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ABSTRACT

Catheter-associated urinary tract infection is edugrimarily by the multidrug-resistant biofilm foing bacteria of uropathogens. T
prevention and successful treatment of infectiendifficult when catheters are colonized by baatepiofilm growth. There have bee
several efforts utilizing biocides in catheteripas, in attempts to inhibit all possible bactesietess to catheterized urethra. Nevertheles
is clearly the case that such approaches are ysualiccessful in the long run. Quorum quenchipgesents a new approach for control
infection for highly resistant microorganism. THere, there is a pressing need to find out natQradrum Sensing inhibition compounds
overcome the resistance of the uropathogens. Thigie concept of the antimicrobial control depeadseducing the burden of viruleng
and suppress the development of antibiotic registaather than killing the bacteria. In the presewngstigation, the target microorganisr
were isolated from attached surface of urinary e&tls which evaluated quantitatively and qualitgyivusing standard technique
Altogether 100 isolates were collected. Antibictitsceptibility assays results showed thast of the isolates were resistant to a wide rd
of beta lactam and non-beta lactam antibiotissults of biofilm forming on microtiter plate astkrile foley catheter reveled that the
isolates possess a high capacity for biofilm fororabn the both surface at the different degre&®r(g, moderate and weak formir
biofilm) and required the only a short contact tifoe attachment. An anti-biofilm secondary metataslifrom streptomyces strain sd
expressed broad-spectrum antibiofilm activity plolgsby interfering with their QS systems against different species producing stro
biofilm and multi-drug resistance. The anti-biofibhsecondary metabolites strain sdLi againstgecies was examined on sterilized co
glasses and urinary catheter sections using ligtioscope and scanning electron microscopy resmgtiEvidence is presented that sd
streptomyces secondary metabolites showed broadrspe activity to attenuate th@uorum Sensing - dependent biofilm. T
investigation of quorum-sensing control may leathtsdevelopment of novel antipathogenic drugs.

KEYWORDS . Urinary catheter, Broad-spectrum biofilm inhibitjohnti-quorum sensing and Streptomyces secondatgirnétes.

INTRODUCTION

Catheter Associated Urinary Tract Infection (CA-YTik one of the most common nosocomial

infections[1].

Copyright © 2016 by authors andCopyright, American-Eurasian Network for Scientific Informatio n (AENSI Publication).
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Several studies report an association of CA-UThviltcreased mortality and prolonged length of stay
acute care facilities. For critical care unit pate these associations are likely attributableaofounding by
unmeasured variables with little, if any, mortalitiyectly attributable to CA-UTI [2].

Contamination of the urine in the drainage bag abow organisms to access the bladder through the
drainage tube and the catheter lumen [3]. Manyrgite have been made to employ biocides in the nesmeuqt
of catheters to try to prevent bacterial accesthéocatheterized bladder by all possible routehaft become
clear, however, that, in the long term, these agias are generally ineffective thus facilitateoni¢ation by
drug-resistant Gram-negative pathogens [4].

The longer the catheter remains in place the gréfa¢evariety of organisms that accumulate in tlaeldber.
Long-term patients commonly become infected witlkedi communities of mainly Gram-negative nosocomial
species, such dsedomonas aeruginosa, Proteus mirabilis and Klebsiella pneumoniae. These infections are
difficult to eliminate with antibiotic therapy whlthe catheter remains in place[5]. Infected ucie, therefore,
be flowing through catheters. Under these conditidracteria colonize the catheters, particularéy Ithminal
surfaces, and form extensive biofilms [6], for exdan found that these biofilms could colonize theole
length of the catheter lumen and be up to 400 ckdbp, embedded in a polysaccharide gel-like matiie
biofilm mode of growth is, of course, a basic sualistrategy for bacteria and enables them to vétits a
variety of environmental stresses [7]. In the cabbladder catheters there is evidence that bactarthese
biofilms, designated as sensitive to antibiotics donventional laboratory procedures, survive thmauy
concentrations of antibiotics produced by the stamd8]. Given the fact that biofilm formation fislated to
antibiotic resistance [9] ,The inhibition of quorwsansing (QS), or bacterial cell-to-cell commuriaatis one
novel approach of an anti-pathogenic effect.

QS is a mechanism used by many bacteria to deteat ¢ritical cell numbers [10]. Cell densities are
indicated by concentration of signal molecules thegulate common bacteria disease processes such as
swarming, biofilm formation and secretion of vimée factors [11], thus this signaling pathway aetand
potential target for antimicrobial drugs that cant as QS inhibitors (QSI) to interfere with andeatiate QS-
dependent bacterial pathogenicity without effectimggrowth [12].

In the search for active secondary metabolitestebiac Streptomyces attracts greater interest duéeir
ability to produce and secrete variety of secondaeyabolites [13]. Several actinomycetes have lissated
from diverse natural resources. The biological fiomcof actinomycetes mainly depends on the souftces
which the bacteria are isolated. Natural resoufoesing mega biodiversity with strong selective gzere and
intense microbial competition have gained well grgtion as vital source for potential new-microtagients in
addition to anti-biofilm.

The purpose of the present study was to isolatntified, determine the prevalence of biofilm fongi
bacteria and study their antibiotic susceptibilipattern from elderly patients undergoing long- term
catheterization and to evaluate the effect of stildptomyces secondary metabolites as anti-QS temactrum
on sterilized cover glasses and urinary cathetetioses using light microscope and scanning electron
microscopy respectively.

MATERIAL AND METHODS

2.1 Sample collection and isolation of bacteria:

The study was performed at the University Kebangddalaysia Medical Center and was conducted on
three elderly patients who were suffering from acuhscular rejection Urinary Catheter named UCB ted
others Benign Prostate Hyperplasia named UCC-D.paAtients had been connected by urinary catheter fo
approximately continuous (14) days, the researblasrthe permission from the hospital before thepsesn
collection. The treatment of urinary catheters wagormed according to [14, 15] with modificationBriefly
each urinary catheter were partitioned into foutgpeepresented by (Eye-holes catheter(a); LumeBaining
tube(c); Urine collection bag(d) and Urine(e) )tpawere cut into 1lcm thick discs (pieces) followey
successive washes of the inner surface with aisolaf sodium chloride using the tip of micropigetind
swabs for attached microorganisms , washing resjdswabs and pieces inoculated on to surface ofenut
agar (NA), macConkey agar (MA) and the plates vibem incubated at 3T for24 — 48 h. Urine was taken
from a catheter bag for each sample with a stsyitenge. Isolates were identified using biochemieats based
on (Bergeys Manual of Determinative Bacteriologg)l &PI-20E test kit (Biom Merieus, France).
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Fig. 3.1: The images shows isolation processing from uricathieter samples

2.2 Antibiotic susceptibility:

In the present study antimicrobial susceptibiligsting was done on Mueller- Hinton agar (Merck,
Germany) using disk diffusion (Kirby Bauer's) tehue. This method was done according to Clinicad an
Laboratory Standards Institute (CLSI) guidelinesd@termine susceptibility of UTIls agent. The stadda
antibiotic comprised of ampicilin (1@®), chloramphenicol (3®), gentamicin (10g), kanamicin (30g),
novobiocin (30ug), penicillin G (10UI), streptompail0ug), and tetracycline (30uQ).

2.3 Urinary catheter biofilm formation assay:

Biofilm formation on urinary catheter was investigd using the methods of [16] with some modifimadi
Foley catheter was cut into 1 cm pieces and imrdeirse2ach well of 96-well microtiter plate and LBokh
supplemented with 20% urea containing test culttoesfinal cell density of 1.5 x $#€CFU/mML. Samples were
incubated at 37C for 24 hours. After incubation the catheter pieaere washed twice with dg@. Each piece
was stained with 20QL of 1% crystal violet solution in water for 20 mifihe crystal violet was redissolved
with ethanol and the optical densities were readgua microtiter-plate reader at 595 nm (Model @Bi@d-Rad).
The average OD values were calculated for all testeains and negative controls, the cut-off vdfDBc) was
established. It is defined as a three standardatiess (SD) above the mean OD of the negative obntr
ODc=average OD of negative control + (3xSD of niegatontrol). Final OD value of a tested strain was
expressed as average OD value of the strain reduc&@Dc value (OD= average OD of a strain -ODc);d0D
value was calculated for each microtiter plate spdy. When a negative value was obtained, it prasented
as zero, while any positive value indicated biofiimoduction. For easier interpretation of the ressudtrains
were divided into the following categories:

Non biofilm producer (0) OXODc,

Weak biofilm producer (+ or 1) = ODc <O£2x0Dc,

Moderate biofilm producer (++ or 2) = 2xODc <&D<0Dc,

Strong biofilm producer (+++or 3), 4xODc <OD.

The experiment was performed in triplicate and thean values were used. Six isolates identified as
Candida albicans, Proteus mirabilis, E.coli, Enterobacter cloacae, Klebsiella pneumonia and Pseudomonas
aeruginosa were selected for anti-biofilm assays dependingstsangest biofilm formation and multi-drug
resistance.

2.4 Extraction of sdLi streptomyces secondary metabolites:

Secondary metabolites- producing Streptomycesnss@iii (KX898581) was isolated from the saline lake
sediment in Irag. The growing conditions, periodrafubation, fermentation medium and pH were oédi
for the detection of the secondary metabolite caimgs. These include growing Streptomyces strain isdlL
litre of ISP2 (International Streptomyces ProjetBdia (3 g of yeast extract, 3 g malt extract, 1§lugose,
supplemented with 4.5% NacCl, 0.5 ml glycerol) ilit@r flasks incubated for 9 days at’Z9with shaking at 200
rom. A modified method of [17]. Extraction step wased for the extraction of the bioactive metabolit
compounds. The bacterial culture obtained was ifegéd at 10, 000 rpm for 15 min and cell-free sapéant
was harvested and mixed with an equal volume ofl gitetate and kept in rotary shaker at 200 rpmiroght.
The solvent layer was harvested and then evapoiai@dotary evaporator in order to obtain the eredtracts,
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to this, 100% of dimethyl sulfoxide (DMSO) was adde constitute a 50 mg/mL stock (w/v) from the sdL
crude extract and this stock was kept &€ 4hat was later used in the anti-biofilm assays.

2.5 Effect of streptomyces secondary metabolites activity on biofilm formation:

The anti-biofilm activity of the ethyl acetate ceudxtract from streptomyces strain sdLi for thesslected
pathoginc isolatewere determined using 96-well polystyrene microfitiate, 1 cm sections pre-sterilized foley
catheter and MBEC kit. The effect of sdLi cruderagt on biofilm formation of isolates were assaysd
guantification of the biofilm biomass as descridadUrinary catheter biofilm formation assay. Oveni
cultures of the isolates were sub-cultured in LBthrsupplemented with 20% urea to a final cell dgref 1.5
x 10® CFU/mL treated with 15 mg mbdLi crude extract or untreated (negative contmdl)incubated at 37°C
for 24 h. The experiment was performed in tripkicahd the mean values were used.

2.6 Microscopic Analysis of Bacterial Biofilm Formation and Inhibition:

The light microscopy analysis of biofilm was perfad according to the methods of [18] with little
modification. Briefly, 1% of overnight cultures tfie untreated strongest biofilm forming isolated &eated
with sdLi crude extract (15mg i)l were added into 1 ml of fresh growth medium cimitey cover glass of 1
cm in 24-well MTP and incubated for 24 h. After uthation, the cover glasses were carefully removetl a
rinsed with distilled water to wash away the plamit cells. The presumed biofilms that adheredhencover
glass were stained with 0.4% crystal violet (CV;Mgdia, Mumbai, India) solution and then visualizewler a
light (Nikon Eclipse Ti 100, Tokyo, Japan).

Scanning electron microscopy (SEM) of catheterisestwere performed according to the methods of [19
with minor modification. Briefly, Treatment with kilcrude extract (15mg i) strongest biofilm forming
isolates and the untreated were allowed to forrfillian pre-sterilized sections of catheter (1cnteingth) and
the catheter were cut longitudinally into halvesd ammersed in the culture as earlier describedha
guantification of biofilm formation assay. Follovgrincubation on the culture, sections of the cathetere
removed and fixed in 3% glutaraldehyde in 0.1 Mggtmte buffer (pH 7.4) for 1 h and then washedroghat
in phosphate buffer prior to being post fixed inlbtiig’s phosphate-buffered osmium tetroxide (1.0%%)1 h.
The samples were subjected to dehydration in aegragries of aqueous ethanol solutions (30 to 100%d)
then critical point dried using liquid carbon didgi Finally, the samples were mounted on alumintubss
sputtered with gold and examined in the scanniagtedn microscope.

2.7 Satistical analysis:

The Excel data analysis package was used to ctdcolaan, standard deviation of the mean. Statistica
comparisons of the results were performed by ong-MdOVA using SPSS ver.19. Significant differences
(P<0.05). All the results were calculated from thean of three replicate samples for each data.point

RESULTS AND DISCUSSION

Bacterial population in (NA, MA) agar plates showedbe varying density in all parts of three urinar
catheters and urine samples (Table 1).

Table 1: Population density of bacteria isolated from unjneatheter (B, C, D), (a) Eye-holes catheter; (Inkn; (c) Draining tube; (d)
Urine collection bag; (e) Urine.
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Morphologically different bacterial colonies wesbserved on nutrient and MacConkey agar. Biochdmica
tests showed that 32 isolate were proteus andexmastive , suggesting they will raise the unynpH above 8
and produce catheter-blocking crystalline biofilt®j[ Total isolates were recovered from isolatigaraplates
and the results of microscopic were 100 isolatetuiing 96 bacterial isolates and 4 yeast isolatage been
successfully obtained from the three urinary catisetGram’s staining and biochemical tests showat!95%
of the isolates were gram negative, the most comisolated pathogens weRroteus mirabilis 22 isolates
(63%) followed byE.coli 5 isolates (14%)Enterobacter cloacae 4 isolates (11%)Klebsiella pneumoniae 3
isolates (9%)Pseudomonas aeruginosa 1 isolate (3%) for UC(B) while in UC(C and D) whicepresent the
catheters to same disease wieseudomonas aeruginosa 23 isolates (35%) showed the highest isolatesviatb
by E.coli 16 isolates (24%)Proteus mirabilis 10 isolates (15%)Enterobacter cloacae 7 isolates (12%),
Klebsiella pneumoniae 4 isolates (6%)Candida albicans 4 isolates (6%)Bacillus sp. 1 isolate (2%) (Table 2).

Table 2: Rate of isolation of microbes isolated from urinaatheter sections

Urinary Isolates No. of isolates The total No. of (%) of isolates
Catheters Catheter Urine isolates
Proteus 20 2 22 63
E.coli 3 2 5 14
UC(B) Enterobacter 4 0 4 11
Klebsiella 3 0 3 9
Pseudomonas 1 0 1 3
Pseudomonas 22 1 23 35
E.coli 16 0 16 24
Proteus 7 3 10 15
UC(C&D) Enterobacter 7 0 7 12
Klebsiella 4 0 4 6
Candida 0 4 4 6
Bacillus 1 0 1 2

These genera which isolated from all parts of ttieany catheter clarified that there was no grefi¢ince
in the numbers and genera in all regions of theanyi catheter containing (Eye-holes catheter, Lyrbeaining
tube, Urine collection bag).

Transitory microflora that originate from hospitpérsonnel or from contact with other patients may
represent antibiotic-resistant nosocomial straingyplicating treatment for these infections [20-22]

In our study the population density is equal inhboatheters and urine but microbial diversity ie th
catheter is more than urine .1t is possible thatliacteria that grow best on catheter surfacesarthe same as
those that grow well in planktonic form in the winr that bind well to urinary tract tissues. Thiay also
indicate that the source of contamination was fextmaluminal surface area in addition to contaniamafrom
intraluminal surface area catheter procedure, whictaused by bacteriuria, which indicates the gnes of
UTI.

Our data agree with Barford et al.’s study of 3dlagy patients, which found more strains and germer
extraluminal than intraluminal surfaces[23] but tast with those of [1]. Both ours and Barford'suks are
consistent with the hypothesis that the extraluinguaface is inoculated during catheter insertiGolony-
forming units increased along the urinary cathsteface from the catheter balloon to the urethnig, suggests
extraluminal bacteria come from periurethral comities while intraluminal bacteria are introduced \the
catheter or already inhabit the urine/bladder. THeterobacteriacea family was the most common
microorganisms isolated from urinary cathetersrdased use of antibiotics and immunosuppressivgsdsuch
as corticosteroids are major factors contributinchigher frequency of fungal infections. Indwellinginary
catheters further favor the colonization of uropg#éns by offering of a surface for the attachmértost cell
binding receptors that are recognized by bactadhksions, thus enhancing microbial adhesion B}, 2

Results from our analysis of genera compositiorthencatheters suggest that there may be a prelgictab
succession in microbial communities over time aoldmization is the first step towards symptomatifection
to which may evolve into biofilm in catheter segrisen

Prevention of these infections has also provedetproblematic. Many attempts have been made toampl
biocides in the management of catheters to tryréwent bacteria gaining access to the cathetelilzter by
all possible routes. It has become clear, howshat, in the long term, these strategies are génénaffective
and, in certain cases (such as policies basedlorhetidine), facilitate the colonization of thetloater drainage
system and catheterized bladder by drug-resistearn@egative pathogens [26].

Antibiotic resistances of urinary catheter isolatesre studied. (UCB) isolates showed highly resista
ampicillin, novobiocin, penicillin (100%), kanamyci(97%), tetracycline (94%), chloramphenicol (91%),
streptomycin (77%), and low levels of resistancgdatamycin, while the percentage of resistand@J@C-D)
isolates were highly resistant to ampicillin, pdfiic (100%), novobiocin (94%) , tetracycline (61%)
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streptomycin (53%), gentamicin (50%), and low levef resistance to kanamycin (48%), chloramphenicol
(47%) (Figure 1).
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Fig. 1: Antimicrobial resistance of bacterial cultures &eb from (a) urinary catheter B, (b) urethral eédhs C
and D

Antibiotic resistance in UTls and urinary cathetgfections is increasing day by day, making it ajana
public health problem. So it is very important tetermine the antibiotic resistance patterns inatesl for
proper and accurate prescriptions.

Complications in UTIs have increased because ofptievalence of extended spectrum beta-lactamases
(ESBL) producing bacterial pathogens which are aBasing many management and epidemiological issues
Most of the ESBL are resistant to a wide rangeatbfactams and non-beta lactams. One of the magsions
for this high resistance can be co-expressed aggsistmechanisms in the species of different patiogelated
from patients of urinary tract infections [27]. this study all the isolates showed multidrug resise traits
exhibited.

Biofilm formation plays an important role in thetpagenesis and development of pathogens biofilms
CAUTI. Most aspects of the diagnosis, treatment] prevention of CAUTI are influenced by the tenaaf
biofilm-associated uropathogens. Previous studiage confirmed Long-term patients commonly become
infected with mixed communities of mainly Gram-ntdga nosocomial species, Under these conditions,
bacteria colonize the catheters, particularly tmednal surfaces, and form extensive biofilms [§, 28

Results of Biofilm production assay using Micratitdate and pre-sterilized foley urinary cathewreaaled
that all of which possess a high capacity of adireswhich is the first step in the complex procesbiofiim
formation on differensurfaces within short contact times, (only 24h)gtiachment. This result is in agreement
with the report of [5].

To better understand the findings, further analygese conducted to classify isolates according ¢éaky
moderate, and strong formation of biofilms. In tese of (UCB), of the 35 biofilm-forming isolate?2%
exhibited strong forming and 3% showed moderateniiog, while with (UCC), of the 38 biofilm-forming
isolates, 25% showed strong forming, 10% moderatmihg and 3% showed weak biofilm forming. With
(UCD) of the 28 biofilm-forming isolates, 26% exhéxd strong forming and 2% showed moderate formasg,
illustrated in (Table 3).

Table 3: Degree of biofilm formation in urinary catheter®,and D

Isolates , %

Catheters Weak Biofilm Moderate Biofilm Strong Biofilm
Catheter (B) 0 3 32

Catheter (C) 3 10 25

Catheter (D) 0 2 26

To develop new drugs we have to understand thedidl processes that interact between bacterils ce
so this finding opens up the opportunity for a o approaches we can use to block infections.

The results of the effect sdLi crude extract orfiliodevelopment using urinary catheter surfaoggests
that the biofilm formation of the six pathogen iels at 15 mg il sdLi crude extract were inhibited.
Reduction in biofilm formation by 90% for th@andida albicans, 73% Proteus mirabilis, 57% E. coli, 78%
Klebsiella pneumoniae, 92% Pseudomonas aeruginosa and 77% forEnterobacter cloacae were noted with
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significant difference P< 0.05 (Figure 2). The ¢amty reduction was observed using 96-well polyshe
microtiter plates and MBEC kit assay (Figure 3).
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Fig. 2: Urinary catheter biofilm assay. Reduction of biwfiforming for six pathogens isolates using 15 mg ml
1 sdLi crude extract were noted with significantfetience P< 0.05 (The results were reproduced in
three experiments and the error bars indicate atdndkeviation)

Fig. 3: Biofilm development of the six isolates grown iretabsence and presence of 15 mg ml-1 sdLi crude
extract showing inhibitory activity; A: polystyne microtiter plate. B: urinary catheter sectio@s.
MBEC kit. D: light microscopic images.

An interesting additional mechanism in the develeptrof biofilms is the characteristic architectofethe
biofilm [30]. Direct microscopic observations ofofiims is known to provide valuable information tife
quantifying the biofilm biomass for treated andraated cells, therefore SEM microscopy analysese wer
performed.

The light microscopy analysis and scanning elecinicroscopy images (Figure.3, 4) for untreatedaites
showed that the selected identified isolated gdousied a dense and interconnected networks of laellu
multilayer’s that were surrounded and enveloped pyotective matrix on cover glass and inner serfdoley
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urinary catheter sections while for the treatedaiss the both surface showed high reduction dillsidor all
the isolates.

T e

Fig. 4: Growth of bactril biofilms as obrveromth'naroscopic im of scanning electron microscope
(SEM): untreated cells (controls) and treated with sdLi crude extractC. albicans 1, P. mirabilis 2,
E. coli 3,P. aeruginosa 4,:E. cloacae5,: K. pneumonia 6.

Urinary catheter rubber surfaces are prone to idestion and may develop surface cracks where hacte
can accumulate, thus a thick coating of biofiimsswabserved in controls to provide cells resistatece
antimicrobial agents, whereas a visible reductiomimbers of microcolonies was observed in theilbisfof
all the treated isolates. On the other hand, sdide extract deteriorated the architecture of tibélim as was
more evident from SEM analysis. Our results aresigt@nt with previous reports of [31] with furanooieD.
pulchra and Bjarnsholt, [32] with garlic, in which a si§inant reduction in biofilm morphology and a redoot
thickness ofP. aeruginosa was observed without effective on cells growth.

Since the effect of sdLi crude extract was lossatehitecture of the biofilm with uninfluenced pkion
cells there is growing evidence that sdLi crudeaetthave broad-spectrum activity as anti-quorunsisg to
attenuate th&uorum Sensing (QS) - dependent biofilm which hthe role in the maturation of bacterial
biofilms [33].

SdLi (KX898581) crude extract have been reportethinprevious study to possess anti- biofilm attivi
and anti-QS properties of the human pathogeénsnirabilis [29], in our data sdLi crude extract showed
significant (p < 0.05) broad-spectrum anti-biofifrativity against the six different pathogens wheated with
15 mg mi* sdLi crude extract.

Conclusion:

The study revealed that catheter-associated UTUriiversity Kebangsaan Malaysia Medical Center is
caused by strong positive variety of multi-drugisesice gram negative bacteria and yeasts whiclbeable
to produce strong biofilm on microtiter plate, cogéass and urinary catheter surfaces. The streptesnstrain
sdLi crude extract used in this study demonstratbdbad-spectrum activity as anti-quorum sensirgitenuate
the Quorum Sensing (QS)-dependent biofilm and can fecal candidate agent in combating urinary catheter
infection.

Recently, it has been suggested to develop thetiapahat attack the bacterial virulence rathenthkdl
bacteria. Such substances are called “antipathcyemd are believed to minimize the development of
antibiotic resistance.

Probably, mechanism of quorum-sensing repressidrmafiim formation in gram-negative bacteria might
be a base for drug development aimed at controllinfiim-associated infection.

A new alternative strategy of antibacterial therageds which includes the construction of drugigct
directly against bacterial pathogenicity (antipaoicity drugs) as indicated by the results ofdheent study.
This strategy makes it possible to avoid a widéritistion of antibiotic-resistant pathogenic baztesand the
formation of biofilms. Specifically, cell-densityegendent gene regulation (quorum-sensing) in Hacters
been proposed as a potential target.
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