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INTRODUCTION 

Chronic Suppurative Otitis Media (CSOM) remains as the most common 

chronic infectious disease among children worldwide, affecting diverse cultural 

and racial groups.16It involves considerable morbidity and mortality due to various 

complications.54CSOM and its complications are the bugbear of the otologists, 

pediatricians and general practitioners. Persistence and recurrence of the infection 

is well known in CSOM, in spite of the adequate  treatment .Complications of 

CSOM is  mainly due to treatment refractoriness and its chronic  nature 66. CSOM, 

especially in developing countries is a major cause for acquired hearing 

impairment in children.91 The hearing impairment produced by Otitis Media affects 

intellectual performance ,which has been demonstrated by several studies.55 

Based on various prevalence studies which was conducted, the global 

burden of CSOM involves about 65-330 million individuals with otorrohea  of 

which about 60% suffered  from  significant hearing defect. CSOM accounts for  

nearly 28,000 deaths per year  and a disease burden of more than 2 million 

DALYS (Disability Adjusted Life Years). Nearly 90% of the disease is from the 

South east  asia, Western Pacific regions, Africa and several ethinic minorities who  

are present along the Pacific rim. Various prevalence studies conducted showed   

that  India  is one of  the countries with highest prevalence which requires urgent 

attention to deal with a massive public health problem .Indian prevalence of 

CSOM is about 7.8%, which is the highest among the South Asian countries. This 

was based upon a recent estimate from a survey conducted in Tamil Nadu schools 
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and it is to be noted that the recent survey data is lower than the previous estimates 

that ranged from 10%-34%91. 

Chronic Suppurative Otitis Media is the most common clinical entity in 

Otorhinolaryngology clinic especially in our part of the world. Because of the 

strategic location of the middle ear cleft which is separated by a thinnest shell of 

bone from facial nerve, labyrinth and dura of middle and posterior cranial fossa. 

Every case of otitis media carries with it potential complications of both 

intracranial and extracranial structures which cause the morbidity and mortality. 

According to the panel reporting to the 7th Post symposium research 

conference of the international symposium on “Recent Advance In Otitis Media”, 

a perforation of the tympanic membrane is deemed to be chronic, if it is present for 

at least 3 months. CSOM by definition is otorrhea for at least 6 weeks duration in 

the presence of a chronic tympanic membrane perforation. By contrast, the WHO 

defines CSOM as a stage of the disease, in which there is a chronic infection of the 

middle ear cleft,i.e Eustachian Tube ,Middle ear and the mastoid and in which a 

non-intact tympanic membrane(perforation or tympanostomy tube) and discharge 

are present.The same report qualifies this definition by stating that the otorrhea 

should be present for 2 weeks or longer69. 

According to the older text books, CSOM can be classified, into 

Tubotympanic disease  and atticoantral disease based upon the anatomical site of 

the defect in reference to tympanic membrane . In tubotympanic disease there is 
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the involoment of anterior and inferior portion of the tympanic membrane whereas 

in case of the atticoantral disease, the posterior and the superior portion of the 

tympanic membrane is involved. The tubotympanic disease is generally considered 

as safe ear when compared to the atticoantral which is unsafe as it is more prone 

for complications. As these classifications fail to distinguish between various 

tympanic membrane pathologies the former classifications are replaced by newer 

ones. According to the latest classifications-chronic otitis media is classified based 

on the presence or absence of    cholesteatoma, i.e Chronic Otitis Media with 

Cholesteatoma and Chronic Otitis Media without Choleteatoma. Cholesteatoma 

are epidermal inclusion cyst which contains the desquamated debris of the middle 

ear or the mastoid. The destructive nature of the cholesteatoma is responsible for 

much of the morbidity associated with Chronic Suppurative Otitis Media.15 

In general, Otitis Media is regarded as the middle ear cleft inflammation 

without  any reference to the etiology or its pathogenesis. The common age group 

affected is 1-5 years of life.6 The route by which the infection spreads to the middle 

ear depends mainly on the focus of infection in otitis media. Regarding the 

pathogenesis, it is  often multi factorial which involves environmental ,genetic as 

well as anatomical factors. Functional characteristics of the Eustachian tube plays 

an important role   in the pathogenesis of CSOM.27Infections  of the middle ear are 

most often ascending , from other sites such as nose, oropharynx   and paranasal 

sinuses.70Similarly , various craniofacial anomalies including cleft palate impairs 

both the Eustachian tube anatomy and its function which ultimately results in otitis 
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media.2Tympanostomy tube insertion is implicated as one reason for subsequent 

tympanic membrane perforation  54Altered  mucociliary function of the middle ear 

and the Eustachian tube has been associated with impaired clearance of middle ear 

secretions which may facilitate the progression from otitis media into CSOM.14 

In CSOM, complication usually occurs following bone destruction, 

formation of granulation and or due to  the presence of cholesteatoma. Nearly 80% 

of the extra cranial complication and almost 70% of the intracranial complication 

occurs  in children. Most often, the extra cranial and the intracranial complications 

are either due to the direct extension of the infecting microbe from the mastoid air 

cells or by the propagation along the veins leading from the mastoid to the adjacent 

structure.10Complication occurs   more during the 1st and 2nd decade of  life. The  

post auricular abscess is the dominant extra cranial complication where as 

meningitis is the dominant intracranial complication followed by brain abscess 71. 

Chronic suppurative otitis media are caused by numerous organisms. 

Pseudomonads are the most common bacterial isolate which is closely followed by 

Methicillin Resistant Staphylococcus aureus(MRSA). Pseudomonas aeruginosa is 

an opportunistic pathogen which is frequently encountered in chronic infections. 

For the evasion of host defence ,it utilizes two major mechanisms –one of these is 

the production of a large number of extracellular products such as proteases, toxins 

and lipases .Bacterial proteases causes the inhibition of the local  immune response 

which provides an adequate environment for the establishment of chronic 

infection. Biofilm production is  another mechanism by which Pseudomonas 
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aeruginosa results in the evasion of the host defence system 88.Mixed organism  

which are commonly isolated are Staphylococcus aureus, Diphtheroids, 

Streptococci and various Gram Negative Bacilli, including  Proteus mirabilis. 

Anaerobes and fungi are also reported, although less frequently evaluated.80 

It is often common to have a polymicrobial infection in case of CSOM and 

its complications.Multiple drug therapy using broad spectrum agents may be 

necessary in order to accomplish this goal.24 An initial trial with topical antibiotics 

is recommended and when the culture reports are available, oral antibiotics can be 

added.58 Intravenous antibiotic therapy should be started immediately following the 

culture of otorrhea in case of CSOM with impending complications. Pseudomonas 

aeruginosa is one of the most troublesome pathogen implicated in a   variety of 

infections including CSOM.41 

Infections due to Pseudomonas aeruginosa are mainly treated with 

Aminoglycosides, Fluoroquinolones, Cephalosporins And Carbapenems.39 

However an rise in the resistance rate of Pseudomonas aeruginosa to various 

antibiotics  have been reported from various countries. The increasing failure rate 

of the antibiotic treatment is mainly due to the increasing antibiotic resistence to 

commonly used antibacterial agents for the treatment of infection due 

Pseudomonas aeruginosa.37 

Among human pathogens, Pseudomonas aeruginosa possesses a plethora of 

various resistance mechanism which is responsible for the increasing rates of 
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antimicrobial resistance and multidrug resistance and another great concern is the 

lack of suitable novel antibacterial agents that can combat the infections due to 

pseudomonas aeruginosa23.Following are the data regarding the antibacterial 

resistance rates  of  the pseudomonas aeruginosa isolates -10%-28.4% for extended 

spectrum cephalosporins, 6%-10% for aminoglycosides ,fluoroquinolones17%-

33.5%,carbepenems 11%-30.2% and for piperacillin-tazobactum about 6.8%-

19.1%  as reported  by the National Healthcare Safety Network (NHSN). 

Pseudomonas aeruginosa showed almost 23%-41% resistance for single drug 

among those isolated from Latin America and Asia-Pacific rim. About 5.3%-

17.7% of isolates were multidrug resistant as they showed resistance to three or 

more of these antibacterial classes.23 

Numerous resistance mechanisms such as reduced penetration of the drug to 

the target site ,alteration of the target site or by the inactivation of antimicrobial 

agents using various bacterial enzymes  play a major role for  the  increasing rate 

of antimicrobial resistance in Pseudomonas aeruginosa. All the above mechanisms 

can be broadly classified into intrinsic and acquired resistance with the overlap 

between the two categories. Decreased  permeability of the outer membrane 

,Efflux pumps,Antimicrobial modifying enzymes  contributes to the intrinsic 

resistance whereas the acquired resistance is mainly due accusation of various 

transferable genetic elements.Porins which are present on the cell membrane act as 

channel through which various antibiotics such as β-Lactams, aminoglycosides, 

Tetracyclines, Fluoroquinolones and Carbapenems enter the cell of which when 
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altered  results in drug resistance. Another mechanism is the efflux pump which 

actively pumps the antibiotics out of the bacterial cell. Great majority of               

antibiotic resistance is due to the efflux pump mechanism with exception to 

polymixins).Chromosomally coded inducible Cephalosporinase ie AmpC  confers 

resistence to all β lactams except fourth  generation Cephalosporin and 

Cabapenems. All the above stated mechanisms confer the property of intrinsic 

resistance to the organism. Acquired resistence are mainly due to various enzymes 

such as β Lactamases and aminoglycoside modifying enzymes .Mobile genetic 

elements such as plasmids, transposons and integrons help in the transfer of  

antibiotic resistance genes coding these enzymes  among the various organisms 

which confers resistance  mainly to aminoglycosides and β lactams.37 

Following the introduction of Carbapenems, it has been become more 

convenient for the treatment of serious bacterial infections caused by β lactamase 

resistant bacteria.91 Bacterial resistance to Carbapenems represent an major 

worldwide problem, which is mainly mediated by acquired Carbapenemase 

enzyme42.Carbapenem resistance have been more frequently observed  in case of a 

Nonfementing bacilli such as Pseudomonas aeruginosa and Acinetobacter43 

.According to Amblers scheme, the Carbapenemase can be classified into three 

molecular classes- class A - Penicillinase,  Class B -Metallo-beta –lactamase and 

Class D – Oxacillinase. The varients of MBL such as IMP,VIM,SPM-1 and GIM-1 

is of great importance because of their ability to confer resistance to broad 

spectrum of β lactam antibiotics, lack of clinically useful inhibitors and  their 
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potential for rapid and generalized dissemination.13 This is a worrying situation 

which prompts for an early identification of MBL producers, for the infection 

control and the prevention of further dissemination. 

Metallo-beta –lactamases (MBL) producing Pseudomonas aeruginosa was 

1’st reported from Japan in 199144, then it has been reported from various parts of 

the world, including North America,72South America30,Australia38,Europe25 and 

Asia62.According to Ambler’s classification of  β Lactamase, Metallo-beta-

lactamase are included in class B, which has the ability to hydrolyze a wide variety 

of Beta  lactam agents, such as Penicillins, Cephalosporins and Carbapenems. 

Metallo-beta-Lactamases require Zn2+ cation for their catalytic activity which are 

inhibited by metal chelators such as EDTA and thiol-based compounds. Due to 

spread of MBL gene  from Pseudomonas  and other Non fermentative bacilli  to  

other enteric pathogens ,and  the lack of  availability MBL-inhibitors  it going to 

be a major therapeutic challenge89 

On going studies are often required to understand the maintance, evolution 

and  dissemination of MBL genes in Pseudomonas aeruginosa. The ability to 

develop rapid resistance on the course of treatment is a major concern when 

treating infection caused by Pseudomonas aeruginosa. The burden of the 

antimicrobial resistant organisms are on the rise due to indiscriminate and 

injudicious use of antibiotics. As the rate of antimicrobial resistance is on the rise 

multi drug resistant strain would become more prevalent which is a major 

impending treat. 
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Since CSOM is a major public health hazard affecting a wide range of 

population in our part of the country  , the aim of my study to identify the bacterial 

pathogens causing CSOM including their   the antibiotic susceptibility pattern and 

also to understand the antibiotic resistant profile of the Metallo-β-Lactamases 

producing Pseudomonas aeruginosa as it is the major bacterial agent which is 

isolated from the patients suffering from CSOM. Hence this study will guide the 

clinician to prescribe the proper antibiotic and thus  to prevent the  further spread 

of the resistant strains.                     

  



 

 

 

AIMS & OBJECTIVES 
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AIMS AND OBJECTIVES 

 

 To Study about the bacteriological profile of Chronic Suppurative Otitis 

Media. 

 To study about the various bacterial isolates associated with Chronic 

Suppurative Otitis Media. 

 To assess the antimicrobial susceptibility pattern of the  isolated pathogens. 

 To detect the presence of Metallo-beta-lactamase in Pseudomonas 

aeruginosa isolates. 

 To compare the antibiograms of MBL-producing and non MBL-producing 

Pseudomonas aeruginosa isolates. 

 Detection of MBL Gene blavim by Polymerase Chain Reaction. 

 

 

 

 

 

 

 



 

 

 

REVIEW OF 
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REVIEW OF LITERATURE 

According to K.K.Ramalingam et al (India, 1990)31   defined Chronic 

Suppurative Otitis Media (CSOM) as the chronic inflammation along with 

suppuration, mainly involving the mucoperiosteal layer of  the middle ear cleft. 

In  the document released by Jahn A.F.et al  (U.S.A,1991)91, the 

involvement of the middle ear and mastoid  cavity in  the  form of chronic 

inflammation  is seen in CSOM which usually presents as the recurrent ear 

discharge through the non intact tympanic membrane. 

Duration of the ear discharge is very important in defining the disease. The 

time frame of  about  2 weeks is adopted for  the disease definition according to  

WHO  where as  the most of the otolaryngologist prefer 6 weeks to 3 months 

duration. 

P.Hazarika et al (India, 2014)63  classified CSOM  into two main groups 

based on the site of involvement  . Former being  the  tubotympanic  type and the 

latter  is the  atticoantral type .The tubotympanic,  otherwise mucosal type is 

further classified based on the nature  of the disease as active, inactive or healed 

type. In the same way the atticoantral (squamosal) type is also classified as the 

active, inactive and as the secondary acquired cholesteatoma type. In general the 

tubotympanic type is regarded as the safe  and the atticoantral is considered as the 

unsafe type as it is more prone for complications.Cholesteatoma is considered as 

the hallmark of atticoantral type of CSOM. 
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As these classifications fail to distinguish between various tympanic 

membrane pathologies these former classifications were replaced by newer ones. 

According to Richard .J.Chole (U.S.A, 2013)14 Chronic Otitis Media is classified 

based on the presence and  absence of the cholesteatoma i.e, Chronic Otitis Media 

with cholesteatoma and Chronic Otitis Media without cholesteatoma. 

In Logan Turner’s Diseases of the Nose, Throat and Ear40   

Cholesteatoma is defined as a sac filled with keratinous debris following 

desquamation of the  epithelial lining cells .The term ‘Choleasteatoma’ was coined 

by Mϋller ,a German physiologist in the year 1838.Initially  cholesteatoma was 

considered to be a collection of cholesterol crystals which was later  identified as 

the keratin flakes, hence ‘keratoma’ is a  more appropriate term to describe it. The 

squamous epithelial lining keeps on producing the keratin and this results in the 

formation of a thin sac which is filled with a white cheesy material surrounded by 

the granulation tissue. As the cholesteatoma is capable of causing the bone 

resorbtion, it is potentially dangerous in causing both intracranial and the 

extracranial complications. 

George. G. Bowning et al (2003)70 described various aetiologies 

contributing to the development of CSOM.  The mucosal type of CSOM occurred 

following repeated episodes of acute otitis media which lead to a concept that 

CSOM is a sequel of acute suppurative otitis media (ASOM). In that case  all the 

risk factors of ASOM such as the number of siblings, the type of the day care, sex, 
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duration of the breast feeding, maternal socioeconomic class and prematurity act as 

the independent risk factors for the development of CSOM. It has been also noted 

that insertion of long stay ventilation tubes (Tympanostomy  tube) would also lead 

to a permanent perforation of the tympanic membrane if it  fails to heal 

spontaneously which subsequently lead  to recurrent discharging ear. 

Where as in the case of squamosal type of CSOM,various theories has been 

postulated regarding the development of the cholesteatoma, which is the hallmark 

of the atticoantral type of CSOM. The squamous metaplasia theory suggest that 

metaplasia of the epithelial cells of the tympanic membrane is the likely source of 

middle ear cholesteatoma. According to misplaced epithelium theory 

cholesteatomas may arise from the retraction pockets developed in the tympanic 

membrane. The pars flaccid and the posterior superior quadrant of the pars tensa 

receives the maximum blood supply when compared to the rest parts  of the 

tympanic membrane. So when there is an infection such as in acute otitis media, 

inflammatory cell infiltration is more in these areas which alters the histology , 

leaving the fibrous layer of the tympanic membrane  thinner when compared to the 

rest  of tympanic membrane .Reduction in the middle ear pressure  probably due to 

some Eustachian tube dysfunction results in the formation of the retraction pocket 

in these areas which gets filled with the keratin debris and desquamated cells 

ultimately resulting in the formation of cholesteatoma. 
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Ingrowth of the squamous epithelium through the tympanic membrane 

perforation is also considered as one of the cause for the development of 

cholesteatoma. However, it is more likely to be a retraction pocket rather than a 

perforation. As the retraction sac continue to grow finally leading to 

cholesteatoma. Cholesteatoma could also result from the ingrowth of squamous 

epithelium through its own basement membrane in the pars flaccid. Direct 

Implantation of the squamous epithelium into the middle ear either due to surgery 

or trauma may also contribute to a small percentage of cholesteatma cases. 

Yang zhang, Min xu94 et al (China, 2014) conducted a meta analysis study 

to investigate various risk factors associated with the disease. The  study revealed 

that 24%-89% of patients with CSOM suffer from allergic condition, hence atopy 

is regarded as an important risk factor associated with CSOM. Following an upper 

respiratory tract infection mucosal condition of Eustachian tube is altered .Viral 

upper respiratory tract infection (URTI) not only enhances the bacterial replication 

but also increases the mucosal inflammation of the Eustachian tube, and thus  

becomes an important risk factor contributing to development of  the CSOM. 

Increase in the upper airway resistance is the main patho psysiology of snoring. As 

both the snoring and the CSOM are due to raised upper airway resistance and 

dysfunction of the Eustachian tube , the evaluation and the early intervention 

among the  children with  the problem of snoring can help to prevent the 

development of CSOM. Children who are having repeated  attacks of  acute otitis 

media are more prone to progress in  to CSOM. On inhalation of smoke ,the 
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function of the Eustachian tube is altered due to the impaired mucocilliary action 

resulting in nasopharyngeal block. The important pathopsysiology behind the 

second hand smoke is the adherence of the microorganism to the surface 

epithelium and the depression in the local immunity which favors further middle 

ear infections. Low economic conditions are also regarded  as an important risk 

factors .On statistical analysis the CSOM is more common among  those  

belonging to poor environmental and occupational conditions. 

WHO issued a document on Jacob .A (India,1997) 91  where the prevalence  

rate of CSOM among various countries were described .Depending upon the  

prevalence rate the countries were categorized into four main groups in which  the 

countries with prevalence rate 1-2% is considered to be  low and the countries with 

prevalence rate about 3-6% were calculated to be high. India was categorized 

among  the countries with high prevalence  rate where urgent  measures are  to be 

taken as it is  a major public health hazard. According to the regional prevalence of 

CSOM estimation, among the South Asian countries, India is having a prevalence 

of 7.8% which is also quite high. Even though these prevalence rates were based 

upon the survey  conducted on children, it can be applied to the entire country  as 

the major bulk of population, especially in   developing countries is  mostly  due to 

the younger individuals  and also due to the fact that CSOM might persists up to 

mid adulthood because of its chronic nature. Hence, these regional prevalence rate 

can be roughly applied to the entire population which can be calculated by 

multiplying the number of individuals with  the regional prevalence rate. 
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Following which it was shown that the global burden of the illness is borne 

by the countries like India, China, Asia  and other Pacific islands along with sub-

Saharan Africa and the ethnic groups in Australia and the  North America. 

Similarly, when the prevalence of  CSOM associated hearing impairment 

was  calculated which showed  almost 77% of CSOM cases presented with the 

complaints of  reduced  hearing .Hearing impairment in CSOM is mainly due to 

the non intact tympanic membrane and also due the ossicular discontinuity 

following bone resorbtion. Theoretically speaking since cochlea is intact the 

hearing impairment   should  within  30-60db for uncomplicated CSOM. But when 

there is an infectious process involving the cochlea or the history of use of ototoxic 

drugs, hearing may be severely compromised. Based upon the datas, available 

from the population based survey conducted across the world,  about half of the 

global burden of hearing impairment is contributed  by  CSOM of which 90% is 

from the developing countries. 

Mortality and morbidity associated with CSOM is largely due to the 

complications rather than the disease process as such. Hence, the number of    

years lost during the lifetime  and the number of years lived with the disability  due 

to CSOM is high when compared with acute otitis media.  Hence both the 

Prevalence rate and the Disability  Adjusted Life Years(DALY)  due to CSOM  is 

quite high  among South Asian countries and the Western Pacific regions grouped 

by WHO. 
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Gary.B .Josephson et al (U.K, 2000)23 explained about the progression and 

the extension of the otitis media. In case of chronic middle ear infection the 

infection from the middle ear can spread to adjacent areas through many ways. It 

can be either through the intact bone, or via small venules or through the 

preformed pathways or by due to slow resorption  of  the bone by cholesteatoma. 

According to Mawson S et al (U.K,1979)  91  when the complication rate 

due to CSOM was estimated throughout the world, it ranged from 0.04% to 0.67% 

in developed countries whereas in developing countries it is as high as 3.2%. 

Almost 80% of the complications are  extracranial rather than intracranial  of  

which most  of the complication occurred in the first two decade of their life. 

According to Osma U,Cureoglu et al 54  (2000) who studied about the 

complications  of the CSOM concluded that among intracranial complications, 

meningitis accounts for about 71.9%   followed by brain abscess (17.5%) ,epidural 

abscess(7%), lateral sinus thrombosis(1.8%)  cerebritis(1.8%)  and subdural 

empyema. In case of  extracranial complication mastoid abscess (64.1%)is the 

most common persentation  which is followed by labryinthitis (12.8%) ,facial 

nerve  paralysis(12.8%) ,bezold abscess(10.3%) and petrous apicitis. 

Whereas in the study by Singh B Maharaja73 et al (1993)  about 51% of 

intracranial complications were due to brain abscess rather due to meningitis .He 

also found that the incidence of  lateral sinus thrombosis   and subdural empyema 

was about 20% which is    also quite  high. 
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Daniel .L.Wohl et al(2008)  23 explained    a significant morbidity among 

children  due to the hearing impairment due to CSOM which delayed the 

development of speech and the language and ultimately  resulted  in the poor 

scholastic performance 

In the study conducted by Afolabi OA, Salaudeen AG1 et al  ( Nigeria, 

2012) demonstrated the various  aerobic organisms  isolated from patients 

suffering from  CSOM .On the analysis of 150 samples only 134 had the growth in 

which about 71.6% of the growth was due to the gram negative bacteria  and gram 

positive bacteria was about (27.6%). Pseudomonas aeruginosa (31.3%) is the 

common isolate followed by the Klebsiella species(23.9%) and Staphylococcus 

aureus (16.4%). 

Presence of  Pseudomonas aeruginosa  as an important cause of CSOM was 

established by various studies conducted  by the following authors Yeo S.G92, 

Madana45 .J,  Dayasena .R17 ,Saini .S 74,Sattar .A75  across the world. 

Similar study was conducted by  B.Nagarajan 10et al  (India ,2016)   in the 

southern state of  India showed that the prevalence of  Pseudomonas  aeruginosa 

were about 37.15% and that of Staphylococcus areus is about 21.43%  among 

CSOM patients . 

In the Brobby GW et al(Ghana,1987) 91 which was relased in 2004 stated 

that  Among the various organisms isolated  from CSOM ,Pseudomonas species  is 
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particularly responsible for the  chronic, progressive and deep seated involvement 

of the middle ear structures  through the action of various enzymes and toxins . 

A brief historical review regarding the Pseudomonas aeruginosa is given in 

Erika .A.Agata et al 44 As early as 1800 many physicians noted the presence of 

bluish green discolouration on the bandages of the wound dressings with a peculiar 

odor. In 1869 Fordos identified the cause of the discolouration was due to a 

pyocyanin pigment .Gessard  isolated the organism in 1882 and he named it   as 

Bacillus pyocyaneus.  Infection due to Bacillus pyocyaneus was first reported by 

Williams which was recoverd from the skin lesion of a septic patient, in the year of 

1894.It was in 1894  Haynes  described in detail about the microbiological features 

of P.aeruginosa and identified  it from the P.fluorescens. During the second  world 

war P .aeruginosa emerged as a major wound pathogen which was a great concern   

when treating  the war related wounds. 

According to Norberto.J.Pallerdini et al79 Pseudomonads are aerobic 

Gram negative bacilli which is actively motile due to the  presence of one or more 

polar flagella. They are distributed throughout the nature as they are able to 

survive in the presence of simple sources of nitrogen and carbon. Even though 

most of them are opportunistic pathogens, because of their ability to produce 

multiple virulence factors and their capability to exhibit resistance against wide 

range of   antimicrobial  agents   they have emerged as a potential pathogen . 
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The association of pseudomonas and CSOM was further confirmed by the 

study conducted by Rahul Mittal et al67(U.S.A,2014)  who demonstrated the 

ability of  P.aeruginosa to invade the human middle ear epithelial cells .In their 

study they were able to observe that Pseudomonas aeruginosa altered the 

cytoskeletal arrangement in order to facilitate its entry into the host epithelial cell 

which after the entry of the bacterium ,returns to the normal pattern of distribution. 

In their further research they were also able to identify that bacterial 

outermembrane protein (OMP) such as OprF play a crucial role in the 

pathophysiology of the disease. OprF is a general porin through which there is the 

diffusion of small polar nutrients and ionic particles takes place. OprF induces the 

host cell damage and  also  contributes to the formation of biofilm which is yet 

another important virulence factor of Pseudomonas. 

In the Erika.A.Agata et al 44  explained  that  OprF has the ability to 

control the quarum sensing virulence factor molecules such as pyocyanin , lectin 

PA-1L,Elastase,exotoxin A  and the enzymes secreated by  type three secreatory 

system such as ExoS and ExoT. 

In the study conducted by Denise Yan et al 47 (U.S.A,2016)  were able to 

observe that OprF present in the otopathogenic Pseudomonas were  able to activate 

protein kinase c-α (PKC-α)  which is the central host molecule involoved  in the 

actin polymeristaion and cytoskeletal reorganization. 



21 

 

According to Norberto .J. Pallerdini et al 79among Pseudomonads, 

Pseudomonas aeruginosa is the commonest  opportunisitic pathogen. Due to the 

presence of numerous toxins and enzymes in addition to its ability to resist a wide 

range of antimicrobial compounds it has evolved to be highly efficient pathogen. 

According to Erika .A. Agata et al 44  pseudomonads is one of the 

organism that has numerous virulence factors such as pili,flagella,secretory 

systems (type 1, type 11 and type111),endotoxin  , alginate molecule, pyocyanin, 

pyoverdin and quarum sensing molecules all of  which is having a definite role  in 

causing an infection. 

The role of the pili was extensively studied by Erika.A.Agata et al 44 in the 

attachment of the organism on to the host cell. He was also able to identify about 

five pilA alleles (group 1-5)  among the  various strains of Pseudomonas 

aeruginosa of which type 4 pili (T4P)  has unique characteristics .T4P possessing  

strains can exhibit jerky motility/twitching motility  which is independent of 

flagella. This type motility help in exploration of the surface and in the biofilm 

formation. 

Another important virulence factor is the flagella which helps in the 

adherence to the host cells,colonization locomotion  and also in the formation of  

biofilm. 
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Type 1 secreatory system (T1SS) produce alkaline protease enzyme inhibit 

the formation of fibrin and promotes the dissemination of infection .  Type 11 

secretory system (T2SS)  secrete various enzyme and toxins  such as exotoxin A 

,Phospholipase C,Protease 1v and elastase which mediate cytotoxic effects 

,inflammatory process and    for establishing the infection in the host tissue  . 

The Type 111 secretory system (T3SS)  is one of the major virulence factor  

,T3SS produces four main protein  such as ExoU ,ExoY , ExoT ,ExoS that has 

distinct function . Exo U causes apotopsis and the necrosis of host tissue cells 

.Whereas the barrier action of the pulmonary endothelial cells are disrupted  by the 

Exo Y. The Exo T and Exo S  proteins secreated by T3SS inhibit the DNA 

synthesis thus affecting the cell growth. 

They also alters the cellular and the cytoskeletal morphology and help in the 

adherence of  the organism to the host cell. 

Sifri .C.D et al76 (2008)  identified various quaqrum sensing molecules 

(autoinducers ) which when released into the environment binds to the specific 

receptors on the neighboring bacterial cell and sends signals that alters the various 

gene expressions. These complex signals allows the “community” of the organism 

to react to  various signals  in the environment and thereby   helping the bacteria  

to adapt to various environmental conditions necessary for their survival. 

Expression of the various virulence factors and the formation of biofilm  are also 

controlled by the QS system. 
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He also identified the three main Quarum Sensing (QS) system`present in 

P.aeruginosa-which are LuxI type QS circuit, LuxR type QS and pseudomonas 

quinolone signal system. 

Erika .A. Agata et al 44 discribed the functions of other important virulence 

factors were explained. Virulence factors such as endotoxin help the bacteria to 

resist the host defence mechanism  , pyocyanin    reacts with the oxygen result in 

the formation of oxygen free radical producing tissue damage and  inhibit the 

proliferation of lymphocytes ,alginate confers  the antiphagocytic property  to the 

organism and lastly by the pyoverdin which binds with iron molecules by 

competing with the host protein. 

According to Goodman and Gilman’s22 Penicillins with Antipseudomonal 

activity  include –the Carboxypenicillins and the Ureidopenicillins.The 

Ureidopenicillins such as Mezlocillin and Piperacillin  have a superior activity 

against P.aeruginosa compared with the Carboxypencillin which include 

Carbenicillin and Ticarcillin.Both the Carboxypencillin and the Ureidopenicillins 

are sensitive to destruction by β-lactamase  produced by the organism. Βeta -

lactamase inhibitors such as Tazobactum and Clavulenic acid   used in 

combination with the Piperacillin and Ticarcillin respectively ,which is more 

active against the organism that produce plasmid encoded  β lactamase enzyme.  

Third generation Cephalosporins such as Cetazidime and Cefoperazone   have a 

good activity against Pseudomonal infections .For the treatment of serious 
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infection due to Pseudomonas, fourth generation Cephalosporins such as Cefepime 

can be used .Most strains of Pseudomonas are inhibited by Carbapenems  

Eventhough the spectrum of activity of Doripenem is similar to Imipenem and 

Meropenem, Doripenem is more effective against resistant isolates of 

Pseudomonas.  Among Fluoroquinolones drug such as Ciprofloxacin Levofloxacin 

(broad spectrum) and Ofloxacin have a good activity against Pseudomonads. 

Although Tobramycin and Gentamicin exhibit almost similar activity, Tobramycin 

is more effective against Pseudomonas infection. Amikacin is the preferred agent 

for the initial treatment of serious cases when the resistance due to Gentamycin 

and Tobramycin has become a significant problem. Topical preparation of 

Polymyxin B is available in the form of solution and ointment  which  is used in 

the treatment of infections in the eye and  ear due to pseudomonas. 

In the textbook of   Bailey And Scott’s  Diagnostic Microbiology8  stated 

that Pseudomonas aeruginosa exhibited intrinsic resistance to various antibiotics 

such as Sulphonamides ,Tetracyclines ,Trimethoprim and Cholramphenicol. 

Mechanism of antimicrobial resistance exhibited by Pseudomonas 

aeruginosa is described in detail in Erika .A. Agata44 In Pseudomonas aeruginosa  

the mechanism of antibiotic resistance  can be classified as intrinsic and the 

extrinsic, with the overlap between the two. Decreased permeability of the outer 

membrane, efflux pumps, antimicrobial modifying enzymes such as chromosomal 

encoded cephalosporinase (AmpC), oxacillinase  (Class D )contributes to the 
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intrinsic resistance whereas the acquisition of transferable genetic elements and 

successful mutation  results in acquired resistance. 

According to Georgios Meletis et al  21 There are mainly two types of porin 

present in the bacterial cell wall-General porin and  specific  porins .General porins 

allows  the transfer of  hydrophilic  molecules whereas the specific porins allows 

only the specific molecules.  Most of the antimicrobial agents such as 

Fluoroquinolones, Tetracyclines, Βeta -Lactams, Aminoglycosides and 

Carbapenems uses  these porins present on the  bacterial cell surface to enter inside 

the cell. Bacteria usually contain more of general porin and less of   specific porin.  

Whereas in Pseudomonads ,there are more of specific porin rather than general 

porin, due to  which the bacteria is intrinsically resistant to many antimicrobials. 

Loss or alteration of these channels  due to mutation results in  acquired  drug  

resistance ,by which it  fails to achieve adequate intracellular concentration of the 

drug  inside the bacterial cell. 

Li XZ  et al 35 (2004) identified the presence of various active pumps in the 

bacterial cells membrane which actively transport the antimicrobial agents out of 

the cell.The family of transporters called as Resistance Nodulation cell Division 

(RND) present on the bacterial cell membrane  is responsible for the active efflux 

of the antimicrobial agents. 

Barre.N et  al 36 (2000)  explained that when there is a mutation  in the 

negative regulator  genes, it leads to the overexpression of the  RND family of 
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transporters which actively pumps the antimicrobial agents out of the cell. 

MexAB-OprM   and MexXY-OprM belong to the RND family of transporters, of 

which MexAB-OprM confers the resistance to a wide range of antimicrobial  

agents as it has the widest substrate specificity. These efflux pump system  ,pumps 

out most of the antimicrobial agents  except Polymyxin. 

Tam VH et al81 (2007)    identified the presence of chromosomal encoded 

inducible cephalosporinase, i.e AmpC in Pseudomonas aeruginosa. 

Overproduction of which leads to the resistance of the organism   to all the β 

lactam antimicrobials, except for the fourth generation Cephalosporine (Cefepime) 

and Carbapenems. 

Maria Bagkeri  et al21  Stated that the acquired drug resistance occur either 

due to any mutational event or due to the acquisition of  mobile genetic element 

such as  plasmid or transposons. Mutations often  leads to  over production of 

endogenous β lactamases , over expression  of  efflux systems, down regulation  of   

genes which results in the reduction  in the number  of  specific porin and 

modification of specific target  sites. Whereas,  obtaining  mobile genetic elements 

leads to the  transfer of  exogenous  β lactamase   and   acquisition of  

aminoglycoside modifying enzymes. Among the exogenously obtained β 

lactamases, carbapenemase  production is of great importance as they confer 

resistance even to carbapenem antimicrobials. 
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Koh TH  et al (Singapore , 2010) 32 explained that the resistance to 

Carbapenem antibiotics in Pseudomonas aeruginosa   can be either  due to 

deficiency of the outer membrane protein-Opr D  ,or due the production of 

Carbapenemase enzyme or may be due to the over expression of efflux pump 

systems. 

Erika.A.Agata44  The Amblers scheme of classification of  β lactamases, 

which is based   upon the requirement  of  Zn2+  to hydrolyze the β lactam ring  or  

by the presence of serine residue  at  their  active site of the enzyme  required for 

the hydrolyzing  the β lactam ring ,  carbapenemase are  categorized into Class A  -

Penicillinase, Class B- Metallo β lactamases  and  the Class D  - Oxacillinase, 

Metallo β lactamases ,i.e class B uses Zinc( Zn2+) to break up the  β lactam ring 

whereas   Class A and Class D  enzymes hydrolyze the β lactam ring due to  the 

presence of the serine  aminoacid residue  at  their active region. According to 

Bush –Jacoby-Medeiros Classification Scheme for β lactamases which inturn is 

based upon the substrate profile and susceptibility to β lactamase inhibitor 

molecule , Class B (Matelloβ lactamase) is classified as  group 3  and Class A , 

Class D  Carbapenmase are included in  group 2f and  2d respectively . Metallo β 

lactamase(MBL)  are not inhibited  by β lactam inhibitors such as clavulanic acid, 

tazobactam and sulbactam. MBL are  susceptible   to the action of ion chelatore 

such as Ethylenediaminetetraacetic acid (EDTA) and other  thiol based compounbs 
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Lee K et al  (Korea,2002)34  identified the following Carbapenemase 

enzymes  in Pseudomonas aeruginosa isolates -1) GES and KPC varients in 

Ambler class A ,2)Metallo –beta –lactamase  belonging to Amblers class B and 

3)OXA Variant Carbapenemase enzyme of the Amblers class D among which  

Metallo-beta- lactamase is the most clinically relavent carbapenemase in 

Pseudomonas aeruginosa. The presence of Metallo  β lactamase  (MBL) confers 

resistance To Penicillins, Cephalosporins   and Carbapenem group of 

antimicrobials. 

Poirel, L et al ( 2002)  59 The genes responsible for the MBL production are 

either encoded in the  chromosome or in the transposable mobile genetic elements 

such as plasmids or transposons . Plasmids and transposons are involed in  the  

transferring of   integrons  which  are  capable  of acquiring and expressing  genes 

embedded with in the  gene cassette and thus  exhibiting resistance to an  

antimicrobial 

Walsh et al  (U.K, 2005)  89 observed that  Chromosomal mediated MBL is 

mostly seen in obscure non clinical bacteria of which large number of these   MBL 

genes  are often  inducible .Most of the  organism  producing  chromosomal 

encoded MBL are opportunistic pathogens, with an exception to   Bacillus 

anthracis( Bla2)  and Stenotrophomonas maltophilia (L1a,L1-BlaS,L1c,L1d,L1e) 

which have potential to cause serious illness. 
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M.L Lauretti et al (1999) 48   stated that based upon the molecular 

structure,  the  acquired MBL can be classified into various   types , such as  

Imipenem hydrolyzing  Metallo β lactamase (IMP) ,Verona integron encoded 

metallo β lactamase (VIM) German imipenemase (GIM) ,Sao Paulo Metallo-β 

lactamase (SPM) ,Seoul impenemase (SIM), Florence imipenase (FIM) and New 

Delhi metallo-β- lactamase(NDM-1).In Pseudomonas aeruginosa ,variants such as 

IMP,VIM,GIM,SPM,FIM and  NDM have been reported steadily throught out the 

world. 

Walsh et al  (U.K, 2005) 89 .Most of genes encoding the MBL enzyme such 

as IMP,VIM and GIM-1 type  are found as gene cassettes in class 1 integrons  and 

a very few  IMP type of MBL  by class 3 integrons. In most cases, gene cassettes 

carrying  gene of  different antimicrobial resistance  enzymes which are often 

fused together(fused gene cassettes)  result in the    expression  of antimicrobial 

resistance to various antimicrobials belonging to different classes     ultimately 

leading to  the evolution of multidrug resistant strains. 

Poirel ,L., et al (Brazil,2004)60   Identified that the transfer of SPM -1 type 

of  MBL is unique in its genetic context , as gene responsible for the production of 

SPM-I type of MBL are usually a part of mobile genomic pathogenic island such 

as those seen in Salmonella sps  called as ( common region ) CR elements, which 

are often mobilized during the bacterial stress. 
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Duck Jin Hong et al (Korea,2015)18  stated that it was in Japan, during the 

year 1988,   IMP type of MBL ,i.e IMP-1  was first isolated from Pseudomonas 

aeruginosa  ( strain GN17203 ) which gave  the initial evidence  of an existence of 

an acquired MBL.The responsible resistance gene  was  found  on a class one  

integron   located on a transferable conjugational plasmid.  There are about 51 

variants of   IMP type of MBL of which about 33 have been detected from 

Pseudomonas aeruginosa. 

Walsh et al  (U.K, 2005)89   observed that Among  VIM type of MBL,             

VIM -2  is most widespread  acquired Metallo-beta –lactamase  isolated from 

P.aeruginosa and it has been a source of multiple outbreak .Of the 46 variant of 

VIM type MBL  about 43 have been isolated from Pseudomonas aeruginosa. 

Enzyme types such as VIM2,VIM-5,VIM-6,VIM-11, and VIM18 have been 

reported    from India . 

Toleman M.A et al (Latin America, 2002)80   In the year 1997,  they 

isolated  the first  SPM-1  type of MBL from Pseudomonas aeruginosa   from a  

clinical  sample of  a  4 year old  girl suffering from  leukemia.SPM-1 variant  

have been exclusively  reported from South America ,which is having the highest 

prevalence of carbapenemase resistance in the world. SPM -1,which is the only 

variant of SPM  was quite different  from IMP and VIM types  ,as it expressed 

high level resistance   against all the available anti Gram negative antimicrobials  

with an exception to Colistin. 
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Castanheria M et al (Germany,2004)12  stated that  GIM-1 is currently  

reported only from Germany .The responsible gene  (bla GIM-1) was  identified on a 

class 1 integron along with other antibiotic resistance gene such as aacA4,aadA1 

(aminoglycoside resistance gene) and blaOXA-2 , which is an β lactamase resistant 

gene.  He also observed that due to this peculiar genetic arrangement GIM-1 

variant would become predominant   resistant phenotype following treatment with 

β lactam and aminoglycoside therapy. 

Yong D et al (India ,2009)93  identified NDM-1 type of MBL in 

Escherichia coli and   Klebsiella pneumoniae  from a patient who was admitted in 

India, in 2009.Following which different variant  of NDM type MBL (NDM-2 to 

NDM-7) were detected from several bacterial isolates throughout the world. It was 

in Serbia - 2011, the first NDM-1 producing  Pseudomonas aeruginosa was 

identified. Currently NDM-1 producing Pseudomonas aeruginosa have been 

reported from various countries  around the world  including   India. 

Pollini S et al(Italy ,2013)61  In 2012, he observed a new type of acquired 

MBL from a multidrug resistant strain of Pseudomonas aeruginosa ,i.e FIM-1 

having similarity with NDM type of enzymes .The corresponding gene    (bla FIM-1) 

was located on the chromosome, and is associated with Insertion sequence 

common region (ISCR19) which may have a role in capture and transfer of genes 

among starins. 



32 

 

Ting-ting Qu et al  (China ,2009)82 Concluded that the Combined disk test 

using IMP(10µg)  and IMP-EDTA(10/750µg)  disk, is  relatively an  inexpensive  

and  easily reproducible  test which can be applied as a routine  screening method 

for  Metallo-β-lactamase production among Pseudomonas aeruginosa in a  Clinical 

Microbiology Lab. 

On evaluvation of  various phenotypic methods like  MBL E test(Metallo-β-

Lactamase epsilometer test) using IMP-EDTA strip , DDST (doudle disk synergy 

test) using CAZ (ceftazidime)  and IMP (Impenem) and  Combined disk test using 

IMP and IMP-EDTA(10µg/750µg) disk keeping MBL gene detection using 

polymerised chain reaction  ( PCR)  as a gold standard  ,the combined disk method   

were 100%  sensitive  with a negative predictive value reaching upto  to  100%. 
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MATERIAL AND METHODS 

This study on the “A Comparative Analysis of Antibiotic Resistance Pattern 

of Metallo-beta-lactamase and Non Metallo-beta-lactamase strains of 

Pseudomonas aeruginosa Isolated from CSOM was commenced after obtaining  

approval from the Institutional Ethical Committee at Govt .Rajaji Hospital, 

Madurai . 

Study Period:  January 2016 to  June-2016  

Study Population: Patients with tubo- tympanic type of CSOM 

Sample Size:  150 aural swabs. 

Study Centre: Government Rajaji Hospital, Institute of Microbiology, Madurai 

Medical College, Madurai 

INCLUSION CRITERIA  

 The patients with active aural discharge belonging to all age, sex, religion 

and socio economic class.  

 Only patients with tubo-tympanic type of CSOM with central perforation. 

EXCULSION CRITERIA 

 A patient with attico antral type of CSOM with attic or posterior marginal 

perforation  

 A patient who has been using an antibiotic within 7 days of clinical 

presentation. 
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Swabs for the collection of the specimen. 

The swabs were prepared from wooden stick, of 5-6 inches long with cotton 

wool pledge wrapped around   one end of the stick. The swab was then introduced 

into the test tube of 4×3/4  long , mouth of the tube  was closed tightly using a 

cotton plug  and   was sterilized by autoclaving  at 121 degree for 15 minutes. 

Collection of the Specimen  

 Aural swab: During the aural  examination, the external auditory canal was 

cleaned  using mild soap solution and was wiped dry using a dry swab and the 

fresh pus were collected using another sterile dry swab carefully without touching 

the surrounding areas to avoid  contamination under good illumination. 

The swabs were transported to the laboratory within 2 hours.  

Processing of the Samples 

Two swabs were collected from a single patient .In the  laboratory, one of 

the swab was  used to prepare the smear for  direct  Gram stain and the second 

swab was   incubated in an enriched media (Brain heart Infusion broth) for 24 

hours at 37 degree Celsius.At the end of the incubation ,using a standard 

bacteriological loop, the specimens were  plated on to  the blood agar medium, 

Nutrient agar medium and Mac conkey agar medium  and were incubated at 37 

degree Celsius for 24 hour. 

 These plates were examined after 24 hours for the type, number and the 

morphology of the colonies. Accordingly, the following  biochemical tests were 
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carried out for  further identification of the isolates and also to determine the 

antibiotic sensitivity pattern using appropriate antibiotic disks. 

Tests for the identification of bacteria46 

 Gram staining 

A  direct  smear of the sample  was prepared on a clean , grease free glass 

slide by rolling  the  cotton  swab on  the  slide .The smear was heat fixed , by 

passing  over the  Bunsen flame  for a few seconds   and was allowed to cool 

down. Then the smear was flooded with methyl violet (0.5%) for about 1 minute 

and was washed with water. Next Gram’s Iodine (mordant) was added ,which was 

also washed with water  following a contact period of 1 minute. The smear   was 

then  decolourised using acetone for 2-3 sec and  was washed with water  .Finally 

the counterstain , dilute carbol  fuschin (strong carbol fuschin diluted with sterile 

distillted water in the ratio 1:10) was added and  kept for a period of 1 minute after 

which  the smear was washed  with water. The smear was allowed to air dry 

following which a  drop of cedar wood oil was applied on the smear and was 

observed under oil immersion objective (100×) 

Interpretation  

Depending upon the Gram reaction of the organism, cocci and bacilli 

appeared as either Gram positive (purple colour) or Gram negative (pink colour).  

Hanging Drop Method 

A drop  of  inoculum from the broth(liquid) culture was placed on the centre 

of a  clean ,and dry coverslip using a bacteriological loop  and  the  paraffin  (wax)  
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was applied over the four edges of the cover slip. A cavity slide  was held in the 

inverted position ,i.e  the   concave side of the cavity  facing downwards, and   was 

gentlly pressed over the cover slip. Carefully the slide was reverted back ,so that 

the drop  hangs from the coverslip on to the cavity  of the cavity slide. Using the 

low power (10×) magnification the edge of the drop was focused after which the 

motility of the organism was observed under the high power (40×) objective at the 

edge of the drop. 

Interpretation 

Whether the organism is motile or non motile. 

Tube Catalase Test  

1 ml of 30% hydrogen peroxide (H2O2) was taken in a glass test tube. Using 

a glass rod, small amount of the growth from the centre of the colony was taken by 

the tip  and was immersed in the hydrogen peroxide taken in the  tube. Result 

should be read in 10 seconds. 

Interpretation 

Immediate and sustained  appearance of bubbles    -Positive catalase test 

No bubbling or bubbling after 10 seconds                -Negative catalase test 

 Slide Coagulase Test 

A drop of sterile saline was placed on a glass slide after which a colony of  

bacteria to be  identified was gently emulsifed in order to make a smooth ,milky 
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suspension. A drop of undiluted  rabbit plasma was added on to this  bacterial 

suspension. The test is interpreted within 10 seconds. 

Interpretation          

Presence of coarse clumping –Positive slide coagulase  

Absence of coarse clumping –Negative slide coagulase. 

Tube Coagulase Test 

About 1 ml of diluted rabbit plasma (1:6 in 0.85% saline) was taken in a test 

tube. A colony of bacteria to be identified was emulsified in the plama taken in the 

tube. The tube was incubated under 37 degree celsius for up to 4 hours .The 

presence of clot formation was observed at the end of  1 ,2 and 4 hour by tilting the 

tube to 90 degree angle. Negative tubes were left at  the room temperature and 

were examined on the next day.  

Interpretation 

Presence of clot formation -Tube coagulase  positive   

Absence of clot formation –Tube coagulase negative  

 Oxidase Test 

Oxidase disk containing tetramethyl –para-phenelynediamine 

dihydrocholride (1%) was used to do the oxidase test .The disk was placed on a 

clean glass petri dish and was  moistened with sterile normal saline.A small 

portion of the bacterial isolate to be tested was taken by the tip of the glass rod and 

was rubbed on to the disk .Result was examined within  initial 10 seconds. 
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Interpretation 

Development of deep blue  colour within 10 seconds     -Positive  oxidase test 

No development of colour within 10 seconds                  -Negative oxidase test. 

 Nitrate Reduction Test 

Nitrate medium  was inoculated with a loopful of the test organism and was 

incubated at 35 degree celsius for 18-24 hours. At the end of the  incubation , 1 ml 

of Reagent A (α-naphthylamine in acetic acid (30%))  and 1ml of reagent B 

(Sulfanilic acid  in acetic acid(30%)) were  added to the test medium . 

Interpretation  

Development of a red colour within 30 minutes                        - Positive test  

No development of a red colour within 30 minutes ,Zinc dust is 

added to confirm true negative test                  

Development of  a red colour , after  the addition of Zinc dust - Negative test 

Indole Test 

The organism to be identified was inoculated on to the peptone water (1 ml) 

and was incubated for a period of 18-24 hours at 35 degree celsious .After  the 

overnight incubation, 15 drops  of Kovac’s reagent (para dimethyl 

aminobenazaldehyde) were added along the sides of the test tube.  

Interpretation 

Presence of a bright fuchsia red ring-Positive indole test 



39 

 

Absence of a   bright fuchsia red ring -Nagative indole test 

Methyl red Test (MR test) 

The glucose phosphate broth was inoculated with the test organism and was 

incubated at 37 degree Celsius for 48-72 hours .After the presicribed incubation 

period 5 drops of MR reagent  was added to the broth. 

Interpretation-  

Presence  of a red colour     -Positive MR test 

Absence of red colour          -Negative  MR test 

Voges Proskauer Test (VP test) 

The glucose phosphate broth was inoculated with the test organism and was 

incubated at 37 degree Celsius for 24 hours .After the prescribed incubation 

period, 6 drops of α naphathol and 2 drops of 40% potassium hydroxide (KOH)    

was added to the broth  and was aerated intermittently . 

Interpretation 

Presence of a brick red colour -Positive test 

Absence of brick red colour    -Negative test 

Citrate utilization test 

The organism to be tested was inoculated as a single streak on the   slant 

surface   of  the  Simmon’s Citrate agar  medium. Following which  the tubes were  

incubated at 35 degree Celsius for 24-48  hours. 
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Interpretation 

         Presence of blue colour/visible growth on the medium-Positive Citrate test 

         Absence of blue colour/no visible growth on the medium-Negative citrate  test. 

Triple Sugar Iron Agar Medium 

The Organism to be tested was stabbed on to the butt of the  Triple sugar 

iron agar medium leaving about  5mm from the bottom of the tube followed by 

streaking on the slant portion of the medium.The tubes were incubated at 37 

degree Celsius or 18-24 hours.  

Interpretation 

REACTION IMPRESSION 

Acid butt/Acid slant Glucose fermented ,lactose/sucrose ( 

any one or both ) fermented  

Acid butt/Alkaline slant  Only glucose fermented, 

lactose/sucrose not fermented 

Alkaline butt/ alkaline slant Neither glucose ,lactose nor sucrose 

fermented 

 

Hydrogen sulphide (H2 S) production, denoted in  the form of black 

precipitate and gas production in the form of cracks in the medium  or by  the  

formation of trapped air bubbles were  also noted  and recorded. 
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Urease test 

The organism to be tested was inoculated as a single streak on the   slant 

surface   of  the  Christensen’s  Urea agar  medium (Phenolphthaline as a indicator) 

.Following which  the tubes were  incubated at 35 degree Celsius for 18-24   hours 

Interpretation 

Presence of red  colour-Positive urease test 

Absence of red colour –Negative urease test 

Oxidative –Fermentative test 

For each test organism, a pair of test tubes containing  Hugh- Leifson   (OF) 

media  (indicator-Bromothymol blue) were used.Each of the tubes were inoculated 

by stabbing the media 3-4 times reaching upto halfway to the bottom of the tube 

.One of the tubes  was covered with a layer of sterile liquid paraffin of thickness 1 

cm and the other tube were left open.Both the tubes were incubated at 35 degree 

Celsius and was examined daily (upto 30 days) 

Interpretation- 

OPEN TUBE CLOSED TUBE INFERENCE 

Acid(yellow) Alkaline (green) Oxidative 

Acid(yellow) Acid(yellow) Fermentative 

Alkaline(green or 

blue) 

Alkaline(green or 

blue) 

Non saccharolytic 
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Decarboxylase test 

The organism to be tested were inoculated into four test tubes of  MØller 

decarboxylase broth base(indicator-bromocresol purple) ,of which three of them  

contains, each  one of the following  amminoacids- lysine,ornithine, arginine  and 

the fourth tube was devoid of any  amminoacids which was  to indicate the 

viability of the test organism.All the tubes were overlaid with the sterile paraffin 

about 1cm thickness and were incubated at 35 degree Celsius for 18-24 hours.  

Interpretation 

Presence of yellow colour in the control tube indicates that the organism is 

viable and the pH had sufficiently lowered to activate the decarboxylase enzyme. 

Reversion of yellow to purple  colour(due to the formation of amines) in the tubes 

containing aminoacids  indicates the presence of decarboxylase enzyme. 

Antibiotics susceptibility Testing11 

 Preparation of inoculum  

 Morphologically similar 4 to 5 isolated colonies of organism to be tested  

were taken from 24 hrs culture plate with the help of a sterile loop and transferred 

to a test tube containing sterile peptone water and incubated at 37° C for 4 hours.  

Then the turbidity was adjusted to 0.5 McFarland turbidity standards by using 

Wickerham chart.  This inoculum was used for antibiotic susceptibility testing. 
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Antibiogram by Kirby – Bauer disc diffusion method  

 According to CLSI guidelines (CLSI document M02&M07), the antibiotic 

susceptibility test was performed by using the Kirby – Bauer disc diffusion 

technique.  Muller Hinton agar was used for antibiotic sensitivity testing.  A sterile 

swab was dipped in the standardized inoculum and the excess fluid was squeezed 

out by pressing on the side of the test tube and it was streaked on the surface of the 

agar three times, turning the plate at 60° each time to produce a lawn culture of the 

organism.  Then antibiotic discs were placed within 15 minutes of inoculation.  

The inoculated plates were incubated aerobically at 37°C overnight.  Zone size 

was interpreted using control strains. The interpretation as susceptible, 

intermediate and resistant was done according to the CLSI guidelines. 

Antibiotics used for the study 

 Ceftazidime, Gentamicin, Piperacillin-Tazobactum, Amikacin, 

Ciprofloxacin, Amoxicillin-Clavulenic acid, Cefepime, Imipenem, Ampicillin, 

Erythromycin, Cefoxitin, Cefazolin. 

 Detection of Metallo-Beta-Lactamase (Combined disk Method)82 

  All impenem resistant Pseudomonas aeruginosa isolates ( Imipenem (10µg) 

zone <15 mm) were tested for the  production of Metallo Beta  Lactamase enzyme. 

The Mueller Hinton agar plates were inoculated with the 0.5 McFarland bacterial 

suspension of the test organism. A Imipenem (10µg)  and impenem –

EDTA(10/750µg) disk  were placed 30  mm apart from each other (centre to 
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centre) .Plates were incubated at 35 degree Celsius for 24 hours.The zone of 

inhibition  was compared with each other. 

Interpretation 

 The difference in the zone diameter of >7mm between Imipenem and the 

Imipenem –EDTA disk –MBL positive. 

Molecular method for the detection of blaVIM gene  

              Polymerase chain reaction (PCR) assay was done for the detection of 

genes responsible for MBL, i.e blaVvim   by the PCR kit procured and was done in  

Helini Biomolecules, Chennai.                                     

 DNA was extracted by using PureFast R Bacterial genomic DNA 

purification kit.2X PCR Master mix contained 2U of Taq polymerase, 10X  Taq 

reaction buffer,2mM Mgcl2,1µl of 10mM dNTPs mix and PCR additives. Agarose 

gel electrophoresis was performed with agarose, 50X TAE buffer,6X gel loading 

buffer and Ethidium bromide.   

Procedure  

              About 1.5 ml of overnight bacterial culture was taken and centrifuged at 

10,000 rpm for 5 min. supernatant was discarded.180µl of Lysozyme digestion 

buffer was added to the pellet. Then 20µl of Lysozyme was added .It was 

incubated at 37°C for 15 minutes. 
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400µl of Lysis buffer and 20 µl of proteinase K(10mg/ml) was added  and 

mixed well. Again it was incubated at 56ºC for 10 minutes in a water bath. Then 

300µl of isopropanol was added and mixed well by inverting many times. By 

using pipette, the entire  sample volume was transferred to pure fast spin column  

and centrifuged at 10,000 rpm for 1 minute. Flow through was discarded and 

500µl of wash buffer-1 was added. It was centrifuged at 10,000rpm for 1minute. 

Flow through was discarded and 500µl of wash buffer-2 was added. Then it was     

centrifuged at 10,000rpm for 1 minute. Washing was repeated one more time. The 

flow through was discarded and the column was centrifuged for additional 2 

minutes to remove any residual ethanol. 

 100µl of Elution Buffer was added to elute DNA and centrifuged for 1 

minute. Quality and Quantity of extracted DNA is checked by loading in 1% 

agarose gel. 5µl of extracted DNA is used for PCR amplification. 

PRIMER: 

BlaVIM Primer 

Forward primer:5’-TGCGCGGAATGGGAAAACGACA-3’ 

Reverse primer:5’-CAGCCCGAAACAGCCTGCTCAA-3’ 

PCR Product size:473bp 

PCR amplification  

           The PCR reactant mixture for each sample is prepared by adding 10µl of 

PCR master mix, 5µl of primer mix and 5µl of purified DNA of each sample  to a 

total final volume of 20µl.   
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     Initial   Denaturation: 94ºC for 1 min   

                   Denaturation: 94ºC for 1 min 

                   Annealing:       50ºC for 1 min      30 cycles 

                   Extension:        72ºC for 1 min 

                   Final extension: 72º C for 10 min 

Loading 

            2% agarose gel was prepared by mixing 2gm of agarose in 100ml of 

1XTAE buffer. 8µl 6X Gel loading dye was added to each PCR vial and 5µl of 

PCR sample was loaded. After that run electrophoresis at 50V till the dye reaches 

three fourth distances .The bands were observed in UV transilluminator. 

Agarose gel electrophoresis 

        2% agarose  was prepared by the addition of  2gm agarose in 100ml of 1X TAE 

buffer ( melted using microoven).When the agarose gel temperature was  around 

60°C,5µl of Ethidium bromide was added. Warm agarose solution was poured slowly 

into the gel platform. The gel set was kept  undisturbed till the agarose solidifies. 1X 

TAE buffer was poured into submarine gel tank. The gel platform was placed 

carefully into tank. The tank buffer level was maintained 0.5cm above than the 

gel.PCR Samples were loaded after mixed with gel loading  dye along with 10µl  of  

100bp  DNA Ladder. (100bp,200bp, 300bp,400bp, 500bp, 600bp, 700bp, 800bp, 

900bp, 1000bp). Then  electrophoresis was run  at 50 V till the dye reaches three 

fourth  distance of the gel. Gel was viewed in UV Transilluminator and  the bands 

pattern were observed. 

INTERPRETATION 

           The presence of  bla VIM gene was  indicated by the amplification of  473bp 

PCR product from the clinical isolates respectively. 



 

 

 

RESULTS 
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RESULTS 

 

Chronic Suppurative Otitis Media is the  one of  most common infectious 

disease   reported in the  ENT department. 

The common cases which are  seen  in the ENT department are infection of 

external ear followed by middle ear infections, trauma, foreign body  and others. 

This is depicted in the figure given below. 

 

FIGURE 1: Prevalence of CSOM cases   
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          150 samples were collected from the patients suffering from CSOM during 

the study period. Among the 150 cases, male and female  sex distribution was 

84(56.00%) and 66(44.00%)  respectively. This shown in the tabular column no: 1 

and in the figure no:2 

Table 1 : Sex Wise Distribution Of CSOM Cases ,n=150 

SEX NUMBER PERCENTAGE 

MALE 84 56.00 

FEMALE 66 44.00 

TOTAL 150 100 

 

 

FIGURE 2: Prevalence of CSOM cases  among males and females 
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The patients of  all the age group were included in the study,  and it was 

observed   that  11-30 years,  as the   peak  age group which was  affected   by the 

Chronic Suppurative Oititis Media .Which is shown in the tabular column no:2. 

Table 2 Shows the Age And the Sex Distribution of the CSOM Cases (n=150) 

Age 

Male Female Total 

Number 

N=84 

Percentage 

(%) 

Number 

N=66 

Percentage 

(%) 

Number 

N=150 

Percentage 

(%) 

0-10 Years 12 14.29 7 10.61 19 12.67 

11-20 Years 24 28.57 18 27.27 42 28.00 

21-30 Years 24 28.57 15 22.73 39 26.00 

31-40 Years 14 16.67 19 28.79 33 22.00 

41-50 Years 5 5.95 3 4.54 8 5.33 

>51 Years 5 5.95 4 6.06 9 6.00 

 

Regarding the sample distribution, 93(62%) samples were from the 

outpatient department and 57(38%) samples were collected from the patients 

admitted in the ward.  
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On analysis of various presenting symptoms, all the 150 patients 

complained of the ear discharge,122( 81 %)  percentage of  patients   complained 

of  hearing impairment,  other symptoms such as  bleeding from the ear  ,aural 

polyps  and vertigo were also complained by the patients. The mild (20-40 db) 

hearing loss were seen in 41 (33.61%), moderate (41-55 db) were observed in 

47(38.54%),Severe  (56-91 db)were observed in 24(19.67%) and profound (>91 

db)seen only in 10(8.18%)  patients. This is depicted in the tabular column no 3. 

Table 3  Shows the degree of hearing loss in patients affected with CSOM (n=122) 

DEGREE OF 

HEARING LOSS 

NO OF AFFECTED 

PATIENTS 

% OF AFECTED 

PATIENTS 

Mild (26-40db) 41 33.61 

Moderate (41-55db) 47 38.54 

Severe (56-91db) 24 19.67 

Profound (>91 db) 10 8.18 

Total 122 100 
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             Of the 150 patients who were  included in the study  ,only 4 (2.67%) 

persons suffered from the complication due to CSOM. Three of them suffered 

from the extracranial complication,  mastoid abscess and one patient had the 

intracranial complication,  meningitis. Therefore in this study, the extracranial 

complication contributed to the 75% of the complication caused by CSOM. All the 

four patients who suffered from the complication  were within 11-20  years of  age 

group. 

Table 4 Shows distribution of complication among patients affected with          

CSOM (n=4) 

COMPLICATION NUMBER PERCENTAGE 

INTACRANIAL 1 25.00 

EXTRACRANIAL 3 75.00 

TOTAL 4 100.00 
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Of the 150 samples processed, the microbial growth were  present only in 

138 (92.00%) samples  and in  the 12 (8.00%)  samples ,no bacterial growth were 

seen.Among the 138  samples ,113 (75.33%)  samples were  monomicrobial 

growth and 25(16.67%) samples were polymicrobial. This is shown in the tabular 

column no:5 and in the figure no:3. 

Table 5 Shows various morphotypes isolated from the samples, n=150 

 VARIOUS  MORPHOTYPES       (n=150) 

TOTAL 

NO GROWTH MONOMICROBIAL POLYMICROBIAL 

N % N % N % 

150 12 8.00 113 75.33 25 16.67 

 

FIGURE 3: Various morphotype  isolated from the   CSOM.   
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The various bacterial species  isolated as monomicrobial growth in the 113 

samples  were as follows -Pseudomonas aeruginosa  69(61.10%)  was the most 

common organism identified, followed by Staphylococcus aureus  22(19.47%),  

Klebisiella pneumoniae 8(7.07%), (Non fermenting Gram Negative Bacilli) NF 

GNB 6(5.31%), Escherichia coli 3(2.65%), Proteus mirabilis 2(1.76%), 

Citrobacter species  2(1.76%) and Diphtheroids 1(0.88%).This is shown in tabular 

column no:6 and in the figure no:4. 

Table 6: Organisms isolated in a monomicobial pattern., ( n=113) 

ORGANISM NUMBER , N=113 PERCENTAGE 

Pseudomonas aeruginosa 69 61.10 

Staphylococcus aureus 22 19.47 

Klebsiella pneumonia 8 7.07 

NF GNB 6 5.31 

Escherichia coli 3 2.65 

Proteus mirabilis 2 1.76 

Citrobacter species 2 1.76 

Diphtheroids 1 0.88 
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FIGURE 4:  Organisms isolated in a monomicrobial pattern. 
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The  various bacterial species isolated as polymicrobial growth in the 25 

samples  were  as follows –Pseudomonas aeruginosa and Staphylococcus aureus  

in 20 samples,1 sample each of Pseudomonas aeruginosa +(Non fermenting Gram 

Negative Bacilli) NF GNB , Pseudomonas aeruginosa + Klebsiella pneumonia , 

Pseudomonas aeruginosa + (Coagulase  Negative Staphylococcus species)  

CONS, Klebsiella pneumonia + CONS  and Proteus mirabilis +CONS.This is 

shown in the tabular column no:7. 

Table 7: Organisms isolated in a polymicrobial pattern. 

ORGANISM NUMBER, N=25 PERCENTAGE 

Pseudomonas aeruginosa + 

Staphylococcus aureus 
20 80.00 

Psedomonas aeruginosa +NF 

GNB 
1 4.00 

Pseudomonas 

aeruginosa+Klebsiella pneumonia 
1 4.00 

Pseudomonas aeruginosa+CONS 1 4.00 

CONS+Klebsiella pneumonia 1 4.00 

CONS+P.mirabilis 1 4.00 
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Among 138  samples which were  positive for the  bacterial growth, 163 

isolates were identified, Pseudomonas aeruginosa  92(56.44%)  was the most 

common organism identified, followed by Staphylococcus aureus  42(25.77%),  

Klebisella  species 10(6.13%) ,  NF GNB 7(4.29%), Proteus species 3(1.84%), 

Coagulase negative staphylococcus species 3(1.84%),  Escherichia coli 3(1.84%), 

Citrobacter species  2(1.23%) and diphtheroids1(0.62%). 

 Table: 8 Distribution of bacterial isolates  among the monomicrobial and 

polymicrobial samples (n=163) 

ORGANISM 
MONOMICROBIAL POLYMICROBIAL TOTAL 

N=113 % N=50 % N=163 % 

Pseudomonas aeruginosa 69 61.10 23 46.00 92 56.44 

NF GNB 6 5.31 1 2.00 7 4.29 

Staphylococcus aereus 22 19.47 20 40.00 42 25.77 

CONS 0 0.00 3 6.00 3 1.84 

Klebsiella pneumoniae 8 7.07 2 4.00 10 6.13 

Escheichia coli 3 2.65 0 0.00 3 1.84 

Proteus mirabilis 2 1.76 1 2.00 3 1.84 

Citrobacter species 2 1.76 0 00.00 2 1.23 

Diphtheroids 1 0.88 0 00.00 1 0.62 

      

 

 

 



 

 

 

  

 



57 

 

Table 9: Antibiotic Sensitivity Pattern of the various organisms isolated from CSOM samples (% of isolates, sensitive to the 

particular drug is depicted in the table) 

S.No ORGANISM CAZ GEN PTZ AK CIP AMC CPM IMP AMP ERY CX CFZ 

1 Pseudomonas 

aeruginosa 

38.04% 

35 

28.26% 

26 

81.52% 

75 

57.61% 

53 

33.70% 

31 

45.65% 

42 

81.52% 

75 

89.13% 

82 
- - - - 

2 Staphylococcus 

aureus 
- 

66.67% 

28 
- - 

69.04% 

29 

80.95% 

34 
- - 

33.33% 

14 

30.95% 

13 

83.33% 

35 
- 

3 Klebsiella 

pneumonia 
- 

65.00% 

7 

100.00% 

10 

90.00% 

9 

90.00% 

9 

60.00% 

6 
- 

100% 

10 
- - - 

60.00% 

6 

4 NF GNB   71.42% 

5 

85.71% 

6 

100.00% 

7 

85.71% 

6 

57.14% 

4 

57.14% 

4 

100.00 

7 

100% 

7 
- - - - 

5 Proteus.mirabillis 
- 

66.67% 

2 

100.00% 

3 

100.00% 

3 

66.67% 

2 

33.33% 

1 
- 

100% 

3 

66.67% 

2 
- - 

66.67% 

2 

6 Escherichia coli 
- 

66.67% 

2 

100.00% 

3 

100.00% 

3 

66.67% 

2 

66.67% 

2 
- 

100% 

3 

66.67% 

2 
- - 

66.67% 

2 

7 Citrobacter 

species 
- 

50.00% 

1 

100.00% 

2 

100.00% 

2 

100.00% 

2 

50.00% 

1 
- 

100% 

2 

50.00% 

1 
- - 

50.00% 

1 
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A total of 42 Staphylococcus aureus    isolates  were obtained  in the study, 

of  which 7 isolates  were Meticillin resistant Staphylococcus aureus (MRSA). 

Among the 42 isolates, 30.96 percentage of Staphylococcus aureus  isolates were 

resistant to Ciprofloxacin. The sensitivity pattern of following antibiotics were, 

Ampicillin 33.33%, Erythromycin 30.95%, Gentamicin 66.67% and Amoxicillin-

Clavulenic acid 80.95% . 

The antibiotic sensitivity pattern of  all the  other Gram Negative Bacilli 

other than Pseudomonas aeruginosa  were  Ampicillin 62.5% ,  Cefazolin 60.1%,   

Gentamicin 72.00%,  Amikacin 92.00%, Amoxicillin-Clavulenic acid 60.00%, 

Piperacillin-Tazobactum 100.00% ,,Ciprofloxacin 76.00% and Impenem 100% . 

When considering the various bacterial species isolated ,the Pseudomonas 

aeruginosa was the most common isolate in  both monomicrobial as well as 

polymicrobial samples.Among the 113  monomicrobial samples,  Pseudomonas 

aeruginosa  was isolated in  69 (61.10 %)   and  among  25  samples were 

polymicrobial growth was seen, Pseudomonas aeruginosa was isolated in 

23(46.00%)   of the samples. This is shown in the tabular column no:10. 

Table 10: Distribution of  Pseudomonas aeruginosa  among different samples. 

TYPE OF GROWTH 

DETECTED 
NUMBER PERCENTAGE 

Monomicrobial, n=113 69 61.10% 

Polymicrobial, n=25 23 4.00% 

Total, n=138 92 66.67% 
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A total of 163 bacterial isolates were obtained  from the 138  samples 

having a positive bacterial growth  during the study period ,  of which 92 (66.67%)  

isolates were  Pseudomonas aeruginosa  and the rest 71 isolates were  due to 

organism other than Pseudomonas aeruginosa .           

 High resistance was observed in Pseudomonas aeruginosa isolates towards 

the antibiotics such as Gentamicin 66 (71.74%), Ceftazidime 57 (61.96%) 

,Ciprofloxacin 61(66.30%)  on the antibiotic susceptablity testing.100% of 

sensitivity was observed for Colistin and Polymixin B. The sensitivity pattern of 

the other antibiotics were Pipercillin –Tazobactum 81.52%, Amikacin 57.61% , 

Amoxillin-Clavulenic acid 45.65% and Cefepime 81.52%. Antibiotic susceptibility 

pattern of Pseudomonas aeruginosa  is shown in the tabular column no:11.  

 Table : 11 Antibiotic susceptability  pattern  of   Pseudomonas   aeruginosa. 

SL 

NO 
ANTIBIOTICS TESTED 

ORGANISM–PSEUDOMONAS AERUGINOSA 

TOTAL NUMBER OF ISOLATES, N=92 

SENSITIVITY RESISTANCE 

NUMBER % NUMBER % 

1 Ceftazidime 35 38.04 57 61.96 

2 Gentamicin 26 28.26 66 71.74 

3 Pipercillin-Tazobactum 75 81.52 17 18.48 

4 Amikacin 53 57.61 39 42.39 

5 Ciprofloxacin 31 33.70 61 66.30 

6 Amoxillin-Clavulenic acid 42 45.65 50 54.35 

7 Cefepime 75 81.52 17 18.48 

8 Imipenem 82 89.13 10 10.87 

9 Colistin 92 100 0 00.00 

10 Polymixin B 92 100 0 00.00 
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 Of the 92 isolates of Pseudomonas aeruginosa, 10 (10.87%) were  

Imipenem  non susceptible.  The 10  Carbapenem non susceptible isolates  were 

further tested for the production of Metallo-β-Lactamases (Carbapenemase-Class 

B) enzyme using Imipenem and imipenem- EDTA combined disk diffusion test 

and was confirmed by PCR by detecting blaVIM   gene. 

The Metallo-beta-lactamase production among the Carbapnem resistant 

isolates were 6 (60 %). This is shown in tabular column no:12. 

Table 12: Distribution of MBL production among Carbapnem non susceptible 

isolates, n=10 

TOTAL  ,N=10 NUMBER PERCENTAGE 

MBL positive 6 60.00 

MBL negative 4 40.00 
 

The percentage of Metallo-beta –lactamase production  among Pseudomona 

aeruginosa was 6.52%.This is depicted in the figure no:4. 

FIGURE 4: Prevalence of Metallo-beta-lactamase producing isolates among 

Pseudomonas aeruginosa. 
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The male and female distribution of Chronic suppurative otitis media due to 

Pseudomonas aeruginosa  were 50 (54.35%)  and 42 (45.65%) respectively.The 

male patients were predominately affected by the Pseudomonas aeruginosa 

infection.This is shown in tabular column no: 13. 

Table 13: Sex wise distribution of of CSOM due to Pseudomonas aeruginosa in 

comparison with the other organisms  isolated. 

SEX 

CSOM due to 

Pseudomonas 

aeruginosa , 

N=92 

CSOM due to organism 

other than Pseudomonas 

aeruginosa , 

N=71 

Total , 

N =163 

N % N % N % 

MALE 50 54.35 48 67.61 98 60.12 

FEMALE 42 45.65 23 32.39 65 39.88 

Total 92 100 71 100 163 100 

 

There were no predilition for the age group, risk factor or the complication 

in CSOM due to Pseudomonas aeruginosa infection. 
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In the present study, only four patients suffered from complication due to 

CSOM. Three of them suffered from the mastoid abscess and one patient had 

meningitis. On the analysis of the bacterial species isolated from these patients, it 

was observed that Metallo-β-lactamase producing Pseudomas aeruginosa was  

responsible for the meningitis  and   one  of the mastoid abscess cases. Other two   

mastoid abscess cases were due to Methicillin Resistant Staphylococcus 

aureus(MRSA) and   Klebsiella  pneumoniae infection. This is depicted in the 

tabular column no:14. 

Table 14: Organisms responsible for the complications due to CSOM. 

Sl 

no 
Complication Number Percentage Responsible Oganism 

1 
Mastoid 

abcess 
3 75.00 

MBL producing Pseudomonas 

aeruginosa, MRSA, Klebsiella 

pneumonia 

2 Meningitis 1 25.00 
MBL producing Pseudomonas 

aeruginosa, 
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Of  the 6 Metallo-β-lactamase producing Pseudomonas aeruginosa , 100% 

resistance was observed for the Ciprofloxacin  and Carbapenem antibioitics  . High 

level of drug resistance was observed for Gentamicin and Amikacin 83.33%   

TheMetallo-Beta-lactamase producing Pseudomonas aeruginosa were shown to 

exhibit more resistance than non metallo-beta-lactamase producing isolates.This is 

shown in the tabular column no:15. 

Table 15: Comparision of antibiotic  resistance  pattern between Metallo-β-

lactamase producing and non-Metallo-β-lactamase producing ,Carbapenem non 

susceptable isolates of  Pseudomonas aeruginosa obtained from CSOM, n=10.  

ANTIBIOTICS 

MBL    POSITIVE,                              

n=6 

MBL    NEGATIVE, 

n=4 

SENSITIVE RESISTANT SENSITIVE RESISTANT 

N % N % N % N % 

Ceftazidime 4 66.67 2 33.33 4 100.00 0 00.00 

Gentamicin 1 16.67 5 83.33 3 75.00 1 25.00 

Amikacin 1 16.67 5 83.33 4 100.00 0 00.00 

Cefepime 5 83.33 1 16.67 4 100.00 0 00.00 

Ciprofloxacin 0 00.00 6 100.00 2 50.00 2 50.00 

Imipenem 0 00.00 6 100.00 0 00.00 4 100.00 

Piperacillin/ 

Tazobactum 
6 100.00 0 00.00 4 100.00 0 00.00 

Colistin 6 100.00 0 00.00 4 100.00 0 00.00 

Polymyxin B 6 100.00 0 00.00 4 100.00 0 00.00 
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The  Polymerise chain Reaction (PCR) for the detection of Metallo-beta-

lactamase gene  blaVIM  were done on the six  isolates   which were phenotypicaly 

positive for Metallo-beta-lactamase production. Five out of the six isolates  were 

positive for the blaVIM gene .This is shown in tabular column no:16. 

Table 16: Isolates of  Pseudomonas aeruginosa  which are positive for blaVIM. 

Number of isolates positive by 

phenotypic method 

Number of isolate positive by 

Genotypic method (blaVIM ) 

6 5 
  

 On the analysis of antibiotic sensitivity pattern of blaVIM positive strains 

showed high, almost 100 % of resistance to antibiotics such as Gentamicin 

,Amikacin ,Ciprofloxacin and Imipenem .Good sensitivity was observed to the 

antibiotics such as  Cefepime , Piperacillin-Tazobactum, Colistin and Polymixin 

B.This is depicted in the tabular column no:17. 

Table 17-Comparision of antibiotic  resistant pattern between blaVIM positive and 

blaVIM  negative ,Metallo-beta-lactamase  producing  isolates of  Pseudomonas 

aeruginosa obtained from CSOM, n=10.  

ANTIBIOTICS 

blaVIM    POSITIVE,                              

n=5 

blaVIM    NEGATIVE, 

n=1 

SENSITIVE RESISTANT SENSITIVE RESISTANT 

N % N % N % N % 

Ceftazidime 4 80.00 1 20.00 0 00.00 1 100.00 

Gentamicin 0 00.00 5 100.00 1 100.00 0 00.00 

Amikacin 0 00.00 5 100.00 1 100.00 0 00.00 

Cefepime 5 100.00 0 00.00 0 00.00 1 100.00 

Ciprofloxacin 0 00.00 5 100.00 0 00.00 1 100.00 

Imipenem 0 00.00 5 100.00 0 00.00 1 100.00 

Piperacillin/ 

Tazobactum 
5 100.00 0 00.00 1 100.00 0 00.00 

Colistin 5 100.00 0 00.00 1 100.00 0 00.00 

Polymixin B 5 100.00 0 00.00 1 100.00 0 00.00 



 

 

 

DISCUSSION 
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DISCUSSION 

 

CSOM, is the most common ear infection with significant morbidity and 

moratlity  affecting a wide range of population worldwide. CSOM is a major 

public health problem as  it is a persistent disease  with irreversible complication  

.CSOM remains as one of the leading cause of acquired hearing   defect  in the 

developing countries. It is a serious problem mainly in children, as it may have 

long term effects on the communication skill, auditory processing, language 

development  ,physiological and cognitive development. Early intervention with 

prompt microbiological investigation is atmost important to prevent such 

complications. Injudious use of various antibiotics have lead to the development of    

multidrug resistant strains which further complicates the situation. 

In the present study ,it was observed that 11-30 years as the peak age group 

affected by CSOM. This was in accordance with  the  study conducted by Loy AH 

et al33 in Singapore and  T. Sabarinathan et al83 in India. In the present  study ,the 

distribution  of CSOM cases among male and females were 84(56.00%) and 

66(44.00%)  respectively in which  the males were affected more in our study 

which is in agreement with the study conducted by Ahmed et al3 in Pakistan but 

differs from the study done at Singapore by Loy et al33. 

Regarding the presenting symptoms all the patients complained of ear 

discharge, about 81% of patients complained of  hearing impairment. In our  study,  

72.13%  had mild-moderate hearing  loss among the patients who complained of 

hearing  impairment, which is similar to the earlier studies conducted by Jacob A 
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et al28, which could be  due to the eardrum perforation and disruption of middle 

ear ossicular chain continuity  due to the disease process.   According to a review 

article on Chronic Suppurative Otitis Media by M.Verhoeff et al 50 ,complication 

rate varied from 0.7-3.2%   which  also corrobrates  with the complication rate 

2.67% in the  present study. 

The high prevalence of culture positive cases of CSOM 138 (92.00%) ,with 

8.00% of  samples having no growth was seen in the present study.This finding 

corroborates well with the observations made by Prakash et al65 .Absence of 

growth in the study may due to the fastidious organism or may be due to anaerobic 

organism causing the infection. In the present study, analysis of total of 138 

samples  revealed that monomicrobial 113(75.33%) growth as predominant culture 

and polymicrobial growth was obtained only in the 25(16.67%) samples .The 

corresponding figures reported by other authors vary significantly.Aslam et al7 

from Pakistan in their study of 142 samples  reported that 76% of them being pure 

and 23.9%  being mixed  cultures,whereas , Wadile  Rahul Gopichand et90 al 

from India in their study on 90 samples with positive bacterial culture,  86.82% 

were monomicrobial isolates and 13.18% were polymicrobial isolates .This 

difference in the results could  be due to the difference in the population studied  

and due to the geographical variation.In the present study, monomicrobial growth 

were seen in 75.33% of samples ,this observation is supported by Poorey VK 64 

from India, whereas  a study from Iran reported  100% of monomicrobial growth  

in all the  bacterial growth positive  samples. In contrast, there are other studies 
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were polymicrobial   being  reported as the predominant aetiology in comparison 

with monomicrobial isolates79. 

Among 138  samples which were  positive for the  bacterial growth, 163 

isolates were identified  ,Pseudomonas aeruginosa  92(56.44%)  was the most 

common organism identified  , followed by Staphylococcus aureus  42(25.77%),  

Klebisella  species 10(6.13%),  NF GNB 7(4.29%) , Proteus species 3(1.84%) , 

Coagulase negative staphylococcus species 3(1.84%),  Escherichia coli 3(1.84%) , 

Citrobacter species  2(1.23%) and diphtheroids1(0.62%).In our study, the most 

common organism isolated was Pseudomonas aeruginosa  followed by 

Staphylococcus aureus which is similar to  study  by Kenna  et al 49 and  V. 

Aruna et al 85 who also reported similar finding  in their resreach work,  which is  

in contrast with other studies 69,81,82 were Staphylococcus aureus was reported as 

the major pathogen causing CSOM. The ability of   Pseudomonas aeruginosa   to 

invade the human  middle ear epithelial cells(HMEECS) and  cause cell damage,  

often results in  the clinical manifestation of CSOM16. The difference in the 

findings  could also be due to the  various climatic condition and  variation of 

microorganism in different community and locality. 

In the present  study, Pseudomonas aeruginosa  was identified as the major 

pathogen involved in  the etiology of CSOM. The antibiotic sensitivity pattern of  

Pseudomonas aeruginosa  shows that it is increasingly becoming more  and more 

resistant to the common and routine antibiotics used in the ENT OPD. One reason 

for this could be due to the  fact  that most of these patients suffering from CSOM  

usually present in the ENT OPD after failure of  the previous treatments have 
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failed and another important factor is that, the cultures are  requested only  when 

the  commonly used antibiotics  have failed to eradicate the  past infection. The 

resistance pattern of P.aeruginosa was noted as follows, Ceftazidime -57(61.96%),  

Gentamicin – 66(71.74%), Amikacin- 39(42.39%), Ciprofloxacin- 61(66.30%), 

Imipenem and Meropenem- 20 each(21.74%), Amoxicillin +Clavulenic acid 

combination 50(54.53%) Piperacillin + Tazobactum  combination -17(18.48%) 

and Cefepime17(18.48%) . In our stdudy,an increased resistance to Cefatazidime 

was observed  which was similar to the observation made by Diwivedi et al19, who 

reported the Ceftazidime resistance to be around 63%. High  resistance to 

antibiotics such as Gentamicin 66 (71.74%),  and Ciprofloxacin 61(66.30%) were  

also noted on the antibiotic susceptablity testing.A decreased susceptablity of 

P.aeruginosa to the commonly used antibiotics has already been reported by 

numerous other researchers like Obritich et al57  and Jayakumar S et al29 

In the present study ,Carbapenem resistance was noted in 10(10.87%) 

isolates of   Pseudomonas aeruginosa.This in accordance to the observation made 

by Prashant et al65(12.69%)   which is in contrast with  the observation made by 

Varaiya et al 86 who reported a high  degree of resistance  to Imipenem. This 

difference could be due   to the difference in the  study environment under which 

the study was performed..  The 10  Carbapenem non susceptible isolates  were 

further tested for the production of Metallo-β-Lactamases (Carbapenemase-Class 

B  ) enzyme using Imipenem and imipenem- EDTA combined disk diffusion test 

and was later confirmed by Polymerise Chain Reaction for MBL genes bla vim . In 

the present  study, out of the 92  isolates of Pseudomonas aeruginosa, only 
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6(6.52%)  isolates were metallo β lactamases producers. The prevalence of MBLs 

in the present study was consistent with the findings of Basavaraj et al87 and   

Ibukun et al 26  .The  four  isolates which were Carbapenem non-susceptible, were 

negative  for  detection of MBL, which could be due to the presence of other 

Carbapenemase enzymes in Pseudomonas aeruginosa such as GES and KPC 

variant of Class –A Carbapenemase or Oxa variant of Carbapenemase(class 

D).Metallo-beta-lactamase is the most clinically relavent Carbapenemase in 

Pseudomonas aeruginosa .56  The percentage of MBLs in the imipenem   non 

susceptible  isolates was 60%  which  suggested that the carbapenem resistance in 

P. aeruginosa was mediated predominantly via MBL production. . A similar 

finding was observed by the  Behara et al9 and SARI study group. 

In the present study, on comparison of the various  epidemiological   factors 

associated with the development of infections caused by MBL-producing and non-

MBL-producing isolates of P. aeruginosa in the general population, there was  no 

significant difference in the age-distribution pattern for both the groups. Similar 

observations have been reported by Shikha  Ranjan  et al77 and Anupurba et al 

5Similarly , there was no difference in the sex-distribution pattern between the two 

groups. This observation was also in accordance with the results of  Shikha  

Ranjan  et a77 

The  MBL-producing isolates of Pseudomonas aeruginosa  showed the 

highest resistance to the fluoroquinolone (ciprofloxacin 100.00%), 

aminoglycosides ( gentamicin 83.33%), and carbapenems (meropenem 100% and 

imipenem 100%) which is in accordance to the results observed by Shikha  
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Ranjan  et al77  . Several studies have also highlighted greater resistance exhibited 

by MBL-positive strains toward almost all classes of antimicrobials, as compared 

to MBL-negative strains.  A study  by Viskauskiene et al 87 have also reported that 

MBL-producing P. aeruginosa strains are significantly more commonly resistant 

to ciprofloxacin, gentamicin, ceftazidime, piperacillin  cefepime and   aztreonam,  

as compared to MBL-negative strains. Similar findings were reported by  

Navneeth et al52, Hemlatha et al25, and Varaiya et al86 Thus, MBL strains are 

developing resistance to not only carbapenems, but are also resistant to other 

commonly used drugs, thus rendering them ineffective. This may be due to the  

existence of co-resistance to quinolones, aminoglycosides, and other classes of 

antibiotics on the gene responsible for MBL production. 

All the 6 phenotypically MBL positive  isolates were subjected to 

polymerase chain reaction (PCR) for VIM  gene  and it was observed that 5 of the 

isolates were positive for the blaVIM  gene and 1 isolates was negative.  The present 

study shown isolation rate of blaVIM genotype was 83.33% among the six  

pseudomonas aeruginosa isolates which were MBL positive. Only one   isolates 

was  negative which could be due to the presence of other MBL producing genes 

like IMP, SPM-1,GIM-1,SIM-1 or  NDM-1. Otherwise, it can be due to false 

positive results have been reported in inhibitor based method for the detection of 

MBL by using EDTA for   Pseudomonas aeruginosa.  This result was similar to the 

study by Shanthi Mariappan et al96 who documented that 89 out of 92 isolates 

were VIM positive genotype and the remaining isolates were IMP genotype. 
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Regarding the resistance profile,all the six isolates showed high resistance 

to aminoglycosides and fluoroquinolones. This result  correlated with the study by  

Shanthi Mariappan et al78  who  reported similar resistance profile by  MBL 

positive Pseudomonas aerginosa.All strains   were  susceptible to colistin and 

polymyxin B,  which is the main stay of treatment for   Carbapnem  resistant 

isolates of Pseudomonas aeruginosa.Multi drug combination therapy using 

Piperacillin-tazobactum, collistin ,Cefepime, and aztreonam have also being found 

effective in the treatment of Carbapnem resistant Pseudomonas aeruginosa. 

The prevalence of MBL-producing P. aeruginosa isolates in hospital 

settings are increasing day by day, leading to more treatment failure with 

commonly used antibiotics. Although there is no difference in the epidemiological 

factors associated with MBL-producing and non-MBL-producing P. aeruginosa, 

they differ greatly in their susceptibility to various antibiotics. The routine 

detection and molecular characterization of MBL-producing P. aeruginosa strains 

by in vitro testing, before antibiotic use, is important for the purposes of infection 

prevention and control, and potentially for defining the risk for development of 

severe disease, and for minimizing the adverse outcomes associated with MBL-

producing strains. 

                                              

 

 



 

 

 

SUMMARY  
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SUMMARY 

 A total of 150  samples were collected to study regarding the bacteriological 

profile of CSOM  and  to  study the antibiotic resistant pattern of Metallo-beta-

lactamase and non metallo-beta-lactamase producing Pseudomonas aeruginosa. 

 

 Of the 150 samples processed, the microbial growth were  present only in 138 

(92.00%) samples  and in  the 12 (8.00%)  samples ,no bacterial growth were 

seen.Among the 138  samples ,113 (75.33%)  samples were  monomicrobial 

growth and 25(16.67%) samples were polymicrobial.  

 
 

 In 138  samples which were  positive for the  bacterial growth, 163 isolates were 

identified  ,Pseudomonas aeruginosa  92(56.44%)  was the most common 

organism identified, followed by Staphylococcus aureus  42(25.77%),  

Klebisella  species 10(6.13%) ,  NF GNB 7(4.29%) , Proteus species 3(1.84%) , 

Coagulase negative staphylococcus species 3(1.84%),  Escherichia coli 

3(1.84%) , Citrobacter species  2(1.23%) and diphtheroids1(0.62%). 

 

  Pseudomonas aeruginosa was the most common isolate in  both 

monomicrobial as well as polymicrobial samples.Among the 113  

monomicrobial samples,  Pseudomonas aeruginosa  was isolated in  69 

(61.10 %)   and  among  25  samples were polymicrobial growth was seen , 

Pseudomonas aeruginosa was isolated in 23(46.00%)   of the samples.  
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 The male and female distribution of Chronic suppurative otitis media due to 

Pseudomonas aeruginosa  were 50 (54.35%)  and 42 (45.65%) respectively. 

The male patients were predominately affected by the Pseudomonas 

aeruginosa infection.Pseudomonas aeruginosa ( 54.80% ) is the most 

common bacterial species isolated  from the patients  of 11-30 years of 

age,which is also the peak age group affected by CSOM 

 

 High  resistance  was observed in Pseudomonas aeruginosa isolates towards the 

antibiotics  such as Gentamicin 66 (71.74%), Ceftazidime 57 (61.96%) 

,Ciprofloxacin 61(66.30%)  on the antibiotic susceptablity testing.100% of 

sensitivity was observed for Colistin and Polymixin B. The sensitivity pattern of 

the other antibiotics were Pipercillin –Tazobactum 81.52%, Amikacin 57.61% , 

Amoxillin-Clavulenic acid  45.65% and Cefepime 81.52%. 

 

 Of the 92 isolates of Pseudomonas aeruginosa, 10 (10.87%) were  

Imipenem  non susceptible.  The 10  Carbapenem non susceptible isolates  

were further tested for the production of Metallo-β-Lactamases 

(Carbapenemase-Class B  ) enzyme using Imipenem and imipenem- EDTA 

combined disk diffusion test and was confirmed by PCR by detecting blaVIM   

gene. 

 

 The  Metallo-beta-lactamase production among the Carbapnem resistant isolates 

were 6 (60 %) .The percentage of Metallo-beta –lactamase production  among 

Pseudomona aeruginosa was 6.52%. 
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 Of the 6 Metallo-β-lactamase producing Pseudomonas aeruginosa, 100% 

resistance was observed for the Ciprofloxacin  and Carbapenem antibioitics. 

High level of drug resistance was observed for Gentamicin and Amikacin 

83.33%   TheMetallo-Beta-lactamase producing Pseudomonas aeruginosa 

were shown to exhibit more resistance than non metallo-beta-lactamase 

producing isolates. 

 

  The Polymerise chain Reaction (PCR) for the detection of Metallo-beta-

lactamase gene  blaVIM  were done on the six  isolates   which were 

phenotypicaly positive for Metallo-beta-lactamase production. Five out of the 

six isolates  were positive for the blaVIM gene . 

 

 blaVIM positive strains showed high, almost 100 % of resistance to antibiotics 

such as Gentamicin ,Amikacin ,Ciprofloxacin and Imipenem .Good sensitivity 

was observed to the antibiotics such as  Cefepime , Piperacillin-Tazobactum, 

Colistin and Polymixin B.                                        

 

 

 

 

 

 

 



 

 

 

CONCLUSION 
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CONCLUSION 

 

 Pseudomonas aeruginosa  is the most common organism causing Chronic  

Suppurative Otitis Media. 

 

 10.87% isolates of Pseudomonas aeruginosa  were impenem  non 

susceptible. 

 

 The  Metallo-beta-lactamase production among the Carbapnem resistant 

isolates were 6 (60 %) . The percentage of Metallo-beta –lactamase 

production  among Pseudomona aeruginosa was 6.52%. 

 

 100 % of resistance to antibiotics such as Gentamicin ,Amikacin 

,Ciorofloxacin and imipenem are exhibited by strains positive for Metallo-

beta-lactamase gene (blaVIM). 

 

 In molecular method limited settings, phenotypic detection of Metallo-beta-

lactamase production by combined disk diffusion test using EDTA  can be 

recommended. 

 

 

 The emergence of Carbapenem resistant isolates of Pseudomonas aeruginosa  

have posed serious threats to the community because they exhibit multiple drug 

resistance, thus limiting the therapeutic options for the clinicians.   
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 Judicious use of antibiotics, rapid isolation of patients suspected to have 

Carbapenm resistant Pseudomonas aeruginosa  infections and regular testing of 

all  isolates for Metallo-beta-lactamase production among  Pseudomonas 

aeruginosa   is recommended for the prevention of tramission of Carbapenem 

resistant Pseudomonas aeruginosa . 

 

 Appropriate surveillance, stringent infection control measures and continuous 

monitoring is very important to control the spread of Carbapenem resistant 

Pseudomonas aeruginosa. 
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ANNEXURE 



ANNEXURE-1 

PREPARATION OF GRAM STAIN 

GRAM STAIN REAGENTS 

1. Methyl violet – Primary stain 

    Methyl violet 10g 

    95% ethyl alcohol 100ml. 

    Distilled water 1L 

2. Gram’s lodine – Mordant 

    lodine 10g 

   Potassium lodide 20g 

   Distilled water 1 L 

3. Acetone – Decolouriser 

4. Dilute Carbol Fushsin – Counter stain 

    Basic fushsin 0.3 g 

    95% Ethyl alcohol 10 ml 

    Phenol crystals, melted 5 ml 

    Distilled water 95 ml 

  

Basic fuchsin was dissolved in alcohol 5% phenol solution was added and 

was allowed to stand overnight. Then the solution filtered through coarse filter 

paper. 

 

 

 



ANNEXURE-2 

PREPARATION OF MEDIA 

PREPARATION OF NUTRIENT AGAR 

Contents: 

 Peptone  – 5 g 

 Beef extract  –1.5 g 

 Yeast  extract  –1.5 g 

 Sodium choloride – 5 g 

 Agar   – 15g 

28 g of the contents were suspended in 1000 ml of distilled water. It was heated to 

boiling to dispense the medium completely. Medium was sterilized by autoclaving at 121 

degree C at 15 lbs pressure for 15 minutes. 

PREPARATION OF BLOOD AGAR 

Nutrient agar 100 ml 

Sheep blood (defibrinated) 10 ml 

 The sterile nutrient agar was melted by steaming and cooled to 45 deg C 

 5%-10% sheep blood was added aseptically with constant shaking. 

 The blood was mixed with molten nutrient agar thoroughly but gently, to avoid froth 

formation. To remove the bubbles, media was flamed. 

 Immediately poured into petri dishes and allowed to set. 

 



PREPARATION OF MUELLER – HINTON AGAR 

Contents: 

Beef extract 2.0 gm 

Acidicase peptone 17.5 gm 

Starch 1.5 gm 

Agar 17.0 gm 

Distilled water 1000 ml 

Final pH 7.4+0.2 

Dissolved the ingredients in one liter of distilled water.Mixed thoroughly. Heated 

with frequent agitation and boiled for one minute. Dispensed and sterilized by 

autoclaving at 121  deg.  C for 15 minutes.Should not be overheated.When remelting the 

sterile medium, heated as briefly as possible. 

 

 

 

 

 

 

 

 

 



Nehahspapd; ngah;:     taJ:   ,dk;: 

tpyhrk;: 

jfty; mspf;fg;gl;l xg;Gjy; gbtk; 

 Nkw;Fwpg;gpl;l kUj;Jt Ma;tpy; Xh; gq;Nfw;ghsuhf Nrh;f;fg;gl;l 

,jd; %yk; ehd; Rje;jpukhf vd; xg;Gjiy mspf;fpNwd;.  

,e;j kUj;Jt Ma;tpd; Nehf;fk; kw;Wk; Kf;fpaj;Jtk; gw;wp kw;Wk; mjdhy; 

Vw;gLk; vdJ nghWg;Gfs; gw;wp vdf;F jfty; njhptpf;fpd;whh;. ,NjhL 

$Ljyhf >ehd; 

Njjpapl;l vdf;F mspf;fg;gl;l Nehahspf;fhd jfty; jhs; kw;Wk; jfty; 

mspf;fg;gl;l xg;Gjy; gbtj;jpy; mlq;fpa tpguq;fs; gw;wp gbj;J Ghpe;J 

nfhz;Ls;Nsd;.  kUj;Jth; Nghjpa kw;Wk; tphpthd tpjj;jpy; vd; gq;Nfw;G 

gw;wpj;  jPh;khdpf;f vdf;Fg; Nghjpa Neuk; ,Ue;jJ. 

 ,e;j kUj;Jt Ma;T elj;jg;gl;l kpf Kf;fpkhdjhf vd; 

kUj;Jthpd; Fwpg;Gfis ehd; gpd;gw;WNtd;.  ve;j fhuzKk; mspf;fhky;> 

vdf;F ve;j e\;lKk; Vw;glhky; ve;j Neuj;jpYk; Ma;it tpl;L tpyf 

vdf;F chpik cz;L. 

 ,e;j kUj;Jt Ma;tpy; Nrfhpf;fg;gLk; vdJ nrhe;j jfty;>Fwpg;ghf 

vdJ kUj;Jt nufhh;Lfspy; vdJ ngah; kw;Wk; ghypdk; kw;Wk; ,dk; 

Fwpf;fg;gLk; vd;gjw;F ehd; rk;kjpf;fpNwd; ,e;j jfty; MdJ 

1. vyf;l;uhdpfy; Kiwapy; my;yJ xU gFjp fhfpj tbtpy; gjpT 

nra;ag;gLk; gj;jpukhf itf;fg;gLk; kw;Wk; kjpg;gPL nra;ag;gLk;. 

2. tpQ;Qhd kjpg;gPL kw;Wk; $Ljy; tpQ;Qhd cgNahfj;jpw;fhf 

kw;Wk; mspf;fg;gLk;. 

3. cfe;j Njrpa kw;Wk; rh;tNjr nuFNyl;lhp mjhhpl;bfSf;F 

mDg;gg;gLk;. 

,NjhL kl;Lkpd;wp mq;fPfhpf;fg;gl;l gpujpepjpfs; vdJ nrhe;j 

tpguq;fs; cldhd kUj;Jt nufhh;Lfis ghpNrhjpf;fyhk;.  tpQ;Qhd 



kjpg;gPL kw;Wk; kUj;Jt Ma;tpd; nray; jpwDf;fhf jftiy KOikahf 

rhpahfg; ghpkhw;wk; nra;a ,J cjTfpwJ. 

 ehd; ,e;j Ma;tpy; ,Jtiu gq;Nfw;W ,Uf;ftpy;iy kw;Wk; ,e;j 

Ma;T Muk;gpf;Fk; Kd;G 30 ehl;fspy; ehd; kw;nwhU Ma;tpy; 

gq;Nfw;wpUf;ftpy;iy vd;gij cWjp nra;fpNwd;. 

 Nehahspf;fhd jfty; jhspd; xU mry; cld; ifna*j;jjpl 

jfty; mspf;fg;gl;l xg;Gjy; gbtj;ij ehd; ngw;Ws;Nsd;. 

Nehahsp: 

  

ngah; nghpa vOj;Jfspy;     ifnaOj;J   Njjp 

rhl;rp: 

  

ngah; nghpa vOj;Jfspy;  ifnaOj;J   Njjp 

Nehahspf;F cwT Kiw: 

ehd; lhf;lh;        Nkw;fz;;l 

ngaUila Nehahspf;F Ma;tpd; Nehf;fk; kw;Wk; jd;ik gw;wp 

tpsf;fpAs;Nsd; vd;gij cWjp nra;fpNwd;.  NkYk; ehd; midj;J Ma;T 

rk;ge;jg;gl;l Nfs;tpfSf;Fk; gjpy;fs; mspj;Js;Nsd;.  kw;Wk; Ma;tpd; 

epge;jidfis mth;fSf;F tpsf;fpAs;Nsd; vd;gij cWjp nra;fpNwd;. 

 

kUj;Jth;:  

ngah; nghpa vOj;Jfspy;  ifnaOj;J                     Njjp 

 

  



ANNEXURE-3 

DEPARTMENT OF ENT 

MADURAI MEDICAL COLLEGE 

DATA COLLECTION OF PROFORMA 

Name:       Date of Admission: 

Age / Sex:      Date of Discharge: 

IP No:       Date of Surgery: 

Address: 

I. HISTORY OF PRESENT ILLNESS 

1. Discharge 

a. Side – right / left 

b. Type – mucoid / purulent / blood stained 

c. Duration 

d. Odour – foul smelling / no 

e. Quantity – scanty / profuse 

f. Continuous / intermittent 

2. Hearing Loss 

Side – right / left 

Onset – sudden / progressive 

Duration – 

Degree – mild / moderate / severe 



3. Vertigo 

a) Duration   b) Type  c) Nausea / vomiting 

4. Tinnitus 

a) Duration  b) Continuous  c) Character 

5. Pain in the ear 

a) Side – right / left  b) Duration  c) Location 

d) Character – dull / severe 

6. Head ache 

a) Duration  b) Location   c) Nausea / vomiting 

II. EXAMINATION OF EARS 

1.  a) preauricular region 

b) postauricular region 

c) Auricle (or) Pinna 

d) External auditory canal 

e) Tympanic membrane 

i. Apperance – glistening grey – dull 

ii. Position – retracted / bulging 

iii. Perforation – attic / marginal / central 

iv. Mobility – normal restricted / absent 

v. Visible cholesteatoma / granulation / polyp 



2. Fistula test  –  positive / negative 

3. Tuning Fork Test   Right   Left 

a. Rinnes 

b. Weber 

c. ABC 

4. Facial nerve and other cranial nerves 

III. EXAMINATION OF NOSE 

a. External nose 

b. Anterior rhinoscopy 

- Mucous membrane 

- Septum 

- Turbinates  

c. Post Rhinoscopy  - Discharge 

- Adenoids 

- Eustuchian tube orifice 

IV. EXAMINATION OF THROAT 

a. Oral cavity 

b. Oropharynx including tonsils 

c. Posterior pharyngeal wall 

V. INVESTIGATIONS 

a. Routine investigations  

TC  DC  Hb%  Urine Albumin / Sugar 



b. Aural Swab for culture & sensitivity 

i) Growth 

ii) Sensitivity 

c. Audiological Evaluation  

Right - Conductive / Sensoryneural / mixed 

Left - Conductive / Sensoryneural / mixed 

d. Radiological Evaluation  

X ray mastoids 

Right – Sclerotic / cellular / diploic / other bony erosion 

Left – Sclerotic / cellular / diploic / other boney erosion 
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CONFIR

MATION 

OF MBL 

PRODUC

TION  –

PHENOT

YPIC 

METHOD 

CONFIRMATI

ON OF MBL 

PRODUCTION 

–GENOTYPIC 

METHOD 

1 112786 1Y F CSOM P.aeruginosa S S S S S S S S - - - -   

2 556782 2Y M CSOM S.aerus. - S - - S S - - R R S S   

3 11342 6Y F CSOM NO GROWTH               

4 88654 10Y M CSOM 
P.aeruginosa+N

F GNB 

S 

S 

R 

S 

S 

S 

R 

S 

R 

S 

S 

S 

S 

S 

S 

S 

- 

- 

- 

- 

- 

- 

- 

- 
  

5 10762 3Y F CSOM P.aeruginosa R R R R R R R S - - - -   

6 112378 10Y F CSOM S.aerus. - S - - S S - - R R S    

7 88923 10Y M CSOM P.aeruginosa R R S S R S S S - - - -   

8 55324 5Y F CSOM NO GROWTH               

9 86421 7Y F CSOM P.aeruginosa R R S R R R S R - - - - + + 



10 992031 8Y M CSOM P.aeruginosa S R S S S S S S - - - -   

11 11026 4Y M CSOM 
K.pneumoniae+

CONS 

- 

 
S S S S R S S - - - S   

12 99251 3Y F CSOM 
P.aeruginosa+S

.aerus 

S 

- 

S 

S 

S 

- 

S 

- 

S 

S 

S 

S 

S 

- 

S 

- 

- 

S 

- 

S 

- 

S 

- 

- 
  

13 89043 10Y F CSOM P.aeruginosa R R R R R R R S - - - -   

14 928109 3Y F CSOM K.pneumoniae - S S S S R S S- - - - S   

15 87624 5Y F CSOM P.aeruginosa R R S R R R S S - - - -   

16 143276 6Y M CSOM P.aeruginosa R R S R R R S S - - - -   

17 88729 8Y F CSOM S.aerus. - S - - S S - - R R S    

18 90261 7Y M CSOM P.aeruginosa R R S R R S S S - - - -   

19 88352 10Y F CSOM P.mirabillis - S S S S S S S S - - S   

20 76231 13Y F CSOM NO GROWTH               

21 90352 18Y F CSOM P.aeruginosa S S S S S S S S - - - -   

22 6482 17Y M CSOM K.pneumoniae - S S S S S S S - - - -   

23 64922 13Y F CSOM S.aerus. - S - - S S - - R R S -   

24 10937 18Y F CSOM 
P.aeruginosa+S

.aerus 

S 

- 

S 

S 

S 

- 

S 

- 

S 

S 

S 

S 

R 

- 

S 

- 

- 

S 

- 

S 

- 

S 

- 

- 
  

25 903562 12Y F CSOM K.pneumoniae - S S S S S S S - - - S   

26 229164 19Y M CSOM P.aeruginosa R R R R R R S S - - - -   



27 893627 17Y F CSOM P.aeruginosa R R R R R R S S - - - -   

28 992638 19Y F CSOM 
P.mirabillis+C

ONS 
- S S S S S S S - - - S   

29 920163 13Y F CSOM P.aeruginosa R R S S S S S S - - - -   

30 673826 17Y F CSOM S.aerus. - S - - S S - - S S S -   

31 88291 11Y M CSOM P.aeruginosa R R S R R S S S - -- - -   

32 773829 19Y M CSOM S.aerus. - S - - S S - - S S S    

33 53639 19Y F CSOM P.aeruginosa S S S S S S S S - - - -   

34 227893 14Y F CSOM S.aerus. - S - - S S - - R R S -   

35 89372 17Y F CSOM K.pneumoniae - S S S S S S S - - - S   

36 993467 16Y F CSOM K.pneumoniae - S S S S S S S - -- - S   

37 115652 18Y F CSOM P.aeruginosa S S S S S S S S - - - -   

38 90256 19Y F CSOM S.aerus. - S - - S S - - S S S -   

39 89760 19Y F CSOM P.aeruginosa R R R R R R R S - - - -   

40 67879 11Y F CSOM 
P.aeruginosa+S

.aerus 

R 

- 

R 

S 

S 

- 

S 

- 

R 

S 

S 

S 

S 

- 

R 

- 

- 

S 

- 

S 

- 

S 

- 

S 
+ + 

41 67284 15Y F CSOM NO GROWTH               

42 63722 13Y F CSOM P.aeruginosa R R R R R R S S - - - -   

43 5684 12Y M CSOM P.aeruginosa R R S R R R S R - - - - + + 

44 87778 16Y F CSOM NF GNB S S S S S S S S - - - -   



45 738923 18Y M CSOM P.aeruginosa R R S S S S R S - - - -   

46 73773 11Y F CSOM S.aerus. - S - - S S - - R R S S   

47 64830 17Y M CSOM P.aeruginosa R R R R R R S S - - - -   

48 63474 19Y F CSOM S.aerus. - S - - S S - - S S S S   

49 65734 15Y M CSOM P.aeruginosa R R S R R R R R - - - - + + 

50 79902 16Y F CSOM 
P.aeruginosa+S

.aerus 

S 

- 

S 

S 

S 

- 

S 

- 

S 

S 

S 

S 

S 

- 

S 

- 

- 

S 

- 

S 

- 

S 

- 

S 
  

51 66473 18Y M CSOM P.aeruginosa R R R R R R S S - - - -   

52 7493 17Y F CSOM NO GROWTH               

53 73848 19Y M CSOM P.aeruginosa S S S S S S S S - - - -   

54 5363 11Y F CSOM NO GROWTH               

55 56378 15Y M CSOM P.aeruginosa S S S S S S S S - - - -   

56 64839 14Y F CSOM P.aeruginosa S R S R R R S S - - - -   

57 637389 18Y M CSOM Citrobacter spp - S S S S S S S - - - S   

58 63738 13Y F CSOM 
P.aeruginosa+S

.aerus 

S 

- 

S 

S 

S 

- 

S 

- 

S 

S 

S 

S 

S 

- 

S 

- 

- 

S 

- 

S 

- 

S 

- 

S 
  

59 53738 19Y M CSOM P.aeruginosa R R S R R R R S - -     

60 63738 11Y F CSOM K.pneumoniae  S S S S S S S - - - R   

61 63839 19Y F CSOM P.aeruginosa S R S R S S S R - -   + + 

62 33484 22Y F CSOM P.aeruginosa R S S S S R S S - -     



63 8494 23Y F CSOM E.coli - S S S S S S S - - - S   

64 66773 21Y F CSOM K.pneumoniae - S S S S S S S - - - S   

65 638209 22Y F CSOM P.aeruginosa R R R R R R S S - -  -   

66 63783 28Y F CSOM S.aerus. - S - - S S - - R R S -   

67 74653 25Y F CSOM NO GROWTH               

68 112864 22Y F CSOM NF GNB S S S S S S S S - - - -   

69 78921 21Y F CSOM P.aeruginosa S S S S S S S S - - - -   

70 113562 23Y M CSOM 
P.aeruginosa+S

.aerus 

S 

- 

R 

- 

S 

- 

R 

- 

R 

- 

R 

- 

S 

- 

S 

- 

- 

S 

- 

S 

- 

S 

- 

S 
  

71 648 27Y M CSOM S.aerus. - S - - S S - - S S S S   

72 55559 28Y M CSOM 
P.aeruginosa+S

.aerus 

R 

- 

R 

- 

S 

- 

R 

- 

R 

- 

R 

- 

R 

- 

S 

- 

- 

S 

- 

S 

- 

S 

- 

S 
  

73 57782 29Y F CSOM P.aeruginosa R S S S S S S S - - - -   

74 2361 23Y F CSOM P.aeruginosa R R R R R R S S - - - -   

75 78854 25Y M CSOM P.aeruginosa R R S S R R S S - - - -   

76 4679 26Y M CSOM NF GNB S S S S S S S S - - - S   

77 9753 27Y M CSOM P.aeruginosa R R S R R R S S - - - -   

78 35678 24Y M CSOM Citrobacter spp - S S S S S S S - - - S   

79 65433 22Y M CSOM S.aerus. - S - - S S - - R R S S   

80 926541 23Y M CSOM P.aeruginosa R R S S S R R S - - - -   



81 65433 23Y F CSOM S.aerus. - S - - S S - S R R S S   

82 75434 24Y F CSOM P.mirabillis - S S S S S S S - - - S   

83 11289 23Y M CSOM 
P.aeruginosa+S

.aerus 

S 

- 

R 

S 

R 

- 

R 

- 

R 

S 

R 

S 

S 

- 

S 

S 

- 

S 

- 

S 

- 

S 

- 

S 
  

84 9621 26Y M CSOM P.aeruginosa R R S S R R S R - - - - + - 

85 42526 25Y F CSOM S.aerus. - S - - S S - S R R S S   

86 9752 21Y F CSOM P.aeruginosa S S S S S S S S - - - -   

87 98750 22Y F CSOM K.pneumoniae - S S S S S S R - - - S   

88 63543 29Y F CSOM P.aeruginosa R R S R R R R S - - - -   

89 11425 28Y F CSOM P.aeruginosa R R S S R R R S - - - -   

90 196700 29Y F CSOM NO GROWTH               

91 972561 22Y F CSOM 
P.aeruginosa+S

.aerus 

R 

- 

R 

S 

S 

S 

R 

- 

R 

- 

R 

- 

R 

- 

S 

S 

- 

S 

- 

S 

- 

S 

- 

S 
  

92 662715 21Y F CSOM P.aeruginosa R R S S R R S S - - - -   

93 52526 25Y F CSOM NF GNB S S S S S S S S - - - S   

94 52672 27Y M CSOM P.aeruginosa R R S R R R S S - - - -   

95 77382 28Y F CSOM P.aeruginosa R R R S S S S S - - - -   

96 99265 29Y F CSOM S.aerus. - S S - - - - S R R S S   

97 92624 30Y F CSOM 
P.aeruginosa+C

ONS 
R R S S R S R S 

- 

- 
- - -   



98 83936 30Y M CSOM P.aeruginosa R R S S R R S S - - - -   

99 54748 21Y F CSOM NF GNB S S S S S S S S - - - -   

100 54368 22Y M CSOM P.aeruginosa R R S R R R S S - - - -   

101 5647 34Y F CSOM NO GROWTH               

102 78886 33Y F CSOM P.aeruginosa S S S S S S S S - - - -   

103 11902 37Y M CSOM P.aeruginosa S S S S S S S S - - - -   

104 116782 32Y F CSOM P.aeruginosa R R R R R R S S - - - -   

105 276488 31Y F CSOM 
P.aeruginosa+S

.aerus 

S 

- 

S 

S 

S 

S 

S 

- 

S 

- 

S 

- 

S 

- 

S 

S 

- 

S 

- 

S 

- 

S 

- 

S 
  

106 76373 35Y F CSOM P.aeruginosa S S S S S S S S - - - -   

107 9696 39Y M CSOM 
P.aeruginosa+K

.pneumoniae 
S 

R 

S 

S 

S 

S 

S 

R 

S 

R 

S 

S 

R 

R 

S 
- - - 

- 

S 
  

108 7373 37Y F CSOM P.aeruginosa S S S S S S S S - - - -   

109 9595 33Y F CSOM P.aeruginosa R R S R R S S S - - - -   

110 25373 32Y M CSOM S.aerus. - S S - - - - S R R S S   

111 117843 31Y F CSOM P.aeruginosa S R S S R S S S - - - -   

112 63830 32Y M CSOM S.aerus. - S S - - - - - S S S S   

113 18346 37Y F CSOM 
P.aeruginosa+S

.aerus 

S 

- 

R 

- 

S 

- 

S 

- 

R 

- 

S 

- 

R 

- 

S 

- 

- 

S 

- 

S 

- 

S 

- 

S 
  

114 63783 39Y M CSOM NO GROWTH               



115 27846 40Y F CSOM NF GNB S S S S S S S S - - - -   

116 83460 36Y M CSOM P.aeruginosa S S S S S S S S - - - -   

117 64749 34Y F CSOM E.coli - S S S S S S S - - - S   

118 52638 38Y M CSOM 
P.aeruginosa+S

.aerus 

S 

- 

S 

S 

S 

- 

S 

- 

S 

- 

S 

- 

S 

- 

S 

- 

- 

S 

- 

S 

- 

S 

- 

S 
  

119 536372 35Y F CSOM 
P.aeruginosa+S

.aerus 

S 

- 

S 

- 

S 

- 

S 

- 

S 

- 

S 

- 

S 

- 

S 

- 

- 

S 

- 

S 

- 

S 

- 

S 
  

120 64748 39Y M CSOM E.coli - S S S S S S S - - - S   

121 893653 33Y F CSOM P.aeruginosa R R R R R R S S - - - -   

122 73454 32Y M CSOM P.aeruginosa R R S R R R R R - - - -   

123 63537 37Y F CSOM NO GROWTH               

124 64638 34Y M CSOM P.aeruginosa R R S S R S S S - - - -   

125 99021 33Y F CSOM S.aerus. - S S - - - - S S S S S   

126 63478 38Y M CSOM P.aeruginosa R R S S R S S S - - - -   

127 5373 39Y F CSOM S.aerus. - - S S - - - - S S S S   

128 5373 31Y M CSOM P.aeruginosa R R S R R R S S - - S S   

129 53638 32Y M CSOM 
P.aeruginosa+S

.aerus 

R 

- 

R 

- 

S 

- 

S 

- 

R 

- 

R 

- 

S 

- 

S 

- 

- 

S 

- 

S 

- 

S 

- 

S 
  

130 543783 33Y M CSOM P.aeruginosa R R S S R R R S - - - -   

131 7484 36Y M CSOM S.aerus. - - - - - - - - R R S S   



132 7596 38Y F CSOM P.aeruginosa S S S S S S S S - - - -   

133 90271 31Y F CSOM 
P.aeruginosa+S

.aerus 

R 

- 

R 

S 

R 

S 

R 

- 

R 

- 

S 

- 

S 

- 

S 

S 

- 

S 

- 

S 

- 

S 

- 

S 
  

134 534648 40Y M CSOM P.aeruginosa S S S S S S S S - - - -   

135 53473 41Y M CSOM P.aeruginosa S R S S R R S R - - - -   

136 63739 46Y M CSOM 
P.aeruginosa+S

.aerus 

S 

- 

S 

S 

S 

S 

S 

- 

R 

- 

S 

- 

S 

- 

S 

S 

- 

S 

- 

S 

- 

S 

- 

S 
  

137 54648 48Y M CSOM NO GROWTH               

138 74894 43Y F CSOM 
P.aeruginosa+S

.aerus 

S 

- 

R 

S 

S 

S 

R 

- 

R 

- 

R 

- 

S 

- 

S 

S 

- 

S 

- 

S 

- 

S 

- 

S 
  

139 9836 44Y F CSOM P.aeruginosa R R R S R R S S - -     

140 7493 45Y F CSOM S.aerus. - S S - - - - S R R S S   

141 64783 51Y F CSOM P.aeruginosa R R S S R R R S - - - -   

142 53473 61Y F CSOM 
P.aeruginosa+S

.aerus 

R 

- 

R 

S 

S 

S 

S 

- 

R 

- 

R 

- 

S 

- 

S 

S 

- 

S 

- 

S 

- 

S 

- 

S 
  

143 86373 63Y F CSOM P.aeruginosa R R S R R R S S - - - -   

144 63483 66Y F CSOM P.aeruginosa R R S S R R S S - - - -   

145 11234 71Y M CSOM Diphtheroids               

146 936291 59Y F CSOM 
P.aeruginosa+S

.aerus 

R 

- 

R 

S 

S 

S 

S 

- 

R 

- 

R 

- 

S 

- 

S 

S 

- 

S 

- 

S 

- 

S 

- 

S 
  



147 73425 55Y F CSOM P.aeruginosa R R R R R R S S - - - -   

148 9643 61Y F CSOM 
P.aeruginosa+S

.aerus 

R 

- 

R 

S 

S 

S 

S 

- 

R 

- 

R 

- 

S 

- 

S 

S 

- 

S 

- 

S 

- 

S 

- 

S 
  

149 111567 89Y M CSOM P.aeruginosa R R S R R R S R - - - -   

150 89321 70Y M CSOM P.aeruginosa S S S S S S S S - - - -   
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