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ABSTRACT 3 

Middle ear swabbed samples from patients (aged ≤1 yr to ≥ 60 yrs) attending Ear, Nose 4 

and Throat (ENT) clinics at Uyo and Ikot Ekpene with chronic otitis media (COM) were 5 

analyzed microbiologically. The occurrences of DNase, β-lactamase, haemolysin 6 

production and susceptibility of the isolates obtained to antibiotics were determined using 7 

standard techniques. Staphylococcus aureus 65 (24.7 %), Pseudomonas aeruginosa 53 8 

(20.1 %). Proteus mirabilis 22 (8.4 %), Streptococcus pneumoniae 21 (7.9 %), coagulase 9 

negative Staphylococcus spp 19 (7.2 %), Klebsiella pneumoniae 18 (6.8 %), Escherichia 10 

coli 17 (6.5 %), Proteus  vulgaris  10 (3.8 %), Serratia marcescens  9 (3.4 %),  11 

Streptococcus  pyogenes 10 (3.8 %), Enterobacter spp 8 (3.0 %), Morgenella morganii 7 12 

(2.7 %),  and  Bacillus  substilis 4 (1.5 %) were obtained. Fungal isolated were 29.2 % 13 

Aspergillus niger, 6.3 % Aspergillus flavus, 22.9 % were Candida albicans, 10.4 % 14 

Candida spp,  17.7 % Cryptococcus neoformans and 13.5 % Fusarium spp. S. aureus and 15 

B. substilis had the highest and lowest frequency of occurrences in both sexes, 16 

respectively. Of  31 isolates that showed positivity for β haemolysis, 7 (70.0 %)  were  S. 17 

pyogenes and  15 (23.1 %) from S. aureus.  S. aureus was the highest DNase producers, 18 

followed by S. pyogenes 4 (40.0 %) and CoN Staphylococcus spp. 1 (5.3 %).  β-lactamase 19 

detection ranged from 28.6 % in M. morganii to 55.6 % in S. marcescens. Haemolysin 20 

and DNase producing C. albicans and other Candida spp were isolated. Between 55.9 % 21 

and 60.8 % isolates were sensitive to ceftriaxone, cefotaxime and ceftazidime, while 22 
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between 44.4 % to 62.5 % of Enterobacter spp and S marcescens were resistant to 23 

penicillin and ceftazidime. Of the 243 MDR bacteria, 136 (56.0 %) were resistant to 4-8 24 

antibiotics with indices ranging from 0.17 to 0.67. C. albicans and A. niger were more 25 

sensitive to nystatin than other fungal spp, while between 30.2 % to 39.6 % of the fungi 26 

were resistant to fluconazole and ketoconazole. Conclusively, this study showed the need 27 

to find compounds that potentiate antimicrobial activity against multidrug resistant 28 

organisms especially those associated with chronic otitis media.  29 

Key Words: Chronic, Otitis Media, Betalactamase, Antibiotics, Susceptibility, 30 

                            Haemolysis, Bacteria                           31 

INTRODUCTION                                                                                            32 

              Otitis media is the infection of the middle ear due to pathogenic micro-33 

organisms (Damoiseaux, 2005). Otitis media can be either acute or chronic, of which 34 

each is subdivided and classified as suppurative or non-suppurative, depending on the 35 

presence of fluid and also based on the complication (Bluestone, 1998). The 36 

etiopathogenesis of chronic otitis media (COM) is multifactorial, including infection, 37 

anatomical, immunological, genetical and environmental factors (Bluestone and Klein, 38 

2001; Casselbrant et al., 2001). Sources of infection are dependent on the route by which 39 

infection reaches the middle ear (Daly, 1997). Children are much more susceptible to 40 

otitis media since the eustachian tube is shorter and at more of a horizontal angle than in 41 

the adults (Weiner and Collison, 2003).  The bacteria associated with otitis media include 42 

P. aeruginosa, E. coli, S. aureus, S. pyogenes, and Klebsiella spp (Fairbanks, 1989; 43 

Brook and Frazier, 1996). These bacteria are infrequently found in the skin of the 44 
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external canal but may proliferate in the presence of trauma or inflammation (Mawson 45 

and Pollack, 1988). Loy et al. (2002) reported that A. niger, C. albicans and Aspergillus 46 

spp caused COM. The patients with COM present the classic "earache", severe and 47 

continuous pain, fever, loss of balance, draining of fluid in the ear, brain abscess and 48 

even death if a severe infection goes untreated long enough (Damoiseaux, 2005; Rovers 49 

et al., 2006). COM has been found to be the single major cause for conductive deafness 50 

and also responsible for 1.5% of speech disorders (Rama-rao and Jayakar, 1980).  51 

                Recent developments in the treatment of patients with otitis media include the 52 

use of cephalosporins and newer topical flouroquinolones (Loy et al., 2002). 53 

Flouroquinolone antibiotics target DNA gyrase and topoisomerase IV by disrupting DNA 54 

synthesis and causing lethal double-strand DNA breaks during DNA replication 55 

(Akinjogunla and Enabulele, 2010). Treatment of fungal infections has been less 56 

successful because eukaryotic fungal cells are much more similar to human cells than are 57 

in bacteria (Prescott et al., 2008). Despite the relatively low therapeutic index, a few 58 

antifungal drugs such as ketoconazole, fluconazole and nystatin are useful in treating 59 

many fungal diseases (Hugo and Russell, 2007; Akinjogunla and Eghafona, 2012).                        60 

            Microorganisms’ mechanisms of overcoming the activities of antimicrobial 61 

agents include the alteration of penicillin-binding proteins, alteration of DNA gyrase 62 

targets, permeability mutations, active efflux and ribosomal modification (Levy, 2002).  63 

C. albicans mutations in the ergosterol biosynthetic pathway and resistance to several 64 

antifungal agents have been reported (Kelly et al., 1999; Sanglard et al., 2003). 65 

Multidrug-resistant bacteria (MDR) are important concern to the clinicians, as it is the 66 
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major cause of failure in the treatment of infectious diseases, increased morbidity, and 67 

mortality and the evolution of new pathogens (Jones and Phaller, 1998). The most 68 

common causes of bacterial resistance to β-lactam antibiotics are the production of β-69 

lactamases, the   presence   of   plasmid   and mutation (Bronson and Barret, 2001).           70 

                Consequently, this study aimed at isolating micro-organisms associated with 71 

chronic otitis media infections, determining their virulence factors and also susceptibility 72 

to chemotherapeutic agents.   73 

Material and Methods 74 

Collection of Samples 75 

One hundred and seventy-six (176) middle-ear samples from patients (aged ≤1 year to ≥ 76 

60 years) attending Ear, Nose and Throat (ENT) clinics at Uyo and Ikot Ekpene, who had 77 

not received antibiotic therapy for the previous three days and were certified by ENT 78 

specialists to have chronic otitis media (COM) were collected aseptically using sterile 79 

swab sticks from January to December, 2011 The samples were transported in nutrient 80 

broth to the Microbiology Laboratory for microbiological analyses.  81 

. 82 

Bacteriology of the Samples  83 

The middle ear swabbed samples inoculated into nutrient broth for 4-6 hr were later 84 

streaked onto plates of Nutrient Agar, Blood Agar, MacConkey Agar, Chocolate Agar, 85 

Eosin Methylene Blue Agar, and Mannitol Salt Agar and incubated aerobically at 37 oC 86 

for 24 hr. After incubation, the colonies on the positive plates were subcultured onto Petri 87 

dishes containing nutrient agar and incubated at 37 oC for 24 hr. Pure culture of isolates 88 
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were streaked onto nutrient agar slants, incubated at 37 oC for 24 hr and later stored in the 89 

refrigerator at 4 oC for characterization and identification. All isolates were Gram stained 90 

and subjected to biochemical tests using standard methods (Holt et al., 1994).  91 

Mycology of the Samples                                          92 

The middle ear swabbed samples inoculated into nutrient broth for 4-6 hr were also 93 

streaked onto plates of Sabourand Dextrose Agar (SDA) supplemented with 2 drops of 94 

streptomycin (5µg/ml). The plates were incubated aerobically at 25 oC for 3-7 days. After 95 

incubation, cultures were examined for growth. Subcultures were made onto plates of 96 

SDA and incubated for 3-7 days at 25 oC. Pure culture of fungal isolates were 97 

characterized and identified based on their cultural and morphological features such as 98 

type of soma, nature of hyphae, pseudo-mycelium and asexual reproductive spore as 99 

described by Barnett and Hunter (1987); Holt et al. (1994). Suspension of the fungi was 100 

made using normal saline, a loopful of culture placed on a glass slide, overlaid with a 101 

cover slip and examined microscopically under high power using 40 x objectives. Sugar 102 

fermentation, assimilation and germ tube tests were further adopted for further 103 

characterization of yeasts.                                 104 

Antibiotic Susceptibility Testing 105 

 In vitro susceptibility of the bacterial isolates to antibiotics was determined using disc-106 

diffusion technique of Bauer et al. (1996). Approximately, 0.1 ml of each bacterial 107 

isolates prepared directly from an overnight agar plate adjusted to 0.5 McFarland 108 

Standard was inoculated onto each of the Petri dishes containing Mueller-Hinton Agar 109 

(MHA). The antibiotic discs containing penicillin (Pen,10 µg), streptomycin (Stp,10 µg), 110 
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iminipen (Imi,10 µg), ceftriaxone, (Cef, 30 µg), ceftazidime, (Cfp , 30 µg), cefotaxime 111 

(Cfo, 30 µg), ofloxacin (Ofl, 5 µg), levofloxacin (Lev, 5 µg) and moxifloxacin (Mox, 112 

5 µg) (Oxoid, UK) were aseptically placed on the surfaces of the culture plates using a 113 

sterile forceps and gently pressed to ensure even contact. The plates were incubated at 114 

37 °C for 18-24 hr. Inhibitory zones after incubation were observed and the diameters 115 

measured in millimeters using a ruler. The interpretation of the measurement as sensitive 116 

and resistant was made according to the manufacturer’s standard zone size interpretative 117 

manual. 118 

Determination of Multiple Antibiotic Resistance (MAR) Index  119 

Multiple Antibiotic Resistance (MAR) index was determined using the formula 120 

MAR=x/y, where ‘x’   was the number of antibiotics to which test isolate displayed 121 

resistance and ‘y’ was the total number of antibiotics to which the test isolates has been 122 

evaluated for sensitivity (Krumpermann, 1983). Isolates that were resistant to ≥ 3 123 

antibiotics were taken to be multiple antibiotic resistant (Jan et al., 2002). 124 

Antifungal Drug Susceptibility Testing 125 

 In vitro susceptibility of the fungal isolates to antifungal drugs was determined using 126 

disc-diffusion technique. Zero point one (0.1) ml of the suspension of each fungal isolate 127 

was inoculated onto each of the Petri dishes containing MHA for Candida spp and SDA 128 

for other fungi (Pfaller et al., 2006). The antifungal discs containing fluconazole (Flu, 129 

25µg), ketoconazole (Ket, 25µg), voriconazole (Vor, 1µg) and nystatin were aseptically 130 

placed on the agar plates. The plates were incubated at 37 °C for 24-48 hr for Candida 131 

spp and 25°C for 48-72 hr for other fungal spp. Inhibitory zones after incubation were 132 
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observed and measured in millimeters using a ruler. Results were interpreted as sensitive 133 

or resistant according to Pfaller et al. (2006). 134 

Detection of Deoxyribonuclease (DNase) producing Micro-organisms  135 

This test was carried out using DNase agar (Oxoid, UK). Spot inoculations were done 136 

onto to the surface of the DNase agar medium and incubated at 37 oC for 48 hr. After 137 

incubation, the growth on the surface of the agar was flooded with 1N HCl. The 138 

organisms that produced DNase enzymes, in sufficient quantity to hydrolyze DNA 139 

present with clear zones around the colonies (Cheesbrough, 2006). 140 

Beta-lactamase Production Test   141 

The production of β-Lactamase enzymes was determined by chromogenic cephalosporin 142 

method using nitrocephin (Oxoid, UK). Nitrocephin is a chromogenic cephalosporin that 143 

changes colour from yellow to red with hydrolysis (Macfaddin, 2000; Cheesbrough, 144 

2006). The colonies of the test bacteria were picked using wire loop and inoculated into 145 

sterile nutrient broth, incubated at 37 0C for 24 hr. Two drops of nitrocephin solution 146 

were added to each broth culture for colour change within 30 min. The β-lactamase 147 

production was inferred when the broth turned red within 30 min after addition of the 148 

reagent.  149 

Haemolytic Assay of Bacteria 150 

The haemolytic activities of the bacterial species was identified by the presence of clear 151 

(β-haemolysis) or greenish colouration (α-haemolysis) halos around the colonies on  152 

Columbia blood agar base (Oxoid, UK) supplemented with 5 % sheep blood. The 153 
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bacterial suspensions were streaked onto the blood agar plates and incubated for 24 hr at 154 

37 ºC. Observations of the haemolytic zone around colonies after incubation were made 155 

and the type of haemolysis was recorded as α, β or γ. 156 

Haemolytic Assay of Candida spp.  157 

The Candida spp isolated from the middle ear were screened for haemolysin production 158 

using Sabourand Dextrose Agar (SDA) supplemented with sheep blood. About 0.1 ml of 159 

the Candida spp suspension was inoculated onto Petri dish containing the SDA 160 

supplemented with sheep blood. The culture plates were incubated at 37o C for 48 hr. 161 

Observations of the haemolytic zone around colonies after incubation were made. 162 

Results 163 

                 Out of the one hundred and seventy-six (176) middle-ear samples obtained 164 

from confirmed cases of COM, 84 (48.0%) were males and 92 (52.0%) were females 165 

resulting in an overall male to female ratio of 1:1.1. Of the 176 patients with COM, aged 166 

≤ 10 years constituted 28 (15.6%), while those aged 11 – 20yrs , 21 – 30yrs, 31 – 40yrs , 167 

41-50yrs , 51-60yrs , ≥ 61 yrs  and  Unspecified age (USP) were 32 (20.5%), 20 (11.6%), 168 

24 (13.9%), 23 (12.8%), 19 (10.8%), 14 (8.2%) and 12 (6.5%), respectively (Table 169 

1). The result showed that there was significant difference in the incidence of 170 

COM between the age groups (P <0.05, X2: 4.67; df: 7).  171 

                       On the basis of morphological and biochemical characteristics, a total of 172 

263 bacterial isolates belonging to ten (10) genera were obtained from the middle ear 173 

samples of patients with COM.  Of 263 culture smears obtained from COM, 119 (45.3%) 174 

were Gram positive and 144 (54.7%) were Gram negative bacteria. The most 175 
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predominant bacterial isolates associated with COM were Staphylococcus aureus 65 176 

(24.7%), followed by Pseudomonas aeruginosa 53 (20.1%). The frequencies of other 177 

bacterial isolates were  as follows: Proteus mirabilis 22 (8.4%), Streptococcus 178 

pneumoniae 21 (7.9%), Coagulase negative Staphylococcus spp 19 (7.2%), Klebsiella 179 

pneumoniae 18 (6.8%), Escherichia coli 17 (6.5%), , Proteus  vulgaris  10 (3.8%), 180 

Serratia marcescens  9 (3.4%),  Streptococcus pyogenes 10 (3.8%), Enterobacter spp 8 181 

(3.0%), Morgenella morganii 7 (2.7%),  and  Bacillus substilis 4 (1.5%) (Table 2).                                                                                     182 

            Four fungal genera (Aspergillus, Cryptococcus, Fusarium and Candida) were 183 

isolated from the 176 samples collected from patients with COM (Table 3). Aspergillus 184 

was the predominant genus comprising of Aspergillus niger and Aspergillus flavus with 185 

percentage of occurrences of 29.2% and 6.3%, respectively. 22 (22.9%) of Candida 186 

albicans and 10 (10.4%) of other Candida species were isolated, while Cryptococcus 187 

neoformans and Fusarium spp. had 17 (17.7%) and 13 (13.5%), respectively (Table 3).   188 

                The distribution of bacterial isolates associated with COM in relation to age 189 

and sex is illustrated in Table 4. The data obtained showed that one hundred and twenty-190 

two (122) bacteria were obtained from male patients with COM, while one hundred and 191 

forty-one (141) bacterial isolates were obtained from female patients. The most 192 

frequently bacteria isolated in both sexes was S. aureus with 29 (23.8%) of occurrence in 193 

male and 36 (25.5%) of occurrence in female, while the bacteria with the lowest 194 

frequency in both sexes was B. substilis with 2 (1.6%) and   2 (1.4%) occurrences in male 195 

and female patients, respectively. There was statistical difference at P < 0.05 in the 196 

occurrence of bacteria in relation to gender. The results also showed that the highest 197 



10 

 

number of bacterial isolates was obtained among the age group 11-20 yrs and lowest 198 

among the age group ≥ 61yrs (Table 4). Forty-three (43) fungal isolates were obtained 199 

from the male patients with COM, while 53 fungal spp were isolated from the female 200 

(Table 5). The occurrences of fungal isolates associated with COM in relation to sex were 201 

statistically different at (P < 0.05) (Table 5). 202 

                 The results of haemolytic activities of the bacteria isolated from COM showed 203 

that 97 (36.9 %) and 31 (11.8 %) of the isolates were α and β producers, respectively. 204 

Among the Gram positive bacteria obtained, S. pneumoniae showed the highest 205 

prevalence of partial haemolysis (α) of 15 (71.4 %), while S. pyogenes showed the lowest 206 

with 1 (10.0 %). Among the Gram negative bacteria P. aeruginosa  showed the highest 207 

prevalence of partial haemolysis (α) with 18 (34.0 %), while M. morganii showed the 208 

lowest  with 2 (28.6 %). Of  31 isolates that showed positivity for β haemolysis, 7 (70.0 209 

%)  were  S. pyogenes and  15 (23.1 %) from S. aureus, while all P. mirabilis, P. 210 

vulgaris, S. marcescens, Enterobacter spp. C. freundii and K. pneumoniae  showed no  211 

haemolysis (Table 6).  The results showed that out of 71 DNase producing bacteria 212 

obtained from COM, 64 were Gram positive, while 7 were Gram negative. Of the 64 213 

Gram positive bacteria producing DNase, S. aureus was the highest DNase producers, 214 

followed by S. pyogenes 4 (40.0%) and CoN Staphylococcus spp. 1 (5.3%). DNase 215 

production was also found in 7 (77.8%) S. marcescens (Table 6). Varied percentages of 216 

β-Lactamase production among the isolates were also obtained, ranging from 55.6 % in S. 217 

marcescens to 28.6% in M. morganii (Table 6). The results of prevalence of haemolysin 218 
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and DNase producing Candida albicans and other Candida spp isolated from COM are 219 

shown in Table 7. 220 

                The results of the antibiotic susceptibility patterns of the bacteria obtained from 221 

the swabbed samples of patients with COM showed that the two hundred and sixty-three 222 

(263) bacterial spp. exhibited varied degrees of sensitivities to the nine (9) antibiotics 223 

used (Table 8). The results showed that 143 (54.4%), 172 (65.4%) and 193 (73.4%) of the 224 

isolates were sensitive to penicillin, streptomycin and imipenem, respectively, while 225 

between 55.9% and 60.8% of the isolates were sensitive to ceftriaxone, cefotaxime and 226 

ceftazidime, 175 (66.5%) isolates were sensitive to ofloxacin, 204 (77.6%) were sensitive 227 

to levofloxacin and 198 (75.3%) were sensitive to Moxifloxacin. The results also showed 228 

that  all  the  B. substilis isolated were sensitive to both levofloxacin and moxifloxacin, 229 

while between 44.4% to 62.5% of  Enterobacter  spp and S  marcescens were resistant to 230 

penicillin, ceftriaxone, cefotaxime and ceftazidime (Table 8). The multiple antibiotic 231 

resistance (MAR) indexes of the bacterial isolates are shown in Table 9. Overall, 243 232 

(92.4%) of the bacterial isolates obtained from COM demonstrated a multi drug resistant 233 

phenotype (resistance to three or more antibiotics).  Only 10 (3.8%) isolates were 234 

sensitive to all drugs, 10 (3.8%) were single drug resistant and 60 (22.8%) were resistant 235 

to 2 antibiotics. Of the 243 MDR bacteria, 47(19.3%) were resistant to three antibiotics, 236 

136 (56.0%) were resistant to 4-8 antibiotics. The MDR S. pneumoniae, B. substilis, S 237 

pyogenes  and CoN-Staphylococcus aureus  had MAR indices ranging from 0.17 to 0.67 238 

(Table 9). Fungal spp. isolated from COM were more susceptible to nystatin, 239 

voriconazole and fluconazole than ketoconazole. C. albicans and A. niger were more 240 
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sensitive to nystatin than other fungal spp., while 30.2-39.6 % of the fungi were resistant 241 

to fluconazole and ketoconazole. Between 15.4 % to 30.8%  Fusarium spp. were resistant 242 

to fluconazole and voriconazole.  Both A. flavus and Candida spp. were highly resistant 243 

to ketoconazole having 66.7% and 60.0%, respectively. 244 

 245 

       Table 1: Age and Gender Distribution of Chronic Otitis Media 246 

 247 

                                                Chronic Otitis Media                                                                                                                                                                         248 

        Age Range                      Male              Female          Total                             249 

          (Years)                          No (%)         No (%)             No (%)                         250 

           ≤ 10                             15 (17.2)      13 (14.2)          28 (15.6)                       251 

          11-20                            19 (21.9)      17 (19.1)         36 (20.5)                      252 

          21-30                              8 (9.5)        12 (13.7)         20 (11.6)                      253 

          31-40                              9 (11.2)      15 (16.4)         24 (13.9)                      254 

          41-50                            12 (14.2)      11 (11.5)         23 (12.8)                      255 

          51-60                             9 (11.2)       10 (10.4)         19 (10.8)                      256 

           ≥ 61                               6 (7.7)           8 (8.7)           14 (8.2)                        257 

            USP                               6 (7.1)           6 (6.0)           12 (6.5)                               258 

          Total                            84 (48.0)       92 (52.0)        176 (100)                     259 

            260 

         USP: Unspecified; Values in parenthesis are percentages 261 

 262 

 263 

 264 

 265 

 266 
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Table 2: Frequency of Distribution of Bacterial Isolates Associated with Chronic 267 

                Otitis Media  268 

Bacterial spp                                      Number of                               Percentage of                                                                                                                                         269 

 Isolated                                            Occurrences                               Occurrences 270 

Gram Positive  Aerobes 271 

Streptococcus pneumoniae                     21                                               7.9                              272 

Streptococcus pyogenes                          10                                               3.8 273 

Staphylococcus aureus                            65                                             24.7 274 

CoN Staphylococcus spp                        19                                                7.2 275 

Bacillus substilis                                     4                                                 1.5 276 

Gram Negative  Aerobes 277 

Pseudomonas aeruginosa                      53                                                20.1 278 

Escherichia coli                                     17                                                 6.5 279 

Enterobacter spp.                                   8                                                  3.0 280 

Proteus mirabilis                                  22                                                  8.4 281 

Proteus vulgaris                                    10                                                  3.8 282 

Serratia marcescens                               9                                                  3.4 283 

Morgenella morganii                             7                                                   2.7 284 

Klebsiella pneumoniae                          18                                                  6.8 285 

TOTAL                                                263                                                100 286 

CoN : Coagulase negative 287 

 288 

 289 

 290 

 291 

 292 

 293 
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Table 3: Frequency of Distribution of Fungal Isolates Associated with Chronic 294 

               Otitis Media  295 

Fungal spp                                      Number of                               Percentage of                                                                                                                                         296 

 Isolated                                        Occurrences                               Occurrences 297 

Candida albicans                                22                                            22.9 298 

Aspergillus flavus                                6                                                6.3 299 

Aspergillus niger                                28                                              29.2  300 

Cryptococcus neoformans                 17                                              17.7 301 

Fusarium spp                                     13                                              13.5 302 

Candida spp.                                      10                                              10.4 303 

Total                                                   96                                              100                                                304 

 305 

 306 

 307 

 308 

 309 

 310 

 311 

 312 

 313 

 314 

 315 

 316 

 317 

 318 
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Table 4: Age and Gender Specific Distribution of Bacterial Isolates among Patients with Chronic Otitis Media 

 
                               
Bacterial spp. 
Isolated 
 
 

Gender Age Group 
                                       

Total 
176 

 Male          Female               
No. (%)      No. (%)  
 

≤10 
No. (%) 

11-20 
No. (%) 

21-30 
No. (%)  

31-40 
No. (%) 

41-50 
No. (%)  

51-60 
No. (%)  

≥ 61 
No. (%) 

USP 
No. (%) 

 
No. (%) 

S.  pneumoniae 
S. pyogenes 
S. aureus 
CoNS. spp 
P. aeruginosa 
E. coli   
Enterobacter  spp 
P.  mirabilis 
P. vulgaris  
S. marcescens 
M. morganii 
B. substilis 
K. pneumoniae.   
Total 
 

  9 (7.3)      12 (8.5) 
  5 (4.1)        5 (3.5)  
29 (23.8)    36 (25.5)   
  8 (6.6)      11 (7.8) 
25 (20.5)    28(19.6)  
10 (8.2)        7 (4.9) 
  3 (2.5)        5 (3.2)   
10 (8.2)      12 (8.5)   
 4 (3.3)         6 (4.3)   
 5(4.1)          4 (2.8)  
 2 (1.6)         5 (3.2)     
 2 (1.6)         2 (1.4) 
10 (8.2)        8 (5.7)  
122 (100)   141(100)  

   3 (14.2) 
   2 (20.0)   
   8 (12.3) 
   3 (15.7) 
11 (20.7) 
  3 (17.6) 
  1 (12.5) 
  3 (13.6) 
  2 (20.0) 
  1 (11.1) 
  2 (28.6) 
  1 (25.0) 
  3 (16.7) 
 43 (16.3) 

  4 (19.0) 
  1 (10.0) 
17 (26.1) 
  4 (21.1) 
  9 (17.0)  
  5 (29.4)  
  2 (25.0) 
  4 (18.2)   
  2 (20.0) 
  2 (22.2) 
  2 (28.6) 
  1 (25.0) 
  5 (27.8) 
58 (22.1) 

   2 (9.5) 
   1 (10.0) 
   8 (12.3) 
   2 (10.5) 
   6 (11.3) 
   3 (17.6) 
   1 (12.5) 
   2 (9.1) 
   1 (10.0) 
   1 (11.1) 
        - 
       - 
   2 (11.1) 
 29 (11.0) 
 

  4 (19.0) 
  3 (30.0) 
  8 (12.3) 
  2 (10.5) 
  5 (9.4) 
  2 (11.8) 
  1 (12.5) 
  3 (13.6) 
  2 (20.0) 
  2 (22.2) 
  2 (28.6) 
  2 (50.0) 
  2 (11.1) 
38 (14.4) 

  2 (9.5) 
  1 (10.0) 
 10(15.4) 
  2 (10.5)       
  9 (17.0) 
  2 (11.8) 
  1 (12.5) 
  2 (9.1) 
  2 (20.0) 
  1 (11.1) 
  1 (14.3) 
       - 
  1 (5.6)   
34 (12.9) 

 4 (19.0) 
 1 (10.0) 
 5(7.7) 
 3 (15.7) 
 6 (11.3) 
 1 (5.9) 
 1 (12.5) 
 2 (9.1) 
 1 (10.0) 
 2 (22.2) 
       - 
       - 
  1 (5.6) 
 27(10.3)   
    

 1 (4.8) 
     - 
4 (6.2) 
1 (5.3) 
4 (7.5) 
1 (5.9) 
1 (12.5) 
4 (18.2) 
     - 
     - 
     - 
     - 
 3(16.7) 
19 (7.2)     

1 (4.8) 
1 (10.0) 
5 (7.7) 
2 (10.5) 
3 (5.7) 
     - 
     - 
2 (9.1) 
     - 
     - 
    - 
    - 
  1 (5.6) 
15 (5.7) 
 
 

21 (7.9)   
10 (3.8)   
65(24.7)  
19 (7.2) 
53 (20.1)  
17 (6.5)  
  8 (3.0) 
22 (8.4) 
10 (3.8) 
  9 (3.4) 
  7 (2.7) 
  4 (1.5) 
18 (6.8) 
263 (100) 
 

         Key: USP: Unspecified; CoNS: Coagulase negative Staphylococcus; Values in parenthesis are percentages                
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 Table 5: Age and Gender Specific Distribution of Fungi among Patients with Chronic Otitis Media 
 

    
 

Fungal spp. 
Isolated 

 
 

Gender Age Group 
 

Total 

Male         Female               
No. (%)      No. (%) 

 

≤10 
No. (%) 

11-20 
No. (%) 

21-30 
No. (%) 

31-40 
No. (%) 

41-50 
No. (%) 

51-60 
No. (%) 

≥ 61 
No. (%) 

USP 
No. (%) 

 
No. (%) 

 
C. albicans 
A. flavus 
A. niger 

C. neoformans 
Fusarium spp 
Candida spp. 

 
Total 

 
10 (23.3)     12(24.0) 
 4 (9.3)          2 (4.8) 
11 (25.6)     17(30.8) 
7(16.3)       10(18.3) 
 7(16.3)         6(11.5) 
4 (9.13)         6(10.6) 

 
43 (100)     53(100) 

 
 

 
   4(18.2) 
 1(16.7) 
  9(32.1) 
 2(11.8) 
 3(23.1) 
2(20.0) 

 
21(21.9) 

 
  7 (31.8) 
  1 (16.7) 
11 (39.3) 
 4 (23.5) 
2 (15.4) 
2 (20.0) 

 
27 (28.1) 

 
1 (4.5) 

 2 (33.3) 
3 (10.7) 
 1 (5.9) 
 3 (23.1) 
 1 (10.0) 

 
11(11.5) 

 
2 (9.1) 

  2 (33.3) 
2 (7.1) 
3 (17.6) 
1 (7.7) 

 1 (10.0) 
 

11 (11.5) 

 
2 (9.1) 

- 
1 (3.6) 
3 (17.6) 
2 (15.4) 
1 (10.0) 

 
9 (9.4) 

 
2 (9.1) 

- 
 1 (3.6) 
2 (11.8) 
 1 (7.7) 
2 (20.0) 

 
8 (8.3) 

 
2 (9.1) 

- 
- 

1 (5.9) 
1 (7.7) 

 1 (20.0) 
 

  5 (5.2) 

 
2 (9.1) 

- 
1 (3.6) 
1 (5.9) 

       - 
- 
            

4 (4.2) 

 
22 (22.9) 
6 (6.3) 

28 (29.2) 
 17 (17.7) 
 13 (13.5)   
 10 (10.4) 

 96 (100) 

 
 
 

     Key: USP: Unspecified; Values in parenthesis are percentages           
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Table 6: Prevalence of Haemolysin, DNase and Betalactamase Producing Bacteria in Samples from Chronic Otitis Media  

                                                                                   Haemolysin                            
 Bacterial spp.                                       α                        β                      γ                      DNase Producers       β-lactamase Producers   
                                                No        No (%)         No (%)             No (%)                      No (%)                         No (%)                    
Streptococcus pneumoniae     21        15 (71.4)         2 (9.5)             4 (19.0)                     0 (0.0)                         9 (42.9)        
Streptococcus pyogenes          10         1 (10.0)         7 (70.0)            2 (20.0)                     4 (40.0)                      4 (40.0)        
Staphylococcus aureus            65       43 (66.2)       15 (23.1)           7 (10.8)                     59 (90.8)                   29 (44.6) 
CoN Staphylococcus spp.       19        11 (57.9)         5 (26.3)           3 (15.8)                      1 (5.3)                      8 (42.1) 
Pseudomonas aeruginosa       53        18 (34.0)         0 (0.0)           35 (66.0)                      0 (0.0)                      24 (45.3)      
Escherichia coli                      17         6 (35.3)          0 (0.0)           11 (64.7)                      0 (0.0)                        5 (29.4) 
Enterobacter spp.                     8          0 (0.0)            0 (0.0)            8 (100)                       0 (0.0)                        4 (50.0) 
Proteus mirabilis                    22          0 (0.0)            0 (0.0)          22 (100)                      0 (0.0)                         7 (31.8) 
Proteus vulgaris                     10          0 (0.0)            0 (0.0)          10 (100)                      0 (0.0)                         6 (60.0) 
Serratia marcescens                9           0 (0.0)            0 (0.0)            9 (100)                      7 (77.8)                      5 (55.6) 
Morgenella morganii              7           2 (28.6)          0 (0.0)            5 (71.4)                     0 (0.0)                         2 (28.6) 
Bacillus substilis                     4           1 (25.0)          2 (50.0)          1 (25.0)                     0 (0.0)                         2 (50.0)                                             
Klebsiella pneumoniae          18          0 (0.0)             0 (0.0)           18 (100)                    0 (0.0)                         7 (38.8) 
TOTAL                                 263       97 (36.9)        31 (11.8)        135 (51.3)                  71 (24.3)                   112 (42.6) 

Keys:  α: alpha; β: beta; γ: gamma; No: Number of Isolates; CoN: Coagulase negative; Values in parenthesis are percentages         
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Table 7: The Prevalence of Haemolysin and Extracellular Deoxyribonuclease 

              (DNase) Producing Fungi Isolated from Chronic Otitis Media    

 
                                     Number of                No / (%) of                 No / (%) of    
   Fungal spp                   Isolates               DNase Producers         Haemolysin Producers    
 Candida albicans                22                        20 (90.9)                    10 (45.5) 
 Aspergillus flavus                 6                            -                                      -  
 Aspergillus niger                 28                            -                                      - 
Cryptococcus neoformans    17                            -                                      - 
Fusarium spp                        13                            -                                      - 
Candida spp.                         10                         6 (60.0)                      2 (20.0) 
    Total                                  96                       26 (27.1)                    12 (12.5)  

          
Values in parenthesis are percentages.   
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Table 8 : In-vitro Antibiotic Sensitivity Spectrum of Bacterial  Isolates from Chronic Otitis Media 
                                        
 
Bacterial spp No. Of 

Isolates 
Pen 

No. (%) 
Stp 

No. (%) 
Imi 

No. (%) 
Cef 

No. (%) 
Cfo 

No. (%) 
Cfp 

No. (%) 
Ofl 

No. (%) 
Lev 

No. (%) 
Mox 

No. (%) 
S  pneumoniae 21 11(52.4) 15(71.4) 18(85.7) 12(57.1) 12(57.1) 13(61.9) 15(71.4) 18(85.7) 17(81.1) 
S. pyogenes 10 5(50.0) 5(50.0)  7(70.0) 5(50.0) 6(60.0) 6(60.0) 6(60.0)  7(70.0)  7(70.0) 
S .aureus                   65 35(53.8) 46(70.8) 50(76.9) 36(55.4) 34(52.3) 36(55.4) 43(66.2) 46(70.8) 44(67.7) 
CON Staphy. .spp 19 10(52.6) 11(57.9) 13(68.4) 10(52.6) 10(52.6) 12(63.2) 11(57.9) 14(73.7) 13(68.4) 
P. aeruginosa   53 28(52.8) 36(67.9) 45(84.9) 27(50.1) 28(52.8) 28(52.8) 34(64.2) 45(84.9) 47(88.7) 
Escherichia coli 17 11(64.7) 10(58.8) 10(58.8) 12(70.6) 12(70.6) 13(76.4) 11(64.7) 13(76.4) 12(70.6) 
Enterobacter  spp 8 3(37.5) 5(62.5) 5(62.5) 3(37.5) 4(50.0) 4(50.0) 7(87.5)  7(87.5)  7(87.5) 
P. mirabilis    22 14(63.6) 14(63.6) 11(50.0) 14(63.6) 15(68.2) 15(68.2) 14(63.6) 16(72.7) 14(63.6) 
P. vulgaris   10 4(40.0) 6(60.0)  7(70.0) 5(50.0) 5(50.0) 6(60.0) 8(80.0) 6(60.0)  7(70.0) 
S  marcescens 9 4(44.4) 6(66.7)  6(66.7) 4(44.4) 5(55.6) 5(55.6) 7(77.8)  7(77.8)  7(77.8) 
M. morganii 7 5(71.4) 4(57.1) 5(71.4) 5(71.4) 4(57.1) 5(71.4) 4(57.1) 6(85.7) 6(85.7) 

Bacillus substilis 4 2(50.0) 3(75.0) 3(75.0) 2(50.0) 3(75.0) 2(50.0) 2(50.0) 4(100.0) 4(100.0) 
K. pneumoniae 18 11(61.1) 11(61.1) 13(72.2) 12(66.7) 14(77.8) 15(83.3) 13(72.2) 15(83.3) 13(83.3) 
Total 263 143(54.4) 172(65.4) 193(73.4) 147(55.9) 152(57.8) 160(60.8) 175(66.5) 204(77.6) 198(75.3) 
 
CoN: Coagulase negative Staphylococcus; Values in parenthesis are percentages; Pen: Penicillin; Stp: Streptomycin; Imi: Iminipen;  
Cef: Ceftriaxone; Cfo: Cefotaxime; Cfp: Ceftazidime; Ofl: Ofloxacin; Lev: Levofloxacin; Mox; Moxifloxacin   
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Table 9: Multiple Antibiotic Resistance (MAR) Index of Bacteria Isolated from Chronic Otitis Media 

 
 

MAR 
INDEX 

                                                                                        Number / Percentage (%) TOTAL 
No. (%) SP                BS            MM           SM             SPY         EN             PV            EC             KP            CoN            PM             PS            SA 

0.0 - - 1(14.3) - - - - 1(5.9) 2(11.1) - 1(4.5) 3(5.7) 2(3.1) 10(3.8) 
0.08 - - - 1(11.1) - 1(12.5) 1(10.0) - - - - 4(7.5) 3(4.6) 10(3.8) 
0.17 5(23.8) 1(25.0) 2(28.6) 2(22.2) 2(20.0) 2(25.0) 2(20.0) 2(11.8) 3(16.7) 2(10.5) 2(9.1) 19(35.8) 16(24.6) 60(22.8) 
0.25 7(33.3) 1(25.0) 1(14.3) 1(11.1) 1(10.0) 2(25.0) 2(20.0) 5(29.4) 3(16.7) 1(5.3) 4(18.2) 6(11.3) 13(20.0) 47(17.9) 
0.33 4(19.0) 1(25.0) 1(14.3) 3(33.3) 2(20.0) 1(12.5) 3(30.0) 3(17.6) 5(27.8)  6(31.6) 5(22.7) 6(11.3) 14(21.5) 54(20.5) 
0.42 1(4.8) - 1(14.3) - 2(20.0) 1(12.5) - 3(17.6) 2(11.1)  6(31.6) 5(22.7) 3(5.7) 6(9.2) 30(11.4) 
0.50 3(14.3) - - - 1(10.0) 1(12.5) - - 1(5.6) 1(5.3) 1(4.5) 4(7.5) 4(6.2) 16(6.1) 
0.58 - - 1(14.3) - - - 2(20.0) 3(17.6) 1(5.6) 2(10.5) 1(4.5) 5(9.4) 4(6.2) 19(7.2) 
0.67 1(4.8) 1(25.0) - 2(22.2) 2(20.0) - - - 1(5.6) 1(5.3) 3(13.6) 3(5.7) 3(4.6) 17(6.5) 
        
Keys : SP: S  pneumoniae ; BS: B. substilis ; CF: C.  freundii ;  MM: M. morganii ; SM: S  marcescens ; SPY: S. pyogènes ;  EN: 
           Enterobacter spp ; PV : P. vulgaris ; EC : E. coli ;   KP: K. pneumoniae; CoN: Coagulase negative Staphylococcus  spp. ;  PM:           
           P. mirabilis ; PS: P. aeruginosa ;  SA: S .aureus 
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Table 10: In-vitro Susceptibility of Fungal spp. isolated from Chronic otitis Media to Antifungal 

                Drugs 

 

                                                             Number of            Flu                              Nys                                  Vor                                  Ket                                                                                                
                          Fungal spp.                     Isolates            No.(%)                 No.(%)                 No.(%)                  No.(%)       

                          C. albicans                       22               17(77.3)               18(81.8)                 20(90.9)                13(59.0)                   
    A. flavus                              6                  4(66.7)                 5(83.3)                   5(83.3)                   2(33.3)        
    A. niger                              28               20(71.4)               22(78.6)                 18(64.3)                 20(71.4)    
    C. neoformans                   17               12(70.6)               12(70.6)                 10(58.8)                 11(64.7)                                                                                                                               

                        Fusarium spp.                   13                 9(69.2)                 8(61.5)                 11(84.6)                    8(61.5)                                                                                                                                  
                        Candida spp                      10                 5(50.0)                 7(70.0)                  5(50.0)                     4(40.0)                                                                                                                                  
                          Total                                96                67(69.8)               72(75.0)                 69(71.9)                  58(60.4)      

          Keys      Values in parenthesis are percentages; Flu: Fluconazole; Ket: Ketoconazole; Vor: Voriconazole; Nys: Nystatin 
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DISCUSSION 
 
               Reports from different parts of the world showed the significance of bacterial 

and fungal as the causative agents of COM. The prevalence of this infection has been 

reported to be higher in developing countries compared to the advanced countries (Lasisi, 

2008).  The results obtained in this study established the occurrence of COM infection in 

Akwa Ibom State.  In this study, COM was found mostly among children and in young 

adults and similar results were obtained in some parts of Nigeria and India (Poorey and 

Lyer, 2002; Wariso and Ibe, 2006).  Analysis of age related prevalence of COM 

infections in this study showed that patients in the age group 11-20yrs had a prevalence 

of 20.5% which was higher than that in the age group ≤ 10yrs with a prevalence of 

15.6%.  Although, numerous studies have reported that males are at higher risk of otitis 

media than females, but several studies found no male-female disparity (Bluestone et al., 

1992).  Variya et al. (2002) and Li et al. (2005)  reported that occurrence of otitis media 

was more in male than female and this is contrary to the results obtained in this study as  

169 (48.1%) males and 183 (51.9%) of females had COM. The higher percentage of 

occurrence of S. aureus in females than males with otitis media observed in this study is 

in agreement with the earlier report of Oyeleke (2009). 

                  Anwar-us-Salam et al. (1997) has shown that the most common bacterial and 

fungal species found in COM were P. aeruginosa, S. aureus, P. mirabilis, K. 

pneumoniae, E. coli, Aspergillus spp and Candida spp but these organisms vary in 

various geographical areas. Results of types and percentages of bacterial isolates 

recovered from COM patients in this study were correlated with the results obtained by 

Brook (1996). The frequency of S. aureus in the middle ear infections can be attributed to 
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their ubiquitous nature and high carriage of resistant strains in the external auditory canal 

and upper respiratory tract (Akinjogunla and Enabulele, 2010). S. aureus is an 

opportunistic pathogen found outside the human body, but when it gains entrance into the 

human body, it causes infection to tissues and mucus membranes and respiratory 

infections.  Occurrence of K. pneumoniae and Enterobacter spp from middle ear of 

patients suffering from COM in this study is in conformity with the results obtained by 

Nikakhalagh et al. (2008) and Ihsan et al (2010). Organisms like E. coli and K. 

pneumoniae become opportunistic pathogens in the middle ear when resistance is low. 

Aerobic bacteria such as Pseudomonas aeruginosa and E. coli were also isolated from 

COM in this study and this is in conformity with the reports of Brook (1996). and 

Saunders et al. (2009).  

            The occurrence of A. niger, A. flavus, Candida spp., C. albicans, C. neoformans 

and Fusarium spp in this research is an agreement with the reports of Henderson and Tsai 

(2001) where fungi such as C. albicans, A. niger, Candida spp. were implicated as causes 

of otitis media. The most frequently isolated mould in this study was A. niger, while the 

filamentous fungus such as Fusarium species was also on the increase. The highest 

occurrence of A. niger  obtained in this study is in conformity with the results of Loy et 

al. (2002). Analysis of the MAR index of the bacteria isolated from COM showed that 

92.4% of the bacteria had multiple antibiotic resistant index of 0.25 and above. MAR 

index higher than 0.2 has been said to be an indication of isolates originating from an 

environment where antibiotics were often used (Paul et al., 1997).                    

               The sensitivity of fungal species obtained from middle ear of patients with 

COM to fluconazole, voriconazole, ketoconazole and nystatin showed variable 
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percentages of sensitivities.  Azole has a broad spectrum of activity against Candida spp. 

and Aspergillus spp.  Resistance of C. albicans and other Candida spp to ketoconazole in 

this study also correlates with the reports of Hugo and Russell (2007).  

               The occurrence of 29.4% β-lactamase producing E. coli in middle ear of 

patients with COM in this study agrees with the reports of Pallecchi et al. (2007) that 

there is worldwide presence of β-lactamases in E. coli isolates. The production of DNase 

by S. aureus in this study is in concordance  with Finegold and Baron (1986). Prescott et 

al. (2008) has also revealed that one of the virulence factors produced by S. aureus is 

DNase. 16(84.2%) S. marcescens isolated from COM produced DNase and this is in 

agreement with (Ewing, 1986) who reported the production of DNase by S. marcescens. 

DNase production was also found in fungal isolates such as C. albicans and Candida spp 

and this agreed with Ewing (1986) who reported that extracellular DNase production was 

a specific characteristic of genera of yeasts. Some strains isolated from COM produced β-

haemolysin with prevalence of 11.8%. Prevalence of β-haemolytic S. aureus strains in 

this study is in agreement with other research papers (Aarestrup et al., 1999). 

            Conclusively, while the battle between man and microbes continue, starting with 

the defeat suffered by penicillin and other antibiotics. It is important and valuable to find 

compounds that potentiate antimicrobial activity against multidrug resistant organisms 

especially those associated with chronic otitis media.  

 

 

 

 

 



25 

 

REFERENCES 

Aarestrup, F.M., Lastsen, H.D., Eriksen, N.H., Elsberg, C.S. and Jensen, N.E. (1999). 

                Frequency of alpha and beta hemolysin in S. aureus of human and bovine 

                 origin. A comparison between pheno and genotype and variation in phenotypic 

                 expression. APMIS, 107: 425- 430. 

Akinjogunla, O. J. and Eghafona, N.O. (2012). Mycological investigation in patients with 

                 acute otitis media. Scientific Journal of Microbiology.1(1):19-26. 

Akinjogunla O. J. and Enabulele, I. O. (2010). Virulence Factors, Plasmid Profiling and 

               Curing analysis of Multi- drug Resistant Staphylococcus aureus and Coagulase 

                negative Staphylococcus spp. isolated from Patients with Acute Otitis Media.  

               Journal of American Science 6(11):1022-1033. 

Anwar-us-Salam, A., Abid, S.H. and Abdulla, E.M. (1997) Suppurative Otitis in Karachi: 

               An Audit of 510 Cases. Pak J Otolaryn. 13:66–69. 

Barnett, H.L. and Hunter, B. B. (1987). Illustrallated General of Imperfecti fungi, (5th 

               edition). Burges Publishing company, Minnesota, p: 241. 

Bauer, A.W., Kirby, W.M., Sherris, J.C. and Jurck, M. (1996). Antibiotic susceptibility     

              testing by a standard single disc method. Am J. Clin. Pathol. 451:493-496. 

Bluestone, C.D. (1998) Otitis Media; to treat or not to treat/ consultant. pp. 1421-1433 

Bluestone, C. D and Klein, J.O. (2001). Microbiology. In: Bluestone CD, Klein JO, (3rd 

                edn). Otitis Media in Infants and Children. Philadelphia, PA: W.B. Saunders; 

                 pp. 979-1014. 

Bluestone, C.D., Stephenson, J.S and Martin, L.M. (1992). Ten year review of otitis 

                media pathogens. Pediatr Infect Dis J.  11 (8 Suppl):S7-11. 

Bronson, J.J. and Barrett, J.F. (2001) .Quinolone, Everninomycin, Glycylcycline, 

                 Carbapenem, Lipopeptide and Cephen Antibacterial in Clinical 

                 Development.  Curr Med Chem. 8:1775-1793. 

Brook, I. (1996). Microbiology of otitis media. Indian Jour Otol. 2(1):26-29. 

Brook, I and Frazier, E. (1996), Microbial dynamics of persistent purulent otitis media in 

                 children. J. Pediatrics. 128(2): 237-240. 



26 

 

Casselbrant, M.L., Mandel, E.M., Rockette, H.E., Kurs-Lasky, M., Fall, P.A., Bluestone,  

              C.D. and Ferrell, R.E. (2004). The genetic component of middle ear disease in 

              the first 5 years of life. Arch Otolaryngol Head Neck Surg. 130(3): 273-278. 

Cheesbrough, M. (2006). District Laboratory Practice in Tropical Countries (Part II). 

               Cambridge University pp 19-110. 

Daly, A. (1997). Knowledge and attitude about otitis media risk: Implication for 

                prevention. J. Paediatrics. 100 (3): 93-96. 

Damoiseaux, R. (2005). Antibiotic treatment for acute otitis media: time to think again. 

                CMAJ. 172 (5):657- 658. 

Ewing, W.H. (1986). Edwards and Ewings Identification of Enterobacteriaceae (4th 

              Edition) Elsevier Science Publishing, New York. 

Fairbanks, D.N.F. (1989). Pocket guide to antimicrobial therapy. (5th edn), American 

              Academy of Otolaryngology -Head and Neck Surgery Foundation, 

              Washington. 

Finegold, S.M. and Baron, F.A. (1986). Baily and Scott’s Diagnostic Microbiology. (8th 

             edn). Saunders co. Philadelphia. 

Henderson, S. O. and Tsai, J. (2001). Pediatrics, Otitis media. Emedicine Journal. 2:7 

Holt, J.G., Krieg, N.R., Sneath, P.H.A., Stately, J.T. and Williams, S.T. (1994). Bergey’s 

               Manual of Determinative Bacteriology, (9th edn), Baltimore, Williams and 

               Wilkins. pp.787.  

Hugo, W. B. and Russell, A D. (2007). Pharmaceutical Microbiology, (7th Ed). 

               Blackwell. Science Pp 481. 

Ihsan E. A, Ahmed M. A. and Jassim M. N. (2010). Impact of multi drugs resistant 

             bacteria on the pathogenesis of chronic suppurative otitis media Afri 

                Jour  Microbiol Res. 4 (13). 1373-1382. 

Jan, M. B., John, D. T. and Sentry A. (2002). High Prevalence of Oxacillin-Resistant 

               Staphylococcus aureus Isolates from Hospitalized Patients in Asia-Pacific and 

               South Africa: Results from SENTRY Antimicrobial Surveillance Program, 

               1998-1999. Antimicrob Agents Chemother. 46(3): 879-881. 

Jones, R.N. and Phaller, M. A. (1998). Bacterial resistance; a worldwide problem. Diagn. 

              Microbiol. Infect. Dis. 31: 379-388. 



27 

 

Kelly, S.L., Lamb, D.C., Kelly, D.E. (1999). Y132H substitution in Candida albicans 

             sterol 14alpha-demethylase confers fluconazole resistance by preventing binding 

             to haem. FEMS Microbiol Lett. 180: 171-175. 

Kelly, S.L., Lamb, D.C., Kelly, D.E. (1999). Y132H substitution in Candida albicans 

             sterol 14alpha-demethylase confers fluconazole resistance by preventing binding 

             to haem. FEMS Microbiol Lett. 180: 171-175. 

Krumpernam, P.H. (1983). Multiple antibiotic resistance indexing Escherichia coli to 

                identify risk sources of faecal contamination of foods. Appl. Environ. 

                Microbiol. 46: 165-170. 

Lasisi, A.O. (2008). Otolayngological Practice in Developing Country: a profile of met 

              and unmet needs. East Central Afri J Surg. 13(2):101–104. 

Levy, S. B. (2002). Active efflux, a common mechanism for biocide and antibiotic 

              resistance. J  Appl Microbiol. 92 Suppl: 65S-71S. 

Li, Y.H., Anne, T., Tse, H. K., Bes, M., Jerome, E., Asok, K., Tong, T.T. and Ban, H.T. 

             (2005).Community associated methicillin resistant Staphylococcus aureus, 

              Singapore. Emerg. Infect Dis. 11: 341-342 

Loy, A., Tan, A.L and Lu, P.K. (2002) Microbiology of chronic suppurative otitis media. 

                 Singapore Med Jour. 43(6):296-299. 

MacFaddin, J.F. (2000). Biochemical Tests for Identification of Medical Bacteria. (3rd 

                edn).Philadelphia: Lippincott Williams and Wilkins; Pp. 367. 

Mawson, S. and Pollack, M. (1988). Special role of Pseudomonas aeruginosa in chronic 

               suppurative otitis media. Ann Otol Rhinol Laryngol Head and Neck Surg., 97 

               (Suppl. 130): 10-13. 

Nikakhlagh, S., Khosravi, A. D., Fazlipour, M., Sefarzuder, M. and Rashidi, N.(2008). 

                Bacteriologic findings in patients with chronic otitis media. J. Med. Science. 8: 

                 503-506. 

Oyeleke, S. B. (2009). Screening for bacteria agents responsible for otitis media and their 

              antibiogram. Afri Jour Microbiol Res. 3(5): 249-252. 

Pallecchi, L., Bartoloni, A., Fiorelli, C., Mantella, A., Di-Maggio, T., Gamboa, H., 

              Gotuzzo, E., Kronvall, G., Paradisi, F. and Rossolini, GM (2007). Rapid  

              dissemination and diversity of CTX-M extended-spectrum betalactamase genes 



28 

 

              in commensal Escherichia  coli isolates from healthy children from low-resource 

              settings in Latin America.  Antimicrob. Agents Chemother. 51(8): 2720-2725. 

Paul, S., Bezbarauh, R.L., Roy, M.K. and Ghosh, A.C. (1997) Multiple antibiotic 

                resistance (MAR) index and its reversion in Pseudomonas aeruginosa. Lett. 

                Appl. Microbiol. 24: 169-171. 

Pfaller, M. A., Diekema, D.J. and Sheehan, D.J. (2006). Interpretive breakpoints for 

               fluconazole and Candida revisited: A blueprint for the future of antifungal 

               susceptibility testing. Clin. Microbiol. Rev., 19: 435-444. 

Poorey, V. K and Lyer, A. (2002). Study of bacterial flora in CSOM and its clinical 

              significance. Indian J Otolaryngol Head Neck Surg. 54:91–105. 

Prescott, L.M., Harley, J.P. and Klein, D.A. (2008). Microbiology. (7th edn). McGraw-

                 Hill companies, Inc, New York. Pp 920. 

Rama-Rao, M.V. and Jayakar, P.A. (1980). Bacteriological study of chronic suppurative                

                 otitis media. Indian Jour Med Asso. 75:30-33. 

Rovers, M.M., Glasziou, P., Appelman, C.L., Damoiseaux, R.A and Hoes, A.W. (2006). 

                  Antibiotics for acute otitis media: A meta-analysis with individual patient 

                  data. Lancet. 368 (9545): 1429-1435. 

Sanglard, D., Ischer, F., Parkinson, T., Falconer, D. and Bille, J. (2003). Candida 

                 albicans mutations in the ergosterol biosynthetic pathway and resistance to 

                 several antifungal agents. Antimicrob Agents Chemother. 47: 2404-2412. 

Saunders, J.E., Raju, R.P., Boone, J. and Berryhill, W. (2009). Current Bacteriology of 

                Suppurative Otitis: Resistant Patterns and outcomes Analysis, Otol. Neurotol., 

                30(3): 339-343. 

Variya, A., Tainwala, S. and Mathur, S. (2002) Bacteriology of acute otitis media in 

                children. Indian J. Med Microb 20: 54-55. 

Wariso, B.A. and Ibe, S.N. (2006). Bacteriology of chronic discharging ears in Port 

                 Harcourt, Nigeria. West Afr. J Med. 25:219–222. 

Weiner, R and Collison, P.J (2003). Middle Ear Pathogens in Otitis Prone Children, 

                 South Dakota J. Med. 56: 103-107. 

 

  


