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Abstract Introduction: Chronic suppurative otitis media (CSOM) is a common problem in
worldwide and untreated CSOM leads to fatal complications like facial nerve paralysis, lateral
sinus thrombosis, labyrinthitis, meningitis and brain abscess in developing country like India.
Objective: To isolate causative bacteria and antibiotic sensitivity pattern for CSOM and to
know the prevalence of extended spectrum beta lactamases (ESBL) and Metallobetalactamases
(MBL) in CSOM patients.
Methods: A total of 500 ear swabs of clinical suspected CSOM patients were cultured on spe-
cific cultured medium and identified the bacteria with conventional methods. Then all the
identified bacteria were subjected with specific antibiotics by the KirbyeBauer’s method to
know the resistance pattern of antibiotics. ESBL and MBL strains were detected by double disc
diffusion test.
Results: A total of 384 bacteria were isolated from 500 CSOM patients, among them 86 P. aer-
uginosa (22.40%), 112 Staphylococcus aureus (29.17%), 53 A. baumannii (13.80%), 32 E. aero-
genes (18%), 26 C. freundii (6.77%), 24 K. oxytoca (6.25%), 23 P. vulgaris (5.99%), 18 K.
pneumoniae (4.69%) and 10 P. mirabilis (2.60%) identified with conventional methods. From
antibiotic disc diffusion methods 74.22% ESBL strains and 9.90% MBL strains were documented.
Multidrug resistant strains of P. aeruginosa (86/384,22.40%) were more prevalent than those of
S. aureus (112/384,29.17%) and other bacteria in ear discharges. Imipenem and vancomicin
could control to gram negative bacteria and gram positive bacteria respectively.
ahoo.co.in (S.K. Swain).
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Conclusion: Continuous and periodic evaluation of microbiological profile and antimicrobial
sensitivity pattern of bacterial is essential for optimum management of CSOM patients.
Copyright ª 2019 Chinese Medical Association. Production and hosting by Elsevier B.V. on
behalf of KeAi Communications Co., Ltd. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Chronic suppurative otitis media (CSOM) is chronic inflam-
matory condition of the middle ear cleft with permanent
perforation, ear discharge and hearing loss. Clinicians
dispute the duration of otorrhea for more than three
months.1,2 There are two types of CSOM and these are safe
or unsafe depending on the presence of cholesteatoma3:
Safe CSOM is CSOM without cholesteatoma and can be
subdivided into active or inactive depending on whether or
not infection is present. Unsafe CSOM is often associated
with cholesteatoma which may lead to fatal complications.

The most common bacteria for CSOM are Pseudomonas
aeruginosa, Klebsiella sp., Proteus sp., and Staphylococcus
aureus.4 Whereas, the bacteria commonly isolated from pa-
tients with acute otitis media (AOM) are Moraxella catar-
rhalis and Streptococcus pneumonia, Haemophilus
influenzae.5 Additionally, the P. aeruginosa had been seen as
a notorious pathogen in the hospital too.6,7 Certainly, the
ability to form biofilm by these organisms contributes to their
frequency in CSOM.8 It is often found in immune compro-
mised patient as compared to the normal patients.9 Mostly,
with several clonal variants of the bacteria were resistant to
the penicillin group of antibiotics, after which different an-
tibiotics were introduced for the control.10 The most horrible
situation is that Methicillin resistant Staphylococcus aureus
(MRSA) strains have emerged with subsequent resistance to
most commonly used antibiotics of groups, macrolides, ami-
noglycosides, fluoroquinolones, chloramphenicol and tetra-
cycline and many more such as, to cephalosporin, cefepime
and other betalactams, ampicillin-sulbactam, amoxicillin-
clavulanic acid, ticarcillin-clavulanic acid, piperacillin-
tazobactam and the carbapenem, imipenem. So the iso-
lated MRSA are MDR too.11 In a study extended spectrum beta
lactamases (ESBL) and ampicillin were detected in 11 (18.3%)
and 12 (20.0%) Gram negative bacteria, respectively.
Whereas the MBL producer was not detected.12

This work describes the surveillance of bacterial flora
from ear infections of patients attending the Outpatients
Department (OPD) of Otorhinolaryngology department of
the hospital, in a year. Antibiotic sensitivity pattern of
isolated bacterial were determined to assess the variety of
CSOM that would help in empirical therapy with the anti-
microbial stewardship program of the teaching hospital at
the eastern India. Also, the incident of ESBL and MBL strains
from the CSOM were documented.

Materials and methods

Selection of CSOM patients

CSOM is a long-standing suppurative middle ear infection
with permanent perforation, otorrhea and hearing loss with
duration of more than three months. CSOM patients were
diagnosed clinically by the consultant otolaryngologist. On
the basis of clinical presentations and otoscopic examina-
tions, patients were selected for this study. The patients of
acute infections of the middle ear cleft of less than three
months and traumatic perforations of the tympanic mem-
brane were excluded from this study. The pus is collected
from the ear canal in CSOM patients with the help of the
sterile ear swab (Himedia mumbai PW003) by consultant
otolaryngologist with all aseptic measures.

Study population

A total of 500 ear swabs from clinically diagnosed CSOM cases
were collected, during July 2016 to June 2017 with sterile
cotton swab sticks. Pus swabs were cultured on blood and
MacConkey agar plates that were incubated at 37 �C over-
night for pathogenic bacteria, which were identified accord-
ing to the standard method used for bacteria (Fig. 1AeF).13

Antibiotic susceptibility tests of isolated bacteria were done
according to Clinical Laboratory Standard Institute guidelines
(Fig. 2AeC), as described.14 Standard antimicrobial disks
(HiMedia, Mumbai) used for isolated bacteria were amikacin
30, gentamicin 30, ciprofloxacin, amoxyclav 30, aztreonam
30, piperacillin 100, piperacillin/tazobactam 100/10, cefe-
pime 30, cefoperazone 75, cefoperazone/sulbactam 75/30,
ceftazidime 10, ceftriaxone 10, imipenem 10, gatifloxacin 30,
Oxacilin and Vancomicin. The standard MTCC strains and all
the clinical isolated bacteria were subjected to antibiotic
sensitivity tests with antibiotics, by the KirbyeBauer’s
method (disk diffusion) detailed previously.11

Detection of MBL strain

The metallo b-lactamases (MBL) production was detected
by the imipenem e EDTA-DDST. The organisms were
considered to be MBL producers, if the increase in the in-
hibition zone of the b-lactam þ EDTA disc was �5 mm
(Fig. 3AeC).15 The MBL production in this isolate, for the
synergy test imipenem-EDTA disk was used developed, as
followed. Earlier reports have recommended that the
imipenem-EDTA disk synergy test is a reliable method for
initial screening of MBL production in clinical isolates.16

Detection of ESBL strains

The double disc synergy test (DDST) was used to detect the
ESBL producing activity of selected bacterial strains on a lawn
culture on a MH agar plate. The augmentin 30 mg disc (20 mg
amoxicillin and 10 mg clavulanic acid) in the middle was
flanked by a disc of ceftazidime 30 mg and a disc of cefo-
taxime 30 mg (both third generation cephalosporin), at 30 mm
apart on a lawn culture. The set up was done in triplicates
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Fig. 1 Macroscopic photograph of isolated bacteria on specific medium from human chronic suppurative otitis media A: Stphylo-
coccous aureus; B: Pseudomonas aeruginosa; C: Acenetobacter baumanii; D: Citrobacter freundii; E: Enterobacter sp.; F: Proteus sp.

Fig. 2 Antibiotic sensitivity pattern of isolated bacteria from human chronic suppurative otitis media on MHA (Mueller Hinton
Agar) A: Psueudomonas aeruginosa; B: Acenetobacter baumanii; C: Citrobacter fruindii.
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and plates were incubated at 37 �C for overnight for obser-
vation of inhibition zones. With the augmentin disc inhibition
the action of the ESBL enzyme give an inhibition zone, which
was formed from a peripheral disc towards the middle, due to
the synergistic action of the augmentin and the correspond-
ing cephalosporin disc (Fig. 3D). In general, if the organism is
resistant to both cephalosporins, because of the production
of the ESBL enzyme, the action of augmentin deactivated the
enzyme with a consequent reactivation of a cephalosporin
resulting in the extension of the inhibition zone.17

Results

Growth of bacteria from ear swabs of CSOM
patients

A total of 500 ear swabs were subjected to culture on
specific culture media for bacterial growth. In this study
the prevalence of bacteria among CSOM patients was
82.6%. It was observed that varieties of colonies were
grown on the specific cultured medium. In certain plate
single type of colony and in other cases two, three or more
than 3 types of colonies were grown. The percentage of
frequency of the colony was documented (Table 1). The
single colony frequency was found more as compare to
other types of colonies from the ear swab. Three or more
colonies were treated as contaminated samples. With
specific culture media different type of colonies were
grown and it was identified with conventional method by
both macroscopically and biochemically (Tables 2 and 3).
All the grown positive bacteria were processed with cata-
lase and coagulase and Staphylococcus aureus were iden-
tified basing upon the results of catalase and coagulase.
Similarly all the gram negative bacterial were processed
with different biochemical tests and basing up on their
results the bacteria were identified (Table 3). For the
species identification the carbohydrate fermentation tests
were carried out and results were documented (Table 4).



Fig. 3 Detection of Metallobetalactamases (MBL) and extended spectrum beta lactamases (ESBL) with disc diffusion methods A:
MBL strain of Pseudomonas aeruginosa; B: MBL strain of Klebsiela pneumaneae; C: ESBL strain of Citrobacter freundii; D: ESBL
strain of Acenetobacter baumanii.

Table 1 Number of varieties of colony observed macroscopically on the cultured plate.

No. of different Colony Frequency Number of bacteria Percentage of bacteria isolated (%)

No growth 87 0 17.4
Single colony 216 216 43.2
Two colony 84 168 16.8
Three or more colony 29 Treated as contaminated
Total 500 384 76.8
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Antibiotic sensitivity test of isolated bacteria from
CSOM patients

From the antibiotic tests, it was revealed that ceftazidime
(CAZ) was highest resistant (78%) to A. baumannii and
Amoxyclav is the highest sensitive (86%) to A. baumannii.
Similarly the antibiotic resistance percentage for other
bacteria was documented (Table 5). But in CSOM patients
were prescribed the antibiotic amoxyclav and ciprofloxacin
mainly. The ciprofloxacin is resistant to 20% to A. bau-
mannii, 12% to C. freundii, 51% to E. aerogenes, 32% to K.
oxytoca, 62% to K. pneumonia, 81% to P. vulgaris, 31% to P.
mirabilis, 28% to P. aeruginosa and 43% to S. aureus.
Similarly, Amoxyclav is resistant to 14% to A. baumannii,
31% to C. freundii, 32% to E. aerogenes,16% to K. oxytoca,
21% to K. pneumonia, 25% to P. vulgaris, 23% to P. mir-
abilis,17% to P. aeruginosa and 38% to S. aureus (Table 5).
Incidence of ESBL and MBL strains from CSOM
patients

All the strains were screened for ESBL and MBL and it was
revealed that 74.22% ESBL and 9.90% MBL strains were
found. Among the ESBL strains 89 S. aureus and 79 P. aer-
uginosa strains were found. Similarly, 2.08% S. aureus and
4.43% P. aeruginosa MBL strains were found during this
study period (Table 6).

Discussion

In this study the prevalence of bacteria among CSOM pa-
tients was 82.6%. This was in tandem with reports from
other parts of 91.7%,18 89.4%,19 89.5%,20 100%21 and Nigeria,
81.9%.22 Gram-negative bacteria, 59.6% were the dominant
isolates of the discharging ears compared to gram-positive



Table 2 dentification of bacteria with culture morphology.

Bacterium MTCC no. Agar media Colony morphology

Staphylococcus aureus 7443 Nutrient agar Golden yellow, opaque, circular colonies white butyrous
consistency

Mannitol salt agar Yellow colonies,
Acinetobacter baumannii 1425 Nutrient agar (NA) Colourless smooth, opaque, raised and pinpoint colonies.

MacConkey agar Colourless smooth, opaque, raised, NLF colonies
Enterobacter aerogenes 2990 Blood agar Small, round and pin -point colony.

MacConkey agar LF and mucoid colonies
Citrobacter freundii 1658 MacConkey agar Late LF colonies light pink after 48 h
Klebsiella sp. 4031 MacConkey agar LF, pink, mucoid colonies.

CLED agar Yellow and mucoid colonies
Proteus sp. 1771 Blood agar Swarming colonies

CLED translucent blue colonies
Pseudomonas aeruginosa 1688 Nutrient agar, Large, irregular opaque colonies, with bluish green pigment.

MTCC: Microbial type culture collection; Na: not available; EMB: Eosin methylene blue agar; XLD: Xylose lysine deoxycholate; CLED:
cystine lactose electrolyte deficient medium; LF, lactose fermenting; NLF: Non-lactose fermenting.

Table 3 Summary of results of biochemical tests of isolated Gram-negative bacteria.

Bacteria Catalase Oxidase Indole MR VP Citrate Urease TSI Nitrate Motility

A. baumannii þ e e e þ þ V ND e M
Citrobacter sp. þ e e þ e þ e K/A þ H2S þ M
Enterobacter sp þ e e e þ þ V A/A þ M
K. oxytoca þ e þ e þ þ þ A/AG þ NM
K. pneumoniae þ e e e þ þ þ A/AG þ NM
P. vulgaris þ e e þ e V þ K/A H2S þ M
P. mirabilis þ e þ þ e V þ K/A H2S þ M
P. aeruginosa þ þ e e e þ þ ND þ M

þ: positive; e: negative; V: variable; MR: methyl red; VP: Voges-Proskauer; TSI: triple sugar iron; A: acid; K: alkali; G: gas; H2S: H2S
production; M: motile; NM: non-motile; ND: not done.

Table 4 Summary of results of carbohydrate fermenta-
tion tests of isolated Gram-negative bacteria.

Bacteria Glucose Lactose Sucrose Maltose Mannitol

A. baumannii e e e e e

Citrobacter sp. A þ G LLF þ þ þ
Enterobacter

sp.
A þ G A þ þ þ

P. vulgaris G e e e þ
P. mirabilis G e e e þ
K. oxytoca A þ G A þ e þ
K. pneumoniae A þ G A þ e þ
P. aeruginosa A e þ þ V

A: acid; A þ G: acid þ gas; V: variable; LLF: late lactose
fermentation; LSF: late sucrose fermentation; þ: positive; e:
negative.
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bacteria. Similar reports were seen from Gonder 56.4%,20

Dessie 74.2%,18 Addis Ababa 60.5%23 and Nigeria 75%24

though the proportion varies.
The CSOM is a major health problem both in children and

adults world-wide, but more so in developing countries. It
can cause chronic hearing loss which has a negative impact
on the development of speech, language and social inter-
action as well as school and workplace performance and is
responsible for significant morbidity and mortality due to
complications. According to a report by WHO, India belongs
to the highest (>4%) CSOM prevalent countries.4 Topical
antibiotics are the mainstay of therapy while systemic anti-
biotics are given in acute exacerbations and in complications
due to CSOM.25 The poor living conditions, less access to
medical care, poor medical treatment, recurrent upper
respiratory tract infections and the nasal diseases have been
recognized as risk factors for CSOM.25 Atticoantral disease is
the most commonly involved with the posterior superior part
of the middle ear cleft and it is characterized by the for-
mation of a retraction pocket with cholesteatoma; eventu-
ally it is considered to be a dangerous form of the disease
because of the development of several intracranial and
extra-cranial complications.26 Moreover, staphylococci are a
part of the normal flora, but those remain invasive causing a
variety of body infections. S. aureus is the most notorious
nosocomial pathogen and in community too.27 Although the
clinical relevance of Coagulase negative Staphylococcus Sp.
(CONS) is still controversial; patients at risk of CONS in-
fections include neonates, those with intravascular cathe-
ters, prosthetic devices and surgical wounds in the immune-
compromised individuals. The remarkable ability of S. aureus
and CONS to acquire antibiotic resistance limits therapeutic
options, attended with high rates of morbidity and mortality,
including costs of hospitalization.28,29 Particularly, several



Table 5 Percentage of antibiotic resistance with corresponding bacteria (mg/disc).

Bacteria AK GEN CIP AMC AT PI PIT CPM CPZ CFS CAZ CTR IPM GAT OX V

A. baumannii 23 30 20 14 71 30 21 71 62 34 78 72 21 20 e e

C. freundii 7 8 12 31 63 40 39 69 52 15 82 74 31 22 e e

E. aerogenes 78 56 51 32 60 78 34 61 56 24 74 68 42 16 e e

K. oxytoca 24 36 32 16 74 82 25 54 62 21 82 74 38 19 e e

K. pneumoniae 63 83 62 21 61 87 28 57 71 21 89 82 56 71 e e

P. vulgaris 69 48 81 25 58 91 34 64 52 16 91 92 58 69 e e

P. mirabilis 49 54 31 23 46 69 21 78 61 14 78 79 37 78 e e

P. aeruginosa 68 59 28 17 51 67 23 83 73 31 73 74 39 31 e e

S.aureus 75 46 43 38 87 59 e 68 53 48 27 43 e 39 54 36

Ak: amikacin 30; GEN: gentamicin 30; CIP: ciprofloxacin; AMC: amoxyclav 30; AT: aztreonam 30; PI: piperacillin 100; PIT: piperacillin/
tazobactam 100/10; CPM: cefepime 30; CPZ: cefoperazone 75; CFS: cefoperazone/sulbactam 75/30; CAZ: ceftazidime 10; CTR: cef-
triaxone 10; IPM: imipenem 10 (Carbap., carbapenem); GAT: gatifloxacin 30; OX: Oxacilin; V:Vancomicin.

Table 6 Number of isolated ESBL and MBL strains from Gram negative (GN) bacteria.

Bacteria Number of
isolated strains

% ESBL
strain

% with respective
bacteria

% with
total bacteria

MBL
strain

% with
respective
bacteria

% with total
bacteria

A. baumannii 53 13.80 34 64.15 8.85 6 11.32 1.56
C. freundii 26 6.77 11 42.31 2.86 1 3.85 0.26
E. aerogenes 32 8.33 18 56.25 4.69 0 0 0.00
K. oxytoca 24 6.25 20 83.33 5.21 0 0 0.00
K. pneumoniae 18 4.69 9 50 2.34 1 5.56 0.26
P. vulgaris 23 5.99 21 91.3 5.47 2 8.70 0.52
P. mirabilis 10 2.60 4 40 1.04 3 30.00 0.78
P. aeruginosa 112 29.17 89 79.46 23.18 8 7.14 2.08
S. aureus 86 22.40 79 91.86 20.57 17 19.77 4.43
Total 384 100.00 285 74.22 74.22 38 9.90 9.90

ESBL: Extended spectrum beta lactamse; MBL: mettalo beta lactamase.
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clonal variants of S. aureus and MRSAwere reported resistant
to the penicillin group of antibiotics, methicillin/oxacillin.
Moreover, in a German study, it was reported that a majority
of MRSA strains were from wound infections (56.9%), with
pneumonia cases being the second most common (21.0%),
followed by BSI (15.1%).30

In our study, from 500 samples 384 bacteria were iso-
lated. In other studies, Nazir et al31 and Sanjana et al32

have reported less number of bacteria as compare to our
study results. Gram negative bacteria predominance
(60.6%) matches other studies in India.33 S. aureus was the
predominant bacteria followed by P. aeruginosa which are
in opposite with other studies.4,34 Whereas similar results
reported in other studies i.e. S. aureus as predominant
isolate followed by P. aeruginosa.35e37 In this study higher
resistance demonstrated in Gram positive bacteria 54% S.
aureus exhibiting methicillin resistance. On the other hand
resistance among Gram negative bacteria was much lower
with 9.90% MBL producer detected but high rate of 74.22%
ESBL strains documented.

Conclusion

CSOM is a common clinical entity where topical and sys-
temic antibiotic are the main treatment. However the
emergence of antibiotic resistant strains is leading to
increasing treatment failure. MDR strains of P. aeruginosa
and MRSA were most prevalent in ear discharges of patients
with CSOM. Continuous and periodic evaluation of micro-
biological profile and antimicrobial sensitivity pattern of
bacterial is essential for optimum management of CSOM
patients.
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