
CHAPTER I

INTRODUCTION AND OBJECTIVES

1.1 BACKGROUND

Pseudomonas aeruginosa are widespread throughout nature, inhabiting soil,

water, plants and animals including human (Baltimore, 2007). P. aeruginosa is

also a clinically significant pathogen, often causing infection in

immunocompromised and catheterized patients. Pseudomonas aeruginosa has

become an important cause of 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 (Qarah et al., 2009). Most of the human infections due to

these species are opportunistic and occurs among low birth weight infants, older

infant, children and adults with impaired host defense, such as those with

traumatic wounds, cystic fibrosis, malignancies, extreme burns, malnutrition,

primary immunodeficiency and people under immune suppressive therapy

(Baltimore, 2007; Ghorashi et al., 2010).

The various infection caused by this organisms are endocarditis, respiratory

infections, bacteremia and septicemia, central nervous system infection, bone and

joint infection, eye infection, ear infection including external otitis media, urinary

tract infection, gastrointestinal infection, skin and soft tissue infection, wound

infection pyoderma and dermatidis (Rashid et al., 2007)..

P. aeruginosa is seldom a member of the normal microbial flora in humans.

Representative colonization rates for specific sites in humans are 0 to 2% for skin,

0 to 3.3% for the nasal mucosa, 0 to 6.6% for the throat, and 2.6 to 24% for fecal

samples (Lister et al., 2009). However, colonization rates may exceed 50% during

hospitalization, especially among patients who have experienced trauma to or a

breach in cutaneous or mucosal barriers by mechanical ventilation, tracheostomy,
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catheters, surgery, or severe burns (Ohara and Itoh, 2003; Thuong et al., 2003).

Patients with impaired immunity have higher risks for colonization by this

organism (Moya et al.,2009) and disruption in the normal microbial flora as a

result of antimicrobial therapy has also been shown to increase colonization by P.

aeruginosa (Takesue et al., 2002; Lister et al., 2009).

Nosocomial infections caused by P. aeruginosa are very common; 11-13.8% of

all nosocomial infections are due to P. aeruginosa, with an even of higher rate

(13.2-22.6%) nosocomial infection among an ICU (Driscol et al., 2007). It is the

fifth common pathogen among hospital microorganisms which cause hospital

acquired infections (Rashid et al., 2007). P. aeruginosa was also the second

leading cause of nosocomial pneumonia (14 to 16%), third most common cause of

urinary tract infections (7 to 11%), fourth most frequently isolated pathogen in

surgical site infections (8%), and seventh leading contributor to bloodstream

infections (2 to 6%) (Lister et al., 2009).

The beta-lactam antibiotics are the largest and most commonly used group of

antibiotics globally. Bacteria often develop resistance to β-lactam antibiotics by

synthesizing β- lactamases, an enzyme that attacks the β-lactam ring. There are

four classes of beta -lactamases (A–D) based upon DNA sequence similarity.

Classes A, C, and D utilize serine on the active site, while the class-B enzymes

(MBLs) usually utilize zinc (Ambler, 1980). The updated classification system

includes group 1 (class C) cephalosporinases; group 2 (classes A and D) broad-

spectrum, inhibitor-resistant beta lactamases, ESBLs and serine carbapenemases;

and group 3 (class B) MBLs (Bush et al., 1995). Metallo β-lactamases belong to

Amber class B type of β- lactamase (Pitout et al., 2005) and act on a broad

spectrum of substrates including penicillins, cephalosporins, and carbapenems

(Herzberg and Fitzgerald, 2011). P. aeruginosa isolates producing metallo β-

lactamases were first reported in Japan in 1991, since then it has been described

from various parts of world, including Asia, Europe, Australia, South America

and North America (Pitout et al., 2005). In some countries, P. aeruginosa
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possessing MBLs constitute nearly 20% of all nosocomial isolates (Walsh et al.,

2005).

Excessive use of broad spectrum antibiotics in hospitals has led to the emergence

of resistance strain of P. aeruginosa. To reduce the selection pressure for

resistance, it is important to determine antibiotic susceptibility pattern of

organism which helps in appropriate treatment with narrow spectrum and target

specific antibiotics (Aoki et al., 2004). Carbapenems have been the predominant

antibiotic class for treatment of P. aeruginosa infection because of their stability

against most β-lactamases. However, metallo β-lactamases able to hydrolyze

carbapenem as well and P. aeruginosa strains carrying metallo-β-lactamase genes

are a recent clinical threat (Aoki et al., 2004). Therefore it is important to know

the status of metallo β- lactamase producing P. aeruginosa in our hospital to

prevent the transmission of resistant bacteria. Antibiotic susceptibility pattern and

reporting of MBL producing organism would help in appropriate selection of

treatment regimes and helps to decrease the overuse and misuse of antibiotics.

The purpose of this present is to find the prevalence of P. aeruginosa in different

samples along with their antimicrobial susceptibility profile, find out the burden

of MDR among P. aeruginosa and the production of metallo β- lactamases among

those isolates.
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1.1 Objectives

1.1.1 General objective

To assess metallo β-lactamase producing Pseudomonas aeruginosa from different

clinical samples and to know their antibiotic susceptibility pattern.

1.1.2 Specific objectives

a) To assess the prevalence of P. aeruginosa in different clinical samples.

b) To find out the burden of MDR among P. aeruginosa.

c) To detect metello β-lactamase producing P. aeruginosa

d) To assess the antibiotic susceptibility pattern of isolates..
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CHAPTER -II

LITERATURE REVIEW

2.1 Pseudomons aeruginosa

Bergey’s Manual of Systematic Bacteriology (2005) has classified Pseudomonas

aeruginosa in the phylum Protobacteria and class Gamma Protobacteria.

Pseudomonas is the most important genus in the order Pseudomonadales and the

family Pseudomonaceae. It was first isolated by a French military surgeon

Sedillot in 1850 from a blue-green discharge on surgical dressing with associated

infections (Lister et al., 2009).  Typical biochemical features of P. aeruginosa

isolates are: positive oxidase test, growth at 42 °C, hydrolysis of arginine and

gelatine, and nitrate reduction. P. aeruginosa strains produce two types of soluble

pigments, pyoverdin and pyocyanin (Gilligan, 1991). The latter blue pigment is

produced abundantly in media of low-iron content and functions in iron

metabolism in the bacterium. Pyocyanin (from "pyocyaneus") refers to "blue

pus", which is characteristic for suppurative infections caused by P. aeruginosa

(Gilligan, 1991).

P. aeruginosa normally lives in moist environments, and uses a wide range of

organic compounds for growth, thus giving it an exceptional ability to colonize in

different ecological condition where nutrients are limited, from water and soil to

plant and animal tissues (Lister et al., 2009). The ability of P. aeruginosa to

survive on minimal nutritional requirements and to tolerate a variety of physical

conditions has allowed this organism to persist in both community and hospital

setting. 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 (Poirel et al., 2001).

Isolation of P. aeruginosa from healthy carriers or environmental sites is

significant only when there is significant risk of transfer to immunocompromised

patients, e.g. by nurses’ hands or via respirators. Normally, human fecal carriage

rate for P. aeruginosa is less than 10%; however, carrier rate increases with the
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increase in the length of hospital stay of the patient, reaching upto 30% after 3

weeks (Anzai et al., 2000). This represents a distinct risk of endogenous infection.

P. aeruginosa mainly is an opportunistic pathogen. Infections due to P.

aeruginosa are seldom encountered in healthy adults (Bonomo and Szabo, 2006).

Infection begins with some alteration in the host immune defense system. The

bacterium does not infect uncompromised tissue. But there is hardly any tissue

that organism cannot infects if the host immune system is suppressed in some

manner (Rashid et al., 2007). In the last few decades the organism has become

increasingly recognized as the aetiological agent in a variety of serious infections

in hospitalized patients with impaired immune defenses (Bonomo and Szabo,

2006). P. aeruginosa is one of the main organisms responsible for drug-resistant

nosocomial infections, and is one of the leading causes of bacteraemia and

pneumonia in hospitalized patients. In addition being intrinsically resistant to

several antimicrobial agents, P. aeruginosa can easily develop resistance to all

conventional antipseudomonal antibiotics via different mechanisms (Farrel et al.,

2007). The resistance to antibiotics by this organism is govern by the antibiotic

resistant plasmid (R factors) contained in them, which are further passed on

genetically to the next generation (Bagde et al., 2012). These natural properties of

the bacterium contributed to its success as an opportunistic pathogen.

2.2 Characteristic of P. aeruginosa

Pseudomonas aeruginosa is a gram negative, uniformly stained, straight or

slightly curved rods, measuring 0.5 to 1.0μm by 1.5 to 5.0μm in length. They are

aerobic, nonspore forming, motile by one or more polar flagella. They are either

incapable of utilizing carbohydrates as source of energy or degrade them

“oxidatively” rather than fermentative pathway without gas formation Few

species of P. aeruginosa are asaccharolytic (De Freitas and Barth, 2002).

On nutrient agar, colonies are large and pigmented (pyocyanin/Fluorescence) and

on 5% sheep blood agar, they produce β-hemolytic, large flat spreading, mucoid,
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rough, pigmented colonies. Many strains may produce a fruity, sweaty, musty or

grape like odor due to the presence of 2-aminoacetophenone (Moore et al., 2011).

On MacConkey agar, they produce non lactose fermenting colonies with green

pigmentation. Colonies from respiratory tract infection samples produce large

amounts of alginate, an exopolysaccharide consisting of mannuronic and

guluronic acids which aids in forming mucoid colonies on agar medium (Ryder et

al., 2007).

Biochemically, they are oxidase and catalase positive, motile by means of

flagella, grows well at 42˚C. They utilize glucose oxidatively, reduces nitrate to

nitrite, gives Methyl red/Voges Proskauer test negative, do not decarboxylate

lysine and ornithine, but dihydrolyze agrinine, mannitol not fermented, motile,

produce alkaline slant/alkaline butt with no gas and no H2S in TSI, indole

negative, utilize citrate, do not hydrolyze urea, do not produce phenyl pyruvic

acid, liquefies gelatin, do not hydrolyze aesculin and utilize acetamide

(Cheesbrough, 2000)

Cetrimide agar is a selective and differential medium for the identification of

Pseudomonas aeruginosa. In this medium, Cetrimide acts as detergent which

inhibits most other bacteria and enhances the growth of P. aeruginosa (Brown

and Lowbury, 1965). Nutrient agar with 0.03% cetrimide allows the growth of

Pseudomonas aeruginosa with the production of fluorescein if it contains added

phosphate and magnesium, while inhibiting the growth of many other bacteria

(Goto and Enomoto, 1970). However, some of clinical strains of P. aeruginosa do

not produce pyocyanin (Finlayson and Brown, 2011).

2.3 Virulence factor

Virulence of P. aeruginosa depends on a large number of cell-associated and

extracellular factors. The virulence factors play an important pathological role in

the colonization, the survival of the bacteria and the invasion of tissues (Khalifa et

al., 2011). The importance of these virulence factors for the pathogenesis of
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human P. aeruginosa infections is dependent on the type of infection (Doring,

1987). The major virulence factors that assist P. aeruginosa to colonize and

progress into infection are as follows.

2.3.1 Bacterial cell surface virulence factor

Flagella: The P. aeruginosa flagellum is an important virulence factor and a

potent activator of host immunity (Zhang et al.,2007) The single polar flagellum

is a polymer composed of flagellin, the product of the fliC gene, although a large

number of gene products are required for flagellar assembly and function

(Dasgupta et al.,2003). Flagella are required for adhesion to cells, swimming

motility, and biofilm formation (Bucior et al., 2012). Flagella have a critical role

in pathogenesis by adhering to epithelial cells through binding with common

membrane component glycosphingolipid asialo-GM1 (aGM1) (Feldman et al.,

1998). A number of studies have shown that P. aeruginosa strains lacking flagella

are much less readily phagocytosed by alveolar macrophages and

polymorphonuclear leukocytes. Thus, the loss of flagellar expression may

represent an adaptive response that allows P. aeruginosa to evade detection and

clearance by host defense mechanisms during the chronic phase of Cystic Fibrosis

lung infection (Zhang et al., 2007).

Pili: P. aeruginosa pili are polar, flexible organelles that are composed of a single

protein subunit, PilA (Comolli et al., 1999). Type IV pili are polarly localized

appendages that undergo reversible assembly and disassembly, allowing the

bacteria to move over a solid surface in a process termed twitching motility

(Bucior et al., 2012). Like flagella, pili are crucial to the adhesion phase of

colonization through binding with glycosphingolipid asialo-GM1 of epithelial cell

(Feldman et al., 1998).

Liopopolysaccharides (LPS): LPS contains a hydrophobic domain, Lipid A,

inserted into the phospholipid  bilayer to a hydrophobic tail composed of core

polysaccharide and the O- specific polysaccharide The O-antigen portion of the P.
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aeruginosa LPS is responsible for conferring serogroup specificity, which is

defined by antibodies specific to the different variants of this antigen (Pier, 2007).

The presence of O antigen is critical for bacterial virulence. O-antigen-deficient

mutants appear to be more attenuated than wild-type organisms. They disseminate

less readily from the initial site of infection, are more serum sensitive than wild-

type strain and also exhibit decreased adherence to epithelial cells (Ivanov et al.,

2011)

2.3.2 Secreted virulence factor

Pyocynin: Pyocyanin is a blue redox-active secondary metabolite that is

produced by Pseudomonas aeruginosa (Lau et al., 2004). Pyocyanin interferes

with the regulation of ion transport, ciliary beat frequency, and mucus secretion in

airway epithelial cells by altering the cytosolic concentration of calcium. It may

interact with endothelium-derived relaxing factor or with nitric oxide (which

plays a central role in the control of blood pressure, blood flow, and immune

function) through the formation of a complex, or it may act by inhibition of nitric

oxide synthase (Mavrodi et al., 2001). Pyocyanin can also stimulate alveolar

macrophages to produce two neutrophil chemotaxins, IL-8 and leukotriene B4,

that attract neutrophils into airways, causing an inflammatory response and

neutrophil-mediated tissue damage (Mavrodi et al., 2001).

Pyoverdine: Pyoverdines are a group of structurally related siderophores

produced by P. aeruginosa. The siderophore is a primary virulence factor of the

human pathogenic strain, acting as the primary iron source. In addition to its role

in nutrition, pyoverdine is implicated in biofilm control, cell-to-cell

communication, and virulence regulation (Visca et al., 2007). By a mechanism

known as surface signaling, pyoverdine tunes the expression of virulence factors,

including exotoxin A, exoprotease PrpL, and pyoverdine itself (Imperi et al.,

2009).
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Alkaline protease: The alkaline protease of Pseudomonas aeruginosa is

associated with bacterial virulence and is known to interfere with complement-

mediated lysis of bacteria by interfering with complement activation and

complement-dependent neutrophil functions. Alkaline protease potently blocked

phagocytosis and killing of Pseudomonas by human neutrophils (Laarman et al.,

2012).

Exotoxin A: Exotoxin A binds to a specific receptor on host cells, allowing

endocytosis of the toxin. Once in endosomes, the exotoxin can be processed. The

toxin then blocks protein synthesis by ADP ribosylation of elongation factor 2,

thereby triggering cell death (Guyot et al., 2009).

Phospholipase c: Phospholipase c is selectively toxic to endothelial cells through

its ability to bind a cell receptor. It causes vascular lesions and inhibits the healing

of wounds during septic infection (Vasil et al., 2009)

Biofilm: Growth of P. aeruginosa begins in the form of microcolonies, which

later coalesce together to form biofilms. Alginate, which is an acetylated polymer

of beta- D -mannouronic acid and alpha-L-guluronic acids, is the most important

component of P. aeruginosa biofilms. However, some other exopolysaccharides

like psl and pel have also been shown to play an important role in biofilm forming

ability of non-alginate producing strains of P. aeruginosa (Ryder et al., 2007).

Biofilms are resistant to antimicrobial agents as well as to host defense

mechanisms and hence are difficult to eradicate. Biofilms contribute towards

pathogenicity of P. aeruginosa as these often lead to persistent and recurrent

infections (Mittal et al., 2009).Once an opportunistic pathogen like P. aeruginosa

enters the host, its ability to cause infection has been correlated with its tendency

to form biofilms (Hall-Stoodley and Stoodley, 2005).

Quorum-sensing: In Pseudomonas aeruginosa, it have been reported that the

organism monitor their cell density as well as expression of virulence factors

through chemical signals. These signals known as quorum-sensing signals are
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mainly operative through autoinducers generally acylhomoserine Lactones. In P.

aeruginosa two types of quorum-sensing systems, las and rhl have been reported

(Mittal et al., 2009). Quorum sensing in P. aeruginosa is involved in regulating

expression of a number of virulence factors, and as such, this regulation is

believed to play an important role in the pathogenicity of this organism (De Kievit

and Iglewski, 2000).

2.4 Pathogenicity of P. aeruginosa

Pseudomonas aeruginosa is responsible for severe nosocomial infections, life-

threatening infections in immunocompromised persons, and chronic infections in

cystic fibrosis patients (Khalifa et al., 2011). The bacterium does not infect

uncompromised tissue. But there is hardly any tissue that organism cannot infects

if the host immune system is suppressed in some manner (Rashid et al., 2007). To

cause infection, P. aeruginosa should first overcome the primary mechanisms of

defense including the cell elements and humoral factors of the skin, as well as

non-specific responses-phagocytosis, inflammation, acute phase response

(Andonova and Urumova, 2013). The pathogenesis of P. aeruginosa infection is

multifactorial, due to presence of numerous toxins, or virulence factors, it

produces and the variety of diseases it causes. P. aeruginosa is invasive and

toxigenic. Infections appear to occur in stages: bacterial adherence, colonization,

invasion and dissemination, and systemic or toxemic disease (Vasil, 1986).

Adherence of P. aeruginosa is mediated by flagella and pili. They bind with the

specific glycosphingolipid asialo-GM1 component of the host epithelial cell

surface (Feldman et al., 1998). Colonization by adherence to the surface may be

aided by the production of proteases enzymes that degrades mucin in order to

expose the receptors in the cell surfaces. Mucin degradation by bacterial proteases

may also be necessary for bacteria to use mucin as a nutrient source (Aristoteli

and Willcox, 2003). Tissue injury may also play role in the colonization of

organism, since P. aeruginosa will adhere to tracheal epithelial cells of mice
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infected with influenza virus but not to normal tracheal epithelium (Ramphal et

al., 1980).

The ability of P. aeruginosa to invade tissue depends upon production of

extracellular enzymes and toxins that break down physical barriers and damage

host cells, as well as resistance to phagocytes and the host immune defences

(Todar, 2013). Exotoxin A is produced by most P. aeruginosa strains that cause

clinical infections. Like diphtheria toxin, P. aeruginosa exotoxin A catalyzes

ADP-ribosylation and inactivation of elongation factor 2, leading to inhibition of

protein biosynthesis and cell death. Exotoxin A is responsible for local tissue

damage, bacterial invasion and immunosuppression(Van and Iglewski, 1998).

Phospholipase C is a thermolabile haemolysin. The pathogenic role of exoenzyme

S is attributable to the disruption of normal cytoskeletal organization, the

destruction of immunoglobulin G and A, leads to depolymerization of actin

filaments and contributes to the resistance to macrophages (Khalifa et al., 2011).

Bacterial invasion might result in desquamation of infected cells, intracellular

survival of bacteria without killing the host cells, and host cell death through

bacteria-mediated cytotoxicity (Byfield et al., 2011).

2.5 Antibiotic resistance in P. aeruginosa

Pseudomonas aeruginosa is intrinsically resistant to many structurally unrelated

antimicrobial agents (Mesaros et al., 2007). P. aeruginosa presents a serious

therapeutic challenge for treatment of both community-acquired and nosocomial

infections, and selection of the appropriate antibiotic to initiate therapy is essential

to optimizing the clinical outcome (Micek et al., 2005). Unfortunately, selection

of the most appropriate antibiotic is complicated by the ability of P. aeruginosa to

develop resistance to multiple classes of antibacterial agents, even during the

course of treating an infection (Lister et al., 2009). This is primarily due to active

efflux systems that are present in all wild type strains, its membrane permeability

properties, mutation in chromosomal genes which regulate resistance genes and

acquire additional resistance genes from other organisms via plasmids,
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transposons and bacteriophages (Lambert, 2002; Livermore, 2002). 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 (Mesaros et al., 2007).

Antimicrobial resistance in P. aeruginosa lies on one hand in the extraordinary

capacity of this microorganism to develop resistance to almost any available

antibiotic by the selection of mutations in chromosomal genes and, on the other,

in the increasing prevalence of transferable resistance determinants, particularly

those encoding class B carbapenemases (or metallo-β- lactamases [MBLs])

(Gutierrez et al., 2007)

2.6 Multidrug resistant Pseudomonas aeruginosa

Different definitions regarding Multidrug resistant are used in different

publications. According to CDC, 2006 Multidrug resistant is defined as resistant

to two or more classes of antimicrobial agents. R esistances to antimicrobials of

different classes hascreat complicatation inthe therapeutic management of

infections and areconsidered multidrug resistant if they show resistance to three

or more routinely used antibiotics (Danielet al., 2001.( The multidrug resistance

in Pseudomonas aeruginosa is defined as resistance to at least three drugs from a

variety of antibiotic classes, mainly aminoglycosides, antipseudomonal

penicillins, cephalosporins, carbapenems and fluoroquinolones (Hirsch and Tam,

2010)

A multidrug-resistant phenotype of P. aeruginosa can arise through the

acquisition of multiple imported resistance mechanisms on mobile genetic

elements, a combination of imported and chromosomally encoded resistance

mechanisms, accumulation of multiple chromosomal changes over time, and/or a

single mutational event leading to the over expression of multidrug resistance

mechanism, i.e., efflux pump (Lister et al.,2009). Other resistance mechanisms in

P. aeruginosa include enzyme production and target mutations. Expression of
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aminoglycoside-modifying enzymes (acetyltransferases, nucleotidyltransferases

and phosphotransferases), mediates aminoglycoside resistance (Kotra et al.,

2000). Mutations in DNA gyrase and topoisomerase IV (encoded by the gyrA and

parC genes), mediate resistance to the fluoroquinolones (Jalal et al., 2000).

Furthermore, a wide variety of β-lactamases are produced by P. aeruginosa. PSE-

1 and PSE-4 are those most frequently acquired but confer resistance only to the

penicillins; activity of the antipseudomonal cephalosporins, carbapenems and

monobactam is retained. The overexpression of chromosomally encoded

cephalosporinase, AmpC, is prevalent in P. aeruginosa (Tam et al., 2007). Broad

spectrum β-lactam resistance attributed to β-lactamases is generally due to the

metallo-β-lactamases (MBLs): IMP, VIM, SPM and GIM (Bonomo et al., 2006).

These MBLs hydrolyze antipseudomonal cephalosporins and carbapenems

effectively and their activity is not suppressed by the β-lactamase inhibitors that

are currently commercially available (Hirsch and Tam, 2010). The carriage of

these genes on plasmids is responsible for their worldwide dissemination and

transfer amongst various genera and species (Galimand et al., 2005).

2.7 β - lactams and β- lactamases

2.7.1 β - lactams

β-lactam antibiotics are the most commonly used antibiotics accounting

approximately 50% of global antibiotic consumption (Livermore, 1998). These

antibiotics act by inhibiting a set of transpeptidase enzymes (also called penicillin

binding proteins or PBPs) that are essential for the synthesis of the peptidoglycan

layer of the bacterial cell wall (Sauvage et al., 2008). The inhibition of

peptidoglycan synthesis results in the death of growing bacteria and accounts for

the antimicrobial effect of β-lactam antibiotics (Palzkill, 2013; Moya et al,.2009 ).

β-lactam antibiotics includes the penicillins, where the four -memberedβ-lactam

ring, is fused to a five-membered sulfur ring system, and the cephalosporins,

where theβ-lactam is fused to sulfur-containing ring expanded system. Some

other important members of theβ -lactam group antibiotics include Carbapenems;

comprising a family of fusedβ-lactam antibiotics, Monobactams; themonocyclic
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β-lactam antibiotics)Walsh et al., 2003 .(However, the clinical utility ofβ-lactam

antibiotics is under threat due to resistance arising via (i) modification of the

normal penicillin-binding proteins (PBPs), (ii) bypassing of the normal PBPs, (iii)

impermeability of the Gram-negative organism outer membrane and (iv)

production of β- lactamases (Livermore, 1998).

Carbapenems are important therapeutic agents for the treatment of infection with

multidrug-resistant gram negative bacteria, particularly those carrying genes for

extended-spectrum and derepressed AmpC β -lactamases (Peleg et al., 2005). Of

the lactams, carbapenems have the broadest spectrum and greatest stability

against hydrolysis by β-lactamases. However, the clinical utility of these

antimicrobials is under threat with the emergence of acquired genes for

carbapenemases, particularly those coding for metallo-b-lactamases (Peleg et al.,

2005).

2.7.2 β - lactamases

β-Lactamases are a heterogenous group of proteins with structural similarities,

composed ofα -helices andβ-pleated sheets and are the members of a superfamily

of active site serine proteases (Knoxet al., 1998.( Plasmids are responsible for the

spread of most of the β-lactamases, but the genes encoding these enzymes may

also be located on the bacterial chromosome )Jacoby et al., 2005.( Some of the

enzyme genes are on transposons, facilitating dissemination among different

plasmids and organisms )Livermore , 1995 .( Genes for many of the new β-

lactamases are found in integrons, which often include genes conferring resistance

to other antibiotics )Jacoby et al., 2005.(

2.7.3 Classification β – lactamases

Because of the diversity of the enzymatic characteristics ofβ-Lactamases, many

attempts have been made to categorize these enzymes by using several attributes

like their hydrolytic spectrum, susceptibility to inhibitors, and whether they are

encoded by plasmids or chromosome.the most frequentlyclassification schemes
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areMolecularclassification scheme of Ambler proposed in 1980 and functional

classification scheme proposed by Bush in 1989, expanded in 1995 byBush,

Jacoby andMedeirosand updated in 2010 by Bush and Jcoby.

The Ambler classification scheme separatesβ-lactamases into four distinct classes

based on similarities in amino acid sequenceA,B,C and D .Classes A, C, and D

are serineβ-lactamases, whereas classbare metalloβ-lactamases that require zinc

ionforits activity (Ambler, 1980). Bush andJacoby classification system

classifiesβ-lactamases according to functional similarities i.e. substrate-inhibitor

profiles . The updated system includes group 1 (class C) cephalosporinases; group

2 (classes A and D) broad-spectrum, inhibitor-resistant, and extended-spectrum β-

lactamases and serine carbapenemases; and group 3 metallo-β-lactamases (Bush

and Jcoby, 2010.(

Group 1 enzymes are cephalosporinases belonging to molecular class C that are

encoded on the chromosomes of many Enterobacteriaceae and a few other

organisms (Jacoby, 2009). They are more active on cephalosporins than

benzylpenicillin and are usually resistant to inhibition by clavulanic acid and

active on cephamycins, such as cefoxitin. Functional group 2 β-lactamases are

serine β- lactamases, including molecular classes A and D, represent the largest

group of β-lactamases, due primarily to the increasing identification of ESBLs.

Group 3 are Metallo-β-lactamases (MBLs). They are unique group of β-

lactamases both structurally and functionally and are usually produced in

combination other β –lactamases in clinical isolates. They differ structurally from

the other β -lactamases by their requirement for a zinc ion at the active site (Bush

and Jcoby, 2010.(

2.8 Metallo β – lactamases (MBLs)

MBLs areβ-lactamases that are included ingroup 3 ofBush andJacoby

classification whereas members ofgroup B in themolecular classification of

Ambler. They use a metal ion, usually zinc at an active site for the hydrolysis of
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β-lactam ring (Hall et al., 2003). Class B metallo-β-lactamases (MBLs) have a

broad substrate spectrum and can catalyze the hydrolysis of virtually all β-lactam

antibiotics with the exception of monobactams. They are not inhibited by

mechanism-based inhibitors such as clavulanate, sulbactam, or tazobactam that

are effective against serine-based, class A β–lactamases (Drawz. and Bonomo,

2010; Perez-Llarena and Bou, 2009). But they possess the characteristics of being

universally inhibited by EDTA and other chelating agent of Zn and other

divalent cations (Queenan and Bush, 2007).

The first metallo-β-lactamases detected and studied were chromosomal enzymes

present in environmental and opportunistic pathogenic bacteria such as Bacillus

cereus, Aeromonas spp. and Stenotrophomonas maltophilia (Queenan and Bush,

2007). These chromosomal enzymes were usually found in bacteria and are not

easily transferred (Walsh et al., 2005). Fortunately, with the exception of S.

maltophilia, these bacteria have not been frequently associated with serious

nosocomial infections, as they are generally opportunistic pathogens, and the

chromosomal metallo-β-lactamase genes (Queenan and Bush, 2007). However,

concerns have been raised that acquired MBL genes are located on integron

structure that reside on mobile genetic elements such as plasmids or transposons

thus enabling widespread dissemination (Franklinet al., 2006.( These MBL genes

are often carried along with other resistance genes resulting in multi-drug

resistance limiting treatment options (Walsh et al., 2005).

P. aeruginosa isolates producing metallo β-lactamases were first reported in

Japan in 1991, since then it has been described from various parts of world,

including Asia, Europe, Australia, South America and North America (Pitout et

al., 2005). In India, the prevalence of P. aeruginosa producing MBL is 7.5% to

75% (Kumar et al., 2012). A nationwide study carried out in France, prevalence

of MBL pruducers is 9.5% among the Ceftazidime resistant isolates and 0.6% of

the total isolates (Hocquet et al., 2010). In context of Nepal, a study carried out in

TUTH, 3.3% of the isolates were MBL producer (Mishra et al., 2012).
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2.8.1 Types of MBLs

Five major clinically important groups of MBLs have been identified: IMP, VIM,

SPM, GIM and the recently described SIM (Lee et al., 2002). The most common

and widespread acquired MBLs are those of the IMP and VIM types, which

exhibit a worldwide distribution and for which several allelic variants are known

Their genetic determinants are carried on mobile gene cassettes inserted into

chromosome or plasmid-borne integrons and can rapidly disseminate in the

clinical setting via the integron system and the associated mobile DNA elements

(Lagatolla et al., 2006).

IMP Type:

IMP (Imipenemase) was the first mobile MBL discovered from P. aeruginosa in

Japan during 1988. The resistance allele was found on a transferable conjugative

plasmid that could be readily mobilized to other Pseudomonas strains (Zavascki

et al., 2006). They are most commonly found in P. aeruginosa, Acinetobacter

baumanii, Klebsiella pneumonia, E. coli, Citrobactor etc (Walsh et al.,

2005).

VIM Type:

Second dominant group of acquired MBL is VIM (Verona Integron encoded

Metallo β-lactamases) (Veronese Imipenemase) type enzyme, which was first

described in Verona, Italy from a Pseudomonas aeruginosa which was resistant

to Piperacillin, Ceftazidime, Imipenem and Aztreonam . Among several types of

MBL enzymes identified, VIM type enzymes appears to be most prevalent (Poirel

et al., 2001).

2.8.2 Detection of MBLs

The emergence of metallo-β-lactamase (MBL)-producing isolates is a challenge

to routine microbiology laboratories, Unfortunately, there are no standardized

phenotypic methods available and the testing criteria are likely to depend on

whether the gene is carried by P. aeruginosa (Walsh et al., 2005). Given the fact

that all the MBLs are inhibited by the removal of the zinc from the active site, in

principle, their detection is straightforward, and studies have focused on this
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principle and used a variety ofinhibitor-β -lactam combinations to detect strains

possessing these clinically important enzymes (Yanet al., 2004.(Several

phenotypic methods have been developed for MBL detection, such as the MBL

Etest, double-disk synergy tests, combined diskassay, microdilution, and the

Hodge test(Walsh et al., 2005).

Although PCR-based genotyping remains as the golden standard for MBL

detection and classification, its use is mainly restricted to research purposes. As

genotyping information is necessary, diagnostic centers and laboratories still rely

mostly on culture-based phenotypic test as a means for rapid detection of MBL

activity (Khosravi et al., 2012). So far, many variations of phenotypic assays for

MBLs detection have been reported, and these assays are not standardized. It has

been well documented that the activity of MBLs is dependent on zinc or cadmium

(Franklin et al., 2006). Several screening methods incorporating the use of metal

chelating agents, such as ethylenediaminetetraacetic acid (EDTA) and thiol-based

compounds like 2-mercaptopropionic acid , which are capable of blocking MBL

activity, have been developed to detect MBL-producing organisms (Arakawa et

al., 2000; Livermore and Woodford, 2000; Migliavacca et al., 2002; Walsh et al.,

2002 and Yong et al., 2002). A double-disk synergy test using Imipenem or

ceftazidime disk and a 2-MPA disk, designed by Arakawa et al., (2000) was able

to indicate the presence of MBLs through the display of an enhanced zone of

inhibition around the CAZ disk toward the 2-MPA disk. The combined IPM-

EDTA disk test (CDT) works by comparing the zones of inhibition obtained with

IPM disks with and without EDTA (Yong et al., 2002). In contrast, the

microdilution method compares the minimal inhibitory concentrations of IPM

with and without EDTA (Migliavacca et al., 2002).
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CHAPTER III
MATERIALS AND METHODS

3.1MATERIALS

The materials, equipment and various reagents used in different stages of this

study are listed in AppendixA.

3.2METHODOLOGY

The study was conductedprospectively atShree Birendra Hospital, Chhauni,

Kathmandu  fromJanuary 2013 to July 2013 to assess the prevance of

Pseudomonas aeruginosa  ,their antibiotic suceptibility pattern and MBL

production from all clinical samples. This study included paientsof all age groups

and both sexvisiting hospital, from whom samplesweresent for routine culture

and antibiotic susceptibility testing. The demographic parameters, clinical history,

prior antibiotic use were recorded)Appendix C.(

3.2.1Sample size and sample types

A total of 5833 different samples wereincludedunder study. The specimens

included sputum, pus, tracheal secretion, bronchial secretion, urine, blood and

different body fluids like CSF, peritoneal fluid, acetic fliud which were sentto

laboratoryfor routine culture and antibiotic susceptibility testing were processed

during the study period. Samplesthat areobtained in a clean, leak proof container

with no visible signs of contamination and labeled properly with demographic

information of patients were accepted, otherwise a second sample was requested.

3.2.2Collection and transportation of specimen

3.2.2.1Urine samples

Patients were asked to collect 10-20ml of clean voided (clean catch) first

morning mid stream urine in a sterile, dry, widenecked, leakproof container.The

container was then labelled properly and immediately delivered to the laboratory

with the request form as soon as possible for further processing)Forbes et al.,

2007(.
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3.2.2.2Sputum samples

The sputum sample wascollected in a sterile, leakproof, disposable container. The

patient was asked not to rinse or gargle the mouth with non -sterile water or

mouthwash prior to sample collection and also instructed to collect specimen

resulting from deep cough not the salivaor post-nasal discharge. The container

was then labelled properly and immediately delivered to the laboratory as soon as

possible for further processing)Forbes et al., 2007(.

3.2.2.3Tracheal secretion andBroncheal secretion

The tracheal secretion and bronchial secretion were collected in a sterile,

leakproof, disposable container. The container was then labelled properly and

immediately delivered to the laboratory as soon as possible for further processing

)Forbes et al., 2007(.

3.2.2.4Pus samples

Pus samples weretakenfrom wounds or abscesses that are clinically infected or

deteriorating or that fail to heal over a long period. For closed wounds and

aspirates, 2% Cholorohexidine followed by an iodine solution was used for

disinfection whereas for open wounds, it was debrided then rinsed thoroughly

with sterile saline prior to collection of pus sample. Pus samples should be such

that it contains the deepest portion of the lesion or exudate rather than superficial

debris. Swab collection should be avoided as long as aspirates or biopsy samples

can be obtained. If swab is the only option, then sterile cotton wool swab was

gently rolled over the surface of the wound approximately five times, focusing on

area where there is evidence of pus or inflamed tissue)Forbes et al., 2007(.

3.2.2.5Blood sample

After proper sterilization of skin, 5 ml of blood was withdrawn by sterile syringe.

The blood was transferred immediately in sterile containing 50 ml of Brain-Heart

Infusion broth aseptically. The bottles were taken to laboratory as soon as

possible for culture )Forbes et al., 2007( .
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3.2.2.6Body fluid specimens (CSF, Pleural, Peritoneal and synovial fluid(

These speimens werecollected by  trained physician .The needlepuncture site

was cleaned with alcohol and disinfected with iodine solution to prevent

introduction of specimen contamination or infection of patient. About 1-5ml of

the sample was drawn and transported to laboratory, properly labelled, in a sterile

tubeor vial for further processing.

3.2.3Culture of Specimens

3.2.3.1Urine culture

The urine samples were cultured onto the CLED agar plates by the semi-

quantitative culture technique using a standardcalibrated loop.

1. A calibrated loop was immersedvertically just below the surface of well-

mixed uncentrifuged urine specimen.

2. A loopful of urine was then streaked on the plate to make straight line

inoculum down the center of the plate and the urine was streaked by making

series of passes at 900angle throughout the inoculum.

3. The plates were thenincubated at 370C overnight.

4. Colony count was performed so as to calculate the number of CFU per ml

of urine and the bacterial count was reported as :

i. Less than 104/ml organisms: not significant

ii. 104-105/ml organisms: doubtful significance (suggest repeat

specimen).

iii. More than 105/ml organisms: significant bacteriuria

If the culture indicates presence of two uropathogens both showing significant

growth, definitive identification and antimicrobial susceptibility testing of both

were performed whereas in cases of ≥3 pathogens, it was reported as multiple

bacterial morphotypes and asked for appropriate recollection with timely delivery

to laboratory (Isenberg, 2004.(
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3.2.3.2Sputum

The sputum samples w ereinoculated into the Blood agar and MacConkey agar

plates. The chocolate agar andBlood agarand MacConkey agar plates were

incubated at 370C for overnight agar plate w asincubated at 370C in an aerobic

condition )Forbes et al., 2007( .

3.2.3.3Pus and BodyFluids

These samples were inoculated intoBlood agar and MacConkey agar plates  .The

Blood agar and Macconkey plates were incubated aerobically at 370cfor 48 hours

)Forbes et al., 2007( .

3.2.3.3 Blood Culture

Blood culture bottles after receving wereincubatedat 370 C for overnight. Next

day it was subcultured in Blood agar and Mac Conkey agar plates. The plates

were 370C for 24 hours. The negative bottles were incubated and subcultured till

7th days. Culture bottles showing negative growth until the 7th day were discarded

)Forbes et al., 2007( .

3.2.3.4Tracheal and Broncheal Secreation

The tracheal secretion and bronchial secretion were inoculated on the Blood agar

and MacConkey agar plates. The plates were incubated for 370C for 48 hours

)Forbes et al., 2007( .

3.2.4Identificaion of the isolates

The identification of bacterial isolates was done by using standard

microbiological techniques as described in Bergey’s Manual of systemic

bacteriology which comprises of studying the colonialmorphology, staining

reactions and various biochemical properties. Isolated colonies from the pure

culture with oxidase positivity were identified by performing staining the standard

conventional biochemical tests.
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3.2.4.1Identification with gram staining

Gram staining was performed for the presumptive identification of the bacteria

according to standard technique . P. aeruginosawas identified as a gram negative

rod.

3.2.4.2Identification with Biochemical Tests

Typical colonies of bacterial isolates were sub cultured on Nutrientagarand

incubated at 370C for 4 hours. After incubation, fresh culture of test organism

was inoculated into different biochemical media . P. aeruginosawere characterise

and identified using a combination of coloy morphology, Gram stain

characteristics and different biochemical tests.Catalase Test, Oxidase Test, Indole

Test, Methyl Red Test, Voges Progeskaur Test, Citrate utilisation Test, Triple

Sugar Iron Agar Test and Urease Test wereperformed for identification of P.

aeruginosa  .Result interpritation was dome based on identifying characteristics of

the isolates)Forbes et al., 2007( .

3.2.5Antibioticsusceptibility testing

Antibiotic susceptibility tests of all the clinical isolates towards various antibiotics

were performed by Kirby-Bauer disk diffusion method as recommended by

Clinical Laboratory Standard Institute (CLSI). In this method, the broth culture of

test organism (comparable to McFarland tube no.0.5; inoculums density

1.5×10 organisms/ml) were uniformly carpeted on the surface of Mueller Hinton

agar. Then, antibiotics discs were placed over the lawn culture of the test

organism by sterile foreceps. The inoculated and seeded MHA plates then were

incubated at 37° C for 18 hours (or overnight). After incubation the zone diameter

of each antibiotic were interpreted using the interpretative chart and the organism

was reported as “Resistant”, “Intermediate” or “Susceptible”. Control strains of P.

aeruginosa (ATCC 27853) were used in parallel as a part of quality control when

using new batch of media or antibiotics (Cheesbrough, 2000).
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3.2.6Detection of Metallo-β-lactamase producing strain

In this studyisolates showing resistance to Imipenem and Ceftazidimewere

subjectedfor the detection of possible MBL production. Test organisms were

inoculated onto plates of Mueller-Hinton agar.  Two 10 µg imipenem disks were

placed on the plate, and 750µg of 0.5 M EDTA solution of pH 8 were added to

one of them. The inhibition zones of the imipenem and imipenem-EDTA disks

were compared after 16 to 18 h of incubation in aerobic condition at 35°C. All of

the MBL-positive isolates were well separated from MBL-negative isolates by the

criterion of a ≥7-mm increase of inhibition zone with the disks to which 750 µg of

EDTA was added (Yong et al., 2002).

3.3Quality Control

3.3.1Monitoring ofMedia

The quality of media prepared was checked by incubating one plate of eachlot for

sterility and using standard control strains for performance testing.

3.3.2Purity Plate

The purity plate was used to ensure that the inoculation used for the biochemical

tests was pure culture and also to see whether the biochemical tests were

performed in an aseptic condition or not. Thus, while performing biochemical

tests, the same inoculum was subcultured in respective medium and incubated.

The media were then checked for the appearance of pure growth of organisms.

3.3.3Quality control duringantimicrobial susceptibility testing

Mueller Hinton agar and the antibiotic discs were checked for their lot number,

manufacture and expiry date, and proper storage. For the standardization of

Kirby -Bauer test and for performance testing of antibiotics andMHA, control

strains ofPseudomonas aeruginosa (ATCC 27853  (were tested primarily . Quality

of sensitivity tests was maintained by maintaining the thickness of Mueller-

Hinton agar at 4 mm and the pH at 7.2-7.4.
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3.4 Data Analysis

All the results will be entered in the worksheet of Statistical Package for Social

Science (SPSS) software. Chi-square test will be used to determine significant

association of dependent variable to different independent variables.
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CHAPTER IV

RESULTS

During six month period, a total of 5833 clinical specimens were collected and

processed in the Microbiology Laboratory of hospital. The clinical specimens

included were sputum, pus, tracheal secretion, bronchial secretion, urine, blood

and different bodyfluids. Out of the 5833 specimens, 942 showed positive

growth. Among the bacterial isolates, Escherichia coli was found to be most

predominent consituting 261/942 (27.7%). Other most frequently isolated

organisams are Staphylococcus aureus (12.8%), Salmonella Typhi (12.6%),

Pseudomonas aeruginosa (12.1%) and Coagulase negetive staphylococcci

(11.0%).

Fig 2: Different types of bacterial organisms grown
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4.1 Distribution pattern of Pseudomonas aeruginosa according to gender and

age

Among the 114 Pseudomonas aeruginosa, 60.5% were isolated from male

patients and remaining 39.5% were from female patients. Highest growth was

obtained from the age group 61-70 (27.2%), of whom 58.1% (n=18) were male

and 41.9% (n= 13) were female. The least percentage of positive growth was

obtained from age group 11-20 (2.6%). In total, 60.5% (n=69) of the P.

aeruginosa was isolated from male patient and 39.5% (n=45) of the isolates from

female patients. The highest number of growth in male patients (n=18) was

obtained from age group 61-70 and 71- 80 and that in female patients (n=13) was

obtained from age group 61-70.

Table 1: Distribution pattern of Pseudomonas aeruginosa according to gender and age

Age
Category

Male Female Total

Number (n) % Number (n) % Number (n) %

<10 1 20.0
4

80.0 5 4.4

11-20 1 33.3
2

66.7 3 2.6

21-30 6 75.0
2

25.0 8 7.0

31-40 3 60.0
2

40.0 5 4.4

41-50 8 50.0
8

50.0 16 14.0

51-60 9 60.0
6

40.0 15 13.2

61-70 18 58.1
13

41.9 30 27.2

71-80 18 72.0
7

28.0 25 21.9

>80 5 83.3
1

16.7 6 5.3

Total 69 60.5
45

39.5 114 100

4.2 Distribution of P. aeruginosa from various samples

Out of total 114 P. aeruginosa isolates, maximum number of organisms were

isolated from pus (41.2%) followed by sputum (27.2%), tracheal secretion (9.8%)
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and urine (9.8%). Among them 44.7% of isolates were isolated from samples

from lower respiratory tract. Only 1.8% of organisms were isolated from the

blood sample.

Fig 3: Distribution of P. aeruginosa from various samples

4.3 Distribution of P. aeruginosa according to different wards
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Fig 4: Distribution of P. aeruginosa according to different wards

4.4 Growth status of the P. aeruginosa

Out of 114 P. aeruginosa, 72.8% had monomicrobial growth where as 27.2% had

polymicrobial growth. Among monomicrobial growth, 39.9% of isolates were

from ICU and 60.2% were from other than ICU wards. Among polymicrobial

growth, 48.8% of isolates were from ICU and 51.6% were from other than ICU

wards. There was no significant association (p-value > 0.05) between wards and

growth of organisms.

Table 2: Growth status of the P. aeruginosa

Ward Total p-value

ICU Other than
ICU

Growth
obtain

single 33 (39.9%) 50 (60.2%) 83 (72.8%)

P= 0.406polymicrobial 15 (48.4%) 16 (51.6%) 31 (27.2%)
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4.5 Antibiotic sensitivity pattern of P. aeruginosa isolated from different

growth positive specimen

The P. aeruginosa isolates exhibited maximum resistance towards Ceftazidime

(57.0%) followed by Ofloxacin (50.9%), Cefepime (47.4%) and Ciprofloxacin

(44.7%). Only 4.4% of organisms show resistance towards Imipenam. Most of the

isolates were susceptible towards Imipenam (95.6%) followed by Amikacin

(71.9%), Gentamicin (56.1%) and Piepracin + Tazobactam (54.4%). Organism

show least susceptibility towards ceftazidime (28.1%).

Table 3: Antibiotic sensitivity pattern of P. aeruginosa isolated from different growth

positive specimen

Antibiotics Sensitive Intermediate Resistant

n % n % n %

Amikacin 82 71.9 8 7.0 24 21.1

Cefepime 47 41.2 13 11.4 54 47.4

Piepracin+
Tazobactam

62 54.4 15 13.2 37 32.5

Ciprofloxacin 49 43.0 14 12.3 51 44.7

Ofloxacin 45 39.5 11 9.6 58 50.9

Ceftazidime 32 28.1 17 14.9 65 57.0

Gentamicin 64 56.1 2 1.8 48 42.1

Imipenam 109 95.6 0 0 5 4.4

4.5.1 Antibiotic resistant pattern of P. aeruginosa with reference to ward

P. aeruginosa isolated from ICU ward showed more resistance towards antibiotic

agent used than those are isolated from other than ICU wards. Among organism

those are isolated from ICU, 10.3% showed resistance to Imipenem whereas only

1.3% isolates were resistant from other than ICU wards. Similarly, 28.2% are

resistant to Amikacin, 61.5% to Cefepime, 51.3% to Ciprofloxacin in ICU and
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whereas only 17.3% are resistant to Amikacin, 40% to Cefepime, 41.3% to

Ciprofloxacin from other than ICU wards.

Table 4:  Antibiotic resistant pattern of P. aeruginosa with reference to ward

Antibiotics ICU Ward Other than ICU

Resistant % Resistant %

Amikacin 11 28.2 13 17.3

Cefepime 24 61.5 30 40

Piepracin+
Tazobactam

14 35.9 23 30.7

Ciprofloxacin 20 51.3 31 41.3

Ofloxacin 24 61.5 34 45.3

Ceftazidime 22 56.4 43 57.3

Gentamicin 14 46.2 30 40

Imipenem 4 10.3 1 1.3

4.6 Distribution and analysis of Multidrug Resistant P. aeruginosa in various

specimens

Among the total 114 P. aeruginosa isolates, only 33.3% were multidrug resistant.

Isolates from pus sample showed maximum percentage of multidrug resistant

isolates (57.4%) followed by tracheal secretion (36.4%) and ET Tube secretion

(28.6%). Among 31 organisms isolated from sputum only 9.7% are multidrug

resistant isolates.
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Table 5: Disribution and analysis of Multidrug Resistant P. aeruginosa in various specimens

Type of specimen Total P. aeruginosa
isolated

Multidrug Resistant Percentage

Sputum 31 3 9.7

Pus 47 27 57.4

Tracheal secretion 11 4 36.4

Urine 11 1 9.1

Blood 2 0 0

ET Tube Secretion 7 2 28.6

BAL 2 0 0

Others 3 1 33.3

Total 114 38 33.3

4.7 Distribution of Multidrug Resistant P. aeruginosa in different wards

Out of total 48 isolates from the ICU ward, 37.5% of the isolates were MDR and

among other than ICU ward, only 33.3% of the isolates were multidrug resistant

P. aeruginosa. There was no significant association (p-value > 0.05) between

wards and multidrug resistant organisams.

Table 6: Distribution of Multidrug Resistant P. aeruginosa ing different wards

MDR Non MDR Total p- Value

Number % Number %

ICU ward 18 37.5 30 62.5 48 P=0.421

Other than
ICU Ward

20 30.3 46 69.7 66

Total 38 33.3 76 66.7 114
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4.8 MBL Production in P. aeruginosa

Out of total 114 P. aeruginosa isolates, only 4.4% (n=5) were Metallo β-

lactamases producer. Other 95.6% of isolates did not produce the enzyme. All of

the MBL producing isolates were obtained from ICU ward. Maximum number of

MBL producing P. aeruginosa were isolated from Pus sample (60%) followed by

Tracheal secretion (20%) and ET Tube secretion (20%).  All of the isolates which

were resistant to Imipenam were found to be MBL producer. Among Ceftadizime

resistant isolates, only 7.7% isolates produce MBL.

Fig 5: Metallo β- lactamases production in P. aeruginosa
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CHAPTER V

DISCUSSION

Nosocomial infections constitute an important worldwide health problem

resulting in high morbility and mortality as well as economic concequences.

Pseudomonas aeruginosa is one of the leading causes of nosocomial infections.

P. aeruginosa exhibits intrinsic resistance to several antimicrobial agents.

However, acquired resistance to anti pseudomonal β-lactams can be a major

challenge in managing infection caused by P. aeruginosa. Since carbapenems are

used as the last resort for treatment of MDR gram-negative bacterial infection, the

acquired resistance to this life saving drug has been increasingly reported in

Pseudomonas. This resistance is mainly mediated by MBLs. Therefore this

present study was conducted in the Microbiology Laboratory of Shree Birendra

Hospital, Chhauni to find the prevalence of P. aeruginosa in different samples

along with their antimicrobial susceptibility profile, find out the burden of MDR

among P. aeruginosa and the production of metallo β- lactamases among those

isolates.

Out of the 5833 specimens, 16.2% of the sample showed positive growth. Among

942 positive isolates, 12.1% were Pseudomonas aeruginosa. The proportion of

isolation of P. aeruginosa among various bacterial pathogens isolated ranges from

5% to 29.6% in various studies (Olayinka et al., 2004; Khan et al., 2008; Ranjan

et al., 2010; Mohanasoundaram, 2011; De Francesco et al., 2013). The difference

in the result may be due to the other variables that influence the outcome of

results such as, clinical specimens received for examination, studied population,

type of hospitals and geographical locations. In other tertiary care hospital of

Nepal, the proportion of isolation of P. aeruginosa was 13% (Gupta et al., 2012),

which was similar to our finding. Which suggest that P. aeruginosa was the

constantly isolated pathogen in our hospital settings and regular intervention and

monitoring is require for the control of infection caused by this organism.
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In our study the highest percentage of Pseudomonas aeruginosa isolates were

observed in pus sample which yields 41.2% of the total isolates. P. aeruginosa is

the one of the important organism that causes wound infection in the hospital

setting. The virulence and invasive capability of this organisms influence the

infection of the wound, but the physiological state of the tissue in the wound and

immunological integrity of the host also play important role in infection (Ranjan

et al., 2010). The higher incidence of P. aeruginosa in post operative wound

infection may be due to relaxation in general hygienic measures, mass production

of low quality antiseptic and medical solutions for treatment, difficulties in proper

definition of the responsibility among the hospital staff (Bertrand et al., 2002;

Masaadeh and Jaran, 2009). Khan et al., (2008), isolate 57.64% of the organism in

pus sample. In a similar type of study Mohanasoundaram (2011) also isolated

maximum number of P. aeruginosa (36%) from Pus specimen. In study

conducted by Rakesh et al., (2012), the maximum clinical isolates of P.

aeruginosa were isolated from pus/swab (71%). Since P. aeruginosa was the

opportunistic environmental bacteria, it can easily invade the open wound and

cause infection. So, proper hygienic measure and sanitation should be maintained

at the hospital setting.

In this study 42.1% of the total Pseudomonal isolates were obtain from ICU. In

other report, the prevalence of P. aeruginosa was found to be 28.4% in ICU (Pal

et al., 2010). A European survey on the prevalence of nosocomial infection in

ICU patients showed that P. aeruginosa was one of the most frequent pathogens

isolated from ICU accounting 29.0% of ICU acquired infections (Vincent, 2000).

The most important risk factors are excessive consumption of broad spectrum

antibiotics exerting selective pressure on bacteria, the frequent use of invasive

device and relative density of a susceptible patient population with severe

underlying diseases (Kumar, 2006).

On the other hand isolation of P. aeruginosa from other other than ICU units was

higher than ICU unit (57.9%). Among them maximum number of isolates were
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from surgical ward (28.9%). According to different reports, high percentage of

Pseudomonas was isolated from the postoperative wound infection in surgical

ward (Masaadeh and Jaran, 2009; Bertrand et al., 2002). The higher incidence of

P. aeruginosa in surgical ward may be due immunocompromised state of the

patient due to surgery, by use of invasive device and use of immunosupresive

drug which facilitate the infection by P. aeruginosa.

The Antibiotic sensitivity test of P. aeruginosa isolated in this study, in overall

showed higher sensitivity towards Imipenem (95.6%) followed by Amikacin

(71.9%) whereas highest resistance was observed towards Ceftadizime (57.0%)

followed by Ofloxacin (50.9%) and Cefepime (47.4%). Resistance to

Ciprofloxacin (44.7%), Gentamicin (42.1%) and Pipracilin+ Tazobactam (32.5%)

were shown by the isolates. Carbapemem antibiotics are considered agents of

choice to treat serious infection caused by P. aeruginosa. Our study also showed

Imipenem was the most effective agent. Tripathi et al., (2011) also found highest

sensitivity of P. aeruginosa to Imipenem (87.26%). Imipenem was consistently

the most active agent (90.6%) against most of the Pseudomonal isolates (Rijal,

2012). Since P. aeruginosa constantly develop resistance against first and second

line drugs, Imipenem could be the drug of choice for the treatment of infection

caused multidrug resistant P. aeruginosa.

Pseudomonas exhibited high resistance to Cephalosporin groups in comparision

to other group of β- lactams antibiotics in our study. The increased prevalence of

ceftazidime resistant P. aeruginosa is related to the increased use of β-lactam

antibiotics such as amoxicillin and ceftazidime (Mohanasoundaram, 2011). P.

aeruginosa became resistance to third generation cephalosporins by production of

β-lactamases which are chromosomal β-lactamases and plasmid associated

extended spectrum β-lactamases (ESBLs) (Livermore, 1995). Selective pressure

from the use of antimicrobial agents is also a major determinant for the

emergence of resistant strains (Mohanasoundaram, 2011).So, judicial use of



38

antibiotics should be emphasized in order to prevent the development of drug

resistant bacteria.

In our study, resistance to Quinolones was higher than the study done by Tripathi

et al., (2011) and Mishra et al., (2012). Increase in the levels of resistance to the

fluoroquinolones among nosocomial isolates like P. aeruginosa has also been also

reported by Prakash et al., (2012). Principal mechanisms of bacterial resistance to

quinolones are modification of target enzymes, DNA gyrase (gyr A) and

topoisomerase IV, or reduction of intracellular concentration due to mutations in

the regulatory genes for efflux systems, such as mexR and nfxB (Shah and

Wretlind, 1998). Our study showed ciprofloxacin as an effective agent than

ofloxacin against P. aeruginosa. Prakash et al., (2012) and Rijal (2012) also

found ciprofloxacin as more effective agent. Higher resistance to quinolones in

our study may be due to the overuse of these drugs.

Development of multidrug resistance by P. aeruginosa isolates requires several

different genetic events such as acquisition of different mutations and/or

horizontal transfer of antibiotic resistance genes. In the present study 33.3% of the

isolates were multi drug resistant. In our study, most of the multi drug resistance

isolates were isolated from pus sample. Aloush et al., (2006) also found that the

common site of isolation of MDR P. aeruginosa was pus (39%). The multidrug-

resistant (MDR) phenotype in P. aeruginosa could be mediated by several

mechanisms including multidrug efflux systems, enzyme production, outer

membrane protein (porin) loss and target mutations (Hirsch and Tam, 2010). The

number of multidrug resistant P. aeruginosa ranges from 20% to 85.4% in various

studies throughout the world (Shankar et al., 2005; Kohanteb et al., 2007;

Jayakumar et al., 2007; Francesco et al., 2013; Rijal, 2012). In a study done in

other hospitals of Nepal, higher prevalence of MDR P. aeruginosa was observed.

Gupta et al., (2012) found 65.9% MDR P. aeruginosa and Rijal (2012) isolated

85.4% MDR isolates. Our study showed lower prevalence of MDR P. aeruginosa

but continuous monitoring and the restriction of the inappropriate use of
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antimicrobial agents should be emphasized in order to prevent the emergence

MDR P.aeruginosa.

Comparing the multidrug resistant pattern of the P. aeruginosa isolates from the

ICU and Other than ICU wards, it was observed that the isolates from ICU wards

exhibited higher percentage of MDR isolates (37.5%) than from Other than ICU

ward (30.3%). Studies have demonstrated that rates of antimicrobial resistance are

greater in bacterial isolates from ICUs compared to other hospital wards and

outpatient clinics (Archibald et al., 1997). Our finding correlate to the findings of

Slamma et al., (2011), where ICU P. aeruginosa isolates were highly MDR

compared to other wards. Intensive care units are generally considered epicenters

of antibiotic resistance and principal sources of outbreak of multidrug resistant

bacteria. However, statically there was no association between wards and MDR

Pattern of the isolates in our study.

Several phenotypic methods are available for the detection of MBL-producing

bacteria. All of these methods are based on the ability of metal chelators, such as

EDTA and thiol-based compounds, to inhibit the activity of MBLs. The combined

disk test using EDTA with imipenem is simple to perform and interpret and can

be easily introduced into the workflow of a clinical laboratory. This test has been

used in several studies where it produced excellent sensitivity and specificity for

detecting MBL-producing P. aeruginosa strains (Walsh et al., 2002; Yong et al.,

2002 and Lee et al., 2002). By this method, we demonstrated that the prevalence

of MBL producing P. aeruginosa strains is 4.4%. In another study conducted by

Jones et al., (2005), 6.5% of P. aeruginosa isolates carried MBLs. Higher rate of

MBL producing isolates were observed by Kumar et al., (2012),  in which

Prevalence of MBLs was  found to be 26.9%. In another study done by Varaiya et

al., (2007), showed 20.8% of P. aeruginosa were MBL producer. In a study

conducted at Tribhuvan University Teaching Hospital (TUTH) by Mishra et al.,

(2012), prevalence of MBLs producing P. aeruginosa to be 3.3%. Finding of our

study was slightly higher than the previous study done in Nepal showing
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increasing trend of the MBL producing isolates. So, rigorous monitoring of the

MBL producing P.aeruginosa should be done in order to prevent infection and

transmission of these isolates.

All of metallo β- lactamase producing in our study were MDR and resistant to

most of the antibiotic used. This is due to the fact that the MBL genes are often

carried along with other resistance genes resulting in multi-drug resistance

limiting treatment options (Walsh et al., 2005). Similar result was obtained by

Anuradha et al., (2010), Mishra et al., (2012). All of the MBL producing isolates

were isolated from ICU ward. Out of 65 Ceftazidime resistant P. aeruginosa only

7.7% of isolates were MBL producer which closely matches with the finding of

Gupta et al., (7.5%), Mishra et al., (2012) (6.5%) and Agrawal et al., (8.05%).
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CHAPTER VI

CONCLUSION AND RECOMMENDATIONS

6.1 CONCLUSION

P. aeruginosa was fourth most common organism causing bacterial infection. The

rate of isolation of P. aeruginosa is higher in other than ICU wards than in ICU

ward. Most of the organisms were isolated from surgical ward. Pus sample yields

maximum number of Pseudomonas aeruginosa followed by sputum.

Imipenem was the drug showing high sensitivity to most of the P. aeruginosa

isolates followed by Amikacin and Piperacilin/Tazobactam. The isolates showed

maximum resistance towards Ceftazidime. Among the aminoglycosides,

Amikacin has the highest sensitivity against P. aeruginosa. Among quinolones,

ciprofloxacin was more effective agent than ofloxacin. Pseudomonas exhibited

high resistance to Cephalosporin groups in comparison to other group of β-

lactams antibiotics.

In this study, burden of MDR P. aeruginosa was lower than the previous report of

other hospitals of Nepal. However, it is higher than the reports of some other parts

of world. Most of the MDR isolates of P. aeruginosa were isolated from the ICU

ward. Highest numbers of MDR isolates were isolated from pus sample.

Prevalence metallo β-lactamases producing P. aeruginosa was slightly higher

than the previous study done in Nepal showing increasing trend of the MBL

producing isolates. All of the MBL producing isolates were MDR and are isolated

from ICU.
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6.2 RECOMMENDATIONS

1. Imipenem was found to be most effective drug for the treatment of the

infection caused by P. aeruginosa and can be useful for the treatment of the

infection by multi drug resistant isolates in hospital setings.

2. Continuous monitoring of the MBL producing P.aeruginosa should be done

in order to prevent infection and transmission of these isolates.
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APPENDIX A

LIST OF EQUIPMENTS AND MATERIALS

A. EQUIPMENT:

Autoclave, Incubator, Hot air oven, Microscope, Refrigerator, Weighing

machine, Water bath, Gas burners, Glass wares, Inoculating wire and loops

B. MICROBIOLOGICAL  MEDIA:

Blood Agar Hugh and Leifson Media

Chocolate Agar Sulphur Indole Motility Media

Mac conkey Agar MRVP Broth

Mueller Hinton Agar Triple Sugar Iron Agar

Mannitol Salt Agar Urea Agar Base

Mueller Hinton Broth Simmon's Citrate Agar

C. CHEMICALS AND REAGENTS:

Catalase Reagent (3% H2O2), Oxidase Reagent (1% Tetramethyl p-

phenylene diamine dihydrochloride), Kovac's Reagent, Barritt's Reagent

(40% KOH, 5% α-napthol in a ratio of 1:3), Barium Chloride, Conc.

H2SO4, Ethylene Diamine Tetra Acetate (EDTA), Glycerol, Gram's

reagent

D. ANTIBIOTIC DISKS

The antibiotics that will be required for the susceptibility tests are as

follows:

Amikacin (30μg)

Ceftazidime (30μg)

Ciprofloxacin (5μg)

Cefepime (30μg)

Gentamycin (10μg)
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Imipenem (10μg)

Ofloxacin (5μg)

Piperacillin/Tazobactam (100/10 μg)
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APPENDIX B

METHODOLOGY

1. Disk diffusion method for the antimicrobial susceptibility testing

A. Preparation of 0.5 Mc Farland Standard

Add 0.5 ml of 0.048M BaCl2 (1.17% w/v BaCl2.2H2O) to 99.5 ml of

0.18M H2SO4 (1 % v/v) with constant stirring.

B. Preparation of inoculum

By taking 2-3 morphologically similar colonies with sterile loop, inoculate

into MHB or NB and incubate at 37°C until turbidity matches with that of

0.5 Mc Farland Standard. Direct colony suspension method can also be

used.

C. Inoculation of Agar plates

a. The agar plates, canister of discs are brought to room temperature

before use. It should be made sure that the agar surface doesn't have

any moisture, if so should be dried by keeping it in incubator.

b. Using a sterile swab, a plate of Mueller Hinton Agar is inoculated with

the bacterial suspension using carpet culture technique. The plate is

left for about 5 minutes to let the agar surface dry.

c. Using sterile forceps, appropriate antimicrobial discs (6mm diameter)

is placed, evenly distributed on the inoculated plates, not more than 6

discs are placed on a 90 mm diameter Petri plate.

d. After overnight incubation, the plates are examined to ensure confluent

growth. Using a measuring scale, the diameter of each zone of

inhibition (in mm) is measured and results interpreted accourdingly.

D. Quality Control

a. QC strains

Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 25923

b. Monitoring Accuracy
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i. Running AST for QC strains side by side with pathogenic

bacteria

ii. Monitoring the expiry date of antibiotic discs and MHA

iii. Comparing zone size with CLSI QC table.

2. Combined Disk Assay for MBL detection

Test organisms were inoculated onto plates of Mueller-Hinton agar.  Two

10µg-imipenem disks were placed on the plate, and 750µg of 0.5 M EDTA

solution of pH 8 was added to one of them. The inhibition zones of the

imipenem and imipenem-EDTA disks were compared after 16 to 18 h of

incubation in air at 35°C. All of the MBL-positive isolates were well

separated from MBL-negative isolates by the criterion of a ≥7-mm increase of

inhibition zone with the disks to which 750 µg of EDTA was added.
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APPENDIX C

MICROBIOLOGICAL PROFILE OF PATIENT

Day 1 (… …/… …/… … … …)

Specimen: … … … … … … … …

Time of sample collection: … … … … … … … …

Mode of collection: … … … … …      Receiving time at the Lab: … … …

Direct Microscopic Examination (if necessary):

(1) … … … … … … … …

Incubation: 1) Aerobic 2) Anaerobic 3) Microaerophilic

Incubation temperature: … … … … … … …  Incubation time: … … … … …

Culture on: 1) … … … … 2) … … … … 3) … … … …

Day 2 (… …/… …/… … …. …)

Reading of culture plates:

Media

Used

Features Shape Size Color Texture Opacity Consistency

Gram staining result: … … … … … … … … … … … …

Catalase: … … … … … … … … … … … Oxidase: … … … … … …

Coagulase: … … … … … … … … … … Others: … … … … … … …

Provisional Identification of Organism: … … … … … … … … … … … …
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Inoculation on: 1) … … … … … … 2) … … … … … … 3) … … … … … …

Day 3 (… …/… …/… … … …)

BIOCHEMICAL TEST

TSI: … … … … … … SIM: … … … … … …

Citrate: … … … … … … Urea: … … … … … …

Others: … … … … … …

Organism identified as: … … … … … …

Antibiotic sensitivity test method: Kirby-Bauer method

Antibiotics used Zone of inhibition (mm) Intrepretation

Day 4 (… …/… …/… … … …)

Combination disk used Increase in size of zone

of inhibition (mm)

Intrepretation

Day 5 (… …/… …/ … … … …)

Production of MBL: Positive Negative
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APPENDIX D

COMPOSITION AND PREPARATION OF DIFFERENT CULTURE

MEDIA

A. Composition and preparation of different culture media

Blood Agar

Blood agar base (infusion agar + 5-10% sheep blood

Ingredients gm/liter

Beef heart infusion 500.0

Tryptose 10.0

Sodium chloride 5.0

Agar 15.0

42.5 grams of the blood agar base medium was suspended in 1000 ml distilled

water and sterilized by autoclaving at 1210C (15 lbs pressure) for 15 minutes.

After cooling to 40-500C, 50 ml of sterile defibrinated sheep blood was added

aseptically and mixed well before pouring.

MacConkey Agar

Ingredients gm/liter

Peptone 4.0

Lactose 10.0

Bile salts 5.0

Sodium chloride 5.0

Neutral Red 0.075

Agar 12.0

Final pH (at 250C) 7.4±0.2
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Direction: 52 grams of the medium was suspended in 1000 ml of distilled water

and then boiled to dissolve completely. Then the medium was sterilized by

autoclaving at 121 0C (15 lbs pressure) for 15 minutes. The medium was poured

into sterile petriplates.

Nutrient Agar

Ingredients gm/l

Peptone 5

Sodium Chloride 5

Beef extract 1.5

Yeast extract 1.5

Agar 15

Final pH 7.2

Direction: 37 grams of the medium was suspended in 1000 ml of distilled water

and then boiled to dissolve completely. Then the medium was sterilized by

autoclaving at 1210C (15 lbs pressure) for 15 minutes.

CLED  Agar

Ingredients gm/liter

Peptone 4g/l

'Lab Lemco' powder 3g/l

Tryptone 4g/l

Lactose 10g/l

L-Cysteine 128 mg/l

Bromothymol blue 20 mg/l

Agar 15g/l
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Mueller Hinton Agar

Ingredients gm/liter

Beef, Infusion form 300.0

Casein Hydrolysate 17.5

Starch 1.5

Agar 17.0

Final pH (at 250C) 7.4±0.2

Direction: 38 grams of the medium was suspended in 1000 ml distilled water and

the medium was warmed to dissolve completely. It was sterilized by autoclaving

at 121ºC (15 lbs pressure) for 15 minutes and poured into sterile petriplates.

B. Composition and preparation of different biochemical tests media

MR-VP Medium (Hi-Media laboratories)

Ingredients gm/litre

Peptone 5.0

Dextrose 5.0

Dipotassium Phosphate 5.0

Final pH (at 250C) 6.9±0.2

Direction: 15 gm powder was dissolved in 1000 ml of distilled water & mixed

well. 3 ml of medium was distributed in each test tube and autoclaved at 1210C

for 15 minutes.

Simmon’s Citrate Agar

Ingredients gm/l

Ammonium dihydrogen phosphate 1

Dipotassium hydrogen phosphate 1

Sodium chloride 5

Sodium citrate 2

Magnesium sulphate 0.2
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Bromothymol blue 0.08

Agar 15

Final pH 6.9

Direction: 23 grams of the medium was dissolved in 1000ml of distilled water.

3ml medium was distributed in test tubes and sterilized by autoclaving at 1210C

for 15 minutes. After autoclaving, tubes containing medium were tilted to form

slant.

SIM( Sulphide Indole Motility) Agar

Ingredients gm/l

Peptone 30

Beef extract 3

Ferrous ammonium sulphate 0.2

Sodium thiosulphate 0.025

Agar 3

Final pH 7.3

Direction: 30 grams of the medium was suspended in 1000 ml of distilled water

and dissolved completely. Then it was distributed in tubes to a depth of about 3

inches and sterilized by autoclaving at 121ºC for 15 minutes.

Triple Sugar Iron Agar (TSI)

Ingredients gm/litre

Lab-lemco powder 3.0

Yeast    Extract 3.0

Peptone 20.0

Lactose 10.0

Sucrose 10.0

Glucose 1.0

Ferric citrate 0.3

Sodium chloride 5.0
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Sodium thiosulphate 0.3

Phenol red 0.025

Agar 12.0

Final pH (at 250C) 7.4±0.2

Direction: 65 grams of the medium was dissolved in 1000ml of distilled water

and sterilized by autoclaving at 15 lbs (121oC) pressure for 15 minutes. The

medium was allowed to set in sloped form with a butt about 1 inch of length.

Urea Broth Base

Ingredients gm/litre

Monopotassium phosphate 9.1

Dipotassium phosphate 9.5

Yeast extract 0.1

Phenol red 0.01

Sterile 40% urea solution 5ml

Direction: As directed by manufacturing company, 1.87 grams of the medium

was suspended in 95 ml of distilled water and sterilized by autoclaving at 1210C

for 15 minutes. After cooling to about 550C, 5 ml of sterile urea solution was

added aseptically, mixed well and distributed 5 ml amount in sterile test tubes.

C. Composition and preparation of different staining and test reagents

For Gram’s Stain

(a) Crystal Violet solution

Crystal Violet 20.0 g

Ammonium Oxalate 9.0 g

Ethanol or Methanol 95 ml

Distilled Water (D/W) to make 1 litre

Direction: In a clean piece of paper, 20 gm of crystal violet was weighed and

transferred to a clean brown bottle. Then, 95 ml of ethanol was added and mixed
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until the dye was completely dissolved. To the mixture, 9 gm of ammonium

oxalate dissolved in 200 ml of D/W was added. Final volume was made 1 litre by

adding D/W.

(b) Lugol’s Iodine

Potassium Iodide 20.0 g

Iodine 10.0 g

Distilled Water 1000 ml

Direction: To 250 ml of D/W, 20 gm of potassium iodide was dissolved. Then 10

gm of iodine was mixed to it until it was dissolved completely. Final volume was

made 1 litre by adding D/W.

(c) Acetone-Alcohol Decoloriser

Acetone 500 ml

Ethanol (Absolute) 475 ml

Distilled Water 25 ml

Direction: To 25 ml D/W, 475 ml of absolute alcohol was added, mixed and

transferred into a clean bottle. Then immediately, 500 ml acetone was added to

the bottle and mixed well.

(d) Safranin (Counter Stain)

Safranin 10.0 g

Distilled Water 1000 ml

Direction: In a clean piece of paper, 10 gm of safranin was weighed and

transferred to a clean bottle. Then 1 litre D/W was added to the bottle and mixed

well until safranin dissolved completely.
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Biochemical Test Reagents

(a) Catalase Reagent (For Catalase test)

Hydrogen peroxide 3 ml

Distilled Water 97 ml

Direction: To 97 ml of D/W, 3 ml of hydrogen peroxide was added and mixed

well.

(b)  Oxidase Reagent (impregnated in a Whatman’s No. 1 filter paper)

(For Oxidase Test)

Tetramethyl p-phenylene diamine dihydrochloride (TPD) 1 gm

Distilled Water 100 ml

Direction: This reagent solution was made by dissolving 1 gm of TPD in 100 ml

D/W. To that solution strips of Whatman’s No. 1 filter paper were soaked and

drained for about 30 seconds. Then these strips were freeze dried and stored in a

dark bottle tightly sealed with a screw cap.

(c) Kovac’s Indole Reagent (For Indole Test)

Isoamyl alcohol 30 ml

p-dimethyl aminobenzaldehyde 2.0 g

Conc. Hydrochloric acid 10 ml

Direction: In 30 ml of isoamylalcohol, 2 g of p-dimethyl aminobenzaldehyde was

dissolved and transferred to a clean brown bottle. Then to that, 10 ml of conc.

HCl was added and mixed well.

(d) Methyl Red Solution (For Methyl Red Test)

Methyl red 0.05 g

Ethyl alcohol (absolute) 28 ml

Distilled Water 22 ml
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Direction: To 28 ml ethanol, 0.05 gm of methyl red was dissolved and transferred

to a clean brown bottle. Then 22 ml D/W was added to that bottle and mixed

well.

(e) Barritt's Reagent (For Voges-Proskauer Test)

Solution A

α-naphthol 5.0 g

Ethyl alcohol (absolute) 100 ml

Direction: To 25 ml ethanol, 5 g of α-naphthol was dissolved and transferred into

a clean brown bottle. Then the final volume was made 100 ml by adding D/W.

Solution B

Potassium hydroxide 40.0 g

Distilled Water 1000 ml

Direction: To 25 ml D/W, 40 gm of KOH was dissolved and transferred into a

clean brown bottle. Then the final volume was made 100 ml by adding D/W.

0.5M EDTA solution

186.1 g EDTA was added to ~900 ml dH20 and start stirring. 20 g NaOH was

measured and was kept into 50 ml centrifuge tube, add half (10 g) NaOH was

added to EDTA solution. Every few hours few more NaOH was added until

EDTA goes into solution. The pH of the solution was maintained  8.0 with 10M

NaOH.

McFarland tube (No. 0.5)0.5 ml of 0.048 M BaCl2 (1.17% w/v BaCl2.H2O) was added to 99.5 ml of 0.18M H2SO4 (1% w/v) with constant stirring. The McFarland standard was
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thoroughly mixed to ensure that it is evenly suspended. Using matchedcuvettes with a 1 cm light path and water as a blank standard, theabsorbance was measured in a spectrophotometer at a wavelength of 625nm. The acceptable range for the turbidity standard is 0.08-0.13. Thestandard was distributed into screw-cap tubes of the same size and volumeas those used to prepare the test inoculum. The tubes were sealed tightly toprevent loss by evaporation and stored protected from light at roomtemperature. The turbidity standard was then vigorously agitated on avortex mixer before use. Standards may be stored for up to 6 months, afterwhich time they should be discarded
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APPENDIX E

IDENTIFICATION OF PSEUDOMONAS AERUGINOSA

Growth at 420C PositiveGelatin hydrolysis PositiveIndole NegativeMethyl Red NegativeCitrate PositiveTriple Sugar Iron Agar Red/RedCatalase PositiveOxidase PositiveUrease NegativeMotility PositiveGram Stain PositiveMorphology RodPigment PositiveOdour Positive
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Flow chart of Methodology

Urine

Inoculated on CLED
Agar

Incubation at 37°c for 24
hours

Pus Sputum Body
Fluids

Tracheal
Secretion

Blood

Inoculated on BA and MA

Incubation at 37°c for 48 hours

Enriched on BHI
broth

Subcultured on BA and
MA on each day up to

7 day

Incubation at 37°c for 24
hours

Observation for the growth of microorganisms

Observation of colony morphology, Gram’s stain,
Catalase and Oxidase reaction

Inoculated on biochemical media
and incubated at 370 for 24 hours

Perform antibiotic susceptibility testing by
Kirby-Bauer disc diffusion method

Identification of the P. aeruginosa on the
basis of biochemical results

Interpretation of antibiotic susceptibility
test and Screening of MBL producer

Detection of MBL producer by Imipenem–
EDTA combined disc method


