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SUMMARY 

 

Background: Otitis is a very common infection, mainly affecting children, and the main indication for prescribing 

antibiotics. This study investigated the epidemiology and antibiotic resistance profile of bacterial pathogens asso-

ciated with otitis in patients of all ages in Crete, Greece.  

Methods: From January 2013 through December 2022, patients diagnosed with otitis, based on clinical signs and 

symptoms and otoscopy findings, were enrolled in the study. Ear discharge samples were collected by tympanο-

centesis or by using sterile swabs and were promptly transported to the microbiology laboratory for further pro-

cessing. Cultures for bacterial pathogens were performed according to laboratory protocols. Bacteria were identi-

fied by matrix-assisted laser desorption ionization-time of flight (MALDI-TOF) mass spectrometry and antimicro-

bial susceptibility testing by Vitek 2 system.  

Results: Out of the 939 samples examined, 600 (63.9%) were positive for bacterial pathogens. P. aeruginosa was 

the most prevalent microorganism detected (29.5%), followed by S. aureus (18.9%) and Enterobacterales (12.8%). 

The isolation rate of P. aeruginosa significantly increased during the study period (p = 0.0001). P. aeruginosa resis-

tance rates to ticarcillin/clavulanate, piperacillin/tazobactam, ceftazidime, cefepime, aztreonam, imipenem and 

meropenem were 6.4%, 3.4%, 3.4%, 3.8%, 3.3%, 2.1%, and 2.1%, respectively. Ceftazidime resistance remained 

around the same levels during the study period, while resistance to piperacillin/ tazobactam, cefepime, imipenem, 

and meropenem doubled over the years 2018 - 2022 (p = 0.48, p = 0.49, p = 0.65, and p = 0.65, respectively). S. au-

reus penicillin-resistance was extremely high (87.4%). Resistance rates to methicillin, erythromycin, and clinda-

mycin were 21.2%, 14.6%, and 11.9%, respectively. Forty-one percent of the methicillin-resistant strains were 

multidrug-resistant (MDR). All isolates were susceptible to gentamicin, rifampicin, linezolid, daptomycin, tigecy-

cline, teicoplanin, and vancomycin. Among Enterobacterales, high rates of resistance were observed for ampicillin, 

amoxicillin/ clavulanate, colistin, tigecycline, and tetracycline, ranging from 34.1% to 82.5%.  

Conclusions: P. aeruginosa, S. aureus, and the Enterobacterales are the predominant bacterial pathogens causing 

otitis in our area. Regarding Gram-negatives, although resistance rates to commonly-used antibiotics are low, they 

are increasing over time. Continued surveillance of the prevalence and antimicrobial susceptibility of bacterial 

pathogens causing otitis is necessary to reassess updated antimicrobial policies and develop appropriate guide-

lines. 

(Clin. Lab. 2026;72:xx-xx. DOI: 10.7754/Clin.Lab.2025.250322) 
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INTRODUCTION 

 

Otitis is an upper respiratory tract infection that is more 

common in children than in adults. There are different 

types of ear infections, depending on which part of the 

ear is infected. Two common types are middle ear infec-

tion called otitis media (OM) and the external auditory 

canal infection, otitis externa (OE), called swimmer’s 

ear [1]. Τypes of OM include acute otitis media (AOM), 

otitis media with effusion (OME), and chronic suppu-

rative otitis media (CSOM). AOM is a very common in-

fection and a leading cause of health care visits. The to-

tal annual number of new AOM episodes is estimated at 

709 million, with 51% occurring in children < 5 years 

of age [2]. AOM represents the most common indica-

tion for antibiotic prescription. In the USA, 8.7 million 

diagnoses of AOM are made every year, and AOM is 

one of the most common reasons for pediatric outpatient 

consultation, accounting for an estimated 15 million 

antibiotic prescriptions every year [3]. By 3 years of 

age, 60% of children have had experienced at least one 

episode of AOM, and one third have had three or more 

episodes [4]. Risk factors include early childhood, day-

care attendance, previous history of AOM, upper respi-

ratory tract infections, passive smoker, the presence of 

atopy, adenoidal hypertrophy, ciliary dysfunction, im-

mune-compromising conditions, and craniofacial anom-

alies [5].  

WHO estimated that 28 thousand deaths annually, with 

the highest mortality rates in children < 5 years of age, 

are attributable to complications of OM, such as menin-

gitis and brain abscess [6].  

Viral pathogens, bacterial pathogens, and fungi have 

been associated with otitis. The most common bacterial 

pathogens causing otitis are Streptococcus pneumoniae, 

Hemophilus influenzae, Moraxella catarrhalis, Strepto-

coccus pyogenes, Stapylococcus aureus, Pseudomonas 

aeruginosa, and Enterobacterales [7]. 

Antibiotic treatment plays an important role in the man-

agement of otitis. AOM is the most frequent cause of 

antibiotic prescriptions in children below 3 years, ac-

counting for 14% of all antibiotic prescriptions in the 

UK [8,9]. The rationale for antibiotic prescription main-

ly includes the prevention of serious but rare complica-

tions, such as mastoiditis and meningitis [10]. There-

fore, knowledge of bacteriology and the antimicrobial 

susceptibility profile of causative pathogens is very im-

portant. Inappropriate use of antibiotics results in treat-

ment failure and increases the risk of antibiotic resis-

tance. The increasing prevalence of antimicrobial resis-

tance among these pathogens and the spread of multi-

drug-resistant (MDR) strains remains a global health 

problem [11].  

The frequency and antimicrobial susceptibility patterns 

of pathogens causing otitis vary significantly by geogra-

phy, time, age, socioeconomic factors and local antimi-

crobial prescribing practices. Antimicrobial therapies 

rely on local patterns of antimicrobial resistance, that 

should be continuously monitored in order to update 

treatment guidelines, and contribute to tackling antibiot-

ic resistance.  

In Greece, there are limited data regarding bacterial 

pathogens and their resistance to antimicrobials; it is 

mainly focused on childhood AOM [12,13]. 

This study was undertaken to investigate the prevalence 

of bacterial pathogens associated with otitis and their 

antimicrobial resistance trends over a 10-year period in 

Crete, Greece. 

 

 

MATERIALS AND METHODS 

 

Study setting and design 

This retrospective study was conducted from January 

2013 through December 2022 at the University Hospital 

of Heraklion. This hospital is a 771-bed, tertiary care 

academic institution, serving a population of approxi-

mately 750,000 inhabitants. All ear discharge samples 

that were included in this study were obtained from pa-

tients of all ages that were diagnosed with otitis, based 

on clinical signs and symptoms and otoscopy findings. 

Immunocompromised patients and those with craniofa-

cial abnormalities were excluded. To avoid selection 

bias, repeated samples from the same patient were not 

included. The samples were analyzed by the Hospital 

Clinical Microbiology Laboratory for the presence of 

bacterial pathogens. All hospital departments were in-

volved, including emergency, inpatient, and outpatient 

departments. This study was approved by the Ethical 

Committee of the University Hospital of Heraklion and 

met the guidelines of the Declaration of Helsinki (proto-

col code 87431/24-03-2022). 

 

Microbiology 

Cultures and identification 

Ear discharge samples were collected under aseptic con-

ditions either by tympanocentesis or by using sterile 

cotton swabs. Swabs were immediately placed into 

Amies transport media (bioMérieux SA, Marcy L’é-

toile, France). The samples were promptly transported 

to the Microbiology Laboratory for further processing. 

Cultures were performed in chocolate agar, sheep blood 

agar, MacConkey and Sabouraud agar plates (BioMé-

rieux). The plates were incubated for 24 - 48 hours at 

36°C. Bacterial identification was performed by matrix-

assisted laser desorption ionization-time of flight 

(MALDI-TOF) mass spectrometry (BioMérieux). 

Antimicrobial susceptibility testing 

The antimicrobial susceptibility testing (AST) was per-

formed by Vitek 2 system (BioMérieux). P. aeruginosa 

isolates were tested for susceptibility to ticarcillin-clav-

ulanate, piperacillin-tazobactam, ceftazidime, cefepime, 
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aztreonam, imipenem, amikacin, gentamicin, tobramy-

cin, and ciprofloxacin, using AST-N222 cards. For En-

terobacterales, both AST- XN01 and AST-N233 cards 

were used, which contain the following antibiotics: am-

picillin, amoxicillin/clavulanate, piperacillin/tazobac-

tam, cefotaxime, ceftriaxone, ceftazidime, cefepime, az-

treonam, imipenem, meropenem, amikacin, gentamicin, 

tobramycin, ciprofloxacin, tetracycline, tigecycline, co-

listin, and trimethoprim/sulfamethoxazole (TMP/SMX). 

Additionally, colistin MICs were determined by broth 

microdilution (BMD) ComASP Colistin (Liofilchem, 

srl). BMD is recommended by both CLSI and EUCAST 

as the reference methodology for colistin MIC determi-

nation according to the ISO standard 20776-1 [14]. The 

antibiotics tested against S. aureus included penicillin, 

oxacillin, erythromycin, clindamycin, linezolid, dapto-

mycin, teicoplanin, vancomycin, tetracycline, tigecyc-

line, rifampicin, levofloxacin, and TMP/SMX. 

Escherichia coli ATCC 25922, Klebsiella pneumoniae 

ATCC 700603, and S. aureus ATCC 29213 were used 

as quality control strains. The Clinical and Laboratory 

Standards Institute (CLSI) M100-Ed32 guideline was 

used to interpret results for all other antimicrobials stud-

ied, except for tigecycline for which the U.S. Food and 

Drug Administration (FDA)-recommended MIC break-

points were applied [15]. For the purpose of the MDR 

classification, isolates displaying intermediate suscepti-

bility to antimicrobials were considered as “non-suscep-

tible”. 

Additionally, the modified CLSI ESBL confirmatory 

test was performed for detection of extended-spectrum 

beta-lactamases (ESBLs) employing cefotaxime (30 μg) 

and ceftazidime (30 μg) disks alone and in combination 

with clavulanate (10 μg), on which both boronic acid 

(BA) and EDTA were dispensed [16].  

Multidrug-resistant (MDR) bacteria were defined as iso-

lates non-susceptible to at least one agent in ≥ 3 antimi-

crobial categories [17]. 

 

Statistical analysis  

Statistical analysis was conducted by chi-squared and 

Fisher´s exact test, as appropriate. A p-value of < 0.05 

was regarded as indicative of statistical significance. 

The selected cutoff p-value was two-tailed. All statisti-

cal analyses were performed with Graphpad Prism ver-

sion 4.0 software (GraphPad Software Inc, CA, USA). 

 

 

RESULTS 

 

Demographic characteristics 

During the study period, 939 specimens were examined, 

one from each patient. Processed specimens highly in-

creased in the second 5-year period. Pathogens were 

isolated from 600 patients (63.9%). Out of those, 331 

(55.2%) were male and 269 (44.8%) were female. The 

mean patient age was 28 ± 8.7 years (range, 10 days - 

96 years), with approximately one-third of them being ≤ 

4 years (Table 1).  

Table 1. Distribution of the pathogen by age and gender. 

 

Age (years) n (%) 

0 - 4 203 (33.8) 

5 - 9 66 (11) 

10 - 19 76 (12.7) 

20 - 29 30 (5) 

30 - 39 46 (7.7) 

40 - 49 41 (6.8) 

50 - 59 40 (6.7) 

60 - 69 43 (7.2) 

≥ 70 55 (9.2) 

Gender n (%) 

Male 331 (55.2) 

Female 269 (44.8) 

 

 

 

 

More than half of the samples (56.6%) were obtained 

from patients admitted to the Emergency Department 

(ED), 20.7% were from οutpatient clinics, and 14.1% 

were from Pediatrics. During the study period, the pro-

portion of positive samples ranged from 49.2% to 

76.7%, with the higher rate observed in 2013.  

 

Distribution and prevalence of bacterial pathogens 

During the ten-year period, a total of 800 strains were 

isolated from 600 ear exudate samples. Out of these 

pathogens, 435 (54.4%) were Gram-negative bacteria, 

301 (37.6%) were Gram-positive bacteria, and 64 (8%) 

were fungi. P. aeruginosa, S. aureus, and Enterobacte-

rales accounted for 58.2% of the total isolates. P. aeru-

ginosa was the most prevalent microorganism (n = 236; 

29.5%), followed by S. aureus (n = 151; 18.9%) and 

Enterobacterales (n = 101; 12.8%). Among the 101 En-

terobacterales identified, Proteus mirabilis was the 

most commonly isolated bacteria (19.8%), followed by 

K. pneumoniae (16.8%) and Enterobacter cloaceae 

(13.9%). S. pyogenes (7%), H. influenzae (5.1%), and S. 

pneumoniae (4.6%) were less frequently isolated. P. ae-

ruginosa and S. aureus were most frequently isolated 

from all age groups, with higher frequencies in the 30 - 

39-years age group. H. influenzae and S. pneumoniae 

predominated in the 0 - 9 age group, while Εnterobacte-

rales were more common in the over 65 age group. The 

isolation rate of P. aeruginosa significantly increased 

during the study period (p = 0.0001), while there were 

lower increases in the isolation rates of S. aureus and 

the Enterobacterales (p = 0.16 and p = 0.77, respective-

ly). Monomicrobial growth was found in 429 (71.5%) 

cases, while in 171 (28.5%) cases polymicrobial growth 

was observed. P. aeruginosa and S. aureus co-existed in 

22.8% of polymicrobial cultures.  
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Table 2. Comparison of antimicrobial resistance rates in P. aeruginosa isolates over the 2 study periods (2013 - 2017 and 2018 - 

2022). 

 

2013 - 2017 (94 isolates) 2018 - 2022 (142 isolates) 

p-value 
Antibiotic 

Susceptible 

n (%) 

Intermediate 

n (%) 

Resistant 

n (%) 

Susceptible 

n (%) 

Intermediate 

n (%) 

Resistant 

n (%) 

Ticarcillin/ 

Clavulanate 
88/94 (93.6) 2/94 (2.1) 4/94 (4.3) 130/142 (91.6) 1/142 (0.7) 11/142 (7.7) 0.36 

Piperacillin/ 

Tazobactam 
92/94 (97.9) - 2/94 (2.1) 136/142 (95.8) - 6/142 (4.2) 0.48 

Ceftazidime 91/94 (96.8) - 3/94 (3.2) 137/142 (96.5) - 5/142 (3.5) 1.00 

Cefepime 92/94 (97.9) - 2/94 (2.1) 135/142 (95.1) - 7/142 (4.9) 0.49 

Aztreonam 82/94 (87.2) 9/94 (9.6) 3/94 (3.2) 96/118 (81.4) 18/118 (15.3) 4/118 (3.4) 0.46 

Imipenem 93/94 (98.9) - 1/94 (1.1) 138/142 (97.2) - 4/142 (2.8) 0.65 

Meropenem 93/94 (98.9) - 1/94 (1.1) 138/142 (97.2) - 4/142 (2.8) 0.65 

Amikacin 93/94 (98.9) - 1/94 (1.1) 139/142 (97.9) - 3/142 (2.1) 1.00 

Gentamicin 93/94 (98.9) - 1/94 (1.1) 136/142 (95.8) - 6/142 (4.2) 0.25 

Tobramycin 93/94 (98.9) - 1/94 (1.1) 140/142 (98.6) - 2/142 (1.4) 1.00 

Colistin 94/94 (100) - - 142/142 (100) - - NA 

Ciprofloxacin 89/94 (94.7) 1/94 (1.1) 4/94 (4.2) 100/105 (95.2) 1/105 (1.0) 4/105 (3.8) 0.98 

 

NA not applicable. 

 

 

 

 
Table 3. Comparison of antimicrobial resistance rates in S. aureus isolated over the 2 study periods (2013-2017 and 2018 - 

2022). 

 

2013 - 2017 (69 isolates) 2018 - 2022 (82 isolates) 

p-value 
Antibiotic 

Susceptible 

n (%) 

Intermediate 

n (%) 

Resistant 

n (%) 

Susceptible 

n (%) 

Intermediate 

n (%) 

Resistant 

n (%) 

Penicillin 9/69 (13) - 60/69 (87) 10/82 (12.2) - 72/82 (87.8) 1.00 

Oxacillin 55/69 (79.7) - 14/69 (20.3) 64/82 (78.0) - 18/82 (22.0) 0.84 

Gentamicin 69/69 (100) - - 82/82 (100) - - NA 

Levofloxacin 67/69 (97.1) - 2/69 (2.9) 71/77 (92.2) - 6/77 (7.8) 0.28 

Erythromycin 56/69 (81.2) 2/69 (2.9) 11/69 (15.9) 32/82 (39.0) 39/82 (47.6) 11/82 (13.4) < 0.00001 

Clindamycin 59/69 (85.5) - 10/69 (14.5) 74/82 (90.2) - 8/82 (9.8) 0.46 

Linezolid 69/69 (100) - - 82/82 (100) - - NA 

Daptomycin 69/69 (100) - - 82/82 (100) - - NA 

Teicoplanin 69/69 (100) - - 82/82 (100) - - NA 

Vancomycin 69/69 (100) - - 82/82 (100) - - NA 

Tetracycline 63/69 (91.3) - 6/69 (8.7) 77/82 (93.9) - 5/82 (6.1) 0.75 

Tigecycline 69/69 (100) - - 82/82 (100) - - NA 

Fusidic acid 46/69 (66.7) 19/69 (27.5) 4/69 (5.8) 51/82 (62.2) 3/82 (3.7) 28/82 (34.1) < 0.00001 

Rifampicin 69/69 (100) - - 82/82 (100) - - NA 

TMP/SMX 67/69 (97.1) - 2/69 (2.9) 76/82 (92.7) - 6/82 (7.3) 0.29 

 

TMP/SMX trimethoprim/sulfamethoxazole, NA not applicable. 
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Table 4. Comparison of antimicrobial resistance rates in Enterobacterales isolated over the 2 study periods (2013 - 2017 and 

2018 - 2022). 

 

2013 - 2017 (49 isolates) 2018 - 2022 (52 isolates) 

p-value 
Antibiotic 

Susceptible 

n (%) 

Intermediate 

n (%) 

Resistant 

n (%) 

Susceptible 

n (%) 

Intermediate 

n (%) 

Resistant 

n (%) 

Ampicillin 6/49 (12.2) - 43/49 (87.8) 11/48 (22.9) - 37/48 (77.1) 0.19 

Amoxicillin/ 

Clavulanate 
21/49 (42.9) 6/49 (12.2) 22/49 (44.9) 25/51 (49.0) 1/51 (2.0) 25/51 (49.0) 0.13 

Piperacillin/ 

Tazobactam 
47/48 (40.5) 1/48 (6.9) - 39/42 (92.9) 3/42 (7.1) - 0.33 

Cefotaxime 48/49 (98.0) - 1/49 (2.0) 49/52 (94.2) - 3/52 (5.8) 0.61 

Ceftriaxone 48/49 (98.0) - 1/49 (2.0) 49/52 (94.2) - 3/52 (5.8) 0.61 

Ceftazidime 48/49 (98.0) - 1/49 (2.0) 49/52 (94.2) - 3/52 (5.8) 0.61 

Cefepime 48/49  (98.0) - 1/49 (2.0) 50/51 (98.0) - 1/51 (2.0) 1.00 

Aztreonam 48/49  (98.0) - 1/49 (2.0) 49/51 (96.1) - 2/51 (3.9) 1.00 

Imipenem 48/48 (100) - - 52/52 (100) - - NA 

Meropenem 49/49 (100) - - 52/52 (100) - - NA 

Amikacin 45/49 (91.8) - 4/49 (8.2) 44/52 (84.6) - 8/52 (15.4) 0.35 

Gentamicin 43/49 (87.8) - 6/49 (12.2) 47/52 (90.4) - 5/52 (9.6) 0.75 

Tobramycin 39/48 (81.3) - 9/48 (18.7) 36/45 (80.0) - 9/45 (20.0) 1.00 

Colistin 28/49 (57.1) - 21/49 (42.9) 29/52 (55.8) - 23/52 (44.2) 1.00 

Ciprofloxacin 45/49 (91.8) - 4/49 (8.2) 39/42 (92.9) - 3/42 (7.1) 1.00 

Tetracycline 34/49 (63.4) - 15/49 (30.6) 23/48 (47.9) - 25/48 (52.1) 0.04 

Tigecycline 31/49 (63.3) - 18/49 (36.7) 29/42 (69.0) - 13/42 (31.0) 0.65 

TMP/SMX 42/49 (85.7) - 7/49 (12.3) 40/41 (97.6) - 1/41 (2.4) 0.06 

 

TMP/SMX trimethoprim/sulfamethoxazole, NA not applicable. 

 

 

 

 

Antimicrobial susceptibility testing 

P. aeruginosa was the most frequently isolated patho-

gen from positive samples. During the ten-year study 

period, P. aeruginosa showed the lowest rate of resis-

tance for tobramycin (1.3%). Among β-lactams, resis-

tance rates to ticarcillin/clavulanate, piperacillin/tazo-

bactam, ceftazidime, cefepime, aztreonam, imipenem, 

and meropenem were 6.4%, 3.4%, 3.4%, 3.8%, 3.3%, 

2.1%, and 2.1%, respectively. Ceftazidime resistance 

remained around the same levels during the two peri-

ods. Resistance to piperacillin/tazobactam, cefepime, 

imipenem, and meropenem doubled over the years 2018 

- 2022 (p = 0.48, p = 0.49, p = 0.65, and p = 0.65, re-

spectively) (Table 2). Similarly, rates of resistance to 

aminoglycosides, amikacin and gentamicin, increased 

from 1.1% and 1.1%, respectively, over the years 2013 - 

2017, to 2.1% and 4.2%, respectively, over the period 

2018 - 2022 (p = 1.00 and p = 0.25, respectively) (Table 

2). On the other hand, resistance to ciprofloxacin de-

creased over the two five-year periods (p = 0.98) (Table 

2). 

S. aureus was the most frequently isolated pathogen 

among Gram-positive bacteria. Resistance to penicillin 

was extremely high (87.4%). Resistance rates to oxacil-

lin, erythromycin, and clindamycin were 21.2%, 14.6%, 

and 11.9%, respectively. Forty-one percent of the meth-

icillin-resistant (MRSA) strains were MDR. Resistance 

to clindamycin and tetracycline decreased from 14.5% 

and 8.7% (2013 - 2017) to 9.8% and 6.1% (2018 - 

2022), respectively (p = 0.46, p = 0.75, respectively) 

(Table 3). Low rates of resistance were detected for 

TMP/SMX (5.3%) and levofloxacin (5.5%). All isolates 

were susceptible to gentamicin, rifampicin, linezolid, 

daptomycin, tigecycline, teicoplanin, and vancomycin. 

Enterobacterales were the third most frequently isolated 

pathogens. High rates of resistance were observed for 

ampicillin, amoxicillin/clavulanate, colistin, tigecycline, 

and tetracycline, ranging from 34.1% to 82.5% Al-

though resistance rates to cephalosporins, monobac-

tams, and amikacin were low, they increased over time, 

whereas resistance to ampicillin, gentamicin, ciproflox-

acin, tigecycline, and TMP/SMX decreased during the 

last five years (Table 4). Only 4% of the isolates pro-

duced ESBLs, and all of them were susceptible to car-

bapenems. 
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DISCUSSION 

 

The present study illustrates the prevalence and antimi-

crobial resistance profiles of bacterial pathogens iso-

lated from patients of all ages with otitis between 2013 

and 2022 in Crete, Greece. In this study, 63.9% of the 

ear discharge samples were positive for at least one 

pathogen. Higher rates have been found in developing 

countries, such as Iran (97.3%), India (91%), and Ethio-

pia (80.4%) [18-20]. These discrepancies are likely due 

to differences in methodology, antibiotic treatment be-

fore bacteriologic testing, and local hygienic conditions. 

Consistent with other reports, males were more fre-

quently affected than females, probably due to gender 

differences in immune responses [20-23]. Although oti-

tis can occur at any age, it is most commonly seen be-

tween the ages of 6 to 24 months [2]. In the present 

study, approximately one-third of the patients were 4 

years old or younger, which is similar to what was re-

ported in Ethiopia (31%) [24]. Children between the 

ages of 6 months and 2 years are more susceptible to ear 

infections, because their eustachian tubes are shorter, 

narrower, and more horizontal, which makes them more 

difficult to drain. Additionally, they are more frequently 

exposed to upper respiratory tract infections, and their 

immune system is still developing [2]. 

Among the 800 pathogens, 54.4% were Gram-negative 

bacteria, 37.6% were Gram-positive bacteria, and 8% 

were fungi. The predominance of Gram-negatives over 

Gram-positives is consistent with observations reported 

by other investigators [20,22,25]. In our study polymi-

crobial growth was detected in 28.5% of cases, which is 

lower than that found by Weckwerth et al. (37.5%) [26], 

but higher than that observed by others [20,25,27]. The 

most prevalent bacterial pathogens found in this study 

were P. aeruginosa, S. aureus, and Enterobacterales, 

which is in line with other reports [20,22,23,25,26,28]. 

However, some studies identified Proteus spp. as the 

predominant microorganism, followed by S. aureus and 

Psedomonas spp. [29,30]. The difference in bacterial 

distribution could be attributed to geographical varia-

tions. P. aeruginosa can thrive well in the ear environ-

ment and is difficult to eradicate. It damages the tissues 

and inactivates antibiotics by various enzymes and tox-

ins [31]. Otopathogenic P. aeruginosa can enter and 

survive inside macrophage in the context of ear infec-

tions. This will lead to evasion of killing, and this lack 

of pathogen clearance by phagocytes contributes to per-

sistence of infection [32]. S. aureus and P. aeruginosa 

were co-isolated in 39 cases. It has been shown that co-

existence of these two microorganisms alters growth 

and metabolism of both species, resulting in a highly 

virulent and antibiotic-resistant infection that might 

have a large impact on clinical outcome of the patient 

[33,34]. Additionally, S. aureus and P. aeruginosa form 

biofilms that are resistant to antibiotics, contributing to 

chronicity and recurrent infections [35]. 

P. aeruginosa has many different mechanisms of anti-

microbial resistance that may include production of an-

tibiotic-inactivating enzymes, efflux systems, and modi-

fication of the permeability of the outer membrane [36]. 

In the present study, regarding antimicrobial resistance, 

P. aeruginosa exhibited low rates of resistance to clini-

cally relevant antimicrobials with anti-pseudomonal ac-

tivity, such as piperacillin/tazobactam, ceftazidime, cef-

epime, carbapenems, aminoglycosides, and ciprofloxa-

cin. In contrast, rates of resistance to these antibiotics 

were significantly higher in bloodstream infections 

(BSI) and other invasive infections by P. aeruginosa in 

Greece [37,38]. However, we should take into account 

the doubling of the rate of resistance to piperacillin/ta-

zobactam, cefepime, and the carbapenems over the pe-

riod 2018 - 2022. 

S. aureus was the second most prevalent pathogen 

isolated from patients with otitis. In a previous report 

from Greece, it has been found that S. aureus was the 

causative agent in approximately one-half of children 

with AOM [13]. It is also a major pathogen found in 

30.6% of cases of acute otitis externa (AOE) in the 

USA [39]. Although penicillin resistance was extremely 

high, erythromycin and clindamycin resistance rates 

were reported at 14.6% and 11.9%, respectively, which 

are lower than that reported in studies from Saudi Ara-

bia and Tanzania [40,41]. Among patients with S. aure-

us otitis, we identified MRSA in 21.2% of cases, similar 

to that last reported in 2009 [13]. It is noteworthy that 

41% of the MRSA strains of the present study were 

MDR. MRSA represents a significant healthcare burden 

worldwide, as patients with MRSA have more difficult-

to-treat infections due to multi-resistance, which are as-

sociated with much higher costs of care [42]. It has been 

shown that patients who failed treatment with antibio-

tics to MRSA experienced side effects greater than 

those who failed treatment with antibiotics to MSSA 

[43]. Park et al. found that MRSA infections in various 

OM cases showed different resistance patterns. MRSA 

infections in patients with chronic otitis media (COM) 

and chronic cholesteatomatous otitis media (CCOM) 

were more resistant to antibiotics than those in patients 

with OME and AOM [44].  

Ηowever, in the present study all isolates were suscepti-

ble to vancomycin, teicoplanin, tigecycline, gentamicin, 

rifampicin, daptomycin, and linezolid, so they can be 

used to effectively treat S. aureus otitis. 

Among Enterobacterales, P. mirabilis was more preva-

lent (19.8%), which is in agreement with reports of 

other investigators [20,26]. Rates of resistance to most 

antimicrobial agents were low, with increasing trends 

over time, while rates of ESBL production were also 

low. 

This study has some limitations that should be acknowl-

edged. First, it is a single-center study; thus, the results 

represent the microbiology and antimicrobial resistance 

patterns of a specific area. Furthermore, as this study 

mostly included microbiological data, there are no clini-

cal data on the type of infection, infection severity, co-

morbidities, treatment outcomes, or antibiotic exposure 

history, all of which are essential for contextualizing re-
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sistance patterns and establishing clinical relevance. 

Additionally, the study does not stratify data by patient 

demographics or care setting (e.g. inpatient vs. outpa-

tient), which limits the ability to draw meaningful epi-

demiological conclusions across clinical contexts. And 

then, the lack of molecular characterization (e.g. of 

ESBL, MRSA, or carbapenemase-producing strains) 

significantly limits the study’s contribution to under-

standing resistance mechanisms or guiding infection 

control efforts. 

P. aeruginosa, S. aureus, and the Enterobacterales are 

the predominant bacterial pathogens causing otitis in 

our area. Regarding Gram-negatives, although resis-

tance rates to commonly-used antibiotics are low, they 

are increasing over time. Vancomycin, teicoplanin, line-

zolid, tigecycline, gentamicin, rifampin, and daptomy-

cin were highly active against S. aureus. These data em-

phasize the need for continued surveillance of the epide-

miology and the antimicrobial resistance that will help 

reassess updated antimicrobial policies and develop ap-

propriate guidelines. Τhe implementation of clinical 

guidelines that promote accurate diagnosis and judi-

cious use of antibiotics will lead to a decline in the inci-

dence of otitis. 

 

 

Source of Funds:  

The authors declare that this study did not receive finan-

cial support. 

 

 

Declaration of Interest: 

The authors declare no conflict of interest. 

 

 

References: 

 
1. Klein J. Otitis externa, otitis media, and mastoiditis. Mandell, 

Douglas, and Bennett’s Principles Pract Infect Dis: Elsevier Inc 
2014;767-73.e1. 

https://pmc.ncbi.nlm.nih.gov/articles/PMC7173526/ 

 
2. Schilder AG, Chonmaitree T, Cripps AW, et al. Otitis media. Nat 

Rev Dis Primers 2016;2(1):16063. (PMID: 27604644) 

 
3. Anwar AA, Lalwani AK. Should antibiotics be prescribed for 

acute otitis media? Laryngoscope 2012;122(1):4-5.  

(PMID: 22183623) 
 

4. Kaur R, Morris M, Pichichero ME. Epidemiology of acute otitis 

media in the postpneumococcal conjugate vaccine era. Pediatrics 
2017;140(3):e20170181. (PMID: 28784702) 

 

5. Ladomenou F, Kafatos A, Tselentis Y, Galanakis E. Predisposing 
factors for acute otitis media in infancy. J Infect 2010;61(1):49-

53. (PMID: 20394772) 

 
6. World Health Organization. Chronic suppurative otitis media - 

Burden of Illness and Management Options. WHO 2004. 

https://iris.who.int/handle/10665/42941 
  

7. Jamal A, Alsabea A, Tarakmeh M, Safar A. Etiology, diagnosis, 

complications, and management of acute otitis media in children. 
Cureus 2022;14(8):e28019. (PMID: 36134092) 

8. Coker TR, Chan LS, Newberry SJ, et al. Diagnosis, microbial 

epidemiology, and antibiotic treatment of acute otitis media in 

children: a systematic review. JAMA 2010;304(19):2161-9. 
(PMID: 21081729) 

 

9. Thompson PL, Gilbert RE, Long PF, Saxena S, Sharland M, 
Wong ICK. Has UK guidance affected general practitioner antibi-

otic prescribing for otitis media in children? J Public Health (Oxf) 

2008;30(4):479-86. (PMID: 18765405) 
 

10. Cushen R, Francis NA. Antibiotic use and serious complications 

following acute otitis media and acute sinusitis: a retrospective 
cohort study. Br J Gen Pract 2020;70(693):e255-63.  

(PMID: 32152042) 

 

11. Baquero F. Threats of antibiotic resistance: an obliged reapprais-

al. Int Microbiol 2021;24(4):499-506. (PMID: 34028624) 

 
12. Paraskaki I, Lebessi E, Deliyanni V, Kafetzis DA. Bacteriology 

of acute otitis media in a Greek pediatric population. J Chemother 

1995;7 Suppl 4:142-4. (PMID: 8904136) 
 

13. Papavasileiou K, Papavasileiou E, Voyatzi A, Makri A, Chatzipa-

nagiotou S. Incidence and antimicrobial resistance of pathogenic 
bacteria isolated from children with acute otitis media in Athens, 

Greece, during the periods 2003-2004 and 2005-2007. Int J Anti-

microb Agents 2009;33(2):183-4. (PMID: 18848435) 
 

14. International Standards Organization. Clinical laboratory testing 

and in vitro diagnostic test systems - Susceptibility testing of in-
fectious agents and evaluation of performance of antimicrobial 

susceptibility test devices. Part 1: Broth microdilution method for 

testing the in vitro activity of antimicrobial agents against rapidly 
growing aerobic bacteria involved in infectious diseases. ISO 

2019.  

https://www.iso.org/obp/ui/en/#iso:std:iso:20776:-1:ed-2:v2:en 
 

15. Clinical and Laboratory Standards Institute. Performance Stan-

dards for Antimicrobial Susceptibility Testing; 32nd edition 
(M100-Ed32). CLSI 2022.  

https://clsi.org/about/news/clsi-publishes-m100-performance-

standards-for-antimicrobial-susceptibility-testing-32nd-edition/ 
 

16. Poulou A, Grivakou E, Vrioni G, et al. Modified CLSI extended-

spectrum beta-lactamase (ESBL) confirmatory test for phenotypic 
detection of ESBLs among Enterobacteriaceae producing various 

beta-lactamases. J Clin Microbiol 2014;52(5):1483-9.  

(PMID: 24574283) 
 

17. Magiorakos A-P, Srinivasan A, Carey RB, et al. Multidrug-resis-

tant, extensively drug-resistant and pandrug-resistant bacteria: an 
international expert proposal for interim standard definitions for 

acquired resistance. Clin Microbiol Infect 2012;18(3):268-81. 
(PMID: 21793988) 

 

18. Mofatteh MR, Shahabian Moghaddam F, Yousefi M, Namaei 
MH. A study of bacterial pathogens and antibiotic susceptibility 

patterns in chronic suppurative otitis media. J Laryngol Otol 

2018;132(1):41-5. (PMID: 29151379) 

 

19. Madana J, Yolmo D, Kalaiarasi R, Gopalakrishnan S, Sujatha S. 

Microbiological profile with antibiotic sensitivity pattern of cho-
lesteatomatous chronic suppurative otitis media among children. 

Int J Pediatr Otorhinolaryngol 2011;75(9):1104-8.  

(PMID: 21715027) 
 

20. Hailu D, Mekonnen D, Derbie A, Mulu W, Abera B. Pathogenic 

bacteria profile and antimicrobial susceptibility patterns of ear in-
fection at Bahir Dar Regional Health Research Laboratory Cen-

ter, Ethiopia. Springerplus 2016;5:466. (PMID: 27119070) 

 
21. Danishyar A, Ashurst JV. Acute Otitis Media. StatPearls Publish-

ing 2022. https://www.ncbi.nlm.nih.gov/books/NBK470332/ 



S. Maraki et al. 

Clin. Lab. 2/2026 8 

22. Kaur P, Sood AS, Sharma S, Aggarwal A. Bacteriological profile 

and antibiotic resistance pattern of ear discharge in a tertiary care 

hospital. Indian J Microbiol Res 2016;3(4): 423-8. 
https://www.ijmronline.org/article-details/3037 

 

23. Arshad M, Ashfaq AH, Riaz N, et al. Bacteriological profile and 
antimicrobial susceptibility pattern of pus aspirate in chronic 

suppurative otitis media patients. The Microbe 2025;7:100336. 

https://www.sciencedirect.com/science/article/pii/S29501946250
01049 

 

24. Guteta ET, Abdi FA, Feyisa SG, Kinfu BS, Tafesse TB. Bacterial 
etiologies, antimicrobial susceptibility profiles and associated 

factors among patients with otitis media referred to Nekemte 

Public Health Research and Referral Laboratory Center, Western 
Ethiopia: A cross-sectional study. BMC Microbiol 2025;25(1):6. 

(PMID: 39773118) 

 
25. Raakhee T, Unguturu SR. Bacteriological study of discharging 

ear in patients attending a tertiary care hospital. Int J Res Med Sci 

2014;2(2):602-6. 
https://www.msjonline.org/index.php/ijrms/article/view/2206 

 

26. Weckwerth PH, de Magalhães Lopes CA, Duarte MAH, et al. 
Chronic suppurative otitis media in cleft palate: microorganism 

etiology and susceptibilities. Cleft Palate Craniofac J 2009;46(5): 

461-7. (PMID: 19929097) 
 

27. Getaneh A, Ayalew G, Belete D, Jemal M, Biset S. Bacterial eti-

ologies of ear infection and their antimicrobial susceptibility pat-
tern at the University of Gondar comprehensive specialized hos-

pital, Gondar, Northwest Ethiopia: A six-year retrospective study. 

Infect Drug Resist 2021;14:4313-22. (PMID: 34707376) 
 

28. Sammal M, Pant B, Negi N, Sikarwar V. Current Trends in Clini-

co-Bacteriological Profile and Antimicrobial Susceptibility Pat-
tern in Active Chronic Suppurative Otitis Media (Safe and Un-

safe) at a Tertiary Care Center in Uttarakhand: An Observational 

Study. Cureus 2024;16(9):e69525. (PMID: 39416563) 
 

29. Muluye D, Wondimeneh Y, Ferede G, Moges F, Nega T. Bac-

terial isolates and drug susceptibility patterns of ear discharge 
from patients with ear infection at Gondar University Hospital, 

Northwest Ethiopia. BMC Ear Nose Throat Disord 2013;13(1): 

10. (PMID: 23914777) 
 

30. Chirwa M, Mulwafu W, Aswani JM, Masinde PW, Mkakosya R, 

Soko D. Microbiology of chronic suppurative otitis media at 
Queen Elizabeth Central Hospital, Blantyre, Malawi: a cross-

sectional descriptive study. Malawi Med J 2015;27(4):120-4. 

(PMID: 26955432) 
 

31. Gellatly SL, Hancock REW. Pseudomonas aeruginosa: new in-
sights into pathogenesis and host defenses. Pathog Dis 2013; 

67(3):159-73. (PMID: 23620179) 

 

32. Mittal R, Lisi CV, Kumari H, et al. Otopathogenic Pseudomonas 

aeruginosa enters and survives inside macrophages. Front Micro-

biol 2016;7:1828. (PMID: 27917157) 

 

33. Pajon C, Fortoul MC, Diaz-Tang G, et al. Interactions between 

metabolism and growth can determine the co-existence of Staphy-
lococcus aureus and Pseudomonas aeruginosa. Elife 2023;12: 

e83664. (PMID: 37078696) 

 
34. Hotterbeekx A, Kumar-Singh S, Goossens H, Malhotra-Kumar S. 

In vivo and In vitro Interactions between Pseudomonas aerugino-

sa and Staphylococcus spp. Front Cell Infect Microbiol 2017;7: 
106. (PMID: 28421166) 

 

35. Mittal R, Lisi CV, Gerring R, et al. Current concepts in the patho-
genesis and treatment of chronic suppurative otitis media. J Med 

Microbiol 2015;64(10):1103-16. (PMID: 26248613) 

36. Pang Z, Raudonis R, Glick BR, Lin T-J, Cheng Z. Antibiotic re-

sistance in Pseudomonas aeruginosa: mechanisms and alternative 

therapeutic strategies. Biotechnol Adv 2019;37(1):177-92. 
(PMID: 30500353) 

 

37. Ioannou P, Alexakis K, Maraki S, Kofteridis DP. Pseudomonas 
bacteremia in a tertiary Hospital and factors associated with mor-

tality. Antibiotics (Basel) 2023;12(4):670. (PMID: 37107032) 

 
38. World Health Organization (WHO). Antimicrobial resistance sur-

veillance in Europe 2023 - 2021 data. WHO 2023. 

https://www.who.int/europe/publications/i/item/9789289058537 
 

39. Duarte MJ, Kozin ED, Bispo PJM, Mitchell AH, Gilmore MS, 

Remenschneider AK. Methicillin-resistant Staphylococcus aureus 
in acute otitis externa. World J Otorhinolaryngol Head Neck Surg 

2017;4(4):246-52. (PMID: 30564786) 

 
40. Almuhayawi MS, Gattan HS, Alruhaili MH, et al. Molecular pro-

file and the effectiveness of antimicrobials drugs against Staphy-

lococcus aureus and Pseudomonas aeruginosa in the diagnostic 
approaches of otitis infection. Infect Drug Resist 2023;16:4397-

408. (PMID: 37431447) 

 
41. Shangali A, Kamori D, Massawe W, et al. Aetiology of ear infec-

tion and antimicrobial susceptibility pattern among patients at-

tending otorhinolaryngology clinic at a tertiary hospital in Dar es 
Salaam, Tanzania: a hospital-based cross-sectional study. BMJ 

Open 2023;13(4):e068359. (PMID: 37012005) 

 
42. Deresinski S. Methicillin-resistant Staphylococcus aureus: an 

evolutionary, epidemiologic, and therapeutic odyssey. Clin Infect 

Dis 2005;40(4):562-73. (PMID: 15712079) 
 

43. Gould IM. The clinical significance of methicillin-resistant 

Staphylococcus aureus. J Hosp Infect 2005;61(4):277-82.  
(PMID: 16216384) 

 

44. Park MK, Nam DW, Byun JY, et al. Differences in antibiotic re-
sistance of MRSA infections in patients with various types of oti-

tis media. J Int Adv Otol 2018;14(3):459-63. (PMID: 30541732) 

 

 


