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Abstract
The emergence of multidrug- resistant (MDR) Acinetobacler species as one of

the most important nosocomial pathogens in intensive care unit (ICU) patients has
been observed world wide. Historically,

it

has been demonstrated that the increase in

nosocomial infections caused by Acinetobacter baumannii mainly in the respiratory
tract, has paralleled with development of resistance rate. Therefore the understanding

of the phenotypic charactersti cs of Acinetobacter baumannii and molecular basis of its
pathogenesis is necessary.

A total of twelve Acinetobacter species were isolated from

different clinical specimens at Jordan University Hospital (JUH) and King Hussein
Cancer Center (KHCC) at two different time periods (2006 and

2008). In this study

all isolates were confirmed for their identity by biochemical tests and all isolates were
characteized as Acinetobacter baumannii. All Acinetobacter isolates were examined

for their antimicrobial susceptibility pattems using disk diffusion method, and

the

results demonstrated that all isolates were resistant to all antimicrobial agents used.
Phenotypic identification of Acinetobacter isolates to the species level has proven to
be insufficient. Therefore the 165-235r RNA gene intergenic spacer (ITS) region was
used in this study for genomic species identification and the isolates were sequenced.

The ITS length was 607 and sequences were highly conserved and all isolates were
identified

as

Acinetobacter baumannii. The accuracy of the method was confirmed by

amplified ribosomal DNA gene restriction analysis (ARDRA); ARDRA proved to be

rapid and reliable method for identification of most of the Acinetobacter genomic

n

species. Restriction analysis was performed with the enzymes

Alul, Cfol, Rsal, Mspl

of the enzymatically amplified l6SrRNA gene allowed us to identify all isolates

as

Acinetobacter bqumannii.These results indicated that the amplified ITS gene gave the
same genus identification as

full

sequence data

from all 12 clinical isolates evaluated.

Sequence analysis of this region needed only one amplification step and two sequence

reactions; therefore, the price

of reagents approaches the costs of the reagents and

labor for many phenotypic methods. In addition, this study demonstrated the high
frequency of multidrug resistance Acinetobacter baumannii to all antimicrobial agents
used at JUH and KHC.
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Chapter 1
Thesis Proposal

Genotyping of endemic strains of Acinetobucter
spp. isolated from fwo Jordanian hospitals

Chapter I
Thesis Proposal

It was only thirty years ago when interest has started in Acinetobacter. It
was considered as commensal of low grade pathogenicity, and was frequently

ignored whenever isolated in clinical specimen (Giamarellou et a1.,2008). A
chang in the interests of Acinetobacter spp. emerged world wide since it was the

major cause of high morbidity and mortality, especially among intensive care

unit (ICU) patients

(Bergogne-Berezin and

rowner, 1996). Accordingly,

Acinetobacter spp. was described as an important opportunistic pathogen
responsible

for severe nosocomial infections. In addition to its

increasing

occutrence and frequent incidence as nosocomial infection, Acinetobacter spp.
became as a nosocomial pathogen on a global scale. The Infectious Disease
Society of America (IDSA) identified Acinetobacter baumanrrff among the most
common seven pathogens threatening the health-care delivery system (Talbot e/

al., 2006). In other statistical studies of European hospitals,
baumannii was among 2%

-

Acinetobacter

10% of all gram-negative bacterial infections in

intensive care units (Euzeby, 2006). The clinical impacts of Acinetobacter
infections relay on the various risk factors. First factor, infections are related to
the use of medical devices (such as endotracheal tubes, intravascular and urinary
catheters). Second factor, threatened patients are exposed to broad-spectrum

of

antibiotics. Third factor, it is responsible for a number of systemic infections in
critically

ill

and immunocompromised patients, especially among those

in ICU

(Joshi et a|.,2003, Jones et al.,2004,Yan Looveren et a\.,2004, Guducuoglu er

aL,2405).

The majority of outbreaks caused by Acinetobacter have involved respiratory tract
infections. There are at least 30 different Acinetobacler species which are commonly
associated

with human infections. Including

haemolyticus, A. johnsonii, A.

l.

jujnii, A. lowffii,

baumannii,
and

A.

calcoaceticus, A.

A. radioresistens. However, A.

baumannii is now recognized as the most clinical isolate from nosocomial infections

with epidemic potential and identified as a major cause of outbreaks or sporadic

cases

with high mortality rates accounting for about 8A% of reported infections worldwide
(Prashanth and Badrinath,2006, Richet and Fournier,2006, Falagas et

al., 2007,

Sunenshine et al., 2007). Threats and hazards of Acinetobacter baumannii infections

had been intensively raised world wide since treatment of Acinetobacter baumannii
infection has become difficult (Giamarellou et a\.,2008). Many strains are resistant to
a wide range

of antimicrobials, including broad-spectrum beta lactams (Ramires e/ a/.,

2000), aminoglycosides, fluoroquinolones, carbapenems and third-generation
cephalosporins, and thus recognized as the most important risk factor

for multi-

resistant bacteria (Boo e/ a|.,2009).

Generally, Acinetobacter spp. have intrinsic resistance

to antimicrobials and are

explain multi-resistant with exposure to certain antibiotics. Both resistant and multiresistant strains have emerged as a serious problem in many hospitals worldwide. The

studies involving the mechanisms of multi-resistant Acinetobacter baumannii have
demonstrated the presence

of specific

genes located on transferable plasmids and

transposons (Gallego and Towner,200I,Ptuiz et a|.,2003, Giamarellou et a|.,2008).

Several studies have reported that more than 80% of Acinetobacler isolates carry

multiple indigenous plasmids of various molecular sizes (Van Looveren et al., 2004).
The plasmid profiling has been proposed as a method of epidemiological typing for
Acinetobacter spp. (Joshi et a\.,2003). The presence of integrons in Acinetobacter has

been well-established (Peleg et al.,

200s). It is relatively of high frequency of

carriage in epidemic strains. Integrons were demonstrated
integrase gene PCR (Koeleman et

in

50Vo

of the strains by

*

al., 20AD. Epidemic strains of A. baumannii were

found to contain significantly more integrons than non'epidemic strains and the
presence

of integrons was significantly conelated with

simultaneous resistance to

several antibiotics (Gallego and Towner, 2001, Koeleman et al.,

z}al,

Piuiz et al.,

2003, Mak et a(.,2009).

investigating the mechanisms underlying Acinetobacter infections are essential for
treatment and developing control measures. The investigations should determine the

original sources of the infection and the endemic profile that includes the genotypes

involved and their geographical spread (Ecker et al., 2006). Genotyping has been
introduced into epidemiology as an important tool for nosocomial pathogen grouping
and in coping with epidemic spread (Seifert et a1.,2005). The ideal typing method
should be rapid, easy to use, have a high throughput, and be applicable to a wide range

of microorganisms. It is very important to confirm or exclude the genetic relationship
among the isolates

in a short term in order to trace the source of infection

as

well as

investigate epidemiological pattern of serial or overlapping outbreaks (Munoz-Price et

al., 2008). Therefore, there are several molecular typing systems used with this aim.
Such as PCR multilocus enzyme electrophoresis (MLEE), multilocus sequence typing

(MLST), pulse field gel electrophoresis (PFGE), restriction fragment length
polymorphism (RFLP), DNA sequencing ribotyping restriction fragment length
polymorphism (AFLP) and repetitive sequence based PCR (REP-PCR) (Forfiana et

al., 7008). The choice of the proper typing method is difficult and limitations
described for each (Maquelin et a|.,2006).

are

Using proper methods for identification of Acinetobacter spp., including those within

the A. baumannii group, are mandatory to increase our knowledge of

the

epidemiology, pathogenicity, and clinical impact of the various species of this diverse
genus. In Jordanian hospitals, studies implementing such protocols are scanty arrd may

not be available. Therefore, the objectives of this study were: firstly, to identifiz and
characteize Acinetobacter spp from clinical isolates from Jordan University Hospital

and KHCC. Secondly, to determine the antimicrobial susceptibility pattems among
Acinetobacter spp. isolates in patients admitted to the Jordan University Hospital and

King Hussien Cancer Center (KHCC), and thirdly, to analyze the genotyping of these
clinical isolates that were collected from two different hospitals at two different time
periods (2006 and 2008).

Chapter 2

Literature Review

Chapter 2

Literature Review
, '' i .:.r,r
:lr.

2.1 General characteristics of ,4c inetobacter species
Acinetobacter was first described in 191I as Micrococcus calco-aceticzs. Since

then,

it

has had several narnes, becoming known as Acinetobacter

in the

1950s

(Akinetos Greek adjective, unable to move, Baherion, Greek noun, rod). It belongs to

the family of Moraxellaceae (Towner et al., 1991). It comprises
collection of Gram

- negative coccobacillus,

heterogeneous

nonmotile, non fermentative, oxidase

*

negative and catalase positive bacteria. The cell wall ultrastructure is typical of Gram-

negative bactefia

in general, but the cells are occasionally difficult to destain,

(Bergogne-Berezin and Towner, 1996). Cells commonly occur in pairs, but also in
chains of variable length. No spores are formed and flagellae are absent. Although

generally considered to be nonmotile, "twitching" or "gliding" motility has been
reported to occur, particularly on semisolid media (Towner, 2006). Many strains are
encapsulated, and the capsule may be readily seen

growing on nutrient agar, colonies are

in India ink wet mounts. Upon

I-2 mm in diameter, mucoid, usually non-

pigmented, but some strains form white to cream - colored colonies, which vary in
consistency from butyrous (buttery) to smooth surface.

All

members

of the

genus

Acinetobacter are strict aerobes and can grow at a wide range of temperatures. Most

strains

will grow at 33oC, but

some environmental isolates prefer incubation

temperatures from 20'C-30'C (Bergogne-Bdrezin et al., 1996). Clinical isolates

of

Actnetobacter will normally grow at 37oC and some strains can grow at 42'C. Most
strains of Acinetobacter can grow in a simple mineral medium containing a single
carbon and energy source (Juni, 1972). A wide variety of organic compounds can be

used as carbon sources by particular strains, although relatively

few strains can

use

glucose. Most strains are unable to reduce nitrate to nitrite in the conventional nitrate

reduction assay (Bergogne-Berezin and Towner, 1996). Few clinical strains may show

hemolysis on sheep blood agar plates owing to the production of phospholipase C
(Warskow and Juni 1972). There are number of distinctive physiological features that
support the versatile lifestyle of this genus.

It is worth emphasizing that many strains

of Acinetobacter used in physiological studies were originally isolated in the 1970s or

earlier and have never been properly identified to the genomic species

level. In

addition, the detailed physiological studies have been based on a very limited number

of strains. Although rare strains of Acinetobacter showing growth factor requirements
have been isolated, the vast majority

of strains resemble saprophytic pseudomonad in

utilizing a large range of organic compounds as a carbon and energy source in an
otherwise mineral medium (Towner, 2006). Although the utilization of carbohydrates

is relatively uncommon, the major biochemical feature of the genus is that many
strains are able to metabolize arange of compounds including aliphatic alcohols, some

amino acids, decarboxylic and fatty acids, unbranched hydrocarbons, sugars, and
many relatively recalcitrant aromatic compounds such as benzoate, mandelate, nhexadecane, cyclohexanol and 2,3-butanediol (Juni, l97S). Members of the genus are
therefore particularly suitable organisms for studying a variety of unusual biochemical

pathways, and may have a role

in degrading a range of pollutants and industrial

products (Lamb et a1.,2000, Arunachalam et a|.,2003).

2.2 Occurrence and habitats of Acinetobacter spp.

Acinetobacter spp. natural habitats are water and soil, and have been isolated
from foods, arthropods, and the environment (Towner,2006). It has been estimated
that Acinetobacter may constitute as much as 0.001%
aerobic population

of soil and water

of the total heterotrophic

(Baumann, 1968) and have been found at

densities exceeding 104 organisms per 100

ml in freshwarer ecosystems and 106

organisms per 100 ml in raw sewage (LaCroix and Cabelli,1.982). Acinetobacter spp.

can be isolated from heavily polluted water, such as that found

in

wastewater

treatment plants, but are found more frequently near the surface of fresh water and
where fresh water flows into the sea (Towner,2006). In humans, Acinetobacter can
colonize on or within skin, wounds, respiratory and gastrointestinal tracts and are also
isolated from clinical environment as commensals, such as the skin of hospital staff
and patients (Towner, 2006), under nails of nurses, medical equipments and tools used

medical ICU, surgical ICU, shock-Trauma ICU, medical wards, nursery, burn and
plastic surgery wards (Villegas and Hartstein,2003) (Table 1.1). It was observed that

remarkable

ability of Acinetobacter spp. to survive under a wide range of

environmental conditions for prolonged periods of time (Jawad et al., 1996, Founier
and Richet, 2006). These unique characters potentiate Acinetobacter to be a frequent
cause

of outbreaks of infection and an endemic, health care setting pathogen (Munoz-

Price and Weinstein, 2008).

Table 1.1 common source of Acinetobacter causing out breaks in hospitals (Villegas
and Hartstein. 2003)
Bedside humidifiers

Warming bath water

Hospital prepared distilled water
Heparinized saline solution
Patient mattresses
Feather pillows

Water taps in staff room with mesh
aerators
Cardia c C athet erization
Respirometers
Bronchoscopes

Lotion dispenser
Air supply
Jugs

Bowls
Soap

Hand cream
Plastic screens
Bed linen
Service ducts /dust

Bedside charts

Computer keyboards
Blood pressure cuffs

Cell phones
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2.3 Epidemiologr of Acinetobacter:

As stated earlier, Acinetobocter is primaily a pathogen in the health care setting.

It is increasingly reported

as the cause

of outbreaks and nosocomial infections such

as

blood-stream infections, ventilator-associated pneumonia, urinary tract infections and

wound infections. Outbreaks that have been traced were a cross -infection by the
hands of health care workers, infected patients or touched contaminated fomites, and

to the occasional health care worker who carries an epidemic strain (Villegas and
Hartstein, 2003, Maragakis

et al.,

2004). once introduced into

a

hospital,

Acinetobacter often has an epidemiologic pattern of serial or overlapping outbreaks
caused

by various multidrug-resistant strains. Endemics may be related to multiple

strains and a single endemic strain predominating at any time (Villegas and Hartstein,

2003). The occurrence of monoclonal outbreaks in multiple hospitals suggests inter-

institutional spread, presumably by movement of patients or personnel, or exposure to
common-source contamination

importance
measures

of ongoing

of food or equipment. Such outbreaks highlight

the

surveillance, inter-facility communication, and addressing-

to prevent the introduction of Acinetobacter rnto, and the spread from

nursins homes.

Numerous studies have now supported the observation that A. baumannii and its close
relatives are the main genomic species associated with outbreaks of hospital infection.

This ubiquitous occurrence of Acinetobacter in the environment, and as commensals
on human skin, means that such isolates in clinical specimens are often considered to

be contaminants. Other reservoirs of these organisms may include a range of both

moist and dry surfaces and equipment within the hospital environment as well
desiccated environments. Such characteristics may promote

l1

the ability of

as

such

remarkable genus to be easily transmitted through a fomite contamination in hospitals
(Munoz-Price and Weinstein, 2008).

2.4 Taxonomy of Acinetobacterz

Over the last 30 years, Acinetobacter has undergone significant taxonomic
modification. There are 31 described (genomic) species, that have been recognized by

DNA-DNA hybridization and defined numerically, and 77 of which have validated
names (Peleg

et al., 2008). Only 10 species have been isolated from human

specimens these are: A. baumannii, A. calcoaceticus, A. haemolyticus, A. johnsonii, A.

junii, A. lwffii, A. parvus, A. radioresistens, A. schindleri,

and

A. ursingii.

Seven

described species were isolated from activated sludge plants that include A. baylyi,A.

bouvetii, A. gerneri,

A. grimontii, A. tandoii, A. tjernbergiae, and, A.

towner.

Moreover, the association of some yet unnamed species with human clinical samples
has also been reported, especially genomic species 3, 13TU, 10, and

ll

(Dortet et al.,

2a0q.
The four species: A. calcoaceticus, A. baumannii, Acinetobacter genomic species 3,
and Acinetobacter genomic species 13TU were very closely related and

distinguished from each other

difficult to be

by phenotypic properties. It has therefore been

proposed to be referred to as the A. calcoaceticus - A. baumannii complex (Gerner-

Smidt et al., 1991). However, this group of organisms comprises the three most

clinically relevant species that have been implicated in the vast majority of both
community-acquired and nosocomial infections, i.e.

A.

baumannii, Acinetobacter

genomic species 3, and Acinetobacter genomic species 13TU.

t2

2.5 Acine to b acte r pathogenicity

:

There has been no toxin or toxin-like product detected in

A. baumannii strains.

Yet, their pathogenicity relies essentially on its cell surface components,

and

hydrolytic enzymes. These two virulent factors are very much related to antimicrobial
resistance of Acinetobacter spp.

Virulent factors that have been reported so far include a novel pilus assembly system
involved in biofilm formation (Tomaras et al., 2a03, wroblewska et al., 2008), an
outer membrane protein (Omp38) that stimulate apoptosis in human epithelial cells

(Ylla et al., 2007), and a polycistronic siderophore-mediated iron-acquisition system
conserved between

l.

baumannii and Vibrio anguillarum (Dorsey et al., 2003,

Zimbler et al., 2009). These presumably comprise a small fraction of elements
involved in Acinetobacter pathogenesis. Accordingly, novel global approaches are
essential to comprehensively understand the basic features of this organism in order to

ultimately control the spread of Acinetobacter spp. infections and to develop effective
countermeasure s against this harmfu I patho gen.

In addition to its pathogenesis, the

genus Acinetobqcter

is particularly interesting for

other reasons. First, Acinetobacter spp. are capable of catabolizing a wide range of
carbon sources and metabolites and, as such, were briefly classified as Pseudomonads

(Stanier et

al.,

1966)-

In fact, Acinetobacter spp. are among the most widely used

microbes for petroleum remediation. Second, representatives of Acinetobacter baylyi
have an extraordinary ability to acquire foreign DNA, thus described as a remarkable

strain with high competence for natural DNA transformation (Young et

al.,

2005,

Wang et a1.,2007). It is currently unknown how pervasive natural competence, which

is deafened as acquisition ofnovel, advantageous alleles such as antibiotic resistance

in

nosocomial environments,

is among Acinetobacter spp. Since this trait

13

is

considered an important mechanism

by which Acinetobacter spp. achieve genetic

diversity (Juni, 7972,Yries and wackernagel, 2002, Mendes et al., 20a%. Recently
researchers are focusing on pathogens that can rapidly acquire drug resistance and

pathogenicity islands (PAIs). PAIs encode various virulence factors in pathogenic
strains that are normally absent

in non-pathogenic strains of the same or closely

related species, since they have the advantage of identifying novel virulence factors

unique among those strains.

In addition this

knowledge has added

a lot to the

understanding of the evolution of bact'erial virulence (Gal-Mor and Finlay, 2006).

2.6

Antimicrobial resistance

:

Antimicrobial resistance
response

is a natural

biological phenomenon

of

bacterial

to the selective pressure associated with the use of antimicrobials. This

phenomenon has been recognized since the last decade

of the 19th century.

As

antimicrobial are frequently misused and overused in many developed and developing
countries, resistance to antimicrobials has led

to an increase in the morbidity,

the

mortality and the cost of health car (Rashmi et al., 2005, Falagas et al., 2007).
Scientists are now racing to develop methods and therapies

to reverse the

trend.

However, until other therapeutic options and strategies become available, the key to
reversing the trend in the next decade

will entail careful and appropriate antibiotic

selection, surveillance, and infection-control procedures. There are two major types
of antimicrobial resistance

l.

:

Inherent (natural) resistance

in which bacteia may be naturally resistant to an

antimicrobial such as an organism lacks a transport system for an antimicrobial; lacks
the target of the antimicrobial molecule; or as in the case

of Gram-negative bacteria,

the cell wall is covered with an outer membrane that establishes a permeabilitv banier
against the antimicrobial (Rashmi et a|.,2A05).

T4

2. Acquired resistance can develop due to mutation or

gene transfer, where

antimicrobial resistance genes are often carried on mobile genetic elements. Bacteria
exchang genetic information

by the horizontal transfer of conjugative plasmid,

transposon and integron (Redfield, 2001). Gene transfer can occur through
transformation, transduction and conjugation. Mutation may occur
encoding a target protein, a transport protein, a protein

in the gene

for drug activation or a

promoter or regulatory gene affecting expression of the target transport protein or an

inactivating enzyme (Kraniotaki et al., 2006, Haft et al., 2a06). Horizontal gene
transfer among bacteria, directed by strong antimicrobial selective pressure, has
resulted in widespread multidrug resistance genes on plasmids and transposons within
Gram-negative bacteria (Gaur et a1.,2006, Mendes et a\.,2009).

Over the last two decades, multiple antimicrobial resistance to useful classes of

antibiotics, including

the penicillins, cephalosporins,

aminoglycosides, and

of

Gram-negative hospital

fluoroquinolones, has gradually increased among most

pathogens, especially Klebsiella pneumoniae, Enterobacter spp, Pseudomonas
aeruginosa, and A. baumannii. Clinical trials have revealed that about

4o/o

of infeeting

microorganisms became resistant upon antimicrobial treatment (Marinez and Baquero,

2000). In addition, a correlation has been discovered between the
antibiotics used and the level of resistance (Rivera et al., 2003).

amount of

In addition,

the

intensive use of antibiotics over the past 50 years has resulted in an increase in the
number of commensal and pathogenic bacteria that are resistant to antimicrobial drugs

(Rivera et a1.,20A3, Mendes et a1.,20A9). Human bacterial flora does play apotential

role in the transfer of antibiotic resistance. and there is increasins evidence that the

normal flora represents

a pool for

selection
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of resistance genes, which may

disseminate

to other

species and genera

by honzontal transfer via

conj ugation,

transduction or transformation (Smeets and vandenbroucke-Grauls, 2007).

2.7

Antimicrobial resistance in Acinetobacterz

Antimicrobial resistance among Acinetobacter spp has increased substantially in
the past decade (Maragakis and Perl 2008). The capacity of Acinetobacter spp. for
extensive antimicrobial resistance may be due

in part to the organism's relatively

impermeable outer membrane and its environmental exposure to a large reservoir of
resistance genes (Bonomo and Szabo.,

2006). Mechanisms of its resistance

are

impressive and rival those of other nonfermentative Gram-negative pathogens (Peleg
et a1.,2008). The intensive studies were driven by the wide spread of the multidrug
resistant strains of Acinetobacter that was mostly found belonging to A. calcoaceticus

- A. baumannii complex (valenzuela et al. 2007). The A. calcoaceticus -

A.

baumannii complex is commonly resistant to multiple antibiotics including B-lactams,
aminoglycosides, carbapemens and quinolones. These bacterial species are generally
susceptible

to tigecycline; however, a few clinical strains with decreased tigecycline

susceptibility have beenisolated (Ruzin et a\.,2007).
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2.7.1 Mechanisms of resistance of Acinetobacter:

The mechanisms

of

antimicrobial agents resistance generally

categories: (1) antimicrobial-inactivating enzymes, (2) reduced access

fall into

3

to bacterial

targets, or (3) mutations that chang targets or cellular functions (Maragakis and Perl
2008). Regarding the first mechanism, Acinetobacter spp. was found to express a wide

array of beta-lactamases which allow A. baumannii to be resistance to penicillins,
cephalosporins, and carbapenems.

For instance, AmpC

chromosomally encoded and confer resistance

to

cephalosporinases are

broad-spectrum cephalosporins

(Thomsons and Bonomo, 2005), and Carbapenems resistance were found to be due to
class

D OXA-type enzymes or due to class B metallo- B-lactamases (MBLs) both with

activity against carbapenems (Thomson and Bonomo, 2005). Activity
carbapenems was recently reported

against

in locations that include Scotland, Spain, France,

Japan, Singapore, China, Brazil, Cuba, and Kuwait (Brown and Amyes, 2006). In

addition to p-lactamases, it was also discovered that carbapenems resistance is due to
changs in penicillin-binding proteins (PBPs) that prevent their action as well as an

alterations in the structure and number

of porin proteins that result in

decreased

permeability to antibiotics through the outer membrane of the bacterial cell (Perez et

al., 2007). Aminoglycoside resistance, which is common in Acinetobacter,

results

primarily from inactivation of the antibiotic by specific modifuing enzymes. Three
classes

of

aminoslvcoside-inactivatins

enzymes

(acetyltransferases,

phosphotransferases, and adenylyltransferases) have been identified

(Magnet et a1., 2001).

A recent, 165 rRNA methylation

in Acinetobacter

has been described for A.

baumannii strains from Japan, Korea, and the United States. This emerging resistance
mechanism impairs aminoglycoside binding to its target site and confers high-level
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resistance to

all clinically useful aminoglycosides, including gentamicin, tobramycin,

and amikacin (Peleg et a1.,2A08).

The third category

of

resistance mechanisms involves point mutations that alter

bacterial targets or functions, decreasing the affrnity for antimicrobial agents or upregulating cellular functions, such as the production of efflux pumps or other proteins.
Such type of resistance is illustrated

in colistin resistance. It is thought that

such

resistance is mediated by changs in the bacterial cell membrane that interfere with the
agent's ability to bind bacterial targets
seen in Acinetobacler resistance

(li

et al.,2005). This type of mechanism is also

to quinolone agents from mutations in the bacterial

targets gyrA and parC topoisomerase enzymes (Bronomo and Szabo, 2006).

In addition to the above mechanisms, Acinetobacter spp. can acquire resistance genes

from other organisms. Mutations leading to resistance can develop over time in
Acinetobacter strarns; or subpopulations with preexisting resistance may emerge and
become dominant under antimicrobial selective pressure (Fzal- Shah er al., 2001).

This may explain the emerging resistance of Acinetobacter spp.

A

recent study in

France revealed that multidrug-resistant Acinetobacter strain had a large genomic
"resistance island" containing 45 resistance genes that appeared to have been acquired

from Pseudomonas, Salmonella, or Escherichia genera (Foumier et al., 2006). In
conclusion, Acinetobacter mrilti drug resistance may be explained by both selective
pressure exerted

by the use of broad-spectrum antimicrobials and transmission of

Acinetobacter baumannll strains among patients, although the relative contributions of
these mechanisms are not yet known (Maragakis and Perl, 2008).
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2.7

.2 Molecular epidem iolo gy of antibiotic-resistant in Acin

eto b acter:

In the past decades, there has been an increasing interest in the molecular
epidemiology of bacteria. Data generated by
methods can be used

to identify the

routes

a

variety of phenotypic and genotypic

of

transmission, both

in a

Toeahzed

outbreak situation as well as in inter-hosoital or cross-country spread, (BergogeneBerdzin er a1.,2001\.

To date, there are three clinically important Acinetobacter species: Acinetobacter
baumannii and the unnamed Acinetobacter genomic species 3 and 13TU. Among
those, A. baumannii is the most significant nosocomial pathogen. It has been detected

in patients with impaired host defenses, especially in the intensive care unit (Chang et

al., 2005). It has been implicated in nearly all kinds of infections including
nosocomial infections such

severe

as bloodstream infection (BSD, pneumonia, ffid

meningitis (Munoz-Price et a|.,2008). Mortality rates in those infections were as high

as 640/o. Similar

to

methicillin-resistant Staphylococcus aureus (MRSA), major

epidemiologic features of these organisms include their propensity for clonal spread,

their involvement in hospital outbreaks as well as resistance to multiple antimicrobial
agents (Bergogene -Berezin and Towner, 199 6).

At 1986 an onwards, when the taxonomy of the genus Acinetobacter

was

revised, molecular methods provided the necessary tools to identify Acinetobacter at
the species level. Detailed studies of the epidemiology of the different members of this
genus became possible (Ecker, et aL.,2006). Among the variety of molecular methods

developed, plasmid profrle analysis and pulsed'field gel electrophoresis (PFGE) were
used

for typing putposes only, while others - such as ribotyping and AFLP

-

were

primarily developed for species identification. To the present day, PFGE remains the
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gold standard for epidemiological strain typing not only for Acinetobacter spp. but
also for bacteria

in

general. PCR-based methods

-

such as randomly amplified

polymorphic DNA-PCR (RAPD-PCR) and repetitive extragenic palindromic (REP)
PCR

-

are generally not only easier to perform and less expensive, but they also tend

to be less discriminative and less reproducible (Chang, et al., 2005). In order to
discuss

in more detail method used in this study for epidemiological typing the

coming paragraphs

will in sight the tools that have been

used widely and been

involved in the spread of MDR A. baumannii.

2.7.2.1Plasmids:

Plasmids are extrachromosomal circular double stranded DNA molecules that
usually present in Gram negative bacteria. Their size varies from 1 to over 400 kilo
base pairs (kb), and their copy number varies from one copy,

for large plasmids, to

hundreds of copies for smaller ones. Antimicrobial resistance is commonly encoded
by genes carried on plasmid DNA. It can be acquired through its horizontal transfer
resistance genes carried on plasmids

of

or transposons, and it may be associated with

heavy metal resistance (Rivera , 2003 , Shakibaie, et

al., 7998).

Such resistant plasmids

(R-plasmids) are also observed among Gram-negative isolates from clinical and
environmental sources in Jordan (Shehabi et a1.,2004, Shehabi et a1.,2006). Plasmidmediated gene exchang between bacteria plays an important role in their pathogenesis,

and has greatly contributed to the rapid spread

of antimicrobial

resistance among

bacterial populations (Smalla et aI.,20A6).
The presence of R-plasmids is considered as significant feature of Acinetobacter spp.,
and plasmid

profiling has been proposed as a method for their epidemiolo gical typing.

More than 80o/o of Acinetobacter strains carry multiple indigenous plasmids of various
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sizes, and studies have found that clinical and environmental isolates of Acinetobacter

spp. harbor plasmids of different molecular sizes ranging from 15-56 kb (Joshi et al.,
2043).

A

recent study found that Acinetobacter spp. on healthy human skin harbor

very few plasmids as compared to clinical or environmental isolates (Pardesi et al.,
2007).

A

study performed in the Netherlands has shown that a transferable plasmid

encoding SHV-12 extended-spectrum B-lactamase, TEM-116, and aminoglycoside
resistance was responsible

for two sequential clonal outbreaks of

Enterobacter

cloacae and A. baumannii (Al-Naiemi et al., 2005). The ease with the spreading of
Acinetobacter spp., antimicrobial resistance

is a major

concern which

is mainly

attributed to the presence of plasmids (Pardesi et al., 2007).

2.7

.2.2Integrons:

The spread of antimicrobial resistance genes among bacterial strains
increasing problem

in infectious diseases

(Koeleman et

is

an

al., 2001). Antimicrobial

resistance genes are mostly located on plasmids and on transposons, enabling their
transfer among a variety of bacterial species. In recent years, a third mechanism

of

resistance gene dissemination has been discovered which was coined as integrons
(Koeleman et a1.,2001). Integrons are tlansposon - like DNA segments that have the

ability to capture and mobilize gene cassettes (Koeleman et al., 2001, Dillon et al.,
2005, Turton et al., 2006), notably containing antibiotic resistance gene by site
specific recombination (Oh et al., 2002). Insertion and excision of these cassettes
occur via a site-specific recombinase that belongs to the integrase family (Koeleman

et al., 2001). A distinguishing feature of an integron is the presence of
components within the conserved 5' which are separated

three

by a variable region which

includes integrated antimicrobial resistance genes or cassettes of unknown function.
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The 5'conserved segments (5'-CS) contains three components (Fig. 1.1): Firsl
component ts an intl gene which encodes an inegrase enzyme which is a polypeptide

of 337 amino

acids and acts as a site-specific recombinase.

A

common promoter

region located in the opposite strand, directed toward the site of integration is the
second component.

It is responsible for the expression of gene

cassettes. Since most

genes inserted into integrons lack their own promoter, they are expressed from a
cofiImon promoter site region as a resistance operon. The third component is an attl
gene, which encodes the cassette integration site. The 3' conseryed segments (3'-CS)

contain the qacEl, sull genes and an open reading frame (oRF), orf5 (Koelemanet
a1.,2007, Le'vesque et al., 1995). The qacEl and sull genes determine resistance to

ethidium bromide and quaternary ammonium compounds, and
respectively (Le'vesque

to

sulfonamide,

et al., 1995), whereas the open reading frame (ORF5)

function is unknown (Rebecca et a1.,1999). The downstream end of each resistance
gene cassette, inserted

in variable region of integrons, there is a short imperfect

inverted repeat element called the 59-base element. Each of the inserted genes has its
own version of this element. These 59-base elements are believed to be important in
the recombination events (Le'vesque et al., 1995).
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Fig. 1.1 Scheme for PCR detection of integron sfucture. The grey affow shows the
direction of transcription. 5'CS and 3'CS are specific to the 5'- and 3'-conserved
segments of integrons, and were used to amplify the variable regions of class 1
integrons (integron PCR). (Koeleman et al.,2001)

The presence of integrons is well investigated in Acinetobacter spp., as has their
relatively high frequency of carriage in epidemic strains (Prashanth et al., 2004).
Based on the sequence
described, three

of their intl

genes,

four classes of integrons have been

of which (classes 1 to 3) contain antibiotic resistance gene

cassettes

and each of which code for a distinct but related integrase enzyme (Rosser and Young,

1999).

At

present, approximately 60 different gene cassettes have been identified,

most of which encode resistance to antibiotics (Hall et

al., 1994). Class 1 integrons

are

predominantly associated with a sull gene as part of a 3'-conseryed segment (Schmitz
and

Fluit, 1999).

It is the most prevalent in clinical

isolates of Gram-negative bacteria, and over 60

gene cassettes have been identified, most

antimicrobial (Jones et

al.,

of which

encode different resistance to

7997, Kaeleman et al., 20A7, Oh et at., 2002). Such

integrons have been found in many genetic locations including R46, R388 and R751
as well as transposons Tn21 and Tn1696 (Rebecca et

al., 1999). Class 2 integrons

(intl2 gene) whose products arc 40Yo identical to that of the
1999,

oh et aL.,2002),

intll

(Rebecca et al.,

and they include transposonTnT and relatives

(oh e/ a1.,2002,

aa

ZJ

Dillon et al., 2005), where the integrase appears to be defective (Dillon et al.,

2A05),

and the variable region contains two or more integrated gene cassefies encoding
resistance to trimethoprim (dhfrla or dhfrlb), streptothricin (sat) and streptomycin

(ant(3)-Ia) (Rebecca et a1.,1999). In class 3 only one integron has been described. It
encodes the

intll

intl3 integrase showing 6l%ohomology with amino acid sequences of the

integrase.

It contains

a

metallo-B-lactamase gene (blaIMP) (Rebecc a et al., 1999,

Oh et al..2002\.

Many studies have reveled that integrons are widely distributed in multi-resistant
isolates

of Acinetobacter

species (Koeleman

et al., 2001). Accordingly,

assumed that integrons are important for the dissemination

it

was

of antimicrobial-resistant

genes and for nosocomial spread in Acinetobacter species (Oh et

al., 2002). The

prevalence ofintegrons in clinically significant bacterial isolates appears to be around

50% (Dillon, et al., 2005).

A

recent Korean study showed that the presence of

integrons was significantly (p<0.01) associated with multiple antimicrobial resistance
and nosocomial spread in Acinetobacters strains (Oh et al., 20A2).

Several outbreaks of A. bumanniihave been documented in ICUs worldwide in recent
years due to multidrug-resistant strains, (Rebecca et a1.,1999, Oh et al., 2002, Dillon
et al., 2005, Kraniotaki et a1.,2006, Peleg et al., 2008). Moreover, these studies have

shown that common cassettes may be found in classl integrons of A. baumannii, for
example the 2.2kb and 2.5kb cassette arays were found

in classl

integrons of

l.

baumannii isolates in ltaly, France and Spain (Kraniotaki et al., 2006). The fact that

non-related isolates from different geographic areas are able

to acquire

common

integrons also suggests that A. baumannii might have a clear affrnity for a specific

type of integrons (Kraniotaki et al., 2A0q.It was approved that common cassettes
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may be found in classl integrons of A. baumannii.In addition non-related isolates

from different geographic areas were able to acquire common integrons which may
suggest that

A. bqumannii might have a clear affrnif for a specific type of integrons

(Kraniotaki et al.. 2006\.

2.7.3 Methods of detecting genofypes of Acinetobacter:

In the last decade there was a tremendous increase in number of patients withA.
baumannii, which suggests a serious case of nosocomial transmission (Ecker et al.,
2006). This condition has endorsed the potential of Acinetobacter to become a serious
problem in hospitals, and clinical centers which are reservoirs of epidemic strains. On

the other hand, the intricacy of Acinetobacter infections rises from the difficulty in
correct identification and differentiation among Acinetobacler species (Van Looveren
et

al.,2A0q.

Increasing cases relatedto Acinetobacter infections have widen the understanding the

fundamental investigations

for controlling Acinetobacter infections.

Investigations

usually include the knowledge of the original sources of the infection, the clonality,
and geographical spread, which are all considered as an important requirement for the

development

of

appropriate infection control measures. Genotyping allows

investigation of clonal spread and can be used to identify the source of the original
infection. Traditional Acinetobacter strain typing methods include serotyping (Traub
1989), multilocus enzyme electrophoresis (Seltmann et

,

al., 7995), and DNA-based

methods, including repetitive extragenic palindromic sequence-based PCR (Bou e/ a/.,

2040, Huys er al., 2005), amplified ribosomal DNA restriction analysis (ARDRA),
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pulsed-field gel electrophoresis (PFGE), amplified fragment length polymorphism
(AFLP) (vaneechoutte et al., 1995), ribotyping (Ibrahim et al., lggT,rbrahimet al.,
1997, Misbaha 2005) and Multilocus Sequence Typing

2003). Conversely, because
sequences

of specific

of

(MLST) (Urwin and Maiden,

increasing availability

genes may be useful

of

sequencing facilities,

for identification of Acinetobacter

Either partial (Tang et a1.,1998) or nearly complete (Ibrahim et

al.

spp.

1997) sequence

analyses of the 165 rRNA gene for Acinetobacler classification have been reported. In

addition, the ITS region separating the 165 and 23S rRNA genes has been suggested

to be a good candidate for bacterial species identification (Bany et a1.,1991), since
these regions have degrees

of low

intraspecies variation and high degrees of

interspecies divergence (Chen et a1.,2004).In the current study we have applied 165-

23S rRNA gene intergenic spacer (lTS) sequencing technique

to

analyze the

genotyping of clinical isolates of Acinetobacter spp that were collected from two
different hospitals of Jordan at two different time periods (2006 and 2008).

2.7.3.1Impact of 165-235 rRNA gene intergenic spacer (ITS) sequence analysis:

The historical method for performing identifications to clinical isolates, used to

be dependent on the comparison of an accurate morphologic and phenotypic
description

of type strains or typical strains with the accurate morphologic and

phenotypic description

of the isolate to be identified. To

complete the task of

identification, microbiologists authoring standard aid references such as Bergey's
Manual

of

Systematic Bacteriology

or the Manual of Clinical Microbiology or

compiling results from well-charaeteized strains such as those found at the Centers
for Disease Control and Prevention or the American Type Culture Collection (ATCC)

that contain published tables summarizing the characteristics of each species of
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bacteria (Krieg and

Holt, 1948, Funke et al., 1997, Murray et al.,

1999).

Microbiologist would try to match the results for their unknown clinical strain with a

group in these tables. Not infrequently, there would be no perfect match and

a

judgment would have to be made about the most probable identification. Although

different schema and computer programs were also devised to be applied in the
assurance

of their judgments'

identification variations are

still

present among

laboratories (Sussman et al., 1936). In addition, taking into consideration what we

have discussed earlier that the traditional phenotypic identification

of

bacteria is

generally not as accurate, identification based on genotypic methods became an
alternative identification methodology.

A newly

emerged genotyping method is the

comparison of the bacterial rRNA gene sequence. The ribosomal entity comprises
three distinct types: the165 rRNA, the 23S rRNA and the 55 rRNA. The genes coding

for these genes composed of organization operon that is consistent from one bacterium
to another (Barrv et a|..1991).

The operon organization consist ofi a promoter region followed by a sequence of 165

rRNA, a spacer of intergenic sequence, the 23S rRNA sequence, another short spacer
sequence, and lastly the 55

rRNA sequence (Srivastava and Schlessinger, 1990). Upon

examination of base spacer regions wide variations were observed among different

groups

of

bacteria. Accordingly, researchers have suggested applying this

polymorphism to differentiate bacteria to the genus, species as well as to the strain
level (Gulter and Stanisich, 1996).

One of the most promising sequence analysis of the 165-235 rRNA genes spacers was

the intergenic spacer (lTS) genes rn Acinetobacter spp.It has led to the discovery of
short sequences very specific for Acinetobqcter spp., more preciselly for A. bqumannii
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(Lagatolla et al., 1998). For that reason the ITS represents an important element in
strains typing for environmental (Garcia-Marttnez et al., 2A0D or clinical purposes

(Baudart et al., 20a0, Clementino et

(l)

functional roles such as

presence

al., 200I). iTS

sequences have multiple

of secondary structure at the beginning

and the

end of the spacer that pairs with sequences upsteam of the 165 rRNA gene and down

stream from the 23S rRNA respectively

to allow its

excising, (2) presence of

antiterminator boxes to avoid the premature termination of transcription (Iteman et al.,

2000) and (3) presence of IRNA genes. This landscape of high-moderate-low
conservation makes ITS a potentially useful model for the study of functional motifs

in other

spacer regions

of prokaryotic genomes as well as a powerful identification

marker for various bacteria (Carr et al., 2004, Ciantar et al., 2005, Moreira et al.,
2005). Amplification of the ITS was performed using universal primers targeted to
conserved sites

in the 165 and 23S rRNA genes (Jensen et al., 1993). Thus, ITS

sequence analysis can be performed

on all organisms and yet has the ability to

discriminate between species and strains (Anton et al., l99B).

In addition to sequence analysis, restriction digest analysis was applied to be used as a
usefui tool to genotype strains of Acinetobacter spp. for the PCR amplified 165-235

rRNA intergenic spacer ITS genes (Dolzani et a1.,1995, Changet a\.,2005,Ko et al.,

2008). Although restriction pattern analysis using number of restriction
endonucleases is not yet suitable for routine analysis

enzyme

in clinical laboratories, yet it is

fast and simpler than any other gentotyping techniques and lots of attempts in
developing more rapid, less labor-intensive typing schemes, have appeared in the
literature (Bouchet et al ..2008).
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Chapter 3

Material and Method
3.1 Materials:
The media used for cell cultures as well as biochemical testing were supplied by

HiMedia, India. Types of media used include Nutrient agar, Nutrient broth, Triple
sugar iron (TSI),

Muller Hinton Agar and Muller Hinton broth. The Gram stain was

supplied from Technopharmachem, India. The API-20E test kit for Enterobacteriaceae

that was recently broadened to include the identification of nonfermentative gramnegative bacteria and its reagents were supplied from BioMerieux, France. The ApI

20E system was used for the biochemical identification

of all clinical

isolates

of

Acineto b acter baumanni i.

The antibiotic discs used in antimicrobial susceptibility test were purchased from

HiMedia, India. Genomic DNA purifications were performed using DNA extraction

kit supplied by Wizard (Promega, USA). For PCR reactions "GoTaq Green Master
Mix" was used From (Promega, USA) which is a premixed ready-to-use solution
containing bacterially derived Taq DNA polymerase, dNTps, MgCl2 and reaction
buffers at optimal concentrations for efficient amplification

of DNA

templates by

PCR. The PCR products were purified with a Wizard SV gel and PCR clean- up kit
(Promega, USA).

Agarose electrophoresis grade was supplied from Life Technologies Company,

USA. The power supply and an electrophoresis chambers were both supplied from
Spectroline. Electrophoresis buffer Tris-borate-EDTA (TBE) was supplied from
Promega, USA. Ethidium bromide and screening dye bromophenol blue for DNA
electrophoresis were supplied from Sigma, USA.
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Two different DNA ladders were used to verify chromosomal DNA isolates as

well as amplified DNA fragments. The fwo DNA ladders were 100 bp plus DNA
ladder and 100 bp DNA ladder (promega, USA).

3.2 Methods:
3.2.1 Bacterial strains:
Twelve isolates of Acinetobacter baumannii were recovered from twelve clinical
samples were used in this study. Seven isolates were recovered from

ICU patients of

the King Hussein Cancer Center (KHCC) in2006. The rest of were from in patients

of

Jordan University hospital in 2008. The clinical samples were isolated from twelve

different patients with different types of infections at two different periods of time.
Pure clinical isolates, identified as Acinetobacter baumannii

in the

microbiology

laboratory of the above two mentioned hospitals were supplied for conducting this
research.

Standard control strains

of

Pseudomonas aeuroginosa

(ATCC 27t53)

and

Escherichia coli (LTCC 25922 strains) were used simultaneously with tested clinical
isolates, for the purposes

ofjustiffing results

obtained in several tests.

3.2.2 Baeterial growth and identifi cation media

:

Nutrient agar (lrtrA) medium (peptide digest of animal 5 glL,tissue 1.5 g/L, beef

extract r.5gL, yeast extract 1.5 g/L, sodium chloride 5 glL and agar 15g/L) was
prepared by dissolving

Il.2 g nutrient

autoclaving it for 15 minutes

agar powder

in lL

distilled water and

atl2loC. Clinical isolates were routinely sub cultured

on Nutrient agar plates and incubated at 37oC fo
for 18-24 hour. For bactenal culture
maintenance nutrient agar slants were prepared by single straight line inoculation on
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the surface of the slope in universal bottles and then incubated at 37 oC
for Ig-24
hours.

Triple sugar iron agar (TSI) was made by dissolving 65 g TSI agar powd.er in

lL

distilled water, dispensed into tubes, autoclaved at l2loC for l5 minutes dispensed
in
sterile test tube and cooled in a slanted position so that deep butts are formed.
Using a

sterile needle, an isolated colony on plated media was inoculated by stabbing into the
medium in the butt of the tube, and then streak back and forth along the surface
of the
slant. Several colonies from each primary plate were studied separately, since mixed
infections may occur. Inoculated TSI tubes were incubated with caps loosen

ed,

at 37oC

and examined after 18-24 hour for carbohydrate fermentation, gas production and
hydrogen sulfide production.

Muller Hinton Agar (MHA) medium was prepared by dissolving 3g g of MHA
powder

in lL distilled water

and autoclaving

for

15 min

broth (MHB) made by dissolving 21g of MHB powder
autoclaving it for 15 min at

at 121"C. Muller Hinton

in lL distilled water and

I2l.C.

Gelatin agar media was prepared by the mixing 20g of gelatin powder with 28g

of nutrient agar powder in

lL of distilled

water and autoclaving for 15min at I2loC.

Melted gelatin agar was poured in sterile Petri dishes and stored at 4oC. For the
hydrolyzed gelatin, mercuric chloride (Hgclz) was prepared by dissolving 15 g in 20

ml concentrated hydrochloric acid, and distilled water added to make 100 ml.
3.2.3 Bacterial cultures maintenance:
Short-duration working stocks (few weeks) were maintained on nutrient agar
slants at room temperature

(25'c). For long- term

preservation, heavy suspension in

nutrient broth media with 20Yo vw glycerol was stored at -70oC until use. Bacterial

a^

JZ

strains were revived by streaking aliquots on appropriate media and incubat rng at

37'C.

3.2.4 Phenotypic identificati

on of Acinetobacter baumannii

:

Phenotypic profiles including Gram stain results, colony morphologies, growth
requirements, and enzymatrc and/or metabolic activities are generated for the twelve
Acinetob acter b aumannii clir-lLcal isolates.

3.2.4.1. Oxidative metabolic testing:
Three basic tests for the detection of the oxidative mode of energy production

in

isolates were performed. They are oxidase, catalase, and Hugh and Leifson test O/F

test. Hugh and Leifson test or O/F test is also known

as glucose oxidase test. The

medium of the test is a semi-solid medium in tubes, containing the carbohydrate under

test (glucose) and a pH indicator. Two tubes are inoculated with tested sample by
stabbing

with straight wire. One is immediately sealed with sterile liquid paraffin oil

to produce anaerobic conditions. Two control strains were used simultaneously with
Acinetobacter clintcal isolates. The first control was an oxidizing organism such as
Pseudomonas spp. and the other was fermenting organism Escherichia

coli. The

inoculated tubes were incubated at 37oC for 72 hour. Catalase and oxidase test were
performed from pure young colonies of the twelve clinical isolates. For the oxidase
test isolates were scraped with a disposable wooden stick and rub onto the

filter paper.

Oxidase reagent was added on each separate spot. Spots were examined for blue color

within 10 seconds. Oxidase test was performed using standard quality control
reference species Pseudomonas aeruginosa (ATCC 27853), and Escherichia coli

(ATCC 25922). Catalase test was performed by emulsif ing pure bacterial colony in a
drop of 3% hydrogen peroxide on clear glass slide. Positive results were observed by
evolution of sas bubbles.
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3.2.4,2 Heat tolerance:

Physiological characteristics, such as temperature tolerance (28.C - 44oC) were
investigated. Nutrient agar plates were spot inoculated and incubated at 28oC
,37oC,
42oC, and.44oC. Growth was observed every 24hour up to 2 days.

3.2.4.3 Biocharacteriztion

:

More than one type of biochemical tests were performed for identification
purposes.

All identification

tests were performed from a non-selective medium. The

biochemical tests are:

The API20E system:
The API 20E is plastic strip holds twenty mini-test tubes. The twelve clinical

isolates were inoculated

with a saline suspension of a pure culture (as per

manufacturer's directions). This process rehydrated the desiccated medium in each
tube. A few tubes are completely filled (CIT, VP and GEL). Some tubes are overlaid

with mineral oil such that anaercbic reactions can be carried out (ADH, LDC, oDC,
HzS, and URE).

Gelatin liquefaction:
Using heavy inoculums of clinical isolates (growth from an 18-24 hour pure
culture) gelatin agar were streaked with straight lines and incubated for 24-48 hour at

37"C. The occurrence of gelatin hydrolysis was shown by treating the plates with acid
mercuric chloride. Standard quality controls for gelatin liquefaction test were used and
they were strains, of Pseudomonas aeuroginosa (ATCC 27853)

and.

Escherichia coli

(ATCC 25922 strains).

Triple sugar iron agar (TSI):

Triple Sugar Iron Agar

is used for the determination of

fermentation and hydrogen sulfide production

J+

carbohyd.rate

to identif,' Gram-negative bacilli

(MacFaddin, 1985). A pure culture is essential when inoculating Triple Sugar Iron
agar. Carbohydrate fermentation is detected by the presence of gas and a visible color

chang (from red

to yellow) of the pH indicator, phenol red. The production of

hydrogen sulfide

is indicated by the presence of a precipitate that blackens

the

medium in the butt of the tube. TSI Agar contains three sugars (glucose, lactose and
sucrose), phenol red

for detecting carbohydrate fermentation and ferrous ammonium

sulfate for detection of hydrogen sulfide production. Inoculums from pure culture
were inoculated into fresh cultures by the stab and streak method and incubate at37oC

for 18-24 hour. We avoided incubating longer than 24 hour

because the acid reaction

in the slant of lactose and sucrose fermenters may rcvert ta an alkaline reaction.
3.2.5

Antibiotic sensifivify testing using Kirby-Bauer:
Inoculums' of 3 or 4 well isolated pure colonies were selected from an 18 to 24

hours-old MHA plates (to minimize the risk of picking bacteria which have lost their
resistance), and inoculated

in 5ml MHB. Cultures were grown at 37oC with aeration

(200 rpm), in 25 ml test tubes for 18 hour. Prior to inoculation, bacterial inoculums'
density were standardized by measuring the optical density with a spectrophotometer

at a wavelength of 625 nm. The acceptable OD range for the standard is 0.08-0.13.
Standardized inoculum has a concentration

of 1-2 x

108cfu/ml. The standardized

inoculums were diluted in sterile saline solution to obtain the desired concentration

of

106cflr/ml which match the 0.5 McFarland standard. Using sterile cotton swab,
standard inoculums were spread uniformly in a confluent pattem on the surface

of

MHA plates. Under aseptic technique disks impregnated with various defined
concentrations of different antibiotics are placed onto the surface of the inoculated

MHA plates. Twenty antimicrobial discs were used and contain the following:
Gentamycin (G) (10 pg idisc), Ciprofloxacin (Cf5) (5 pg /disc), Levofloxacin (Le5) (5

35

pg /disc), cefuroxim (cxm30) (30 pg/disc), pipracillin (prl100) (100 pg/disc), Sulfa
(Smx25) (25 pgldisc), Cefotaxime (C*30) (30 pgldisc), Tazobactams (Tpzl10)
tr"tgldisc),

(ilO

Colistin (Ctl0) (10 pgldisc), Ampicillin (Am10) (10 prgldisc), Tetracyclin

(Te30) (30 pgldisc), cefoxitin (Fox30) (30 prgldisc), Tobramycin (Tb10) (10 pgldisc),

cefazolin (C230) (30 pg/disc), Cefaclore (cec30) (30 pg/disc), ceftazidime (ca30)

(30 pgldisc), Amoxycillin (Am30) (30 pg/disc), Nitrotur O{fJ00) (300 pgldisc),
Ofloxacin (Of5) (5 pgldisc) and Imipenem (Ipml0) (10 prgldisc).

Antibiotic susceptibility testing was carried out for twelve isolates of Acinetobacter

baumannii

with

standard quality control reference species obtained from the

American Type Culture Collection (ATCC, Manassas, YA) Pseudomonas aeruginosa

(ATCC 27853). After 18 hour of incubation at 37"C, zones of inhibition were
measured using a metric caliper or transparent ruler. Zones of inhibition were read and

compared with the values

of

susceptibility interpretive breakpoints issued by the

National Committee for Clinical Laboratory Standards Q.ICCLS) to determine the
degree

of sensitivity td each antibiotic tested on each isolate tested. Results were

rounded

to the nearest whole number, using standard conventions for rounding

numbers. Conelations using the zone diameter allow the designation of an organism
as "susceptible: a zone within 18-26mm of diameter

", or "resistant: not more than

13mm" "intermediate: for a zone follow between above limit", to concentrations of an

antibiotic.

3.2.6 Molecular manipulation

3.2,6.1Isolation of genomic DNA:
Small scale chromosome extraction was carried out using Wizafi Genomic

DNA Promega purification kit in

accordance
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with the manufacturer's instructions.

One ml of an ovemight nutrient broth culture was pellet

in

1.5 ml microcentrifuge

tube after being centrifuged at 14,0A0 x g for 2 minutes. Supernatant was discarded

and pellets were thoroughly suspended in the appropriate

lytic

enzyme

in a total

volume of 120 pL, and gently mixed. Suspended samples were incubated" at37"C for

30-60 minutes. Supernatants were removed by centrifugation for 2 minutes at 14,000
x g. Nuclei Lysis Solution (600 pL) was added and gently pipetted until the cells were
resuspended. Microcentrifuge tubes were incubated at 80"C

for 5 minutes to lyse the

cells; then cooled to room temperature. To degrade RNA, 3 pL of RNase solution to
the cell lysate was added and incubated at37"C for 15-60 minutes after being gently

mixed. Protein Precipitation Solution was added (200 pL) to the RNase-treated cell
lysate and vortexed vigorously at high speed for 20 seconds. After 5 minutes

of

incubation on ice, samples were centrifuged at 14,000 x g for 3 minutes. Supernatant
containing the DNA were transfened to a clean 1.5m1 microcentrifuge tube containing
600 pL isopropanol. Microcentrifuge tubes were gently mixed by inversion until the

threadlike strands

of DNA form a visible mass. The DNA

was pelleted by

centrifugation at 14,009 x g for 2 minutes. Supernatants were carefully poured off and

the tubes were drained on clean absorbent paper. The DNA pellet was washed by
adding 600 pL of 70o/o ethanol and gently inverted several times. The washed DNA
was pelleted by centrifugation at 74,000 x g for 2 minutes and ethanol was gently
aspirated. The pellet was allowed
resuspended

to air dry forl0-15 minutes. The DNA pellet was

in 100p1of DNA Rehydration Solution and incubated at 65'C for t hour.

The genomic DNA extract was stored at2-8"C until used.
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3.2.6.2 Quantification of DNA concentration:

Quantification

of

genomic DNA was performed

by

determining the

concentration of DNA from absorbance at 260nm. The ratio of absorban ce at 260nm
and 280nm was used as indicator of nucleic acid purity (the ratio should be between
1.8 and 2).

3.2.6.3 Amplification of ITS region:
The bacterium specifi c universal primers

1

5

1

2F5' GTCGTAACAAGGTAGCCGTA3'

and 6R 5'GGGTTYCCCCRTTCRGAAAT3', were used to

amplify a DNA fragment that

encompassed a small fragment of the 165 rRNA gene region. Reaction mixtures of a

total volume of 50trr1were prepared for all samples as follow: 5prl of each primer, 2.5

pL of DNA template, 25 pL of Go Taq Green Master Mix, and 2 x, r2.5 pl of
Nuclease water (up to 50 pl total volume). PCR was canied out in a Gene Amp pCR

system 9700 (Applied Biosystems) with an initial denaturation step

at 94"C for

2

minutes followed by 35 cycles of denaturation (94'C for 1 minute), annealing(62.C

for 1 minute) and extension (72 "C for
extended elongation step (72 oC

1 minute) the reaction was terminated

with an

for 7 minutes). PCR products were analyzed by

agarose gel electrophoresis.

3.2.6.4 Horizontal agarose gel electrophoresis:

Horizontal agarose gel electrophoresis was used to resolve DNA fragments
between approximately 100 bp and 10,000 bp. Electrophoresis was performed in a

Bio-Rad DNA subcells (Bio-Rad Richmond, Ca.). The running buffer comprised

lx

Tris/borate/EDTA (TBE). Electrophoresis-grade agarose (I.5%) was dissolved in
appropriate volume

of ix TBE buffer at high
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temperature in microwave oven. The

solution was allowed to cool to approximately 60"C before being poured into casting
tray and left to set. The gel try was mounted in an electrophoresis tank and submersed

in 1x TBE. DNA

samples were mixed

with 6x bromophenol blue in a 5:1 ratio and

loaded onto the gel. Appropriate DNA standards were also loaded (purchased from

Vivatintis). Generally, a 100bp plus DNA ladder was used for genomic DNA samples,

while 100 bp DNA ladder (Promega) was used for amplified ITS DNA fragments. The

gel was run at 140v for

t

hour, and then the agarose gel was soaked in

Ethidiumbromide (EtBr) (Weurobio) (10mg/ml) (20 p.L EtBr was diluted with 100 pL
dH2O) for 15 minutes. The stained gel was visualized on a long wave 360 nm UV
Transilluminator and gels were then photographed under UV light.

3.2.6.5 Extraction of DNA from agarose gels:

PCR products were purified using a wizard SV gel and pcR clean- up System.

DNA fragment was excised in a minimal volume of agarose using a clean scalpel,
then the gel slice was transferred to a pre-weighed microcentrifuge tube and weight
was recorded. A membrane binding solution was added at a ratio

of

10 pL of solution

per 10 mg of agarose gel slice, then the mixture was vortexed and incubated at 65"C

for 10 minutes until the gel slice was completely dissolved. Centrifugation was done
at room temperature

(- 25'C) to ensure the contents

were at the bottom of the tube.

For each dissolved gel slice one SV Minicolumn was placed in a collection tube, and
then the dissolved gel mixture was transferred to the SV Minicolumn and incubated

for

1 minute at Room Temperature. The SV Minicolumn was centrifuged

at 14,000

Xg for 5 minutes, and then the SV Minicolumn was removed from the spin column
and the

liquid in the collection tube was discarded. Membrane wash solution (750 pL)

(previously diluted with ethanol by adding 75 ml of 95% ethanol) was added to wash
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out impurities and the column was centrifuged for 5 minutes at 14.000 Xg. The flow
through the column was discarded and the column was re-centrifuged for additional
5minutes with open lid to allow evaporation of any residual ethanol.
The DNA was eluted in a clean Eppendrof tube by adding 50pl dH2O to the center

of

the membrane. The column was left for 1 minute at room temperature before it was
centrifuged for 5 minutes. The eluted DNA was stored in an Eppendrof tube at -20oC.

3.2.6.6 Restriction ITS digest

DNA restrictions were carried out using enzymes purchased from Promega. The
amplified 165 rRNA of all strains was restricted with the enzymes AIuI, CfoI, Mspl,
RsaI. A 20 yL reaction containing the DNA, the enzyme and an appropriate buffer,
was incubated at

37C'in water bath for

1-4 hour. The fragments obtained by digestion

with each enzyme were electrophoretically separated in 2.5Yo agarose gels. Species
identification was done by comparing the profiles consisting of the combination of
restriction patterns generated with the different enzymes to those of a library of
profiles of strains of described named and unnamed species (Chang et al., 2005)

(tittp:/attserv.rug.a

)

3.2.6.7 Sequencing ITS DNA gene:

DNA sequencing was carried out

at the automated

DNA sequencing facllity using

the Taq DyeDeoxiTerminator Cycle Sequencing Kit, and the sequence was analyzed

in an automatic DNA sequencer in Korea (373A; Applied Biosystems).
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Chapter 4
Results and Discussion
4.1 Phenotypic characteristics of Acinetobacter buamanniiz
4.1.1 Background:

Conventional methods

of

bacterial identification

rely on

phenotypic

identification of the causative organism using gram staining, culture and biochemical
methods. Clinical microbiology laboratories intent to identify the etiological agent

causing a disease

by comparing morphologic and phenotypic description of

type

strains or typical strains with the accurate morphologic and phenotypic description

of

the isolate to be identified. To fuIfiIl this task standard references such as Bergey's

Manual of Systematic Bacteriologt or the Manual

of Clinical Microbiologt

or

compiling results from well-characterized strains such as those found at the Centers
for Disease Control and Prevention or the American Type Culture Collection (ATCC)

would publish tables summarizing the characteristics of each species

of bacteria

(Krieg and Holt, 1984; Funke et al., 1997; Munay, et al.,1999).

A phenotypic identification of Acinetobacter to the species level was always
considered presumptive, and not so accurate (Chang, et

al., 2005). Bouvet

Grimont, (1986) and Bouvet and Jeanjean (1989), have developed

a

and

simplif,red

phenotypic identification scheme for Acinetobacter species. This scheme, which was
adopted in this study, is the most widely used conventional and presumptive method

for

phenotypic characterization

of

Acinetobacter spp.

In

addition

to

colony

morphology, Gram staining reaction and microscopic charactenzation, the scheme
included growth at 37oC, 4loc, and 44o C, oxidation of glucose, gelatin hydrolysis,
and assimilation

of 14 carbon

sources (Bouvet and Grimont,1987). The assimilation

of the 14 carbon was performed using the API 2AE Analytical Profile Index. It was

Aa
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recommended to use the API2OE rather than the VITEK 2 system for more accurate

identification (Dortet et a1.,20A6). The biochemical results were used as to compile
with the conventional phenotypic characterization of Acinetobacter spp.
4.

1.2 Phenotypic characteriz ation of Acineto bacter spp.z

4.1.2.1 Colony and cellular morphology:
Colonies of all isolates grew on nutrient agar after 24 hour of incubation at 37oC.

Colonies were circular, convex, smooth, translucent

pigmented

to slightly opaque, and non-

with entire margin. Colonies became more mucoidal upon further

incubation. Upon gram staining, all twelve isolates were Gram-negative coccobaccilli.

However,

it was clearly observed that same cultures were gram variable,

and very

hard to be destained. This was related to the life cycle phase of the bacterial cultures.

Cells from over night cultures were more of gram negative rod shaped arranged in
pairs, whereas cells appear gram negative coccobacilli when cultures were incubated

for more than 48 hour at 37oC.
4.1.2.2 Tests for oxidative metabolic pathways:

After 24 hour incubation at 37oC the Hugh and Leifson test, or O/F test, with
glucose all twelve isolates did not grow, or cause any color chang in the oil-covered
(anaerobic) tube. In the open (aerobic) tubes, acid was produced in all isolates and

growth was observed in the top portion of the open (aerobic) tubes.

All

strains were

catalase positive and oxidase negative.

4.1.2.3. Heat tolerance:
The twelve bacterial isolates produced a rich and heavy growth after 24 hour

incubation at 37oC, 42'C and 44 oC on nutrient agar media. Growth at 28

of

'C after 24

hour was scanty and more abundant growth were obtained after 48 hour of incubation.
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All colonies exhibited the same cultural characteristics

after 24 how of incubation.

indicating that Acinetobacter can grow in a wide temperatures range.
4.1.2.4 Biochemical tests

Triple sugar iron agar (TSI) test results were alkaline over alkalinetype of
growth, for all twelve clinical isolates after 24 hour of incubation at 37 oC. The twelve
isolates have the ability to liqueff gelatin. For all the twelve isolates the

ApI 208

results confirmed the species identification of the isolates. The reactions are read
according to the table provided (Table 4.1) and the identification is done using the
software provided by the manufacturer on the internet, the API web.

A

seven

digit

profile is obtained. API 20E ratings are based on three parameters, including the
likelihood of a match between the unknown organism's profile and the computer profile,
the relative value between the likelihood of the

first and the likelihood of the second choice,

and the number of tests against the first choice (Brown and

Leff,

1996). The API 208

database confirmed that we had obtained an "excellent" identification

with

94.8o/o.The

for

10 isolates

two other isolates showed "u"ry good identification" with

Acinetob acter b aumnnii
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89.7%

Table 4.1 Expected positive and negative results of the biochemical reactions using
API E20 test. Last column represented results of the twelve clinical isolates obtained
aft.er 24 hour of incubation

Test

at 37"C.

Substrate

Reaction tested

Tested
isolates

ONPG

ONPG

beta-galactosidase

negative

ADH

Arginine

arginine dihydrolase

negative

LDC

Lysine

lysine decarboxylase

negative

ODC

ornithine

Omithine decarboxvlase

CIT

Citrate

citrate utilization

negative

H2S

Na
thiosulfe

H2S production

negatrve

URE

urea

urea hydrolysis

negative

TDA

tryptophan

Deaminase

negative

TND

tryptophan

indole production

negative

VP

Na pyruvate

acetoin production

negative

Gelatinase

negative

GEL

charcoal

gelatin

negative/

positive

GLU

glucose

fermentation/oxidation

positive

MAN

mannitol

fermentati on/oxidation

negative

INO

inositol

fermentati on/oxidati on

negauve

SOR

sorbitol

fermentation/oxidation

negative

RHA

rhamnose

fermentation/oxidation

negative

SAC

sucrose

fermentation/oxidation

negative

MEL

melibiose

fermentation/oxidation

positive

AMY

amygdalin

fermentation/oxidation

negative

ARA

arabinose

[ermentation/oxidation

positive

Oxidase

negative

OX

oxidase
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4.1.2.5 Antibiotic sensitivity testing using Kirby-Bauer:

Antibiotic sensitivity tests demonstrated that all twelve isolates were resistant
to all types of tested antibiotics (Table 4.2)
Table

4.2 Antibiotic sensitivitv test

Zone of inhibition for the 12 clinical isolates
of Acinetobttcter

Antibiotic

t2

I1
ll

10

9

8

7

6

5

A

J

2

Average
mm

SD

Pseudomonas

Gentamycin G
Ciprofloxacin

0

0

0

t0

0

0

2

0

+

4

2

0

2.7

3.8

6

cf5

7

7

0

0

0

0

8

0

0

8

z

0

2.7

3.6

t2

7

7

0

0

A

A

2

8

8

6

2

4.1

3.1

10

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

PRLlOO

2

0

0

0

0

0

0

0

0

0

0

0

0.2

0.6

4.5

Sulfa smx 25
Cefotaxime
CTX3O
Tazobactams

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

)

^

0

0

0

0

0

0

0

0

0

0.3

1.2

4.5

5

A

5

A

J

A
T

3

)

2

3.5

0.8

1.5

Levofloxacin
Le5

Cefuroxim
cxm30

Pipracillin

TPZI

IO

0

0

A

a
J

i

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

6

0

8

0

0

1.2

2.8

l.)

FOX3O

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Tobramycin
Tb10
Cefazolin

0

0

10

l0

0

0

4

4

6

6

0

3.6

3.8

7.5

Cz30
Cefaclore

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

CEC3O

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Ceftazidime
Ca30

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Am30

0

0

0

0

fi

0

0

0

0

0

(,

0

0

0

0

Nitrofur Nf

2

z

2

2

2

z

2

2

J

2

4

2

L.J

0.6

0

Oflacacin Of5

o

0

0

0

0

0

0

6

0

0

1.8

2.6

8

2

4

2

A

z

A

5

2

+

2

a
J

l.J

7

Colistin CTl0
Ampicillin
AMIO
Tetracyclin
TE3O

Cefoxitin

Amoxycillin

Imipenem

IPMiO
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4.2 Molecular manipulation:

In spite of being easily grown and isolated in standard cultures Acinetobacter is
relatively nonreactive

in many biochemical

tests commonly used

to differentiate

among Gram-negative bacilli. In addition, the diversity of the genus Acinetobacter
reproduced difficulties

in differentiating species of Acinetobacter using phenotypic

scheme methods (Chang et

al., 2005). Accordingly, phenotypic methods

cannot

delineate members of the Acinetobacler species (Bouvet and Grimont,1987). Though,

phenotypic scheme

of

Acinetobacter identification

presumptive investigation that does

is considered a preliminary

not aim to identify different species of

Acinetobacler (Gerner-Smidt et a\.,1991). Taking into account that it is also difficult,

if not impossible, to use the biochemical methods to identify the species of
Acinetobacter (Bernards et al.. 1 99O.
As discussed earlier, there are several genotypic methods that have been developed for

identification of genomic species level of ,4cinetobacter. This study adopted 165-23S

rRNA gene intergenic spacer (ITS) region (Dolzani et al., 1995). To fulfill this
method chromosomal DNA was extracted from all clinical isolates and ITS region
was amplified using the two standard primers listed earlier. The ITS segments were

verified and further analyzed to the gene level.
4.2.2 Lmplification of ITS region:

The ITS fragments of all isolates were amplified by PCR with primers 1512F
and 6R. The separation of the PCR products was performed by Zoh agarose gel
electrophoresis (Fig 4.5). A single amplicon was observed for all isolates, and all the
ITS fragments were (= 607bp) which refened to A. baumannii (Chang et al,1995)
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Isolates

|

2 3 4 5 6 7 8 910 11 l2Marker

l500bp
607bp

100bp

Figure 4.5: Agarose gel analysis of PCR products lane

M is

100 bp

DNA

4.2.3 Restriction ITS digest:

The 165-235 rRNA gene was enzymatically amplified for all the 12 isolates
belonging to the A. baumannii,and the amplicon was restricted independently with the
enzymes Rsal, MspI, AluI,

(/oI. Restriction pattems were analyzedby

ZYo agarcse

gel

electrophoresis. Figure (4.6) which represents digestion pattern for 3 isolates, gives an

overview of all of the patterns observed and all 12 isolates showed identical patterns

for all restriction enzymes' digest. The pattern interpretation deduced that the

12

isolates are Acinetobacter baumannii using band analysis library

at

(http : //allserv.rug. ac.belmvaneech/ARDRA/Acinetobacter.html).
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Rsal Mspl

Alul Cfol Rsal Mspl Alal Cfol Rsal Mspl Alul Cfol Marker

Isolatl

lsolate2

Isolate3

1500bp
1000bp

900bp
500bp

Fig. 4.6 Restriction digestion pattern analysis onZVo agarose gel for 3
isolates amplicon with the restriction enzymes RsaI, MspI, AluI, CfoI.

4.2.4 Sequencing ITS DNA gene:

During analysis of the sequences obtained, the portions of the 165 and 23S

rRNA gene regions were removed from the sequence data to obtain the exact ITS
sequences. The 5'end of the ITS sequences should be

ACGAAAGATT, whereas the

3'end sequence should be GGGGTTGTAT of all Acinetobacter spp. (Chang

et al.,

2005). However, the 12 sequencing results obtained did not reveal the two conserved
sequences of the

3' end and the 5' end of the ITS genes, since the sequencing reaction

proceeded showed no uniform peaks at the 5' as well as at the 3'end, and double
peaks occurred. However, the query sequences, of the ITS nucleotide, from the 12

amplicon revealed 86Yoto 88% identicalto A. baumannii using the blast tool (Fig.
AA\
+.t
t.
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Fig 4.7. Sequences producing significant alignments using BLAST tool between ITS
gene of amplicon obtained from representative isolate

with ITS

gene of Acinetobacter

baumannii. Similarities are shown with dashed nucleotides. (*Query: ITS of
amplicon, * * Sbjct: Acinetobacter baumannii)
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Comments and Conclusion
This study describes and compares the molecular relationships and antibiograms

of nosocomial isolates of Acinetobacter spp. from two intensive care units from two
hospitals in Jordan (JUH and KHCC), and at two different periods of time (2006 and

2008). As in other parts of the world, the interest in Acinetobacter spp. has been
increased as an opportunistic pathogen in nosocomial infections. Especial interest was

given to outbreaks that occurred among patients of high critical areas such as the
intensive care unit (ICU) and the surgical setting (Bergogne-Berezin, E. and Towner.

1996). Numerous studies have shown that multidrug-resistant bacteria particularly
aerobic Gram-negative bacteria, is the one of the most prevalent infection among
patients

of the ICU units (Maragakis and Perl 2008). Of such organisms was

Acinetobacter spp. that is considered as a formidable threat to admitted patients. It
was the major cause of high morbidity and mortality, among intensive care unit (lCU)

patients (Bergogne-Berezin, and Towner 1996, Richet and Fournier,2006 Falagas et
al., 2007, Zarrllli et al., 2007).

Few studies have investigated the epidemiology of Acinetobacter infections within the

Arab world (El Shafie et al,, 20A4, Nejjari et al., 2003), but no single study
addressed

has

the prevalence of clinical Acinetobacter spp. and its antimicrobial

susceptibility in Jordan. Studies performed from different parts of the world have
demonstrated that A. baumannii is the most prevalent species that is responsible for

the majority of Acinetobacter spp. infections in hospitalized patients (Corbella et al.,
2000, Van Looveten et al., 2004, Prashanth and Badrinath, 2006). The epidemiology

and control of A. baumannii infections in hospitals is a complex issue, since this
organism is tolerant to desiccation often

it

develops multidrug resistance and can

survive in the hospital environment posing particular risk to patients. However,
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Shehabi and Baadran (1996) revealed that few types

of multidrug-resistant

Gram-

negative bacteria (A. baumanii, P. aeruginosa and K. pneumoniae) were the major
cause

of infection in

parallel interest

in

Jordanian ICU patients during 1993. Since then there is no

developing

an appropriate infection control

measures and

mechanisms underlying A. baumannii infections in Jordanian hospitals. In addition,

clinical laboratories of Jordan (as other clinical laboratories in other parts of the world
depend mainly upon traditional phenotypic identification methods that relay on
biochemical pathways and carbon source utilization (Tang et a1.,1998). Investigators

over the years have tried a variety of improvements through automation. Of such

efforts is the use

of

gas chromatographic analysis (Abel et

al., 1963), Microlog

system, comprising a microtiter plate that tests for the ability of a microorganism to

utilize different carbon sources (Miller and Rhoden et al., l99I), VITEK-2 ID-GNB
card (bioMdrieux, Hazelwood, MO), and Sherlock system. The Sherlock system is
based on organism identification solely on computer comparison

of the

unknown

organism's fatty acid methyl ester profile with the profiles of a predetermined library

of known isolates with pattern recognition software (Osterhout et al., 1991). Almost
all system

possesses the

limitations of all biochemical identification schemes, since (i)

individual tests may not be highly reproducible and

(ii) the species metabolic

phenotype is not an absolute property but may exhibit variability, and (iii) the species

may be with limited biochemical activity which might be difficult or ,sometimes,
impossible for many slow-growing and fastidious organisms. Accordingly phenotypic

identification might be a tool with limited applications since

it is useful only for

diagnosis of infections.

In this study the phenotypic charactenzation (Colony and Cellular morphology, Tests

for oxidative metabolic pathways, Heat tolerance, Biochemical tests including Triple
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sugar iron agar (TSI) test, API 20E, Antibiotic sensitivity testing)
isolates indicated that all of them were belongingto

preliminary results showed that

A.

of all clinical

baumannii. Apparently, those

A. baumannii is an endemic

throughout the JUH as

well as KHCC hospital. Since genus-level information is usually sufficient for clinical
diagnostic purposes,

it is not enough to implement

infection control methods. Our

results raised the need to maintain exemplary infection control procedures in such
hospitals where high standards should have been achieved and wam of what might
result if intensive control measures mav diminish.

We suspected that variations among isolates were not revealed using phenotypic

identification methods we have used. In addition they arc not enough to track of
transmission for the implementation of appropriate infection control measures. Such

results were imprecise and can't be used

in understanding the fundamental

mechanisms underlying Acinetobacter rnfections, including the original sources of the

infecting organisms, their clonality, and geographical spread, which are considered as

an important requirement for the development of appropriate infection control
measures. Accordingly, we found that the 12 isolates were not sufficiently identified

to the species level by their phenotypic properties. Therefore, 163-235 rRNA

gene

intergenic spacer (ITS) region as a genotypic method was performed for the genomic
identificati on of Acineto bacter spp.
The ITS fragments of all isolates were amplified

and 6R.

A

by

PCR with primers 15iF

single amplicon appeared on agarose gel electrophorsis that facilitated

direct sequencing for all isolates. A high degree of conservation of both the ITS length
and the ITS sequence was observed which indicated that all clinical isolates identified
as

Acinetobacter baumannii, and their identities were further confirmed by amplified

ribosomal DNA gene restriction analysis (ARDRA). The application of ARDRA for
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the identification of Acinetobacter species has several advantages over phenotypic
identification. ARDRA considered rapid and reliable and universally applicable
method

for identification of most of the Acinetobacter

genomic species, thus

contribute to better understanding of the clinical importance and epidemiology.

In (ARDRA) the 163 rDNA

gene was enzymatically amplified

and then was restricted independently with the enzymes

for all isolates,

Alul, Cfol, Rsal, Mspl.The

restriction fragment patterns were analyzedby gel electrophoresis. The fragments

of

all isolates yielded identical restriction patterns, and all isolates were identified

l.

baumannii. Summation

of all

as

phenotypic, antiobiogram, and genotyping results

suggested that there might be an inborn origin of infection in the JUH and KHCC. The

potential sources of infection might be ventilator, hospital staff, intravenous lines or
monitoring devices, surgical drains, or indwelling urinary catheters. To investigate the
potential source of infection, samples might be taken from all those possible sources

and for phenotypic as well as genotypic investigations. Since our study lack any
tracing information for movement of patients within and out side hospital, and no
tracing information were done on visitors to the infected patients. However, this type

of tracing studies might have revealed different genotypes of the clinical

isolates,

which was not the case with the 12 isolates.

Finally, the frequency of hospital outbreaks of Acinetobacter infections has required
the development of reliable typing methods. In addition conventional 'phenotypic'
methods (serology, biotyping, phage typing), 'genotypic' systems (ribotyping, plasmid

profiles, pulsed-field gel electrophoresis) should be utilized for strain identification.
Genotyping allows investigation

of clonal

source of the original infection.
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spread and can be used

to identiff

the

This study

demonstrates

Acinetobacter baumannii
demonstrated

by

the high

frequency

to all antimicrobial

antimicrobial resistance

of

multidrug

resistance

agents used at JUH and KHCC as

pattem. In addition, the

results

demonstrated that the amplified ITS gene gave the same genus identification as full
sequence data

from all 12 clinical isolates evaluated. Sequence analysis of this region

needed only one amplification step and two sequence reactions; therefore, the price

of

reagents approaches the costs of the reagents and labor for many phenotypic methods.
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