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Abstract Pseudomonas aeruginosa is an important

chronic suppurative otitis media (CSOM) pathogen that

exhibits multiple resistances to antibiotics with increasing

frequency, making patient treatment more difficult. The

aim of the study is to ascertain the genetically diversity of

this clinically isolated P. aeruginosa with inter simple

sequence repeat (ISSR) markers. All 25 P. aeruginosa were

isolated from CSOM patients by taking their ear swabs and

culturing on blood agar and MacConkey agar. All strains

were identified with morphological characters and bio-

chemical testing. The antimicrobial susceptibility testing

was carried out according to National Committee for

Clinical Laboratory Standards. ISSR was used to study the

genetic diversity of P. aeruginosa. Clinically CSOM iso-

lated 25 P. aeruginosa were 88% Ciprofloxacin resistant

and similarly resistant to other antibiotics were docu-

mented. The study has been made using ISSR marker to

find out the genomic relation among the strains/populations

of P. aeruginosa. The result was shown that maximum

similarity (80%) was between S-11 and S-13 and minimum

(28.2%) was between S-4 and S-16 with an average simi-

larity of 53.2%. The dendogram showed a distinct sepa-

ration in between all the strains/populations of P.

aeruginosa. The strains/populations were broken up into

two main clusters in which small one bear two strains/

populations (S-4 and S-9) and another cluster have another

23 strains/populations. These 23 strains were also separated

to form subcluster by having different range of small

clades. The genetically diversity of pathogenic P. aerugi-

nosa present in CSOM at our hospital indicates the coex-

istence different strains due to different antibiotic

sensitivity patterns. The conventional culture and sensi-

tivity methods are time consuming whereas in PCR, it will

detect within 4–6 h for effective antibiotic. Basing upon

the banding pattern with ISSR primers, clinicians can

prescribe the effective antibiotics accordingly for CSOM

patients in the same day.
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Introduction

Chronic suppurative otitis media (CSOM) is chronic

inflammation of the middle ear cleft and is characterised by

otorrhea, hearing loss and perforation in the tympanic

membrane. The CSOM patient frequently need visit to the

local physician and often prescribed multiple antibiotics in

developing countries like India [1]. The CSOM has a range

of clinical presentations including its common ear dis-

charge, hearing loss to complications like fever, otalgia,

vertigo, meningitis, facial nerve palsy and brain abscess.

All these presentations may occur recurrently or chroni-

cally [2]. Globally, more than 700 million cases of CSOM

are diagnosed each year, with 50% of affected children

being under 5 years of age [3]. Recurrent CSOM occurs

where a patient has 3 diagnosed CSOM episodes within
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6 months or more than 4 episodes in 12 months [4] and is

commonly observed in up to 65% of children by 5 years of

age [4]. Irrespective of clinical presentation, CSOM is a

multi-factorial disease, with many associated risk factors,

including environmental, immunological deficiency, gen-

der, age and microbial exposure [5, 6]. Several patients

groups are highly susceptible to Pseudomonas aeruginosa

infection with CSOM. It is also revealed that damaged

mucosal epithelium at the middle ear cleft as a result of

previous episodes of acute otitis media. P. aeruginosa

adheres to the damaged epithelium and might form a bio-

film [7]. P. aeruginosa is also incidentally causing pneu-

monia or bloodstream infections. P. aeruginosa pneumonia

in ventilated patients is often related to mechanical injury

to the respiratory epithelium, and facilitated by micro-

aspiration of infected oral and gastric contents during

intubation [8]. Also, primary or secondary immunodefi-

ciency (ID) renders patients highly prone to P. aeruginosa

infection. Not only is the recruitment of neutrophils a

major component of the protective host response to P.

aeruginosa, but T-lymphocyte-mediated immunity also

appears to play an important role in host defense against P.

aeruginosa [9, 10]. It is documented that[ 90% P.

aeruginosa were susceptible to colistin (MIC50/90, 1/2 mg/

L; 99.4% susceptible), ceftazidime-avibactam (MIC50/90,

2/4 mg/L; 97.0% susceptible) and amikacin (MIC50/90,

2/8 mg/L; 97.0/93.0% susceptible [CLSI/EUCAST]). The

addition of avibactam to ceftazidime increased the per-

centage of susceptible P. aeruginosa isolates from 84.3 to

97.0%. Multidrug (MDR) and extensive-drug resistance

(XDR) phenotypes were observed among 1151 (15.4%)

and 698 (9.4%) isolates, respectively; and ceftazidime-av-

ibactam inhibited 82.1 and 75.8% of these isolates at B 8

mg/L, respectively [11]. P. aeruginosa and MDR

P. aeruginosa showed a very high resistance to fosfomycin

(community-acquired vs. nosocomial-acquired) (81.0 vs.

84.2; 0 vs. 85.7%). A similar resistance pattern was seen

with ciprofloxacin (35.2 vs. 24.0; 70.4 vs. 61.5%), levo-

floxacin (34.6 vs. 24.5; 66.7 vs. 64.3%), ceftazidime (15.9

vs. 30.9; 33.3 vs. 61.5%), piperacillin (24.2 vs. 29.9; 44.4

vs. 57.1%), imipenem (28.6 vs. 27.3; 55.6 vs. 50.0%),

piperacillin and tazobactam (23.1 vs. 28.6; 44.4 vs. 50.0%),

tobramycin (28.0 vs. 17.2; 52.0 vs. 27.3%), gentamicin

(26.4 vs. 18.2; 44.4 vs. 21.4%), and meropenem (20.2 vs.

20.3; 42.3 vs. 50.0%) [12]. P. aeruginosa is frequently

isolated bacteria from CSOM.As there are increasing

resistance of antibiotic in chronic suppurative otitis media,

we want to observe the most sensitive antibiotic pattern in

present day clinical practice. Along with, the genetically

diversity of this clinically isolated P. aeruginosa with inter

simple sequence repeat (ISSR) markers were observed i.e.

what is the different between them in genetically.

Materials Methods

Isolation and Identification of the Bacterium

Clinical samples were collected for the isolation of

pathogenic P. aeruginosa from patients of outpatient

departments (OPD) of Otorhinolaryngology and peripheral

community health center (city including slums and

adjoining villages), as well as patients admitted into wards,

cabins and intensive care unit (ICU). With prescribed

safety precautions, samples were transported and processed

without delay. Little lots of samples were cultured in blood

agar and MacConkey agar for 18–24 h for isolation and

identification of the bacterium P. aeruginosa (Fig. 1)

[13–15]. The standard strain of P. aeruginosa, National

Collection of Type Cultures (NCTC) strain no. 10662 (b-
lactamase negative), was used as the reference control.

Antibiotic Sensitivity Test

All strains of P. aeruginosa including the standard strain

were subjected to antibiotic sensitivity tests by the disc

diffusion method (Table 1, Fig. 2) [16]. These were

examined for zones of inhibition around each disc fol-

lowing the standard antibiotic susceptibility chart of the

National Committee for Clinical Laboratory Standards

(NCCLS) guidelines [17].

Fig. 1 Pure culture of P. aeruginosa on nutrient agar
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DNA Isolations, Amplifications and Image

Documentations

All the 25 MDR P. aeruginosa are used for DNA isola-

tions. The DNA isolation was carried out with HiMedia Kit

methods. A good quantity of (200–600 ng) DNA was

observed in all the 25 MDR bacteria (Fig. 3). For DNA

amplification, 25 lL reaction was prepared with 2.5 lL
10 9 buffer, 0.5 lL (200 lM), ISSR Primers 1 lL
(300 ng), Taq polymerase enzyme 1 unit, DNA template 2

lL(100 ng) and 25 lL volume makeup was done with

sterile distilled water. The PCR reaction in a thermocycler

for 35 cycles was carried out. Then horizontal elec-

trophoresis was done with 1.5% agarose gel in 1X TAE

buffer. The gel documentation was done with Gel doc

(Fig. 4). ISSR has only recently been developed as an

anonymous, Random Amplification of Polymorphic DNA

(RAPDs)like approach that accesses variation in the

numerous micro satellite regions dispersed throughout the

various genomes (particularly the nuclear genome) and

circumvents the challenge of characterizing individual loci

that other molecular approaches require. Micro satellites

are very shot (usually 10–20 base pair) stretchers of DNA

that are ‘‘hyper variable,’’ expressed as different variants

within populations and among different species. They are

characterized by mono, di, or trinucleotide repeats, e.g.,

AA…, or AG…, CAG…, that have 4–10 repeat units side

by side. In ISSRs, we specifically target the di- and trinu-

cleotide repeat types of microsatellite, because these are

characteristic of the nuclear genome.

Table 1 Antibiotic sensitivity pattern of 25 P. aeruginosa isolated from CSOM

P. aeruginosa CL IPM TOB DOR CTX CIP CXM TGC PB CAZ CFS MRP LE CIT NET IC

1 R S S S S R S R R R R R R R R R

2 S S S R S R R R S R R R R R R R

3 S R S R R R R R R S R R R R R R

4 R R S R R R R S R I R S S R R R

5 S R S S R R R R S R R R R R R R

6 S R R R R R R R S R S R S R S R

7 R R S S R R S S S I S S S R S S

8 S R S S R R S R S R R S S R S S

9 S R S S R R S R S R R S S R S S

10 R R R R R R R R S R R R S R R S

11 S R R R R R R R S R R R S R R S

12 S R S S R R R R S R R S S S S S

13 S R S S R R R R R R R R S S S R

14 R R R S R R R S R R R R S S S S

15 R R R S R R R R R R R R S S S S

16 S S S S S R R R S R R S S R R R

17 S R R R S R R R S R R S S S R R

18 S R R R R R R R S R R R S S R R

19 S R R R R R R R S R R S S S R R

20 S R R R R R R R S R S R S S R R

21 S R S R R R R R R R R S S S R R

22 S S S R R R R R R R R S S S R R

23 R R R R R S R S R R S S R R R S

24 R R R R R S R S R S S S R R R S

25 R R R R R S S R R S S S R R R S

R 13 21 12 15 21 22 20 19 11 20 19 12 7 15 17 14

S 12 4 13 10 4 3 4 5 14 2 5 13 18 10 8 11

R% 52 84 48 60 84 88 80 76 44 80 76 48 28 60 68 56

CL Colistin10; IPM Imipenem10; TOB Tobramycin30; DOR Doripenem10; CTX Cefotaxime5; CIP Ciprofloxacin5; CXM Cefuroxime30; TGC

Tigecyclin15; PB Polymyxin-B300u; CAZ Ceftazidime 10; CFS Cefoperazone/Sulbactam50/50; MRP Meropenem10; LE Levofloxacin5; CIT

Ceftriaxone/Tazobactam 30/10; NET Netillin10; IC Imipenem/Cilastin10/10 (All antibiotics are in mcg unit)
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Scoring of the Data

The data was scored as ‘‘1’’ for the presence and ‘‘0’’ for

the absence of the band for each primer genotype combi-

nation for ISSR analysis. All the bands were considered to

avoid over/under estimation of genetic similarity [18]. The

data entry was done into a binary matrix as discrete

variables.

Statistical Analysis of Data

Jaccard’s coefficient of similarity [19] was measured and

phylogram based on similarity coefficients generated by

unweighted pair group method using arithmetic averages

(UPGMA) [20] and the Sequential agglomerative

hierarchical non-overlapping (SAHN) clustering was

obtained. It is known for arbitrary dissimilarity measures.

Most informative primers were obtained by comparing all

the primers with that of the pooled data using Mantel Z

statistics [21]. Most informative primers were used for

diagrammatic representation of banding pattern of 25

individuals of P. aeruginosa. The entire analysis was per-

formed using statistical package NTSYSpc2.0e [22].

Resolving power of the ISSR primers were calculated as

per the previous method [23]. Resolving power was cal-

culated as RP =
P

IB (IB = Band informative-

ness) = 1 - [2 * (0.5 - p)], P is the proportion of the 25

samples containing the band. The primer index (PI) was

calculated from the polymorphic information content.

Polymorphic information content (PIC) was calculated as

PIC = 1 -
P

P2i, Pi is the band frequency of the ith allele

[24]. In the case of dendogram analysis and phylogenetic

tree, the PIC was considered to be 1 - p2 - q2, where p is

the band frequency and q is no band frequency [25].

Dendogram A dendrogram is a tree diagram often used to

illustrate the arrangement of the clusters produced by

hierarchical clustering. Dendrograms are often used in

computational biology to illustrate the clustering of genes

or samples, sometimes on top of heatmaps. Here, with this

analysis we found the different clusters among the 25

antibiotic sensitivity pattern P. aeruginosa isolated from

CSOM.

Jaccard’s Coefficient of Similarity It is a statistic used for

comparing the similarity and diversity of sample sets.

SAHN Sequential agglomerative hierarchical non-over-

lapping (SAHN) clustering was obtained. It is known for

arbitrary dissimilarity measures.

Result

Among the 25 strains of P. aeruginosa 52% were resistant

to antibiotic colistin which is the last antibiotics for the

twenty-first century. Similarly, resistance pattern of other

antibiotics documented (Table 1). Different antibiotic

resistance of 25 P. aeruginosa strains are taken in this

study and DNA are isolated in individual strains. There are

20 different ISSR primers are used to know the genetically

diversity among the 25 P. aeruginosa (Table 2).

Jaccard’s Similarity Coefficient

On the basis of ISSR marker data Jaccard’s similarity

coefficient was calculated and it was found that maximum

(80%) correlation existed between populations of P.

Fig. 2 Antibiotic sensitivity pattern of P. aeruginosa

Fig. 3 Quantification of isolated DNA from 25 P. aeruginosa by eye

estimation with control (C) uncut k phase DNA (100 ng)
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aeruginosa (S-11 and S-13) and 76.7% between P.

aeruginosa (S-12 and S-15) which is found second and

minimum between P. aeruginosa (S-4 and S-16) which is

28.2%. All other P. aeruginosa were correlated with each

other with an average similarity of 55.0% (Fig. 5).

Genomic Relationship as Revealed

from the Dendogram

The dendogram (Fig. 6) divided the 25 P. aeruginosa of

sample name into two distinct clusters of 23 and 2. The

smaller cluster contained only two P. aeruginosa S-4 and

S-9 which is separated from other 23 distinctly and the

larger cluster with 23 other P. aeruginosa also divided into

small clades where 2–4 P. aeruginosa and linked with each

other in a single node. Both the groups shared a common

node at 46% level of similarity. The smaller cluster had S-4

and S-9 with 55% of similarity. That larger group (23 P.

aeruginosa) had also divided into two sub-cluster in which

one cluster contained less samples (4 P. aeruginosa) and

other larger group had 19 P. aeruginosa. The correlation

among the 19 P. aeruginosa group had shown maximum

similarity among each other than the smaller group.

Discussion

Chronic suppurative otitis media (CSOM) is major health

burden in the community. Clinician often fails to treat the

pathogen due to different resistance pattern of bacteria like

Pseudomonas aeruginosa. In this study, we have deter-

mined the genetic diversity of Pseudomonas aeruginosa

strains isolated from CSOM, using ISSR analysis. The

results were compared with those of antibiograms based on

NCCLS. The goal of strain typing studies is to provide

laboratory evidence that the epidemiologically related

isolates collected during an outbreak of disease are also

related genetically and thus represent the same strain. This

information is helpful for understanding and controlling the

spread of disease in hospital and communities [26]. In

agreement with other studies, there was substantial diver-

sity among the strains. The large numbers of genotypes

suggests that most P. aeruginosa strains were derived from

the patients themselves, according to the literatures

[27, 28]. In this study, a few genetically related isolates

detected were mostly from the different antibiotic resistant

strains isolated from CSOM. However, in this study 25

strains of P. aeruginosa, 88% were resistant to cipro-

floxacin which are commonly used for CSOM patients. All

Fig. 4 Amplification of DNA with different ISSR primers
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the 25 P. aeruginosa were isolated from CSOM and they

were showing different antibiotics resistant patterns. We

also had multiple different genotypes of Pseudomonas.

Computer analysis of banding pattern revealed different

groups of genetically related P. aeruginosa. Discrepancies

were present in results of computer analysis and visual

observation, which have been present in other studies as

well [29]. For example, cluster four was similar at visual

exam (Fig. 6), but showed 90% homology by computer

analysis. To identify whether the genetically related P.

aeruginosa are also epidemiologically related, in addition

to comparison of the eye observation (visual exam) and

Gel-Comparison, epidemiologic information should also be

included [28]. ISSR method is recommended as an excel-

lent screening method for many P. aeruginosa; this has had

comparable results with the Pulsed-field gel electrophoresis

(PFGE) reference method which is very expensive and

time consuming [28, 30, 31]. The choice of primers for use

in ISSR analysis is one of the most critical factors. We used

20 ISSR primers to observe the genetically variations

among 25 isolated P. aeruginosa. In literatures, it was

found that these primers were used in other studies and had

comparable results with PFGE method [32]. No association

was observed between genotype and antibiotype as isolates

Table 2 ISSR primers and their annealing temperatures

Sl no. ISSR primers Annealing temperature (�C)

1. (GTGC)4 61.9

2. (GACAC)4 58.3

3. (CT)8G 46.8

4. (AG)8 44.7

5. (GTG)5 53.1

6. (GGA)4 42.8

7. (GAC)5 52.6

8. (GACA)4 47.4

9. (GA)9T 48.8

10. (CTGC)4 60.4

11. (GA)8G 46.5

12. A(CT)8 47.0

13. (GCT)8 69.5

14. (AGG)6 57.5

15. T(GA)9 50.2

16. (CT)8A 44.7

17. G(CT)8 48.8

18. (CCA)5 54.8

19. (CGA)4 46.5

20. (GACA)4G 49.0

A Adinine; G Guanine; C Cytosine; T Thyamine

Fig. 5 Dendogram analysis with banding pattern 25 DNA isolated from P. aeruginosa
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of the same genotype displayed different antibiotype and

vice versa, as already shown by others [33]. The most

effective antibiotic agent in our study was Levofloxacin,

followed by Polymyxin-B300u although we are frequently

using Ciprofloxacin in treatment of CSOM. The incidence

of resistance is dependent on the patterns of antibiotic

usage and is different in other countries. Sader et al. [34],

in a multi-centric study, performed in Brazil, showed that

Imipenem is the most active agent against P. aeruginosa

followed by Ciprofloxacin. Although the accessory genome

data obtained for the isolates cannot be used to identify

specifically the antibiotic resistance patterns for CSOM, the

reasons why isolates differed according to the various

genotyping methods, variations among strains were

apparent that could potentially impact on methods such as

ISSR. We also observed a greater carriage of the genomic

islands represented on CSOM isolates. However, this does

not preclude the possibility that the P. aeruginosa isolates

carried alternative unrelated islands that were not repre-

sented on the ISSR, as was shown to be the case for the

genome-sequenced isolates [35]. The variation within the

CSOM isolates does suggest that some divergence has

occurred, even though there has not been much impact on

the ability of the genotyping methods to identify them as

clonal. In the context of CSOM infections, genotype-based

surveillance of P. aeruginosa strains is crucial if emerging

transmissible strains are to be identified before they

become widespread. However, our study demonstrated that

regular surveillance would be advisable in order to identify

genuine transmissible strains, and that the use of ISSR in

this context may be misleading.

Conclusions

With ISSR primers, P. aeruginosa DNA amplification

using PCR found genetic diversity among these isolates,

suggesting that cross-contamination is not very frequent in

the studied hospital. ISSR primer has good discriminatory

power and reproducibility which allow an understanding of

the genetically variation of these bacteria in the studied

CSOM patients. The conventional culture and sensitivity

methods are time consuming (3–5 days) for knowing the

effective antibiotics. But in PCR, it will detect within

4–6 h. Here, basing upon the banding pattern with ISSR

primers, clinicians can prescribe the effective antibiotics

accordingly for CSOM patients in the same day.
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Fig. 6 Phylogenetic tree, relationship among these 25 isolated P. aeruginosa isolated from CSOM
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Appendix: Biochemical Identification Tests

The confirmatory biochemical tests done were positive in

oxidase test and the growth of colonies in King’s media.

The oxidase reaction was carried out on an oxidase disc

(HiMedia, disc number DD018) with an isolated colony; a

change of the colour of the disc to deep purple strictly

within 5–10 s at 25–30 �C was used for a confirmation of

the presence of oxidase enzyme. Further, the bacterium

was grown in King’s A agar medium, for pyocyanin pro-

duction, which was observed after 24 h of growth. It was

confirmed that blue-green pyocyanin pigments grown in

King’s A medium were soluble in traces of chloroform and

were found to diffuse into the surrounding medium. When

the colonies confluent growth of green colonies of P.

aeruginosa on nutrient agar were further grown in King’s B

agar medium, fluorescein (pyoverdin) imparting a yellow

tinge to the culture was observed and the coloured material

was insoluble in chloroform but soluble in water; bacterial

colonies developed bright red pyorubin, which was found

to be water-soluble. No pyocyanin, a brown to black pig-

ment, was seen in any of the King’s media. These tests

confirmed the isolation of strains of P. aeruginosa.
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