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ABSTRACT

Biofilm drug resistance may explain the persistentenany infections in the face of appropriate @mtrobial
therapy. Sixty four isolates of planktonic Candalhicans revealed high incidence of resistance zoles than
polyenes antifungal agents. A semiquantitative yassas used to measure the metabolic activity o&lBicans
biofilms treated with the antifungal agents andntlietermine the sessile minimum inhibitory coneditn of the
antifungal agents which caused 50 % inhibitionhaf formed biofilms (SMKg). There was dramatically increase in
antifungal concentrations required to kill C. albits isolates in the sessile forms compared to pdemidk forms.
Kinetics of biofilm formation showed that the Hio& were highly metabolically active after the tfit2 hours. A
severe drop in the finally formed biofilms was ama by adding nystatin at a concentration equastd MIC of
planktonic cells. On exposure of the biofilms dgriheir formation to nystatin at a concentrationuafjto sub
SMIG;, of formed biofilm cells after 3 and 6 hours, theras a severe drop in the finally formed biofilAgding
nystatin after 12 and 24 hours, the formed biofilscame more metabolically active. Scanning elactro
microscope (SEM) revealed that the fully maturdilniowas produced after incubation for up to 48 ha@rowing
the biofilm from the beginning with nystatin at S\l resulted in a large reduction in cell numbers andthe
thickness of the biofilm compared to the normafiloio
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INTRODUCTION

Biofilms are composed of populations or communitiémicroorganisms adhering to environmental s@$ad hese
microorganisms are usually encased in an extrdaelwlysaccharide that they themselves synthd&jzdiofiims
can serve as a cause for disease and are oftecisdisdowith high-level antimicrobial resistancetioé associated
organisms [2,3]. A wide range of biomaterials usedlinical practice support colonization and supsent biofilm
formation byCandidaspp. [4].

Candida is the fourth most common cause of bloehst infection in hospitalized patients. Up to 46Ppatients
with candidaisolated from intravenous catheters have underlfimgemia, and the mortality rate of patients with
catheter-related candidemia approaches 40% [®;d&jdida albicanss the most commonly isolated fungal species
and it is the major fungal pathogen of humans [7,8]

Biofilms of C. albicansare capable of holding other micro-organisms andenfiely to be heterogeneous with
other bacteria and fungi in the environment andneedical devices [6,9]. Biofilm cells are signifithnless
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susceptible to antimicrobial agents. As a resuligdherapy for an implant infection may be futiémd often, the
only solution is mechanical removal of the implgi@,11].

In this time of widespread increased antimicrobéglistance and increased use of indwelling devibespbjective
of this work was to study the effect of differemtifungal drugs on the preformé&i albicansbiofilms.

MATERIALSAND METHODS

Microbial strains

Ninety and nine urine samples were collected fratnepts suffering from urinary tract infections.sal 100 vaginal
discharge samples of female patients suffering fitching and vaginitis were collected. All theseesipnens were
obtained from Beni-Suef Hospital Health Insuran8sni-Suef university Hospital and Beni-Suef Repaibli
Hospital, Beni-Suef city, Egypt. The culture chaeas and the color of the developed colonies weeel wo identify
C. albicansas described by [12].

Susceptibility determination of C. albicansisolatesto different antifungal agents

Susceptibly ofC. albicansisolates was determined by the agar dilution metbndRoswellv Parkv Memorial
Institute (RPMI) 1640 medium (Sigma Chemical CoSA) towards 11 antifungal agents as recommenddd3jy
The antifungal agents were : a) polyenes; ampioateB (AMP) , nystatin (NYS), b) azoles; flucondeqFLZ),
ketoconazole (KTZ), itraconazole (ITZ), miconaz¢MIZ), eoconazole (ECZ), tioconazole (TCZ), cloterole
(CTZ) and sertaconazole (SRZ) and c) allylaminedaibafine (TRB). The results of growth were re@atdnowing
that the minimum inhibitory concentration (MIC) @efined as the lowest concentration of the antifliragent
giving no visible growth or causing almost complietieibition of growth.

Induction of candida biofilm formation

As previously described by [10], eight @lbicansisolates, 4 urine isolates and 4 vaginal isolatéh different
resistance patterns, were selected. Isolates CA#7CA137, represented resistant isolates, whillates CA47,
CA66 and CA189 were intermediately resistant isdand CA33, CA141 and CA150 isolates represeetesits/e
isolates.C. albicansbiofilms were formed on commercially available giszilized, polystyrene, flat-bottomed, 96-
well microtiter plates (Corning Incorporated, Caomgpi NY). Biofilms were formed by pipetting standiaet cell

suspensions (100 of 1 x 16 cells/ml) into selected wells of a microtiter glaiThe 12th column of wells on the
plate should remain empty, negative control. Therotiter plates were covered with their lids, sdaléth parafilm,
and incubated for 48 hr at 37°C. After biofilm fation, the RPMI medium was aspirated. Planktonid an
nonadherent cells were removed by thoroughly wasthia biofilms with sterile phosphate buffer sal{R8S).

Challenging of preformed candida biofilms with antifungal agents

Final working concentrations of each antifungalraga the range of 20-2000 X of the pre-determip&hktonic
MICs were prepared in RPMI medium. Two hundratisf the high working concentration of the usedifangal

was added to the first well of the microtiter platmntaining fungal biofilms. One hundragtiof RPMI per well was
added to wells 2-10. Two hundreglsof RPMI was placed in well 11 as a positive cohtOne hundrequl of

antifungal agent in the first well was then remowettl added to the RPMI of the second well. The dtegpp was
repeated up to the tenth wells, the final 10@olume was discarded. The plates were then coveith their lids,
sealed with parafilm, and incubated for 48 hr at@G7After antifungal challenge, biofilms were presed and
washed with sterile PBS [14].

Use of a colorimetric metabolic assay as a semiquantitative method to assess fungal cells viability after
treatment with antifungal agents

As described by [15] one hundrgHof the XTT/menadione solution, (2, 3-bis (2-methet-nitro-5-sulfophenyl)-5-
[(phenylamino)carbonyl]-2H-tetrazolium hydroxid&igma Co.,USA) was added to each pre-washed biafilchto
the negative control wells. The plates were thereced with aluminum foil and incubated in the déok 3 hrs at
37°C. After incubation, 75ul of XTT dye from each well was removed and transfé to the wells of a new
microtiter plate (without biofilms). These plateens then read in a microtiter plate reader at 48meter (nm). If
XTT was effectively reduced by live yeast cellg tiriginally clear solution was transformed intocaiange color.

Kinetics of biofilm growth

C. albicansbiofilms formation were initiated in microtiter gies as described before for 3 differé€ntalbicans

isolates; a resistant (CA27), an intermediate (QAG& a sensitive (CA141) isolate. Biofilms werenfed over a
series of time intervals 3, 6, 12, 24 and 48 hreéth time interval, biofilm formation was measuvéth the XTT

assay. For each time interval, 3 biofilm replicatese formed. Repeating the same experiment fothttee selected
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isolates (CA27, CA66 and CA141) but in presenc¥8 with RPMI media at a concentration equal to BUG of
the planktonic cells (2.3 ug/ml, 4.6 pg/ml and Pgml, respectively)

To investigate the disturbance of biofilm formatidue to the addition of NYS from the beginning fhowing
experiment was carried out. Formation@f albicansbiofilm was initiated as described before for &el CAG6.
Biofilms were formed over a series of time intesvé3, 6, 12, 24, 48 hr). At each time interval,filio formation
was measured with the XTT assay. Repeating the saqmeriment for the same isolate but by applyirffedint
conditions by growing the biofilm normally for 8 ,12 and 24 hr then replace the RPMI media witMRRedia
containing sub SMIg; of the biofilm cells (1156 pg/ml) at each timeeintal.

Scanning electron microscopy of C. albicans biofilm before and after antifungal challenging

Biofilms of C. albicanswere formed on polycarbonate membrane filters ,tfiear treatments were used. The
biofilms were mounted onto standard EM stubs coatitd double-sided, carbon black sticky tabs. Thegles
were air dried for 24 hr and coated with gold/gdillan by using Polaron cool-sputter coater then énacthby SEM
using an accelerating voltage of 10 kV.

RESULTSAND DISCUSSION

A total of 64 isolate of Calbicans 16 and 48 from urine and vaginal samples resgagtiwere recovered from
199 different clinical specimens from Beni-Suef/cEgypt.

Susceptibility and MIC determination for antifungal agents of planktonic and biofilm-associated Candida
albicans.

One of the most important observations was modeesistance to CLZ, AMP, NYS and ECZ (1.6, 2.3,&d 3.7
ug /ml, respectively). On the other hand, a highidence of resistance to FLZ, ITZ and KTZ was obsér(58.3,
14.9 % and 14.1 pg/ml, respectively) (Table 1).

In vitro activity of clinically used FLZ, AMP, NYSSRZ, MIZ, ECZ, KTZ and TRB against 8 pre formedflhins
using RPMI was assessed using the XTT-reductioayas8aMP and NYS showed activity against planktonic
isolates in concentrations ranged between 0.5 a2l @/ml, while, their SMIGy were 31.25 to 462hg/ml. The
activities of the other antifungal agents were shigetween 0.125 — @4/ml, while their activities against biofilms
(SMICsp) ranged between 31.25 — > 4009 ml (Table 2).

Kinetics of biofilm growth and for mation on microtiter plates

The biofilms were highly metabolically active aftitve first 12 hr, but as the biofilm matured and tdomplexity
increased (24 to 48 hr), the metabolic activitycheal a plateau, but remained high probably refigdiie increased
number of cells that constituted the mature biafilthe kinetics of adherence and subsequent bidéihmation by
the three selected isolates but in presence of ldlY& concentration equal to sub MIC of the planktarells
showed a marked decrease in the complexity andcétlalar density of the formed biofilms for eactolete
compared with the normal biofilm (Fig.1). Disturhithe biofilm formation of isolate CA66 after 3, & and 24 hr
using NYS at a concentration equal to sub SMI&f biofilm cells resulted in an obvious decreasarietabolic
activity of the finally formed biofilm compared withe normal biofilm which was seen only in casadding NYS
after 3 and 6 hr from starting normal biofilm fortioa (Fig.2). While in case of adding NYS after A2 it showed
transient decrease in metabolic activity after Rand final increase in metabolic activity after #8compared with
that in absence of NYS (Fig.2).

Scanning electron microscopy of Candida albicans biofilm before and after antifungal challenging

There was an initial attachment of yeast cells feflswed, after 3—6 hr (Fig.3a). Fully mature blofs, produced
after incubation for up to 48 hr (Fig.3d). The effef NYS in its sub SMIg, of biofilm cells was also investigated
by SEM after incubation for additional 24 hr. Thevas a wrinkled, ruptured, and ballooning effecthaf drug on
yeast cells (Fig.3e). Growing the biofilm from theginning in NYS at sub SMEKg of biofilm cells was also
scanned by electron microscope after 24 and 48dubation. It resulted in a large reduction in celmbers and in
the thickness of the biofilm compared to the norbiafilm and several of the cells appeared swoffeg.3 f).

Biofilm formation plays an important role in outhfes of C. albicansrelated infections [8]. Importantly, once
formed, mature biofilms are very difficult to corepgly eradicate, at least in part because cellgirwia fully
developed biofilm often exhibit drug resistance][1Bonsequently, contaminated devices must often m®ved
from the patient to prevent recurrent infections][1
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In the present study, the RPMI 1640 medium wascsadesince it has been evaluated extensively fovitio
susceptibility testing of yeasts and has been shovamovide reproducible results [18]. The obtainesults showed
that the MICs of nystatin were within the rangeddf25 — 9.25ug/ml. These values were lower compared to those
reported by [19] who noticed that the MICs of m@stalbicansisolates to nystatin as determined by the same
method were in the range of 4 — i§/ml. Amphotericin B MICs were within the range @b — > 16ug/ml and
these results were higher related to that publiglyg@0]. The mean MIC of clotrimazole was Jug§/ml, almost the
same result was observed with econazole and tiaobmavith mean MIC not exceeding 3ug/ml and 5.9ug/ml,
respectively. These results were in line with thosgorted by [21]. Also, the MICs ranges of ketazzowie and
itraconazole were ranged between 0.25 — rd/fl like those obtained by [22].

In this studywe used the XTT assay to measure the metabolidtgaifv48-hr C. albicansbiofilms treated with the
antifungal agents and then determine the sessi@ Ml antifungal which cause 50 % inhibition of tfeemed
biofilm (SMICsg). Amphotericin B showed SMigranged between 31.25 — >100§'ml while it was only between
0.5 — 64pg/ml against the planktonic cells. Also, the biofil showed a drastic resistance towards fluconazole
SMICy, was often > 200Qug/ml. Baillie and Douglas [23] observed that 20dsthe MIC of commonly used
antifungals such as amphotericin B, fluconazoldjumytosine was required to cause a significaduotion in cell
numbers. Bachman and coworkers [8] reported thafidiconazole, the absorbance readings of the Xaduction
assay in biofilms at concentrations as high as4.,@ml were similar to those of the control biofilrreo drug).
The activity (SMIGg) against biofilms by other antifungal agents likgstatin, ketoconazole , miconazole,
eoconazole , tioconazole and sertaconazole, itedarmptween 31.25 — > 40Q@/ml. Our results corroborate
previous observations indicating the increasedtaste of adherent populations@dndidacells to clinically used
antifungal agents [20, 24]. Despite the improvetivig of some newer antifungal agents, completedaration of
sessile organisms within mature biofilms has netb@demonstrated [1]. Fortunately, simple removal otheter in
addition to antifungal therapy helps resolve thfedtion in many cases. Durir@. albicansinfection, arachidonic
acid (AA) isreleased from phospholipids of infected host cellmbraneand used b¥. albicansas the sole carbon
source and for productiaf eicosanoids. It is suggested that the effectégsof polyene and imidazole antifungals
may depend upon the level of unsaturation and &ga the membrane [25].

In an effort to determine if antifungal agents cbaffect the formation of mature biofilms, our rkswshowed a
marked decrease in the complexity and the celtigasity of the formed biofilm for each isolate cargd with the
normal biofilm. On a clinical level, these resultay point to approaches for preventive or prophidaceatment.
These findings were the same as suggested by {#8]j, stated that, local low (hence non-systemickle\of
antifungal agents may be sufficient to inhibit gsrdpt biofilm formation. Adding nystatin after 3id 6 hr during
biofilm formation at a concentration equal to slISs,, there was a severe drop in the finally formedilono
While adding nystatin after 12 and 24 hr gave dogit results where the formed biofilm became more
metabolically active compared to the normal biofiliihese findings were consistent with those repobe [27]
who noted in their experiments that there was agmcal rise in metabolic activity of mature biofs at the
highest concentrations of caspofungin. An intengsgiossibility to explain these findings had bessppsed by [26]
that the majority of cells within the biofilm weret necessarily more resistant to killing than gtanic cells, but
rather a few persisters survived and were actyakgerved by antibiotic pressure. Our suggestios tvat, these
persisters may have more ability to grow within i@film than the normal cells.

Biofilm formation byC. albicanson polycarbonate membrane filter was monitored BMSC. We observed large
numbers ofC. albicansmicrocolonies on the filter surface after only 3offiincubation. Upon prolonged incubation,
C. albicansbiofilms developed into a dense mass stacked ialiagglic manner devoid of intracellular spaces. A
large reduction in cell numbers and in the thicknafsthe biofilm after growing of the biofilm frothe beginning in
nystatin at subinhibitory concentration of the damic cells and scan it by SEM was observed wisimhfirm the
previous findings by [23, 28], who showed that grewth of C. albicansin medium containing a sub-inhibitory
concentration of antifungal agent induced a deeredsubsequent fungal adherence, corresponds teettty phase
of the biofilm formation. There was a wrinkled, tuped, and ballooning effect of the drug on yeaslscafter
applying nystatin in its inhibitory concentration 84-hr biofilms.
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Fig.1: Comparison between growth kinetics of C. albicans biofilm in presence of nystatin at a concentration equal to sub MIC of
planktonic cellsand that in absence of nystatin (normal biofilm). A: kinetics of isolate CA27, B kinetics of isolate CA141 and C kinetics of

isolate CA66.
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Fig.2: Effect of adding nystatin at concentration equal to biofilm sub SM|Cs at different times after starting biofilm formation
compar ed with normal biofilm.

Table 1: Minimum inhibitory concentrations (MICs) of the tested antifungal agents against planketonic C. albicans:

Antifungal - MIC Range | Mean MIC
Grou;g) Antifungal agent (ug/ml)g (ug/mi)
Polyenes Amphotericin B (AMP) 05— >16 2.3
Nystatin (NYS) 0.125-9.2 3.5
Ketoconazole  (KT2) 0.25 - > 1§ 14.1
Itraconazole (1T2) 0.25 - > 14 14.9
Fluconazole (FLZ) 0.25— > 64 58.3
Azoles Miconazole (MIZ) 0.125 - 16 4.2
Econazole (EC2) 0.125 — 14 3.7
Sertaconazole (SRZ) 0.5 - > 1§ 7.7
Clotrimazole  (CLZ) 0.25-8 1.6
Tioconazole (TC2) 0.06 — > 14 5.9
Allylamines | Terbinafine (TRB) 1- >64 10.4

Table 2: Minimum inhibitory concentrations of antifungal agents against planktonic and biofilms-associated Candida albicans:

Isolate no. CA27 CA33 CA47 CA66 CA137 CA141 CA150 CA189
OD 490mm 0.404 0.44 0.455 0.52 0.63 0.832 0.91 0.628
PMIC | SMICss* PMIC | SMICss* PMIC | SMICs* PMIC | SMICss* PMIC | SMICss* PMIC | SMICs* PMIC | SMICs* PMIC | SMICss*
* * * * * * * * * * * * * * * *
AMB. 8 31.25 2 1000 1 250 2 250 2 500 0.5 62.5) 0.b >1000 2 1000
NYS. 4.6 1156 4.6 2312 4.6 144.5 9.2§ 2312 4. 1156 1.15 1445 4.6 4625 2.3 578
SRZ. >16 2000 0.5 >4000 >16 2000 >16| >400( 4 500 >16 0400 >16 2000 0.5 500
MIZ. 16 62.5 0.5 >4000 4 1000 8 125 4 1000] 0.125 62. 125 4 500
ECZ. 16 62.5 0.25 >4000 4 1000 4 125 16 1009 0.1p5 625 2 1000 1 125
FLZ. 64 >2000 16 >2000 32 >2000 64 >200( 64 >2000 4 620! 4 >2000 64 >2000
KTZ. 16 4000 2 >4000 16 250 4 >4000 16 >400! 0.25 31.25 16 2000 4 1000
TRB. 64 8000 2 4000 1 125 16 2000 16 1000| 1 62.9 1 12 # 500
N.B All conc. are by ug/ml

PMIC*: Is the minimum drug conc. cause completéhition of planktonic candida.

SMIGso**: Is the minimum drug conc. cause a 50% inhihitiof the sessile candida (candida biofilm).
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Fig.3: Scanning el ectron micrograph showing the biofilm of C. albicans on polycarbonate membranefilters:

I. cultivated in nystatin at sub-inhibitory conceatton of the planktonic cells (4.5 pg/ml) (a) &h(Mag. 5000X); (b) 12 hrs. (Mag. 5000X);
(c)24 hrs. (Mag. 5000X); (d) 48 hrs. (Mag. 5000K)Cultivated in nystatin concentration at 2318/ml| after (e) 24-hrs C.albicans biofilm
(Mag. 8000X) and Il cultivated in nystatin at sultibitory concentration of the planktonic cells41g/ml) (f) 24-h biofilm cells (Mag. 5000X).

CONCLUSION

We have showthe effect of some antifungal drugs on the prefareendida albicandiofiims and the antifungal
penetration through different candida biofilms.
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