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Introduction 
 

Known for many years to be a cause of 

serious wound and surgical infections, but 

often regarded as a secondary or 

opportunistic invader rather than a cause of 

primary infection in healthy tissues, 

Pseudomonas aeruginosa has now clearly 

emerged as a major nosocomial pathogen in 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

immunocompromised and debilitated 

patients, as well as in cystic fibrosis patients 

(Pier et al., 2005). P. aeruginosa has always 

been considered to be a difficult target for 

antimicrobial chemotherapy. However, the 

complete sequencing of a wild-type P. 

aeruginosa strain, achieved in 2000, has 
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Within the genus of Pseudomonas, P. aeruginosa is most frequently associated 

with human infections. Pseudomonas aeruginosa is regarded as an opportunistic 

pathogen, primarily causing nosocomial infections in immunocompromised 

patients. The bacterium is metabolically versatile bacterium that can cause a wide 

range of severe opportunistic infections in patients with compromised natural 

defences and serious underlying medical conditions. These infections are 

characterized by an intense neutrophilic response resulting in significant damage to 

host tissues and often exhibit resistance to antibiotics leading to mortality. 

Treatment of persistent infections is additionally hampered by adaptive resistance, 

due to the growth state of the bacterium in the patient including the 

microorganism's ability to grow as a biofilm. An array of P. aeruginosa virulence 

factors counteract host defences and can cause direct damage to host tissues or 

increase the bacterium's competitiveness. Treatment of infectious diseases becomes 

more challenging with each passing year. Given the severity of P. aeruginosa 

infections and the limited antimicrobial arsenal with which to treat them, finding 

alternative prevention and treatment strategies is an urgent priority. Pseudomonas 

aeruginosa being the major cause of human illness particularly in hospitalized 

patients and lack of information on the prevalent types responsible for various 

infections in this area of Rajasthan, prompted us to undertake the study. The study 

is done between july 2015 to june 2016 in a Tertiary care hospital of Jhalawar 
district to find the prevalence and pattern of antibiotic susceptibility of P. 

aeruginosa. 
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provided a great deal of useful information, 

concerning not only its pathogenicity, but 

also its potential for resistance (Stover et al., 

2000). With 5570 open reading frames, the 

P. aeruginosa genome is among the largest 

genomes in the prokaryotic world, and 

encodes an unusually high proportion of 

proteins involved in regulation, transport 

and virulence functions, which may explain 

the high versatility and adaptive capacity of 

this species. In addition, 0.3% of the total 

genes code for proteins involved in 

antimicrobial resistance. The genome is also 

highly flexible, with 10% of genes organised 

in ‘pathogenicity islands’, comprising 

variable genes coding for virulence factors, 

and with the ability to easily acquire large 

mobile genetic elements (integrons) 

encoding resistance genes (Kipnis et al., 

2006; Woods, 2004; Normark et al., 2002). 

The large size and the complexity of this 

genome is probably the basis for the 

capacity of P. aeruginosa to not only thrive 

in diverse environments and to infect a large 

variety of body sites, but also to resist 

(intrinsically or after acquisition of the 

necessary genes) a large number of 

antimicrobial agents. Pseudomonas 

aeruginosa has become an important cause 

of gram-negative infection, especially in 

patients with compromised host defense 

mechanisms. It is the most common 

pathogen isolated from patients who have 

been hospitalized longer than 1 week, and it 

is a frequent cause of nosocomial infections. 

Pseudomonal infections are complicated and 

can be life-threatening. The Gram-negative 

bacterium Pseudomonas aeruginosa is an 

opportunistic pathogen that normally 

inhabits the soil and surfaces in aqueous 

environments. Its adaptability and high 

intrinsic antibiotic resistance enable it to 

survive in a wide range of other natural and 

artificial settings, including surfaces in 

medical facilities. Serious P. aeruginosa 

infections are often nosocomial, and nearly 

all are associated with compromised host 

defenses such as in neutropenia, severe 

burns, or cystic fibrosis (Lyczak et al., 

2000). Therapeutic options are increasingly 

limited due to the continued emergence and 

spread of antimicrobial resistant strains; as a 

result, P. aeruginosa infections demonstrate 

high morbidity and mortality. In the United 

States, P. aeruginosa is among the most 

common hospital pathogens and is the 

second most common pathogen isolated 

from patients with ventilator-associated 

pneumonia. 

 

In the hospital, P. aeruginosa can be 

isolated from a variety of sources, including 

respiratory therapy equipment, antiseptics, 

soap, sinks, mops, medicines, and 

physiotherapy and hydrotherapy pools 

(Pollack, 1995). Community reservoirs of 

this organism include swimming pools, 

whirlpools, hot tubs, contact lens solution, 

home humidifiers, soil and rhizosphere, and 

vegetables (Harris et al., 1984; Pitt, 1998). 

This organism shows a remarkable capacity 

to resist antibiotics, either intrinsically 

(because of constitutive expression of b-

lactamases and efflux pumps, combined 

with low permeability of the outer-

membrane) or following acquisition of 

resistance genes (e.g., genes for b 

lactamases, or enzymes inactivating 

aminoglycosides or modifying their target), 

overexpression of efflux pumps, decreased 

expression of porins, or mutations in 

quinolone targets.Worryingly, these 

mechanisms are often present 

simultaneously, thereby conferring 

multiresistant phenotypes. Although less 

frequent, class A extended-spectrum β-

lactamases have also been detected in strains 

of P. aeruginosa and have included enzymes 

from the TEM, SHV, CTX-M, PER, VEB, 

GES, and IBC families (Castanheira et al., 

2004; Danel et al., 1995; Mavroidi et al., 

2001; Nordmann et al., 1994; Poirel et al., 
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2001; Woodford et al., 2008). Extended-

spectrum β-lactamases from the class D, 

OXA-type enzymes have also been 

encountered within P. aeruginosa (Naas et 

al., 1999; Philippon et al., 1997). 

 

This organism survives in various 

environments in nature and in homes and 

hospitals. Because of the ubiquitous nature 

of Pseudomonas aeruginosa, transmission 

of this organism to humans can occur in 

variety of ways. It is physiologically 

versatile and flourishes as a saprophyte in 

warm moist situations in the human 

environment, including sink, drains, 

respirators, humidifiers and disinfectant 

solutions. Pseudomonas fluorescens, 

Pseudomonas putida, Pseudomonas stutzeri 

also are environmental inhabitants but they 

are much less commonly found in clinical 

specimens than is Pseudomonas aeruginosa. 

The other Pseudomonads and 

Brevundimonas spp. also are environmental 

organisms. Because they are rarely 

encountered in patient specimens, the mode 

of transmission to humans remains 

uncertain. 

 

Isolation of Pseudomonas aeruginosa from 

healthy carriers or environmental sites is 

significant only when there is a risk of 

transfer to compromised patient, e.g. by 

nurses’ hands or via respirators. 
 

Normally, the human faecal carrier rate for 

Pseudomonas aeruginosa is less than 10%; 

however, carrier rates increase with the 

length of stay of patients in hospital, 

reaching 30% after 3 week, and this 

represents a distinct risk of endogenous 

infection. Faecal isolation frequencies of 

Pseudomonas aeruginosa increase 

dramatically in patients in hospital (rates up 

to 60%), 24 and are closely correlated with 

the length of stay (Shooter et al., 1969). Of 

the species in these two genera 

Pseudomonas aeruginosa is the most 

thoroughly studied with regard to infections 

in human. Although this organism is an 

environmental inhabitant, it is also very 

successful opportunistic pathogen. It 

produce an over whelming infections which 

is due to an arsenal of virulence factors. 

Many extra cellular virulence factors 

secreted by Pseudomonas aeruginosa have 

been shown to be controlled by a complex 

regulatory circuit involving cell-tocell 

signalling system that allow the bacteria to 

produce these factors in a co-ordinated, cell-

density dependant manner (Passador et al., 

1995). Virulence determinants on 

pathogenic Pseudomonas aeruginosa : 

Adhesin fimbria (N. methyl-phenylalanine 

pilli), polysaccharide capsule (glycocalyx), 

alginate slime (biofilm). Invasins-elastase, 

alkaline protease, hemolysins (phospho- 

lipase, lecithinase), cytotoxin (leukocidin), 

siderophores and siderophore uptake sys- 

tem, Pyocyanin-diffusible pigment. 

Motility/chemotaxis flagella. Toxins-

exoenzyme S, exotoxin A, 

lipopolysaccharide. Antiphagocytic surface 

properties-capsule, slime layer LPS. Defense 

against serum bactericida reaction-slime 

layer, capsule, protease enzymes, LPS. 

Defense against immune responses capsule, 

slime layers, protease en- zymes. Genetic 

attributes-genetic exchange by transduction 

and conjugation, inherent drug resistance, R 

factors and drug resistance plasmids. 

 

In patients with no clinical evidence of 

infection, isolation of Pseudomonas 

aeruginosa, particularly in association with 

other resistant organisms such as Candida, 

can be a consequence of selection by 

antibiotic therapy and of little direct clinical 

relevance. 
 

Infections due to Pseudomonas aeruginosa 

are seldom encountered in healthy adults but 

in the last two decades the organism has 

become increasingly recognized as the 

aetiological agent in a variety of serious 
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infections in hospitalized patients with 

impaired immune defences including human 

immunodeficiency virus infection 

(O’Donnell et al., 1993). Colonization is 

often iatrogenic and associated with prior 

instrumentation e.g. catheterization, trache- 

ostomy, etc. Pseudomonas aeruginosa is 

most feared cause of corneal ulceration, 

hence great care must be taken in 

maintenance and cleaning of contact lenses. 

Despite the emphasis on caution in assessing 

the clinical significance of Pseudomonas 

aeruginosa, there are undoubtedly occasions 

when serious infections occur. 

Panophthalmitis can result in partial 

blindness or loss of an eye. The organism is 

the major cause of malignant otitis media. 

Endocarditis and septicaemia caused by 

Pseudomonas aeruginosa is relatively rare 

but carries a mortality rate exceeding 70% in 

patients compromised by severe burns, 

cancer or drug addiction. The most 

significant pathogenic role for Pseudomonas 

aeruginosa at present is in the chronic 

debilitating pulmonary infections due to 

mucoid variants that are now the major 

cause of death in patients with cystic 

fibrosis. Even with the variety of potential 

virulence factors discussed; Pseudomonas 

aeruginosa remains an opportunistic 

pathogen that requires compromised host 

defenses to establish infection.  
 

In normal, healthy host, infection is usually 

associated with events that disrupt or bypass 

protection provided by epidermis. The result 

is infections of the skin, bone, heart or eye. 

Pseudomonas aeruginosa is a notable cause 

of nosocomial infections of respiratory and 

urinary tract, wounds, blood stream, and 

even the central nervous system. For 

immunocompromised patients, such 

infections are often serious and frequently 

life-threatening. Pseudomonas aeruginosa 

shows high level of intrinsic resistance to a 

number of structurally unrelated 

antimicrobial agents and these results in 

increased illness, deaths, and health care 

cost. 
 

The virtual nonexistence of antibiotic 

policies and guidelines in our country to 

help clinicians make rational choices with 

regard to antibiotic treatment is a major 

driver of the emergence and spread of 

multidrug resistance in India. Regular 

monitoring and documentation of resistance 

is therefore crucial in developing strategies 

to control infections due to these bacteria in 

patients admitted particularly in intensive 

care units. Assessment of the significance of 

a particular episode or outbreak of 

Pseudomonas aeruginosa infection, and 

selection of the most appropriate 

management procedures, require knowledge 

and appreciation of both the organism and 

the host. This can be achieved by 

consultations between microbiologist and 

clinician that take account of the patient’s 

clinical status, the factors responsible for 

susceptibility to infection and any virulence 

factor exhibited by the particular strain of 

the organism. 

 

Material and Methods 

 

Collection of specimens 

 

Clinical specimens viz. urine, blood, pus, 

CSF, fluids and aspirates would be collected 

aseptically, from patients of Jhalawar 

medical college and attached hospital. 

 

Processing in laboratory 

 

Specimens would be streaked on pre-

incubated MacConkey’s agar and blood agar 

plates within 5 hrs of sample collection and 

Would be kept under aerobic incubation at 

37°C for 24-48 hrs and 72 hours for blood. 

Colony isolates would be further confirmed 

by colony morphology on MacConkey’s 

agar, Blood agar,Pigment formation,Gram 

staining and Oxidase test as per standard 
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guidelines.P.aeruginosa were isolated and 

identified by conventional methods. The 

antimicrobial susceptibility testing was 

performed by Kirby-Bauer disc diffusion 

method. The clinical and specimen 

distribution properties of P.aeruginosa were 

evaluated based on their resistance. 

 

Confirmation, identification, Virulence 

factor production 

 

Gram-negative rod 
 

Oxidase-positive 
 

Typical smell (fruity grape-like odor) 
 

Recognizable colony morphology 
 

On blood or chocolate agar appears as large 

colonies with metallic sheen, 

mucoid, rough, or pigmented (pyocyanin) 

and often β-hemolytic. 

 

On MacConkey, appear as lactose-negative 

with green pigmentation or 

metallic sheen. 

 

Result and Discussion 

 

Pus, tracheal aspirates and urine were 

important sources of P.aeruginosa isolation 

in ICU and non ICU in patients. Almost 150 

samples were taken, out of which 35 were of 

P. aeruginosa. Resistance rates of 

Pseudomonas varied with the antibiotics and 

the high resistance observed was related to 

the increased use of broad spectrum 

antibiotics. As per result of study 

P.aeruginosa were most susceptible to 

aminoglycosides (Tobramycin-66%, Netili-

micin-54%, Gentamicin-54%, Amikacin-

45%) followed by fluoro-quinolones 

(Norfloxacin - 4 9%, Ciprofloxacin- 18%) 

and Carbapenems (Meropenem-24%, 

Imipenem-21%). Piperacillin-tazobactum 

was almost 24% susceptible  and 

Doxycycline, Ceftriaxone, Nitrofurantoin, 

Azithromycin were among least susceptible. 

 

Resistance to antimicrobial agents is an 

increasing public health threat (National 

Nosocomial Infection Surveillance System, 

2004). It limits therapeutic options and leads 

to increased mortality and morbidity 

(Cosgrove et al., 2003). Given the 

increasing resistance rates in P. aeruginosa, 

multidrug resistance can be expected to 

become more prevalent in many hospitals. 

We conducted this study to better 

understand the individual risk factors for 

having MDR P. aeruginosa and to examine 

the consequences of its occurrence. 

Multidrug resistance P.aeruginosa is on the 

rise especially in nosocomial infections. 

 

Hence rigorous monitoring of MDR strains, 

restriction of inappropriate use of 

antimicrobial agents and adherence of 

infection control practices should be 

emphasized to delay the emergence of 

clinically significant MDR-P. aeruginosa. 

For his reason epidemiological studies on 

the prevalence and antimicrobial 

susceptibility pattern of resistant isolates in 

different geographical settings would 

provide useful information to guide 

clinicians in their choice of therapy and to 

contribute to the global picture of 

antimicrobial resistance. Treatment of 

infectious diseases becomes more 

challenging with each passing year. 

Continued increases in immunosuppressed/ 

compromised patient populations and the 

evolutionary advantage of bacteria to rapidly 

mutate and adapt to antibacterial/biocide 

threats in their environment make the 

treatment of infectious diseases a serious 

challenge. This is especially true for the 

opportunistic pathogen P. aeruginosa and its 

ability to develop a multidrug-resistant 

phenotype.  
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Table.1 (32,33,34,35,36,37,38) 
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Although the potential import of resistance 

mechanisms on mobile genetic elements is a 

continuing threat, perhaps the most difficult 

challenge we face with P. aeruginosa is its 

ability to rapidly develop resistance to 

multiple classes of antibiotics during the 

course of treating a patient. The 

chromosomal AmpC cephalosporinase, the 

outer membrane porin OprD, and the 

multitude of efflux pumps are particularly 

relevant to this therapeutic challenge, and 

the discussion presented in this review 

highlights the complex mechanisms and 

pathways by which P. aeruginosa regulates 

and/or coregulates their expression. As the 

pipeline of new drugs achieving FDA 

approval continues to diminish, it is critical 

that we look for novel strategies to combat 

the threat of antibacterial resistance. One 

potential strategy is to target the regulation 

of bacterial resistance mechanisms as a 

pathway to enhance the potency of available 

drugs and, perhaps, restore the efficacy of 

available drugs. In addition to the 

development of direct inhibitors of 

resistance mechanisms, i.e., β-lactamase 

inhibitors, another strategy is to target the 

regulation of gene expression. Although a 

great deal of knowledge has been gained 

toward understanding the mechanisms by 

which P. aeruginosa regulates AmpC, 

OprD, and efflux pumps, it is clear that we 

have a long road ahead and have much to 

learn about how this resourceful pathogen 

coregulates different resistance mechanisms 

to meet the antibacterial challenges it faces. 

 

MDR has usually been described as 

developing in a susceptible strain of P. 

aeruginosa exposed sequentially to various 

antibiotic agents (Carmeli et al., 1999) ICU 

stay had been found in previous studies to be 

an important risk factor for acquisition of 

resistant organisms, and the SCENIC study 

reported that half of the patients hospitalized 

in ICUs acquired a nosocomial infection 

(Haley et al., 1980) Moreover, the intensity 

of selection pressure by broad-spectrum 

antibiotics is high in the ICU. The care of 

bedridden patients also requires intensive 

contact with healthcare providers who serve 

as the vector for transmission of these MDR 

bacteria. Treatment with multiple antibiotic 

agents, as described previously for other 

resistant organisms (Gould, 1994; Jarvis, 

1992). The limited means of effectively 

treating MDR P. aeruginosa infections led 

to performing more surgery and other 

procedures (debridement, amputation, and 

removal of prostheses) among the study 

patients in order to eradicate the source of 

infection. Indeed, in the subgroup of patients 

for whom the nidus of infection could be 

removed by these procedures, morbidity and 

mortality were not increased, in contrast to 

their counterparts, for whom curative 

surgery was not an option. Thus, our 

findings confirm the results of a previous 

study (Harris et al., 1999) that reported that 

MDR P. aeruginosa was associated with 

adverse outcomes and that these outcomes 

are even worse when the nidus of infection 

cannot be removed surgically. 

 

In conclusion, this analytic study highlights 

the complex epidemiology of MDR P. 

aeruginosa in hospitals. These infections are 

likely to affect critically ill patients who 

require intensive care and treatment with 

multiple antibiotic agents. Infection with 

MDR P. aeruginosa is associated with 

adverse clinical outcome, and strict isolation 

of patients infected with MDR 

microorganisms and judicial use of 

antibiotics should be emphasized in order to 

prevent the spread of MDR P. aeruginosa. 
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