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Summary 

 
 The present study was carried out to shed light upon the some 

materials that used in increasing antibiotic activity against the isolated 

bacteria from otitis media patients. 

A total of (84) samples were collected from different age group male 

and female patients with otitis media. The patients were either hospitalized 

at Al-Kadhumia Educational Hospital or attending the Central Public Health 

Laboratory of Ministry of Health during the period from 5/12/2006 - 28/5/ 

2007. 
 A total 59 samples gave positive results, of which 25 were identified 

as Pseudomonas areuginosa, 15 Staphylococcus epidermidis, 6 

Staphylococcus aureus, 5 Escherichia coli, 3 Proteus maribilis and 5 fungi. 
Pseudomonas areuginosa was the most common pathogen in the studied 

samples of  otitis media. Patients in the age range between (1-10) years were 

more infected than other age groups. Male patients were more infected than 

female patients with otitis media, and right ear was subjected to infection 

more than left ear. During winter, the frequency of infection was more than 

other seasons. The obtained results showed that single infection 
among patients with otitis media was more common mixed infection. 
 When susceptibility of bacterial isolates to 12 antibiotics was tested 

using disk diffusion assay. The results revealed that Ciprofloxacin was the 

most effective antibiotic against bacterial isolates followed by amikacin and 

then by gentamycin. 

 Nine isolates were selected according to their pattern of resistance as 

those showing muli-drug resistance and tested to specify their minimum 

 I



inhibitory concentration for (cephalexin, ciprofloxacin, streptomycin, 

amikacin, cefotaxim, tetracyclin, erythromycin, ampicillin, gentamycin, 

nalidixic acid). Ciprofloxacin was found to be the most effective one 

through its lowest MIC as compared to other antibiotics. 

The effect of Tris-EDTA and ascorbic acid when were combined 

separately with antibiotics and tested against the nine isolates by using disk 

diffusion assay. The obtained results showed that there was a synergistic 

effect between Tris-EDTA or (ascorbic acid) and each of β- lactam, 

tetracycline, aminoglycosides, SXT, quinolone and erythromycin   against 

Gram negative and positive bacteria. Adversely, there was an antagonistic 

effect between Tris-EDTA or ascorbic acid and quinolone or 

aminoglycosides against gram negative bacteria, only. 
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Introduction and literature review   

Introduction and Literature Review 

1.1 Introduction 
Otitis media is known to be one of the most common childhoods 

infections and a leading reason for antibiotic prescriptions in the development 

world (Bingen, 1998). 

 There are two types of otitis media: Acute otitis media which is defined 

as the presence of middle ear effusion in conjunction with the rapid onset of 

one or more signs or symptoms of inflammation of the middle ear (Friedman, 

et al., 2006), while other type which is known as Chronic suppurative otitis 

media is characterized by persistent perforation of tympanic membrane with 

recurrent or persistent otorrhea (Ologe and Nwawolo, 2002). 

 The pathogenesis of otitis media is multi-factorial, including infection, 

impaired Eustachian tube function, immature immune statue and allergy 

(Darrow, et al., 2003). 

 Antimicrobial drugs may either kill microorganism or inhibit their 

growth. Those that inhibit growth are called bacteriostatic, those drugs depend 

on the normal host defense to kill or eliminate the pathogen after its growth 

has been inhibited. Drugs that kill bacteria are bactericidal effect, these drugs 

are particularly useful in situation in which the normal host defenses can not 

be relied on to remove or destroy pathogen. 

 Consequently minimum inhibitory concentration are specified as that 

bacteriostatics effect that prevent visible growth of microbes on culture 

medium, application of such concentration were also important for resistance 

development and spread are a function of dosage of applied antibiotics. 

 Combinations of antibiotics and other substances (acts as drugs) are 

sometimes used to treat infections, but care must be taken when selecting the 

combination because some drugs will counteract the effect of another. When 
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the action of one drug enhances the activity of another, the combination is 

called synergistic. In contrast, combination in which the activity of one 

interferes with the other is called antagonistic. Combination that are neither 

synergistic nor antagonistic are called additive.  

 

Aims of Study 
-  Isolation and identification of bacteria causing otitis media. 

-  Determining the antibiotics susceptibility patterns of the isolates, in 

   order to select the appropriate antibiotics for MIC determination.  

- Investing the effect of Tris-EDTA and ascorbic acid in increasing 

the inhibition activity of antibiotics against the isolated bacteria. 
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1.2 Literatures Review 

1.2.1 The Ear 

 The organ of hearing and balance are divided into three parts: external, 

middle and inner ear. The external ear is the part extending from the outside 

of the head to the eardrum, the middle ear is an air-filled chambers medial to 

the eardrum, the inner ear is a set of fluid-filled chambers medial to the 

middle ear (Seeley et al., 1996) (Figure 1-1). 

 The middle ear is part of a system that includes the nares, the 

nasopharynx, the Eustachian tube and the mastoid air cell, and these 

structures were lined with respiratory epithelium. The middle ear 

communicates with the nasopharynx through the Eustachian tube interiorly 

and the mastoid antrum posteriorly (Hall and Colman, 1975). 

 

 
 

Figure (1-1) Structure of ear. 
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1.2.2 Otitis Media (Middle Ear Infection)  
Otitis media is a general term used to describe any inflammation 

process involving the middle ear cleft (Jung and Hanson, 1999). Three types 

were recognized: Acute Otitis Media (AOM), Silent Otitis Media and Chronic 

Suppurative Otitis Media (CSOM) (Paparella et al., 2001). Turgut, et al. 

(2004) considered the Silent otitis media as transitional stage between 

Secrotery Otitis Media and Chronic Suppurative Otitis Media and its occur 

with complications of otitis media such as meningitis. 
Otitis media can affect anyone, but mostly affect children (Jones, 

2004). Children particularly prone to Otitis Media because their Eustachian 

tube is shorter, more horizontal and more compliant than those of older 

person (Roddey and Hoover, 2000). 

Otitis media usually appear after Upper Respiratory Tract Infection 

(URTI), that disrupts the function of Eustachian tube, (the Eustachian tube 

dysfunctions which may begin a sequence of events that may lead to chronic 

ear disease), it is found that 40% of children susceptible to this infection 

through their first five years of their age (Jones, 2004), it leads annually to the 

death of over 50 000 children under five years (Rovers, 2006).  

Eustachian tube has three major functions (Ronald, 1999): 

a. Protection from nasopharyngeal sound pressure and secretion. 

b. Clearance into the nasopharynx of secretions produced within the middle 

ear. 

c. Ventilation of the middle ear to equilibrate air pressure in the middle ear 

with atmospheric pressure and to replenish oxygen that has been absorbed. 

  Impairment of each of these functions may result in acute otitis media 

(Adderson, 1998).  
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1.2.3 Mechanism of Otitis Media Infection 
 The infection of Otitis Media induced by endotoxin or other bacterial 

products, particularly cell wall products, and also by local allergens, this leads 

to the release of cytokines including Tumor Necrosis Factor (TNF), 

Interlukin1 (IL1) and Interlukin6 (IL6) which trigger the inflammatory 

response which in turn attract and activate white blood cells (Kenna, 1998).  

The inflammatory response creates mucosal edama, capillary 

engorgement and polymorphonuclear leukocytes infiltration into the lamina 

propria of the mucosa of the pneumatized spaces of the middle ear. Purulent 

exudates soon fills the spaces, epithelial ulceration may occur, allowing 

granulation tissue proliferation which may help to maintain the infection, 

obstruct drainage and ventilation, and enzymatically  destroy bone, the 

granulation tissue which can develop into polyp within the middle ear space 

(Roland et al., 2005). 

 

1.2.4 Acute Otitis Media (AOM) 
Acute Otitis Media is a disease of infancy and childhood occurs 

between the eardrum and the inner ear (Koivunen et al., 2004). AOM is 

inflammation of fluid in the middle ear (Takata et al., 2001), accompanied by 

the rapid onset of symptoms and signs of an ear infection including: 

inflammation or bulging of the tympanic membrane, otalgia (Pichichero, 

2000), deafness in the affected ear, fever, blood, pus coming out of the ear if 

the ear drum ruptures (Simon et al., 2002), earache, anorexia, nausea and 

vomiting (Mandle et al., 2002). 
Acute Otitis Media may be a result of infection with viral, bacterial or 

both. Twenty to thirty percent of episodes of AOM are caused by viruses 

(McCormick et al., 2000). 

5 
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In 1989, Teel and his colleagues suggested that OM is over diagnosed 

in North America, as it is said that 84% of children have at least one episode 

of AOM by the first three years of life, while, Ross (1988) found that the 

incidence is approximately 70% in United Kingdom. 
Another study indicated that 60% of children who had their first 

episode of AOM before the age of six months have two or more recurrence in 

2 years. The earlier the age of onset of AOM, the greater the recurrence rate. 

(Pelton, 1996). 

Persistent effusion is seen after AOM in 50% of children one month 

post AOM, 20% at two months, 10% at three months. The earlier the onset of 

AOM, the greater likelihood of persistent effusion. Persistent fluid in the 

middle ear is associated with conductive hearing loss, and can hinder 

language development and school performance (Pelton, 1996). 

The most frequent causative agent of AOM is Streptococcus 

pneumonia 40%, followed by non typeable Hemophilis influenzae 25%, 

Moraxella catarrhalis 10%, Group A Streptococcus 2% and Staphylococcus 

aureus 2% (Stephenson et al., 1992). 

 

1.2.4.1 Microbiology of Acute Otitis Media 
The predominant pathogens of AOM were S. pneumonia, H. influenzae 

and M. catarrhalis (Rovers et al., 2004), and causes much type of infections 

such as: sinusitis, bacteremia, pneumonia, as well as meningitis (Kaijalainen 

et al., 2004). 
Streptococcus pneumonia is a gram positive diplococcal. It is the most 

important cause of AOM and accounts for about 30% to 40% of cases (Matar 

et al., 2001). It is among the most important bacterial pathogens in infants and 

children, and infection caused by S. pneumonia is a major cause of morbidity 

and mortality (Jakobsen et al., 2001). 

6 
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Hemophilis influenzae produces a wide range of diseases in many 

organ systems. It is small, gram negative, none sporulating, pleomorphic rod 

or coccobacilli (Wintrobs et al., 1974). It's the second most frequent isolated 

bacterium and is responsible for approximately 20% of episodes in preschool 

children (Donaldson, 2006).  
Moraxella catarrhalis is the major causes of Acute and Chronic otitis 

media (Fadon et al., 1997), and also can causes other types of infections such 

as sinusitis and Respiratory Tract infection in both children and adult (Hays et 

al., 2003). It is responsible for aboute 10% of cases (Donaldson, 2006). 
Other bacteria isolated from children with AOM were Group A 

Streptococcus with range 0-11%, is gram positive coccus, primarily is a 

pathogen of the pharynex (Maxon and Yamauch, 1996). 

Viruses seem to interact with bacteria and enhance the local 

inflammatory process in middle ear (Heikkinen and Chonmaitree, 2003). 

Viruses, alone or in combination with bacteria pathogens can be 

isolated from about 20% of AOM cases (Adderson, 1998). 

Heikkinen and his collogues (1999) have found that Respiratory 

syncytial virus is the most commonly identified virus, being found in 47% of 

the middle ear isolates, and followed by parainfluenza virus and influenza 

virus. 

 

1.2.5 Chronic Suppurative Otitis Media 

Chronic Suppurative Otitis Media (CSOM) is defined as a chronic 

inflammation of the middle ear and mastoid mucosa in which the tympanic 

membrane is not intact and discharge is present (Bluestone, 1996). 

Chronic Suppurative Otitis Media may be caused by the failure of an 

acute infection to resolve completely or by the infection of cholestoma or of 

serious effusion in the middle ear and is absence of acute inflammation 

7 
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(Brook et al., 1992). It is characterized by recurrent or persistent ear discharge 

(otorrhoea) over two weeks' duration in the presence of tympanic membrane 

perforation (Active), or with dry but permanent perforation of the tympanic 

membrane (Inactive) (Acuin, 2004). 

Chronic Suppurative Otitis Media causes loss of hearing for 50% of 

patients (Choa and Wu, 1994). Some studies showed a relation between the 

losses of hearing during the first year's childhood with infection of the middle 

ear, this lead to retardation of the child education (Fliss et al., 1990). The 

episodes of acute infection lead to cause a CSOM. The distribution of CSOM 

is less than AOM (Kenna, 1988).  

The factors that led to an increase in high levels of CSOM are the 

continuous or recurrent infections of the middle ear with AOM, also usage of 

unsuitable antibiotics, continuous Upper Respiratory Tract infections URTI, 

nose disease and malnutrition (Jahn , 1991).  

 

1.2.5.1 Microbiology of Chronic Suppurative Otitis Media  
Several bacterial isolates were found associated with CSOM, however, 

Vartiainen and Vartiainen (1996) found that the most common bacterial 

species where Pseudomonas aeruginosa and Staphylococcus aureus.  
     Qguntibeju (2003) showed that the most commonly identified pathogenic 

bacterial species was P. aeruginosa. While, Melaku and Lulseged (1999) 

showed in their research that Proteus the more common bacteria 40(37%) 

from 80 patients and other researchers showed that the more common bacteria 

that causes ear discharge was Staphylococcus aureus 34.3% (Jha et al., 2007). 
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1.2.5.1.1 Pseudomonas aeruginosa 
Pseudomonas aeruginosa is Gram negative, bacilli, measuring about 

(1.5 – 3.0X0.5μm) in length, usually motile by virtue of one or more polar 

flagella, non sporing and non capsulate (Cruickshauk et al., 1975). It is strict 

aerobe, occurs as single bacteria, in pairs and occasionally in short chains, 

belonging to the bacterial family Pseudomonadaceae (Jawetz et al., 1998).  

Ps. aeruginosa is able to secrete several toxic proteins that are thought 

to act as virulence factors and these proteins after colonization can cause 

extension tissue damage and blood stream invasion (Todar et al., 2004). 

Exotoxin A is a potentially important virulence factor of Ps. 

aeruginosa, which has the same mechanism of diphtheria toxin. Exotoxin A is 

responsible for local tissue damage, bacterial invasion and 

immunosuppression (Wood et al., 1989). 

Another potentially extracellular enzyme produced by most isolates of 

Ps. aeruginosa is Exoenzyme S, which is responsible for tissue distribution 

and impairing the function of phagocytes in blood stream and organs to 

prepare for invasion by Ps. aeruginosa (Brint et al., 1995). 

Ps. aeruginosa produce three other soluble proteins involved in 

invasion, cytotoxin and two haemolysins (Van-Delden and Igleweski, 1998). 

The cytotoxin is a pore forming protein, it was originally named leukocidin 

because of its effect on neutrophilis but it showed cytotoxic for eukaryotic 

cells, the two haemolysins, first is phospholipase and the other is lecithenase, 

they appear to act together to break down lipid and lecithin (Todar, 2004). 

Ps. aeruginosa also produce two exoproduct, protease (cause lyses of 

fibrin) and elastase (causes destruction of immunoglobulin (Igs) and other 

compliments, and also lyses fibronectin) during infection, in order to facilitate 

the invasion and dissemination of these bacteria. The two enzymes act 

9 
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together to destroy the structure of fibrin and elastin and cause inactivation of 

gamma interferon (γ-INF) and TNF (Todar, 2004). 

Also there is a lipopolysaccharide that is responsible for many 

endotoxic properties and exopolysaccharide (alginate) which is 

antiphagocytic (Brook et al., 1995). 

     

1.2.5.1.2 Proteus mirabilis 

This bacterium belongs to family Enterobactericeae, a gram negative, 

rod measuring 1.5-3.0μm in length and 0.5μm in diameter, actively motile and 

non capsulated (Levinson and Jawtez, 2000). It is produce urease which 

considered as virulence factor resulting in rapid hydrolysis of urea with 

liberation of ammonia, lipase production, hemolysin production, protease 

production and also contain lipopolysacchrids is considered as enterotoxin 

(Swierzko et al., 2000). 

The genus Proteus has four species which are Pr. mirabilis, Pr. 

vulgaris, Pr. pneneria and Pr. myxofaciens (Jawtes et al., 1998). The most 

important feature which differentiat Proteus from other genera of the 

Enterobactericeae is swarming phenomena (Iwalokun and Akinwvmi, 2002). 

Pr. mirabilis can be distinguished from other three species by its 

inability to form indole (Wintrobe et al., 1974). It is considered as 

opportunistic bacteria produced infections in human only when the bacteria 

leave the normal habitat (intestinal tract) and produce otitis media, bacterimia, 

pneumonia and Urinary Tract Infection UTI (Zhanel et al., 2000). The great 

danger of these infections lies in intracranial extension, leading to thrombosis 

of the lateral sinus, meningitis, brain abscess and bacterimia (Wintrobe et al., 

1974). 

Pr.mirabilis produces many toxic proteins: a) two distinct hemolysins 

which are Hpm A and Hly A (Senior, 1997), b) protease that cleaves IgA1 

10 
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and IgA2 (Senior, 1999), c) proteocine (Tracy and Thomson, 1972), d) outer 

membrane protein and has lipopolysacchried (Swierzko et al., 2000) 

 

1.2.5.1.3 Staphylococcus aureus 

Staphylococcus aureus is a gram positive bacteria, of about one 

micrometer diameter. The cocci are mainly arranged in grape like clusters. 

The organisms are non spore forming, non motile and usually non capsulated. 

When grown on solid media for 24 hours at 37°C, individual form circular 

colonies, two to three millimeter in diameter with a smooth shiny surface. 

Colony appearance is often pigmented (golden, yellow, buff or cream), S. 

aureus are salt tolerant (Cruickshank et al., 1975). 

Enzymes produced by Staphylococcus include catalase, coagulase, 

hyaluronidase, proteinase, lipase and β-lactamase. (Somervill et al., 2002).  

Also, Staphylococcus aureus have the ability to produce enterotoxin and 

exotoxin. 

There are other microorganisms that cause CSOM mentioned as 

followes: 

 Escherichia coli, Klebsiella spp. and Serratia spp. are gram negative rod that 

belongs to Enterobacteriaceae. The most members of Enterobacteriaceae 

considered as the normal habitat in intestinal tract and causes infections when 

the bacteria leaves it, such as otitis media, Respiratory Tract infection, 

pneumonia and meningitis (Tanabe et al., 2005).  

Staphylococcus epidermidis was belonging to family Micrococcaceae, 

it is coagulase negative and mannitol no fermenting (Wang et al., 2003). It is 

considered as member of normal flora of human skin, respiratory and 

gastrointestinal tracts (Lowy, 1998), but became opportunistic when there is a 

decreases in body resistance and causes many infections such as otitis media 

(Stuart et al., 2003). 
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Acinetobacter baumannii is gram negative, facultative aerobic that 

grow at 20-37°C (Holt et al., 1994), this bacteria is opportunistic that affect 

different body tissues (Garcia et al., 1999), also resistant for high range of 

antibiotics (Martro et al., 2003).  

  Candida spp. and Aspergillus spp., the most causatives of fungal 

infection, especially for adults aged between (16-30) year (Yehia et al., 1990). 

The signs and symptoms of fungi are: discharge, loss of hearing, acute 

headache and redness of skin (Kurnatowski and Filipiak, 2001). 

 

1.2.6 Complications of Otitis Media 

1.2.6.1 Acute Intratemporal Complications 

The Acute Intratemporal Complications of otitis media include 

mastoiditis (acute Suppurative infection of mastoid gas cell system), 

labyrinthitis, facial paresis and external otitis (Goldstein et al., 1998). 

 

1.2.6.2 Acute Intracranial Complications 

The Acute Intracranial Complications of otitis media include 

meningitis, focal encephalitis, extradural abscess, subdural empyema, brain 

abscess, sinus thrombosis and otitic hydrocephalus (Bluestone and Klein, 

2001). 

  

1.2.7 Risk Features of Otitis Media 
1.2.7.1 Host Risk Features of Otitis Media 

Host risk features provide prognostic information and identify children 

who may benefit from preventive program (Klein and Bluestone, 1997). 
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a. Age 

Ear infection occurs in all age groups, but it's considerably more 

common in children particularly those aged six months to three years than in 

adults. This age distribution is presumably due to immunologic factors (e.g. 

lack of pneumococcal antibodies) and anatomic factors (e.g. a low of 

Eustachian tube with relation to the nasopharynx) (Lubianca et al., 2006). 

 

b. Birth weight and gestational age 

A recent study from the Netherlands suggests that gestational age of 

less than 33 weeks and very low birth weight (less than 1500 gm) are risk 

factors for recurrent OM (Klein and Bluestone, 1997). 

 

c. Sex 

Varying distribution among sex has not found, some studies have 

shown an increased preponderance in males when compared to female 

(Marchant et al., 1992; Kenna, 2000; Lubiancn et al., 2006), but others 

studies revealed an equal distribution (Kenna, 2000). 

Boys had a 1.5 times greater risk for recurrent disease than girls (Klein et al., 

1992). 

 

d. Race 

The Americans Indian and Eskimo demonstrate an increased risk of 

infection. The anatomy and function of the Eustachian tube play a significant 

role in this increased risk, the Eustachian tube wider and more open in these 

populations than in others (Parry, 2006). 
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e. Allergies 

  Allergies may contribute to ear infections, possibly by increasing the  

amount of fluid in the middle ear. There is some evidence that children 

allergic to pollens, dust, molds and foods may be more likely to develop 

AOM (Hurst, 1996). 

 

 

1.2.7.2 Environmental Features of Otitis Media 

Many Environmental Features have been identified as important in the 

development of OM.  

a. Day care attendance 

        Day care attendance has been associated with an increased incidence of 

AOM (Teele et al., 1989; Pelton, 1996). Some studies reported that care 

outside the home increases the relative risk of recurrent AOM (Adderson, 

1998), it is two times more likely a child in day care centers will have 

frequent ear infection compared with a child cared for at home (Marx et al., 

1995). 

 

 b. Exposure to tobacco smoke (passive smoking) 

Environmental tobacco smoke may be an important risk factor for 

middle ear disease (Adair-Bischoff and Sauve, 1998). A study of day care 

students found that the children exposed to cigarette smoke at home had 

higher risk of middle ear infections than the children whose parents didn't 

smoke (Etzel et al., 1992). 

 

c. Breast feeding  

        Breast feeding has been suggested as an important factor in prevention of 

Respiratory tract infections and middle ear disease in infancy. Many study 
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shown an inverse relationship between the incidence of middle ear disease 

and the duration of breast feeding (Bluestone and Klein, 1983). The study that 

showed breast feeding for a period as short as even 3 months decreased the 

incidence of AOM in the first year of life (Klein, 1994).  

 

d. Season  

       The incidence of OM parallels the incidence of upper Respiratory Tract 

infections (Klein and Bluestone, 1997), which are most prevalent during the 

winter months (Hoberman and Paradic, 2000). OM also common in the spring 

and fall, and least common during the summer (Deskin, 1999). 

 

 

1.2.8 Antibiotic Treatment of Otitis Media 
The choice of antibiotics should be taken into consideration their in 

vitro activity against prevalent organisms. Appropriate choice of 

antimicrobial agent for therapy of OM is based on the understanding of the 

microbiology of the acute and chronic disease. 

 

1.2.8.1 β-lactam Antibiotics 

β-lactam antibiotics  irreversibly inhibit enzymes involved in the final 

steps of cell wall synthesis, the enzymes inhibited by β-lactam drugs mediate 

the formation of peptide bridges between adjacent strands of peptidoglycan 

which called penicillin–binding–proteins (PBPs) (Nester et al., 2001). All 

members of this group have a shared chemical structure called β-lactam ring 

(Chambers et al., 2001). 

β-lactam include two groups: Penicillin  and Cephalosporines. The 

Penicillin discovered by Alexander Fleming in 1928, isolated from Penicillum 
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notatum in 1929 (Atlas, 1995). Penicillin group is the most widely used group 

of antibiotics due not only to their action but for their stability to gastric acid, 

thus, they are suitable for oral administration, and also for their possessing 

less toxicity than the most of the other antibiotics (Jawetz et al., 1998). 

Ampicillin and amoxicillin are given orally to treat otitis, UTI, and 

lower respiratory infection, they are active against Gram negative such as: 

E.coli and P.mirabilis, but they are inactivated by β-lactamases enzyme 

(Cercerado et al., 1990), They have the same spectrum and activity but 

amoxicillin is better absorbed from the gut, less making diarrhea and also give 

high blood level (chambers et al., 2001). 

A combination of amoxicillin with β-lactamase inhibited clavulanic 

acid, that interfere with the activity of some types of β-lactamases and thus 

amoxicillin is protected against enzymatic destruction (Chambers et al., 2001 

and Nester et al., 2001).  

Cephalosporines are derived from an antibiotic produced by the fungus 

called Cephalosporium acremonium (Peltier et al., 2004); Cephalosporines 

were originally introduced to use in patients with allergy to penicillins (Davis 

et al., 1990).  

Cephalosporines are divided into four major generations depending 

mainly on the spectrum of antimicrobial activity (Chambers et al., 2001).  

First generation cephalosporines include: cephalexin, cephalothin, 

cefadroxil, cefazolin, and cephradine, are highly active against Gram positive 

bacteria and are moderately active against some Gram negative rods such as 

E.coli, Proteus, and Klebseilla (Mitsuhashi, 1980). 

Second generation cephalosporines include: cefaclor, cefuroxime, 

cefprozil, loracarbef, and cefonicid. All these antibiotics are less active 

against Gram positive bacteria than first generation (Chambers et al., 2001), 
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but are more active against Gram negative rods, such as  E.coli , and Proteus 

(Jawetz et al., 1998).  

The third generation of cephalosporines has major advantages as their 

expanded Gram negative coverage and the ability of some to cross the blood 

brain barrier (Chambers et al., 2001). 

Cefepime is an example of fourth generation cephalosporines, it is 

more resistant to hydrolysis by chromosomal β-lactamases, and some 

extended–spectrum β-lactamases that inactivate many of the third generation  

cephalosporines (Chambers et al., 2001). 

 

1.2.8.1.1 Resistance to β-lactam 

The resistance of bacteria to β-lactam is due to degradation of drug by 

β-lactamase which is produced by bacteria, lack or poor permeability to the 

drug by bacterial cell and lack or altered PBPs which are drug receptors on 

the cell wall and some of these are enzymes involved in transpeptidation 

reaction (Nester et al., 2001). 

The major basis for bacterial resistance to penicillines is the 

inactivation of drug by β-lactamase, which inhibit the activity of β-lactam 

antibiotics by breaking the β-lactam ring of antibiotic (Arakwa et al., 1989). 

The inheritance of β-lactamase is either encoded by chromosome or plasmid 

(Wiedemann, 1990).  

β-lactamase encoded by chromosome was observed in most Gram 

negative bacteria, while β-lactamase such as, penicillinase is encoded mostly 

by plasmid in S.auerus bacteria (95%of S.aureus producing plasmid encoded 

β-lactamase), however some strains produce both types of β-lactamase (i.e. 

chromosomal or plasmid mediated) (Hardy, 1986).  

It was found that members of Enterobacteriaceae such as, E.coli, 

Klebsiella, and Proteus mirabilis have the ability to produce plasmid encoded 
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enzymes called Extended Spectrum β-lactamase (ESBLs) which enable the 

bacteria to resist most active β-lactams which are third generation 

cephalosporines, in addition at least six chromosomally mediated β-

lactamases have been distinguished in ampicillin resistant E.coli by isoelectric 

focusing (Luzzaro et al., 2001). 

Resistant to β-lactam spreads among member of Enterobacteriaceae by 

plasmids. Morever, Rassol, et al. (2003) successes in transfer the resistant to 

β-lactam from Kebsiella pneumoniae to E.coli by transconjugation. 

 

1.2.8.2 Aminoglycosides 

Aminoglycosides are group of bactericidal antibiotics (Dupont et al., 

2000); originally obtained from various Streptomyces species, have a hexose 

ring, to which various amino sugars are attached by glycosidic linkages 

(Chambers et al., 2001).   

All aminoglycosides inhibit protein synthesis by attaching to and 

inhibiting the function of 30S subunit of bacterial ribosome (Peltier et al., 

2004). Streptomycin is considered as the oldest aminoglycoside drug which is 

still drug of choice for treatment of bacteria resistant to other types of drugs; 

however common Gram negative bacteria develop resistant to this drug 

(Mingeot-lecterco et al., 1999). 

Amikacin is one of the important drugs which belong to 

aminoglycoside group, many Gram negative enteric bacteria including E.coli, 

Proteus, Serratia, and Pseudomonas are inhibited by amikacin, which are 

resistant to many enzymes that inactivate gentamicin and tobramicin 

(Chambers et al., 2001). 

1.2.8.2.1 Resistance to Aminoglycosides  

The resistance to aminoglycoside was due to enzymatic destruction 

(inactivation) of drug (plasmid mediated transmissible resistance), alteration 
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or deletion of ribosomal receptor (chromosomal mutation), and impaired entry 

of aminoglycosides into cell (Chambers et al., 2001). 

In clinical isolates of Gram negative organism, resistance to 

aminoglycosides is due to the production of enzyme that specifically modify 

the antibiotic, so that it can no longer gain entry into the bacterial cell (Joklik 

et al., 1984). The enzymes inactivate the aminoglycosides by: acetylation of 

amino groups (acetyltransfrase), phosphorylation of hydroxyl group 

(phosphortransferase), or adenlylaion of hydroxyl group (adenyltransferase) 

(Forbes et al., 2002).  

 

1.2.8.3 Quinolones 

The mode of action of all quinolones is blocking bacterial DNA 

synthesis by inhibiting bacterial DNA gyrase, which prevents the relaxation 

of positively supercoiled DNA that is required for normal transcription and 

replication (Chambers et al., 2001). 

Quinolones include many antibiotics such as: Naldixic acid, 

ciprofloxacin, norfloxacin, and ofloxacin (Pimental et al., 1998).  

Quinolones are potent bactericidal agents; they have a broad spectrum 

of activity that includes Gram negative and gram positive bacteria (Forbes et 

al., 2002). 

Ciprofloxacin and nalidixic acid are effective antibiotics in OM (Quinn, 

2002). Ciprofloxacin has become one of the most widely prescribed 

antimicrobial agents and has low incidence of side effects (Mulhall and 

Bergann, 1995). 

 

1.2.8.3.1 Resistance to Quinolones 

Chromosomal resistance to Quinolones is developed by mutations 

which either cause an alteration in the A subunit of the target enzyme (DNA 
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gyrase) or change in outer membrane permeability, which on other hand result 

in decrease of drug accumulation (Forbes et al., 2002).  

It was found that resistance to naldixic acid and ciprofloxacin, could be 

encoded by plasmid which could be transferred between Enterobacteriaceae  

and P. aeroginosa (Martinez – Martinez et al., 1998). 

 

1.2.8.4 Macrolides 

The macrolides are group of closely related compounds characterized 

by a macro-cyclic lactone ring; the erythromycin (representative of this 

group) was obtained in 1952 from Streptomyces erythreus (Chambers et al., 

2001).             

Macrolides have been widely used to treat various infections; they bind 

to 25S rRNA on the 50S ribosomal subunit resulting in blockage of 

transpeptidation and or translocation resulting in inhibition of protein 

synthesis (Kawamura-sato et al., 2000). The antimicrobial activity of 

macrolides is broad spectrum; thus macrolides antibiotics are used against 

Gram positive and some Gram negative bacteria (Jawetz et al., 1998). 

Macrolides are especially useful for their excellent penetration of 

orophryngeal secrations and tissues (Quinn, 2002).  

 

1.2.8.4.1 Resistance to Macrolides  

Resistance to erythromycin result from an altered rRNA receptor, this 

is caused by chromosomal mutation, or under control of transmissible 

plasmids, commonly found in S.auerus and Streptococcus species (Chambers 

et al., 2001). 
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1.2.8.5 Tetracyclines 

The tetracyclines are large group of drugs with a common basic 

structure and activity, tetracyclines obtained by catalytic dehalogenation of 

chlortetracycline, which (chlortetracycline) is isolated from Strptomyces 

aureofaciens (Chambers et al., 2001).  

Tetracycline is concentrated intracellularly by sensitive bacteria and as 

a result protein synthesis is stopped by inhibits binding of aminoacyl-tRNA to 

the 30S subunit of bacterial ribosome (Joklik et al., 1984).  

Tetracyclines are broad spectrum antibiotics and bacteriostatic 

antibiotics for many Gram positive bacteria and several intracellular bacterial 

pathogens such as Chlamydia, Rikettsia (Forbes et al., 2002). 

 

1.2.8.5.1 Resistance to Tetracyclines  

The most important mechanisms of resistance to tetracycline is by 

decreasing intracellular accumulation due to either impaired influx, or 

increased efflux, by an active transport protein pump, this pump protein 

encoded by transmissible plasmid (Chambers et al., 2001; Nester et al., 

2001).  

The mechanisms have been included in tetracycline resistance were: 

enzymatic inactivation of tetracycline, and ribosomal protection by interfering 

with tetracycline binding to the ribosome (Chambers et al., 2001). Chopra in 

1985 found that the wide use of tetracycline result in spread bacterial 

resistance in most Enterobacteriaceae. 

 

1.2.8.6 Trimethoprim-sulfamethaxazol (SXT)  

Frequently trimethoprim is combined with a sulfonamide (usually 

sulfamethaxazol) to produce bactericidal agent that can simultaneously attack 
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two targets (competition with enzymes) on the same folic acid metabolic 

pathway (Forbes et al., 2002).  

 

1.2.8.6.1 Resistance to Trimethoprim-sulfamethaxazol 

Most common cause for resistance is due to production of resistant 

enzymes to both antibiotics, which are often under plasmid control (Chambers 

et al., 2001).  

 

 

1.2.9 Substances Increase Antibacterial Activity 
 Some bacterial infection were extremely difficult to treat, this is 

attributed to high resistance of the organism to antibiotics. The primary cause 

of this high antibiotic resistance is reduced outer membrane permeability 

(Angus et al., 1982). 

 

1.2.9.1 Tris-EDTA and its Antimicrobial Effect 

 Tris-EDTA acts as a chelating agent and enhances activity of 

antibiotics against pathogens by decreasing stability and increasing 

permeability of cell wall (Foil, 2004); it has been shown in vitro to have 

potent bactericidal effects (Gotthelf, 2005). 

 In vitro studies have shown that Tris-EDTA is less effective 

ininhibiting gram positive than gram negative bacteria, this may be because 

gram positive have less phospholipids and more peptidoglycan in cell wall 

compared with gram negative bacteria (Paterson, 2003).  
 EDTA a divalent cation chelator which removes Mg+2, Ca+2 from outer 

membrane sites, lead to the release of cell wall lipopolysacchrides, protein 
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and other cell contents (Nicas and Hancock, 1983 and Foster and DeBore, 

1998). 

 Tris is capable of potentate the action of EDTA in organism (Hancock, 

1981), and acts as a buffer to keep the ear cannel at pH 8.0 which is optimum 

for function of aminoglycosides and fluroquinolones (Gotthelf, 2005). 

 

1.2.9.2 Ascorbic Acid (Vitamin C) 

 It was first isolated in 1928, water-soluble, unstable compound, and can 

be destroyed by oxygen, alkali and high temperature (Iqbal et al., 2004). 

Ascorbic acid has antibacterial, antiviral activity and is required to 

stimulate the immune function (activate phagocytic leukocytes) (Pauling, 

1974), decrease the severity and duration of an infection (Hemila, 1992) and 

reduce inflammation that caused by bacterial infection (Brown, 1996). 

Ehrismann (1942) found that strict aerobes were generally inhibited, 

suggesting that the inhibition was due to a reduction in the oxidation/ 

reduction potential of the medium. Some other researchers concluded that the 

inhibition was due to hydrogen peroxide formed during the auto-oxidation of 

ascorbic acid (Lwoff and Mo, 1942b).  

 Cathcart (1991) suggested that massive doses of ascorbic acid worked 

synergistically with appropriate antibiotics when used against acute bacterial 

diseases and considerably broadened the activity spectrum of the antibiotics.                            
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Materials and Methods 

  
2.1 Materials  
 
2.1.1 Apparatus and Equipment 

  The following Apparatus and Equipment used in the study: 

          Equipment            Company(Origin)  

Autoclave Gallenkamp (England) 

Anaerobic jar Rodwell (England) 

Balance Ohaus (France) 

Distillator Gallenkamp  

Hot plate with magnetic stirrer Gallenkamp  

Incubator Gallenkamp  

Compound light microscope Olympus (Japan) 

Micropipette Witeg (germany) 

Millipore filter unit Millipore and Whatman (England) 

Oven  Memmert(germany) 

pH-meter Meter-GmPH Tdedo (England) 

 
 
2.1.2 Culture Media 

   The following Culture Media used in the study: 

Medium             Company (Origin) 

Blood base agar Mast-dignostic (England) 

Chocolate agar Prepared freshly in the laboratory  

DNase agar Difco U.S.A) 

MacConky's agar BioMark (India) 

Mannitol salt agar Oxiod (England) 

Muller-Hinton agar Biokit S.A (Spain) 
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Nutrient agar BioMark  

Nutrient broth Oxoid (England) 

Peptone water medium Difco  

Simon citrate media Difco  

Triple suger iron agar Difco  

Trypton  Difco  

Urea agar base Oxoid  

 
 
2.1.3 Chemicals 

  The following Chemicals used in the study: 

           Chemical agent            Company (Origin) 

Agar-agar Fluka (Switzerland) 

Crystal violet BDH (England) 

EDTA Fluka  

Glycerol  BDH  

Hydrogen peroxide  BDH  

Hydrochloric acid BDH  

Iodine BDH  

mannitol Difco (U.S.A) 

Phenol red BDH  

Tris  

Urea BDH  

 
 
2.1.4 Api20E kit (Api Bio merieux, lyon, France): 

      Api20E kit consists of: 

a) The galleries: 
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      The gallery is a plastic strip with 20 micro-tubes containing 

dehydrated reactive gradient. 

 
b) Api20E Reagents: 

 

i. Oxidase reagent (1% tetra-methyl-p-phenylene diamine). 

ii. Kovac's reagent (p-dimethyl amino benzaldehyde at 4% in HCL 

isoamyle alcohol). 

iii. Voges-Prskaver reagent: 

a) VPI (40% potassium hydroxid). 

    b) VP2 (6% alpha-nephol). 

iv. Ferric chloride (3-4%). 

 
2.1.5 Antibiotic Disks (Bio analyze /Turkey) 

  The following Antibiotic Disks used in the study: 

Antibiotic Code  Conc.(µg) 

Ampicillin AM 10 

Amoxicillin+clavula

nic acid 
AMC 20/10 

Amikacin AK 30 

Cefotaxime CXT 30 

Cephalexin CL 30 

Ciprofloxacin CIP 5 

Erythromycin E 15 

Gentamicin CN 10 

Naldixic acid NA 30 

Streptomycin S 10 

Tetracycline TE 30 

Trimetheprim+sulph SXT 1.25/23.75 
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amethoxazole 

 
 
2.1.6 Antibiotic Powders (Samara'a Drugs Company/ Iraq) 

    The following Antibiotic Powders used in the study: 

Antibiotic code 

Ampicillin AM 

Amoxicillin+clavulanic 

acid 
AMC 

Amikacin AK 

Cefotaxime CXT 

Cephalexin CL 

Ciprofloxacin CIP 

Erythromycin E 

Gentamicin CN 

Naldixic acid NA 

Streptomycin S 

Tetracycline TE 

Trimetheprim+sulphametho

xazole 
SXT 

 
 
2.2 Methods 
2.2.1 Solutions, Buffers and Reagents preparation 
2.2.1.1 Antibiotic Solutions 
 
a. Ampicillin, amikacin, tetracycline, streptomycin, aaldixic acid and 

cephalexin were prepared individually as stock solutions of 10 mg/ml of 

antibiotics powder in distilled water, sterilized by Millipore filter paper 

(0.2mm) and stored at -20°C (Maninatis et al., 1982).  
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b. Erythromycin was prepared as stock solution by dissolving 10 mg/ml 

of antibiotic powder in ethanol/water 50% (v/v) and sterilized by 

millipore filter paper (0.2mm) and stored at -20°C (Maninatis et al., 

1982). 

c. Cephotaxime was prepared as stock solution by dissolving 10 mg/ml of 

antibiotic powder in phosphate buffer pH 6.0 and sterilized by millipore 

filter paper (0.2mm) and stored at -20°C (Hawards and Jeffri, 1987). 

d.  Ciprofloxacin was  prepared as stock solution by dissolving one gram 

of antibiotic powder in 90 ml sterile distilled water, pH was adjusted to 

5.0 with 1 N HCl,  then volume was completed to 100 ml, to obtain a 

final concentration of  10 mg/ml, sterilized by millipore filter paper 

(0.2mm)  and stored at -20°C (AL-Yaseri, 1995). 

 
  
 2.2.1.2 Tris-EDTA Buffer 

 Stock Solution 

 Tris- EDTA solution was prepared by adding 1.861g of EDTA. 

2H2O and 6.055g of tris to 1000ml of distilled water, stirred vigorously 

by magnetic stirrer giving a final concentration of (5mM) of EDTA and 

(50mM) of Tris, than pH was adjusted to 8.0 with NaOH. The solution 

was dispensed into aliquots and sterilized by autoclave (Maninatis et al., 

1982). 

 

2.2.1.3 Ascorbic Acid Stock Solutions 

       Ascorbic acid solution was prepared by adding 10 g of ascorbic acid 

to 900 ml of sterile distilled water, pH was adjusted to 7.0 with 10 N 

NaOH, then the volume was completed to 1000 ml, giving a final 

concentration of  56.8 mM of ascorbic acid, and  sterilized by Millipore 

filter paper (0.2mm) (Cursinon et al., 2005). 
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2.2.1.4 Phosphate Buffer pH 6.0 (Maniatis et al., 1982) 

 A/ Stock Solutions 

a. 0.2 M solution of monobasic sodium phosphate: prepared by 

dissolving 31.2g NaH2PO4. 2H2O in 1000 ml of distilled water. 

b. 0.2 M solution of dibasic sodium phosphate: prepared by 

dissolving 28.39g of Na2HPO4 in 1000 ml of distilled water. 

c. The buffer was prepared by mixing 87.7ml of solution a with 

12.3ml of solution b and diluted to a total volume of 200 ml. 

     
 
2.2.1.5 Reagents 
 
a. Oxidase test reagent (Barom et al., 1994) 

      For this purpose, 1% solution was prepared by dissolving 1g of N, N, 

N, N, tetramethyl-p-phenyle diamine dihydrochlorid into 99 ml distilled 

water, then the volume was completed with distilled water to 100 ml. 

 
b. Kovac's reagent (Colle et al., 1996)  

      It was prepared by dissolving 1g of para-dimethyl 

aminobenzaldehyde in 15 ml of isoamyl alcohol, then 5 ml of 

concentrated HCl was added carefully and gradually, then kept in 

refrigerator. This reagent was used in the indole test. 

 
 

c. Catalase test reagent (Atlas et al., 1995) 

      A solution of 3% hydrogen peroxide (H2O2) was prepared by addition 

of 1 volume of 30% H2O2 to 9 volumes of sterile distilled water, and used 

for detecting the production of enzyme "catalase". 

d. Gram stains solution: 
  Prepared as described by (Atlas et al., 1995).  
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2.2.2 Media Preparation: 
 
a. Nutrient agar, Nutrient broth, MacConkey agar, and Muller 

Hinton agar: 

      These media were prepared as recommended by the manufacturing 

companies before autoclaving at 121º C for 15 minutes. 

 

b. Blood agar: 

      It was prepared by autoclaving blood agar base at 121 ºC for 15 

minutes, cooled to 50ºC; the human blood (Blood bank / Al- Kadhumia 

hospital) was added to give final concentration of 5%, mixed well and 

poured in Petri-dishes. 

 

c. Chocolate agar: 

      It was prepared by autoclaving blood agar base at 121 ºC for 15 

minutes, the human blood was immediately added to give final 

concentration of 5%, mixed well and poured in Petri-dishes. 

 

d. Urea agar: 

      An amount of 950 ml of urea agar base (Christensen media) was 

prepared as recommended by manufacturing company, autoclaved at 

121ºC for 15 minutes, cooled to 50ºC, then 50 ml of 40% urea (sterilized 

by Millipore filler (0.2)) was added and The medium was dispensed as 

slants. 
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e. Triple Sugar Iron agar (TSI) and Simone Citrate media: 

     These media were prepared as recommended by the manufacturing 

companies, before autoclaving at 121ºC for 15 minutes, then dispensed as 

slants. 

2.2.3 Sterilization Methods: 
 
i. Culture media (liquid and solid) and solutions were sterilized by 

autoclaving at 121ºC, 15 pounds / in² for 15 minutes. 

ii. Glass wares were sterilized in the electric oven 180-200ºC for 2 hours. 
 
iii. Thermo labile solutions such as, antibiotics solutions were sterilized 

by filtration through Millipore (0.2µm). 

 

2.2.4 Specimens: 
 
2.2.4.1 Specimen collection: 

      Sterile swabs were used for collection of Specimens from ear 

exudates of males and females with otitis media. All collected swabs 

were transported to the laboratory in an appropriate medium within a 

30min. 

 

2.2.4.2 Specimen culturing: 

      All specimens obtained were cultured directly and separately on the 

following solid media: 

Blood agar 

MacConkey agar 

Chocolate agar 

     Swab was rolled across an area near the edge of the plate, then 

spreaded, streaked by a sterile loop, and incubated at 37ºC for 18-24 

hours, except chocolate agar which was incubated anaerobically in a  

candle jar at 37ºC for 18-24 hours. 
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2.2.5 Identification of Bacteria 
 
2.2.5.1 Direct smear 

        Direct smear was prepared on glass slide by mixing a small portion 

of the spacimen (colony) in 2 or 3 drops of water or saline, then a cover 

slip was applied and the prepared slide was examined microscopically. 

Gram stain was also used to identified gram positive and gram negative 

bacteria. 

       

2.2.5.2 Biochemical Tests:                                   

2.2.5.2.1 Gram positive bacteria 
  
a. Mannitol salt agar (Baird, 1996). 

      It is a selective and indicator medium for the isolation of presumptive 

pathogenic Staphylococci. Most other bacteria are inhibited. It contains 

mannitol (1%) and sodium chloride (7.5%) with phenol red as indicator 

of acid production. Staphylococcus aureus and other staphylococci 

fermenting mannitol produce yellow colonies. 

 

b. Deoxyribonuclease test (Cruickshank et al., 1975; Baird, 1996). 

      The DNase agar plate was divided into 6-8 sections by drawing lines  

and numbering the sections to denote the isolate .A colony from the 

primary culture was inoculated by spotting it on a small area of DNase 

agar in the middle of the marked section, then incubated at 37ºC for 18-

24 hrs. Plate was flooded with few milliliters of (1N) HCl that 

precipitates the DNA and turns the plate cloudy. Appearance of clearing 

zone (absence turbidity) around the colony denotes DNase production 

and positive result.  
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c. Catalase test (Collee et al., 1996). 

      This test detects the presence of catalase enzyme, which produced by 

Staphylococci and most of Enterobacteriaceae. A small amount was 

picked from pure culture and put on a clean glass slide then one drop of 

3% H2O2 was added, evolution of gas bubbles indicates a positive 

reaction. 

  

d. Coagulase tests (Baird, 1996). 

      This test detects the presence of clumping factor in Staphylococcus 

aureus, where most of the other Staphylococci lacking. The tube method 

was used to detect this factor. After a Staphylococcus colony was let to 

grow in Brain-Heart broth for overnight at 37ºC, 0.1 ml of the growth 

culture was added to 0.5 ml of human blood plasma (Blood bank / Al- 

Kadhumia hospital) in a small tube (another tube was used as a control 

which contained human plasma only). The tubes were incubated at 37ºC 

for up-to four hours. A clot formation (by tilting the tube at 90º) was 

considered a positive reaction.  

 
 
2.2.5.2.2 Gram negative bacteria 

a. Oxidase test (Atlas, 1995). 

     The test was done by using a moisten filter paper with a few drops of a 

freshly prepared solution of N,N,N,N, tetra-methyl-p-phenylene diamine  

dihydro-chlorid, then a clump of cells was picked up aseptically from 

slant growth with a sterile wooden stick and smeared on the moistened 

paper, the development of violate or purple color within 10 seconds 

indicatespositive test.  
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b. Urease test (Atlas, 1995).  

     Urease activity was detected by inoculating the surface of Christensen 

urease agar slant with bacterial growth and incubated at 37ºC for 24 hrs, 

the appearance of red violate color indicates a positive test; whereas 

yellow-orange color indicates negative test. 

 

c. Triple Sugar Iron (TSI) (Atlas, 1995).   

       Bacteria were cultured on TSI agar slant by stabbing and streaking on 

TSI slant surface then incubated for (24-48 hrs) at 37ºC. A color change 

in the medium from red to yellow this indicates acid formation (; and 

appearance of black precipitate indicates ferric sulfate formation; whereas 

pushing and cracking the agar to the top indicates CO2 formation. All 

these results were positive. 

 

d. Simon citrate test (collee et al., 1996). 

      Simon citrate agar was inoculated by streaking a loop full of bacterial 

growth on the surface of the medium, incubated at 37ºC for 24-48 hrs. 

Color changed from green to blue indicates positive result. 

 

e. Indole test (Collee et al., 1996). 

      Five ml of peptone water was inoculated by bacterial colony, 

incubated at 37ºC for 48 hrs, then 0.05 ml of  Kovac's reagent was added 

with mixing the contents of tube gently, appearance of red ring on the 

surface indicates positive result. 

 

2.2.6 Identification of Gram Negative Bacteria by Api 20E 
       Identification of bacterial isolates was carried out by transferring 

single isolated colonies from MacConkey agar plates into Api 20E micro 

tubes system. This system is designed for the performance of more than 
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20 standard biochemical tests from a single colony on plating medium. 

Each test is preformed within sterile plastic micro tube which contains the 

appropriate substrate and is affixed to an impermeable plastic strip 

(gallery). Each gallery contains 20 micro tubes (which consists of a tube 

and a cupules section). 
 

     The biochemical tests included in this system are the following: 

a. Beta-galactoside test ONPG. 

b. Arginine dihydrolase test ADH. 

c. Lysine decarboxylase test LDC. 

d. Ornithine dearboxylase test ODC. 

e. Citrate utilization test CIT. 

f. Hydrogen sulphide test H2S. 

g. Urease test URE. 

h. Tryptophane deaminase test TDA. 

i. Indole test IND. 

j. Voges proskauer test VP. 

k. Gelatin liquefaction test GEL. 

l. Glucose fermentation test GLU. 

m. Mannitol fermentation test MAN. 

n. Inositol fermentation test INO. 

o. Sorbitol fermentation test SOR. 

p. Rhamnose fermentation test RHA. 

q. Sucrose fermentation test SAC. 

r. Melibiose fermentation tests MEL. 

s. Amygdalin fermentation tests AMY. 

t. Arabinose fermentation test ARA. 
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        The above 20 tests were preformed according to the manufacture 

instruction as follows: 

 

i. Preparation of the galleries. 

   Five ml of tap water was dispensed into incubation tray to provide a 

humid atmosphere during incubation. 

 

ii. Preparation of bacterial suspension. 

    A well-isolated colony was picked up by loop from MacConkey agar 

plate and was suspended in 5 ml sterile distilled water by rubbing against 

the side of the tube and mixed thoroughly with the water. 

 

iii. Inoculation of galleries.  

        The twenty micro tubes were inoculated by a sterile pasture pipette, 

according to the manufactures instruction both the tube and the tube 

section of CIT, VP, and GEL micro tubes were filled. 

       After inoculation couple section of the ADH, LDC, ODC, H2S, and 

URE micro tubes were completely filled with sterile mineral oil. 

 
iv. Incubation of the galleries. 

      After inoculation, the plastic lid was placed on the tray and the 

galleries were incubated for 18 to 24 hrs at 37ºC. 

 

v. Reading the galleries. 

      All the reactions not requiring reagents were recorded first, and then 

the following reagents were added to the corresponding micro tubes, 

      a. One drop of 3-4% ferric chloride to the TDA micro tube. 

      b. One drop of Kovac's reagent to the IND micro tube. 

         - (p-dimethyl aminobenzaldehyde at 4% in HCL isoamyl (alcohol)). 
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      c. One drop of Voges-proskauer reagent to VP micro tube. 

         - Vp1 (40% potassium hydroxide). 

         - Vp2 (6% alpha-nephthal). 

      d. One drop of the oxidase reagent to ONPG micro tube. 

 

     The biochemical reactions preformed by the Api 20E and their 

interpretation are listed in table (2-1). 

 
Table (2-1) Interpretation of reactions preformed by API 20E. 

   Micro-tube         Positive           Negative  

     ONPG Yellow Colorless  

      ADH Red / Orange  Yellow 

      LDC Orange  Yellow 

      ODC Red / Orange Yellow 

      CIT Blue-green / Green Pale green / Yellow 

      H2S  Black deposit Colorless / grayish 

      URE    Red / Orange Yellow 

      TDA Dark brown Yellow 

      IND     Red ring Yellow ring 

       VP    Pink / Red Colorless 

      GEL Diffusion of black pigment No diffusion 

      GLU Yellow Blue / blue-green 

       MAN Yellow Blue / blue-green 

       INO  Yellow Blue / blue-green 

       SOR Yellow Blue / blue-green 

       RHA Yellow Blue / blue-green 

       SAC Yellow Blue / blue-green 

       MEL Yellow Blue / blue-green 
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       AMY Yellow Blue / blue-green 

       ARA Yellow Blue / blue-green 

     
vi. Rapid identification at species and biotype level (Api supply) 

      Analytical profile index (numerical coding) was used. The 

biochemical profile obtained have to be transformed into numerical 

profile and to compare with those listed in the index by transforming all 

20 biochemical results into seven-figures numerical profile (i.e., seven 

digit number) by placing them into group of three and consigning a 

specific value for each of the positive as follows: 

 
    Group 1     Group 2     Group 3     Group 4 

ONP
G 

AD
H 

LO
C 

OD
C 

CIT H2
S 

UR
E 

TD
A 

IND V
P 

GE
L 

GL
U 

   1   2   4   1  2  4   1   2  4  1   2   
 
 
       Group 5        Group 6           Group 7 
 MAN  INO  SOR  RHA  SAC  MEL     AMY    ARA 
   1    2    4    1    2    4            1       2 
 
 
    Each positive reaction is given a value equal to 1, 2, or 4 according to 

the position of the test in its group. The sum of these values given the 

corresponding figure. Thus, the figure can have a value from 0 to 7 (0 for 

negative reaction). The seven digit numerical profile is then looked up in 

the index and the identification is determined. 

 

2.2.7 Maintenance of Bacterial Isolates 
      Maintenance of bacterial isolates was preformed according to 

(Maniatis et al., 1982) as following:  
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a. Short term storage. 

      Bacterial isolates were maintained for short periods (2-3 weeks) on 

nutrient agar plate; the plates were tightly wrapped by parafilm 

(American National Can (U.S.A)) and stored at 4ºC.  

 

 b. Medium- term storage. 

      Bacterial isolates were maintained in nutrient agar stab culture for 

period of few months; such cultures were prepared in small screw-cup 

bottles containing (2-3) ml of nutrient agar media and stored at 4ºC. 

 

c. Long term storage. 

      Cultures were stored freezing for long periods (1 year) in medium 

containing 15% glycerol. This availability was done by adding 1.5 ml of 

sterile glycerol to an exponential growth of bacteria in small screw-

capped bottle with final volume 10 ml and stored at -20ºC.  

 

 
2.2.8 Antibiotic Susceptibility Tests 
 
  A. Determination of Bacterial Susceptibility. 

        Disks diffusion method was used when 10 ml of nutrient broth was 

inoculated with part of the bacterial colony, and incubated at 37ºC for 18-

24 hrs.  

      Bacterial culture (0.1 ml) was spreaded on the surface of Muller- 

Hinton agar plate by a sterile cotton swab in three different planes (by 

rotating the plate approximately 60º each time) to obtain an even 

distribution of inoculums throughout the plate. The inoculated plates were 

then placed at room temperature of 30 minutes to allow absorption of 

excess moisture. Then with sterile forceps, the selected antibiotics disks 
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were placed on the inoculated plates and incubated at 37ºC for 18 hrs in 

an inverted position. 

      After incubation, the diameters of inhibition zones were measured by 

a ruler. Results were compared according to the National Committee for 

Clinical Laboratory Standards (NCCL, 2001).  

 

B. Determination of Minimum Inhibitory Concentration (MIC). 

           Minimum Inhibitory Concentration was determined using tubes 

dilution method in which each tube contained 10 ml of nutrient broth. 

After stock solution of antibiotic is prepared and sterilized by filtration, 

antibiotic was added to the first tube to give a final concentration of 1024 

µg/ml and a final volume of 10 ml, then a serial dilutions were made by 

adding 5 ml from the first tube to 5 ml of the next tube and so on until the 

last tube. Each tube was then inoculated with 0.1 ml of previously 

prepared overnight culture of bacteria, and then the tubes were incubated 

at 37ºC for 24 hrs. Appearance of turbidity in the tubes and growth on 

Petri dishes indicates positive result.   

 
2.2.9 Enhancement of Antibiotic Activity 
a. Determining Effect of Tris-EDTA in Combination with Antibiotics  

          Different molarities of Tris-EDTA solution were prepared starting 

from (5mM of EDTA and 50mM of Tris). Lowest molarity of Tris-EDTA 

that causes inhibition against bacteria was determined using well 

diffusion assay. 

After Tris-EDTA solution was prepared, the desired concentration  

of antibiotics was added. Paper disks were socked in the final solution, 

and disk diffusion assay was used to determine the inhibition zone of 

antibiotic disks against bacteria according to the National Committee for 

Clinical Laboratory Standards (NCCLs, 2001). 
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b. Determining Effect of Ascorbic acid in Combination with 

Antibiotics 

      Different molarities of ascorbic acid solution were prepared starting 

from (56.8mM), and the lowest molarities of ascorbic acid that causes 

inhibition against bacteria were determined using well diffusion assay. 
Ascorbic acid solution was prepared and the desired concentration 

of antibiotics was added. paper disk was socked in the final solution, and 

disk diffusion assays were used to determine the inhibition zone of 

antibiotic disks against bacteria according to the National Committee for 

Clinical Laboratory Standards (NCCLs, 2001). 
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Results and Discussion 
 
3.1 Isolation and Identification of Microorganisms 

3.1.1 Isolation 
 Eighty four swabs were collected from patients with otitis media 

attending Al-Kadhumia Educational Hospital and Central Public Health 

Laboratory of Ministry of Health during the period from 5/12/2006 to 

28/5/2007. 

 After culturing of the 84 samples on media (MacConky agar, Blood 

agar, Chocolate agar), 54 samples gave positive bacterial growth, five gave 

fungal growth and 25 had no growth, this might due to treatment of patients 

with antibiotics. 

 

3.1.2 Identification of Microorganisms  

3.1.2.1 Morphologically. 
Morphological characterization of the isolated microorganisms was 

carried out on the cultured media by the colonies formed. There were 

described according to the shape, size, color and other characteristics. 

Pseudomonas areuginosa 

Colonies of Pseudomonas areuginosa grown on MacConky agar 

medium appeared pale in color, with irregular edge, oval and large. On blood 

agar Pseudomonas areuginosa was able to hemolyse blood agar completely, 

while on nutrient and Muller Hinton agar, it produced blue-green pigment. 

 Microscopical examination of Pseudomonas areuginosa showed that 

the cells were gram negative, bacilli, appeared single, pairs or short chain and 

non spore forming. These results are comparable to the reported 

morphological characteristics of Pseudomonas areuginosa.  
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Staphylococcus species 

On blood agar, colonies of suspected Staphylococcus aureus appeared 

large, smooth, circular and pigmented (yellow or golden) surrounded by clear 

zone around the colonies and hemolysed blood completely. While 

Staphylococcus epidermidis appeared opaque, smooth and gray in color. 

 On mannitol salt agar, Staphylococcus aureus appeared yellow because 

of acid production from mannitol fermentation, while Staphylococcus 

epidermidis appeared pink because of non mannitol fermenting. 

 Microscopical examination of isolated both Staphylococcus species 

showed that they were gram positive, cocci, arranged in grape like clusters 

and nonspore forming. 

Proteus mirabilis 

 On other hand, the isolates of Proteus mirabilis appeared pale, unable 

to ferment lactose on macConky agar and revealed their swarming motility on 

blood agar which characterized them from other Enterobacterciea. 

 Under the microscope, Proteus mirabilis cells appeared gram negative, 

bacilli and non pore forming. 

Escherichia coli 

 Suspected colonies of Escherichia coli appeared glossy, pink and 

smooth with an entire edge on macConky agar. 

 Microscopical examination showed that suspected Escherichia coli 

cells were gram negative, short bacilli, non spore forming and occured singly. 

 

3.1.2.2 Biochemical Tests  
 Further identification of the bacterial isolates was achieved by 

biochemical tests. The results which were shown in table (3-1) illustrated the 

biochemical characteristics of isolated gram negative bacteria. 
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Table (3-1) Biochemical characteristics of gram negative bacterial isolates.  

       Isolate 

Test 
Ps .aeruginosa Pr. maribilis E. coli 

Gas + + + 

H2S − + − 

TS
I 

Reaction Alk ⁄ No change Alk ⁄ A A ⁄ A 

Urease ± + − 

Citrate + + − 

Indole − − + 

Growth in 

42°C 
+ − − 

Oxidase + − − 

Catalase + + + 

+: positive result  

−: negative result 

±: variable result 

Alk: alkaline  

A: acid 

 

Pseudomonas areuginosa gave positive results for citrate, oxidase, 

catalase and can grew at 42°C, while, it gave negative results for indole 

production, and variable result for urease production. Pseudomonas 

areuginosa produced alkaline slant (red) with no change bottom in test of 

sugar fermenting accompanied by gas production, but without black 

precipitate formation ( no H2S production). 

Proteus maribilis gave positive results for urease, citrate and catalase, 

while, it gave negative results for indole production, oxidase and lactose 

fermentation. This species produced alkaline slant (red) with acid bottom 
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(yellow) in test of sugar fermenting accompanied by gas production and black 

precipitate formation (H2S production). 

Escherichia coli gave positive results for indole, catalase, while it gave 

negative result for urease production, citrate and oxidase. It produced acid 

slant (yellow) with acid bottom (yellow) in test of sugar fermenting 

accompanied by gas production, but without black precipitate formation ( no 

H2S production). 

 

These results are similar to the results reported by Baron et al., 1994b; Holt et 

al., 1994 and Forbes et al., 2002. 

The results reported in table (3-2) illustrated the biochemical 

characteristics of isolated gram positive bacterial isolates. 

 
Table (3-2) Biochemical characteristics of gram positive bacterial isolates. 

            Isolate 

Test 
Staph. aureus Staph. epidermidis 

Oxidase − − 

Catalase + + 

Coagulase + − 

Mannitol fermenter + − 

DNase prodution + − 

     +: positive result 

     −: negative result 

 Staphylococcus aureus gave positive results for catalase, coagulase, 

mannitol fermenting ability and DNase production, but negative for oxidase. 

While Staphylococcus epidermidis gave negative results for oxidase, 

coagulase, mannitol fermenting ability and DNase production, whereas 

positive result was obtained for catalase. 
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These results are similar with the biochemical characteristics reported by 

Baron et al., 1994b; Holt et al., 1994 and Forbes et al., 2002. 

 Further identification of the isolates was done by using API 20E system 

for gram negative bacteria, (figure 3-1). These biochemical tests were 

confirmed by the diagnostic key (Mandelle et al., 1995). 

 

 
A 

 
B 

 
C 

Figure (3-1): Identification of gram negative bacteria by the API 20E system. 

A: Biochemical Identification of Proteus maribilius. 

B: Biochemical Identification of E.coli. 

C: Biochemical Identification of Pseudomonas aeruginosa. 

 

Numbers and percentages of the microorganisms isolated from the 

Otitis Media patients are shown in table 3-3. These results were obtained 

according to the for mentioned identification criteria of bacterial isolates. 
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Table (3-3) Numbers and percentages of microorganisms isolated from the Otitis Media 
patients. 

Number of isolates 
Types of 

Microorganisms 
% 

25 Ps. aeruginosa 29.76 

3 Pr. mirabilis 3.58 

5 E. coli 5.95 

6 Staph. aureus 7.14 

15 Staph. epidermidis 17.86 

5 Fungi 5.95 

25 No growth 29.76 

84 - 100 

  
 

 Table (3-3) shows that 25 isolates of Pseudomonas areuginosa  were 

obtained (29.76%), as the most common bacteria that caused chronic 

suppurative otitis media. Followed by 15 isolates of Staphylococcus 

epidermidis (17.86%), 6 of Staphylococcus aureus (7.14%), 5 of Escherichia 

coli (5.95%), 3 of Proteus maribilis (3.58%) and 5 of fungi (5.95%) 

 The obtained results were comparable to the results reported by Wariso 

and Ibe (2006) and Yeo et al. (2007) who mentioned that the most common 

bacteria of chronic suppurative otitis media was Pseudomonas areuginosa. 

This might be due to the resistance of these bacteria to most antibiotics, or to 

the production of extra-cellular enzymes, its exictance in the external ear and 

to its ability to enter middle ear through the perforation of tympanic 

membrane.  

 Other study Melaku and Lulseged, 1999) showed that the most 

common bacteria causing CSOM was Proteus 40 of 80 patients. They added 
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that is bacteria can enter the external ear and causes infection when the 

resistance of middle ear is lowered. 

 While Jha et al. (2007) showed in his study that the more common 

bacteria causing ear discharge was Staphylococcus aureus (34.3%). This may 

be due to inherent nature of bacteria to develop resistance strains and ability 

to enter the middle ear through the external canal as normal flora (Blustone 

and Stool, 1983). 

 

3.2 Age Distribution 
 A total of 54 patients who infected with bacterial infection were 

between the ages 1-60 years were enrolled in this study, they were divided 

into six groups. 

 Results of table (3-4) indicate that the majority (46.3%) of patients 

belonged to the age group of 1-10 years. Mishra et al. (1997) who found that 

66.67% cases of chronic supprative otitis media were detected in the age 

group of less than 14 years. This declares that children were more prone to 

CSOM than adults. 

High incidence of otitis media in children may be related to the 

Eustachian tube which is shorter, more horizontal and more compliant than 

that of older person (Roddey and Hoover, 2000), nutritional deficiencies, lack 

of hygiene and other features. 

 

 
 
 
 
 
 
 
 
 

 48



Results and Disussion 

Table (3-4) Distribution of chronic suppurative otitis media according to patient age 
groups. 

Age (year) No. of cases % 

1-10 25 46.3 

11-20 13 24.1 

21-30 9 16.7 

31-40 4 7.4 

41-50 1 1.8 

51-60 2 3.7 

Total 54 100 

 

 

3.3 Sex Distribution 
It was found in this study that occurrence of the positive bacterial 

agents was higher in male (57.4%) than female (42.6) (table 3-5). 

 
Table (3-5) Distribution of chronic suppurative otitis media according to the sex of 
patients. 

sex 
Number of positive 

cases 
% 

male 31 57.4 

Female 23 42.6 

Total 54 100 

 

Marchant et al. (1986) and Kaleida et al. (1991) reported that the 

incidence of male was approximately 53%. On other hand, Del Beccaro et al. 

(1992) found the opposite when they reported that incidence in female 60% 

was higher than male 40%. Other study showed equal distribution between 

male and female (Loy et al., 2002). 
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Our results came in agreement with several investigators. Obi et al. 

(1995) and Wariso and Ibe (2006) found that male infected with otitis media 

more than female. 

Male predominance may be due to more exposed to ways of life. These 

differences in both sexes may also due to presumably reflecting sex-related 

differences, child care-practice and low levels of socio-economic status. 

 

3.4 Ear’s Site of Infection 
Results shown in table (3-6) demonstrated that infection of the right ear 

was slightly higher than the left and both ears (50%, 45.4% and 5.6%) 

respectively. 

 
Table (3-6) Numbers and percentages of ear’s site of infection (right, left or both). 

Site of infection Number % 

Right 27 50 

Left 24 45.4 

Both 3 5.6 

Total 54 100 

 

Similar results were reported by Ferede et al. (2001) when they found 

that the right ear infections were more common than the left and both ears, 

they were 50(44%), 38(34%) and 24(22%), respectively.   

While Kamal et al. (2004) showed different results, which revealed that 

the incidence of left ear infections was more than the right and both (46.7%, 

26.7% and 26.7%) respectively.  

High incidence of right ear infection may be due to attributed to that 

most children are right handed, and might scratch their right ear. 
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Table (3-7) showed the distribution of ear’s site infections in OM 

patients in both sexes. Results demonstrated that the male’s infections were 

26% for the right ear, 27.8% for left ear and 3.7% for both ears. Percentages 

of female’s infections were 24% for right ear, 16.7% for left ear and 1.9% for 

both ears. 
   Table (3-7) Numbers and percentages of ear’s site OM infections between both sexes. 

Right ear Left ear Both ears Total 
Sex 

No. % No. % No. % No. % 

Male 14 26 15 27.8 2 3.7 31 57.4 

Female 13 24 9 16.7 1 1.9 23 42.6 

Total 27 50 24 44.5 3 5.6 54 100 

    

It is possible to observe in the same table that the right and the left ear’s 

infections were slightly increased in males (26%, 27.8% respectively) than 

females (24%, 16.7% respectively), infections in both ear’s sites were lower, 

in male 3.7% and female 1.9%. 

 

3.5 Distribution of Otitis Media according to Months 
The results reported in our study showed that the incidence of OM 

infections was higher in February than other months. Table (3.8) showed the 

variation in monthly distribution of OM patients. 
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Table (3-8) Numbers and percentages OM patients distributed according to the month of 
year. 

Month Number of patients % 

December 13 24.1 

January 11 20.3 

February 18 33.3 

March 7 13 

April 5 9.3 

May 0 0 

Total 54 100 

 

Winter’s months (December, January and February) had highest 

incidence of OM infection (24.1%, 20.3% and 33.3% respectively). The 

incidences declined in the following months, for example in March and April  

they were 13% and 9.3% respectively; while in May no bacterial infection 

was obtained in this study. These results were closed to those obtained by 

Green and Rothrock (1993) who found that the highest incidence of patients 

was in winter season (48%), which declined in spring (16%) and summer 

(4%). In this respect, Guevara et al. (2008) who showed that the bacterial 

infections detected during the rainy season was higher than during the dry 

season. 

Engel et al. (1999) reported that season appeared to have a significant 

effect on OM infections. It may be attributed to high incidence of viral URT 

infection which leads to secondary bacterial infection causing OM (Byington, 

1998).  
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3.6 Distribution of Single and Mixed Infections of Patients 

Table (3.9) shows that single infection was more frequent than the 

mixed infection. The incidence of single infection was (90.7%), whereas for 

mixed infections was (9.3%). Dincer, et al. (1992) showed that the pure 

infection was 58.8% in comparison with the mixed (35.3%). Other 

investigators observed similar results (Anifasi and Tumushime, 1989; Aslam, 

et al., 2005; Jha, et al., 2007). 

 
Table (3-9) Numbers and percentages of single and mixed infections of patients. 

Bacteria 
Single 

infection 

Mixed 

infection 
Total % 

P. aeruginosa 24 1 25 46.3 

P. mirabilis 2 1 3 5.6 

E. coli 3 2 5 9.3 

Staph.aureus 6 _ 6 11 

Staph.epidermidis 14 1 15 27.8 

Total 49 5 54 100 

 

3.7 Antibiotic Sensitivity 
 Testing antibiotics resistance in microorganism is important for 

categorizing their behavior in accordance with the kinds of antibiotics as well 

as their medical application and effectiveness in treatment of disease. 

Moreover, it will serve to give a picture to the following transfer of genetic 

elements responsible for resistance among species and hence detection of 

spread of resistance (Chambers, 2001). 

 For screening purposes, the required test should be suitable for large 

number of isolates. Disk diffusion method (which is used in this study) is fast 
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and simple; but, is with lower accuracy as long as zone of inhibition is widely 

affected by medium composition and interference of some ions with spread of 

antibiotics through the medium (Baron et al., 1994). 

 For research studies, minimum inhibitory concentration (MIC) is more 

useful to specify minimum concentration of antibiotics showing inhibition of 

growth. Concentration for example could also be useful for medical purposes. 

Accordingly, for testing antibiotics sensitivity, the two methods were used 

wherever it is needed (Nester, et al., 2001). 

 

3.7.1 Disk Diffusion Test. 

  The emergence and prevalence of antibiotic resistant strains are 

considered as a major therapeutic problem that can be explained by several 

hypotheses such as the influence of excessive and/or misuse of antibiotic use 

(Sotto et al., 2001). 

 Standard disk diffusion assay was used to detect the sensitivity of 

pathogenic bacteria and results obtained were compared with those of 

(NCCLs, 2001). 

 Bacterial (54) isolates were screened for their susceptibility to twelve 

antibiotics representing different groups. Results which are shown in table (3-

10) indicate variable resistance profiles among isolates against the antibiotics 

used. 
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Table (3-10) Antibiotics susceptibility for different isolates from CSOM. 
   Antibiotics 

Isolates 
CL CIP S AMC AK CTX TE E AM SXT CN NA

Ps. 1 R R R R R R R R R R R R 
Ps. 2 R S R S R S R R R R R S 
Ps. 3 R S R R S S S R R S S S 
Ps. 4 R S R R R R R R R S R S 
Ps. 5 R S R R R S R R R S R R 
Ps. 6 R S R R R R R R R R R R 
Ps. 7 R R R R S R R R R R R R 
Ps. 8 R R S R S R R R R R S R 
Ps. 9 R S R S S S R R R S S R 

 Ps. 10 R S R R R R R R R R R R 
 Ps. 11 R S R S S S R R R S S R 
Ps. 12 R S R R R R R R R R R R 
Ps. 13 R S R R R R R R R R R R 
Ps. 14 R S R R S R R R R S S R 
Ps. 15 R S R R S R R R R R R S 
Ps. 16 R S R R R R R R R R R R 
Ps. 17 R S R R S R R R R S S R 
Ps. 18 R S R R S R R R R R R R 
Ps. 19 R S R R S R R R R R R R 
Ps. 20 R S R R S R R R R R R R 
Ps. 21 R S S R S R R R R S S R 
Ps. 22 R S R R R R R R R R R R 
Ps. 23 R S R R S R R R R R S R 
Ps. 24 R R R R R R R R R R R R 
Ps. 25 R S R R R R R R R R R R 
Pr. 26 R S S S S R R R R S S S 
Pr. 27 R S S S S R R R R S S S 
Pr. 28 R S S R S S R R R R S S 

E. coli 29 R S R R S R R R R S S S 
E. coli 30 R R R R S R R R R R R R 
E. coli 31 R S R R S R S R R S R S 
E. coli 32 R S R R S R R R R S S S 
E. coli 33 R S R R S R R R R R S R 

Staph. 
aureus34 R S S R S R S R R R S R 

Staph. 
aureus35 R S S R S R R R R S S S 

Staph. 
aureus36 R S R R R R S S R S S R 

Staph. 
aureus37 R S R R R R S S R S R R 

Staph. 
aureus38 

 
R S R R R R R R R R R S 
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Staph. 
aureus39 

 
R 

 
S 

 
R 

 
R 

 
R 

 
R 

 
S 

 
S 

 
R 

 
S 

 
S 

 
R 

Staph. 
epidermidis40 R R R S S R S R R S S S 

Staph. 
epidermidis41 R S R R S R S R R S S S 

Staph. 
epidermidis42 R S R R S R S R R S R R 

Staph. 
epidermidis43 R R R R S R R R R R R R 

Staph. 
epidermidis44 R S R S S R S S R S R R 

Staph. 
epidermidis45 R S R S S R R S R S R R 

Staph. 
epidermidis46 R S R S S R S S R R S R 

Staph. 
epidermidis47 R S S R S R S R R R S S 

Staph. 
epidermidis48 R S S R S S R R R R S S 

Staph. 
epidermidis49 R S S S S R R R R R S S 

Staph. 
epidermidis50 R S S R S R R S R S S R 

Staph. 
epidermidis51 R S R S S R R R R S R R 

Staph. 
epidermidis52 R S S R S R R R R R R R 

Staph. 
epidermidis53 R S R S S R S R R S S R 

Staph. 
epidermidis54 R S S S S R S R R S R R 

S: Sensetive, R:Resistance, Ps.: Pseudomonas aeruginosa, Pr.: Proteus mirabilis, Staph. 
aureus: Staph. aurous, Staph. epidermidis: Staph. epidermidis, E. coli: E. coli. 
CL: Cephalexin, CIP: Ciprofloxacin, S: Streptomycin, AMC: Augmentin, AK: Amikacin, 
CTX: Cefotaxim, TE: Tetracyclin, E: Erythromycin, AM: Ampicillin, SXT: 
Trimetheprim+sulphamethoxazole, CN: Gentamycin, NA: Nalidixic acid. 
 

Figure (3-2) shows that resistance of gram negative bacterial isolates to 

the tested antibiotics were 100% to each of cephalexin and erythromycin, 

93.9% for tetracycline, 90.4% for amoxicillin, but lower resistance to 

amikacin (36.3%) and ciprofloxacin (15.1%). Others were distributed in 

between. 
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On other hand,  same figure showes that the antibiotic resistance of 

gram positive bacteria were 100% for cephalexin and ampicillin, 66.6% for 

erythromycin and nalidixic acid, and 61.4% for streptomycin and 

Amoxicillin+clavulanic acid (augmentin), whereas the others distributed in 

between. 

 
Figure (3-2) Percentages of antibiotics resistance of gram negative and positive bacteria. 

 

In this study, isolates showed highest resistance to ampicillin (100%) in 

all types of bacteria. This result agree with the results obtained by Compose et 

al. (1995) who found that Ps. aeruginosa, Pr. mirabilis and Staph.aureus 

were completely resistant to ampicillin (100%), while Moshi et al. (2000) 

revealed that Ps. aeruginosa was resistant to ampicillin at 89.9%. Other study 

carried out by Ountibeju (2003) showed that Pr. mirabilis, Staph.aureus and 

E. coli were resistant to ampicillin at 72.7%, 50%, 50% respectively. 
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Table (3-11) Percentages of antibiotics resistance bacteria tested.  
   Bacteria 

 

antibiotics 

Ps. E. coli Pr. Staph.aureu Staph.epid 

AM 100 100 100 100 100 

AMC 88 100 33.3 100 46.6 

CL 100 100 100 100 100 

CTX 80 100 66.6 100 80 

AK 48 0 0 66.6 0 

S 92 100 33.3 66.6 60 

CN 72 40 0 33.3 46.6 

TE 96 80 100 33.3 46.6 

E 100 100 100 50 73.3 

SXT 64 40 33.3 33.3 40 

CIP 16 20 0 0 6.6 

NA 68 40 0 66.6 66.6 

Ps: Ps. aeruginosa, Pr: Pr. mirabilis, Staph.aureu: Staph.aureus, Staph.epid: Staph.epi 
dermidis. CL: Cephalexin, CIP: Ciprofloxacin, S: Streptomycin, AMC: Augmentin, AK: 
Amikacin, CTX: Cefotaxim, TE: Tetracyclin, E: Erythromycin, AM: Ampicillin, SXT: 
Trimetheprim+sulphamethoxazole, CN: Gentamycin, NA: Nalidixic acid. 
 

The results reported in table (3-11) demonstrated that  Staph.aureus and 

E. coli showed high resistance to augmentin (100%), while Ps. aeruginosa, 

Pr. mirabilis and Staph.epidermidis showed 88%, 33.3%, 46.6% respectively. 

Ferede et al. (2001) reported different results; they showed lower resistance of 

Pr. mirabilis, Staph.aureus and E. coli to augmentin 5.8%, 17.8%, 15.3% 

respectively, while Gül et al. (2006) indicated that Ps. aeruginosa had high 

resistance to augmentin (85%). 
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Resistance to augmentin (combination of β-lacame/β-lacamase 

inhibitor) combination may be due to the overproduction of β-lacamase by the 

resistant isolates which overcome the β-lacame inhibitor action (Chambers et 

al., 2001). 

 The study also showed high resistance to cephalexin when all types of 

bacterial isolates were resistant to it (100%). Sensitivity of Staph.aureus to 

cephalexin was reported by Loy et al. (2002) while Poorey and Layer (2002) 

found that the gram negative bacteria (Ps. aeruginosa 88.9%, Pr. mirabilis 

and E. coli 50%) were more resistant than the gram positive bacteria 

(Staph.aureus 26.7% and 100% sensitive for Staph.epidermidis). 

 The reported results in this study also showed that the resistance to 

cefotaxime was high for all isolated bacteria; E. coli and Staph.aureus (100%) 

Ps. aeruginosa and Staph.epidermidis (80%), and 66.6% for Pr. mirabilis. 

The obtained results disagree with Poorey and Layer (2002) who found lower 

resistance for all tested bacteria in their investigation were Ps. aeruginosa 

(27.2%), E. coli (33.4%), Staph.aureus (20%), Staph.epidermidis (40%) and 

(100%) sensitive Pr. mirabilis. Aslam et al. (2005) showed that Ps. 

aeruginosa was resistant to cefotaxime at 58.4%. 

 The reason for high resistance percentages by bacterial isolates to β-

lacame antibiotics may be due to the wide and unwise use of antibiotics which 

leads may develop the resistance through the action of β-lacamase enzymes. 

(Rodrigues et al., 2004). 

 Resistance to third generation of cephalosporin (cefotaxime) was 

mainly due to ESBL enzymes that can hydrolyze these antibiotics 

(Babypadmini and Appalaraji, 2003). 

 The reported resistance to aminoglycosides in this study was found to 

be variable. amikacin was the most effective one against different isolated 

bacteria; 48% resistance was shown by Ps. aeruginosa. This was close to that 
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found by Jang and Park (2004) when reported the resistant of Ps. aeruginosa 

was 44.4%. On the other side, Pr. mirabilis, E. coli and Staph. epidermidis 

were 100% sensitive to the amikacin; whereas 66.6% resistance was observed 

for Staph. aureus. Another results were observed by Poorey and Layer (2002) 

who found that Staph. epidermidis (40%) sensitivitivity to amikacin and 

Staph. aureus (33.4%) resistance to this antibiotic. 

 Regarding streptomycin, all bacterial isolates showed high resistance 

percentages to it, except Pr. mirabilis that had low resistance. Ps. aeruginosa, 

E.coli, Staph. aureus and Staph. epidermidis had resistance  92%, 100%, 

66.6%, 60% respectively, while Pr. mirabilis 33.3%. These results disagreed 

with those of Ferede et al. (2001) who reported high resistance to Pr. 

mirabilis, Staph. aureus, E. coli and Ps. aeruginosa (47%, 42.8%, 53.6%, 

90%,  respectively). 

 Variable resistances to gentamycin by different isolated bacteria were 

recorded. Percentages of resistance were 72%, 40%, 33.3%.46.6% to Ps. 

aeruginosa, E. coli, Staph. aureus and Staph. epidermidis, respectively. Pr. 

mirabilis isolates were 100% sensitive. Aslam et al. (2005) and Gul et al. 

(2007) reported gentamycin sensitivity for Ps. aeruginosa 40%, 30% 

respectively. While Poorey and Layer (2002) found similar results to that 

obtained in this study, when they reported 100% of gentamycin sensitivity for 

Pr. mirabilis, and 60% for Staph. epidermidis. 

Oguntibeju (2003) showed that gentamucin resistance to E. coli was 

20%; other study by Gül et al. (2006) found 27% gentamucin resistance to 

Staph. aureus. 

 All isolated bacteria could resist aminoglycoside by producting 

modifying enzymes affecting the aminoglycosides and prevent them from 

binding to ribosome (Jawetz et al., 1998). 
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 Quinolones on the other hand had shown good effect on the bacterial 

isolates. Most isolates found to be sensitive; for example ciprofloxacin 

sensitivity was 100%   for each of Pr. mirabilis and Staph. aureus, 80% for E. 

coli, 84% for Ps. aeruginosa and 93.4% for Staph. epidermidis. These results 

were almost   comparable to the results reported by Poorey and Layer (2002) 

who found that ciprofloxacin sensitivity of Pr. mirabilis, Ps. aeruginosa and 

Staph. epidermidis were100%, 86%, 80% respectively, while for E. coli  was 

16.6% . Indudharan et al. (1999) detected 98.7% ciprofloxacin sensitivity of   

Staph. aureus.  

Sensitivity of bacteria to ciprofloxacin (quinolones) because quinolones 

act principally by inhibiting bacterial DNA Gyrase, so preventing supercoling 

of the DNA; a process that is necessary to compacting chromosome into the 

bacterial cell.   

 While nalidixic acid (other member of quinolones) showed different 

resistant to bacteria; 68% for Ps. aeruginosa, 66.6% for (Staph. aureus and 

Staph. epidermidis), and 40% for E. coli while 100% sensitive to Pr. 

mirabilis. 

  Resistance of bacteria to nalidixic acid may be due to the development 

of resistant gene carried by conjugative plasmid (Martinez-martinez et al., 

1998). 

 Results showed high resistance to erythromycin with 100% for each of 

(Ps. aeruginosa, Pr. maribilus and E. coli), 73.3% for Staph. aureus and 50% 

for Staph. epidermidis. Oguntibeju (2003) found low resistance to Staph. 

aureus and E. coli (10%). While Poorey and Layer (2002) mentioned that Ps.  

aeruginosa resistance to erythromycin was 69.5%. 

 Resistance to erythromycin may be due to the common use of this 

antibiotic which leads to increase microbial resistance to this antibiotic. 
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 Tetracycline also showed high resistance to Ps. aeruginosa 96%, Pr. 

mirabilis 100%, E. coli 80%, Staph. epidermidis 46.6% and 33.3% for Staph. 

aureus. Moshi et al. (2000) showed high resistance to tetracycline,  91.7% for 

Ps. aeruginosa  and Ferede et al. (2001) also showed high resistance of Pr. 

mirabilis 76.4%, E. coli 84.6%, Ps. aeruginosa 100% and 78% for Staph. 

aureus. 

 Resistance to Tetracycline may be due to the resistance gene which 

carried by plasmid (Merlin et al., 1988). 

 Resistance to Trimetheprim-sulphamethoxazole SXT were 64% for Ps. 

aeruginosa, 40% for E. coli and Staph. epidermidis and 33.3 for Staph. 

aureus and Pr. mirabilis. Gül et al. (2006) showed in closed result, regarding 

SXT (37% for Staph. aureus). Park et al. (2008) showed different when SXT 

resistance to Staph. aureus was 11.8%; while ferede et al.(2001) found that 

the SXT resistance to E. coli, Pr. mirabilis and Ps. aeruginosa 38.4%, 23.5%, 

100%, respectively.   

The results in table (3-10) showed that nine isolates (Ps 1, Ps 6, Ps 15, 

Ps 19, Pr 28, E.coli 30, Staph. aurous 38, Staph. epidermidis 43, Staph. 

epidermidis 51) possessed the highest level of resistance, so that they were 

selected to investigate the minimum inhibitory concentration of antibiotics 

against selected bacteria.   

 

3.7.2 Minimum Inhibitory Concentration (MIC) 

 The nine selected isolates which have the highest level of resistance 

were tested to determine the MIC of ten antibiotics;  Ampicillin, Cephalexin, 

and Cefotaxime (β-lactams), Amikacin, Gentamicin and Streptomycin 

(aminoglycosides), Ciprofloxacin and Naldixic acid (quinolons), Tetracycline 

and Erythromycin as in table (3-12). 
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 The breakpoints were applied following NCCLs (2001) 

recommendation. When resistance levels were calculated, "MIC" in both the 

intermediate and resistance range (as defined by the NCCLs 2001) considered 

as non susceptible in accordance with the definition of MIC as the lowest 

drug concentration in microgram per milliliter that inhibited the visible 

growth of the bacteria (Kinoshita et al., 1997). It was concluded that 

Ciprofloxacin had the extended spectrum of antibacterial activity, a result 

which agreed with that obtained by Ettehad et al. (2006). 
Table (3-12) MIC's of ten antibiotics against nine selected isolates. 

MIC Isolate 

 CN CIP S AK TE E CL CTX AM NA 

Ps 1 128 8 128 128 128 256 128 128 1024 128

Ps 6 128 4 128 128 64 512 156 512 1024 64 

Ps 15 32 2 32 8 256 128 512 256 1024 512

Ps 19 64 8 64 8 32 256 256 512 1024 256

Pr 28 8 2 32 4 256 512 512 16 512 16 

E.coli 30 32 8 128 16 64 128 128 256 1024 256

Staph. 

aureus 38 
64 2 32 128 16 32 1024 512 1024 512

Staph. 

epidermidis 
43 

32 8 64 2 32 256 1024 128 512 128

Staph. 

epidermidis 
51 

128 2 128 4 64 64 128 64 1024 64 

CL: Cephalexin, CIP: Ciprofloxacin, S: Streptomycin, AK: Amikacin, CTX: Cefotaxim, 
TE: Tetracyclin, E: Erythromycin, AM: Ampicillin, CN: Gentamycin, NA: Nalidixic acid. 
Ps: Pseudomonas aeruginosa, Pr: Proteus mirabilis, Staph. aureus: Staphylococcus 
aureus,  Staph. epidermidis:  , E.coli: E. coli. 
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All isolates gave high resistance to tetracyclin, erythromycin, 

cephalexin, cefotaxim, ampicillin and nalidixic acid, with MIC's of (16-256), 

(32-512), (128-1024), (16-512), (512-1024), (16-512) µg/ml respectively. 

This is may be due to wide and unwise use of antibiotics. These results were 

comparable with the results obtained by Qadri et al. (1994) who showed in 

their study that isolated bacteria gave high resistance to β-lactam antibiotics. 

The obtained results showed that all tested bacteria were less resistance to 

aminoglycosides (amikacin 2-128, gentamycin 8-128, streptomycin 32-128). 

On the other hand, the tested bacteria exhibited very low resistance to 

Ciprofloxacin (2-8 µg/ml). 

Antonio-Velmonte et al. (1986) showed that the aminoglycoside’s 

MICs for E. coli and Proteus mirabilis were in rang between (0.25-256) 

µg/ml, while Gesu et al. (2003) recorded higher ciprofloxacin MIC ranged 

(32-64µg/ml). Rashedko et al. (2002) found that MIC's of aminoglycosides 

for Pseudomonas aeruginosa were (0.25-512) µg/ml. 

 

 

3.8 Enhancement of Antibiotic Activity 
3.8.1 Effect of Tris-EDTA in Combination with Antibiotics.  

 Results presented in table (3-13) and figure (3-3) showed the relation 

between Tris-EDTA and different antibiotics used. Tris-EDTA and B-lactam 

antibiotics showed synergistic effect against tested isolates of gram negative 

and gram positive bacteria, also tetracycline showed synergistic effect on 

Pr28 (Proteus mirabilis) isolate  when used with Tris-EDTA. These results 

were comparable with Vaara (1992) who reported that EDTA combination 

with penicillin and tetracycline caused reduction of MIC, also Farca et al. 

(1994) who showed in their study that Tris-EDTA potentiated the activity of 

β-lactam antibiotics. 
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Table (3-13) Effect of combination of Tris-EDTA with antibiotics against different types 

of bacteria using disk diffusion assay.  

Inhibition zone diameter 
(mm) 

Isolate Antibiotic 
Antibiotics 

alone 

Antibiotics 
and Tris-
EDTA 

CIP 13 10 
S 10 11 

AK 14 15 
CTX 0 12 

Ps 1 

CN 9 12 
CIP 27 17 

Ps 6 
AK 0 10 
CIP 23 12 
AK 17 19 

CTX 0 13 
Ps 15 

CN 0 9 
CL 0 9 
CIP 27 11 

S 0 11 
CTX 0 13 

E 0 10 
AM 0 12 
SXT 0 9 
CN 0 10 

Ps 19 

NA 0 11 
CL 0 10 
CIP 40 0 

AMC 0 13 
CTX 20 0 
TE 0 12 
CN 15 0 

Pr 28 

NA 20 
0 
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SXT 0 10 E. coli 
30 CN 10 13 

CL 0 25 
CIP 20 25 

S 10 17 
AMC 0 20 
AK 12 27 

CTX 0 18 
TE 18 25 
E 14 23 

AM 0 13 
SXT 19 23 
CN 12 21 

Staph. 
aureus 

38 

NA 0 20 
CIP 0 19 

AMC 0 11 
AK 20 18 

CTX 0 14 
TE 0 12 
CN 0 16 

Staph. 
epidermi

dis 43 

NA 0 14 
CIP 22 28 

AMC 20 22 
AK 17 20 

CTX 0 15 
TE 0 11 

SXT 18 20 
CN 0 13 

Staph. 
epidermi
dis 51 

NA 0 1 
 
            Ps: Pseudomonas aeruginosa, Pr: Proteus mirabilis, Staph. aureus: 

                      Staphylococcus aureus, Staph. epidermidis: Staphylococcus epidermidis                                

                     E. coli: Escherichia coli 
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 On the other hand, antagonistic effect between Tris-EDTA and 

quinolone was observed by all tested gram negative bacteria, while, Ps 19 

(Pseudomonas aeruginosa); showed synergistic effect with nalidixic acid, 

these results agreed with Amara and Hussein (2006) who showed that 

antagonistic effect between Tris-EDTA and ciprofloxacin against 

 Pseudomonas aeruginosa, while Gotthelf (2003) reported that EDTA was 

capable of reducing the MIC of ciprofloxacin against Pseudomonas 

aeruginosa.  

 Adversely, synergestic effect between Tris-EDTA and quinolone was 

observed aginst all tested gram positive bacteria. 

 Synergistic effect between Tris-EDTA and aminoglycosides was 

observed against tested bacteria; antagonistic effect was shown against Pr28 

(Proteus mirabilis). These results agreed with Spark, et al. (1994) and Foster 

and DeBore (1998) who showed synergistic effect when combination of Tris-

EDTA and aminoglycosides were used against Pseudomonas aeruginosa and 

E. coli. Farca et al., (1994) showed in their study that Tris-EDTA potentiated 

the activity of streptomycin by binding to the metal ions which compete with 

aminoglcoside antibiotics for cell wall receptors that allow antibiotics to enter 

the bacterial cell. 

Synergetic effect between SXT antibiotics and Tris-EDTA was shown 

against Gram negative bacteria, while erythromycin and Tris-EDTA gave 

synergetic effect against it. 

 The synergistic effect between Tris-EDTA and antibiotics may be due 

to the remove of Mg+2, Ca+2 from outer membrane of the bacterial cells sites, 

leading to the release of cell wall lipopolysacchrides, protein and other cell 

contents of the cell wall (Nicas and Hancock, 1983 and Foster and DeBore, 

1998). Another reason may be due to Tris-EDTA enhancement of antibiotics 

activity by binding to the metal ions which compete with antibiotics for cell 
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wall receptors allowing antibiotics to enter the bacterial cell (Nicas and 

Hancock, 1983). 

 

3.8.2 Effect of Ascorbic acid in Combination with Antibiotics.  

 Results presented in table (3-14) and figure (3-3) showed the effects of 

combination of ascorbic acid and various antibiotics against test bacteria. 

 Synergistic effect between β-lactam antibiotics and ascorbic acid was 

observed against gram negative and positive bacteria. Whereas antagonistic 

effect between quinolones and ascorbic acid was shown against gram negative 

bacteria except Ps19 isolate of (Pseudomonas aeruginosa) which was showed 

synergestic effect with nalidixic acid. 

  Moreover, a synergistic effect between quinolones and ascorbic acid 

was noticed against gram positive bacteria. 

 Synergistic effect between aminoglycoside and ascorbic acid was shown 

against gram negative and positive bacteria Pr28 (Proteus mirabilis). 

 Erythromycin and SXT showed synergistic effect with ascorbic acid 

toward Ps19 (Pseudomonas aeruginosa), also tetracycline showed synergistic 

effect with ascorbic acid against R28 (Proteus mirabilis). 

 The synergistic effect of ascorbic acid with antibiotics may be due to the 

effect of ascorbic acid on some metabolic activity associated with protein 

synthesis inside the bacterial cells and tendering the organisms more 

permeable to antibiotics through the effect on cell membrane and providing 

easier and larger penetration of antibiotics to inside the cell, or may be due to 

the effect of H2O2 that released from auto-oxidation of ascorbic acid that lead 

to potent the activity of antibiotics (Kramarenko et al., 2007). 

 Other studies have shown that some antibiotics stimulate the induction of 

reactive oxygen species (free radical) in different bacterial species (Becerra 

and Albesa, 2002; Albesa et al., 2004), so may be ascorbic acid acts as 
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scavengers for this free radical. On other hand, the loss of antibiotics 

resistance in Staphylococci might due to the possible plasmid 

curing effect of ascorbic acid ( acts as curing agents) that lead to loss of 

plasmid (Amabile-Cuevas, 1988). This explains the antagonistic effect. 
 
 
Table (3-14).  Effect of combination of ascorbic acid with antibiotics against bacterial 
isolates using disk diffusion assay.  

Inhibition zone diameter 
(mm) 

Isolate Antibiotic 
Antibiotics 

alone 

Antibiotics 
and 

ascorbate 
CIP 13 10 

S 10 13 
AK 14 15 

CTX 0 12 
Ps 1 

CN 9 11 
CIP 27 17 

Ps 6 
AK 0 10 
CIP 23 14 
AK 17 19 

CTX 0 14 
AM 0 11 

Ps 15 

CN 0 10 
CL 0 14 
CIP 27 15 

S 0 14 
CTX 0 15 

E 0 18 
AM 0 12 
SXT 0 12 
CN 0 11 

Ps 19 

NA 0 13 
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CIP 40 0 
AMC 0 13 
CTX 20 0 
TE 0 18 
CN 15 13 

Pr 28 

NA 20 0 
E. coli 30 CN 10 13 

CL 0 28 
CIP 20 26 

S 10 15 
AMC 0 22 
AK 12 21 

CTX 0 29 
TE 18 36 
E 14 21 

AM 0 20 
SXT 19 28 
CN 12 22 

Staph. 
aurous 38 

NA 0 13 
CIP 0 21 

AMC 0 12 
CTX 0 18 
TE 0 14 
AM 0 12 
SXT 0 9 
CN 0  14 

 Staph. 
epidermidis 

43 

NA 0  17 
CIP 22 29 

AMC 20 23 
AK 17 22 

CTX 0 18 

Staph. 
epidermidis  

51 

TE 0 15 
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AM 0 14 
SXT 18 20 
CN 0 18 
NA 0 16 

                     Ps: Pseudomonas aeruginosa, Pr: Proteus mirabilis, Staph. aureus: 

                      Staphylococcus aureus, Staph. epidermidis: Staphylococcus epidermidis                                

                     E. coli: Escherichia coli. 
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                               Antibiotics and ascorbic acid   
 
 
 
 
 
 
 
 
 
 
 
 
 

(A) 
Figure (3-3) Effect of antibiotics alone and in combination with EDTA (0.006-0.0018 
mg/ml) or ascorbic acid (10mg/ml) against different type of bacteria  
  
          A: E.coli. 

 B: Pseudomonas aeruginosa. 

 C: Staph. epedemidis. 

 D:  Proteus maribilius. 

 E: Staph aureus. 
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Conclusions and Recommendations 

 

 Conclusions 
 

1. Pseudomonas aeuginosea was the most common tested bacteria that 

causing otitis media infection. 

2. Ciprofloxacin was the most effective antibiotic against bacterial  

isolates from otitis media infection followed by amikacin, then 

gentamycin. 
3.  Tris-EDTA and Ascorbic acid showed synergistic effect with 

antibiotics against gram positive bacteria, causing otitis media. 

4. Tris-EDTA and Ascorbic acid showed antagonistic effect when used 

with aminoglycosides and quinolone antibiotics against gram 

negative bacteria. 
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    Recommendations  
 

1. Studying the synergistic effects between Tris-EDTA and ascorbic 

acid individually with antibiotics against other microorganisms 

such as: anaerobic bacteria, viruses and fungi. 

2. Further studies are required for possible use of Tris-EDTA with 

antibiotics in drop with intact tympanic membrane in patients with 

otitis media. 

3. Further studies are required for possible use of ascorbic acid at 

different pH with antibiotics in patients with otitis media. 

 
 



 

 
 

References 
 



Refrences  

References  
A 

- Acuin, J. (2004). Chronic suppurative otitis media. Clin. Evid. 12: 710-29. 
 
- Adair-Bischoff, C and Sauve, R. (1998). Environmental tobacco smoke and middle 
ear disease in pre-school age children. Archives of Pediatrics and Adolescent Medicine. 
152(2): 127-133.   
 
- Adderson, E.E. (1998). Preventing otitis media. Medical Approaches. Pediatr. Annal. 
27(2): 101-107. 
 
- Albesa, I.; Becerra, M.C.; Battan, P.C. and Paes, P.L. (2004). Oxidative stress 
involved in the antibacterial action of different antibiotics. Biochem. Biophys. Res. 
Commun. 317: 605-609. 
 
- Al-Yaseri, A.J. (1995). The importance of Minimum Inhobitory Concentration of 
Antimicrobial Agents against Gram Negative Bacilli Isolated from Urinary Tract 
Infection. M.Sc. Thesis, Baghdad University. Baghdad- Iraq.   
 
- Amabile-Cuevas, C.F. (1988). Loss of pancillinase plasmids of Staphylococcus aureus 
after treatment with L-ascorbic acid. Mutation Research. 207: 107-109. 
 
- Amara, A.A. and Hussein, M.Z. (2006). Case-by-case study using antibiotics-EDTA 
combination to control Pseudomonas aeruginosa. Pak. J. Pharm. Sci. 19(3): 236-243. 
 
- Angus, B.L.; Carey, A.M.; Caron, D.A.; Kropinski, A.M.B. and Hancock, R.E.W. 
(1982). Outer membrane permeability in Pseudomonas aeruginosa: comparison of a wild- 
type with an antibiotic-supersusceptiable mutant. Antimicrobial Agents and 
Chemotherapy. 21: 299-309. 
 
- Anifasi, W.B. and Tumushime- Buturo, C.G. (1989). Bacteriology and drug 
sensitivity of chronic suppurative otitis media at a central hospital in Zimbabwe. Cent. 
Afr. J. Med. 35(9): 481-3. 
 
- Antonio- Velmonte, M.; Limson, B.M. and Fajardo-Ang, C. (1986). Comparative 
antibacterial in vitro activity of CI-934, a new quinilone dervitive. Phil. J. Microbiol. 
Infect. Dis. 15(2): 63-67. 
 
- Arakwa, Y.; Ohta, M.; Kido, N.; Mori, M.; Ito, H.; Kamatsu, T.; Fjii, Y. and Kato, 
N. (1989). Chromosomal β-lactamase of Klebsiella oxytoca, a new class A enzyme that 
hydrolyzes broad spectrum β-lactum. Antimicro. Agents. Chemother. 33(1):63. 
 

 79



Refrences  

- Aslam, M.A.; Ahmed, Z. and Azim, R. (2005). Microbiology and drug sensitivity 
patterns of chronic suppurative otitis media. Coll Physicians Surg Park J. 15(6): 378-9. 
 
- Atlas, R.M.; Brown, A.E. and Parks, L.C. (1995). Laboratory Manual Experimental 
Microbiology. 1th ed.  Mosby.  

 
 

B 
- Babypadmini, S. and Appalaraji, B. (2003). Extended spectrum β-lactamases in 
urinary isolates of E.coli and K. pneumoniae - prevalence and susceptibility pattern in a 
tertiary care hospital. Indian. J. Med. Microbiolo. 22(3):1782-174. 

 
- Baird, D. (1996). Staphylococcus: cluster-forming Gram positive cocci. In: Collee, 
J.G.; Fraser, A.G.; Marmion, B.P. and Simmons, A. (Eds): Macki and McCarteny 
Practical Medical microbiology 14th International student ed., New York. Churchil 
Livingstone, Chap.11 pp.245-58.  
 
- Baron, E.J.; Finegold, S. M. and Peerson, L. R. (1994a). “Baily and scott’s 
Diagnostic microbiology” (9th Ed.). Mosby Company. Missouri. P. 389-395. 
 
- Baron, E.j.; Finegold, S.M. and Peterson, I.L.R. (1994b). Baily and Scott,s 
Diagnostic Microbiology. 9th ed. Mosby Co. U.S.A. 
 
- Becerra, M.C. and Albesa, I. (2002). Oxidative stress induced by ciprofloxacin in 
Staphylococcus aureus. Biochem. Biophys. Res. Commun. 297: 1003-1007. 
 
- Bingen, E. (1998). Microbiology in acute otitis media. Rev. Pract. 48: 848- 53. 
 
- Bluestone, C.D. and Klein, J.O. (1983). Otitis media with effusion, A telecasts, and 
Eustachian Tube dysfunction. Pediatric Otolaryngology. Bluestone and Stool. Pp: 356-
512. 
 
- Blueston, C.D. and Stool, S.E. (1983). Pediatric otolaryngology. W.B.Saunders Co. 
Philadeliphia. PP. 370-527. 

- Bluestone, C.D.; Stool S.E. and Kenna M.A. (1996). Pediatric Otolaryngology. 3rd 
ed. Philadelphia, Pa: WB Saunders Co.  

- Bluestone, C.D. and Klein, J.O. (2001). Otitis media in infants and children. 3rd ed. 
Philadelphia (PH): WB Saunders Company. 

- Brint, J.M. and Ohaman, D.E. (1995). Synthesis of multiple exoproduct in 
Pseudomonas aeruginosa is under the control of Rh1R-Rh1L another set of regulators in 

 80



Refrences  

strain PA01 with homology to the autoinducer-responsive LuXR-LuXI family. 
J.Bacteriol. 177: 7155-7163.  
 
- Brook, G.F.; Bulet, J.S. and Arnston, L.N. (1995). Jawetz, Melnick and Adelberg’s 
Medical Microbiology. 20th ed.  
 
- Brook, I.; Fraizier, E.H. and Thompson, D.H. (1992). Aerobic and anaerobic 
microbiology of external otitis. Clin. Infect. Dis. 34(2): 360-365. 
 
- Brown, D.J. (1996). Herbal Prescriptions for Better Health. Rocklin, CA: Prima 
Publishing. Pp: 213–4. 
 
- Byington, C.L. (1998). The diagnosis and management of OME. Pediatr.  Annal. 27(2): 
96-100. 
 
 

C 
- Campos, M.A.; Arias, A.; Rodriguez, C.;Dorta, A.; Betancor, L.; Lopez-Aguado, 
D. and Sierra, A. (1995). Etiology and therapy of chronic suppurative otitis media. 
Chemother. J. 7(5): 427-31.  
 
-Cercenado, E.; Gacia-Leoni, M. E.; Rodena, P. and Rodriguez-Creixems, M. 
(1990). More extended – spectrum β-lactamases. J. Antimicrob. Agents chemother. 
35:1697-1704.  

 
- Cruickshank, R; Duguid, J.P.; Marmion, B.P. and Swain, R.H.A. (1975). Medical 
Microbiology. 12th ed.   
 
- Chao, W.Y. and Wu, C.C. (1994). Hearing impairment in chronic otitis media with 
cholesteatoma. J. Formos. Med. Assoc. 93(10): 866-869. 
 
- Chambers, H.F. (2001). Chemotherapeutic drugs. In: Basic and Clinical 
Pharmacology. Katzung, B. G. (8th Ed.). Lange Medical Books / McGraw-Hill. USA. 
 
- Collee, J. G.; Fraser, G. A.; Marmion, P. B.; Simmoms, A. (1996). Makie and 
McCartney Practical Medical Microbiology. (14th Ed). Churchill living Stone. New York. 
 
- Cursino, L.; Chartone-Souza, E. and Nascimento, A.M.A. (2005). Synergestic 
interaction between ascorbic acid and antibiotics against Pseaudomonas aeruginosa. 
Braz. Arch. Boil. Technol. 48(3). 
 

 81



Refrences  

D 
- Darrow, D.H; Dash, N. and Derkay, C.S. (2003). Otitis media: concepts and 
controversies. 11: 416- 423. 

- Davis, B. D.; Dulbecco, R.; Eisen, H. S. and Ginsberg, H. S. (1990). “ 
Microbiology”. (4th Ed. ). J. B. Lippincott Company, Philadelphia. 

- David, P. (2006).  Middle Ear, Chronic Suppurative Otitis, Medical Treatment. J. Inf. 
Dis.8: 33-37. 

- Deskin, R.W. (1999). Otitis media. Grand Rounds Presentation, UTMB, Dept. of 
Otolaryngology. 
 
- Del Beccaro, M.A.; Mendelman, P.M.; Inglis, A.F.; Richardson, M.A.; Duncan, 
N.O.; Clavsen, C.R. and Stull, T.L. (1992). Bacteriology of AOM: Anew perspective. J. 
Pediatr. 120:81-4. 
 
- Dincer, A.D.; Tekeli, A.; Oztürk, S. and Turgut, S. (1992). Microorganisms isolated 
from chronic suppurative otitis media and their antimicrobial sensitivity. Microbiol. Bul. 
26(2): 131-8. 
 
- Donaldson, J.D. (2006). Middle ear, acute otitis media, surgical treatment.  eMedicine. 
Specialties, Otolaryngology and Facial Plastic Surgery. 5(6): 321-325. 
 
- Dupont, H.; Carbon, C and Carlet, J. (2000). Monotherapy with abroad-Spectrum 
Beta-Lactam is as effective as its combination with an aminoglycoside in treatment of 
servers generalized peritonitis: amulticenter randomied controlled trial. Antimicrob 
Agents & Chemother. 44(8): 2028-2033. 
 
 

E 

- Ehrismann, O. (1942). Über das Varhalten aerober und anaerober bakterien gegenuber 
askorbinsaure. Z. Hyg. Infektionskrankh., 123: 16-44. 

- Engel,J.; Anteunis,L.; Volovics,L.; Hendriks, J. and Marres, E. (1999). Risk factors 
of otitis media with effusion during infancy. International Journal of Pediatric 
Otorhinolaryngology. 48: 239-249. 

- Ettehad, G.H.; Refahi, S.; Nemmati, A.; Pirzadeh, A. and Tazakori, Z. (2006). 
Microbial and antimicrobial susceptibility patterns from patients with chronic otitis media 
in Ardebil, Iran. International Journal of Tropical Medicin. 1(2): 62-5. 

 82

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7V-3WJ6XBS-6&_user=10&_coverDate=05%2F25%2F1999&_rdoc=1&_fmt=full&_orig=search&_cdi=5068&_sort=d&_docanchor=&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=abf76eeaf58c0a8b6f4dbda7060812b3�
mailto:jamengel@wxs.nl�
http://www.sciencedirect.com/science/journal/01655876
http://www.sciencedirect.com/science/journal/01655876
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235068%231999%23999519996%2398421%23FLA%23&_cdi=5068&_pubType=J&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=a31f319e2b40faecf6f63b8518a4e8fb


Refrences  

- Etzel, R.A.; Pattishall, E.N.; Haley, N.J.; and et al. (1992). Passive smoking and 
middle ear effusion among children in day care. Pediatrics. 90: 228-232.  

 
F 

 
- Fadon, H.; Duffy, L.; Wasielewaski, J.W.; Krystofik, D. and Yung, Y. (1997). 
Relationship between nasopharyngeal colonization and the Development of otitis media 
in children. J. Inf. Dis. 175: 1440-45. 
 
- Farca, A.M.; Nebbia, P. and Re, G. (1994). Potentiation of antibiotics activity by 
EDTA-tromethamine against three clinically isolated gram-positive resistant bacteria. An 
in vitro investigation. Vet Res Commun. 18(1): 1-6.  
 
- Ferede, D.; Geyid, A.; Lulseged, S. and Melaku, A. (2001). Drug susceptibility 
pattern of bacterial isolates from children with chronic suppurative otitis media. Ethiop. J. 
Health Dev. 15(2): 89-96. 
 
- Fliss, D.M.; Dagan, R.; Houri, Z. And Leiberman, A. (1990). Medical management 
of chronic suppurative otitis media with out cholesteatoma in children. J. Pediatr. 116(6): 
991-996. 
 
- Foil, C.S. (2004). Medical Management Of Otitis Media. Pediatr. 12(23): 11-16. 
 
- Forbes, B.A.; Sahm, D.F. and Weissfeld, A.S. (2002). Baily and Scott,s Dignostic 
Microbiology. 11th ed. Mosby, Inc, St. Louis. U.S.A. 
 
- Foster, A.P. and DeBore, D.J. (1998). The role of Pseudomonas in Canine Ear 
Disease. Compendium on Continuing Education. 20(8): 909-918. 
 
- Friedman, N.R.; McCoormick, D.P.; Pittman, C.; Chonmaitree, T.; Teichgraeber, 
P.C.; Uchida, T.; Baldwin, C.D. and Saeed, k.a. (2006). Development of a practical 
tool for assessing the severity of acute otitis media. Pediatr. Infect. Dis. J. 25(2): 101-7. 
 

G 
 
-Garcia, A.; Salgado, F.; Solar, H.; Gonzalez, C.L.; Zemelman, R. and Onate, A. 
(1999). Some immunological properties of lipopolysaccharide from Acintobacter 
baumannii J. Med. Microbiol. 48: 479-483. 
 
- Cathcart, R.F. (1991). A unique function for ascorbate. Med. Hypoth. 35: 32-37. 

 83



Refrences  

 
- Gesu, G.P.; Marchetti, F.; Piccoli, L. and Cavzllero, A. (2003). Levofloxacin and 
ciprofloxacin in vitro activates against 4,003 clinical bacterial isolates collected in 24 
Italian laboratories. Antimicrobial Agents and Chemotherapy. 47(2): 816-819.   
 
- Goldstein, N.A.; Casselbranto, M.L.; Bluestone, C.D. et al. (1998). Intratemporal 
complications of acute otitis media in infants and children. Otolaryngol Head Neck Surg. 
199: 445-454. 
 
- Gotthelf, L.N. (2003). Evaluation of the in vitro effect of EDTA on the minimum 
inhibitory concentration of enrofloxacin against ciprofloxacin resistance Pseudomonas 
aeruginosa. Proceeding 19th Annual Congress of ESVD-ECVD. 
 
- Gotthelf, L.N. (2005). Ear flushing and treatment of otitis externa. North Am. 
Veterinary Conference. 5: 12-19. 
 
- Green, S.M. and Rothrock, S.G. (1993). Single dose IM ceftriaxone for AOM in 
children. Pediatr. 91(1): 23-30. 
 
- Guevara, S.; Soley, C.; Arguedas, A.; Porat, N. and Dagan, R. (2008). Seasonal 
distribution of otitis media pathogens among Costa Rican children. Pediatric Infectious 
Diseases Journal. 27(1): 12-16. 
 
- Gül, H.C.; Kurnaz, A.; Turhan, V.; Oncül,O. and Pahsa, A.(2006). Microorganisms 
isolated from middle ear cultures and their antibacterial susceptibility in patients with 
chronic suppurative otitis media. Kulak Burun Bogaz Ihtis Derg. 16(4): 164-168. 
 
- Gul, A.A.;  Ali, L.; Rahim,E. and   Ahmed, S. (2007). Chronic suppurative otitis 
media; frequency of Pseudomonas Aeruginosa in patients and its sensitivity to various 
antibiotics. Professional Med J. 14(3): 411-5. 
 
 

H 
- Hall, L.S. and Colman, B.H. (1975). Diseases of the nose, throat and ear. 12th ed. 
Churchill Livingstone. 
 
- Hancock, R.E.W. (1981). Aminoglycoside uptake and mode of action with specific 
refrence to streptomycin and gentamycin. II effect of aminoglycoside on cells. J. 
Antimicrob. Chemother. 8: 429-445. 
 
- Hardy, K. (1986) “ Bacterial plasmids” (2nd Ed.). American society for microbiology. 
USA. 
 

 84

http://www.pakmedinet.com/author/Liaqat+Ali
http://www.pakmedinet.com/author/Ejaz+Rahim
http://www.pakmedinet.com/author/Shakeel+Ahmed
http://www.pakmedinet.com/Professional


Refrences  

- Hawards, B.J. and Jeffri, M.T. (1987). Clinical and Pathogenic microbiology. The 
C.V. Mosby company U.S.A. 
 
- Hay, W.W.; Hayward, A.R.; Levin, M.J. and Sondheimer, J.M. (2003). Current 
Pediatric diagnosis and treatment. 16th ed. McGraw Hill. PP. 1080-1089. 
 
- Heikkinen, T. and Chonmaitree, T. (2003). Importance of respiratory viruses in acute 
otitis media. Clin. Microbiol. Rev. 16: 230-241. 
 
- Hemila, H. (1992). Vitamin C and the common cold. Br. J. Nutr. 67: 3-16. 
 
- Hoberman, A. and Paradise, J.L. (2000). AOM: Diagnosis and management in the 
year 2000. pediatr. Annal. 29(10): 609-20. 
 
- Holt, J.G.; krieg, N.R; Sneath, P.H.; Statey, J.T. and Williams, S.T. (1994). Berge,s 
manuals of determinative bacteriology. 9th ed. Williams and Wilkins, Baltimore, U.S.A. 
 
- Hurst, D.S. (1996). Association of otitis media with effusion and allergy as 
demonstrated by intradermal skin testing and esoinophil cationic protein levels in both 
middle ear effusions and mucosal biopsies. Laryngoscope. 106: 1128-1237. 
 
 

I 
- Indudharan, R.; Hag, J.A. and Aiyar, S. (1999). Antibiotics in chronic suppurative 
otitis media: a bacteriologic study. Ann Otol Rhinol Laryngol. 108(5): 440-5.  
- Iqbal, K.; Khan, A. and Khattak, M.M.A.K. (2004). Biological significance of ascorbic 
acid (Vitamin C) in humen health- A review. Pakistan J. of Nutrition. 3(1): 5-13. 
 
- Iwalokun, B.A. and Akinwumi, B.O. (2002). Swarming modulatory effects of some 
amino acids on Proteus strain from Lagos, Nigeria. Afr. J. Biotechnol. 1(1): 10-16. 

 
 
 

J 
- Jahn, A.F.(1991). Chronic otitis media. diagnosis and treatment. Med. Clin. North 
America. 75(6): 1277-1291. 
 
- Jakobsen, H.; Adarna, B.C.; Dominigue, S. Rappuoli, R. and Jonsdottir, I. (2001). 
Characterization of antibiotic response to Pneumococcal Glycoconjugates and the effect 

 85



Refrences  

of Heat-Labile Enterotoxin on IGg subclasses after intranasal Immunization. J.I.D. 183: 
1494-500. 
-Jang, C.H.and Park, S.Y. (2004). Emergence of ciprofloxacin-resistance pseudomonas 
in chronic suppurative otitis media. Clin Otolayngol Allied Sci. 29(4): 321-3. 
 
- Jawetz, E.; Melinick, J. L. and Adelberg, E. A. (1998). “Medical Microbiology”. 21st 
Ed. Appelton and Lange.      
 
- Jawetz Melnick and Adelberg’s; Brooks, G.F.; Butel. J.S. and Morse, S.A. (2004). 
Medical Microbiology. 23ed. Appelton and Longe. Coliforina. 
 
- Jha, A.K.; Singh, J.B. and Dutta, D. (2007). Microorganisms present in discharging 
otitis media in a group of patients in Kathmandu. Nepal Med Coll J. 9(3): 196-8.  
 
- Joklik, W. K.; Willett, H. D. and Amos, D. B. (1984).” Zinsser microbiology”. (18 
Ed.). Appleton-Century-crofts/ Norwalk, Connecticat. 
 
- Jones, M.; Wilson, L.; Malis, D. (2004). Otitis media. eMedicine Journal. Com. Inc. 
(Internat). 
 
- Jung, T.K.and Hanson, J.B. (1999). Classification of OM and surgical principles. 
Otolaryngologic clinics of North America. 32(3): 369-81. 
 
 

K 
- Kaijalainen, T.; Ruokokoski, E.; Ukkonen, P. and Herr, E. (2004). Survival of 
Streptococcus pneumoniae, Haemopholus influenza and Morxella catarrhalis Frozen in 
skim milk-Trypton-Glucose. Glycerol Medium. J. Clin. Microbiol. 42(1): 412-416. 

 
- Kaleida, P.H.; Casselbrant, M.L.; Rockette, H.E.; Paradise, J.L.; Bluestone, C.D.; 
Blatter, M.M.; Reisinger, K.S.; Wald, E.R. and Supance, J.S. (1991). Amoxicillin or 
myringotomy or both for AOM: Results of a randomized clinical trial. Pediatr. 87(4): 
466-74.  
 
- Kamal, N; Joarder, A.H.; Chowdhury, A.A. and Khan, A.W. (2004). Prevelance of 
chronic suppurative otitis media among the children living in two selected slums of 
Dhaka City. Bangladesh Med Res Conc Bull. 30(3): 95-104.  
 
- Kawamura–sato, K.; Iinuma, Y.; Hasegwa, Z. T.; Horii, T.; Yamashino, T. and 
Ohta, M. (2000). Effect of sub inhibitory concentration of macrolides on expression of 
flagellin in P. aeroginosa and P. mirabilis . Antimicrob. Agents. And Chemother. 
44(10):2869-2872. 

 86



Refrences  

 
- Kenna, M.A. (1988). Eliology of pathogenesis of chronic suppurative otitis media. 
Arch. Otolaryngol. Head and Neck Surg. 97(2): 16-17. 
 
- Kenna, M.A. (1998). Otitis media with effusion. Head and Neck Surgery- 
Otolayngology, 2nd ed. B. J. Bailey. Pp: 1297-1310. 
 
- Kenna, M.A. (2000). OM: the otolaryngologist’s perspective. Pediatr. Annal. 29(10): 
630-36. 
 
- Kinoshita, M.; Sawabe, E. and Okamura, N. (1997). Concept of segmentation in 
nosocomial epidemiology:  Epidemiological relation among anyimicrobial-resistance 
isolates of Pseudomonas aeruginosa. J. Infect. 35: 269-276. 
 
- Klein, J.O.; Teele, D.E. and Pelton, S.I. (1992). New concepts in otitis media: results 
of investigation of the greater Boston otitis media study group. Pediatr. 39: 127-156. 
 
- Klein, J. (1994). Otitis media. Clinical Infectious Diseases. 19(5): 823-833.  
 
- Klein, J.O. and Bluestone, C.D. (1997). Management of otitis media in the era of 
managed care. In: Anoff, S.C.; Hughes, W.T; Kohl, S. and Wald, E.R. (Ed): Advance in 
pediatric infectious disease. Mosboy- year book, Inc. 12: 531-387. 
 
- Koivunen, P.; Uhari, M.; Luotonen, J.; Kristo, A.; Raski, R.; Pokko, T. And Alho, 
O. (2004). Adeniodectomy verus chemophyloxis and placebo for recurrent acute otitis 
media in children age under 2 years: randomized controlled trial. BMJ. 328:487-90. 
 
- Kramarenko, G.G.; Hummel, S.G.; Martin, S.M. and Buettner, G.R. (2007). 
Ascorbate Reacts with Singlet Oxygen to Produce Hydrogen Peroxide. Photochem 
Photobiol. 82(6): 1634–1637.  
 
-Kurnatowski, P. and Filipiak, A. (2001). Otomycosis: Prevalence, Clinical symptoms, 
therapeutic procedure. Mycoses, Dec. 44(12): 472-9. 
 

L 
- Levinson, W. and Jawetz, E. (2000). Alange medical book medical microbiology & 
Immunology examination & board review. 6th ed. McGraw-Hill. Pp.122. 

 
- Lory, S. (1990). Pseudomonads and other nonfermenting bacilli. In: Davis, B.D.; 
Dulbecco, R.; Eisen, H.N.; Ginsberg, H.S. (Eds): Microbiology 4th ed. J.B. Lippincott 
company, Philadelphia. Chap 4. PP.595-600. 

 87

http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0O4FUOo5nl3YY6FuqhMHi3FRPKMWAfSkEy1Kp65o1&reftype=publisher&artid=2147043&iid=156939&jid=319&FROM=Article%7CFront%20Matter&TO=Content%20Provider%7CArticle%7CRestricted%20Access&article-id=2147043&journal-id=319&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=16898858
http://www.pubmedcentral.nih.gov/redirect3.cgi?&&auth=0O4FUOo5nl3YY6FuqhMHi3FRPKMWAfSkEy1Kp65o1&reftype=publisher&artid=2147043&iid=156939&jid=319&FROM=Article%7CFront%20Matter&TO=Content%20Provider%7CArticle%7CRestricted%20Access&article-id=2147043&journal-id=319&rendering-type=normal&&http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=16898858


Refrences  

 
- Lowy, F.D. (1998). Staphylococcus aureus infections. New Engl. J Med. 339: 520. 
 
- Loy, A.H.C.; Tan, A.L and Lu, P.K.S. (2002). Microbiology of chronic suppurative 
otitis media in Singapore. Singapore Med J. 43(6): 296-299. 
 
- Lubianca Neto JF, Hemb L, Silva DB. (2006). Systematic literature review of 
modifiable risk factors for recurrent acute otitis media in childhood. J Pediatr.  82:87-96. 
 
- Luzzaro, F.; Perilli, M.; Amicosante, G.; Bellloni, R.; Zoll, A.; Bianchi, C. and 
Tonioto, A. (2001).  Properties of multi- drug resistant ESBL-producing Proteus 
mirabilis isolates and possible role of β–lactamase inhibitor combinations. J. S. 
Antimicro. Agents. 17(2):131-135. 
 
- Lwoff, A. and Morel, M. (1942b). Conditions et mehanisme de I’action bactericide de 
la vitamin C. Role de I’eau oxygenee. Ann. Inst. Pasteur. 68: 323-342.   

 
 

M 
- Mandelle, G.L.; Bennett, J.E. and Dolin, R. (1995). Principle and practice of 
infectious diseases. Pp: 1980-1997. 14th ed. Churchill, Livingston, New York.  
 
- Mandle, E.M.; Casseelbrant, M.L.; Rockette, H.E.; Kurs-Lasky, M. And 
Bluestone, C.D. (2002). Systemic steroid for chronic otitis media with effusion in 
children. Pediatr. 40(6): 1071-1080. 
 
- Maninatis, T.; Fritch, E.F. and Sambrook, K.H. (1982). Molecular cloning, A 
laboratory manual, Cold spring harbor laboratory cold spring Harbor, New York.  
 
- Marchant, C.D.; Shurin, P.A. and Johnson, C.E. (1986). A randomized controlled 
trial of amoxicillin plus clavulanate compared with cefaclor for treatment of acute otitis 
media. Pediatr. J. 109(5): 891-6. 
 
- Marchant, C.D.; Carlin, S.A.; Johnson, C.D. and Shurin, P.A. (1992). Measuring 
the comparative efficacy of antibacterial agents for AOM: the Pollyanna phenomenon. J. 
Pediatr. 120(1): 72-77. 
 
- Martinez–Martinez, L.; Pascual, A. and Perea, E. J. (1998). Effect of pre incubation 
of P.aeruginosa in sub inhibitory concentration of amikacin , ceftazidine , and 
ciprofloxacin on adherence to plastic catheters . J. Chemother. 37:62-65. 
 

 88



Refrences  

-Martro, E.; Hernande, A.; Ariza, J.; Dominguez, M.A.; Matas, L.; Argerich, M.J.; 
Martine, R. and Ausina, V. (2003). Assessment of Acintobacter baumannii 
susceptibility to antiseptics and disinfectants. J.Hosp. Infect. 55(1): 39-46. 
 
- Marx, J.; Osguthorpe, J.D. and Parsons, G. (1995). Day care and incidence of OM in 
young children. Otolaryngol. Head and Neck Surg. 112(6): 695-991.  
 
 
-  Matar, G.M.; Sidani, N.; Fayad, M. and Hadi, U.A. (2001). Rendom amplified 
polymorphic DNA Subtyping of Haemophilus influenae from middle ear effusion fluid of 
Lebanese patients with otitis media with effusion Eastern. Journal of medicine. 6(1): 11-
13 
 
- Maxon, S. and Yamauch, T. (1996). Acute otitis media. Pediatr. In. review. 17(6): 
191-95. 
 
-  McCormick D.P.; Lim-Melia E.; Saeed K.; Baldwin C.D.;Chonmaitree T. (2000). 
Otitis media: can clinical findings predicat bacterial or viral etiology? Pediatr Infect Dis 
J. 19:256-8. 
 
- Melaku, A. and Lulseged, S. (1999). Chronic suppurative otitis media in a children’s 
hospital in Addis Ababa, Ethiopia. Ethiop Med J. 37(4): 237-46. 
 
- Merlin, T. L.; Corvo, D. L.; Gill, J. H. and Griffith, J. K.(1988). Notes : Enhanced 
gentamycin killing of E.coli by tel gene expression. J. Antimicrob. Agents. Chemother. 
33:230-232. 
 
‐ Mingeot-lecterco, M. P.; Glupezynski, Y. and Tulkens, P. M. (1999). Mini review 
aminoglycosides activity and resistance. J. Antimicrob. Agents. Chemother. 43:727-737. 
 
- Mishra, A.; Shukla, G. and Nag, D. M. S. C. (1999). Bacteriological study of chronic 
suppurative otitis media. 5(2): 87-91. 
 
- Mitsuhashi, S.  (1980). Non conjugative drug resistance plasmids. Cited from: 
Mitsuhashi, S.; Rosivol, L.; Kremer, V. (EDS.). Antibiotic resistance, Transposition and 
other mechanisms. Fourth international symposillmon antibiotic resistance (1980). 
Avicenum. Medicar press. Prague. 
 
- Moshi, N.H.; Minija, B.M.; Ole-Lengine, L. and Mwakagile, D.S. (2000). 
Bacteriology of chronic otitis media in Dares Salaam, Tanzania. East Afr Med J. 77(1): 
20-2. 
 
‐ Mulhall, J. P. and Bergann, L. S. (1995). Ciprofloxacin–induced acute psychosis. J. 
Urol. 46(1):102- 103 . 
 

 89



Refrences  

 
N 

- National committee for clinical laboratory standards (2001). Performance standard 
for antimicrobial susceptibility testing. Third informational supplement. Document M 
100 – 41, Vol.11,  no.17,  NCCLs, Villanva, Pa. 
 
‐ Nester, E.W.; Anderson, D.G.; Roberts, C.J.; Pearsall, N.N.; Nester, M.T. (2001). “ 
Microbiology  A Human Prespective”. (3 Ed.). McGraw-Hill, Higher Education, NY.  
 
- Nicas, T.I. and Hancock, R.E.W. (1983). Pseudomonas aeruginosa outer membrane 
permeability: isolation of a porin protein F-deficient mutant. J. Bacteriol. 153: 281-285.  
 
 

O 
- Obi, C.L.; Enweani, I.B. and Giwa, J.O. (1995). Bacterial agents causing chronic 
suppurative otitis media. East Afr Med J. 72(6): 370-2. 
 
- Ologe, F.E. and Nwawolo, C.C. (2002). Prevalence of chronic suppurative otitis media 
among school children in a rural community in Nigeria. Nig. Postgrad. Med. J. 9: 63-6. 
 
 

P 
- Paparella, M.M.; Holt, G.R. and Olto, R.A. (2001). External ear, middle ear and 
mastoid. Mosby Co. Chapp 6. Pp. 81-95. 

-Park, D.C.; Lee, S.K.; Cha, C.I.; Lee, S.O.;Lee, M.S. and  Yeo, S.G. (2008). 
Antimicrobial resistance of Staphylococcus from otorrhea in chronic suppurative otitis 
media and comparison with results of all isolated Staphylococci. Eur J Clin Microbial 
Infect Dis.  

- Parry, D. (2006). Middle Ear, Chronic Suppurative Otitis, Medical Treatment. Head 
and Neck Surgery, ENT Associates of Children's Hospital, Boston 
 

- Paterson, M.A. (2003). New concepts in ear cleaning TrisEDTA (EDTA tris). Am. J. 
Vet. Res. 44(6): 1154-8. 

- Pauling, L. (1974). Early evidence about vitamin C and common cold. J. Orthomol. 
Psychiatry. Pp: 139-15. 

 90

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Park%20DC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lee%20SK%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Cha%20CI%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lee%20SO%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lee%20MS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Yeo%20SG%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Eur%20J%20Clin%20Microbiol%20Infect%20Dis.');
javascript:AL_get(this,%20'jour',%20'Eur%20J%20Clin%20Microbiol%20Infect%20Dis.');


Refrences  

- Peltier, J.; Ryan, M.; Francis, B.; Quinn, J.R. and Matthew, W.R. (2004). 
Microbiology, Infection, and Antibiotic therapy. Otolaryngol. Head and Neck Surg. 
(Internate). 
 
- Pelton S. (1996). New concepts in the pathophysiology and management of middle ear 
disease in childhood. Drugs. 52(Suppl2): 62-67. 
 
- Pichichero M.E. (2000). Acute otitis media: Part I. improving diagnostic accuracy. Am. 
Fam.Phys; 61:2051-6. 
 
- Pimental, F. L.; Dolgner, A.; Guimarae, J.; Quintas, M. and Mario-Ris, J. (1998). 
Efficiency and safety of Norfloxacin 800 gm once daily versus norfloxacin 400 gm twice 
daily in the treatment of uncomplicated UTI in women: double blind randomized clinical 
trail. J. Chemother. 1:122-127. 
 
- Prigent, C.; Prensier, G.; Lethi, Y. and Vidal, O. (2000). Developmental pathway 
for biofilm formation in curli-producing Escherichia .coli strains: Role of flagella, curli 
and colonic acid. Environ. Microbial.; 2: 450-464.  
 
- Poorey, V.K. and Layer, A. (2002). Study of bacterial flora in CSOM and its clinical 
significance. Indian Journal of Otolayngology and Head and Neck Surgery. 54(2): 91-5.    
 
 

Q 
- Qadri, S.M.; Halim, M.; Ueno, Y. And Saldin, H. (1994). Susceptibility of 
methicillin – resistant Staphylococcus aureus to minocycline and other antimicrobials. 
Chemotheropy. 40(1): 26-29. 
 
- Qguntibeju, O.O. (2003). Bacterial isolates from patients with ear infection. Indian J. 
Med. Microbiol. 21: 294-5. 
 
- Quinn, F.B. (2002). Antibiotics and Infectious Diseases in Otolaryngology. Grand 
Rounds Presentation, UTMB, Dept. of Otolaryngology.  
 
 

R 
‐ Rassol, S. A.; Afsheen, A.; Sadia, K. (2003). Plasmid born antibiotic resistance factors 
among indigenous Klebsiella . Pak. J. Bot., 35(2): 243-248. 
 
-  Reshedko, G.; Ryabkova, E.; Stratchounski, L. Stetsiouk, O.; Kretchikova, O.  et 
al. (2002). Antimicrobial resistance in gram negative pathogens isolated frompatients 

 91



Refrences  

with nosocomial lower respiratory tract infection in intensive care units. Clin Microbial 
Antimicrob Chemother. 4: 379-90 

 
- Roddey, O.F. and Hoover, H.A. (2000). OME in children: A Pediatric office 
perspective. Pediatr. Annal; 29(10): 623-28. 
 
- Rodrigues, C.; Joshi, P.; Jani, S. H.; Alphonse, M.; Radhakrishnan, R. and Meth, 
A. (2004). Detection of β-lacatamases in nosocomial Gram negative clinical isolates. 
Indian. J. Med. Microbiolo., 22(4):247-250. 
 
- Ronald W. Deskin, M.D. (1999). Otitis media. Grand Rounds Presentation, UTMB, 
Dept. of Otolaryngology.  
 
- Roland, P.S.; Parry, D.A. and Stroman, D.W. (2005).  Microbiology of acute otitis 
media with tympanostomy tubes. Otolaryngol Head Neck Surg. 133(4): 585-95 
 
-  Ross A.; Croft P.; Collin M. (1988). Incidence of acute otitis media in infants in a 
general practice. Journal of the Royal College of General Practitioners. 38(307):70-72. 
 
- Rovers, M.M.; Schilder, A.G.; Zielhuis, G.A. and Rosenfeld, R.M. (2004). Otitis 
media. Lancet. 363(9407): 465-73.  
 
- Rovers, M.M.; deKok I.M.C.M.; Schider A.G.M. (2006). Risk factors for otitis 
media: An international Journal of Paediatric Otorhinolaryngology; 70:1251-1256. 
 
 

S 
- Seeley, R.R.; Stephens, T.D. and Tate, P. Essential of Anatomy and Physiology. 2nd 
ed. Mosby-year book, Inc. Pp. 250. 

 
- Senior, B.W. (1997). Media and tests to simplify the recognition and identification of 
members of the proteeae. J. Med. Microbiol. 46: 39-44. 
 
- Senior, B.W. (1999). Investigation of the types and characteristics of the proteolytic 
enzymes formed by divers strains of Proteus species. J. Med. Microbiol. 48: 623-628. 
 
- Simon C, Everitt H, Birtwistle J, Stevenson B. (2002). Oxford Hand book of General 
Practice. Oxford: Oxford University Press: 782. 
 

 92



Refrences  

‐  Sotto, A.; Boever, C.M.; Fabbr-peray, P.; Gouby, A.; Sirot, D. and Jourdan, 
J.(2001). Risk factors for antibiotic-resistance E.coli isolated from hospitalized patients 
with UTIs: a propective study. J. Clin. Microbiol., 9(2): 438-444. 
 
- Somerville, G.A.; Beres, S.B.; Fitzgerald, J.R.; Deleo, F.R.; Cole, R.L.; Hoff, J.S. 
and Musser, J.M. (2002). In vitro serial passage of Staphylococcus aureus: changes in 
physiology, virulence factor production and agr nucleotide sequence. J. Bacteriol. 184(5): 
1430-1437. 
 
- Spark, T.A.; Kemp, D.T.; Wooley, R.E. and Gibbs, P.S. (1994). Antimicrobial effect 
of combination of EDTA and amikacin or neomycin on the microorganism associated 
with otitis externa. Vet Res Commum. 18(4): 241-9. 
 
- Stephenson J.; Martin D.; Kardatzke D. (1992). Prevalence of bacteria in middle ear 
effusions for the 1980s. Reprinted Bluestone C, Stephenson J, Martin L. Ten year review 
of otitis media pathogens. Pediatric Infectious Disease Journal. 11: S7-S11. 
 
- Stuart, J.; Butt, H. And Walker, P. (2003). The microbiology of glue ear in 
Australian Aboriginal children. J. Paediatr. Child Health. 39: 665-667. 
 
- Swierzko, A.S.; kirikae, T. And kirikae, F. (2000). Biological activities of 
lipopolysaccharides of Proteus spp. and their inter actions antimicrobial protein (CAP18) 
derived peptide. J. Med. Microbiol. 49: 127-138. 
 
 

T 
- Takata G.S.; Chan L.S.; Shekelle P.; Morton S.C.; Mason W.; Marcy S.M. (2001). 
Evidence assessment of management of acute otitis media.I. The role of antibiotics in 
treatment of uncomplicated acute otitis media. Pediatrics: 108:239-47. 
 
 - Tanabe, M.; Matsumoto, T.; Shibuya, K.; Tateda, K.; Miyazaki, S.; Nakane, A.; 
Lwakura, Y. And Yamaguchi, K. (2005). Compensatory response of IL-1 gene knock 
out mice otter pulmonary infection with Klebsiella pneumoniae. J. Med. Microbiol. 54: 7-
13. 
 
-  Teele D.; Klein J.; Rosner B. (1989). Epidemiology of otitis media during the first 
seven years of life in children of greater Boston: A prospective cohort study. Journal of 
Infectious Diseases. 160: 83-94. 
 
- Todar, K. (2004). Bacteriology 330 Lecture Topics: Pseudomonas aeruginosa. Annual 
Reports of Wisconsin University.   

 93



Refrences  

 
- Todar, K. (2005). Todar’s online Textbook of Bacteriology. University of Wisconsin-
Madison Department of Bacteriology. 
 
- Turgut, E.I., Alkan, Z. And Cokir, B. (2004). Acase of pneumocephalus and 
meningitis as acomplication of silant otitis media. ENT Journal 83(1): 50-52. 

 
V 

- Vaara, M. (1992). Agents that increase the permeability of the outer membrane. 
Microbiol Mol Biol Rev. 56(3): 395-411. 
 
- Van-Delden, C. and Igleweski, B.H. (1998). Cell to cell signaling and P. aeruginosa 
infections. J. Emerging Diseases. 4(3): 1-12. 

 
- Vartiainen, E. and Vartiainen, J. (1996). Effect of aerobic bacteria on the clinical 
presentation and treatment of CSOM. Laryng-oto. 110: 315-18. 
 

 

W 
- Wang, X.; Noble, L.; kreiswirth, B.N.; Eisner, W.; Mcclements, W.; Jansen, K.U. 
and Anderson, A.S. (2003). Evaluation of multilocus sequence typing system for 
Staphylococcus epidermidis. J. Med. Microbiol. 52: 989-998. 

 
- Wariso, B.A and Ibe, S.N. (2006). Bacteriology of chronic discharging ears on Port 
Harcourt, Nigeria. West Afr J Med. 25(3): 219-22. 
 
- Wiedemann, B. and Peter, K. (1990). Induction of β-lactamases: in vitro phenomenon 
and clinical relevance. J. Intern. Med. Res., 18:58D-66D. 
 
- Wintrobe, M.M.; Thorn, G.W.; Adams, R.D.; Braunwald, E.; Isselbacher, K.J. 
and Petersdore, R.G. (1974). Harrison’s Principles of Internal Medicine. 17th ed. 
McGraw-Hill Kogakusha. Pp. 787-788. 
 
- Wood, D.E.; Bass, J.A.; Johanson, W.G. and Straus, L.C. (1989). Role of adherence 
in the pathogenesis of P. aeruginosa lung infection in cystic fibrosis patients. Infect. 
Immun. 30(3): 694-699.  
 

 94



Refrences  

 95

 
Y 

- Yehia, M.M.; Al-Habib, H.M. and Shebah, N.M. (1990). Otomycosis: acommon 
problem in north Iraq. The Journal of Laryngology and otology. 104(5): 387-389. 

 
- Yeo, S.G.; ParkD.C.; Hong, S.M.; Cha, C.I. and Kim, M.G. (2007). Bacteriologyof 
chronic suppurative otitis media- a multicenter study. Acta Otolaryngol. 8: 1-6. 
 
- Yong, D.; Lee, K. and Yum, J.H. (2002). Imipenem-EDTA disk methods for 
differentiation of metallo-ß-lactamase producing clinical isolates of Pseudomonas  spp. 
And Acinetobacter spp. J. Clin. Microbiol. 40: 3798-3801. 
 
 

Z 
-Zhanel, G.G.; karlowsky, J.A. and Harding, G.K. (2000). Acanadian national 
surveilliance study of U.T.I. isolates from out patients: comparison of the activity of 
trimethoprim sulfamethoxazol, ampicillin, mecilliname, nitrofurantion and ciprofloxacin, 
Antimicrob. Agents & chemother. 44: 1089-1092. 
 








	1
	2
	3
	4
	5
	6
	7
	8
	9
	99
	999
	9999

