Ps. aeruginosa and YY in case of

P.mirabilis.

Although over 4:7Z of all human infection begins at
mucosal sites the total number of infections occurring in
population is relatively low. This is in part the result of
secretion of a complex array of local and systematically
produced immunoglobulin (Bouvets and Fischett, Y244).

The importance of the mucosal immune system was
quickly realized after the discovery of that SIgA was the most
abundant isotype of antibody in secretions as evidence by
both Ig levels and presence of Ig-producing cells (Brandtzaeg
and Farsted, Y144).

In addition to response to inflammation and transient increase
in mucosal permeability serum IgG can also translocate

toward the lumen by a physiological mechanism associated
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with the normal catabolism of Igs (Persson, et al. Y449), the
possibility of locally synthesized IgG different from its serum
counterpart has been suggested by the observed higher
specific activity of local IgG during intestinal infection
(MacPherson, et al Y4431%; Gordby, etal Y+ +Y).

¢-Y-B: Cell-mediated immunity:

The following parameters were applied:
¢-Y-B-Y.NBT: Non-specific cellular immunity by measuring the
phagocytic activity through NBT test. Nitroblue tetrazolium is
an electron acceptor used to detect indirectly the production of
superoxide by stimulated polymorphonuclear cells (PMN) as

outlined in the following equation:

NBT + Oy —— Formazan + Oy

By this reduction, yellow, soluble NBT is converted to
blue-black formazan an insoluble material that precipitates
intracellularly. The formazan can be seen microscopically,

thereby providing superoxide.

The NBT slide test provides an easy method to screen
PMNs for the capacity to undergo oxidative metabolism.
PMNs that fail to reduce NBT including those with chronic
granulomatous disease (CGD) (no oxidase activity), glucose-
1-phosphate deficiency (NADPH store rapidly depleted) and
those PMNs with specific receptor defects for the stimulus
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employed (Julia, etal. Y 4A7),

Although the failure of PMNs to reduce NBT clearly
implies that there is a defect in super oxide generation, other
study has suggested that the ability to reduce NBT does not

exclude defective oxidative metabolism (Lew, etal. YiA)Y).

Phagocytosis has been recognized as an important
mechanism of host antimicrobial defense and serum factors
(opsonins) play a cooperative role in promoting phagocytosis

of pathogenic bacteria and other organism (Root and Cohen,
VAAY),

Inflammatory cells constitute an essential basis for the
defense mechanism against microbial infections, of these
polymorphnuclear leukocyte and large  monocytes/
macrophage (MP) are considered to be nonspecific cells that

phagocytose bacteria , whereas lymphocyte (LC) are specific

inflammatory cells. In middle ear effusions all these cells have
been documented (Bryan and Bryan, YiY1; and Lim, et al.
Y4v4). PMN and MP have some intrinsic ability to phagocytose
bacteria by enveloping them within the cytoplasm. The
phagocytotic process is potentiate, however, if the
microorganism are subsequently opsonized, i.e, if the
microbes are coated with immunoglobulin, in particular IgG

(Rayfield and challacombe, Y3AY),

The opsonization is further enhanced if complement
cleavage product CY¥b is added to the bacteria-antibody

complex (Bernstein, YVA),
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Stenfors and Raisanen, Y44Y findings suggest that the
mucosal defense system of middle ear in the early course of
acute otitis media is highly non-specific. However, the finding
Is consistent with the circumstance that the middle ear
mucosa is poor immunocompetent tissue and devoid of
aggregates of immunological tissue, such as adenoid tissue of
the nasopharynx, palatine, tonsils or the peyer patches of the
gut(Albiin, et al Y3A1),

The antimicrobial property of the inflammatory cell was
not so much in the form of phagocytosis as by means of other
antimicrobial modalities, viz, myeloperoxidase, cathepsin
G, lysozyme, lactoferrin, elastases or collagenases possibly
secreted from the intracellular granules of the phagocytes
(Lehrer and Ganz, Y44+).

There was significant increase in nitroblue tetrazolium
reduction (Table, ¢-°) by neutrophil in peripheral blood
(systemic) and in local (mucosal) system, as compared with

control Y¢. Yo+ VY |

Middle ear effusion obtained from discharging ear,
culture-positive for S. aureus, showed an intense
phagocytosis in addition to subsequent immunoglobulin and
complement coating of microorganisms (Stenfors and
Raisanen, Y44Y). These observations were clearly seen with
highly significant increase (P<:.:°) in phagocytic activity in

mucosal system of middle ear.
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Although Ps .aeruginosa could destroy the inflammatory
cells completely due to the production of a large number of
extracellular products, such as alkaline proteases, elasteases,
exotoxin A, which can cleave both IgG and complement and
inhibite the function of the cells of the immune
system(Kharazmi, Y43)). It shows an increase in phagocytic
activity in comparison with control at the systemic and
mucosal responses. In all bacteria tested (Table ¢-°) for
phagocytic activity showed a significant increase in this
phenomenon at the mucosal more than that at the systemic
response and in highly significant increase P<-.+¢ compared

with control.

P. mirabilis induce only phagocytic activity at the mucosal
system but not at the peripheral blood. The P value was less
than +.-¢ (P<-.-°), but at the systemic or peripheral blood
there was no significant increase in the number of leukocyte

performing phagocytic activity P>+ .+ o(P=+.+A4),

°-Y-B-Y. E-rosette test

The embryonic stem cells are originated in the
embryonic yolk sac. During embryogenesis they are conveyed
to embryonic liver then to embryonic bone marrow. Thereby
they are developed to myeloid, lymphoid and erythroid series
precursors. From lymphoid series precursors pro B and pro T
cells are differentiated. Pro T cells migrate to thymus and

developed to mature T cells by thymic hormones and thymic
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factors via positive and negative selection procedures. T-cells,
have several surface markers that display several biological
functions among which CDY which acts as receptors for
heterologus animal erythrocyte such as sheep erythrocyte
(Binns, et al. Y3AA; Hammerberg and Shuring, Y3A%; and
Roitts, Y44Y).,  Such phenomenon is important as

differentiation criteria for T-cells.

Binding of the cell receptor to the MHC/peptide antigen
Is not, by itself, sufficient to activate T-cells efficiently. T-cell
needs simultaneously to receive signals via other cell surface
receptors which bind legands on APC. An example of such co-
stimulatory interaction is that between CDY on the T-cell and
LFA(CD®A) on APC. It has important implications for the
induction of tolerance, absence of right co-stimulation T-cell

unresponsive to future encounters with antigen (Playfair and

Chain, Y-+)). Rosette formation were increase in certain
disease condition such as Hodgkin disease which increases in
spleen and depleted at the peripheral blood (Gupta and Tan,
Y4A+). It also increases in case of Rheumatoid arthritis
(Utsinger, YaVYe),

In case of BCED it was found that E-rosette formation
value increase in peripheral blood and middle ear mucosa in
patients with S. aureus and Ps. aeruginosa and P. mirabilis.
The mean value at the mucosal system were £), €1} YV

respectively (Table, £-Y), while at the peripheral blood, the two
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dominant bacteria S. aureus and Ps. aeruginosa showed
significant increase which was higher than normal subjects
Y1, P. mirabilis did not increase T-cell rosette formation in

peripheral blood compared with control.

°-Y-B-¥. LIF test.

A cell-mediated response is characterized by a
sequence of reactions triggered by T-lymphocytes coming into
site where antigen is present. The cell becomes activated by
interaction with the antigen through the presence of specific
cell receptors (sensitization). Following subsequent contact
with antigen (challenge), the cell produce and release a
variety of effectors molecules called lymphokines. These are
biochemical mediators of a number of widely studied in vitro
phenomena, but it is believed that similar activity is
responsible for the immune response seen in tissues. About
thirteen invitro activities have been identified as lymphokine-
mediated, but the best characterized lymphokine is LIF the
subject of present assay (Table, ¢-1). Upon release from
lymphocytes, LIF can be identified by this ability to trap
macrophages and inhibited their migration. The macrophage
is the target cell responding to the product LIF of lymphocyte
which is the effecter cell.

*LIF is a secreted protein that activate macrophage, neutrophil

and T-cell. These cytokines elicited biological responses by
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activating specific cell surface receptors.

*LIF has along association with delayed-type hypersensitivity
reactions (Bernhagen, et al. Y241), while LIF shares many
similarities with cytokines; some dissimilarities have also
been noted.

*LIF is performed in cells and lacks signal sequences in
contrast to most cytokines which are produced in response
to stimuli and secreted using the signal sequence pathway,
LIF was also different from cytokines in that it catalyzed
chemical reaction (Rosengren, et al. Y441). ,

*LIF was firstly described as a factor produced by T-
lymphocyte that was associated with the migration of
macrophages  during delayed-type hypersensitivity
responses (Bloom and Bennett, Y41%; David, Y411). More
recent findings have identified the mononuclear
phagocyte system as well as anterior pituitary glands as a
major source of LIF(Bucala,)441).

Bacher, et al. (Y 917) found that anti-LIF antibody inhibite
proliferation of T-cells, yet LIF does not appear to be a T-cell
mitogen. One explanation for these results is that LIF
biological activity requires co-factors. Antibodies to LIF may
therefore inhibite biological activity but to induce biological
activity the cofactor and LIF are required. The suggestion that
an enzymatic activity underlies LIF biological activity indicates
that the essential cofactor may be a substrate for chemical

reaction.
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The data presented in Table (¢-1) indicate that S. aureus
and Ps. aeruginosa induce specific cellular immunity when
culture filtrates were used as a sensitizer. The mean values
were °) and 1Y respectively at the systemic (peripheral blood
of patients). The LIF of mucosal system was induced by CFCF
of these two organisms The value of inhibition of migration
were more than that at the systemic. The mean value at the
mucosal were £¢% and ¢Y% in S. aureus and Ps. aeruginosa
respectively when compared with the normal value (%Y%).
There is a significant increase in inhibition of migration P<-:.:®
when compared the mucosal and systemic LIF value with
control. But in case of P. mirabilis the LIF value indicate that
this microorganism did not induce cellular immune response at
the peripheral blood and mucosal system when cell free
culture filtrate was used as a sensitizer. This indicates that
culture filtrate antigens did not induce lymphocyte for
production of lymphokines. The mean value were AY and AV%
at the mucosal and systemic P>+.:2,

The mucosal system as in other two previously
mentioned organisms, S. aureus and Ps. aeruginosa induce
LIF more than that at the systemic due to sensitization of
lymphocyte by culture filtrate. The same results were found by
previous study on systemic and mucosal system in case of
urinary tract infection by AL-Amide Y::Y¥, which found that
proteus species isolated from urinary tract infection did not
induce cellular immune response at the systemic and mucosal

response of urinary tract. The present study also showed that



CHAPER FIVE DISCUSSION 1Y

P. mirabilis did not induce local and systemic

immune response when culture filtrates were used as a
sensitizer. Other studies on proteus species also indicate that
cellular immunity was not induced by these organisms

antigens (Brooks et al,Y1%A; Heimer and Mobley, Y39A),

¢-¥: Immunology of S. aureus

There was increase in total serum protein, total serum
immunoglobulin, total ear mucosal immunoglobulin normal or
reduced serum albumin in staphylococcal chronic ear
discharge patients (Table ¢-A) in comparison with normal
subjects. This may be a direct and or an indirect consequence
of S. aureus ear affection (Wooten Y4AY). The S. aureus
specific antisomatic antigen agglutinins titers were found to
rise during the infection processes both at ear mucosal and
systemic antibody responses in comparison with that
of normal subjects. This may indicate the presence of S.
aureus antigenic epitope(s) either of direct B-lymphocytic
activation potential or an epitope that activates the helper T-
cell (ThY) that activate B-lymphocyte to proliferate, expand,
synthesis of specific S.aureus specific antibodies (Zubler
Y44A; Roltt, et al. Y+ +)). Meanwhile the local mucosal epitope
stimulation lead to both mucosal and systemic antibody
responses (Johansen, et al. Y334). The phagocytic activity
was measured by NBT both for ear mucosal and peripheral
blood phagocytes which were found as Y°.) and ¢-.A for
mucosal and systemic respectively in patient in comparison

with Y£.Ye in normal subjects .Such increase was mediated by
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S.aureus ear infection, since it has been suggested that
phagocytosis of bacteria during otitis media and it is highly
species specific mechanism and that both natural and adapted
iImmune mechanisms are taking part in protection against
middle ear infections (Stenfors and Raisanin, Y34Y and
Nibbering, et al Y447).

The cell free culture filtrate of S. aureus as a sensitizer
induce secretion of leukocyte inhibitory factor LIF from the
already sensitized lymphoid cells in peripheral blood and in
the inflammatory cells of ear discharge. This LIF cytokines
were found as significant inhibition in the leukocyte migration
(°Y, €Y%) in comparison to LIF of normal subjects (9Y%). It
also indicates the involvement of delayed type hypersensitivity

reactions (Bernhagen, et al. Y437),

T-lymphocytes of human have several types of surface
markers or recognition molecules (Cuby, Y14V; and Roitt,
Y++3). Among which, we can identify CDY which is responsible
for E-rosett formation with xenogenic erythrocytes such as
sheep erythrocytes (Binns, et al. Y3AA). E-rosett formation
increased in both peripheral blood and ear discharge
leukocyte and more in patients than in those of normal
subjects. Such increase was statistically significant at P<:.:°
level. It was found higher at mucosal than of systemic E-rosett
formation. Such findings were supported by the studies of
other people working on pleural effusion, meningitis (Playfair
and Chain, Y+ +)).
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¢-t: Immunology of Ps. aeruginosa CED

The Ps. aeruginosa ear infection led to chronic ear
discharge, and it was associated with high total serum protein,
high total serum immunoglobulin, and high ear mucosai
immunoglobulin in comparison with normal control subjects
(Table ¢-)Y). This could be a direct or an indirect squale of the
ear infection (Braudae, Y4AY; and Al-Amedi, Y+ +Y).

Monoclonal antibodies specific to the virulence
associated antigens show that there are Y+ LPS serotype, )¢
pilin serotype and five flagellin servars. On the other hand, the
outer membrane proteins Oprf, OprL and Oprl and LPS rough
core, lipid A and O-antigens have only one or two antigenic
variant types (Hancock and Lam, Y33A),

Outer membrane protein (OMP), peptidoglycan-
associated lipoprotein, Braun liprotein, lipopolysacchride core,
flagella and the exotoxin A are immunogens of Ps. aeruginosa
that stimulate strong antibody responses (Hancock and Lam,
Y44A). In this case, ear discharge Ps. aeruginosa somatic
antigen and LPS separately detects rather high mucosa and
serum antibodies and higher in serum in comparison to
mucosa. Meantime pure LPS detect higher antibodies than
somatic +-antigen preparations (Table, £-1) antitoxin to
exotoxin A is detectable in some human who were recovered
from serious Ps. aeruginosa infection (Brooks, etal Y-+ £).

T-cell responses constitute an important component of
host defense against Ps. aeruginosa (Stevenson, et al. Y141)
Ps. aeruginosa, during infection may modulate T-cell and

macrophage functions. The quorum sensing signal Y-OXO-
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C)Y-HSL potently down regulates ILYY production a T helper
supportive cytokine and such signal also inhibits lymphocyte
proliferation of LPS stimulated macrophage (Telford, et al.
Y449A; Williams, et al. Y+«++). Thus Ps.aeruginosa antigenic
epitopes can be T-cell dependent type (Zubler, Y43A) with
immunomodulating potentials. In accordance with these
results, significant LIF and increase of E-rosett forming T-cell
percentage were noted in CED patient with Ps. aeruginosa
This is also in agreement with Ps.aeruginosa urinary tract
infection (Al-Amedi, Y+ +Y).

Therefore, the immunodominant epitope (Zubler, Y34A)
of Ps.aeruginosa may be of T dependent type with potential
activation for both ThY and ThY. Possibly switch on from ThY
antibacterial to Th) cellular response can happen
(Williams, Y+ +).

¢-¢: Immunology of P. mirabilis CED

Motile strain of Proteus contains H antigen in addition to
somatic  O-antigen. Certain  strains share  specific
polysaccharide with Rickettsial antigens (Weil-Felix test).
Proteus specific antibodies develop in systemic infections but
it is uncertain whether significant in immunity and infection

follow (Brooks, et al. Y44A, Brooks, etal. Y+ +¢).

Serum from active rheumatoid arthritis (RA) reacts with
P. mirabilis antigens. P. mirabilis secretes an immunoglobulin
A degrading protease. P. mirabilis haemolysins contains
hexameric peptide with immunogenic properties. The role of
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such hexameric peptide in stimulation of autoimmune

responses in rheumatoid arthritis remains to be explored.

It was found that IM injection of purified outer membrane
protein of P mirabilis can protect against experimental

challenge with the infectious dose to mice.

Vaccination of mice with purified fimbriae omp as well as
LPS preparation gives partial immunity following the
administration in mice (Heimer and Mobley Y3%A). Thus with
the formation of serum antibodies in systemic infection, OMP
vaccine protects against experimental infection in mice and
the possible role of the haemolysin hexameric peptide in
rheumatoid arthritis autoimmune responses give an indication
of involvement of humoral immunity in Proteus infection
(Brooks et al. Y43A, Brooks et al. Y:+¢, Heimer and Mobley
Y44A). Mean time Proteus possesses an immune escape
mechanism through IgA proteas splitting enzymes. No
evidence so far is known about the involvement of cell

mediated immunity in Proteus infection.

P. mirabilis chronic ear discharge induce rise up of
total serum protein, total serum globulin, mucosal globulin,
phagocytic activity, non significant LIF with CFCF (table¢-)+)
and significant with LPS pure preparation as well as increase
of E-rosette forming T cells at mucosal but not peripheral
blood(table ¢-1Y). Generally speaking all these are sequale of
P. mirabilis infection of middle ear causing chronic ear

discharge . In the immunological sense; however CFCF
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contains either T independent antigenic epitope or ThY
lymphocyte activating epitopes. Pure LPS can contain
epitopes that activate both ThY and Th) cells. ThY activating
epitope appeared to be missing from CFCF antigens (Al-
Amedi Y+ +Y). Thus LPS exhibit significant LIF results and with

CFCF showed non significant LIF result.

Hence, P. mirabilis CED provide rather new prospect to
the cellular immune reactions in Proteus clinical infection, a
finding that has never been mentioned by other workers In the
immunology of Proteus infections and especially those of

Proteus CED patients.
The major immune features of Proteus infection are
V-Induces both mucosal and systemic specific antibodies

Y-increase NBT phagocytic activity at mucosal system
Y-CFCF triggers non significant LIF at the mucosal and
systemic (Al-Amedi ,Y++Y)

¢- Pure LPS trigger significant LIF at the mucosal and
systemic

°-Increase T-Erosett formingcells at the mucosal system

(William et al. ,Y+++, Sousa,)3A+)
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