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One hundred and fifty isolates were isolated and identified from patients
with urinary tract infection, and they were belonged to five genera: E. coli 70
isolates (46.7%), Klebsiella 20 isolates (13.3%) [in which 18 isolates were
Klebsiella pneumonia and 2 isolates were Klebsiella oxytoca], Proteus 18
isolates (12%), Enterobacter 13 isolates (8.7%), Pseudomonas 12 isolates
(8.0%) and Staphylococcus 17 (11.3%) isolates [in which Staphylococcus
epidermides 9 isolates and Staphylococcus aureus 8 isolates]. Ninety isolates
(60%) were obtained from female while sixty isolates (40%) from male.

The antibiotic sensitivity pattern was examined for all (20) Klebsiela
isolates and results showed that all the isolates (100%) were resistance to
penicillin, 16 isolates (80%) were resistance to ampicillin and streptomycin 15,
isolate (75%) were resistance to gentamicin and, 14 isolates (70%) were
resistance to chloramphenicol, while all the isolates (100%) were sensitive to
imipenem, and 14 isolates (70%) were sensitive to norfloxacin, 13 isolates
(65%) were sensitive to cephalexin, 12 isolates (60%) were sensitive to
tetracycline and cefotaxime and 11 isolates (55%) were sensitive to aztreonam.

A number of virulence factors of Klebsiella were detected, results showed
that all the isolates (100%) were encapsulated, having colonization factor
antigen type | (CFA /1), while 16 isolates (80%) were have colonization factor
antigen type Il (CFA / I11). All the isolate (100%) were able to produce
siderophore, while none of them were able to produce hemolysin.

Results showed that 75% of Klebsiella isolates were resistance to the
serum bactericidal effect, while 25% of the isolates were sensitive. Also, all the
isolates (100%) showed the ability to adhering to epithelial cells. However,
MR1, MR2, MR10 and MR16 isolates had the highest level of adherence with
an average of 20 bacteria per epithelia cell. All the isolates showed high

resistance to the phagocytosis in which the phagocytosis percentage was



decreased for all isolates and it was ranged between 7.5-15.0%.

To study the relationship between plasmids of Klebsiella pneumoniae
MRL1 and its pathogenicity, bacteria was treated with ethidium bromide. Results
showed that there was a number of cured isolates which lost resistance for many
antibiotics. Chloramphenicol and aztreonam resi stance markersin this bacterium
were carried on two different plasmids, while ampicillin and tetracycline
resistance markers were carried on one plasmid. And the streptomycin and
gentamicin resistance markers were carried either on chromosome or on mega
plasmid which can not be cured.

The cured isolates MR1C1 and MR1C2 (which lost resistance to
ampicillin, tetracycline, chloramphenicol and aztreonam) were choused to be
tested for other virulence factors. Results snowed that both isolates were
capsulated but the capsule size was reduced, aso both isolates were still have
the ability to produce colonization factor antigen type | and 111 (CFA /| and I11)
and the ability to produce siderophores. However, resistance to serum
bactericidal effect was decreased compared to MR1 isolate, and adherence
ability of these two cured isolates was decreased in which the average of
adherence cells became 2-7 bacterial cells / epithelia cell, also phagocytosis
resistance was decreased in which phagocytosis percentage reached to 53% and
60% for the MR1C1 and MR1C2 respectively.
From these results it was concluded that genes encoding for the colonization
factor antigen (CFA | / 1lI) and siderophore production of Klebsiela
pneumoniae MR1 are carried on chromosome, while gene encoding for capsule
synthesis was carried on chromosome and regulated by plasmid gene (s). The
changes in other properties (resistance to serum bactericidal effect, adhesion

ability and phagocytosis resistance) may be due to the capsule reduction.
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1-1 Introduction

Urinary tract infection (UTI) is the most commoropltem affecting human
of all ages. It is a disease of world wide impocgias a cause of both morbidity
and mortality. The vast majority of infections a@used by enterobacteriaceae
originating from the gut (Hannast al., 1993).

Due to the development of antimicrobial agents, riteos of UTIs were
decreased. Distribution of bacteria causing UTlsd atheir antibiotics
sensitivities vary from place to place and fromditoe time depending on the
environment and the choice of treatment which negaicontinuous assessment
to establish the resistance pattern of the miciaegns (Gruneberg, 1984).

Resistance to commonly antimicrobial agents israneasing problem in
many developing countries due to the overuse arsdisai of antibiotics which
result in their ineffectiveness against multidregistant bacteria responsible for
many life-threatening diseases (Burke and Levy5198

The wide spread of bacterial strains resistingetcesal antibiotics becomes
one of the major problems in treating the UTI. Emdibiotic resistance can be
coded by chromosomal or plasmids genes. Many anmth carrying antibiotic
resistance genes can be transferred from one lmctedl into another by
conjugation and transformation, thus spreading rif@stance to antibiotics
(Satta et al., 1987). The associations of transmissible plasmdh the
multiresistance to several antibiotics were esshiell in several bacterial species
causing UTlIs (Livrelliet al., 1996).

Klebsiella spp is well known to most clinicians as a cause of cumity-
acquired bacterial pneumonia, occurring particylanichronic alcoholics and
showing characteristic radiographabnormalities due to a severe pyogenic
infection whichhas a high fatality rate if untreatetihe vast majority of
Klebsiella infections, however, are associated with hosp#édion. As
opportunistic pathogenglebsiella spp. primarily attack immunocompromised

individuals who are hospitalizeshd suffer from severe underlying diseases such

1
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as diabetes mellitusr chronic pulmonary obstruction. Nosocomi€lkbsiella
infectionsare caused mainly b¥lebsiella pneumoniae, the medically most
important species of the genus (Podschun and UhnESO8).

Klebsiella spp have different virulence factors which give theteaa the
ability to invade the host, such aapsule which increases its resistance to
phagocytosis and serum killing factors, adhegivnwhich help cells to adhere
to the epithelial cells, and their ability to chelg ferric compound from the
environment by the production sfderophore. And some other factors such as
the production of urea, enterotoxin and lipopolgseride production (Podschun
and Ullmann, 1998). However, antibiotic resistampeeperties are the major
factor in its pathogenicity that it resists for widpectrum of antibiotics and
speciallyp-lactam antibiotics. This is due to the presencB-plasmids (Vernet
etal., 1995).

To study the microbial pathogenicity at the molacukevel, Klebsiella
were used to study its virulence factors for tHeoWing reasons:

1. It's considered one of the five most infectiousrg®f the urinary
tract infection.

2. Few studies were performed abdgiebsiella and its virulence
factors compared with other members of enterobacesase family.

3. Klebsiella is considered responsible of outbreaks, nasocomial
infections and represent serious problem in theicaédnd surgical

kits and instrument.
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Aims of the Study

Isolation and identification of some bacterial ctive agents of UTI and

selectKlebsiella spp. isolates for:
1. Studying the resistance patternkdébsiella isolates to antimicrobial agents.
2. Study some of the virulence factors of these bacter
3. Investigate the correlation of plasmids contentd #re pathogenicity of

these bacteria.



Literature
Review

Chapter Two




(st o omeses 5| [ RPRRRE S ST mE |
,,,,,,,,,,,,,,,,,,,,,, A

[Formatted ] "

2-1 Urinary Tract Infection

Urinary tract infection (UTI) is among the commoneause of illness in
the community and major cause of illness in ho$ipéd patients (Hannaet al .,
1993). It is particularly common in females; 10-20% of women have UTI af
sometime in their life and a significant number haveueent infection (Mims
et al., 1987). Its important lies in the fact thetonsiderable proportion of the
population may acquire asymptotic infection (Samtand Kaye, 1978) and it is
the most common bacterial infection of human of adls and both sexes
(Tanagho and McAninch, 1995)hatidt may occur in about 1% of gi&l2% of
pregnant women and up to 20% of elderly men and evof&abriela, 20Q0
Jawetzet al., 200).

Urinary tract infection (UTI) can be defined as th@esence of

microorganisms in a properly collected specimeruifie (bacteriurea; more
than 18 bacteria / ml of urine). When present, the clihjm@sentation of UTI
may be that either of lower or of upper urinarctrsymptoms (Glauser, 1986).

Lower urinary tract symptoms most commonly resubinf vaginitis, cystitis,

uretheritis or prostitis whilepper urinary tract symptonmeans acute bacteria
infection of the kidney (Truck, 1981; Pingle, 1984).

e ory 18 P Complex }\AZ-Z Pathogenesis of Urinary Tract Infection

Urinary tract infections (UTIs) occur as a result of the interaction |of

bacterial virulencefactors (such as: increased adherence to vaginal |[and

uroepithelial cells, resistance to serum bacteaiciadtivity, a higher quantity of
K antigen, the presence of aerobactin, cytotoxratezing factor type 1, an
hemolysin production) and host biologi@and behavioral factors as opposed to
highly efficient host defense mechanisms. Theretlaree possible routes

which bacteria can invade and spread within thaanyi tractand these rout
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- (Mandellet al., 2000)

The urethra is usually colonized with bacteria.d8ts using suprapubic

Df

microorganisms in the urine of uninfected persdigere are some conditions

puncture techniques have revealed the occasioaaépce of small numbers

such as sexual intercourse and using of cathetemzanay result in the

—

ascending of these bacteria to the bladder, ansl ¢husing the urinary trag

infection.

Infection of the renal parenchyma by blood-borrgaoisms clearly occurs
in humans. The kidney is frequently the site ofcalsses in patients with

Staphylococcal bacteremia or endocarditis, or exiperimental pyelonephritis

\°4}

can be produced by the intravenous injection oéss\species of bacteria and
Candida. However, the production of experimental pyelonéghrby the
intravenous route with gram-negative enteric biadlle common pathogens in
urinary tract infection, is difficult. Additional emipulations such as the creati
of ureteral obstruction are often necessary. It ld@appear that in humans,
infection of the kidney with gram-negative bacillarely occurs by the

hematogenous route.

~ C: Lymphatic Route

—h

Evidence for a significant role for renal lymphaticthe pathogenesis g
pyelonephritis is unimpressive and consists ofdamonstration of lymphatic
connections between the ureters and kidneys in asirand the fact that
increased pressure in the bladder can cause lymgdloat to be directed toward
the kidney. Thus, it would seem that the ascengathway of infection is the

most important
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2-3 Epidemiology of Urinary Tract Infection

More than 95% of urinary tract infections are calubg a single bacterial

species. There is a great difference between thtefia flora of the urine in
patients with an initial episode of urinary tragteiction compared with the flor

The main causes of UTI are gram-negative bactenid especially the
Entercbacteriaceagnterobacteriaceanterobacteriacedamily (Stameyetal;
19711973. Escherichia coli is by far the most frequent infecting organism

acute infection (Moblewt al., 19861989. In recurrent urinary tract infections

especially in the presence of structural abnoriealibf the urinary tract (such 3
obstructive uropathy, congenital anomalies, neurmg®ladder malfunction

and fistulous communication involving the urinargdt), the relative frequency

of infection caused biroteus, Pseudomonas, Klebsiella, andEnterobacter spp.
and by Enterococci and Staphylococci increases greatly. In the presence
structural abnormalities, it is also relatively goon to isolate multiple
organisms from the urine. Since instrumentation aepeated courses (

antimicrobial therapy are common in these patiemspiotic-resistant isolate

The hospital environment is an important determirgdrthe nature of the
bacterial flora in urinary tract infectioiroteus, Klebsiella, Enterobacter, and
Pseudomonas spp. andtaphylococci and Enterococci are more often isolate

from inpatients, compared with a greater prepomuzzaof E. coli in an

n

D

1S

of

|72}

outpatiens population(Williams, 1974; Takeuchi et al., 1984). Cross-infection
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are important in the pathogenesis of hospital-eelatrinary tract infections
especially with indwelling catheters (McLeetral., 1985).

2-4 The Correlation between UTI with Sex and Age

The problem of urinary tract infection spans ak-@goups, beginning with
neonates (Nordqvigt al., 1984; Kunin, 1997). UTI are much more common
women than in men. Many of these patients prewounrsd urinary tract
infections as children and continue to have infewias adult§Feboreet-al;
1999. Once a woman develops infection, she is morelylike develop
subsequent infections than a patient who has hamewous infectiongFebore
etal., 1999)

The frequency of urinary tract infection in infanssabout 1 to 2%. It is

much more common in boys during the first 3 mordhsl thereafter occur
more often in girl§Auckenthaler, 2000).

During the preschool years, urinary tract infectidmore common in girlg
than inbeyspoys;its frequency is about 4.5% for gihnd about 0.5% for boy
(Zimakoff et al., 1995).

The presence of bacteriurea in childhood defingmulation at highef
risk for the development of bacteriurea in adulth¢Ouslandeet al., 1987)

Once adulthood is reached, the prevalence of bastarincreases in th
female population. The prevalence of bacteriuregoumng nonpregnant wome
is about 1 to 3%. Each year, about 25% of bacierimomen clear their
bacteriurea, and an equal number become infectezh(women who have ha
urinary infection previously). At least 10 to 20% the female populatior
experience a symptomatic urinary tract infectiors@mnetime during their life
(Nicolle et al., 1988). Other conditions may increase the frequendgmale
such as diabetic women but not men have been fdandave a highef

prevalence of bacteriurea than nondiabetic pati@mdsblack women with sickl

in

LA

L2

D

A4
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}\\\42-5-1 Collection of the Specimen

cell trait have a higher prevalence of bacteriudaeng pregnancy than black
women without the sickle trait (Mohlet al., 1987; Pearman et al., 1991).

The prevalence of bacteriurea in adult men is 10 % or less) until the
later years, when it rises. The increase in bagtai in older men is probably
mainly related to prostatic disease and the resultestrumentation. In young
men, a lack of circumcision increases the risk rifiary tract infection caused
by uropathogenic strains & cali, including the development of symptomatic
urethritis (Melekos and Asbach, 1986).

In elderly people, at least 10% of men and 20% oimen older than 65
years have bacteriurea. In contrast to young adialte/hom bacteriurea is 30
times more frequent in women thanarermen;in those older than 65 years the
ratio alters dramatically, with a progressive daseein the female/male ratio
(Steinhardt and McRoberts, 1980; Bakke, 1993Steinhardt-and MeRoberts; 1980
Bakke 1993

Urine in the bladder is normally sterile. Since thethra and periurethral
areas are very difficult to sterilize, even the tnzarefully collected specimens
are frequently contaminated. By quantitating baaten midstream, clean-
voided urine, it is possible statistically to segiarcontamination from urinary
tract infection. Patients with infection usuallyvieaat least 10bacteria / ml
urine in the bladder, and therefore voided urineallg contains at least 10
bacteria / ml. Patients without infection have itebladder urine, and with
proper collection, voided urine usually containsslghan 19 bacteria / ml.
(Schaeffert al., 1988; Jawetset al., 29952001).

Acceptable methods for urine collection include rtfigistream clean catch,
(2) catheterization, and (3) suprapubic aspiratibme clean-catch method is

preferred for the routine collection of urine fadtore.

8
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Disinfectants should not be used for cleaning beedabey may lower the

174

bacterial count if they get into the urine sampgia(ser, 1986). And ideally,

samples should be collected before antimicrobdapy, or has done within the

last 24 hr, this should be stated clearly on tigeest form (Mimset al., 1987).
The urine should be processed immediately, orfifgerated at 4°C, it car

be cultured within 24 hours.

Script Font: 13 pt

Formatted: Font: 16 pt, Complex }\\\42-5-2 Laboratory Investigations

Microscopic examination of the urine is the firses in the laboratory
diagnosis of urinary tract.
A clean-catch midstream urine specimen is cemgeifufor 5 minutes at

2000 rpm, and then the sediment is examined urigergower. Each leukocyts

1%

seen represents about 5 to 10 cells Pwifarine; 10 to 50 white cells / mnT are
considered the upper limit of normal (Hammarsted kimdqvist, 1992). With
this criterion, 5 to 10 leukocytes per high-powietd in the urine specimen is
the upper limit of normal, as they represent 50a6 cells / mm In fact, most

have hundreds of leukocytes per cubic millimeferd blood cells may appears,

this may be indicative of other disorders such akuti, tumor, vasculitis,

glomerulonephritis, and renal tuberculoBlewever, pyuria without infectior
remains common (O'Kellgt al., 1995).

Calibrated loops serve as a simple inexpensive w@yexamine

guantitatively the bacteriologic characteristicaughe specimens (Ouslandetr
al., 1987). Platinum loops that deliver 0.01 ml an@0Q ml are used to stregk

—h

urine onto agar plates. After incubation at 37°C 24 hours, the number g

colony-forming units is counted, and the total nembf organisms originally

9
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present in the specimen is estimated by multiplgheycolony count by fCor
10%, respectivelyBacteriurea is defined asSignificant" whenthe numbers of
bacteria in voided urine that exceed the numbeusllysdue to contamination
from the anterior urethra (i.ex10° bacteria/ml).

A further refinement of the technique involves tiee of differential agars

4

to allow isolation from mixed cultures and moreidaplentification (DeGrookt
al., 1988).

The selection of an appropriate antimicrobial adesd become complex
because of the increasing number of compounds abl@jl each with its
characteristic spectrum and toxic properties. H@wein most cases, any of

many available agents are perfectly satisfactoryeitwo or more drugs with

UJ
~—

equivalent activity against the infecting microangem, the agent with the lea

Antimicrobial agents should only be administerecewlthere is reasonable

evidence of infection in the urinary tract. Sympsoare not a reliable indicatio

=)

of infection. The diagnosis of infection in the agtomatic patient should be
made on no fewer than two cultures of clean-voideidistream urine in which
the same microorganism is present in significatérgi If the patient is
symptomatic, one specimen suffices, and therapuyldhoe startedSobel and

Kaye, 2000)

A rational approach to the treatment of urinargtiiafection depends of

-

an appreciation of the prognosis of the untreatdeiction and the long-term
results to be expected from therapy. The side &ffeost, and inconvenience pf

different therapeutic regimens must also be comsti&obel and Kaye, 2000)

10
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It was first described by the German microbiolodisivin Klebs in 1885

and it was named on his name.
Klebsiella are belonged to the Enterobacteriacea
enterobacteriaceanterobacteriacedamily, and they are gram negative rods,

19%

non-sporing, non-motile bacilli which tend to beoghand thick, aboub.3-1 -
0:3-um in diameter and).6-6.6 um in length. They form a well-defined
polysaccharide capsulBdrgyHolt et al.,; 1994).

They grow well on ordinary nutrient media and oancgise-ammonium salt
agar unsupplemented with growth factors. Tempegatamnge for growth is 12t

43°C, optimum 37°C. Colonies are large, raised,smand mucoid and th

11%

degree of mucoidness depends on the amount of loadkade in the cultureg
medium as well as varying from strain to strain.d¥istrain ferment lactose and
their colonies on MacConkey's medium are pink. Tieesnent other sugars and
producing acid and gas, oxidase negative, cat@lasiéive, not produce 13 in
TSI agar or liquefy gelatin and (G + C) ratio isoab (53-59 %) (Holtet al.,
1994; Collee €t al., 1996; Abbott, 1999).

o ony 18 Pt Complex }\\\q2-8 Taxonomy of the GenuXKlebsiella

The taxonomy oKlebsiella is characterized by a nomenclature reflectjng

its colorful taxonomic history. Originally, the miedlimportance of the genu

Klebsiella-{family-Enterobacteriaceae) led to its being subdivided into thrge
species corresponding tlee diseases they causéd:preumentapneumoniace,

[72)

K. ozaenae, and K. rhinoscleromatis. As the taxonomy became increasingly
refined due to the developmearitnew methods such as numerical taxonomy, |the
species classificatian this genus was continually revised. In timegthmain

classification@merged, those of Cowan, Bascomb, and @rskov (Tatle

[;g;mztﬁgaz?gt Bold, Complex Tx/j'fabjef 2-1— Species classification of the genuKlebsiella by different

[Formatted: Indent: Before: 0 cm, T taxonomic systemgPodschun and Ullmann, 1998).
Hanging: 2.54 cm
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[ Formatted Table } /] 777777 Cowan || Bascomb |I @rskov I |
A i K. predmentapneumoniaee
Formatted: Font: Bold, Compl
[Sgr:;:a::o:t: Bo(I); o T T K. aerogenes K. edwardsii ;ﬁggg?n&/oxytoca/ subsp. . . ‘
pReureniapneumoniace
| subspedwardsii K. prewrroriapneumoniace || subspozaenae I
| subspatlantae | sensu stricto | subsprhinoscleromatis I
K. preumeniapneumoniaee| sensu lato |K. oxytoca ||
K. ozaenae |K. ozaenae |K. terrigena I
K. rhinoscleromatis K. rhinoscleromatis | _ o ‘
K. planticola (syn.K. trevisanii)
| |K. "unnamed group |
| |Enterobacter aerogenes |K. ornithinolytica I

In the early 1980sKlebsiella isolates from the environment, which had
previously been classified a&lébsiella-like organisms{groups J, K, L, and
M), were increasingly being classified imgmvisional taxa (Gavirgt al., 1977).
These groups gave rise to four new spedfeserrigena, K. ornithinolytica,
K. planticola and K. trevisanii (Sakazakiet al., 1989). In 1986, the last twp
speciesvere combined into one speci&s planticola, because of the@xtensive
DNA sequence homology (Gaviei al., 1986). While originally considered
be without clinical significance and restricted d@quatic,botanical, and soi

environmentsK. terrigena andK. planticola have been reported as occurring
human clinical specimens (Podschun and Ullmann,4193sdsechun—and
Ullmann—199). According to these findings, particulaly planticola has been
isolated from human infections with a surprisinglgh frequency of 3.5 tg

n

18.5% among clinical isolates #fiebsiella species. More than half of these
isolates were recovered froraspiratory tract secretions; wound and urine
isolates were theext most commo#RPosdchun-and-Ullmann—1994hus,at
present it seems possible that in additionKtgneumentapneumoniaee and
K. oxytoca, a third Klebsiella species exists that is alie cause human
infections (Posdchun and Ullmann, 1994).

The adoption of a consistent nomenclature has fagtrer complicated by
the fact that Great Britain and the former Commaalticountries adhere to the

12



(st o omeses 5| [ RPRRRE S ST mE |
,,,,,,,,,,,,,,,,,,, A

Formatted: Font: 18 pt, Complex
Script Font: 13 pt

|- 2-9 Differentiation of Klebsiella Species

Formatted: Font: Not Italic, Complex

Script Font: Not Italic

Formatted: Font: 14 pt, Complex
Script Font: 14 pt

~ \//tTabIeA 2-2

Formatted: Font: Bold, Complex
Script Font: Bold

Formatted: Indent: Before: 0 cm,
Hanging: 2.86 cm

Formatted: Font: 14 pt, Complex
Script Font: 14 pt

classification of Cowan while the USArefers @rskov's classification.

Consequently, the same bacteriomay be calleK. predmeniapneumoniaee in

one country andK. aerogenes in another. Most European countries follow the

American example angcognize the worldwide predominant classificatain
@rskov(Podschun and Ullmann, 1998)

Klebsiella species are usually identified and differentiatedoading to
their biochemical reaction§Table 2-2) The genus is defineas containing
gram-negative, nonmotile, usually encapsulated stwapedbacteria of the

lysinedecarboxylase but not ornithine decarboxylase aadyanerallypositive
in the Voges-Proskauer test (Edwards and Ewing6198ithin-the genus

lebsieta_the_individual : be_diff ated_baHasic_of _the
features—listed—in—{Appendix—B)Whereas mosKlebsiella species can bg

identified by standard microbiological laboratbegts, the specids. terrigena

\174

andK. planticola require speciahonconventional reactions (such as utilization

of mrhydroxybenzoat®r hydroxy-L-proline, pectate degradation, acidnfr¢

melezitosepr growth at 10°CjPodschun and Ulimann, 1998)

Biochemical reactions ofKlebsiella species (Podschun and
Ullmann, 1998).
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2-10 Typing ofKlebsiella Isolates

Varieties of methods have been used with varioggess of success in

Klebsiellatyping and are discussed below

[Formatted: Font: 16 pt, Complex J‘ ~_

Script Font: 16 pt

Biotyping based on an extended panel of biochemaca culture tests.
Biotyping can be carried out by using macrotubest@®ne (Haverkorn and
Michel, 1979) or by combining a commercially avhl& miniaturizedsystem
such as the API 20E system with additional macmtidst{Podschuret al.,

1992). However, because of the large number ofticeesto be tested and th

~_ Biotyping
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often long cultivation times-up to 90 dayf$or demonstration of gelatinas

{Stenzelet-al—1972¢=-biotyping of Klebsiellaspp. is not very suitable as §
epidemiological toolStenzekt al., 1972)

~_Serotyping

Serotyping is currently the most widely used tegbei for typing

Klebsiella spp. It is based mainly on a division accordmthe capsule antigens

Klebsiellae usually have well-developgablysaccharide capsules, which gi
their colonies their characteristisucoid appearance. Of 82 capsule antig
described, 77 type®rm the basis for an internationally recognizegstde
antigenscheme. Although 12 different O-antigen typeKtdbsiella have also
been described, they are difficult to classify hesedheir determination is
typing, by contrast, shows good reproducibidihd is capable of differentiatin

most clinical isolates (Ayling-Smith and Pitt, 199The drawback of this

AN

11%

method is the large number of serologmalss-reactions that occur among the

77 capsule types. Thus, individusdra have to be absorbed with the crg
reacting K-antigens. Moreovehe typing procedure is cumbersome becaus
the time neededo perform the test and is susceptible to subjec
interpretationdecause of weak reactions that are not always teasyerpret.
Since anti-capsule antisera are not commercialilable, thistechnique is
practiced mostly in specialized laboratories. Hosvew contrast to capsulg
typing, neither biochemical typing, bacteriotyping, nor phage typing alone
sufficiently discriminativeand reproducible for epidemiological purposes ekd
biotyping and capsule typirgnables the differentiation of a large number
bioserotype¢RenineandDuncan, 1974).

~ Phage Typing

SS-
e of
.

\Y

A} %4

ep

of
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Phage typing oKlebsiella was first developed in the 1960s (Przondo-

Hessek, 1966). Although the phage reaction isyeessld and theeproducibility

of the method is acceptable, this technique sleoregatively poor typing rate of

19 to 67% (Rubin, 1985). Sindeis not an alternative to capsule typing, th
procedure hasever become widespread and is useful mainly ascanslary
methodin combination with serologic testing. It sholld stressed, howeve
that it is possible to develop capsuded O-antigen-specific phage typing
appropriate efforts aremade, as a number of reports have demonstr
(McCallumet al., 1989; Pieroni et al., 1994).

~ Bacteriocin Typing

Bacteriocins are bactericidal substanaesjally proteins, produced b

is

=

-

f
ated

y

bacteria to inhibit the growth ather bacteria, usually members of the same

species. An isolatean be characterized either by its ability to imh#pecific
indicator strains or by its sensitivity to bacterits synthesizetly a set of
producer strains. Since the synthesis of bactersaginot frequent enough i
Klebsiella, the latter technique hscome the method of choice for bacterio
typing of organismsbelonging to this genus (Hall, 1971)A

modificatierModifications of the "scrape-and-poinprocedure, in which the

bacteriocingre synthesized on an agar medium immediately é¢fher strainto
be typed are inoculated by a multipoint inoculat®his methochas proven
superior for bacteriocin typing of clinical and emwwmentaKlebsiella strains as
well as of nosocomiabutbreaks ofKlebsiella (Bauernfeindet al., 1993;
Podschu and Ullmann, 1993; Podschun and Ullmann, 1996).

~ Molecular Typing Methods

thel—nfaney-Preliminary descriptions have beamesented on plasmid profile
ribotypes, multilocus enzyme analyses, and apjpdicat of pulsed-field ge

electrophoresis. The procedures vary from laboyator laboratoryand lack

—

Cin

UJ
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standardization, making it difficult to compare rin¢Bauernfeincet al., 1993;
Arlet et al., 1994; Nouvellon et al., 1994).
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Klebsiella spp. are ubiquitous in naturKlebsiellae probably have two

117

common habitats, one being the environment, wtieg are found in surfac
water, sewage, and soil and on plants, and the b#iag the mucosaurfaces
of mammals such as humans, horses, or swine, whijcolonize. In this
respect, the genuklebsiella is like Enterobacter and Citrobacter but unlike
Shigella spp. or E. coli, which arecommon in humans but not in the
environmen{Seidleret al., 1975).
In humans,K. preumeniapneumoniaee is present as a saprophyte in the
nasopharynx and in the intestinal tract. Carrigegaliffer considerablfrom
study to study. The detection rate in stool sammegedrom 5 to 38%, while
rates in the nasopharynx range from & # (Rosenthal and Tager, 1975).
These carrier rates change drastically in the halspnvironment, where
colonization rates increase in direct proportiorthe length of stay. Reported
carrier ratesn hospitalized patients are 77% in the stool, lifi%he pharynx,
and 42% on the hands of patients (Coekeal., 1979). The high rate of
nosocomialKlebsiella colonizationappears to be associated with the usg of
antibiotics rather thawith factors connected with delivery of care in the
hospital (Pollacket al., 1972). Previous antibiotic therapy is signifittgn
associateavith acquisition oKlebsiella by the patient. Furthermore, widespread
use of antimicrobial therapy haften been held responsible for the occurrepce
of multiphr-multiple resistanKlebsiella strains in hospitals (Tullust al., 1988).

Apart from medical equipment (contaminated due a&olty hygienic

—

procedures) and blood products, the princieakrvoirs for transmission d
Klebsiella in the hospital settingre the gastrointestinal tract of patients and the
hands of hospitgdersonnel (Montgomerie, 1979).

17
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The terms "pathogenicity factor" and ‘virulence téat are used

synonymously by some authors (Schaechter and Eesend993), while others
lay emphasisn a clear-cut distinction between them. The tgrathogenicity”
defines the ability of a bacterium to cause disedsé& "virulence" is the
measurement or degree of pathogenicitgny bacterial species (Podschun and
Ullmann, 1998.

NosocomialKlebsiella infections most commonly involve the urinary apd
respiratory tracts. Since these two body siteedifinsiderably with respect tp
the host defense mechanisms, it shdaexpected that the pattern of virulence
factors found in UTI-causingtrains ofKlebsiella will differ from that observed
in strainsisolated from pulmonary sources of patients witheymonia
(Podschun and Ullmann, 19088

A number of bacterial factors are contributed te ghathogenesis of

Klebsiella. Bothin vitro andin vivo models have been established to investigate
the interaction dbacterial cells and the host

Klebsiella has several factors (Fig 2-1) which may involve its
pathogenicity.

Serum resistance Adhesins
Type 1 pili (MSHA)

L Type 3 pili (MR/K-HA)
® KPF-28 fimbriae
% ° CF29K (nonfimbrial)
"Ao . Aggregative adhesin

Enterochelin

/ ‘ s Aerobactin

Cancilila o
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Klebsiella usually develop prominent capsules composed optmnacidic

polysaccharides. The capsul@peating subunits, consisting of four to six sagar
and, veryoften, uronic acids (as negatively charged comp)ercan be

[ Field Code Changed

) classified into 77 serological ty . Capsules are

| Field Code Changed

essentiakto the virulence ofKlebsiella (Highsmith and Jarvis, 1985). The
capsularmaterial forms thick bundles of fibrillous struatsr coveringhe

bacterial surface in massive layers (Amadtoal., 1988). Thigprotects the

(1)

bacterium from phagocytosis by polymorphonuclpanulocytes, on the on
hand, and prevenikslling of the bacteria by bactericidal serum fastoon the
other Podschun and Ullmann, 1992; Podschuret al., 1992). Apart from their
antiphagocytic functionkKlebsiella capsule polysaccharides have been repoyted
to inhibit the differentiatiorand functional capacity of macrophagesvitro
(Yokochiet al., 1979).

While Klebsiella capsular polysaccharid€PS were generally considered

4%
o

to mediate virulence properties, this consideratiaa recently been abandon
because of the great differences in virulence ofeseamong differergapsular
types: strains expressing the capsule antigens ilKa were found to be

19
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especially virulent in a mouse peritonitisodel, whereas isolates of oth

serotypes showed little or noulence (Mizutaet al., 1983).

The degree of virulence conferred by a particularatdigen might be

connected to the mannose content of the CPS. Gapgpks with low

virulence, such as the K7 or K21la antigen, contajpetitive sequences ¢

mannosex-2/3-mannose dr-rhamnoses-2/3-L-rhamnose. These sequences
recognized bya surface lectin of macrophages, which mediatesorops
independenti.e., complement- and antibody-independent) ph@gses, known

as lectinophagocytosigithamnaetal—1993. Thus,Klebsiella strains bearing

capsulgypes devoid of these mannose or rhamnose sequshocakl banore

closely associated with infectious diseaséshamnaet al., 1991).

. 2-12-2 Pili (Fimbriae)

As a critical first step in the infectious processg¢roorganisms must come
as close as possible to host mucosal surfacdsmaintain this proximity by
attaching to the host cell (adherencéhe adhesive properties in the

Enterocbacteriaceaaterobacteriaceaare generallynediated by different type

projections—on-the-bacterigiirface-These structureare-up-to-1@m-long-and

have—a—diametest1to—1lnm;—theyconsist of polymeric globular protei
subunits (pilin) with a molecular mass of 15 tokf#a (Ofek and Doyle, 1994)

Pili are demonstrated mainly on the basis of tladillity to agglutinate

erythrocytes of different animal species. Dependimgvhether the reaction i

er

—

are

12)

=]

[92)

inhibited by D-mannose, these adhesires designated as mannose-sensitive or

mannose-resistant hemagglutin(fdSHA and MRHA), respectively (Ottow,
1975). Of the different types pfli described in enterobacteria, there are t
predominant typeis Klebsiella spp.

Type 1 (common) pili. They are MSHA which agglutinate guinea pig

erythrocytesThe adhesion protein in this pilus type is locabedthe fimbrial

20
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shaft and is capable of binding to mannose-comtgitrisaccharidesf the host
glycoproteins (Babuet al., 1986). The relevance of these pili to bacte
virulence is thought to arise mainly from bindinfigtiee bacteriao mucus or to
epithelial cells of the urogenital, respiratapd intestinal tracts (Venegetal .,

1995). Their role in the pathogenesfdUTI was clarified mostly in studies o
E. coli but has alsdeen described foK. preumeniapneumoniaee in animal
models (Maayaret al., 1985 Fader and Davis, 1982). These structurdsave
been shown to bind effectively to proximal tubukedls, solublemannosyl-
containing glycoproteins in urine, such as the TaHwnsfall protein, or in
saliva (Virkolaet al., 1988; Reinhardt et al., 1990). These findings provide g
explanation for the fact that type 1 pili mediatacterial colonizatiof the

urinogenital and respiratory tracts (Clegg and &xr] 1987).

A

Type 1 pili are importarfior host colonization, but their contribution 1

subsequent step$ pathogenesis is less clear.

Type 3 pili. Unlike other fimbriae, type 3 pili agglutinate grdrythrocytes
that have been treated with tannin. Although itm@amannose-resistant
Klebsiella-like hemagglutination (MR/K-HA), implies that thisnbrial type is
synthesized only bilebsiella, laterstudiesddemonstrated that type 3 pili occ
in many enteric genera, but they are not identicall generaf enterobacteria
(Old and Adegbola, 1985). Originally described las &dhesionrganelles of
Klebsiella inhabiting plant roots (Korhoneet al., 1983), thesgili were later
found to be capable of binding to various hunwells. Strains of
K. predmentapneumoniaee expressing type 3 pili adhete endothelial cells,
epithelia of the respiratory tract, amepithelial cells Tarkkaneret al., 1990;

Hornick et al., 1992 \Wirkeret—al 1990 TFarkkanenetal—1999). In the

kidneys, theseili mediate bacterial adhesion to tubular basenmegtnbranes

rial

=)

1

(0]
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Bowman's capsules, and renal vessels (Tarkkahe., 1990). Binding to
tannicacid-treated erythrocytes is inhibited by spernmedia polyamin¢hat is
also secreted in urifgserlachet-al—1989. Since spermidine is exposew the
cell surface of damaged erythrocytes, it has beeggestedhat MR/K
hemagglutination is mediated by spermidine (Gerletcdl., 1989). Thisnight
explain why type 3 pili bind to tannic acidr heat-treatedrythrocytes but not
to untreated erythrocytes.

The role of this fimbrial type in the pathogenepcocess is largely

unknown.
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The first line of defense by the host against imv@dmicroorganisms
includes, in addition to phagocytosis, the bactdaiceffect of serum. The serum
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bactericidakctivity is mediated primarily by complement protei After their

cascade-like activation, these proteins accumastsmembranattack complex

on the surface of the microorganism (Taylor 1983)is complex—consists—o

Most commensal gram-negative bacteria are senditivihe bactericida
effect of human serum, whereas pathogenic straiften oexhibit serum
often show resistance to serum, and fdeure "serum resistance" has beg
correlated with the onseft infection and severity of symptomsdantree-and
Rantz1960:-Goweret al., 1972; Virkola et al., 1988) Since the main role of th
serum bactericidal system is thoughtprevent microorganisms from invadin
and persisting in thelood, even differences in the degree of bactesgaum
susceptibilitymay determine whether a strain is able to infectvai as the
length of time it takes the organisms to estakllighinfection.

To date, the exact mechanism underlying bacteealirs resistance is
unknown. ForKlebsiella, twohypotheses have been propounded. First, cap
polysaccharidesay cover and mask the underlying LPS and exhilstirdace
structuregthat does not activate complement. On the othed iae O sidehains
of the LPS may reach through the capsule layerbendxposetb the exterior

milieu in certainKlebsiella capsule typeshusC3b-becomefaraway-fronthe
sooerecell e bpone Thae e opinlionn o0 e meplpe ol
complex—{C5bC9)-is—prevented—and—subsequevdmbrane—damagend-cell
death-donottake pladdlerino-etal1992:-Tomaset al., 1988 Merinoet al.,
1992.

en
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Serum resistance does not seem to be a stablecthéstic; environmenta
factors affect the composition and effect of LPSecenthyTtheinfluence of

different osmolarity conditions on LPS was demaatsulin which thesame
bacterial strain may be serum resistant at hosy badswith a high-osmolarity
milieu, such as the urinary tract, asgfum sensitive at low-osmolarity body

locations like the respiratotsact (Aguilaret al., 1997).

Script Font: 15 pt

Formatted: Font: 16 pt, Complex J*\ . 2124 Siderophores

The growth of bacteria in host tissue is limited aoly by the host defens

(¢

mechanisms but also by its supply of availatde. Iron is an essential factor in
bacterial growth, functioningpainly as a redox catalyst in proteins participgtin
in oxygenand electron transport processes (Griffiths, 198@Ag supply of free
ironavailable to bacteria in the host milieu is extrgmew, sincethis element
is bound intracellularly to proteins such as hermbji, ferritin, hemosiderin,
and myoglobin and extracellularly to high-affinitgn-binding proteins such as
lactoferrin and transferrin. THevel of free, bioavailable iron (18 M) is

several thousandfold too low for normal bacteriavgh (Bullen et al., 1978).

=h

The marked effect of the iron supply in the hostljpbon the pathogenesis ¢

infections has been demonstrated Kbebsiella. After parenteral administratiof

-

of iron in a guinea pig moddhe susceptibility tdK. predrmeniapneumoni aee

infections increased dramaticallhimji_and Miles, 1978

Many bacteria attempt to secure their supply af irothe host by secretin

Q2

high-affinity, low-molecular-weight iron chelatorsalled siderophores that are
capable of competitively takingp iron bound to host proteins (Griffitles al.,
1988). Under iron-deficient conditiorns.g., in the host milieu, enterobactetia
synthesize a varieyf siderophores, which belong to two different cheah
groupspne consisting of the phenolate-type siderophergind the otheone

consistingof the hydroxamate-type siderophoréSodschun and Ullmanry,

1998)
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Klebsiella are synthesizing two different types of siderogsofirst type is

phenolate-type siderophores which known as entetwbgalso knownas
enterochelin), is a cyclic trimer of 2,3-dihydrokgnzoyl-serine. This
siderophore appears to comprise the main iron epsgktenof enterobacteria
and is synthesized by almost all clinical isolaikg. coli and Salmonella spp.
(Griffiths, 1987).

Enterobactin synthesis are expressed by chromosgenal which found in
most of the enteric bacteria.

The second type is hydroxamate-type siderophoreghwknown as
aerobactin and its found in most of pathogenicdreciPyen, 1988).

[Formatted: Bullets and Numbering } T

[Formatted: Indent: First line: 0 cm } e

Data on the incidence of aerobactin-produdfhepsiella indicates that thig

Y

siderophore does not play a central role in ghthogenicity of the genu

Klebsiella. However, clinicaK. preurmentapneumoniaee isolates, which do not
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synthesizeaerobactin themselves, are entirely capable ofguskogenously

introduced aerobactin as their sole source of (Wiiliams et al., 1989). By

synthesizing only the intrinsically expressed aamtim receptorsuch strains

could derive an advantage over other aerobactithegizingobacteria in mixed

infections. The aerobactin-mediated iron uptakstem would thus be &

indirect contributor to the pathogenicdfthe genuslebsiella (Podschun anc
Ullmann, 1998)

[ Formatted: All caps } s

[Formatted: Indent: First line: 0 cm ] 4
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2-13 Antibiotics Resistance Mechanisms:

Klebsiella have different types of antibiotic rearsce mechanisms:

The production of detoxificatioin enzyme like B-lactamase which
distroy B-lactam antibiotics, or the production of chlorarapitol
acetyltransferase (Reighal., 1993; Pfeifle et al., 2000).

Alteration in the target for the drug: include both reduction of receptc
affinity and the substitution of an alternativelpaay (Jacoby and Archef
1991). For example, quinolones antagonize bactsrianhibiting DNA
gyrase, mosKlebsiella resistant to ciprofloxacin have a gayrase taf
altered by changing one amino acid (Ser-83 with @l Pha) (Brisset
al., 2000).

Decreased antibioticuptake: by diminished permeability of cell wall.

Klebsiella become resistance palactam antibiotic through either the lo
of an outer-membrane protein (porin) or synthegizmew one with les
permeability that prevenp-lactam from entryto the cells (Antonio,
1999).

Over expression the chromosoma-lactanase of bacteria is made if

low amounts that it dose not contribute appreciaiptlactam resistance|.

Most of pathogenic strains have a promoter withcieffit expression

get

o
2]

J7

26



(st o omeses 5| [ RPRRRE S ST mE |
,,,,,,,,,,,,,,,,,,,, A

[Formatted: Indent: First line: 0 cm J ==

|

Formatted: Font: 18 pt, Bold,
Complex Script Font: 18 pt, Bold

=

Formatted: Font: 14 pt, Not Bold,
Italic, Complex Script Font: 14 pt, Not
Bold, Italic

|

Formatted: Font: 14 pt, Not Bold,
Complex Script Font: 14 pt, Not Bold

Formatted: Font: 14 pt, Not Bold,
Italic, Complex Script Font: 14 pt, Not
Bold, Italic

,/_A ,,,,,,,,, l ,,,,,,,,,,,,,,,,,,,,,,, A _ _ A

which carried either on plasmid or inserted intaroohosome. This
increase the amount @flactamase produced by the cells (Sndtthal.,
1990).

-2-14-AMolecular Perspective of Microbial Pathogenicity

Virulence factors refer to the properties (i.e., gene products) ématble a
microorganism to establish itself on or within ashof a particular species and
enhance its potential to cause disease. Pathoteisiciot a microbial trait that
has appeared by chance. Instead, particular malrsliains and species haye
evolved to carry very specific arrays of virulerassociated genes (Relman and
Falkow, 2000—). Although, most of the genes responsible fontinelence of
microbe (such as the capsule, adhesion pili anbiatit resistance) are carried
on chromosomes, a number of separate observatiwhsate that microbes
frequently carry virulence-associated genes on leaanetic elements (Finally
and Falkow, 1997). Bacteriophages and extrachromak@lements such as
bacterial plasmids are supplements to the bactgeimdme that allow a microbe
to maintain the integrity of its chromosome antl sicrease its genetic diversity
(Cheetham and Katz, 1995).

Some of these mobile elements are able to entelda variety of host
organisms and may facilitate the transfer of gehas have been selected for
their ability to function in diverse genetic backgnds (Campbell, 1981). The
presence of virulence factors in pathogenic baxtisrialso associated with the
presence of plasmids, transposons, and bacterieph@gwell and Shipley
1980; Cheetham and Katz, 1995.
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Pathogenic bacteria have distinct blocks of DNAngag closely linked
virulence genes called Pathogenicity Islands (Pfis)ckeret al., 1990).
These PAIls can be part of plasmid, bacteriophagesnay represent

particular fragments of the genojmglackeret al., 199, 199%:Hackeretal;
1999,

Formatted: Justify Low, Indent: First } - PAls are 35- to 200-kilobase segments of chromos@hA flanked by

line: 0.95 cm, Line spacing: 1.5 lines

insertion or repeat elements, with a nucleotide mmsition quite unlike the

surrounding bacterial genome. Pathogenicity islamdstain clusters of

virulence-associated genes that encode speciadigection systems, secrets

effector molecules, adhesins, and requlatory pmstéroisman and Ochmai
( Formatted: Not Highlight }-__ 1996; Hackeret al., 1997)

a-hemolysin and P fimbrial adhesin gene clusters ewdne first
determinants which were shown to be closely linkadPAls in pathogeni€&.
coli (High et al., 1988). The presence of at least one virulence gduster is
one of the main features of PAIs. In addition thegly be characterized 3
follows:
1. they occupy large, genomic DNA regions,
they are inserted near or within tRNA genes

they contain direct repeats and mobility sequences

H wn

they have a G+C content different from that oftilbst bacterium (Hacke
etal., 199).
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~2-15 Bacterial Plasmids and Their Association with
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- Plasmids are extrachromosomal circular DNA molezdlsund in most
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bacterial species and in some species of eukarydies of known plasmids ar

)
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DNA moeleculemoleculesonly with one exception iatthe Killer-plasmid of

yveast which is an RNA molecule (Friefelder, 198Mey have their origia- of

replication, autonomously replicate with respectctoomosomal DNA and
stably inherited (Sattet al., 1987 Frieffelder, 1987). The molecular weights

plasmids range from about ®l@alton for the smallest plasmids to slightly ma

than 10 dalton for the largest one (Jawetsl., 1995001).

... [3] Jtted

Some plasmids are conjugative (transmissible) atiters are non

conjugative (non transmissible) plasmids. The bksbwn example of

conjugative plasmids js F-element which4a molecular weight of 62:51°

dalton, and contairs at least 19 genesecessaryneededor transfer process

calledtra genes (Goodenou@h984: Freifelder, 1987).

.. [4] )tted

In addition to conjugation, plasmids can be tramefk by transformation

Such transfer will increase the chance of spreadliregantibiotic resistancs

between bacterial speciemd thus—sdhe incidence of bacterial infection wi

increase also (Satehal., 1987: Davies, 1994).

... [5] tted

Normally, plasmids are dispensable to its host tetdlugh many-plasmid

contain genes that may be essential in certainr@mvient. R-plasmids carr

genes that confer resistance to numerous antibjdfinvironmentally;se—in

paturea cell containing such plasmitied a better chance to survvecanbe

: : he d ine_penicillin: icilin.

hpearBesistance)

genes to the drugs tetracycline, penicillin, anilici chloramphenicol,

streptomycin, kanamycin and sulfonamide are locategdmmenly on R-

plasmids (Jacobyl994: Jawets et al., 2995001). Plasmids may also encod

resistance to wide variety of agents that are toxic bacteria such a
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/ 15.5 kDa, angmp B which encoded foa polypeptide of 37 kDa. This plasmi

bacteropages-bacteriocins, heavy metals, detergents, serum coemis and

other environmental poisons (Molnar, 1988: Jawets et al., 299520017).
~Predictably—These virulence factors have been found in plasnhds also

contain druq resistance determinants (Gaawal., 1985)

Genes responsible for the production of the CEA/lip someKlebsiella

serotype are found acahromesemhromosome-—adndbr on conjugative plasmid

DNA hybridization methods found that DNA seqguentéheesesgenes ar¢he
th

as —resample that  found in other genus in

Eenterobacteriaceaaterobacteriacedamily (Gerlachet al., 198%).
Also plasmid nmhtay carninrg genes that enhance the production of

same

chromosomal genes products for example, therevamechromosomal gene

(requlation of capsule synthesis) which encodedlgpeptide of 23 kDa that

either—-cis-orin-trans—rcsB caused expression of mucoidyidCallum and

Thereisareanother two genes whichiecarried on plasmid (180 kiwhich

is areresponsiblesfor the higher production of mucoid, these two genes

rmp A (requlation of mucoid phenotype gene) which endoal@olypeptide of

alsois carrying genes encoded for aerobactin productias$i and Sansonett

1986).

Nassif and Sanonetti, (1986) found that aerobagtines are carried o

large plasmid (180 kb) irKlebsiella. Moreover;Also aerobactin _encoding

plasmid was isolated from. coli (Williams et al., 197987).
Vernet et al., (1995) found that aerobactin production represesn

important virulence factor for the pathogenesiskdgbsiella and specially K1

30
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and K2 serotype which arm@ded by genes located on large plasmid,

when this plasmid is lost, pathogenicity is deseshin mice.

Most of aerobactin are synthesized by genes caomeglasmid (180 kDa

which was isolated fronKlebsiella, while in Yersienia aerobactin genes wer

carried on chromosome (Nassif and Sanonetti, 1986)ecular study showed
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More—often—Resistance genes are carried on plasmids that may

transferable from organism to organism by conjuiatitransformation of

be

transduction (Jaweta al., 1995001). Resistant members of enterobacteriacea

frequently contain multiple plasmids, the largenifich can carry for resistande

to 10 or more antimicrobial agents (Jacoby and H&96). In part this is the

result of having survived in a nosocomli@nvironment in which multiplg

antibiotics are employed. This multi-resistanca isroblem in treating infected

patients since it limits available options (Jacabyg Archer, 1991).

Large multi-resistance plasmid encoding linkedstesice tdB-lactam, all

aminoglycosides, chloramphenicol,  sulfonamides, ratgtlines and

trimethoprim was found irKlebsiella strains isolated from UTI (Siradt al.,

1991).

Klebsiella show B-lactam resistant due to its synthesis fefactamase

enzyme which destroy ttfelactam ring before reaching the target (Pfegflal.,
2000).
The most common plasmid encodethctamases iKlebsiella are TEM-1

and SHV-1 which are also frequentkncoli. These enzymes confer resistarnce

to ampicillin, carbencillin, ticarcillin and ceplwhin (Jacoby and Medeiros,

1991).

Plasmid borneB-lactamases capable of hydrolyzing penicillins whe

principal stimulus to the development of the commisi that inhibit -

lactamase, e.q. clavulanic acid, sulbactam andbtazam (Cormicaret al.,

1996).

In Japan, transmissible resistance to carbapenasmdden described i

=)

isolates oKlebsiella pneumonia, P. aereuginosa and S. marcescens by plasmid

acquisition of a metalloB-lactamase of alarmingly broad specificity. Thase
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strains were resistant to carbapenems, cephalospanio3-lactamase inhibitors
(Sendeet al., 1996).

There are too many type pflactamase enzyme, but the most importan

TEM-1, TEM-2, SHV-1 and OXA-1. These enzymes areoeled by genes

carried on plasmid (Livermoere, 1995). Most of thesazymes are resulted d
to a mutation for example: TEM-1 is different frohEM-2 by replacing two
amino acids (Sougako# al., 1988).Klebsiella resist the ampicillin, pipracillin
and cephalothin antibiotic by the synthesizing BVSL and LEN-1 (ltokazet
al., 1996). CAZ-7 (which is TEM-1) derivative is ES8lenzyme encoded by
85 kb plasmid which confers the resistance for awiik sulfanomides
tetracyclines (Siroét al., 1991).

ESBLs-producing isolateare resistant to a variety of classes of antibsot

Moreover,the emergence of these multiply resistaéfiebsiella strains is

unfortunately accompanied by a relatively high 8itgb of the plasmids

encoding ESBLs. Even years after discontinuationceffazidimeand other

extended-spectrum cephalosporins, continued catoimf patients by ESBL -
producingKlebsiella strains has been obsenfefibbertrogerst al., 1995).
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SomeKIlebsiella strains have a conjugative plasmid which confethé
ability to resist the ciftazidim, cifoxtin and aatram (Pornulkt al., 1993).
Reich—Reish et al., (1993) found that Klebsiella resisant to

chloramphenicol and othantibiotics due to the synthesis of Chloramphdnico

acetyl transferase which encoded on plasmid.
PMG 252 plasmid which is multiresistance plasmidyéase th&lebsiella
resistance to quinolones antibiotics. This plasmido express in other

{Formatted: Font: Not Italic, Complex } - Enterobacteriacea family andthe Pseudomonas aeruginosa and confer them
Script Font: Not Italic _ - ouainiuiaiaiaiaiaialaietaiaial =

{Formatted: Font: Not Italic, Complex T quinolones resistance (Martinez-Martiretal., 1998).
Script Font: Not Italic

12-14-16 Plasmid Curing:

In nature plasmid can be lost spontaneously fromerg few cells, but the
probability of this loss is extremely low, rangifigrm 10° to 107 (Frevers,
1985:-Molnar, 1988). However, the majorities of plasmaie extremely stable,
and require the use of curing agents or other piwes that might increase the
plasmid loss, and these form the basis of artifigiasmid elimination Groves,
1979:-Trevores, 1986; Molnar, 1988).

Elimination of antibiotic resistance at high frequg is of interest to assert

extrachromosomal location of genetic determinaatg] obtaining a plasmid
cured derivative will allow a direct comparison b2 made between the

plasmid—containing and plasmid — cured cells. Assallt of earlier studies it i

\"&4

already known that acridine orange, ethidium brema&hd sodium dodecy
sulphate (SDS) affect plasmid replicatiobipta,—1960:Bouanchaund-et-al;
1969:-Tomeedaet al., 1968).

Elevated temperature and thymine starvation aldectafon plasmid
replication (Groves, 1979; Trevores, 1986).

Some antibiotics like rifampicin, chloramphenicaldamitomycin C also

have a moderate effect on plasmid replication (Fekvand Curtiss, 1973)
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Some tricyclic compounds like promethiazine andranpine were shown t
have antiplasmid activity (Molnaat al., 1978; Molnar, 1988).
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3.1 Materials:
3.1.1 Equipments

The following equipments were used in this study:

Equipment Company (Origin)

Autoclave Gallenkamp (England)

Balance Ohans (France)

Compound Light Microscope Olympus (Japan)

Distillator Gallenkamp

Oven Memmert (Germany)

Hot plate with magnetic stirrer Gallenkamp

Incubator Gallenkamp

Micropipette Witeg (Germany)

Millipore filters Millipore and Whatman (England)
pH-Meter Metter-GmpH Tdedo (U.K.)
Portable Centrifuge Hermle labortechnik (Germany)
Refrigerator Centrifuge Harrier (U.K.)

Sensitive balance Delta Range (Switzerland)
Shaker Incubator GFL (Germany)
Spectrophotometer Aurora instruments Ltd. (England)
Vortex Buchi (Switzerland)

Water bath GFL (England)
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3.1.2 Chemicals

The following dyes and chemicals were used

inghusly:

Material

Company (Origin)

H(
Isoamyle alcohol, BHPO,, NaHPQO,, Methylene blue
Urea, MgSQ, Peptone, KKEPQ,, Gurr R600 Giemse
KNO3; KCN, casamino acids, Callabsolute alcoho

Acetic acid, glucose, Mannitol, Glycerol,

KIl, Ammonium oxalate, lodine, Safranine O, Metl
red, Dimethyle-naphthylamine, BaG| Tannic acido-
naphthol

)]

BDH (England)
vl

Agar, Lactose, Tetramethyl-p-Phenylene diarm

dihydrochloride, L-Phenylalanine, thyamine

ne
Difco (U.S.A)

Hydrogen peroxide, Mannose, KOH, Tryptone, Ye
extract, beef extract

Ast _
Fluka (Switzerland)

Indian Ink, bromcresol purple

Oxoid (England)

NH.CI, KOH, ethidium bromide

Merck (Germany)

2-2dipyridyl, Crystal violate,

Sigma (England)

Ethanol, Methanol, NaCl, p-dimethyl-amin

o-Riedel-DeHaeny

benzaldehyde

(Germany)
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3.1.3 Culture Media:
3.1.3.1 Ready to Use Media

Medium Company (Origin)
Brain heart infusion agar Difco (U.S.A)
Brain heart infusion broth Difco
MacConkey agar Oxoid (England)
Nutrient agar Oxoid (England)
Nutrient broth Oxoid (England)
Simmon citrate media Difco (U.S.A)
Triple sugar iron (TSI) agar Difco (U.S.A))
Tryptic soy agar Biolife (Italy)
Urea agar base Biolife

They were prepared as recommended by the manufagtcompany and

sterilized by autoclaving.

3.1.3.2 Laboratory Prepared Media

-Blood Agar (Atlas et al., 1995)

It was prepared by dissolving 37g of blood baser dlytast diagnosis,
England) in 950 ml of D.W. and autoclaved. Aftepltag to 50°C, 5% of the
blood was added to it, mixed well and distributetb ipetri-dishes.

- Peptone Water Medium (Atlaset al., 1995)

This medium composed of the following (g/l):

Peptone 20g

Sodium chloride 59
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pH was adjusted to 7, mixed thoroughly and disteduinto tubes and

sterilized by autoclaving.

- Methyl Red and Voges-Proskauer (MR-VP) Medium (Alas et al., 1995)
This medium composed of the following (g/L):

Peptone 59
KoHPO, 50
Glucose (10% solution) 50 ml

Peptone and phosphate were dissolved, pH was adjtst7.6 and sterilized

by autoclaving. Glucose was sterilized by filtrat@nd added.

-Urea Agar Medium (Colleeet al., 1996):

It was prepared by adjusting pH of the urea agae §€hristensens media)
to 7.0 and autoclaved. Then it was cooled to 50%&n 50 ml of 40% urea
(sterilized by filtration).

- Nitrate Medium (Atlas et al., 1995)
This medium composed of peptone 5g supplementdd@iy KNQ in 1L
of D.W. Distributed into tubes and sterilized byaaaving.

- KCN Medium (Collins and Lyne, 1985)
It was prepared by adding 0.5% of KCN to nutrierdth. pH was adjusted

to 7.0, and sterilized by autoclaving.

-Phenylalanine Deaminase (PAD) Medium (Holét al., 1994)
It was prepared by dissolving trypton (15g), L-pylatanine (10g) in 1L
D.W. pH was adjusted to 7.0 and sterilized by datong.
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-Carbohydrate Fermentation Medium (Atlas et al., 1995)

It was prepared by dissolving peptone (10g), sodalmoride (59), beef
extract (3g) and bromcresol purple (0.04g) in DPM. was adjusted to 7, the
volume was brought to 990 ml and sterilized by alaing. Ten ml of
carbohydrate solution (lactose) (3.1.5.6) was adaietl mixed thoroughly and
distributed into test tubes that contain an invceideirham tube.

-Semi Solid Agar Medium (Colleeet al., 1996)
It was prepared by dissolving 0.4% of agar in mufribroth or peptone
water, in which the final medium should be quiteacland transparent. Ten mil

were dispensed in test tubes and left to set ivéical position.

- Luria Broth, Luria Agar (Cruickshank etal., 1975)
This medium composed of the following (g/L):

Trypton 10
Yeast extract 5
NacCl 5
Glucose 1

Components were dissolved in 1L of D. W. pH wasusidjd to 7.5 then
sterilized by autoclaving. To prepare Luria agérg2f agar powder was added

and sterilized by autoclaving.

-Modified M9 Minimal Medium (Sambrook et al., 1989)

This medium composed of the following (g/L):

Na,HPGO,. 7H,O 12.8
KH,PO, 3
NH,CI 1
NaCl 0.5
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Components were dissolved in D.W.; pH was adjusied2 and sterilized
by autoclaving.

The following components were prepared as stochtieols. Sterilized by
filtration and added to the medium.

Casamino acids (50%) 10 ml
Glucose (20%) 10 ml
Thymine (0.5%) 10 ml
MgSO;, (2 M) 5ml
CaCl (0.5 M) 5ml

- Siderophore Production Medium (Nassif and Sansottie, 1986)
It was prepared by adding 2 g of agar to 100 mihoflified M9 medium
followed by adding 0.2 M of 2-2 dipyridyl (which waterilized by filtration).

- Mannitol Salt Agar Medium (Collee et al., 1996)

This medium composed of the following (g/L):

Peptone 10
Mannitol 10
Sodium chloride 7.5
Phenol red 0.025
Agar 20

pH was adjusted to 7.4, mixed thoroughly, sterdiz®y autoclaving, then

cooled to 50°C and poured into petridishes.
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3.1.4 Dyes and Reagents

3.1.4.1 Gram Stain (Atlaset al., 1995)
A- Primary Stain:

|

Solution A 20 ml

Solution B 80 ml

Solution A:

Crystal Violet 29

Absolute Alcohol (Ethanol) 20 ml
Solution B:

Ammonium oxalate 0.8¢g

D.W. 80 ml

Twenty millimeter of solution A were mixed with 8@l of solution B,

allowed standing for 24 hr, and filtrated.

B- Gram's lodine Mordant Solution:

I

Kl 29

lodine 19

Kl was grinded with iodine by mortar and pestled @added to D. W. with
continuous grinding until the iodine is completelgsolved. The volume was
brought to 300 ml, then stored in dark bottles.
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C- Counter Stain:

|

Safranin O 0.25¢
Ethanol (95% v/v) 10 ml

Safranin O was dissolved in 10 ml of 95% ethanbke 100 ml of D.W. was

added and mix thoroughly. Allow standing for seVeays and it was filtrated.

3.1.4.2 Giemsa Stain (BDH Chemical Ltd. England)

It was prepared by adding 2 g of GurgRsiemsa powder to 100 ml of
absolute methanol, stirred for two hours at 50°Ghenhot plate, incubated at
37°C for 24 hours and filtrated before used.

The stain was diluted before use by adding 1 volahfdtered stain in four

volumes of Sorenson's buffer for 5-15 min. Thersstiored in a dark place.

3.1.4.3 Oxidase Reagent (Atlat al., 1995)
One percent of tetramethgiphenylenediamine dihydrochloride in D.W.

was prepared freshly.

3.1.4.4 Hydrogen Peroxide (Atlagt al., 1995)

A solution of 3% hydrogen peroxide was prepared.

3.1.4.5 Methyl Red Indicator (Colleect al., 1996)

This indicator was prepared by mixing the followic@mponents:

Methyl red 0.05¢
Ethanol (95% v/v) 150 ml
D. W. 100 ml

3.1.4.6 Barritt's Reagent (Colleest al., 1996)
It consist of two solutions

Solution A: Potassium hydroxide (40%)
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Solution B: It was prepared by dissolving 5 g @haphthol with 100 ml of

absolute ethanol.

3.1.4.7 Nitrate Test Reagent (Atlast al., 1995)

Solution A:
It was prepared by adding 0.8 g of sulfanilic amdl00 ml of N acetic
acid.

Solution B:
It was prepared by adding 0.5 g of Dimethyhaphthylamine to 100 ml of
5N acetic acid.

Equal volumes of solution A and B were immediatelyed before using.

3.1.4.8 Kovac's Reagent (Atlast al., 1995)

Isoamyl alcohol 150 ml
p-Dimethyl-aminobenzaldehyde 10 g
Concentrated HCI 50 ml

Aldehyde was dissolved in alcohol and acid was dddi@wly. The reagent was

prepared in small quantities and stored in thegefator.

3.1.5 Solutions
3.1.5.1 Antibiotic Solutions

They were prepared as follows:

1. Ampicillin, gentamicin, aztreonam, chlorampheni@id streptomycin
were prepared as stock solutions by dissolving $0/ Ml of antibiotic
powders in D. W., sterilized by filtration and stdrat -20°C.

2. Tetracycline was prepared as stock solution of §0 ml of tetracycline
hydrochloride in ethanol / water (50% v/ v), stegd by filtration and
stored in a dark bottle at -20°C.
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3.1.5.2 Ethidium Bromide Solution 10 mg / ml (Bountaud et al., 1969)
Prepared by dissolving 0.2 g of ethidium bromid€@hml distilled water
and stirred on magnetic stirrer for few hours tewer that the ethidium bromide

has been dissolved then it was filtrated, and dtorex dark bottle at 4°C.

3.1.5.3 Physiological Saline (Collegt al., 1996)
Prepared by dissolving 0.85 g of NaCl in 100 ml D.&Wd sterilized by

autoclaving.

3.1.5.4 Phosphate Buffer Saline (PBS) (Colletal., 1996):

NacCl 8¢
K.HPO, 1219
KH.PO, 0.34¢

Components were dissolved in 950 ml of D. W., pk adjusted to 7.3 and

the volume was completed to 1L then sterilized lnpeave.

3.1.5.5 Sorenson's Buffer

It was prepared by dissolving 9.47 g of,NRO, and 9.08 g of KEPGy, in
1L of D.W., the pH was adjusted to 6.8. The staaktson was stored at 4°C in
dark place.

3.1.5.6 Carbohydrate Solution:
It was prepared by dissolving 5g of carbohydradet@se) into 10 ml D.W.
Mixed thoroughly and sterilized by filtration.

3.1.6 Api 20E kit (Api Bio Merieux, Lyon, France):
Api 20E kit consists of:

a) Galleries: the gallery is a plastic strip with 2(0crotubes containing
dehydrated reactive ingredients.

b) Api 20E Reagents:
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 Oxidase reagent (1% tetrametipyphenylenediamine dihydrochloride)
« Kovac's reagent (as in 3.1.4.8)
» Voges-Proskauer reagent:

-Vp1l (40% potassium hydroxide).

-Vp2 (5% solution ofi-naphthol in absolute ethanol).

. Ferric chloride 10%.

3.1.7 AntibioticsDisks:

The antibiotic disks used in this study were:

o Concentration _
Antibiotic Code Source (Origin)
(ng)
Penicillin P 10U Bioanalyse LTD (Turkey)
Ampicillin AM 10 Bioanalyse LTD
Aztreonam ATM || 30 Bioanalyse LTD
Cefotaxime CTX || 30 Bioanalyse LTD
Cephalexin CL 30 Bioanalyse LTD
Chloramphenicol| C 30 Bioanalyse LTD
Gentamicin CN 10 Bioanalyse LTD
Imipenem IPM |[ 10 Bioanalyse LTD
Norfloxacin NOR || 10 Bioanalyse LTD
Streptomycin S 10 Bioanalyse LTD
Tetracycline TE 30 Bioanalyse LTD
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3.2 Methods:

3.2.1 Urine Samples Collection:

Mid stream urine samples were collected in stewtlees from patients
visiting AL-Kadhemia and AL-Yarmoq hospitals in Batad during the period
from 30/3/2004 to 30/6/2004. A total of 160 samplese aseptically collected

and transported to the laboratory within 30 minutesollection.

3.2.2 Determining the Number of Microorganisms in Wine
Samples (Jawetzt al., 2001)

Platinum loops that deliver 0.01 ml was used teaktrurine samples onto
agar plates. After incubation at 37°C for 24 hothis,numbers of colonies were
counted, and the total number of organisms oritymaksent in the specimen is
estimated by multiplying the colony count by?10

3.2.3 Sample Preparation

Urine samples were first centrifuged at 6000 rprmape3natant were
discarded and only 0.5 ml were kept. Sediments wegespended in PBS. One
loopfull of the resuspended sediment was streakedutrient agar, blood agar

and MacConkey agar plates. Plates then were inedlmater night at 37°C.

3.2.4 Identification of Isolates

Microscopical and biochemical tests were made er ilentification of

bacterial isolates.

3.2.4.1 Morphological Characteristics

The first step in the identification of bacteriasMay doing gram stain. A
loopfull of bacterial suspension was fixed on @esliand then stained by gram
stain to examine gram reaction, shape, spore fgraimd capsule of isolated
bacteria (Atlast al., 1995).
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3.2.4.2 Cultural Characteristics
Bacterial isolates were studied depending on thengosize, shape, edge,

color, and odor.

3.2.4.3 Biochemical Tests
—Catalse Test (Atlast al., 1995)

A single colony was placed onto a clean glass mmpe slide with a
sterile toothpick, then a drop of hydrogen peroxi@®) was placed onto the

colony. The production of gaseous bubbles indicdtepresence of catalase.

— Oxidase Test (Atlast al., 1995)

This test was done by using moisten paper with feaps of a freshly
prepared solution of tetramethyl-p-phenylene diamidihydro-chloride.
Aseptically a clump of cells was picked up from gient growth with a sterile
wooden stick and smeared on the moisten paperdé&heopment of a violet or

purple color within 10 seconds indicates a positeslts.

— Indole Test (Colleest al., 1996)

Peptone water was inoculated and incubated at 3@°CGi8 hours. A
guantity of 0.05 ml of kovac's reagent was added mxed gently. Positive
result was recorded by the appearance of a rednrtge surface.

—Methyl Red Test (Colleest al., 1996)
MR-VP broth tubes were inoculated and incubate@87aC for 48 hours.
Then 5 drops of methyl red reagent was added arddnPositive results are

bright red and negative are yellow.

—Voges-Proskauer Test (Colleet al., 1996)

MR-VP broth tubes were inoculated and incubate8i7a€ for 24 hr. Then
1 ml of Barritt's reagent A and 3 ml of Barrittsagent B were added to 5 ml of
cultured broth and shaked for 30 seconds. The fioomaf pink to red color

indicates positive test for acetoin.
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—Citrate Utilization Test (Atlas et al., 1995)

Simmon's citrate agar slants were inoculated w#btdria, and incubated

for 24 hr. The changing of color to royal blue icaties positive result while the

green color indicates a negative result.

— Urease Test (Atlast al., 1995)

Urease activity was detected by inoculating théaser of Christensen urea

agar slants with the bacterial growth and incubated7°C for 24 hours. The

appearance of a red-violet color indicates a pasiesult while a yellow-orange

color indicates a negative result.

— Triple Sugar Iron Test (TSI) (Atlas et al., 1995)
Isolates were cultured on TSI agar slants by stepmto the butt and

streaking on surface, and then incubated for (24hé8rs at 37°C. Results are

as following:
Slant / Butt Color Utilization
Alkaline / acid Red / Yellow | Glucose only fermented; peptones utiliz
Glucose fermented; lactose and / or
Acid / acid Yellow / Yellow

sucrose fermented

Alkaline / alkaline | Red / Red

No fermentation of glucose, lactose or

sucrose/ peptones utilized

While the formation of black precipitate indicatesS production and

pushing the agar to the top indicates,@@mation.

— Phenylalanine Deaminase Test (PAD) (Collest al., 1996)

Phenylalanine deaminase slant was inoculated veilv\hinoculums. After

incubation at 37°C for 24 hours, a few drops of8bIsolution of ferric chloride

were added over the growth. Positive results wemdnded if a green color

developed on the slop.
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-Mannitol Fermentation (Colleeet al., 1996)
Mannitol salt agar medium was inoculated and intedbat 37°C for 24 hr.
The changing of medium color to yellow indicatesipge results for mannitol

fermentation.

—Nitrate Reduction Test (Atlaset al., 1995)

Nitrate media (5 ml) were inoculated with bacteaaltures. All tubes were
incubated at 37°C for 24 hr. After incubation, 0l of the test reagent was
added to each tube. The immediate formation ofa@dr indicates positive

results; that nitrate reduced to nitrite.

-Motility Test (Collee et al., 1996)

Semi solid agar medium was inoculated with a shvaigire, making a
single stab sown the center of the tube to abolfitttve depth of the medium.
Motile bacteria typically give diffuse, hazy growsthhat spread throughout the
medium rendering it slightly opaque.

-Coagulase Test (Collins and Lyne, 1985)

It was done by emulsifying one or two colonies inlrap of water on a
slide. If no clumping occurs in 10-20 s, a straighte was dipped into human
plasma (EDTA) and stirred with the bacterial susp@m Agglutinates, causing

visible clumping in 10 s, indicates positive result

3.2.4.4 Api 20E Identification forKlebsiella Isolates:

Identification of the isolates was carried out bywb-sulturing
representative colonies from MacConkey  Agar plateson
APl 20 E microtubes systems. This system is desdigrer the
performance of 20 standard biochemical tests from single
colony on plate medium. Each test in this systempé&sformed within
a sterile plastic microtube which contains the appate substrates
and is affixed to an impermeable plastic strip l@gg). Each gallery
contains 20 microtubes (each of which consiststaba and a couple selection.
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The biochemical tests included in this system lagefollowing:
| - Beta- galactosidase test ONPG.

2- Arginine dihydrolase test ADH.

3- Lysine decarboxylase test LDH.

4- Omithine decarbxylase test ODC.
5- Citrate utilization test CIT.

6- Hydrogen sulphide test PLS.

7- Urease test URE.

8- Tryptophane deaminase test TDA.
9- Indole test IND.
10-Voges-Proskauer test VP.

11 - Gelatin Liguefaction test GEL.

12- Glucose Fermentation test FLU.
13- Manitol Fermentation test MAN.
14- Inositol Fermentation test INO.

15- Sorbitol Fermentation test SOR.
16- Rhamnose Fennentation test RHA.
17- Sucrose Fermentation test SAL.
18- Melibiose Fennentation test MEL.
19- Amygdalin Fermentation test AMY.
20- Arabinose FenTientation test ARA.
2 | - Oxidase test OX1.

-Preparation of the Galleries:
Five ml of tap water dispensed in to the incubaticaly to provide

a humid atmosphere during incubation.

-Preparation of Bacterial Suspension:
By using a flamed loop, a well isolated colony fromlating
medium was picked. The inoculum was emulsified misuspending medium

(sterile distilled water) by rubbing against thedesi of the tube
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and mixed thoroughly with the water.

-Inoculation of the Galleries:

With a sterile Pasteur pipette, the twenty micresib were
inoculated. According to the manufactures instardi both the tube
and couple section of CIT, VP and GEL microtubesrewélled. After
inoculation couple section of the ADH, LDC, ODC,,3H and URE

microtube were completely filled with sterile miaéoil.

-Incubation of the Galleries:
After inoculation, the plastic lid was placed onethray and the

galleries were incubated for 18 to 24 hrs. at 37°C.

-Reading of the Galleries
All the reactions not requiring reagents were rdedr first, then
the following reagents were added to the corresipgnehicrotubes:-
1- One drop of 3.4% ferric chloride to the TDA nmide.
2- One drop of kavoc's reagent to the IND micortube
3- One drop of voges- proskauer reagent to VP riber
4-One drop of the oxidase reagent to eithgs br ONPG micortube.

The biochemical reactions performed by the API 20akd their
interpretations are listed in table (3-1).
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Table  (3-1):- Interpretation  of  Reactions  Performed by
API20E.

Microtube Positive Negative

ONPG Yellow Colorless

ADH Red/Orange Yellow

LDC Orange Yellow

OoDC Red / Orange Yellow

CIT Blue-Green Pale green / Yellow
H,S Black deposit Colorless / Grayish
URE Red / Orange Yellow

TDA Dark brown Yellow

IND Red Ring Yellow Ring

VP Pink / Red Colorless

GEL Diffusion of Black Pigmeni| No diffusion

GLU Yellow Blue / Blue green
MAN Yellow Blue / Blue green
INO Yellow Blue / Blue green
SOR Yellow Blue / Blue green
RHA Yellow Blue / Blue green
SAC Yellow Blue / Blue green
MEL Yellow Blue / Blue green
AMY Yellow Blue / Blue green
ARA Yellow Blue / Blue green
OX Violet / Dark purple

Colorless / Light purp“s
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-Identification of the Isolates:

Identification of the isolate using the analyticgirofile index
(Numerical coding) for rapid identification at spex and biotype
level were done as supplied by the manufacturer.

For using the index, the biochemical profiles ofeai have to
be transformed into a numerical profile and to campit with those
listed in the index by transform all 21 biochemicedsults into a
seven- figure numerical profile (seven-digit numbday placing them
into groups of three and consigning a specific @alor each of the

positive as follows:

Group 1 Group 2 Group 3 Group 4

ONPGADH|LDC| ODC | CIT |H,S|URE| TDA | IND | VP | GEL ' GLU

1 2 4 1 2 1 4] 1 2 4 1 2 4

Group 5 Group 6 Group 7

MAN LNO | SOR | RHA | SAC | MEL | AMY | ARA | OXI

1 2 4 1 2 4 1 2 4

Each positive reaction is given a value equal to2l, or 4
according to the position of the test in its grouthe sum of these
three values was given the corresponding figureusThthe figure can
have a value from O to 7 (zero for negative reagtithe seven digits
numerical profile is then looked up in the indexdathe identification
Is determined
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3.2.4.5 Additional Tests for Identification ofKlebsiella
-Growthe at 10°C

Nutrient agar plate was inoculated and incubatedd&E for 48 hr.

-The Ability of Bacteria to Produce Gas from Lactog at 44°C

Tubes of carbohydrate fermentation media were iladed with a loopfull
of liquid culture, then incubated at 44.5°C for 24 Medium color changing
indicates the presence of acid and the presenbehifles inside Durham tube
indicates gas production (Colleeal., 1996).

3.2.5 Maintenance of Bacterial Isolates:

Maintenance of bacterial isolates was performedraneg to Maniatist al
(1982) as follow:

3.2.5.1 Short-Term Storage:
Bacterial isolates were maintained for few weeksnatrient agar plates.

The plates were tightly wrapped with parafilm, dnen stored at 4°C.

3.2.5.2 Medium-Term Storage:
Bacterial isolates were maintained as stab culttvedew weeks. Such
cultures were prepared in small screw-capped Isottlentaining 2-3 ml of

nutrient agar medium and stored at 4°C.

3.2.5.3 Long-Term Storage:
Single colonies were cultured in BHI broth and ibated for 24 hr, and
then 8.5 ml of bacterial culture are mixed with thbof glycerol, then stored for

long time at -20°C.
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3.2.6 Sterilization Methods:

Three methods of sterilization were:
3.2.6.1 Moist Heat Sterilization:
Media and solutions were sterilized by the autazlav 121°C (15 Ib/f)

for 15 minutes, except heat some sensitive solsition

3.2.6.2 Dry Heat Sterilization:
Electric oven was used to sterilize glasswaresahers at 160-180 °C for
2-3 hours.

3.2.6.3 Membrane Sterilization (Filtration):
Millipore filtering was used to sterilize heat sgwe solutions by using

millipore filters (0.22um) in diameter.

3.2.7 Sensitivity ofKlebsiella Isolates to Antibiotics:

From primary isolation medium 4-5 colonies (thatowkd similar
morphology) were taken by flamed loop and suspendett5 ml of Muller-
Hinton broth. Broth was incubated at 37°C for salidrours until a visible
turbidity was observed. The turbidity was adjustegainst Mac Farland
Standard Tube (0.5) ml 1.175% Ba@H, + 99.5 ml 0.36 N (1%) $$0O,) with
physiological saline.

One hundred microliter of inoculum was transferbgd micropipette on
Muller-Hinton agar plat surface and spread in tit#erent planes (by rotating
the plate approximately 60° each time to obtainesan distribution of the
inoculums). The inoculated plates were incubated3atC or at room
temperature for 30 minutes to allow absorption wfess moisture. With a
sterile forceps the selected antibiotic disks @ksli/ plate) were placed on the
inoculated plates and incubated at 37°C for 18 fidmran inverted position.

After incubation, the diameter of inhibition zones(mm) was measured by a
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ruler. Results were determined and compared acwprdo the National
Committee for Clinical Laboratory Standards (NCC1891).

3.2.8 Detection of Some Virulence Factors

3.2.8.1 Detection the Presence of Capsule (Atletsal., 1995)

One drop of Indian ink was mixed with a loopfull lsdécterial suspension
on a clean glass slide. Then a cover slide wasglaa the drop and examined
under oil-immersion lense. The background will beayg and capsules

surrounding the cells will be colorless.

3.2.8.2 Detection the Presence of Adhesion Pili
Hemagglutination test of red blood cells was comeldicaccording to
Gerlachet al., (1989) and Langstraetal., (2001) as follows:

A- Preparation of Guinea Pig Erythrocytes Suspensio

 Three ml of guinea pig blood (Biotechnology Reskatenter) were taken
using heart puncture and mixed with  @®f heparin (5000 U/ml), to prevent
the formation of clot, then it was centrifuged 08 rpm for 5 min.

» The precipitate was washed out three times witmabsaline.

» Three hundred microlitre were taken from the préaip and mixed with 9.7
ml of normal saline to have suspension with finehaentration of 3%

(volume / volume) and stored at 4°C.

B- Preparation of Tanned Ox Erythrocytes Suspension

 The suspension of ox erythrocytes (Biotechnologgdaech Center) was
prepared as described above, then 10 ml of ingt@médpared tannic acid
(12.5 mg of tannic acid with 250 ml of normal salwere added to the ox
suspension.

* The suspension was incubatd in shaker incubatorgii at 37°C for ten

min.
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 The suspension was centrifuged at 3000 rpm for B. frecipitate were
washed two times with normal saline to remove ttid.a
» The precipitate of red cells was resuspended witimlLof normal saline to

have a final concentration of 3%.

C- Preparation of Bacterial Suspension

Brain heart infusion broth was cultured with baietiecells and incubated at
37°C for 24 hr. Broth were centrifuged at 3000 fipm10 min, precipitate were
washed with normal saline, washing were repeatedhiee times, then the
precipitate was resuspended in normal saline toe hauspension with
concentration of 3xI0cells / ml (Sahlyet al., 2000).

D- Detection of Adhesion Pili Type One (CFA /)

Twenty microliter of bacterial suspension as désatiin (3.2.7.2.C) were
placed on a clean glass slide, then it was mixed 20 ul of (0.1 M) mannose
solution (which was prepared by dissolving 0.180&fgmannose in 10 ml
normal saline). On the same slide another sampl@l(&f bacterial suspension
with 20 ul of normal saline) were placed, and then @d0of guinea pig
erythrocyte suspension (3.2.7.2.A) were mixed wite two samples. The
appearance of hemagglutination in the absence ohas® during 1-3 min
indicates the presence of adhesion pili type oaél{&t al., 2000).

E- Detection of Adhesion Pili Type Three (CFA /1)

It was the same as in the (3.2.7.2.D) except tleeofi®x erythrocyte cells
which were treated with tannic acid instead of gnéea pig erythrocytes. The
appearance of hemagglutination in the presence afinose refers to the
presence of adhesion pili type three (&ldl., 1985)
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3.2.8.3 Detection of the Ability of Bacteria to Prduce Hemolysin and
Siderophore
Bacterial samples were cultured on blood agar nmedand incubated at
37°C for 24 hr. The appearance of hemolysis zooenal the bacterial colonies
refers to production of hemolysin. Also bactesamples were cultured on the
modified M9 medium which was supplemented with @&@yridyl (3.1.3.2) and
incubated at 37°C for 48 hr. The appearance ofebattgrowth refers to the

ability of bacteria to produce siderophore (Naasil Sanosonetti, 1986).

3.2.9 Bacterial Adhesion to Epithelial Cells Testlyahi et al.,
1982)

3.2.9.1 Preparation of Bacterial Suspension:

Ten milliliter of nutrient broth medium were inoetdkd with bacterial
growth, the culture was then incubated at 37°C avight until an optical
density of Oy equals to 1 was obtained which gives délls / ml. Cultures
of bacteria were washed twice in PBS and centrdugte6000 rpm for 20 min

and resuspended in PBS.

3.2.9.2 Preparation of Epithelial Cells:

Uroepithelial cells were isolated from the urine lodalthy females by
centrifugation at 6000 rpm for 5 minutes, washeedhtimes with PBS and
centrifuged at 6000 rpm for 10 minutes before npended in PBS. Precipitate
was resuspended in PBS to have a suspension of égitBelial cells / ml.

3.2.9.3 Adhesion Test:

A mixture of 0.2 ml of the bacterial suspensior2, Bl of the epithelial cell
suspension and 0.1 ml of PBS was incubated at &% @e hour.

* Unfixed bacteria to uroepithelial cells were renib\®y centrifugation at

6000 rpm for 10 minutes.

55



Chapter Three — === =-=-—-=-=-=-=-=-=-=--=--—--—-—-~ Materials and Methods

» The pellet was resuspended in PBS then a drop ofag put onto a
microscope slide, air-dried fixed with methanolcetc acid (3:1) and stained
with methylene blue.

 The adherent bacteria to epithelial cells were ofesk by the compound
light microscope.

« Epithelial cells alone were included as a contest.t

3.2.10 Protocol for Determination the Percentage of

Phagocytic Cells
3.2.10.1 Bacterial Suspension Preparation
Klebsiella was cultured on nutrient agar media, incubated2fbhours at
37°C then colonies were collected in normal satinBS. The bacterial cells
were washed for three times and reconstituted iceatration of 1x10cells /

ml (by comparing with Mac Farland tube) and stomed’C until used.

3.2.10.2Phagocytic Test

The method described by Fuetal., (1985) was followed:

1. One ml of heparinized human blood was mixed witimllof bacterial

suspension (1 x f@ells / ml).
Then incubated at 37°C for 30 min with slow movemen
A blood film was prepared on dry clean slide.
The slide was covered with methanol for 5-10 min.
The slide was covered with Geimsa stain and |&f5f&0 min.
The stain was washed wigorenson'solution.

The buffer was tripped off and the slide was dried.

© N o 0 B~ 0N

The percentage of phagocytic cells was calculasefidlbows:

Phagocyticcells
Total of Phagocyticand Non PhagocyticCells

% Phagocytoss = x100
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3.2.11 Serum Resistance Assay
The Serum resistance assay was performed by theochetescribed by
Kumeret al., (1997) as follows:
1. Polled normal human serum (PNHS) was taken andivaaed at 56°C
for 30 min for the test.
2. The test isolates grew overnight at 37°C in nutribroth and, were
diluted in 5 ml of fresh nutrient broth and incudat 37°C for 2 hr.
3. The cultures were centrifuged at 6000 rpm for 5 amd the deposit was
resuspended in 5 ml PBS (pH 7.2).
4. Equal volumes (0.2 ml of each) PNHS and bacteuspsension were
mixed and incubated in water bath at 37°C.
5. The viable counts were made on nutrient agar at30,and 180 min.
6. If viable count dropped to less than 1 percenndfal value, the isolates
were termed as sensitive and if more than 90 peroérorganisms
survived after 180 min they were termed resistdhe score obtained

between 1 and 90 percent was considered as inteteed

3.2.12 Curing of Plasmid DNA

Curing experiments were performed on the multitasilebsiella isolate.
Ethidium bromide was used in these experimentsrdotyp to Trevors (1986)
and as follows:

Cells of the selected isolate were grown in 5 mLafia broth to mid log
phase (O.Ry about 0.4-0.5). A 0.1 ml samples of each cultueesvinoculated
in a series of 5 ml fresh L broth tubes containuagious concentrations of
ethidium bromide (0, 20, 50, 100, 200, 250, 30®,4&DO, 1600 and 320d /
ml). All tubes were incubated at 37°C for 24-48 hrs

The growth density of the different tubes was messwisually and
compared with the control to determine the effecteach concentration of

curing agent on bacterial growth. The lowest cotre¢ion of curing agent that
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inhibited the growth of the bacterial isolate wamsidered as the minimum
inhibitory concentration (MIC).

Samples were taken form tubes containing the htgbescentration of
ethidium bromide that still allows bacterial growdind diluted appropriately.
Then 0.1 ml samples from suspected dilutions wenmeasl on brain heart
infusion agar plates and incubated overnight alC3® score the survived

colonies.

3.2.13 Selection of Cured Cells

After treatment of bacterial isolates with curingeat and the isolation of
survivors on brain heart infusion, survivors weralsized for the presence or
absence of drug resistance as a result of elimigdtie plasmid by selecting 150
colonies of the bacterial isolate. These coloniesewreplica plated (using
toothpick) on brain heart infusion plates (masti&tgs) and on brain heart
infusion plates containing an antibiotic to whible briginal isolate was resistant
(Trevors, 1986).

If a colony was able to grow on the master platertmi on the selective
agar containing the appropriate antibiotic, it neetrat the cells of this colony
were may be cured cells that lost the resistantieigaantibiotic. The percentage

of cured cells was determined.
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4-1 Isolation and Identification of Bacterial Strainslsolates

One hundred and sixty urine samples were colletted patients in Al-
Kadhumia Hospital and AL-YarmodkespitalHospitak during the period from
30-3-2004 to 36%6-2004. One hundred and fiftyre-of these samples wer

considered as true bactefiaga (i.e. more than TObacteria / ml of urine were

detected)All the UTI sample were caused by single infectious agent

characterized agE. coli (720 isolates),Klebsiella (20 isolates)Proteus (18
(13

Staphylococcus aure(8 isolates) an&taphylococcus epidernad (9 isolates).

isolates), Pseudomonas (12 isolates), Enterobacter isolates),

The results of morphological, physiological anddhiemical tests for isolate
(table 4-1, 4-2) were in agreement with Hettal, (1994) and Forbest al,
(1998).

Moreover, identification of th&lebsiellaisolates was confirmed by usin

the conventional biochemical tests.

One hundred and fifty isolates were identified, stheisolates were
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Escherichia coliwas the major causative agent of UTis collected

samplesand represent.7% of all cases (figure 4-2). This is in agreenweiti

what is known abouthe-E. coli as the major cause of UTIls world wid
(Malkawi and Youssef, 1996: Al-Bayati, 1999).

The frequency of infection witKlebsiellawas 13.3% (20 isolates). Nine

percent of these isolates (18 isolates) were belbtoKlebsiella pneumoniai@
which they were indole negative, while 10% (2 isedd of Klebsiellaiselates

were belonged tdlebsiella oxytocawhich were indole positive and cann

produces acid and gas from lactose at 44°C. This result wasjreement with

Al-Mulla (2003) who isolated 1Klebsiellafrom 100 urine samples.

Proteus represents 18 % (18 isolates) of all isolates, this resultas
adgreed with Al-Jeboury (2005) who found that 13.3P@all UT1 isolates wersg

belonged tdProteus.

Klebsiellaand Proteusrepresent the second causative agent of UTls

to produce a potent urease which acts on ureaddupe ammonia, renderin

the urine alkaline.

Enterobacterand Pseudomonasepresent the third causative aseof
UTIs about 8.7% (13 isolates) and 8% (12 isolatespectively Enterobacter

and Pseudomonaare more frequently found in hospital acquired W&tause

their resistance to antibiotics favors their sétecin hospital patients (Mimst

al., 1987).

Seventeen cases were caused StaphylococcusNine iselates-of all

Staphylococcussolates were belonged 8taphylococcus epidernad while 8

isolates were belonged ®®taphylococcusureus. Gram-positive bacteria ar
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by gram-negative bacteria originating from the bafore entering the urethr

(Stamey, 1973).
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18 isolates
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70 isolates
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(46.7%)
20 isolates
(13.3%)

FigureFigure: (4-2) Percentage of bacteriakpecieggeneraisolated from

Formatted: Indent: Before: 0.04cm, [~ - -»
Hanging: 1.1 cm

Formatted: Font: Bold, Complex
Script Font: Bold N

( Formatted: Left-to-right

o
Formatted: Font: Bold, Complex N
Script Font: Bold

urinary tract infections .




-FouI’ “““““““““ Resuits and Discussion: - |

Formatted: Indent: Before: 0.04cm, [~ -»
Hanging: 1.1 cm

Formatted: Indent: Before: 0.04cm, [ -- -,
Hanging: 1.1 cm

{Formatted: Indent: First line: 1.06 }‘ e
cm

Formatted: Font: Bold, Complex
Script Font: Bold N

[ Formatted: Left-to-right

Formatted: Font: Bold, Complex
Script Font: Bold

34.-2 Prevalence of Urinary Tract Infections in Male anl

Female

Out of thet5061510 positive case$6-910 (645060 -&) were from female
patients whiles460 (363940-4%) of the cases were from the malégyrefig. 4-
3). It is known that the incidence of UTls is geailgrhigher in females than the
males world wide and for several reasohdifris-etal—198%-Al-Bayati, 1999).

The shorter female urethra is a less effectiverdatéto infection than the male

urethra. Sexuahtercaursmtercoursefacilitates the movement of organisms up
the urethra, particularly in females, so that theidence of UTIs is higher
among sexually active than celibate women. Howeube antibacterial
properties of prostat fluid may also account for the increased rescsaio
UTI observed in men. In male infants, UTIs are ma@@mmon in the
uncircumcised and this is associated with coloopabf the inside of the

prepuce and urethra with faecal organig@kuser, 1986; Mims et al.,1987).
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. (1993) showed that 88.2% kfebsiellaisolatedKlebsiellaisolatedfrom UTIs in

KlebsielaKlebsiella Isolates

The standard disk diffusion method was used torawte the sensitivity
of KlebsiellaKlebsiellastrainsisolatesto several antibiotics. Resulise-fiewn
in—table-(table 34-3123) showed that—100% of thestrains-isolates were
resistanegesistanto penicillin. While 16 @680%) isolatesef-all-strains were
resistant to ampicillinHostackai and Klokocnkovai, (2001) aftiese-resultg
are—in—agreemenwith-Al-Mulla, (2003) and Hostackal and Klokocnkoval,
2001ywhefound that 100% of isolates were reaidito ampiciineampicillin.
The ampicillin is one of the common antibiotics diger the treatment of UTI

(Riceet al., 1996), so the wide spread of resistance in thg #aainsisolates
represent a major problem in treatment of the idec It was reported in
several parts of the world that the wide spreadawipicillin resistance is

attributed to degradation of the antibiotic PAlactamase enzymes (which |s

either chromosomally or plasmid encodad-toand most of thise plasmid are

self transmissible plasmiggPreScott et al, 1999); Thomson and Ames
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Also resistance to penicillingss due to the lack of penicillin binding

proteirs -(PBPs) fora-—specificantibiotior the microorganismsould change

their permiabilbypermeabilityto the drug {earrying-ampiciin-resistance-gene

Pavies;—1994—Hamettetal—1996:—Malkawi and yeusseYoussef 1996;
Bermudeset al., 1997)- %%%Lﬁ%ns@he—tea&ng—eausatwe—agen@—lse#ated

Table (4-423) FheAntibiotic resistant ofklebsielaiselatedKlebsiella isolated

from urinary tract infection -to-antibetics.
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}‘*»» Most of the isolates were resistant to aminoglytes) thatesistantresults

were-15 —(75%) and 16 (80%isolates were resistamdr the-gentamicin and

streptomycin respectively. These results were meement with Akindele and
Rotilu (2000) who found that about 79%8kbsieHeKlebsiellastrains in their
study were resistance to gentamicin, while Reishl, (1993) and Roilidest
al., (2000) found that all thidlebsielleKlebsiellastrains in their stugieswere

resistant to gentamicin.

Table (44123) showed thab0%-ofisolate-were resistant idorfloxacin
14 (70%) isolates were resistant to chloramphenisbile resistance tq
tetracycline, Gcephalexin, gentamicir—Ccefotaxime and—aztreonam and
norfloxacinareverenearlythe same in which resistance w8rg40%), 7 (35%,
35%), 8 (40%), 9 (@nrd-45%)) and 6 (30%)isolates respectivespectively.
However -elyHowever,
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}<—~» - allAll straingsolates(100%) were sensitive to Imipenem.

The ability of bacterial cell to resist chloramplwah is either due to thei

ability to produce chloramphenicol acetyhnsferasavhich-modiftransferase
which modifiesthe antibiotic or due to mutation that happenedh®S23S

rRNA which resultesults in decrease the sensitivity of cells to t

chloramphenicol (Prescotet al, 1999). While resistance to cephalex

cefotaxime and norfloxacin mostly are due to plasaricoding enzymes, whic|

mostly-carried on large plasmid with or withofitbetdactam resistancgenes
(Li and Lim, 2000; Shen et al, 2001).As shown in table (84) all Klebsiella

isolates were multiresistant for different tgpef antibiotics. Most of these

isolates (90%) were resistant&al--8antibiotics.
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Initially most of the antibiotic resistance genes found on chromosoma

DNA, such as genes responsible for pehies and cephalosporins resistan

(Egagmanet al, 1997), but these genes were carried also orirae@missible or

mobilizable plasmids, and the transfer of such mlds from one strain td

another via conjugation or transformation was ohéhe major reasons for

spreading the antibiotics resistance between batpmapulation specially thos

that belong to the family\EEnterobacteriaceaavhich represent the majad
causative agenfsrof UTI (Livrelli et al,1996: Rice et al.,1996).
Some bacterial cells may contain more than onenpthseleculesvhich

in turn might contain different resistance genamtSt al, (1991) found that
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The multidrug resistance of bacteria to severabaniics could be due tg

certain mutations that occur as a result of oveamskemisuse of antibioticsut
antibiotic resistant mutants that arise spontangoare generally resistant tp
only one antibiotic(Malkawi andYoussef, 1996; Al-shallerShallenhi, 1999
Rasool et al, 2003. In addition to mutationsR plasmids that—carryng
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D
D
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mterConjugation (directin vivo gene transfer) is a convenient method | of

transferring drug resistant genetic determinantsranintra- and int&s-generic

bacterial populations (Rasoel al, 2003).This multidrug resistanceaded to

antibiotic ineffectiveness against bacteria resfi@gor UTI and—"other life

threatening diseases.
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4-6-1A- Capsules
Capsule examination was made by using neqgativa §ith Indian ink)

and by observing the shape and appearance of celbmp-were—mucoidyn
the culture media

All__the

isolates were encapsulated in  which—-migroscopic

result®xaminationshowed-the presence of white shadow surrounding the gells

and—itrepresefiapsule representthe most important virulence factor, I

protecting the cell from the phgocytosis (Cyzeet al, 1984), and other

bactericidaland-helagent which found in the host serum (Simmons-gintl.,

1986) and helpthe microbial cell to attaching to the solid sedaand the

medical apparatus which increasts pathogenecity (Podschunn and Ullmat

1998).

S __a

J
iii\/\”B-Adherence Pili
}

Adhesion pili type one (CFA / hetivitywas determined bthe assag of

hemaqglutination of guinea pig erythrocytes in #ibssence and presence of

mannose-and-aAll the isolates showed positive reaction for maengsnsitive
hemagglutination (MSHA) which mesarthatall isolates have CFA / |. Whilg

adhesion pili type 3 (CFA [/ 1ll) activity was detgined by the same method

type 1 fimbri@ but by using tanned ox erythrocytes instead ohegipig

erythrocytes and the results were 80% of isolaltesved positive reaction fo

mannose-resistalebsiellae-likehemagaglutination (MR/K-HA) which mean

that thel6 isolates have CFA /Il (Appendix 1).

These results were in agreement with Al-Mulla (200810 found that

100% ofKlebsiellaisolated from UTI werdlSHA positive, while 81.5% olhis
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isolates werdIR/K-HA positive. Podschuet al, (1993) found that MSHA werg
detected in 115 (79%) of the 146 isolates examiwhde MR/K-HA was
observed in 103 (71%) of the 146 isolates.
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These results indicadehat type 1 piliareverefound inall the isolates of

the pathogeni¢debsiellKlebsielladpnwhichitfoundin-al-theisolateswhile
type 3 piliaraverethought to benot very important in its pathogenecifyhat

muchltlLess is known about the role of type 3 pili in U€ken it has an

importantrole for the persistence of bacteria in catheter-aasedibacteriuria
(Mobleyet al, 1988).
The importance of CFA/I and CFA/Ill are in the figage of infection, in

which it mediate the adherence of bacterial ceiistloe epithelial tissue o

infected site, thus facilitasats colonizing (La Ragioet al, 2000). The forming
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of biolayer for Klebsedla are affected by the presence of pili in which

increasing its density (Langstrastal., 2001).

Hemolysin production was tested Biblood Aagar plate and therBsults
showedthat all strains (100%) wermmtreteunaable to produce hemolysin.

-All the strains were able to produ&siderophore in thenodified M9

medium supported with -2 dipyridyl compound, that only sideropho

producing bacteria can utilize such product (Nassif and Sansonetti, 1986: Vernet

et al, 1995).

Siderophores are important for the bacterial cbishelping them to

chelate the iron compounds from the host tissime which urinary tract

represents an iron restricted environment to witbalsterial pathogens ma

respond by producing iron-chelating compounds (sigl®ores) (Poschuret al,,

1993).

The responses of the examined isolates to the rb@dsd activity of

normal human serum were recorded over 8 dmd arranged int&ixthree
grades highly-sensitive grade-1-oriable count less than 1 percent of init
value), resistant (viable count more than 90 percent ofiainivalue) or
intermediatelysensitive(3-er4score between 1 and B@rresistant{5-er6)The
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majority of thestrainrssolates in this study,15 (6975%) were highly-serum

resistantand only 5 (25%) were serum sensitivEhese resultsvas-were in
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of the 26 isolates were serum resistame-thbut they-isis-in-agreement-with
Mine-AngKucukeret-al (2000} andlisagreerentwith Podshunet al, (1993)
who found that most of isolatg$7.5%) were serum susceptidite. Fhese
variable-percentaddese variable percentagésismaybe relatedelated to the
fact that serum resistance of urinary pathogemnsladed to the site of infection

and the severity of the symptoms (Podscéual, 1991).

The ability of bacteria to avoid killing by normsérum is considered as
their

property which co-determines virulence. Mostf pathogenic

2000)

The adhesion properties Klebsiellaon the epithelial cells were studis

for all (20) isolates. Average number of adhereas28-15-20bacterial cells /

epithelial cdll.
The adherence of pathogenic bacteria on the ejgitheélls is very

important and represents the first step in badteni@asion, and this adherent

due to several factors such as: pili (tyBleand 1), KpF-28 fimbriea and
adherent protein (CF29K protein). (Podschun andanbiiin, 1998), and som

times resistant plasmid are encoded for unpili egtiteprotein CF29K, and th

gene encoded for this protein and genes encodeatd$mtant are on the same

location on conjugated plasmid (185 kb) (Di-Martiebal., (1995). Also, Di-
Martino et al., (1996) found that there is a new pili (KPF28) prasin most of

the extended spectrupalactamase (ESBLS) producing bacteria.

showed that phagocytosis percentages were ranppng 7.5% - 15.0%. Thid
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decreadew level of phagocytosis may be diue that Klebsiella have large

capsule surrourad] the bacterial cell, thus decreasing the abilityvbfte blood

cells to phagocytose bacteria. This happened byn&ohanisms: first, thei

polysaccharide composition makes capsules hightiydphilic, which strongly

inhibits phagocytosis by hydrophobic surfaced hesdls. Second, many

capsules are relatively poor mmnogens poor activators of complemsd
(Eisenstein and Zaleznik, 2000)

4-5-1 Curing of Plasmid DNA

Klebsiella pneumoniaeMR1 isolate which was multiresistance to
antibioticswas selected to perform curing experingantwhich-this-isolate-wa
muitiresistant for 9-antibiotics from-11 ones-wassted(table 423).

Results (table 46) indicated that the highest concentration of etimd

bromide that allows the bactergdewthgrowthweravas800uqg / ml. From this

concentration appropriate dilutions were made g@ndsasl on brain heart infusid

agarplates and then 150 colonies were tested on a selectedia containing 4
I,

specific antibiotic (ampicillin, tetracycline, @rronam, chloramphenico

gentamicin and streptomycin) in order to determiine cured strains, whic

cannot growh on thseseantibioticcontaining media

cm, Hanging: 3.17 cm, After: -0.51

* Jable (445) Effect of ethidium bromide on the growth ofKlebsiella MR1 isolate
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plasmidNumber and percentage of cured strains obtainen freatment with

ethidium bromide are shown in table 88). Seventy curedstrainrssolates
(46.6%) were obtained.
Two strains (1.3%) lost the resistance to ampicibiztreonam, tetracyclin

Eighteen strains (12%)

D

lose thesistance td
chloramphenicol (3.3%3%t
chlorampheniedb chloramphenicohnd 45strainssolates(30%) lost resistancs

to aztreonam.

and chloramphenicol.

and aztreonam. Five strains resistance

1”4
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These results indicadethat chloramphenicol and aztreonam resistance

genes may be carried on different plasmids (twsmlds), one of them coded

for chloramphenicol and the other coded for aztamon Ampicillin and

tetracycline resistance genes may be carried orsdh® plasmid, because no

cured isolated were obtained that lost one of tba.
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Resultesults in—above declared that there are three types of cured
straingsolates, -strainsisolatesthatlost one plasmid (the 4&trainssolatesthat

lost the ampicillin resistance and the 5 strairst flost the chloramphenicd

resistance) straingsolates lost two plasmids (the 18 strains that lost the

chloramphenicol and aztreonam resistance), strdinssolates lost three

plasmids (the 2trainrssolatesthat lost the resistance to ampicillin, tetraayeli

chloramphenicol and aztreonam).

There was no loss of resistance to streptomycin gerdamicin, which

might indicated that these markers are not locateg@lasmid hay belocated

on chromosome or on mega plasmid). However, it lshbe mentioned that

failure to cure a plasmid does not necessarily yntipht the trait is not plasmid

encoded since many plasmids can not be cured (@efya (Trevors, 1986).

The above results indicated that ethidium brom&a powerful agent ir

eliminating antibiotic resistance plasmids. Othesearchers found also thpat
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It was known thaKlebsiella have a number of drug resistance plasmid
(Jacoby ad Han, 1996: Al-Saeed, 1997). Al-Saeed (1997) found that anlpici
and tetracycline resistance geraeavere carried on one plasmid iklebsiella

pneumoniacAlso Sirotet al., (1991) found thaklebsiella pneumonia€F1314

have a 150 kb plasmid which cgirrgied genes encoded for CAZ-7, amikacin,

sulfonamide and tetracycline resistance.
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}‘*»» Curedstrainssolates(MR1C1 and MR1C2) have not lost there capsul
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-=-4 Curedstrainssolates(MR1C1 and MR1C2) were tested for the detectid

but they showed a decrease in the turbidity whey thllowed to grow in

comparison with the parental MR1 isolate, and thight be attributed to the

decrease or inhibition of the capsular polysaccdeasynthesis or inhibitionf

the higher production of mucoid substances andrisigbe due to the loss o

reqgulatory gene (s) that help in the higher proidmcof the mucoig properties

of the cells. So it can conclude that the strudtyeae(s) responsible for capsu

requlated by gene (s) located on plasmid.

Other researchers such as Aletral., (1987) have also shown that caps

synthesis is encoded by chromosomal genes. WhissifNgt al (1989) found

that Klebsiella pneumonidasa plasmid encoding for the mucoidy phenoty

and it exerts it effect independently from the ca@$roduction genes. Vernet

al., (1995) demonstrated that a large plasmiKlebsiella carrying mucoidy
genesandvhich can transfer to other bacter®abriAl-Saeed (1997-) found that

mucoidy phenotype in addition to ampicillin andraet/cline resistance gese

arenverecarrieder—aon a75 kb plasmid.

of adherenceili-pili (CFA | fandlll) in which both curedstraingsolateswere
found to be positive for MSHA and MR-K/HA, and ighndicates that gene

encoding for these tweith-pili are carried on chromos@algene-in Klebsiella

pneumoniadViR1.
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thiese genes is the samas—thais thathose found in other genus in th

enterobacteriaceae family. Soto and Hultgren, (1989nd that chromosoms3
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Ability for the production of siderophore was intigated in the cured

strainrgsolates(MR1C1 and MR1C?2). Both strainssolateswere not affected

after curing, and this might lead to the conclugiwat siderophore production in
ded

Klebsiella pneumoniadVR1 isolates is mediated by chromosomal enco

genes.
SabriAl-Saeed (1997-) showedthat-siderophorthat siderophorgenesn

Klebsiella pneumonieaare carried on chromosome.
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}_H, Cured strainssolates (MR1C1 and MRIC2) were examined to th

bactericidal activity of normal human serum. Semgsistance was decreased|in

both curedstrainssolates(intermediate to sensitive) compared to the pale

MR1 isolats which wergresistancs-

This decrease may be due to:
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adhesion properties and results showed that alththapacterial ceB have not

lostitsthier adherent properties completely, because dliginot lostitstheir pili

(CEA 1/ 111), the average of adherent cells fortlbstrainssolateswas decreased
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protein CF29K is locateshon asingle conjugative plasmid of 185 Kb in length
and Di-Martinoet al, (1996) have found new adhesion pili called KPH29

many off-lactamase producinglebsiellastrainsisolated from UTE.

> Adhesion of bacteria to the epithelial sels very important for the

colonization of bacteria. This adhesion is maigiji—pili mediated and som

11%

times it's mediated by adherent protéfresdhe decrease of adhesiomay

happened either by losing genes responsible faluymtoon of adhesion or due to

special circumstances that might enforce bactec&ll to switch off the

production of such substances (Eisenstein and ii&le2000).

Phagocytosis percentages for custrgingsolates(MR1C1 and MR1C2)

were calculated and they were 53% and 60.5% raspBctThis increase in the

phagocytosis percentage might be attributed tagbaction of capsules, which

facilitate the action of phagocytosis cells:; al$us tresultis—ir—agreement

withensuredhe result of capsule experiment.
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5-1 Conclusions

1. E. coli was the mgjor causative agent of urinary tract infections followed
by Klebsiella and Proteus.

2. Theincidence of UTI was higher in females than in males.

3. High percentages of isolated Klebsiella spp. were resistance to penicillin,
ampicillin, chloramphenicol and streptomycin. While the most effective
antibiotic against Klebsiella spp. are imipenem.

4. Ethidium bromide demonstrated a powerful activity as a curing agent in
elimination of plasmid(s) responsible for antibiotics resistance in
Klebsiella pneumoniae.

5. Four types of antibiotic resistance markers of K. pneumoniae MR1 are
located on plasmids, ampicillin and tetracycline resistance markers are
located on one intact plasmid. While each of aztreonam and
chloramphenicol resistance markers are located on different plasmids.

6. Genesin charge of capsule, adhesion pili (type | and I11) and siderophore
production are carried on chromosome, but gene(s) encoding capsule
could be regulated by plasmid gene(s).

7. Phagocytosis, serum resistance and adhesion properties of Klebsiella
pneumonia do not depend on plasmid genes and they are correlated with

capsule.
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5-2 Recommendations

1.

New generation of antimicrobial agents must be developed, to cope with
the multiresistance patterns of bacteriato antimicrobial agents.
Investigation of the plasmid content of Klebsiella spp. and itsrelationship
to the pathogenesis of Klebsiella pneumoniae.

Study of other virulence factors that have a role in pathogenesis of
Klebsiella spp. for example: enterotoxin, urease production, etc.

Further study to investigate the mode of action of different virulence
factor in vivo and in vitro.

Further study to investigate the nature of virulence factors genes whether
they are carried on chromosome or plasmid or they carried on plasmid but

under the regulation of chromosomal gene or vise versa
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Appendix 1

Virulencefactors of the Klebsiella isolates

UJ

Isolate Siderophore Hemolysin Phagocytosis SerL.JrT1 Adhesion on Epithelial cells
Capsule| CFA/I | CFA/III _ _ percentage | bactericidal (no. of bacterial cells /
no. Production | production
% activity epithelial cell)
MR1 + + + + - 8.5 R 19
MR2 + + + + — 7.5 R 20
MR3 + + — + — 11.5 R 17
MR4 + + + + - 12.5 R 15
MR5 + + + + — 8.6 R 15
MR6 + + + + - 7.9 S 16
MR7 + + + + — 11.5 S 15
MR8 + + - + — 13.5 S 15
MR9 + + + + - 15.0 R 19
MR10 + + + + — 9.5 R 20
MR11 + + - + - 10.0 S 17
MR12 + + + + — 13.1 R 15
MR13 + + + + — 15.0 R 18
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UJ

_ | Phagocytosis  Serum Adhesion on Epithelial cells
Isolate Siderophore Hemolysin - _
Capsule| CFA/I | CFA/III _ _ percentage | bactericidal (no. of bacterial cells /
no. Production | production o -
% activity epithelial cell)
MR14 + + + + — 14.2 R 16
MR15 + + + + - 14.3 S 16
MR16 + + + + — 15.0 R 20
MR17 + + + + — 7.5 R 15
MR18 + + + + - 7.9 R 18
MR19 + + — + - 14.0 R 17
MR20 + + + + — 14.9 R 16

103



Al

Lol a5 sl (5 jlaall gl Gabiaall (e 4 58S A je a5 Ale (il p J e
TS e ) 5] Anadd 5 g

Klebsiella ] (%13.3) 4= 20 Klebsiella spp.s « (%46.7) 4= 70 E. coli
¢ (%12) + = 18 Proteus «[c— = Klebsiella oxytocasi— = 18 pneumoniae
Saphylococcus s «(%8.0) 4 = 12 Pseudomonas s « (%8.7) 4 = 13 Enterobacter
Saphylococcus 5 <Y e 9 Saphylococcus epidermidis] (%11.3) 3= 17 spp.
(%40) U e 60 O (2 eladll (e 45 320 (%060) Leie 4 je 90 i€ | [V 3= 8 aureus
daoll e dd s jea

il Ciws (20) Klebsiella ) @Y e aead 4 sal) clabiaall Luibiad) Jaai and o
a4 glaa 318 (9680) 4= 165 Penicillin —U 4 slie <3S 06100 Y jall amsen o)
dl3e 14 5 Gentamicin 4w 5aa (75%) )= 15 5 Streptomycins - s Ampicillin
Imipenem -l 4ulua (%100) <Y 32l aes CilS L Chloramphenicol - 4 5tas (70%)
125 Cephalexin - iulua (%65) 44 )= 13 5 Norfloxacin -l Abua (9470) 4 e 14 5
U= (%55) 4= 115 Cefotaxime - 5 Tetracycling -l 4l &Y j2ll (1 (%60) 4 e
Aztreonam - Al OY jall

Y Sl aan of bl @ g dal 5 ¢Sl Ly 5S35 ) yuiall Jul 2 (e 220 e g ual o
s A (CRA/L JsY) daaidl opa GUadtiul ol s calaiaiine ellicd 5 Adadaay 2dalas (90100)
iy LS (CFA/IT) Sl aaill GUaiia¥) Jal se lamivnd LSUal (9680) e 16 < ek
Y sasell 2 e Lilli axe 5 58 el 2 e Lells (06100) Y jall aea

O o adll Juadd Jlal) 5l A slie il Sl Y e (e 9475 o) G bl ol
03l LAY e slailV) Al Led Y el asea of 301 i WS 4l dulia Leie 9425 ils
LAY Jare (IS Glaily) Je 413 YT MR165s MR10s MR2 s MR1 &Y 2l <l S8
Cupa danlll 5 jalhl ddle A glie Y Jal) ppan & gl A0 40la /1 S 40014 20 diaildll
9015-7.5 (53 (asia s Ayidia daxlll 4 s1al) dail) il

Klebsiella pneumoniae MR1 LSl 4 e Cilae j30 48%e 4wl pal ddslan 4
Y el e 2o e J sand) il & pedal 5 a iV e g s Baley Sl el Cila ge gl el



A i) A () g i pan]) el e 22 e il i ) 5 adl)
O O (o Omline (e B0 (Ao A geana b Sl 028 8 Aztreonam-l s Chloramphenicol
Ao glidll ddia Ll caal 5 200 Db e 3 seasa Tetracyclined! s Ampicillind 4 slidl déan
ol oS e B e gl a s ga g ST e A sena o 5S5 L 2 Gentamicind) s Sterptomycin

s Ampicillin - i siall Zia isit) MR1C2 s MRLCT Giivaall ¢yl jall & sl
A 3 ) ypall Jul e & 3 5 (Aztreonam ! s Chloramphenicol ! s Tetracycline
Liladia) LeS ¢(lana yaal) 41 jide cuilS Lil Y1 Adainally pil hall SIS Jaliia) gl < jela) Logd
CFA ) Ul Laaill a5 (CFA /1) Js¥) Jaaill e L) ol s laimione 231 e Logiilildy
28 a0l Jmal JiEN 00 el IS A glia ) W1y 58 e ) e Lagialia s (/ 111
LA il radl LAY FlailV A comdtsh LaS ((MRT) dbaa¥) il jall 45 e camd
Ol all da glae 418 (e Blad A0Ua 4008\ Ly 50 400 7-2 GLailVl Jass el 3 a3l
MR1C25 MR1C1 il 3211 9660 5 %53 dealll 4y sial) Lpasill caily 31 Laalil) Llanl (il
Al e

Lo 8 sd bl Z Ll 5 oladin) Jal gal 5 jdiall cilinal) () LY ey Bam Laa
3 _jidiall Clipad) Lal 2 gs g0 g SI e 4 sana () S5 Ly Kl ebsiella pneumoniae MR1

Jina s BLail¥) AL 5 axll Jadd JSE 0 da slia) A 3all (5 2N ciliall s o)
Abadaall JIFAY (5325 O (Say (Aeald



$ N
S A | ATaS e/ P
R oeé“}ri%w/@ o

W

it B ENSYYREN

ealad) Cad) g Alad) andail) 3 ) 3
O g dasly

. polall 418
Alay) ) aud

&
as

/L8y

S o

9’§

gb\J] = ;\é))'

lossgl Bglysnll Jalge @le 85lsgg Bpaglessids dulys
=blasll ya ilgyzall Klebsiella pneumoniae
iyl gl algall

Al
) Aaala aglal) 440 ) Aatia
Agilal) AED & asle iuale days Ji cilidlie (4 g3 Ay
Jé (a

séain Jlgnaa lay siaa

Yood Gl dmaly Al AT gy sl

AR saxdll 4

Yoo O dj\)}‘ u}.ﬂS




Information
S dl Sago L, digo
gl algil ;s
Qilal @l sl dulall ds sl
Y0 \T=Te sl &b
0LYY 1o rilgll
<VA-\VEVEA0—+VV+ Y1188+ Q 1 Solzll Cailyll
Ve Lls /18 365/ 2/ guniall slssy 2ol siell

Name: Mohanned Redha Mahdi Al1-Shukr

Department: Biotechnology Department

Sintific Degree: M.Sc. Biotechnology

Education Date: 20-12-2005

Phone No.: 5423665

Mobile: 07702664409-07801747495

Address: Baghdad-AT-Mansour / Sec. 609 / st. 14 / House No. 70

Page 1



	Microsoft Word - 09 List of Figures.pdf
	Microsoft Word - 01 First page.pdf
	Microsoft Word - 02 الاهداء.pdf
	Microsoft Word - 02 الاية.pdf
	Microsoft Word - 03 شكر وتقدير.pdf
	Microsoft Word - 05 Certifications.pdf
	Microsoft Word - 06 SUMMARY.pdf
	Microsoft Word - 07 List of Contents.pdf
	Microsoft Word - 08 List of Tables.pdf
	Microsoft Word - 10 List of Abbriviations.pdf
	Microsoft Word - 11 Chapter One.pdf
	Microsoft Word - 12 introduction.pdf
	Microsoft Word - 13 Chapter Two.pdf
	Microsoft Word - 14 Literature Review.pdf
	Microsoft Word - 15 Chapter Three.pdf
	Microsoft Word - 16 Materials and Methods.pdf
	Microsoft Word - 17 Chapter Four.pdf
	Microsoft Word - 18 Results and Discussions.pdf
	Microsoft Word - 19 Chapter Five.pdf
	Microsoft Word - 20 Conclusions and recommedations.pdf
	Microsoft Word - 21 References.pdf
	Microsoft Word - 22 Appendix.pdf
	Microsoft Word - 23 الخلاصة.pdf
	Microsoft Word - 24 الواجهة العربي.pdf
	Information - Notepad.pdf



